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1.  Introduction 
This Remedial Action Completion Report (RACR) has been prepared to demonstrate 

remedial action completion of the Building 850/Pit 7 Complex Operable Unit (OU) of the 
Lawrence Livermore National Laboratory (LLNL) Site 300.  LLNL Site 300 covers 11 square 
miles and is located in the Altamont Hills west of Tracy, California (Figure 1).  The site is a 
restricted-access experimental testing facility where the United States (U.S.) Department of 
Energy (DOE) conducts research, development, and testing of high explosives and integrated 
non-nuclear weapons components.  This work includes formulating, processing, machining, 
assembling, and detonating explosives. 

During past Site 300 operations, surface spills and piping leaks, leaching from unlined 
landfills and pits, high-explosive test detonations, and disposal of waste fluids in lagoons and dry 
wells (sumps) resulted in contaminant releases to soil, bedrock, surface water, and ground water.  
Site 300 was placed on the National Priorities List (NPL) in 1990 (U.S. Environmental 
Protection Agency [EPA] Superfund Site Identification No. CA 2890090002).  In June 1992, the 
U.S. EPA, the California Department of Toxic Substances Control (DTSC) and Regional Water 
Quality Control Board (RWQCB), and DOE signed a Federal Facility Agreement (FFA) for 
cleanup of the LLNL Site 300 Experimental Test Facility.   

An Interim Site-Wide Record of Decision (ROD) was signed in 2001 that selected interim 
remedial actions for Operable Units 2 through 8 (U.S. DOE, 2001).  The Pit 7 Complex portion 
of OU 5 was not included in the Interim Site-Wide ROD.  An Amendment to the Interim Site 
Wide ROD (U.S. DOE, 2007) for the Pit 7 Complex was signed in January 2007.   A Final Site-
Wide ROD was signed in 2008 that selected cleanup standards and finalized the remedial actions 
for OU 5 (U.S. DOE, 2008).  Remediation of the contaminated soil at Building 850 was 
conducted as a non-time-critical removal action as documented in the Engineering 
Evaluation/Cost Analysis (EE/CA) for Polychlorinated biphenyl- (PCB-), Dioxin, and Furan-
contaminated Soil at the Building 850 Firing Table (Dibley et al., 2008a), and the Action 
Memorandum for the Removal Action at the Building 850 Firing Table (Dibley et al., 2008b).  
All remedial actions identified in the Site-Wide RODs and Building 850 Action Memorandum 
for the Building 850/Pit 7 Complex OU have been implemented as discussed below. 

The following sections describe the site (Section 1.1), OU history (Section 1.2), and remedial 
investigation results (Section 1.3). 

1.1.  Site Description 

Site 300 has been divided into nine OUs based on the nature and extent of contamination to 
effectively manage site cleanup.  The Building 850/Pit 7 Complex OU is the fifth (OU 5) of  
nine OUs (Figure 2).  A description of OUs 1 through 9 is presented in the Site-Wide ROD.   
OU 5 is divided into two areas:  (1) the Building 850 Firing Table area, and (2) the Pit 7 
Complex area. 
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1.1.1.  Building 850 Firing Table Area Site Description 

The Building 850 Firing Table area 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, 
ground water contamination in excess of cleanup standards, and cultural features in the  
Building 850 Firing Table area are shown on Figure 3.  In addition to the firing table and 
underlying bunker, two outdoor storage areas (the upper and lower Corporation Yards) existed 
until 2008.  A mound of contaminated sand, designated the Building 850 sand pile, also existed 
until 2008 immediately northeast of the firing table.  This sand pile consisted 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. 

1.1.2.  Pit 7 Complex Area Site Description 

The Pit 7 Complex area is located in the northwest portion of Site 300 (Figure 2) and consists 
of the Pit 3, 4, 5, and 7 Landfills.  Topography, springs, monitor well locations, and cultural 
features in the Pit 7 Complex are shown on Figure 4.  The Pit 7 Complex is located within a 
broad northwest-southeast trending valley.  The longitudinal axes of Pits 3, 4, 5, and 7 are 
parallel to the valley axis.  A shallow ephemeral drainage channel occupies the east side of this 
valley and extends from the Pit 7 Complex to the southeast to a point several hundred feet (ft) 
east of Building 850.  Storm water generally runs off slopes and rapidly infiltrates alluvium and 
colluvium.  Water flows in the channel on the west side of the Pit 7 Complex valley during and 
after high intensity storms.  Otherwise, surface water is not present in the area.  Elevation ranges 
from about 1,700 ft above mean sea level (msl) at the ridge top to the west of the Pit 7 Complex 
to about 1,300 ft above msl in the valley bottom. 

1.2.  OU History 

A chronology of important events for the OU is shown in Table 1.  A detailed construction 
chronology is presented in Section 4. 

1.2.1.  Building 850 Firing Table Area Site History 

The Building 850 Firing Table was constructed in 1958 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 (east side) of Building 850 is at normal 
ground surface.  The firing table and the roof of Building 850 was covered with up to 5 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.  From 1962 to 
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1972, a large volume of sand, the Building 850 sandpile, was stockpiled near Building 850 and 
was periodically used during large experiments. 

Over 95% of the approximately 22,670 curies (Ci) of tritium shipped to Site 300 were used in 
hydrodynamic experiments at the Building 850 Firing Table (Buddemeier, 1985).  The vast 
majority of tritium was used between 1963 and 1978, primarily in gaseous form (3H2), 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, and metal 
silos.  Prior to PCBs becoming regulated substances, an estimated 1,000 capacitors were 
destroyed on the Building 850 Firing Table.  The capacitors were used to provide a sudden burst 
of electrical energy during 10 to 20 experiments (50 to 100 capacitors per experiment) conducted 
from 1964 to 1967. 

From 1959 to 1988, gravel and experimental debris from the Building 850 Firing Table was 
routinely disposed in the Pit 7 Complex landfills. 

Activities at Building 850 and the firing table ceased and the building was closed in 2008. 

1.2.2.  Pit 7 Complex Area Site History 

DOE/LLNL used the Pit 7 Complex landfills to dispose firing table debris and gravel.  These 
pits were constructed by excavating topsoil and alluvial materials to an average depth of 15 to  
20 ft (Taffet et al., 1989).  The pits were filled incrementally from southeast to northwest with 
the exception of Pit 5, which was filled from northwest to southeast (Simmons, 1992).  The 
majority of the waste material in the pits came from the firing tables at Buildings 850 and 851, 
where aboveground detonations were conducted.  DOE/LLNL typically removed gravel and 
experimental debris from the firing tables and deposited them in the pits after the gravels became 
too compacted to deaden the shock produced during detonations.  The shock generated by 
explosives shots pulverizes the gravel into smaller size fractions.  The resulting fine-grained 
material is denser and more compact than the original gravel and poorly attenuates the vibration 
caused by the explosives test.  The waste placed in the pits included wood, plastic, material and 
debris from tent structures, pea gravel, and exploded test assemblies, some of which contained 
tritium and depleted uranium. 

The debris disposed in the Pit 7 Complex contains the majority of the tritium residue 
disposed in Site 300 landfills (Buddemeier, 1985).  Metals, including depleted uranium, were 
also used in explosive tests.  Depleted uranium is natural uranium from which most of the 
uranium-235 isotope has been removed, leaving the less radioactive uranium-238 as the 
dominant remaining isotope. 

In 1992, an engineered cap was constructed over the Pit 7 Landfill (referred to as the Pit 7 
Cap) in compliance with Resource Conservation and Recovery Act (RCRA) requirements.  The 
design included interceptor trenches and surface water drainage channels, a top vegetative layer 
to prevent erosion, a biotic barrier layer to minimize animal burrowing, and a clay layer of very 
low permeability to prevent infiltration of precipitation and shallow subsurface interflow that 
could result in leaching of contaminants.  The Pit 7 cap also covers 100% of Pit 4 and 
approximately 25–30% of Pit 3.  More complete information on the cap design is presented in 
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Volume II, Closure and Post-Closure Plans, Landfill Pits 1 and 7 (Rogers/Pacific Corporation, 
1990).  The original compacted native soil cover on most of Pit 3 and all of Pit 5 remains intact. 

1.3.  Remedial Investigation Results  

1.3.1.  Building 850 Firing Table Area Remedial Investigation Results 

1.3.1.1.  Building 850 Firing Table Area Nature and Extent of Contamination 

Details of the nature and extent of contamination in the Building 850 Firing Table area are 
discussed in Chapter 11, Section 11-4 of the Site-Wide Remedial Investigation report (Webster-
Scholten, 1994), Chapter 2 of the Addendum to the Site-Wide Remedial Investigation for the 
Building 850/Pit 7 Complex (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 the EE/CA for PCB-, Dioxin-, and Furan-
Contaminated Soil at the Building 850 Firing Table. 

The results of the ground water monitoring and risk and hazard management activities are 
described in the Semi-annual Site 300 Compliance Monitoring Reports. 

1.3.1.2.  Building 850 Firing Table Area Contaminants of Concern 

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

• Surface soil:  Polychlorinated biphenyls (PCBs), high melting explosive (HMX), dioxins, 
furans, depleted uranium, beryllium, cadmium, and copper. 

• Subsurface soil:  Tritium and uranium. 
• Surface water (Well 8 Spring):  Tritium. 
• Ground water:  Tritium, depleted uranium, nitrate, and perchlorate. 

1.3.1.3.  Building 850 Firing Table Area Summary of Human Health Risks 

The baseline risk assessment performed for the Building 850 Firing Table area estimated an 
excess cancer risk of 5 × 10-4 (five in ten thousand) for onsite workers from inhaling/ingesting 
resuspended particulates and direct dermal contact with surface soil contaminated with PCBs and 
an excess cancer risk of 1 × 10-4 (one in ten thousand) was estimated for onsite workers from 
inhaling/ingesting resuspended particulates and direct dermal contact with surface soil 
contaminated with chlorinated dibenzo-p-dioxins (CDDs) and dibenzofurans (CDFs).   

The baseline risk assessment also estimated an excess cancer risk of 1 x 10-3 (one in one 
thousand) for onsite workers from inhaling/ingesting tritium in surface water at Well 8 Spring. 

There was no unacceptable risk or hazard identified for offsite residents, associated with 
tritium and uranium in subsurface soil/rock, or associated with tritium, uranium, nitrate, and 
perchlorate in ground water in the Building 850 Firing Table area. 

1.3.1.4.  Building 850 Firing Table Area Summary of Ecological Hazards 

The baseline ecological assessment determined a risk from copper, zinc, cadmium and 
PCBs/CDDs/CDFs existed for ground squirrels, deer and kit fox at Building 850.  Individual 
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adult ground squirrels and individual adult and juvenile deer are at risk from ingestion of 
cadmium.  The combined oral and inhalation pathway Hazard Quotient (HQ) exceeded 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/CDDs/CDFs due to the capacity of these 
contaminants to bioaccumulate in the environment.  Kit foxes have never been observed in any 
ecological surveys at Site 300 or by Site 300 personnel working at the site.  Risk for this 
sensitive species was evaluated due to the presence of potential habitat at Site 300. 

No unacceptable hazard to ecological receptors for surface water in Well 8 Spring has been 
identified.   

A preliminary exposure analysis for the Western Burrowing Owl to estimate hazard to 
cadmium and PCBs was completed in 2004 and reported in the First Semester 2004 Compliance 
Monitoring Report (Dibley et al., 2004).  Results suggest cadmium is unlikely to pose a hazard to 
burrowing owls nesting in the vicinity of Building 850.  However, concentrations of PCBs in the 
soil at Building 850 may pose a hazard to burrowing owls nesting in the area, as the HQ 
exceeds 1. 

1.3.2.  Pit 7 Complex Area Remedial Investigation Results 

1.3.2.1.  Pit 7 Complex Area Nature and Extent of Contamination 

Details of the nature and extent of contamination in the Pit 7 Complex area are discussed in 
Chapter 11, Section 11-4 of the Site-Wide Remedial Investigation Report, Chapter 2 of the Site-
Wide Remedial Investigation Addendum, and the Ground Water Tritium Plume Characterization 
Summary report.  The Building 850 EE/CA and the Remedial Investigation/Feasibility Study for 
the Pit 7 Complex (Taffet et al., 2008) screened and evaluated remedial alternatives. 

The results of the ground water monitoring and risk and hazard management activities will be 
reported in the Semi-annual Site 300 Compliance Monitoring Reports beginning in the First 
Semester of 2010. 

1.3.2.2. Pit 7 Complex Area Contaminants of Concern 

Contaminants of concern (COCs) have been identified for impacted environmental media in 
the Pit 7 Complex area: 

• Surface soil:  None. 
• Subsurface soil:  Tritium and uranium. 
• Surface water:  None. 
• Ground water:  Volatile organic compounds (VOCs), tritium, uranium, nitrate, and 

perchlorate. 

1.3.2.3. Pit 7 Complex Area Summary of Human Health Risks 

The Pit 7 Complex risk assessment estimated an excess cancer risk of 4 x 10-6 (four in one 
million) for onsite workers inhaling tritiated water evaporating from subsurface soil in the 
vicinity of the Pit 3 Landfill. 

In 2007, the risk to onsite workers for inhalation of tritium vapors from the Pit 3 Landfill was 
recalculated, accounting for tritium decay that occurred between 1992 and 2007, for the Pit 7 
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Complex Remedial Design Document (Taffet et al., 2008).  An excess cancer risk of 8 x 10-7 was 
estimated for a worker spending 8 hours a day, 5 days a week for 25 years at the Pit 3 Landfill.  
There is no longer an unacceptable risk to onsite worker health posed by contaminants in the 
Pit 7 Complex area.  No unacceptable risk was identified for offsite residents. 

There was no unacceptable risk or hazard identified for offsite residents, associated with 
tritium and uranium in subsurface soil/rock, or associated with VOCs, tritium, uranium, nitrate, 
and perchlorate in ground water in the Pit 7 Complex area. 

1.3.2.4. Pit 7 Complex Area Summary of Ecological Hazards 

No unacceptable hazard to ecological receptors has been identified. 

2.  Operable Unit Background 
This section summarizes the Remedial Action Objectives (RAOs) applicable to the OU 

(Section 2.1), the selected remedies (Section 2.2), the OU cleanup standards (Section 2.3), and 
the remedial design (Section 2.4). 

2.1.  Remedial Action Objectives 

The Remedial Action Objectives (RAOs) applicable to the Building 850/Pit 7 Complex OU 
were presented in the Final Site-Wide ROD and the Building 850 EE/CA. 

2.1.1.  Site-Wide ROD RAOs 

The Site-Wide ROD RAOs applicable to the Building 850/Pit 7 Complex OU are:  
For Human Health Protection: 
• Restore ground water at Building 850 and the Pit 7 Complex containing contaminant 

concentrations above cleanup standards. 
• Prevent human ingestion of ground water at Building 850 and the Pit 7 Complex 

containing contaminant concentrations (single carcinogen) above cleanup standards. 
• Prevent human incidental ingestion and direct dermal contact with contaminants in 

Building 850 surface soil that pose an excess cancer risk greater than 10–6 or hazard index 
greater than 1, a cumulative cancer risk (all carcinogens) in excess of 10–4, or a 
cumulative hazard index (all noncarcinogens) greater than 1. 

• Prevent human inhalation of tritium volatilizing from subsurface soil at the Pit 7 
Complex to air that pose an excess cancer risk greater than 10–6 or hazard index greater 
than 1, a cumulative excess cancer risk (all carcinogens) in excess of 10–4, or a 
cumulative hazard index (all noncarcinogens) greater than 1. 

• Prevent human inhalation of tritium volatilizing from surface water at Building 850  
(Well 8 Spring) to air that pose an excess cancer risk greater than 10–6 or hazard index 
greater than 1, a cumulative excess cancer risk (all carcinogens) in excess of 10–4, or a 
cumulative hazard index (all noncarcinogens) greater than 1. 

• Prevent human inhalation of contaminants bound to resuspended surface soil particles at 
Building 850 that pose an excess cancer risk greater than 10–6 or hazard index greater 
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than 1, a cumulative excess cancer risk (all carcinogens) in excess of 10–4, or a 
cumulative hazard index (all noncarcinogens) greater than 1. 

• Prevent human exposure to contaminants in media of concern at Building 850 and the  
Pit 7 Complex that pose a cumulative excess cancer risk (all carcinogens) greater than  
10–4 and/or a cumulative hazard index greater than one (all noncarcinogens). 

For Environmental Protection: 
• Restore water quality at Building 850 and the Pit 7 Complex to ground water cleanup 

standards within a reasonable timeframe and prevent plume migration to the extent 
technically practicable.  Maintain existing water quality that complies with ground water 
cleanup standards to the extent technically practicable.  This will apply to both individual 
and multiple constituents that have additive toxicology or carcinogenic effects.  

• Ensure ecological receptors important at the individual level of ecological organization 
(listed threatened or endangered, State of California species of special concern) do not 
reside in areas at Building 850 where relevant hazard indices exceed 1. 

• Ensure existing contaminant conditions at Building 850 and the Pit 7 Complex do not 
change so as to threaten wildlife populations and vegetation communities.  

There is no remedial action objective for human health protection/Applicable or Relevant and 
Appropriate Requirements (ARARs) compliance for ingestion of surface waters (i.e., water from 
Site 300 springs) because there is not a complete exposure pathway for ingestion of surface 
waters for humans at Site 300.  Humans do not drink water from Site 300 springs.  In addition, 
the springs in which contaminants are detected do not produce a sufficient quantity of water to be 
used as a water-supply (greater than 200 gallons per day).  Cleanup standards for ground water 
and surface water in the Building 850/Pit 7 Complex OU 5 are discussed in Section 2.3. 

2.1.2.  Building 850 EE/CA RAOs 

Additional RAOs for the cleanup of PCB, dioxin and furan-contaminated soil at Building 850 
as presented in the Building 850 EE/CA are:  

1.  Mitigate risk to onsite workers by remediating Building 850 soil and sandpile materials 
that contain PCB concentrations in excess of U.S. EPA Region 9 industrial soil 
Preliminary Remediation Goal (PRG) of 0.74 milligrams per kilogram (mg/kg) and 
dioxin and furan compounds in excess of the U.S. EPA Region 9 industrial soil PRG of 
1.6 x 10-5 mg/kg for 2,3,7,8-tetrachloro-di-benzodioxin (TCDD). 

2. Mitigate potential hazard to burrowing owls associated with the PCB-, dioxin-, and furan- 
contaminated soil.  The U.S. EPA Region 9 industrial soil PRG soil cleanup levels for 
PCBs, dioxins, and furans are sufficiently low to protect ecological receptors. 

The U.S. EPA Region 9 industrial soil PRGs for PCBs, and for 2,3,7,8-TCDD to represent 
dioxin and furan compounds, were selected as the cleanup standards for contaminated surface 
soil at Building 850 in the Interim Site-Wide Record of Decision (DOE, 2001). 
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2.2.  Operable Unit 5 Selected Remedies 

2.2.1.  Building 850 Firing Table Area Selected Remedy 

The implemented remedies for the Building 850 Firing Table area were selected in the 
Interim Site-Wide ROD, Final Site-Wide ROD, and the Action Memorandum for the Removal 
Action at the Building 850 Firing Table.  

These remedies include: 
• No Further Action for HMX, beryllium, cadmium, copper, and uranium in surface soil 

(selected in the Interim Site-Wide ROD). 
• No Further Action for tritium and depleted uranium in subsurface soil/rock (selected in 

the Interim Site-Wide ROD). 
• Monitored Natural Attenuation (MNA) to reduce tritium activities in ground water and 

surface water to cleanup standards (selected in the Interim and Final Site-Wide RODs). 
• Monitoring ground water and surface water to evaluate the effectiveness of the remedy in 

achieving cleanup standards (selected in the Interim and Final Site-Wide RODs). 
• Institutional/land use controls to prevent human exposure to contamination and to protect 

the integrity of the remedy (selected in the Interim and Final Site-Wide RODs and 
Building 850 Action Memorandum). 

• Excavation, and onsite solidification and consolidation of contaminated soil and sandpile 
(selected in the Building 850 Action Memorandum). 

Active remediation measures for tritium, uranium and nitrate in ground water were not 
included in the remedy because:  

• The source of tritium in the vadose zone was rapidly decreasing in mass, and tritium in 
ground water will naturally attenuate to meet the cleanup standard in a reasonable 
timeframe time without migrating offsite. 

• Uranium activities in ground water were below the cleanup standard and its extent is 
limited. 

• Data do not indicate the presence of a significant source of nitrate in the Building 850 
Firing Table area, and the extent of nitrate with concentrations exceeding the cleanup 
standard is limited and does not pose a threat to human health or the environment. 

Based on the recent identification of perchlorate in ground water, DOE will conduct an 
in situ bioremediation treatability study for perchlorate in ground water and discuss possible 
remedial measures with the regulatory agencies.  Public input will be solicited prior to the 
selection of any remedial action for perchlorate in ground water.  The selected remedy will be 
documented in an Amendment to the Site–Wide ROD. 

The only Building 850 Firing Table area remedy component that required construction was 
the excavation and onsite solidification and consolidation of contaminated soil and the sandpile.  
The implementation of this remedy is described in Section 3.1. 
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2.2.2.  Pit 7 Complex Area Selected Remedy 

The implemented remedies for the Pit 7 Complex area were selected in the Amendment to 
the Amendment to the Interim Site-Wide ROD for the Pit 7 Complex and the 2008 Site-Wide 
ROD. 

These remedies include: 
• Monitoring ground water and surface water to determine if the cleanup is adequately 

protecting human health and the environment and to evaluate the effectiveness of the 
remedy in achieving cleanup standards. 

• Risk and hazard management, including institutional/land use controls, to prevent human 
exposure to contamination and to protect the integrity of the remedy. 

• MNA to reduce tritium activities in ground water and surface water to cleanup standards. 
• Extracting and treating ground water to reduce uranium, perchlorate, nitrate, and VOC 

concentrations in ground water to meet cleanup standards. 
• Installing an engineered drainage diversion system to hydraulically isolate the 

contaminant sources in the landfills and underlying bedrock from subsurface water, 
thereby preventing infiltration of rainwater runoff that can result in ground water rising 
into Pits 3, 4, 5, and 7 and releasing contaminants. 

• Inspecting the Pit 3, 4, 5, and 7 Landfill covers periodically for damage that could 
compromise integrity and repair any damage found. 

Active remediation measures for tritium in ground water were not included in the remedy 
because tritium in ground water will naturally attenuate to meet the cleanup standard in a 
reasonable timeframe time without migrating offsite. 

Two Pit 7 Complex area remedy components required construction:  1) extraction and 
treatment of ground water and 2) installation of a drainage diversion system.  Implementation of 
these remedial actions is described in Sections 3.2.1 and 3.2.2. 

2.3.  Cleanup Standards 

The cleanup standards selected in the Site-Wide Final ROD (DOE, 2008) for ground water 
and surface water at OU 5 are Federal Maximum Contaminant Levels (MCLs) unless California 
State MCLs are more stringent.  The cleanup standards for the Building 850 Firing Table area 
soil were selected in the 2001 Interim ROD and presented in the Building 850 Action 
Memorandum.  The cleanup standards for OU 5 COCs are presented in Table 2. 

As presented in the Site-Wide ROD, DOE will prepare a technical and economic feasibility 
analysis as part of the Five-Year Review after ground water contaminant concentrations have 
been reduced to MCLs.  This analysis will be used to determine the technical and economic 
feasibility of continuing remediation to further reduce contaminant concentrations below MCLs, 
in accordance with State Water Resources Control Board Resolution 92-49.  A range of values 
will be considered down to water quality numeric limits or background.  The technical and 
economic feasibility analyses will be reviewed and approved by the RWQCB, DTSC, and EPA.  
If DOE and the regulatory agencies then agree that it is technically and economically feasible, 
remediation would continue.  If it is reasonable to conduct the feasibility analysis sooner than at 
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the Five-Year Review (e.g., contaminant concentrations are reduced below MCLs soon after a 
Five-Year Review has been completed), DOE will discuss accelerating the feasibility analysis 
with the regulatory agencies.  Any changes to ground water cleanup standards will be proposed 
to the community and take effect through a ROD amendment. 

2.4.  Remedial Design 

2.4.1.  Building 850 Firing Table Area Remedial Design 

The wellfield to monitor tritium, uranium, and nitrate in Building 850 area ground water was 
in place and approved by the regulatory agencies prior to the Remedial Design.  Ground water 
monitoring wellfields are described and updated in the Site-Wide Compliance Monitoring 
Reports.  

Excavation of PCB-, dioxin-, and furan-contaminated soils to meet U.S. EPA Region 9 
industrial soil PRGs soil cleanup levels and offsite disposal was selected in the 2001 Interim 
ROD.  A Remedial Design was completed in 2004 for the excavation and offsite disposal of 
contaminated soil in the OU.  In 2001, the estimated cost to excavate and dispose of the 
contaminated soil and sandpile was approximately $1.4 million (M).  By the time the Interim 
Remedial Design Report for Building 850 was prepared, the estimated volume of contaminated 
soil increased as well as the cost of excavation, transportation, and disposal, increasing the total 
cost estimate to $4.8 M.  DOE scheduled the activity to be completed in fiscal year (FY) 2006.  
As the planning for the FY 2006 activity proceeded, the cost estimates for the excavation, 
transportation, and disposal of contaminated soil increased to over $8M.  As a result, the interim 
remedy identified for the contaminated soil at the Building 850 Firing Table in 2001 was no 
longer considered economically practicable.  In addition, more cost-effective technologies were 
identified that were capable of addressing the PCBs, dioxins, and furans in an equally protective 
manner. 

In 2006, DOE, the U.S. EPA, DTSC, and the RWQCB agreed to conduct remediation of 
PCB-, dioxin-, and furan-contaminated soil at the Building 850 Firing Table as a Non-Time 
Critical Removal Action under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA).  Additional sampling and analysis of the sandpile was performed in 
2006 showed that the current maximum tritium activities were not a threat to ground water.  
However, PCBs were detected in the sandpile at concentrations of up to 50.4 milligrams per 
kilogram (mg/kg).  Based on these data, DOE requested that the sandpile be included in this 
removal action.  The three regulatory agencies agreed.  A Final EE/CA was submitted in 
February 2008. 

A public meeting was held on March 6, 2008 and the Building 850 Action Memorandum was 
submitted in April 2008.  The Building 850 Removal Action design was approved by the 
regulatory agencies in May 2008.  The design included the excavation of contaminated soil, 
verification sampling and analysis, soil solidification, and consolidation in a Corrective Action 
Management Unit, drainage system enhancements and slope stability analysis, slope restoration, 
and ongoing inspection and maintenance. 

The specific design details of the Building 850 Soil Removal Action were presented in the 
Building 850 EE/CA and the construction subcontractor’s 100% design submittal (SCS 
Engineers, 2009).  Variances from the original design are presented in Appendix A. 
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2.4.2.  Pit 7 Complex Area Remedial Design 

The wellfield to monitor tritium, uranium, nitrate, VOCs, and perchlorate in Pit 7 Complex 
area ground water was in place and approved by the regulatory agencies prior to the Remedial 
Design.  Ground water monitoring wellfields are described and updated in the Site-Wide 
Compliance Monitoring Reports. 

The Remedial Design Document for the Pit 7 Complex was completed in 2008 and presented 
the design for the Pit 7 Hydraulic Drainage Diversion System and the Pit 7-Source ground water 
extraction and treatment system. 

The Drainage Diversion System was designed to prevent further releases of COCs from the 
pits and underlying bedrock to ground water.  When the rainfall increased to above normal 
levels, such as during El Niño years, the pit waste and underlying bedrock were often inundated 
and residual contamination came into contact with shallow subsurface ground water.  This 
system was designed to divert a significant volume of water during intense, El Niño-type rainfall 
events.  The water from the western hillslope is diverted and discharged to the watershed north 
of the Pit 7 watershed and will not recharge the hydrostratigraphic units (HSUs) in the Pit 7 
watershed, which is hydraulically isolated from the watershed to the north.  The water diverted 
from the eastern hillslope stays within the watershed but is discharged south of the landfills at a 
distance of about 270 ft south of Pit 5 and about 450 ft southeast of Pit 7.  Because the alluvial 
channel fill and weathered bedrock HSU (Qal/WBR) is highly permeable compared to the 
underlying bedrock, this infiltrating water will quickly recharge the Qal/WBR HSU and flow 
downgradient (south).  Any short-term water table rises would occur further downgradient at 
distances that will not affect the landfills or underlying contaminated bedrock.  Because water is 
diverted prior to entering the pits, it is devoid of contaminants and therefore will not adversely 
impact the water quality for downstream users, springs, or wetlands.  The diversion system was 
also designed to minimize the creation of wetlands, by discharging to areas where infiltration is 
fairly rapid, and does not significantly alter the regional recharge conditions in the Pit 7 Complex 
or the overall ground water basins.  There are four components that comprise the drainage 
diversion system (Figure 4): 

1. A subsurface drainage network on the western hillslope. 
2. Upgraded riprap at the end of the existing north-flowing concrete channel for the Pit 7 

landfill cap.  
3. A vegetated surface water diversion swale along the base of the eastern hillslope along 

the paved road (Route 4), including several culverts under Route 4 and dirt fire trails. 
4. An upgraded surface water-settling basin at the south end of the existing south-flowing 

concrete channel for the Pit 7 landfill cap. 
The Pit 7-Source extraction and treatment system was designed to remove uranium, VOCs, 

perchlorate, and nitrate from ground water in the vicinity of the Pit 7 Complex (see Figure 4).  
The wellfield configuration was designed to target the highest depleted uranium concentrations 
in the Qal/WBR HSU and capture ground water containing uranium, perchlorate, and VOCs in 
excess of cleanup standards in both the Qal/WBR and Neroly bedrock (Tnbs0) HSUs.  Currently, 
local nitrate concentrations proximal to the landfills are below the cleanup standard.  However, 
nitrate is removed from extracted ground water as part of the treatment process.  Aqueous-phase 
granular activated carbon (GAC) is used to remove VOCs present in extracted ground water, and 
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ion-exchange resins are used to remove uranium, nitrate, and perchlorate.  The treatment facility 
effluent is monitored for compliance with effluent discharge limits and then discharged to an 
infiltration trench.  Because there is currently no viable technology available to treat tritiated 
ground water, the treated water containing only tritium is reintroduced to the subsurface through 
the infiltration trench. 

The design details of the Pit 7 Drainage Diversion System and Pit 7-Source ground water 
extraction and treatment system were presented in the Remedial Design Document for the Pit 7 
Complex (Taffet et al., 2008) and the Drainage Diversion System construction subcontractor’s 
100% design submittal (SCS Engineers, 2009).  Variances from the original design for the Pit 7-
Source ground water extraction and treatment system and the Pit 7 Drainage Diversion System 
are presented in Appendices G and I, respectively. 

3.  Construction Activities 
This section provides a description of the remedial action implementation and construction 

activities for the Building 850 Firing Table Soil Removal Action, the Pit 7-Source ground water 
extraction and treatment system, and the Pit 7 Complex Drainage Diversion System. 

3.1.  Building 850 Firing Table Removal Action Implementation 

The Building 850 Removal Action field implementation began in May 2009.  Before 
beginning full-scale activities, a soil solidification test fill demonstration was conducted from 
May 11 through 14, 2009 to verify the performance of the soil-cement mix design and lift 
thickness in meeting or exceeding parameters for unconfined compressive strength, density, 
mixing, cement application, and compaction.  A report summarizing the test fill demonstration 
process, test results, and recommendations was submitted to the regulatory agencies (Appendix 
D).  Design changes resulting from the test fill demonstration included reducing lift thickness 
from 18 to 12 inches and eliminating volume increase (swell) testing (Appendix A, Table A-1).  
The regulatory agencies concurred with these test fill demonstration report recommendations. 

On June 8, 2009, soil excavation commenced in the Upper Corporation Yard (Phase 1) 
within the footprint of the area where the excavated soil would be solidified and consolidated to 
create the CAMU (Figure 3).  Phase 1 also included some adjacent areas outside the CAMU 
footprint.  Following verification that contaminated soil with concentrations exceeding soil 
cleanup standards had been excavated in this area, the underlying non-engineered clean fill was 
excavated to a maximum depth of 25 feet (ft).  The excavated clean fill was staged in the Lower 
Corporation Yard for use in constructing the outer shell of the CAMU.  At the conclusion of fill 
excavation, a several foot thick layer of engineered clean fill was compacted to provide a 
competent base for the CAMU.  Excavation of contaminated soil on the hillslopes commenced 
and proceeded until contaminated soil had been excavated from the Phase 2-7 hillslope areas to 
meet soil cleanup standards.  As the soil was excavated, it was placed in staging areas within the 
areas of contamination prior to solidification. 

To construct the CAMU, the contaminated soil was laid down in 12-inch lifts within the 
subgrade excavation in the Upper Corporation Yard, mixed with 5% Portland cement and water, 
and compacted.  Once the original grade was reached, lay down and solidification of 12-inch 
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thick lifts of soil continued with the outer 5 ft of soil being mixed with 10% Portland cement. 
The edges of the CAMU slopes generally consist of a minimum 3 ft thickness of clean fill 
containing 10% cement.  Several layers were a minimum 1 ft thickness of clean soil.  The top of 
the CAMU consists of a 5 ft thickness of soil mixed with 10% Portland cement and is composed 
of at least 1 ft of clean fill, underlain by 4 ft of contaminated soil. 

In total, 27,592 cubic yards (yd3) of PCB-, dioxin-, and furan-contaminated soil were 
excavated from the Building 850 Upper Corporation Yard and hillslopes surrounding the 
Building 850 firing table.  The EE/CA report estimated that 15,544 yd3 of contaminated soil 
would be removed.  However, additional contamination was discovered both vertically and 
laterally during verification sampling and analysis.  Soil samples were collected for PCB and 
dioxin/furan analysis following soil excavations in accordance with the approved Sampling and 
Analysis Plan.  Some modifications to the original Sampling and Analysis Plan were needed due 
to the additional volume and extent of contaminated soil encountered during excavation and 
occurrence of bedrock at the bases of excavations.  These modifications were discussed with and 
approved by the regulatory agencies.  All sampling locations and the lateral and vertical extents 
of all excavations were located using a Global Positioning System (GPS), and final excavation 
depths were verified by GPS and field measurements. 

Two Verification Sampling and Analysis Reports (VSARs) for the excavation Phase 1 and 
Phase 2-7 were submitted to the U.S. EPA, the California DTSC, and the RWQCB on  
June 25, 2009 and January 20, 2010, respectively (Appendix D).  EPA, DTSC, and the RWQCB 
concurred that soil excavation to meet PCB, dioxin, and furan cleanup standards had been 
achieved as specified in the 2001 Interim ROD and the Building 850 Action Memorandum 
(DOE, 2008).  The VSARs, which describe soil excavation activities and sampling and analysis 
activities and results in more detail, are provided in Appendix D. 

As soil excavation was completed in each excavation phase area, slope restoration measures 
were implemented to limit erosion and control sediment runoff from the hillslopes, such as 
hydroseeding to promote the re-establishment of vegetation and the placement of fiber rolls to 
reduce sediment transport.  Drainage features were also enhanced and/or constructed on and 
around the CAMU that provide for erosion control and reduce sediment discharge. 

As stated above, at project completion in January 2010, 27,592 yd3 of soil were solidified and 
compacted (in-place) in the CAMU.  Of this total, 21,007 yd3 of soil (all contaminated) were 
solidified with 5% Portland cement and 6,586 yd3 (contaminated and clean) were solidified with 
10% Portland cement.  The difference in soil volume excavated and solidified and the volume of 
solidified soil in-place is due to compaction (20-25%).  Approximately 4,000 yd3 of excess clean 
fill remaining in the Lower Corporation Yard were compacted, stabilized, and hydroseeded to 
prevent erosion. 

The solidified soil and engineered fill met or exceeded performance criteria for unconfined 
compressive strength, density, mixing, cement application, and compaction.  Variances from the 
original design are presented in Appendix A.  The Engineering Test Data and Construction 
Quality Assurance (CQA) Field Sheets are presented in Appendix B.  As-Built drawings for the 
Building 850 CAMU are presented in Appendix C.  The excavation verification sampling and 
analysis reports are presented in Appendix D.  The Building 850 Removal Action Material and 
Product Description Sheets are presented in Appendix E. 
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The timeline for the remedy implementation is presented in Table 3. 

3.2.  Pit 7 Complex Remedial Action Implementation 

3.2.1.  Ground Water Extraction and Treatment Remedial Action Implementation 

Construction of the Pit 7-Source ground water extraction and treatment system was initiated 
October 1, 2007.  However, due to conflicts and delays with the Pit 7 Complex Drainage 
Diversion System construction that was occurring simultaneously, the construction of the 
treatment system was stopped. 

Construction of the extraction and treatment system resumed in April 2008, following 
completion of the Drainage Diversion System.  Testing and verification of the Pit 7-Source 
system was conducted in January 2009 to ensure that all mechanical, electronic/electrical, and 
chemical components of the facility and wellfield were operating to meet remediation and 
monitoring requirements.  However, the testing and verification process was stopped prior to 
completion due to failure of the compressor and the data acquisition system.  Evaluation of the 
data collected during testing and verification and subsequent data indicated additional issues. 
     A facility assessment was planned to evaluate system performance to address the issues 
identified during the testing and verification process and to meet remediation and monitoring 
requirements.  However, the facility assessment and design modifications were delayed due to a 
significant diversion of resources required to meet the LLNL Livermore Site treatment system 
restart deliverables.  This delay was reported to and the higher prioritization of the Livermore 
Site work was concurred with by the regulatory agencies.  The Pit 7-Source system assessment 
was initiated in October 2009 following restart of the Livermore Site facilities.  The results of 
this assessment were used to design modifications to the system to meet remediation and 
monitoring requirements. 

Issues identified during the initial facility testing and verification, the subsequent facility 
assessment, and the solutions/system modifications designed to address these issues are 
described in Appendix F. 

Three existing monitor wells, NC7-25, NC7-63, and NC7-64, were converted to extraction 
wells and three wells were drilled to serve as extraction wells (W-PIT7-2305, W-PIT7-2306, and 
W-PIT7-2307).  Existing monitor well W-PIT7-1918 was planned to be converted to an 
extraction well as part of the original wellfield design.  However, the well was later found to be 
unsuitable for use as an extraction well because did not yield sufficient water, and the small (2-
inch) well casing would not allow for the deployment of the required extraction and monitoring 
equipment.  This well will continue to be for ground water monitoring. 

Six wells were connected to the treatment facility to extract uranium, VOCs, nitrate, and 
perchlorate from ground water in the Pit 7 Complex area.  Five of the extraction wells are 
completed in the Quaternary alluvium/Weathered bedrock (Qal/WBR) HSU (NC7-63, NC7-64, 
W-PIT7-2305, W-PIT7-2306, and W-PIT7-2307) and one extraction well (NC7-25) is completed 
in the Tnbs0 bedrock HSU.  The Tnbs0 HSU well NC7-25 will only be pumped when ground 
water elevations in the overlying Qal/WBR HSU are sufficiently low to avoid pulling depleted 
uranium and other contaminants in the Qal/WBR HSU into the Tnbs0 HSU.  These conditions 
are most likely to occur in late summer/early fall towards the end of the dry season.  In order to 
be able to continue monitor contaminant concentrations in well NC7-25 until pumping from this 
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well begins, the pump in this well will not be deployed until the hydrologic conditions previously 
discussed are met. 

As discussed in the Remedial Design for the Pit 7 Complex, ground water extraction and 
treatment is being conducted using a phased approach because the Pit 7 Complex Drainage 
Diversion System affects the local hydrologic conditions by reducing ground water recharge in 
the vicinity of the Pit 7 Complex.  As a result, the extent of saturation and volume of ground 
water available for pumping will likely be reduced in the area of ground water extraction.  Once 
the effects of the drainage diversion system on hydrologic conditions and the capture zones for 
the existing extraction wells have been evaluated, it is currently planned to install three 
additional extraction wells. 

Extracted ground water is filtered to remove suspended particulates prior to entering the 
treatment media.  Water from the extraction wells is piped to a batch tank in the treatment 
facility enclosure. 

The treatment facility influent from the batch tank is piped to three ion-exchange resin 
canisters for the removal of uranium.  The water is then piped through three ion-exchange 
canisters containing Sybron SR-7TM, a nitrate-selective resin ion-exchange resin that is also 
effective in removing perchlorate.  Ground water that has been treated to remove uranium, 
nitrate, and perchlorate is then piped through three aqueous-phase GAC canisters to remove 
VOCs.   

Water between the GAC, uranium ion-exchange, and nitrate/perchlorate ion exchange resins 
will be monitored for breakthrough to prevent the discharge of water above the facility effluent 
limitations.   The facility effluent will also be monitored to ensure effluent discharge limitations 
specified in the Site-Wide ROD (DOE, 2008) are met prior to discharge to the infiltration trench. 

An infiltration trench was constructed southeast of the landfills by which the treated water is 
discharged into the unsaturated part of the shallow Qal/WBR HSU.  During construction, the 
length of the infiltration trench was increased from 80 ft to 100 ft long.  This modification will 
increase its capacity and allow for more flexibility if additional extraction wells are needed to 
optimize cleanup in the future.  An aboveground pipeline was constructed to connect the 
treatment facility to the infiltration trench. 

 A horizontal pipe with 0.5-in diameter holes every 2 inches was placed along the entire 
length of the trench to convey water into the trench.  The trench was backfilled with a 7 ft 
thickness of drain rock.  A layer of high-density polyethylene (HDPE) was placed above the 
drain rock to:  (1) prevent overlying native fill soil from entering the drain rock, (2) reduce the 
potential for tritium-bearing water vapor to evaporate to ambient air at ground surface, and  
(3) prevent surface runoff from entering the infiltration trench.  The upper 3 feet of the trench 
above the HDPE layer was backfilled with compacted native soil to grade.  Two piezometers 
(W-PIT7-2419 and W-PIT7-2420) were installed in the trench and equipped with dedicated 
pressure transducers to record water levels within the trench to ensure that overfilling of the 
trench does not occur that could create an upward water pressure resulting in a potential breach 
in the integrity of the HDPE membrane. 
     Construction/modification of the Pit 7-Source system was completed in March 2010.  The 
ground water extraction and treatment system started operating on March 16, 2010.  Startup 
compliance sampling of the system effluent was conducted on March 18 and samples were 
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submitted to the analytical laboratory for VOC, uranium, nitrate, and perchlorate analyses.  
VOC, nitrate, and perchlorate concentrations in the samples were below the method detection 
limit and effluent limitations, and uranium activities were below the effluent limitation. 

Appendix F summarizes the Pit 7-Source ground water extraction and treatment system 
configuration and presents variances from the original design. As-Built drawing for the Pit 7-
Source ground water extraction and treatment system are presented in Appendix G. 

The timeline for the remedy implementation is presented in Table 4. 

3.2.2.  Pit 7 Complex Drainage Diversion System Remedial Action Implementation 

Due to an extended CERCLA document pathway and the need to complete portions of the 
construction prior to the beginning of the rainy season, construction of the Pit 7 Complex 
Drainage Diversion System occurred concurrently with the Remedial Design.  The regulatory 
agencies agreed to review the Drainage Diversion System 65% design and upon comment 
resolution, approve the construction to begin prior to the submittal of the final Remedial Design 
document.  In September 2007, the U.S. EPA, the California DTSC, and the RWQCB approved 
the Drainage Diversion System design, and approved the start of construction.  Construction of 
the Pit 7 Drainage Diversion System began in October 2007. 

Because most rain water infiltration occurs on the hillslope west of the landfills due to the 
presence of colluvium and weathered bedrock, a surface and subsurface drainage network was 
constructed on the western hillslope to collect and divert shallow ground water and surface 
water.  As shown in Figure 3 and as-built Sheet C-1 in Appendix H, the drainage diversion 
trench system on the western hillslope includes of an upper and lower trench network.  The 
upper and lower trench networks were installed approximately 80 to 150 ft apart and roughly 
parallel to the slope contours to capture surface water and shallow subsurface water on this 
hillslope.  Because this upper trench is located directly downhill of the bedrock-colluvium 
contact, it was designed to primarily capture surface water flow that predominates at this location 
on the hillslope.  The upper trench network was installed to a depth of approximately 3 ft and the 
sides and bottom were lined with an impermeable geofabric (As-Built Sheet C-4, Appendix H). 

Because the lower trench network is located where colluvium is present on the hillslope, it 
was designed to capture both surface water flow and shallow subsurface water flow in the 
colluvium.  The lower trench network was installed to a depth of up to 8 feet.  A portion of the 
uphill side of these trenches was lined with a permeable geofabric to capture subsurface colluvial 
flow.  The bottom and downhill side was lined with an impermeable geofabric.  A perforated 
HDPE pipe was installed approximately 1-inch above the base of all the trenches and surrounded 
by drain rock to the top of each trench.  Bedding was placed below the pipe to ensure the pipe is 
not damaged during settling.  The trenches were filled to the top with drain rock.  The upslope 
side of each trench has a 3-ft wide, 6- to 12-inch thick apron of drain rock underlain by 
impermeable fabric to convey surface water into the trench.  There is a 1.5-ft high mound on the 
downslope side of each trench to impede any surface flow that is not captured by the trench.  The 
lower trench network As-Built drawings are shown in sheet C-4 in Appendix H. 

Four trenches containing solid pipe were installed perpendicular to the slope contours to 
convey the captured water to the pre-existing concrete drainage channel at the western perimeter 
of the Pit 7 Landfill cap (As-Built Sheet C-1 in Appendix H).  This drainage channel collects and 
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directs surface water runoff to the north where it discharges to riprap that dissipates water 
energy/velocity, preventing erosion.   The riprap was rebuilt to provide additional protection 
against erosion and to facilitate maintenance (As-Built Sheet C-5, Appendix H.) 

Because the hillslope east of the Pit 7 Complex mainly consists of unweathered bedrock with 
minimal infiltration capacity, rainwater tends to move downslope as surface runoff/sheet flow.  
Therefore, a surface water diversion swale was installed along the paved road that runs at the 
base of the eastern hillslope to collect and convey surface water runoff from the slope before it 
enters valley fill alluvium and underlying weathered bedrock (Figure 3 and As-Built sheet C-2, 
Appendix H).  The base of the diversion swale was lined with impermeable geofabric and filled 
with a perforated pipe surrounded by drain rock.  The fabric was lapped and buried to reduce 
deterioration by the elements and to convey upslope surface water.  Compacted native soil was 
installed within the swale and covered with a grass-blend hydroseed and erosion control 
blankets.  As shown in As-Built sheet C-7 (Appendix H), the swale is trapezoidal in cross-
section in some reaches and a V-ditch in cross-section in other reaches of the channel.  Four 
corrugated metal pipe culverts were installed to convey the water in the swale beneath dirt fire 
trails (As-Built Sheets C-3 and C-6, Appendix H), and one culvert was installed to accommodate 
a pipeline from the Pit 7-Source ground water treatment system (As-Built Sheet C-7, Appendix 
H.).  Water is routed through a corrugated metal pipe culvert under Route 4 to the new settling 
basin located at the southern end of the pre-existing south-flowing concrete-lined drainage 
channel (As-Built Sheet C-6, Appendix H.) 

Prior to construction of the drainage diversion system, riprap was present at the southern end 
of Pit 7 to dissipate energy of water from the pre-existing concrete drainage channel installed as 
part of the Pit 7 Landfill engineered cap design.  A new settling basin was constructed and the 
pre-existing riprap was rebuilt to dissipate water energy, prevent erosion damage, reduce 
sedimentation, and enable rapid infiltration to prevent wetland formation (As-Built Sheets C-8 
and S-3, Appendix H.) 

Thirteen monitoring wells (K7-01, K7-06, NC7-16, NC7-17, NC7-21, NC7-22, NC7-24, 
NC7-34, NC7-48, NC7-51, NC7-53, W-PIT7-1718, and W-PIT7-1724) were equipped with 
dedicated pressure transducer to monitor water levels.  Water level data from these wells will be 
used to monitor responses of the piezometric surface to rainfall recharge, and evaluate the 
effectiveness of the Drainage Diversion System in preventing water level rises into the pit waste. 

Restoration measures were implemented in areas impacted by construction of the Drainage 
Diversion System to limit erosion and control sediment runoff, such as hydroseeding to promote 
the re-establishment of vegetation, and the placement of fiber rolls to reduce sediment transport. 

Construction of the Pit 7 Drainage Diversion System began in October 2007 and was 
completed in March 2008.  As-built drawings for the Pit 7 Complex Drainage Diversion System 
are presented in Appendix H.  Appendix I presents variances from the original design. 

The timeline for the remedy implementation is presented in Table 5. 
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4.  Performance Standards and Construction Quality 
Control 

As described in Section 3, the Building 850 Removal Action solidified soil and engineered 
fill met or exceeded performance criteria for unconfined compressive strength, density, mixing, 
cement application, and compaction.  The results of the field and laboratory performance tests 
performed for the Building 850 Soil Removal Action Construction are presented in Appendix B 
(Engineering Test Data and Construction Quality Assurance (CQA) Field Sheets).  The 
excavation verification sampling and analysis reports are presented in Appendix D.  The 
Building 850 Soil Removal Action was designed and constructed to meet the RAOs for the 
selected soil remedy for Building 850. 

The Pit 7-Source ground water extraction and treatment system and Pit 7 Complex Drainage 
Diversion System were designed and constructed to meet the RAOs for the selected remedy for 
the Pit 7 Complex. 

Photographic evidence of Remedial/Removal Action completion is presented in Appendix J.  
Appendix J includes photographs of the completed Building 850 Removal Action/CAMU, Pit 7 
Drainage Diversion System, and Pit 7-Source ground water extraction and treatment system. 

5.  Ongoing Activities 
The ongoing activities in the Building 850 Firing Table/Pit 7 Complex OU include: 
• Monitoring ground water and surface water to determine if the cleanup is adequately 

protecting human health and the environment and to evaluate the effectiveness of the 
remedy in achieving cleanup standards. 

• Risk and hazard management, including institutional/land use controls, to prevent human 
exposure to contamination and to protect the integrity of the remedy. 

• Inspection and maintenance of the Building 850 CAMU and associated drainage features. 
• Operation and maintenance of the Pit 7-Source ground water extraction and treatment 

system until cleanup standards are met. 
• Inspection and maintenance of the drainage diversion system at the Pit 7 Complex. 
• Inspection and maintenance of the Pit 3, 4, 5, and 7 Landfill covers. 
• Five-Year Review reporting. 
These activities are discussed in the sections below. 

5.1.  Monitoring 

Ground water and surface water samples will continue to be collected from monitor wells 
and springs in the OU and analyzed for chemical and radiological contaminants of concern and 
ground water elevations will continue to be measured per the Site-Wide Compliance Monitoring 
Plan (CMP) requirements (Dibley et al., 2009).  The results of the CMP monitoring will be 
reported in the semiannual Compliance Monitoring Reports. 

Monitoring will continue two years after cleanup standards have been met. 
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5.2.  Risk and Hazard Management 

The goals of risk management, including institutional/land use controls, are to prevent or 
limit exposure to contaminants, protect the integrity of the remedy, and ensure future property 
use is consistent with the current industrial land use. 

The following institutional/land use controls that were identified in the 2008 Site-Wide ROD 
for OU 5 will continue after remedy implementation: 

• Prevent water-supply use/consumption of contaminated groundwater until ground water 
cleanup standards are met. 

• Maintain land use restriction in the vicinity of Well 8 Spring until annual risk re-
evaluation indicates that the risk is less than 10-6. 

• Prohibit transfer of lands with unmitigated contamination that could cause potential harm 
under residential or unrestricted land use. 

• Maintain the integrity of the Pit 7 Complex landfill covers, the drainage diversion system, 
and the Building 850 CAMU as long as the waste remains in place. 

• Control construction and other ground-breaking activities on the Building 850 CAMU 
and Pit 7 Complex landfills to prevent cap/cover damage and/or inadvertent exposure to 
waste as long as the waste remains in place. 

• Maintain access restrictions to prevent inadvertent exposure of onsite workers to the pit 
waste as long as the waste in the Pit 7 Complex Landfills remain in place. 

It is assumed that Site 300 will remain under the control of DOE and that the access 
restrictions to the site (fencing, security patrols) currently in place will continue.  All remedies 
would be re-evaluated if transfer of ownership or change in land use is anticipated.  DOE will 
meet its commitments in the Site 300 FFA, Sections 28 (Transfer of Real Property) and 
37 (Facility Closure), regarding its cleanup obligations if property ownership and/or land use 
changes in the future. 

To ensure that human health is protected, access to Site 300 will continue to be restricted and 
all personnel working onsite will be briefed on areas of contamination and possible hazards.  
Site 300 is enclosed within a security fence, posted with signs noting the restricted access, and 
manned by a full-time security force to prevent unauthorized intrusion. 

No excavation shall occur within areas of contamination or at landfills except for approved 
remedial actions.  Activities in landfill areas will be restricted to those that will not expose 
landfill material or compromise the integrity and protectiveness of landfill caps.  No activity 
inconsistent with this use restriction may commence without the prior written concurrence of the 
FFA signatories.  Risk and hazard monitoring results conducted during the year will be 
submitted to the U.S. EPA and State regulatory agencies in the Annual Site 300 Site-Wide 
Compliance Monitoring Reports. 

5.3.  Inspection/Operations and Maintenance 

Inspections and maintenance (I&M) and operations and maintenance (O&M) programs have 
been implemented for the Building 850 CAMU, Pit 7 Drainage Diversion System, Pit 7 Complex 
landfill caps, and the Pit 7-Source ground water extraction and treatment system.  The  
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Building 850 and Pit 7 Drainage Diversion System I&M Plans and the Pit 7-Source ground water 
extraction and treatment system O&M Plan will be periodically reviewed and updated to reflect 
any needed changes to the programs. 

5.3.1.  Building 850 CAMU I&M 

The Building 850 CAMU I&M Plan was prepared by the Building 850 Removal Action 
construction subcontractor and reviewed by the regulatory agencies in March 2010 (SCS 
Engineers, 2010).  The Building 850 CAMU is inspected and maintained per the requirements of 
the Plan.  The results of the inspections and maintenance performed will be included in the 
Annual Compliance Monitoring Reports. 

5.3.2.  Pit 7-Source Ground Water Extraction and Treatment System O&M 

The Pit 7-Source ground water extraction and treatment system O&M Plan was included in 
the Pit 7 Complex RD.  The Pit 7-Source system is operated and maintained per the requirements 
of the O&M Plan.  Maintenance performed at the Pit 7-Source system will be included in the 
Annual Compliance Monitoring Reports. 

5.3.3.  Pit 7 Drainage Diversion System I&M 

The Pit 7 Drainage Diversion System I&M Plan was prepared by the Pit 7 Drainage 
Diversion System construction subcontractor and included in the Pit 7 Complex RD.  The Pit 7 
Drainage Diversion System is inspected and maintained per the requirements of the I&M Plan.  
The results of the inspections and maintenance performed will be reported in the Annual 
Compliance Monitoring Reports. 

5.3.4.  Pit 7 Complex Landfill Cap I&M 

The Pit 7 Complex landfill cap I&M procedures are included in the Site-Wide CMP.  The 
results of the inspections and maintenance performed will be reported in the Annual Compliance 
Monitoring Reports. 

5.4.  Five-Year Reviews 

The completion of this RACR is the trigger for the Five-Year Review process.  Therefore, 
the first draft Five-Year Review for OU 5 will be submitted in June 2015 per the schedule 
presented in Table 6. 

6.  Project Costs 
Estimated and actual project costs for construction of the Building 850 Soil Removal Action, 

Pit 7-Source ground water extraction and treatment system, and the Pit 7 Complex Drainage 
Diversion System are summarized in Table 7. 
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7.  Acronyms 
ARARs Applicable or Relevant and Appropriate Requirements 
CAMU Corrective Action Management Unit 
CDDs Chlorinated dibenzo-p-dioxins 
CDFs Chlorinated dibenzofurans 
CERCLA Comprehensive Environmental Response, Compensation and Liability Act 
Ci Curies 
CMP Compliance Monitoring Plan 
COCs Contaminants of Concern 
DOE Department of Energy 
DTSC (California) Department of Toxic Substances Control 
EE/CA Engineering Evaluation/Cost Analysis 
EPA Environmental Protection Agency 
FFA Federal Facility Agreement 
ft Feet 
ft2 Square feet 
FY Fiscal year 
GAC Granular activated carbon 
gpd Gallons per day 
HMX High Melting Explosive 
HQ Hazard quotient 
HSU Hydrostratigraphic unit 
I&M Inspections and Maintenance 
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 
NCP National Contingency Plan 
NEPA National Environmental Policy Act 
NFA No further Action 
NPL National Priorities List 
O&M Operations and Maintenance 
OU Operable Unit 
PCBs Polychlorinated biphenyls 
pCi/L PicoCuries per liter 
PRG Preliminary Remediation Goal (EPA) 
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Qal/WBR Quaternary alluvium and weathered bedrock 
RACR Remedial Action Completion Report 
RAOs Remedial Action Objectives 
RCRA Resource Conservation and Recovery Act 
RD Remedial Design 
ROD Record of Decision 
RWQCB (California) Regional Water Quality Control Board 
TCE Trichloroethylene 
TCDD 2,3,7,8-tetrachloro-di-benzodioxin 
Tnbs0 Tertiary Neroly Silty Sandstone 
VOCs Volatile organic compounds 
U.S. United States 
yd3 Cubic yards 
µg/L micrograms per liter 
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Table 1.  The Building 850/Pit 7 Complex OU chronology. 

Date Activity 

1958 Building 850 was constructed and hydrodynamic experiments began on the overlying 
firing table. 

1958-1967 Pit 3 Landfill received firing table debris. 

1962-1972 A large volume of sand, termed the “sandpile,” was stockpiled near Building 850 and 
was periodically used during large experiments. 

1964-1967 An estimated 1,000 polychlorinated biphenyl- (PCB) bearing capacitors were destroyed 
on the Building 850 Firing Table. 

1968-1974 Pit 4 Landfill received firing table debris. 

1968-1979 Pit 5 Landfill received firing table debris. 

1978-1988 Pit 7 Landfill received firing table debris. 

1981 Trichloroethylene was detected in an onsite water-supply well and remedial 
investigations began at Site 300.  First monitor wells installed in Operable Unit  
(OU) 5. 

1988-1994 Five former water-supply wells were sealed and abandoned in the Building 850/ 
Pit 7/East Firing Area. 

1990  Site 300 placed on the U.S. Environmental Protection Agency’s National Priority List. 

1992 Site 300 Federal Facility Agreement signed by the U.S. Department of Energy (DOE) 
and regulatory agencies. 

1992 Capping and closure of the unlined Pit 4 and 7 Landfills. 

1994 The Site-Wide Remedial Investigation report (Webster-Scholten et al., 1994) for Site 
300 was issued. 

1996 An addendum to the Site-Wide Remedial Investigation report (Taffet et al., 1996) for 
Site 300 was issued for the Building 850 Firing Table/Pit 7 Complex OU. 

1997 Submitted the Building 850/Pits 3 and 5 OU Engineering Evaluation/Cost Assessment 
(Taffet et al., 1997). 

1998  PCB-contaminated firing table debris removed at Building 850. 



LLNL-AR-432791 Remedial Action Completion Report for the Building 850/Pit 7 September 2011 
Complex Operable Unit 

	  

2 

Table 1.  The Building 850/Pit 7 Complex OU chronology (continued.) 

Date Activity 

1999 Regulatory agencies required evaluations of perchlorate and nitrate in ground water.  
Subsequently added as contaminants of concern at Site 300. 

2001 Site 300 Interim Site-Wide Record of Decision (U.S. DOE, 2001) was signed. 

2003 Installed permeable reactive barrier downgradient of the Pit 7 Complex as part of an in 
situ treatability study. 

2004 The Interim Remedial Design (Taffet et al., 2004) document for the Building 850 Firing 
Table area was issued. 

2005 Submitted Final Remedial Investigation/Feasibility Study (Taffet et al., 2005) for the  
Pit 7 Complex. 

2007 Final Amendment to the Interim Site-Wide Record of Decision (U.S. DOE, 2007) for the 
Pit 7 Complex was signed. 

2008 The Engineering Evaluation/Cost Analysis for PCB-, Dioxin-, and Furan-contaminated 
Soil at the Building 850 Firing Table (Dibley et al., 2008a) was issued. 

2008 The Interim Remedial Design document for the Pit 7 Complex (Taffet et al., 2008) was 
issued. 

2008 Completed construction of the Pit 7 Complex Drainage Diversion System. 

2008 Completed the Building 850 PCB-contaminated soil Action Memorandum (Dibley et al., 
2008b). 

2008 Site-Wide Final Record of Decision was signed. 

2009-2010 Excavated PCB- and dioxin/furan-contaminated soil and constructed the Building 850 
Corrective Action Management Unit. 

2010 Startup of Pit 7-Source ground water extraction and treatment system. 

Notes: 

DOE = U.S. Department of Energy. 

OU =  Operable Unit. 

PCB = Polychlorinated biphenyl. 



LLNL-AR-432791 Remedial Action Completion Report for the Building 850/Pit 7 September 2011 
Complex Operable Unit 

	  

3 

Table 2.  Cleanup standards for Building 850/Pit 7 Complex Operable Unit 5 ground and 
surface water contaminants of concern.   

Contaminants of concern Cleanup standard 

Volatile Organic Compound (Pit 7 Complex only):  

1,1-Dichloroethylene 6 µg/La 

Trichloroethylene  5 µg/Lb 

Radionuclides:  

Tritium  20,000 pCi/Lb 

Uranium 20 pCi/La 

Other:  

Nitrate (as NO3) 45 mg/Lb 

Perchlorate 6 µg/La 

Notes: 

mg/L = Milligrams per liter. 

pCi/L = PicoCuries per liter. 

µg/L = Micrograms per liter. 
a State MCL. 
b State and Federal MCL. 
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Table 3.  Building 850 Soil Removal Action Implementation Timeline. 

Activity Completion Date 

Submitted Final Building 850 Soil Removal Action Engineering Evaluation/ Cost 
Analysis (EE/CA.) 

February 20, 2008 

Held Public Workshop for the EE/CA. March 6, 2008 

Submitted Building 850 Soil Removal Action Memo. April 30, 2008 

Submitted 65% Design for the Building 850 Soil Removal Action. January 30, 2009 

Submitted 95% Design for the Building 850 Soil Removal Action. February 24, 2009 

Received the Biological Opinion from the U.S. Fish and Wildlife Service. April 9, 2009 

The U.S. Department of Energy (DOE) signed the National Environmental 
Policy Act Supplemental Analysis for Cleanup of Contaminated Soil at the 
Building 850 Firing Table. 

April 16, 2009 

Held a telephone conference call with the regulatory agencies to discuss 
DOE/Lawrence Livermore National Laboratory (LLNL) responses to regulatory 
comments on the 95% design.  During this call, the regulatory agencies agreed 
that DOE/LLNL could proceed with the Building 850 Soil Removal Action 
construction. 

April 23, 2009 

Regulatory agencies concurred with 100% Design for the Building 850 Soil 
Removal Action.  The U.S. Environmental Protection Agency concurred with the 
designation of a Corrective Action Management Unit for the Building 850 Soil 
Removal Action. 

April 24, 2009 

Performed test fill demonstration of the soil solidification and consolidation 
process. 

May 11-14, 2009 

The Department of Toxic Substances Control Remedial Project Manager and a 
representative for the U.S. Environmental Protection Agency observed the test 
fill demonstration. 

May 14, 2009 

Began excavation of contaminated soil. June 8, 2009 

Submittal of Verification Sampling and Analysis Report for the Phase 1 
excavation area. 

June 25, 2009 

Submittal of Test Fill Demonstration Report to the regulatory agencies.  July 8, 2009 
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Table 3.  Building 850 Soil Removal Action Implementation Timeline (continued.) 

Activity Completion Date 

Regulatory tour of construction site. October 1, 2009 

Completed construction of the Corrective Action Management Unit (CAMU) 
drainage control features within the navigable waterway. 

October 12, 2009 

Completed construction of the remaining CAMU drainage control features. November 16, 2009 

Completed excavation and solidification of contaminated soil and CAMU 
construction. 

December 4, 2009 

Completed slope restoration. December 17, 2009 

Submitted of Verification Sampling and Analysis Report for the Phase 2 
through 7 excavation areas. 

January 20, 2010 

Construction Completion. January 28, 2010 

Notes: 

CAMU = Corrective Action Management Unit. 

DOE/LLNL = U.S. Department of Energy/Lawrence Livermore National Laboratory. 

EE/CA = Engineering Evaluation/Cost Analysis. 
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Table 4.  Pit 7-Source (Complex) Ground Water Extraction and Treatment Remedial 
Action Implementation Timeline. 

Activity Completion Date 

Submitted Final Amendment to the Interim Record of Decision. January 26, 2007 

Received the Biological Opinion from the U.S. Fish and Wildlife Service. July 12, 2007 

Following an Environmental Assessment, the U.S. Department of Energy (DOE) 
signed the National Environmental Policy Act Finding of No Significant Action 
for Environmental Remediation at the Pit 7 Complex at Lawrence Livermore 
National Laboratory (LLNL) Site 300. 

January 29, 2007 

Held a telephone conference call with the regulatory agencies to discuss the 
written responses to regulatory comments on the design capacity of the ion-
exchange resins for uranium treatment.  During this call, the regulatory agencies 
agreed that DOE/LLNL could proceed with construction of the ground water 
extraction and treatment system. 

September 4, 2007 

Submitted Draft Remedial Design (RD) for the Pit 7 Complex.  September 24, 2007 

Initiated construction of the Pit 7-Source ground water extraction and treatment 
system. 

October 1, 2007 

Treatment system construction halted due to conflicts with Pit 7 Complex 
Drainage Diversion System construction.   

December, 2007 

Submitted Final RD for the Pit 7 Complex. April 10, 2008 

Construction of Pit 7-Source ground water extraction and treatment system 
reinitiated following completion of Pit 7 Complex Drainage Diversion System. 

April 2008 

Conducted Testing and Verification of Pit 7-Source extraction and treatment 
system to ensure that all mechanical, electronic/electrical, and chemical 
components of the facility and wellfield were operating to meet remediation and 
monitoring requirements.  Identified issues and need for further assessment and 
possible facility modificationsa.  

January 2009 

Conducted assessment and design modifications of the Pit 7-Source ground 
water extraction and treatment system. 

October 1, 2009 –  
January 15, 2010 

Initiated modification construction for the Pit 7-Source ground water extraction 
and treatment system. 

January 18, 2010 

Startup and commenced Testing and Verification of Pit 7-Source extraction and 
treatment system. 

March 16, 2010 

Construction Completion. March, 2010 

Notes appear on the following page: 
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Table 4.  Pit 7-Source (Complex) Ground Water Extraction and Treatment Remedial 
Action Implementation Timeline (continued.) 

  
 
Notes: 

DOE = U.S. Department of Energy. 

LLNL = Lawrence Livermore National Laboratory. 

RD =  Remedial Design. 
a With regulatory concurrence, the facility assessment and design modifications were delayed due to a significant 

diversion of resources required to meet the LLNL Livermore Site treatment system restart deliverables. 
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Table 5.  Pit 7 Complex Drainage Diversion System Remedial Action Implementation 
Timeline. 

Activity Completion Date 

Submitted Final Amendment to the Interim Record of Decision. January 26, 2007 

Received the Biological Opinion from the U.S. Fish and Wildlife Service. July 12, 2007 

Regulatory agencies agreed that the construction of the Drainage Diversion 
System could proceed prior to completion of the Remedial Design, if the 
Department of Energy/Lawrence Livermore National Laboratory (DOE/LLNL) 
submits the Title II design for regulatory review and comment. 

July 26, 2007 

Following an Environmental Assessment, the U.S. Department of Energy signed 
the National Environmental Policy Act Finding of No Significant Action for 
Environmental Remediation at the Pit 7 Complex at LLNL Site 300. 

January 29, 2007 

DOE/LLNL submitted Title II 65% design to the regulatory agencies. August 3, 2007 

In a telephone conference call with the regulatory agencies, the DOE/LLNL 
responses to regulatory comments on Title II design were discussed. 

August 29, 2007 

In a telephone conference call, the regulatory agencies agreed that DOE/LLNL 
could proceed with construction of the drainage diversion. 

September 4, 2007 

Submitted Draft Remedial Design. September 24, 2007 

Initiated construction of the Pit 7 Complex Drainage Diversion System. October 1, 2007 

Power poles were moved on the east side of the Pit 7 Complex. December 15, 2007 

Construction of the Pit 7 Drainage Diversion System and site restoration was 
completed. 

March 14, 2008 

DOE/LLNL submitted Final Remedial Design to the regulatory agencies. April 10, 2008 

The final walkthrough of the Pit 7 Drainage Diversion System by the 
construction contractor and LLNL staff to verify construction completion was 
conducted. 

April 16, 2008 

Notes: 

DOE/LLNL = U.S. Department of Energy/Lawrence Livermore National Laboratory. 
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Table 6.  Operable Unit (OU) 5 Five-Year Review Schedule. 

Document Submittal Date 

Draft OU 5 Five-Year Review June 26, 2015 

Draft Final OU 5 Five-Year Review November 13, 2015 

Final OU 5 Five-Year Review December 14, 2015 

	  
	  

Table 7.  Operable Unit 5 Remedial Action Estimated and Actual Construction Costs. 

Remedial Action 
Construction Cost 

Estimate 
(in thousands) 

Construction Cost  
Actual 

(in thousands) 

Building 850 Soil Removal Action $2,042a $4,876b 

Pit 7-Source Ground Water Extraction and 
Treatment System 

$505c $735d 

Pit 7 Complex Drainage Diversion System $1,441c $1,496 

Notes: 
a Estimated cost for the Building 850 Removal Action construction was presented in the Action Memorandum. 
b Cost increase due to: (1) additional regulatory requirement to submit 95% and 100% design for review and written 

comment responses for the 65% and 95% design, (2) the discovery and remediation of an additional 12K yd3 of 
contaminated soil (original estimated 16K yd3 vs. actual 28K yd3 of soil excavated and remediated), (3) additional 
excavation of clean fill under the footprint of the Corrective Action Management Unit, and (4) the subsequent 
schedule extension into the rainy season resulting in rain and shot delay costs. 

c Estimated costs for the Pit 7-Source and Drainage Diversion System were presented in the Pit 7 Complex Remedial 
Design. 

d Cost increase due to facility assessment/modifications made to address issues identified during initial system testing 
and verification and subsequent monitoring. 
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Table A-1.  Building 850 Removal Action As-Built Variations from Design Specifications. 

Description of Change Justification 

The Corrective Action Management Unit (CAMU) was not built to 
the design elevation (1,320 ft above mean sea level [msl]) and width 
as shown on the 100% design drawings (Sheets 6 through 11).  It 
was constructed to a maximum elevation of 1,314 ft above msl. 
 

Because the Upper Corporation Yard was excavated to a maximum depth of 25 ft 
below ground surface (bgs), despite the increase in soil excavation volume from  
15,544 yd3 (planned) to 27,592 yd3 (actual), the CAMU did not reach the design 
elevation and concurrent width. 

The CAMU design specified at least a 3 ft thick outer shell of clean 
soil solidified with 10% Portland cement (Sheets 7 through 11). This 
requirement has been adhered to in the construction of the CAMU, 
except for a few lifts that were constructed of a minimum thickness 
of 1 ft of clean fill and 10% Portland cement.  The top of the CAMU 
is composed of at least a 1 ft thick layer of clean fill solidified with 
10% Portland cement underlain by 4 ft of polychlorinated biphenyl- 
(PCB) bearing soil solidified with 10% Portland cement. 
 
The CAMU cross-section drawings (Figures 7 to 11) depict the 
elevation range (1292 to 1298 ft above msl) where the 10% Portland 
cement soil cover consisted of 1 ft to 2 ft of clean fill and an inner 
layer of at least 1 ft thickness of PCB-bearing soil mixed with 10% 
Portland cement.  Together, these materials comprised a cover with 
a minimum thickness of 3 ft.  The drawings show a 3 ft minimum 
10% cement soil cover on the sides of the entire CAMU.  The 
drawings also show a 3 to 5 ft thick 10% soil cover at the top of the 
CAMU because 10% Portland cement was mixed with soil that 
comprises the uppermost 3 to 5 ft of the CAMU.  The cover at the 
top of the CAMU is composed of minimum thickness of 3 ft of clean 
fill.   

Because of concerns that additional capacity might be required, the regulatory 
agencies agreed at the August 20, 2009 Remedial Project Manager’s meeting that 
the outer 3 ft of the CAMU composed of clean fill solidified with 10% Portland 
cement could be reduced so that only the outer 1 ft of the CAMU would need to be 
composed of clean fill.  In actuality, only a few lifts were constructed with an outer 
layer of only 1 ft of clean fill. 

Excavated non-engineered fill from below the Upper Corporation 
Yard was stockpiled in the Lower Corporation for constructing the 
outer clean shell on the CAMU.  At the conclusion of construction, 
an estimated 4,000 yd3 of clean fill remained in the Lower 
Corporation Yard and were graded, re-compacted, and 
hydroseeded. 
 

During the design phase of the project, the borrow area for clean fill had not yet 
been determined.  Once excavation began, the need to excavate up to 25 ft of the 
non-engineered fill was identified.  The fill was stockpiled in the Lower 
Corporation Yard and the unused clean fill remaining was stabilized where it was 
stockpiled. 
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Table A-1.  Building 850 Removal Action As-Built Variations from Design Specifications (continued.) 

Description of Change Justification 

The Upper Corporation Yard was excavated to a final depth of a 
maximum 25 ft bgs (as-built drawings 7 through 11), rather than a 
maximum depth of 10 ft bgs as shown on 100% design sheets 7 
through 11. 
 

Because non-engineered fill extended to a maximum depth of 25 ft, excavation 
extended to this depth.  A portion of this clean fill was re-compacted to provide a 
stable platform upon which the contaminated soil was solidified and consolidated. 

The volume of soil to be excavated and solidified increased from 
15,544 yd3 (extent of excavation depicted on Sheet 4 of 100% design) 
to 27,592 yd3 (Sheet 24 of as-built drawings) and the lateral and 
vertical extent of excavation increased. 
 

Verification sampling and analytical results indicated that additional soil required 
excavation to achieve cleanup standards. 

The drainage channel on the north side of the Well Access Road on 
the CAMU was lined with rock (100% design Sheet 15 and as-built 
drawing Sheet 15). 
 

The channel was lined with rock to better constrain the flow of runoff and reduce 
the potential for erosion. 

The soil solidification lift thickness was reduced from a maximum 
18 inches, originally specified in Section 2230, Part 3.2, Item 12 of 
the 100% design specifications, to a maximum 12 inches. 

The test fill demonstration revealed that the 90% compaction design specification 
could not be achieved at the bottom of the18-inch thick lifts but this compaction 
was always met or exceeded at a 12-inch depth.  
 

Eliminated volume-increase testing during full-scale solidification.  
This “swell testing” was originally specified in Section 2230,  
Part 3.3, Item F of the 100% design specifications. 

Test fill demonstration results indicate that none of the soil-cement samples 
increased in volume  (swelled). 
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B-1.  Introduction 
Summaries of engineering results/construction quality assurance (CQA) data are 

presented in each monthly report in Appendix B.   
The CQA data collected during May 2009 presented in this appendix pertain to the 

test fill demonstration.  The test fill demonstration was conducted prior to the start of full-
scale soil excavation and solidification.  The test fill demonstration was used to evaluate 
and verify that the proposed soil solidification soil-cement mix ratios, curing times, and 
materials met the physical treatment performance criteria (e.g., unconfined compressive 
strength, moisture content, etc.) and to adjust these parameters as needed to meet 
performance specifications.  Field soil test during the test fill demonstration consisted of 
American Society for Testing and Materials (ASTM) D1556 Sand Cone and/or ASTM 
D2922 Nuclear Probe Soil Compaction Test Methods.  In addition, field checks such as 
mix uniformity, treatment bed thickness, and cement application (pan weights) were 
verified by field technician.  A “Summary Report on the Soil-Cement Field 
Demonstration” (SCS Engineers, July 2009) that presented the field test data and 
evaluation was submitted to and discussed with the regulators in July 2009. 

As expected, not all the demonstration-phase results met performance specifications 
due to evaluation of curing time effects on performance parameters (3 day curing time for 
measurement as opposed to 7 and 21 day curing time for full-scale implementation).  
Data for May 26 through June 29, 2009 were collected from in situ fill within the planned 
footprint for the Corrective Action Management Unit (CAMU) to determine if it met 
engineering requirements for a stable platform.  Ultimately, due to not meeting minimum 
engineering standards, all in situ fill was excavated to bedrock (an average depth of 
25 feet [ft] below original grade) and engineered fill was emplaced on bedrock as a stable 
base for construction of the overlying CAMU.  Compaction and measurements of the 
engineered fill began on July 16 and continued through July 20, 2009. 

The first lift of soil-cement (construction of the CAMU) was installed on July 28, 
2009 and soil solidification/installation of the CAMU continued until December 4, 2009.  
All engineering data collected after December 4 was for compacted excavated areas and 
the mound of clean fill that remains immediately east of the CAMU and Route 4. 

All applicable and final engineering measurements for the CAMU soil-cement and 
associated structures and fill met or exceeded requirements for unconfined compressive 
strength, compaction, and moisture content. 

Several field test sheets in this appendix show percent compaction results below the 
minimal acceptable value of 90% (87-89% on November 9, 2009; 89% on November 11, 
2009; 83% on November 12, 2009).  These percent compaction results were calculated 
on the field sheets using the dry density.  The specification calls for “minimum relative 
compaction of 90% determined by ASTM 1557 modified by using the maximum wet 
density compared to the in-place wet density”.  The wet density method was specified 
because there is a cement chemical reaction taking place during drying, which is not the 
normal case where dry density is used with soil compaction.  The final summary sheets in 
Appendix B are based on wet density as specified.  All these results satisfied the 
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compaction requirements except for two results on November 2 and November 12, 2009.  
In these two cases where the compaction requirement was not met, additional compaction 
was performed, and retests were conducted after additional compaction.  The two results 
that required additional compaction and re-testing were #3 on November 2, 2009 (initial 
result of 88% and re-test of 91% on November 3, 2009) and #3 on November 12, 2009 
(initial result of 84% and re-test of 90% on November 16, 2009).  

As stated in the Soil-Cement Field Demonstration Report (SCS Engineers, 2009), 
moisture content in the soil-cement mix during curing is a dynamic property and changes 
rapidly; first increasing quickly by water truck injections and then drying back by 
exothermic chemical reaction and the heat of hydration.  Because of the time delay (up to 
an hour) between water injection/mixing to above optimum moisture content and 
compaction moisture testing (ASTM D1556 Sand Cone or ASTM D2922 Nuclear Soil 
Compaction Test Methods), it is not practical to obtain a precise quantitative moisture 
content at the time of mixing and the reading at the time of compaction testing is 
subjective.  Therefore, sufficient moisture content during mixing was specified in the 
report to be determined using visual and hand-squeeze methods outlined in the Portland 
Cement Association (PCA) Soil-Cement Inspector’s Manual (PCA, 2001).  If a sample of 
the soil-cement failed the visual and hand-squeeze test methods, which was observed to 
occur occasionally due to too dry conditions only, additional water was added and the 
mix re-mixed and tested.  Thus, although moisture content results are tabulated in 
Appendix B, these are not diagnostic of the moisture content at the initial time of mixing 
and were not evaluated for CQA testing.  Rather, the visual and hand squeeze methods 
were used, as stated above.  This alternate method (PCA visual and hand-squeeze 
methods) was discussed and concurred with by the regulatory agencies at a Remedial 
Project Manager’s meeting held on August 20, 2009. 
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Portland Cement Association (2001), Soil-Cement Inspector’s Manual, Skokie, Illinois. 
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Appendix C 
 
 

Building 850 Corrective Action Management 
Unit As-Built Drawings 
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Reports 
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Building 850 Removal Action 
Verification Sampling and Analysis Status Report  

Phase 1:  Dioxin/Furan Compound Results 
 
INTRODUCTION 

Remediation of PCB-, dioxin-, and furan-contaminated soil and sandpile at the Lawrence 
Livermore National Laboratory Site 300 Building 850 is being conducted as Non-Time Critical 
Removal Action under the Comprehensive Environmental Response, Compensation, and 
Liability Act. 

The remedy selected in the Building 850 Soil Removal Action Memorandum (DOE, April 
2008) consists of excavation and solidification of contaminated soil and the sandpile.  A 
sampling and analysis plan to verify that the Building 850 area remedy has met cleanup 
standards was presented and approved in the Building 850 Engineering Evaluation/Cost Analysis 
(Dibley et al., February 2008).   

In accordance with the approved verification sampling and analysis plan, the excavation for 
the Building 850 area was divided into 5 subareas, each containing 13 sampling locations 
(Figure 1), for a total of sixty-five randomly-selected sample locations throughout the entire 
excavation area.  Soil samples for PCB and dioxin/furan analysis are being collected following 
the soil excavation to the prescribed depth(s) of anticipated contamination presented in the 
Building 850 Removal Action Design.  The original sampling plan entails one sample from each 
location plus 6 interlaboratory duplicates being analyzed for PCBs for a total of 71 samples.  The 
13 sampling locations from each of the excavation phases will be composited and analyzed for 
dioxin/furans for a total of 5 samples.   

The Interim Site-Wide Record of Decision (DOE, 2001) set PCB and dioxin/furan cleanup 
standards of 0.74 mg/kg and 1.6 × 10–5 mg/kg, respectively (U.S. EPA Preliminary Remediation 
Goal for soil at industrial sites).  In areas where the PCB results do not meet these regulatory 
criteria, additional soil will be excavated, re-sampled, and analyzed until the criteria are met. 

To evaluate the dioxin/furan results, the toxic equivalent concentration (TEC) for the 
composite sample will be calculated by multiplying the individual dioxin/furan compound 
concentration by the associated Toxicity Equivalence Factor (TEF).  The TEF is defined as an 
order of magnitude estimate of the toxicity of the various dioxin and furan compounds relative to 
the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).  The sum of the resultant TECs is 
the total TEC for the sample.  If the calculated 2,3,7,8-TCDD TEC concentration of the 
composited sample exceeds the dioxin/furan cleanup standard, additional soil will be excavated 
from the region, re-sampled, composited, and analyzed until the composited sample meets the 
dioxin/furan cleanup standard. 

The sampling locations are being located using a Global Positioning System.  At soil 
sampling locations where soil excavation has resulted in exposed bedrock, or the location poses 
too much risk to the samplers due to slipping or falling hazards, the sample location will be 
moved to the nearest exposed soil within the excavation phase area so that 13 samples are 
collected from each subarea. 
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PHASE 1 DIOXIN/FURAN COMPOUND RESULTS 
Following the excavation of at least one foot of soil from the Phase 1 area, surface soil 

samples were collected from the newly exposed ground surface on June 11, 2009 for PCB and 
dioxin/furan analysis.  The locations of samples collected from this area are shown on Figure 1. 
The location of samples 22, 26, 64, and 65 were moved to the nearest area of sufficient soil due 
to excavation to bedrock at their initial sampling plan locations.  The thirteen dioxin/furan soil 
samples were stored in the refrigerator awaiting compositing until the PCB results were received. 

The PCB Arochlor 1254 was detected at concentrations above the 0.74 milligrams per 
kilogram (mg/kg) PCB cleanup standard at sample locations 26 and 49 (Figure 1).  Both of these 
sample locations were within the drainage way that runs south and then east of the Upper 
Corporation Yard and where sedimentation appears to have occurred over time.  Two feet of 
additional soil was excavated in the area between the sample locations 26 and 49 and the nearest 
sample location with a result below the cleanup standard (Figure 2).  An additional 2 feet of soil 
were removed along the drainage way to ensure all contaminated soil was removed, for a total of 
4 feet (Figure 2).  Following this additional excavation, surface soil samples were collected from 
locations 26, 49, and 57 on June 18, 2009 for PCBs and dioxin/furans analysis.  PCBs were not 
detected at concentrations above either the 0.5 mg/kg detection limit or the 0.74 mg/kg PCB 
cleanup standard in any of the soil samples collected on June 18, 2009 following the second 
excavation.  As a result, the cleanup of PCB-contaminated soil in the Phase 1 excavation is 
considered complete. 

The samples collected from locations 22, 25, 50-54, 56, 57, 64 and 65 in the Phase 1 
excavation area were composited and submitted to the analytical laboratory for dioxin/furan 
analysis by EPA Method 8290.  Samples from locations 26 and 49 were not composited and 
were sent in individually for dioxin/furan analysis to verify whether any contamination remained 
in the streambed at these discrete locations.  This is a variance from the original sampling plan in 
which all 13 samples were to be composited into one sample for dioxin/furan analysis.  
However, this alternate sampling and analysis is more conservative than the original plan in that 
it addresses the potential for dioxin/furan contamination in the drainage ways where the PCB 
concentrations exceeded cleanup standards.   

To evaluate the dioxin/furan results, the toxic equivalent concentration (TEC) for the samples 
was calculated by multiplying the individual dioxin/furan compound concentration by the 
associated 1998 World Health Organization Toxicity Equivalence Factor (TEF).  All three 
dioxin/furan sample TECs were below the dioxin/furan cleanup standard of 1.6 × 10–5 mg/kg 
(Tables 1 through 3).  The cleanup of dioxin/furan-contaminated soil in the Phase 1 excavation is 
considered complete. 
NEXT STEPS 

With this verification/confirmation that the PCB-, dioxin-, and furan-contaminated soil has 
been removed from the Phase 1 area to meet the cleanup standards, DOE/LLNL plan to proceed 
with the overexcavation, backfilling, and compaction of the non-engineered clean fill under the 
planned footprint of the solidified soil Corrective Action Management Unit. 

A status report summarizing PCB analytical results for the Phase 2 excavation area will be 
sent to the regulatory agencies upon receipt of those results. 
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Table 1.  Sample location 3SS-850-349A dioxin/furan compound analytical results and toxicity 
equivalent concentration sampled on June 18, 2009. 

Compound 
Toxic Equivalent 

Factora 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 4.67E-07 4.67E-08 
1,2,3,7,8,9-HxCDD 1.00E-01 7.00E-07 7.00E-08 
1,2,3,4,6,7,8-HpCDD 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 1.77E-06 1.77E-10 
2,3,7,8-TCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDF 5.00E-02 0.00E+00 0.00E+00 
2,3,4,7,8-PeCDF 5.00E-01 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
2,3,4,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,4,6,7,8-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,7,8,9-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 0.00E+00 0.00E+00 
 Total toxicity equivalent concentration 1.17E-07 
Notes: 
a World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg 
 
Table 2.  Sample location 3SS-850-326A dioxin/furan compound analytical results and toxicity 
equivalent concentration sampled on June 18, 2009. 

Compound 
Toxic Equivalent 

Factora 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 5.35E-07 5.35E-07 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDD 1.00E-01 1.02E-06 1.02E-07 
1,2,3,4,6,7,8-HpCDD 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 1.56E-06 1.56E-10 
2,3,7,8-TCDF 1.00E-01 4.27E-07 4.27E-08 
1,2,3,7,8-PeCDF 5.00E-02 2.39E-07 1.20E-08 
2,3,4,7,8-PeCDF 5.00E-01 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
2,3,4,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDF 1.00E-01 1.52E-06 1.52E-07 
1,2,3,4,6,7,8-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,7,8,9-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 0.00E+00 0.00E+00 
 Total toxicity equivalent concentration 8.44E-07 
Notes: 
a World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg 
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Table 3.  Sample location 3SS-850-366 dioxin/furan compound analytical results and toxicity 
equivalent concentration sampled on June 18, 2009. 

Compound 
Toxic Equivalent 

Factora 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,4,6,7,8-HpCDD 1.00E-02 2.09E-06 2.09E-08 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 1.19E-05 1.19E-09 
2,3,7,8-TCDF 1.00E-01 6.55E-06 6.55E-07 
1,2,3,7,8-PeCDF 5.00E-02 9.86E-07 4.93E-08 
2,3,4,7,8-PeCDF 5.00E-01 2.70E-06 1.35E-06 
1,2,3,4,7,8-HxCDF 1.00E-01 7.51E-07 7.51E-08 
1,2,3,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
2,3,4,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDF 1.00E-01 9.29E-07 9.29E-08 
1,2,3,4,6,7,8-HpCDF 1.00E-02 5.59E-07 5.59E-09 
1,2,3,4,7,8,9-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 7.52E-07 7.52E-11 
 Total toxicity equivalent concentration 2.25E-06 
Notes: 
a World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg 
Sample location 3SS-850-366 is a composite of locations 22, 25, 50, 51, 52, 53, 54, 56, 57A, 64, and 65. 
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Building 850 Removal Action 
Verification Sampling and Analysis Status Report  
Phase 1:  Polychlorinated Biphenyl (PCB) Results 

 
INTRODUCTION 

Remediation of PCB-, dioxin-, and furan-contaminated soil and sandpile at the Lawrence 
Livermore National Laboratory Site 300 Building 850 is being conducted as Non-Time Critical 
Removal Action under the Comprehensive Environmental Response, Compensation, and 
Liability Act. 

The remedy selected in the Building 850 Soil Removal Action Memorandum (DOE, April 
2008) consists of excavation and solidification of contaminated soil and the sandpile.  A 
sampling and analysis plan to verify that the Building 850 area remedy has met cleanup 
standards was presented and approved in the Building 850 Engineering Evaluation/Cost Analysis 
(Dibley et al., February 2008).   

In accordance with the approved verification sampling and analysis plan, the excavation for 
the Building 850 area was divided into 5 subareas, each containing 13 sampling locations 
(Figure 1), for a total of sixty-five randomly-selected sample locations throughout the entire 
excavation area.  Soil samples for PCB and dioxin/furan analysis are being collected following 
the soil excavation to the prescribed depth(s) of anticipated contamination presented in the 
Building 850 Removal Action Design.  The original sampling plan entails one sample from each 
location plus 6 interlaboratory duplicates being analyzed for PCBs for a total of 71 samples.  The 
13 sampling locations from each of the excavation phases will be composited and analyzed for 
dioxin/furans for a total of 5 samples.   

The Interim Site-Wide Record of Decision (DOE, 2001) set PCB and dioxin/furan cleanup 
standards of 0.74 mg/kg and 1.6 × 10–5 mg/kg, respectively (U.S. EPA Preliminary Remediation 
Goal for soil at industrial sites).  In areas where the PCB results do not meet these regulatory 
criteria, additional soil will be excavated, re-sampled, and analyzed until the criteria are met. 

To evaluate the dioxin/furan results, the toxic equivalent concentration (TEC) for the 
composite sample will be calculated by multiplying the individual dioxin/furan compound 
concentration by the associated Toxicity Equivalence Factor (TEF).  The TEF is defined as an 
order of magnitude estimate of the toxicity of the various dioxin and furan compounds relative to 
the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).  The sum of the resultant TECs is 
the total TEC for the sample.  If the calculated 2,3,7,8-TCDD TEC concentration of the 
composited sample exceeds the dioxin/furan cleanup standard, additional soil will be excavated 
from the region, re-sampled, composited, and analyzed until the composited sample meets the 
dioxin/furan cleanup standard. 

The sampling locations are being located using a Global Positioning System.  At soil 
sampling locations where soil excavation has resulted in exposed bedrock, or the location poses 
too much risk to the samplers due to slipping or falling hazards, the sample location will be 
moved to the nearest exposed soil within the excavation phase area so that 13 samples are 
collected from each subarea. 
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PHASE 1 PCB RESULTS 
Following the excavation of at least one foot of soil from the Phase 1 area, surface soil 

samples were collected from the newly exposed ground surface on June 11, 2009 for PCB and 
dioxin/furan analysis.  The locations of samples collected from this area are shown on Figure 1. 
The location of samples 22, 26, 64, and 65 were moved to the nearest area of sufficient soil due 
to excavation to bedrock at their initial sampling plan locations.  Thirteen soil samples collected 
from the Phase 1 area were submitted to the analytical laboratory for PCB analysis using EPA 
Method 8082.  The dioxin/furan samples were stored in the refrigerator awaiting compositing 
until the PCB results were received.  The PCB analytical results for the samples collected on 
June 11, 2009 are shown in Table 1. 

The PCB Arochlor 1254 was detected at concentrations above the 0.74 milligrams per 
kilogram (mg/kg) PCB cleanup standard at sample locations 26 and 49 (Figure 1).  Both of these 
sample locations were within the drainage way that runs south and then east of the Upper 
Corporation Yard and where sedimentation appears to have occurred over time.  Two feet of 
additional soil was excavated in the area between the sample locations 26 and 49 and the nearest 
sample location with a result below the cleanup standard (Figure 2).  An additional 2 feet of soil 
were removed along the drainage way to ensure all contaminated soil was removed, for a total of 
4 feet (Figure 2).  Following this additional excavation, surface soil samples were collected from 
locations 26, 49, and 57 on June 18, 2009 for PCBs and dioxin/furans analysis.  While the first 
sample collected from location 57 did not contain PCBs above the cleanup standard, a second 
sample was collected from this location because an additional foot of soil was removed in the 
area.  As shown in Table 1, PCBs were not detected at concentrations above either the 0.5 mg/kg 
detection limit or the 0.74 mg/kg PCB cleanup standard in any of the soil samples collected on 
June 18, 2009 following the second excavation.  As a result, the cleanup of PCB-contaminated 
soil in the Phase 1 excavation is considered complete. 
NEXT STEPS 

The samples collected from locations 22, 25, 50-54, 56, 57, 64 and 65 in the Phase 1 
excavation area were composited and submitted to the analytical laboratory for dioxin/furan 
analysis by EPA Method 8290.  Samples from locations 26 and 49 were not composited and 
were sent in individually for dioxin/furan analysis to verify whether any contamination remained 
in the streambed at these discrete locations.  This is a variance from the original sampling plan in 
which all 13 samples were to be composited into one sample for dioxin/furan analysis.  
However, this alternate sampling and analysis is more conservative than the original plan in that 
it addresses the potential for dioxin/furan contamination in the drainage ways where the PCB 
concentrations exceeded cleanup standards.   

A status report summarizing the dioxin/furan analytical results will be sent to the regulatory 
agencies upon receipt of those results.  These dioxin/furan results will be used to determine if 
excavation/cleanup of the Phase 1 area is complete or if additional soil excavation is required.  In 
addition, a new sampling plan showing the new sampling locations for those samples that were 
moved will be included. 
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Table 1.  PCB sample location and results. 

Sample 
Location Sample ID 

PCB 
RESULTS 

(mg/kg) 

Cleanup 
Standard 
(mg/kg) 

Phase Sample date Notes 

22 3SS-850-322 <0.5 0.74 1 6/11/09 Field duplicate 

22 3SS-850-322 <0.5 0.74 1 6/11/09  

25 3SS-850-325 <0.5 0.74 1 6/11/09  

26 3SS-850-326 1.5 0.74 1 6/11/09 PCB 1254 

26 3SS-850-326Aa <0.5 0.74 1 6/18/09 Resample, new depth 

49 3SS-850-349 3.2 0.74 1 6/11/09 PCB 1254 

49 3SS-850-349Aa <0.5 0.74 1 6/18/09 Resample, new depth 

50 3SS-850-350 <0.5 0.74 1 6/11/09  

51 3SS-850-351 <0.5 0.74 1 6/11/09  

52 3SS-850-352 <0.5 0.74 1 6/11/09  

53 3SS-850-353 <0.5 0.74 1 6/11/09  

54 3SS-850-354 <0.5 0.74 1 6/11/09  

56 3SS-850-356 0.69 0.74 1 6/11/09 PCB 1254, Field 
duplicate 

56 3SS-850-356 <0.5 0.74 1 6/11/09  

57 3SS-850-357 0.66 0.74 1 6/11/09 PCB 1254 

57 3SS-850-357Aa <0.5 0.74 1 6/18/09 Resample, new depth 

64 3SS-850-364 <0.5 0.74 1 6/11/09  

65 3SS-850-365 <0.5 0.74 1 6/11/09  
a  Indicates samples collected following second soil excavation. 
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Building 850 Removal Action 
Polychlorinated Biphenyl and Dioxin/Furan Compound 

Verification Sampling and Analysis Status Report  
 

1. Introduction 
This report summarizes polychlorinated biphenyl (PCB) and dioxin/furan compound 

verification sampling and analysis results for the Building 850 Removal Action.  Verification 
sampling and analysis status reports for PCB and dioxin/furan compound results in the Phase 1 
excavation area were submitted to the regulatory agencies on June 24 and June 25, 2009, 
respectively, confirming that the PCB and dioxin/furan compound cleanup in Phase 1 was 
complete.  This report presents the verification sampling and analysis results for PCB and 
dioxin/furan compound analysis for the Phase 2 through 5 excavation areas and the new Phase 6 
and 7 excavation areas. 

Verification sampling and analysis has demonstrated that the PCB- and dioxin/furan 
compound-contaminated soil in the Phase 2 through 7 areas has been removed to meet cleanup 
standards. 

2. Background 
Remediation of PCB-, dioxin-, and furan-contaminated soil and sandpile material at the 

Lawrence Livermore National Laboratory Site 300 Building 850 area was conducted as a Non-
Time Critical Removal Action under the Comprehensive Environmental Response, 
Compensation, and Liability Act. 

The remedy selected in the Building 850 Soil Removal Action Memorandum (DOE, 
April 2008) consists of excavation and solidification of contaminated soil and the sandpile.  A 
sampling and analysis plan to verify that the Building 850 area remedy has met cleanup 
standards was presented and approved in the Building 850 Engineering Evaluation/Cost Analysis 
(Dibley et al., February 2008). 

In accordance with the approved verification sampling and analysis plan, the excavation for 
the Building 850 area was divided into 5 original excavation phase areas (1-5), each containing 
13 sampling locations (Figure 1), for a total of sixty-five randomly-selected sample locations 
throughout the entire excavation area.  Soil samples for PCB and dioxin/furan analysis were 
collected following the soil excavation to the prescribed depth(s) of anticipated contamination 
presented in the Building 850 Removal Action Design.  The original sampling plan entailed one 
sample from each location plus 6 interlaboratory duplicates being analyzed for PCBs using EPA 
Method 8082B for a total of 71 samples.  The plan specified that samples collected from the 13 
sampling locations in each of the excavation phases be composited and analyzed for 
dioxin/furans using EPA Method 8290 for a total of 5 samples. 

The Interim Site-Wide Record of Decision (DOE, 2001) set PCB and dioxin/furan cleanup 
standards of 0.74 milligrams per kilogram (mg/kg) and 1.6 × 10–5 mg/kg, respectively (U.S. EPA 
Preliminary Remediation Goals for soil at industrial sites).  In areas where the PCB results did 
not meet these regulatory criteria, additional soil was excavated, re-sampled, and analyzed until 
the criteria were met. 
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To evaluate the dioxin/furan results, the toxic equivalent concentration (TEC) for the 
composite sample was calculated by multiplying the individual dioxin/furan compound 
concentration by the associated Toxicity Equivalence Factor (TEF).  The TEF is defined as an 
order of magnitude estimate of the toxicity of the various dioxin and furan compounds relative to 
the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).  The sum of the resultant TECs is 
the total TEC for the sample.  If the calculated 2,3,7,8-TCDD TEC concentration of the 
composited sample exceeds the dioxin/furan cleanup standard, additional soil will be excavated 
from the region, re-sampled, composited, and analyzed until the composited sample meets the 
dioxin/furan cleanup standard. 

The sampling locations were located using a Global Positioning System.  The lateral and 
vertical extents of all excavations were located using GPS and depth stakes.  Final depths of all 
excavations were verified by GPS and field measurements.  At soil sampling locations where soil 
excavation resulted in exposed bedrock, or the location posed too much risk to the samplers due 
to slipping or falling hazards, the sample locations were moved to the nearest exposed soil within 
the excavation phase area to ensure that 13 samples were collected from each subarea.  Where 
PCBs or dioxin/furan compounds were detected above cleanup standards in the verification 
samples, the area was re-excavated to a new depth.   

At the July 8, 2009 RPM meeting, the regulatory agencies agreed that: 
• DOE did not have to move verification samples if the additional excavation exposed 

bedrock at the original verification sample location.  Therefore, verification sample 
locations were not moved during subsequent excavation phases once bedrock was 
encountered.  

• Areas in the remaining excavation phase areas (2, 3, 4, and 5) requiring additional 
excavation would be determined by extrapolating a contour around the sample locations 
below cleanup standards and those above cleanup standards.  Additional verification 
samples could also be collected at the sidewall of the new excavation area.  In general, 
we conservatively excavated to the nearest sample location that exhibited PCBs below 
cleanup standards. 

The initial dioxin/furan samples were collected at the same time as the PCB samples and 
were stored in a refrigerator awaiting compositing upon receipt of PCB results.  When the PCB 
results were above the cleanup standard, or holding times were exceeded, the dioxin/furan 
samples awaiting compositing were disposed of, and new samples were collected after the new 
excavation was completed unless bedrock was exposed at the sampling location. 

During verification sampling of the Phase 3 and 4 areas, additional contamination was 
detected outside the original excavation contours.  These areas were identified as Phases 6 and 7 
(Figure 1).  Figure 1 shows all excavation areas and final depths, soil sampling locations, and 
total PCB concentrations with depth.  Figure 2 shows these features and the distribution of 
bedrock at ground surface when all excavation had been completed. 

Soil excavation and sampling activities and PCB and dioxin/furan verification sampling 
analytical results for the Phases 2 through 7 areas are discussed in Section 3 through 8.   

3.  Phase 2 Excavation and Sampling Activities and Verification Sampling Results 
Section 3.1 describes the two rounds of excavation performed in the Phase 2 area, the 

sampling conducted to verify achievement of the PCB cleanup standards, and the PCB sample 
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analytical results.  Section 3.2 describes the sampling conducted in the Phase 2 area to verify 
achievement of dioxin/furan cleanup standards, and the dioxin/furan analytical results. 

3.1 Phase 2 Excavation and Sampling Activities and PCB Verification Sampling Results 
In the Phase 2 area, soil was excavated to a depth of at least one foot, or to bedrock, 

whichever was shallower.  Following this soil excavation, the initial thirteen soil verification 
samples were collected on June 18, 2009 from locations 41, 42, 43, 44, 45, 46, 47, 58, 59, 60, 61, 
62, 63, and 83 for PCB analysis and for later compositing for dioxin/furan analysis.  These 
sample locations and total PCB concentrations are shown on Figure 1.  The location of samples 
42, 43, 44, 45, and 62 were moved to the nearest area of sufficient soil due to excavation to 
bedrock at their initial sampling plan locations.  The location of samples 58 and 59 were moved 
because their original locations were found to fall outside the excavation area. The PCB 
analytical results for soil samples collected in the Phase 2 area are listed in Table 1.  The PCB 
Aroclor 1254 was detected at concentrations above the 0.74 mg/kg PCB cleanup standard in 
samples collected from locations 44, 46, 59 and 60 (Table 1) following the first excavation. 

A second excavation was conducted in the Phase 2 area, removing an additional 0.5 feet (ft) 
of soil (or less in zones of shallow bedrock) in the area denoted as Subarea 2-1 in Figure 1.  The 
excavation of Subarea 2-1 included soil removal from sample locations 44, 46, 59 and 60 up to 
the nearest sample location with a result below the cleanup standard that still contained soil  
(Figure 1).  Following the second excavation, bedrock was exposed (all soil was removed) 
throughout the entire Phase 2 area and a second set of verification samples could not be collected 
from locations 44, 46, 59 and 60 for PCBs.  Because all the soil was removed (Figure 2), the 
cleanup of PCB-contaminated soil in the Phase 2 excavation area is considered complete. 

3.2. Phase 2 Dioxin/Furan Compound Verification Sample Analytical Results 
Soil from sample locations 41, 42, 43, 45, 47, 58, 61, 62, and 63 (Figure 1) were composited 

and submitted for dioxin and furan compound analysis on July 7, 2009, before completion of the 
second phase of excavation to bedrock throughout the Phase 2 area.  The composite sample 
dioxin/furan TEC was below the cleanup standard of 1.6 × 10–5 mg/kg (Table 2). Soil from 
sample locations 44, 46, 59 and 60 were not included in a second composite sample because 
these areas were excavated to bedrock during the first excavation (Figure 2).  The cleanup of 
dioxin/furan-contaminated soil in the Phase 2 excavation is considered complete. 

4. Phase 3 Excavation and Sampling Activities and Verification Sampling Results  
Section 4.1 describes the three rounds of excavation performed in the Phase 3 area, the 

sampling conducted to verify achievement of the PCB cleanup standards, and the PCB sample 
analytical results.  Section 4.2 describes the sampling conducted in the Phase 3 area to verify 
achievement of dioxin/furan cleanup standards, and the dioxin/furan analytical results. 

4.1. Phase 3 Excavation and Sampling Activities and PCB Verification Sampling Results 
In the Phase 3 area, soil was excavated to a depth of at least one foot, except where bedrock 

was encountered at a shallower depth.  Following this soil excavation, the initial thirteen soil 
verification samples were collected on June 25, 2009 from locations 11, 12, 13, 27, 30, 31, 32, 
33, 34, 35, 36, 39, and 40 for PCB analysis and for later compositing for dioxin/furan analysis.  
These sample locations and total PCB results are shown on Figure 1.  The location of samples 
11, 12, 13, and 40 were moved to the nearest area of soil due to excavation to bedrock at their 
initial sampling plan locations.  Sample location 30 was moved west of location 31 because its 



4 

original location was found to fall within the Phase 5 area. Sample locations 32 and 33 were 
moved because their original locations were found to fall outside the excavation area. The PCB 
analytical results for the soil samples collected in the Phase 3 area are listed in Table 1.  PCBs 
were detected at concentrations above the 0.74 mg/kg cleanup standard in samples collected 
from locations 11, 13, 27, 30, 31, 32, 33, 34, 35, 36, and 40 following the first excavation.  The 
majority of the PCBs were Aroclor 1254.  However, Aroclor 1260 was also detected (Table 1).   

A second excavation was conducted in the Phase 3 area, removing an additional 2 ft of soil (3 
ft total) in the area denoted as Subarea 3-1 on Figure 1.  The excavation of Subarea 3-1 included 
soil removal from sample locations 11, 27, 30, and 31 up to the nearest sample locations with 
results below the cleanup standard or to bedrock.  An additional 1.3 ft (2.3 ft total) of soil was 
excavated in the area denoted as Subarea 3-2 on Figure 1.  The excavation of Subarea 3-2 
included soil removal from sample locations 12, 13, 30, 32, 33, 34, 35, 36, and 40 up to the 
nearest sample locations with results below the cleanup standard or bedrock (Figure 1).  A 
second set of verification samples, including dioxin/furan samples for compositing, were 
collected on November 17, 2009 from sample locations 11, 12, 13, 27, 30, 31, 32, 33, 34, 35, 36, 
and 40 and submitted for PCB analysis. The second set of verification samples are listed in Table 
1 with an “A” following the sample ID (i.e., 3SS-850-3XXA).  PCBs were detected at 
concentrations above the cleanup standard in the samples collected from locations 11, 31, and 36 
following the second excavation. 

A third excavation was conducted in the Phase 3 area.  An additional 2 feet of soil (5 ft total) 
was excavated where present to this depth or to bedrock in the area denoted as Subarea 3-1-0 in 
Figure 1.  The excavation of Subarea 3-1-0 included the removal of soil at sample locations 11 
and 31 up to the nearest sample locations with a result below the cleanup standard.  An 
additional 1 ft (3.3 ft total) of soil was excavated in the area denoted as Subarea 3-2-0 in Figure 
1.  The excavation of Subarea 3-2-0 included the removal of soil at sample location 36 up to the 
nearest sample locations with results below the cleanup standard (Figure 1).   

Following the third excavation, a third set of verification samples were collected from sample 
location 31 in Subarea 3-1-0 and from sample location 36 in Subarea 3-2-0 on 
November 23, 2009 for PCB analysis.  Bedrock was exposed and a surface soil sample could not 
be collected from location 11. New dioxin/furan samples for compositing were also collected 
from these sample locations 31 and 36.  The third set of verification samples are listed in Table 1 
with a “B” following the sample ID (i.e., 3SS-850-3XXB).  PCBs were not detected in the third 
set of verification samples at concentrations above the 0.5 mg/kg detection limit.  As a result, the 
cleanup of PCB-contaminated soil in the Phase 3 excavation is considered complete. 

4.2. Phase 3 Dioxin/Furan Compound Verification Sample Analytical Results 
Soil from sample locations 12A, 13A, 27A, 30A, 31B, 32A, 33A, 34A, 35A, 36B, 39A, and 

40A (Figure 1) were composited and submitted for dioxin and furan compound analysis on 
December 1, 2009.  The sample from location 11 was not included in the composite because this 
area was excavated to bedrock during the third excavation (Figure 2). 

The dioxin/furan composite sample TEC was below the dioxin/furan cleanup standard of 1.6 
× 10–5 mg/kg (Table 3).  Therefore, the cleanup of dioxin/furan-contaminated soil in the Phase 3 
excavation area is considered complete. 
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5. Phase 4 Excavation and Sampling Activities and Verification Sampling Results  
Section 5.1 describes the two rounds of excavation performed in the Phase 4 area, the 

sampling conducted to verify achievement of the PCB cleanup standards, and the PCB sample 
analytical results.  Section 5.1 also describes the PCB sampling and excavation conducted in the 
area west of the original Phase 4 area.  Section 5.2 describes the sampling conducted in the Phase 
4 area to verify achievement of dioxin/furan cleanup standards, and the dioxin/furan analytical 
results. 

5.1. Phase 4 Excavation and Sampling Activities and PCB Verification Sampling Results  
In the Phase 4 area, soil was excavated to a depth of at least one foot, except where bedrock 

was encountered at a shallower depth.  Following this soil excavation, the initial thirteen soil 
verification samples were collected on June 30, 2009 from locations 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
16, 23, and 24 for PCB analysis and for later compositing for dioxin/furan analysis.  These 
sample locations and total PCB results are shown on Figure 1.  The location of samples 1, 2, 4, 
and 7 were moved to the nearest area of sufficient soil due to excavation to bedrock at their 
initial sampling plan locations. Sample locations 3, 23, and 24 were moved as their original 
locations were found to fall either outside the excavation area, or in the adjacent excavation 
phase. The PCB analytical results for soil samples collected in the Phase 4 area are shown in 
Table 1.  PCBs were detected at concentrations above the 0.74 mg/kg cleanup standard in 
samples collected from locations 2, 3, 4, 6, 7, 8, 9, 10, 16, and 24 following the first excavation.   

Because PCBs were detected above the cleanup standard in the initial Phase 4 verification 
sample collected from the un-excavated area west of Phase 4 (sample location 10), new sample 
locations 75, 80, and 87 (Figure 1) were located in the field and sampled for PCBs on July 7 and 
16, 2009 to bound the lateral extent of PCB contamination to the west of the Phase 4 area.  PCBs 
were detected at concentrations above the 0.74 mg/kg cleanup standard in surface soil samples 
from locations 75 and 80 (Table 1).   

A second excavation was conducted in the Phase 4 area.  An additional 0.5 feet of soil (1.5 ft 
total) was excavated, where present to this depth, in the area denoted as Subarea 4-1 in Figure 1.  
The excavation of Subarea 4-1 included the removal of soil at sample locations 6, 7, 8, 16, and 
24 up to the nearest sample location with a result below the cleanup standard or bedrock.  An 
additional 1.3 ft of soil (2.3 ft total) was excavated in the area denoted as Subarea 4-2 in Figure 
1. The excavation of Subarea 4-2 included the removal of soil at sample locations 2 and 4 up to 
the nearest sample location with a result below the cleanup standard or bedrock.  The area 
denoted as Subarea 4-3 in Figure 1, that encompassed sample locations 10, 75, and 80, was also 
excavated to 1 ft or less, resulting in exposed bedrock throughout this area (Figure 2).  Following 
the second excavation, bedrock was exposed in all of the Phase 4 area and a second set of 
verification samples could not be collected from locations 2, 3, 4, 6, 7, 8, 9, 10, 16, 24, 75, and 
80 for PCB analysis.   

Because all the contaminated soil was removed, the cleanup of PCB-contaminated soil in the 
Phase 4 area is considered complete. 
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5.2. Phase 4 Dioxin/Furan Compound Verification Sample Analytical Results 
Because the entire Phase 4 area was excavated to bedrock during the second excavation, 

samples collected from locations 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 16, 23, and 24 following the first 
round of soil excavation were not composited and analyzed for dioxin and furan compounds and 
no dioxin/furan TEC was calculated (Figure 2). No samples were collected for compositing and 
dioxin/furan analysis from locations 75, 80, and 87 in Subarea 4-3 because this area was 
excavated to bedrock during excavation. 

Because all the contaminated soil was removed, the cleanup of dioxin/furan-contaminated 
soil in the Phase 4 excavation area is considered complete. 

6. Phase 5 Excavation and Sampling Activities and Verification Sampling Results  
Section 6.1 describes the three rounds of excavation performed in the Phase 5 area, the 

sampling conducted to verify achievement of the PCB cleanup standards, and the PCB sample 
analytical results.  Section 6.2 describes the sampling conducted in the Phase 5 area to verify 
achievement of dioxin/furan cleanup standards, and the dioxin/furan analytical results. 

6.1. Phase 5 Excavation and Sampling Activities and PCB Verification Sampling Results  
In the Phase 5 area, soil was excavated to a depth of at least one, two, or three feet, 

depending on the original excavation plan.  Following this soil excavation, the initial thirteen soil 
verification samples were collected on September 10 and 15, 2009 from locations 14, 15, 17, 18, 
19, 20, 21, 28, 29, 37, 38, 48, and 55 for PCB analysis and for later compositing for dioxin/furan 
analysis.  These sample locations and PCB results are shown on Figure 1.  The location of 
samples 14, 15, 17, 18, 19, 20, 21, 28, and 29 were moved to the nearest area of sufficient soil 
due to excavation to bedrock at their initial sampling plan locations.  The location of sample 37 
was moved upslope (south) due to safety concerns of working on the steep slope. The PCB 
analytical results for soil samples collected in the Phase 5 area are listed in Table 1.  PCBs were 
detected at concentrations above the 0.74 mg/kg cleanup standard in samples collected from 
locations 14, 17, 18, 19, 29, 37 and 38 following the first excavation. 

Due to the detection of PCBs at concentrations exceeding the cleanup standard at sample 
locations 14, 17, 18, 19, 29, 37 and 38, a second round of excavation was conducted in the Phase 
5 area.   An additional 1.3 feet of soil (4.3 ft total) was excavated, where present to this depth, in 
the area denoted as Subarea 5-1 in Figure 1. The excavation of Subarea 5-1 included the removal 
of soil at sample location 29 up to the nearest sample location with a result below the cleanup 
standard (sample location 28) and the edges of the original 3 ft cut area or bedrock. The southern 
extent of Subarea 5-1 was selected by projecting a line perpendicular from the western extent of 
the Phase 5 area west to sample point 28.   

An additional 1.3 ft of soil (3.3 ft total) was excavated in the area denoted as Subarea 5-2 in 
Figure 1. The excavation of Subarea 5-2 included the removal of soil at sample locations 14, 17, 
18, 19, 37 and 38 up to the nearest sample location with a result below the cleanup standard 
(samples location 21 on the west and 48 on the east, and the edges of the original northern and 
southern boundaries of the Phase 5 area or bedrock (Figures 1 and 2).  

A second set of verification samples were collected from Subareas 5-1 and 5-2 on 
November 2 and 3, 2009 for PCB analysis.  The second set of verification samples are listed in 
Table 1 with an “A” following the sample ID (i.e., 3SS-850-3XXA).  PCBs were detected at 
concentrations above the 0.74 mg/kg cleanup standard in the samples from location 29A in 



7 

Subarea 5-1 and locations 14, 18, and 19 in Subarea 5-2. These PCB results indicated that further 
excavation was required in Subarea 5-1 and in two portions of Subarea 5-2. 

A third round of excavation was conducted in which the entire extent of Subarea 5-1 was 
excavated to bedrock, thereby removing all PCB-contaminated soil (Figure 2.) 

Subarea 5-2 was further subdivided into Subareas 5-2-1 containing sample locations 14 and 
38, and Subarea 5-2-2 containing sample locations 18 and 19, in which a third round of soil 
excavation was conducted (Figure 1).  

The third round of excavation conducted in Subarea 5-2-1 removed an additional 2.2 ft of 
soil (5.5 ft total or to bedrock) between sample locations 14 and 38. The depth and western 
extent of additional excavation in Subarea 5-2-1 was determined by digging a test pit at a 
location just east of sample location 38 where the extrapolation of the 0.74 mg/kg cleanup 
standard would fall (location 402 on Figure 1), and collecting samples from the side wall on 
November 11, 2009, just above the soil-bedrock contact at a total depth of 5.5 ft.  The eastern 
extent of excavation was defined by sample location 14, where bedrock had been exposed at 
ground surface after the second excavation.  PCBs were not detected in the location 402 sample.  
Therefore, location 402 was used to bound the western edge of Subarea 5-2-1.  In a third phase 
of excavation, soil was excavated to a total depth of 5.5, or to bedrock) from location 402 
eastward to sample location 14 where bedrock was exposed at the surface.  

The depth and lateral extent of excavation to be conducted in Subarea 5-2-2 were determined 
by digging four test pits.  Test pit 1 was located between sample locations 17 and 18 where the 
extrapolation of the 0.74 mg/kg cleanup standard would fall (shown as location 403 on Figure 1).  
Test pits 2 and 3 were located at sample locations 18 and 19, respectively.  Test pit 4 was located 
between sample locations 19 and 21 where the extrapolation of the 0.74 mg/kg cleanup standard 
would fall (shown as sample location 404 on Figure 1).   

On November 9, 2009, side wall samples were collected from the test pits as follows: 
• Test pit 1 (sample location 403) - sampled just below the contact of the upper 

alluvium and a lighter-colored soil horizon at a depth of 2.5 ft below ground surface 
at that point (total depth of 5.8 ft.)  

• Test pit 2 (sample location 18) - sampled in the same horizon at a depth of 2.0 ft from 
the current surface (total depth of 5.3 ft.) 

• Test pit 3 (sample location 19) - sampled in the same horizon at a depth of 2.5 ft from 
the current surface (total depth of 5.8 ft.) 

• Test pit 4 – (sample location 404 - sampled in the same horizon at a depth of 1.0 ft 
below the current surface (total depth of 4.3 ft.)  

The samples collected at sample locations 18 and 19 were the third set of verification 
samples collected at these locations, and thus are shown in Table 1 with a “B” following the 
sample ID (i.e., 3SS-850-3XXB). 

In order to expedite the excavation activities in advance of the impending wet season, all soil 
was removed between locations 403 and 404 to a total depth of 5.8 ft (2.5 additional ft) prior to 
obtaining PCB results. It was later determined that PCBs were not detected in the samples 
collected at test pit 1 (location 403), test pit 2 (location 18), and test pit 4 (location 404) (Table 
1).  However, the sample collected in test pit 3 (location 19) contained PCBs above the cleanup 
standard. Therefore, an additional 0.5 ft was excavated from the entire 5-2-2 area.  Following 
this fourth excavation, a surface soil verification sample was collected again at sample location 
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19 on November 17, 2009 at a total depth 6.3 ft.  No PCBs were detected in the fourth 
verification sample (shown in Table 1 with a “C” following the sample ID [3SS-850-319C]).  

As a result of these sampling, analysis, and excavation activities, the cleanup of PCB-
contaminated soil in the Phase 5 excavation area is considered complete. 

6.2. Phase 5 Dioxin/Furan Compound Verification Sample Analytical Results  
Soil from sample locations 15, 17A, 18B, 19C, 20, 21, 28, 37A, 38A, 48, and 55 (Figure 1) 

were composited and identified as sample 3SS-850-370.  In addition, soil from new sample 
locations 402, 403, and 404 (Figure 1) were composited and identified as sample 3SS-850-405.  
Both samples were submitted for dioxin and furan compound analysis on November 24, 2009.  
Sample locations 14 and 29 were not composited and analyzed for dioxin and furan compounds 
because these areas were excavated to bedrock during the third excavation (Figure 2). 

The dioxin/furan TEC was below the dioxin/furan cleanup standard of 1.6 × 10–5 mg/kg in 
both sample 3SS-850-370 (Table 4) and 3SS-850-405 (Table 5).  Therefore, the cleanup of 
dioxin/furan-contaminated soil in the Phase 5 excavation is considered complete. 

7. Phase 6 Excavation and Sampling Activities and Verification Sampling Results  
Section 7.1 describes the two rounds of excavation performed in the Phase 6 area, the 

sampling conducted to verify achievement of the PCB cleanup standards, and the PCB sample 
analytical results.  Section 7.2 describes the sampling conducted in the Phase 6 area to verify 
achievement of dioxin/furan cleanup standards, and the dioxin/furan analytical results. 

7.1. Phase 6 Excavation and Sampling Activities and PCB Verification Sampling Results  
Because PCBs were detected in the initial Phase 3 verification sample from location 27, 

located at the western edge of the excavation area, new sample locations 71, 72, 73, 74, 78, 79, 
89, and 90 (Figure 1) were sampled for PCBs on July 7, 2009 to bound the lateral extent of PCB 
contamination west of Phase 3.  The PCB analytical results for soil samples collected in the 
Phase 6 area are listed in Table 1.  PCBs were detected at concentrations above the 0.74 
milligrams per kilogram (mg/kg) PCB cleanup standard at ground surface at sample locations 73, 
74, 78, and 79.   

As shown on Figure 1, the area around these new locations and bounded by sample locations 
72, 89, and 90 and lines extending to the edges of the Phase 3 area was designated as Phase 6.  
Surface soil was excavated in the Phase 6 area to a depth of at least 1.3 feet.  The initial 
verification samples were collected from the newly-exposed ground surface at sample locations 
73, 74, 78, and 79 on November 17, 2009 for PCB and dioxin/furan analysis.  The initial 
verification samples are shown in Table 1 with an “A” following the sample ID (i.e., 3SS-850-
3XXA).  PCB concentrations were below the 0.74 mg/kg PCB cleanup standard in samples from 
locations 73, 74, and 78 (Table 1), but above the cleanup standard at sample location 79 (Table 
1). 

A second excavation was conducted in Phase 6, removing an additional 1.3 feet of soil (2.6 ft 
total) in the area denoted on Figure 1 as Subarea 6-1.  The excavation of Subarea 6-1 included 
soil removal from sample location 79 up to the nearest sample location with a result below the 
cleanup standard.  Following the second excavation, bedrock was exposed and a second set of 
verification samples could not be collected from location 79 for PCB analysis.  Because PCB 
verification samples results were below the PCB cleanup standard or contaminated soil was 
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removed to bedrock (Subarea 6-1), the cleanup of PCB-contaminated soil in the Phase 6 
excavation is considered complete. 

7.2. Phase 6 Dioxin/Furan Compound Verification Sample Analytical Results  
Soil from sample locations 72A, 73A, 74A, 78A, 89A, and 90A (Figure 1) were composited 

as sample 3SS-850-400 that was submitted for dioxin and furan compound analysis on 
November 24, 2009.  Soil from location 79 was not included in the dioxin and furan composite 
because this area was excavated to bedrock during the second excavation.  Soil from location 71 
was not included in the composite because soil from more proximal locations along the 
southwestern edge of Phase 6 were already included in the composite, i.e. locations 72A and 
90A. 

The dioxin/furan TEC in composite sample 3SS-850-400 was below the dioxin/furan cleanup 
standard of 1.6 × 10–5 mg/kg (Table 6).  Therefore, the cleanup of dioxin/furan-contaminated soil 
in the Phase 6 excavation is considered complete. 

8. Phase 7 Excavation and Sampling Activities and Verification Sampling Results  
Section 8.1 describes the one round of excavation performed in the Phase 7 area, the 

sampling conducted to verify achievement of the PCB cleanup standards, and the PCB sample 
analytical results.  Section 8.2 describes the sampling conducted in the Phase 7 area to verify 
achievement of dioxin/furan cleanup standards, and the dioxin/furan analytical results. 

8.1. Phase 7 Excavation and Sampling Activities and PCB Verification Sampling Results  
Because PCBs were detected above the cleanup standard in the initial Phase 4 verification 

sample from locations 2 and 3, located at the northern edge of the excavation area, new sample 
locations 81, 82, 84, 96, 97, and 98 (Figure 1) were located in the field and sampled for PCBs on 
July 13, 21, and 28, 2009 to bound the lateral extent of PCB contamination to the north-
northwest of the Phase 4 area. PCBs were detected at concentrations above the 0.74 mg/kg 
cleanup standard in surface soil samples from locations 81, 84, 96, and 97 (Table 1).   

As a result, soil was excavated to bedrock (1 to 2 ft total) in the area denoted on Figure 1 as 
Phase 7.  The excavation of the Phase 7 area included soil removal from sample locations 81, 84, 
96, and 97 and was bounded by projecting lines from the furthest sample location with PCB 
results below the cleanup standard (location 98).  The first line was projected from sample 
location 98 southwest to a point between sample locations 87 and 80 and intersected the area 
excavated to bedrock at Subarea 4-3.  The second line defining Phase 7 was projected along a 
steep break in topography from sample location 98 to sample location 3.  Sample location 3 
contained < 0.5 and 1.1 (in duplicate sample) mg/kg of PCBs and was also excavated to bedrock. 

Because all soil was removed to bedrock, no additional verification samples were collected.  
Because all the soil was removed (Figure 2), the cleanup of PCB-contaminated soil in the Phase 
7 excavation is considered complete. 

8.2. Phase 7 Dioxin/Furan Compound Verification Sample Analytical Results  
Because the Phase 7 area was excavated to bedrock, no samples could be collected from 

locations 81, 82, 84, 96, 97, and 98 from compositing and dioxin/furan analysis, and no 
dioxin/furan sample TEC was calculated. 

Because all the contaminated soil was removed, the cleanup of dioxin/furan-contaminated 
soil in the Phase 7 area is considered complete. 
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9.  Summary and Conclusions 
Approximately one to six feet of soil were removed during one to three rounds of excavation 

in the Phase 2 through 7 excavation areas as part of the Building 850 Soil Removal Action 
Project.  Verification samples were collected following the various rounds of excavation and 
submitted for PCB and dioxin/furan analysis, unless soil was excavated to bedrock. The PCB and 
dioxin/furan analytical results for these samples verify that cleanup standards for PCBs, dioxins, 
and furans as specified in the Building 850 Action Memorandum (DOE, 2008) have been met in 
the Phase 2 through 7 areas.  The excavated PCB- and dioxin/furan-contaminated soil was 
solidified and consolidated in the Building 850 Corrective Action Management Unit (CAMU) 
and a cover consisting of clean soil mixed with 10% cement was placed on the top and sides of 
the CAMU.  Because winter rains have commenced that could destabilize the excavated slopes 
surrounding Building 850, DOE/LLNL has completed restoration of these areas. 
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Table 1.  Building 850 Removal Action verification sample locations and PCB results. 
Sample 

Location Sample ID 
Depth 

(ft) 
Aroclor 

1254 
(mg/kg) 

Aroclor 
1260 

(mg/kg) 

Total 
PCB 

(mg/kg) 

Sample 
date 

Phase/ 
Subarea 

41 3SS-850-341 0 0.67 <0.5 0.67 6/18/09 2 

42 3SS-850-342 1 <0.5 <0.5  <0.5 6/18/09 2 

43 3SS-850-343 1 <0.5 <0.5  <0.5 6/18/09 2 

44 3SS-850-344 1 0.89 <0.5  0.89 6/18/09 2 

44* 3SS-850-344 1 0.87 <0.5  0.87 6/18/09 2 

45 3SS-850-345 1 <0.5 <0.5  <0.5 6/18/09 2 

46 3SS-850-346 1 0.94 <0.5  0.94 6/18/09 2 

47 3SS-850-347 1 <0.5 <0.5  <0.5 6/18/09 2 

58 3SS-850-358 1 <0.5 <0.5  <0.5 6/18/09 2 

59 3SS-850-359 1 0.81 <0.5  0.81 6/18/09 2 
60 3SS-850-360 1 1.3 <0.5  1.3 6/18/09 2 
61 3SS-850-361 1 <0.5 <0.5  <0.5 6/18/09 2 
62 3SS-850-362 1 <0.5 <0.5  <0.5 6/18/09 2 

63 3SS-850-363 1 0.63 <0.5  0.63 6/18/09 2 

83 3SS-850-383 0 <0.5 <0.5  <0.5 6/18/09 2 

11 3SS-850-311 1 260 <0.5  260 6/25/09 3 

11 3SS-850-311A 3 1.4 <0.5  1.4 11/17/09 3-1 

12 3SS-850-312 1 0.61 <0.5  0.61 6/25/09 3 

13 3SS-850-313 1 0.78 <0.5  0.78 6/25/09 3 

13 3SS-850-313A 2.3 <0.5 <0.5  <0.5 11/17/09 3-2 

27 3SS-850-327 1.1 1.1 <0.5  1.1 6/25/09 3 

27 3SS-850-327A 3 <0.5 <0.5  <0.5 11/17/09 3-1 

30 3SS-850-330 1 30 4.7  34.7 6/25/09 3 

30 3SS-850-330A 3 <0.5 <0.5  <0.5 11/17/09 3-1 

31 3SS-850-331 1 2 <0.5  2 6/25/09 3 

31 3SS-850-331A 3 2.2 <0.5  2.2 11/17/09 3-1 

31 3SS-850-331B 5 <0.5 <0.5  <0.5 11/23/09 3-1-0 

32 3SS-850-332 1 21 3.8  21 6/25/09 3 

32* 3SS-850-332 1 23 <0.5 23 6/25/09 3 

32 3SS-850-332A 2.3 <0.5 <0.5  <0.5  11/17/09 3-2 

33 3SS-850-333 1 2.5 <0.5  2.5 6/25/09 3 

33 3SS-850-333A 2.3 <0.5 <0.5  <0.5 11/17/09 3-2 
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Table 1.  Building 850 Removal Action verification sample locations and PCB results 
(continued). 

Sample 
Location Sample ID 

Depth 
(ft) 

Aroclor 
1254 
(mg/kg) 

Aroclor 
1260 

(mg/kg) 

Total 
PCB 

(mg/kg) 

Sample 
date 

Phase/ 
Subarea 

34 3SS-850-334 1 1.3 <0.5  1.3 6/25/09 3 

34 3SS-850-334A 2.3 0.62 <0.5  0.62 11/17/09 3-2 

35 3SS-850-335 1 2.7 <0.5  2.7 6/25/09 3 

35 3SS-850-335A 2.3 <0.5 <0.5  <0.5 11/17/09 3-2 

36 3SS-850-336 1 3.4 <0.5  3.4 6/25/09 3 

36 3SS-850-336A 2.3 8.3 1.3  9.6 11/17/09 3-2 

36 3SS-850-336B 3.3 <0.5 <0.5 <0.5 11/23/09 3-2-0 

39 3SS-850-339 2 <0.5 <0.5 <0.5 6/25/09 3 

40 3SS-850-340 1 2.9 0.61 3.5 6/25/09 3 

40 3SS-850-340A 2.3 <0.5 <0.5 <0.5 11/17/09 3-2 

1 3SS-850-301 1 <0.5 <0.5 <0.5 6/30/09 4 

2 3SS-850-302 1 83 14 97 6/30/09 4 

3 3SS-850-303 1 <0.5 <0.5 <0.5 6/30/09 4 
3* 3SS-850-303 1 1.1 <0.5 1.1 6/30/09 4 
4 3SS-850-304 1 0.97 <0.5 0.97 6/30/09 4 
5 3SS-850-305 1 0.61 <0.5 0.61 6/30/09 4 
6 3SS-850-306 1 6.3 1.6 7.9 6/30/09 4 
7 3SS-850-307 1 29 3.9 32.9 6/30/09 4 
8 3SS-850-308 1 17 3.1 20.1 6/30/09 4 
9 3SS-850-309 1 87 10 97 6/30/09 4 

10 3SS-850-310 1 2.3 0.72 3.0 6/30/09 4 
16 3SS-850-316 1 31 4.3 35.3 6/30/09 4 

16* 3SS-850-316 1 27 0.74 27.74 6/30/09 4 

23 3SS-850-323 1 <0.5 0.74 .74 6/30/09 4 

24 3SS-850-324 1 17 1.8 18.8 6/30/09 4 
18 3SS-850-318 2 31 4.4 35.4 9/15/09 5 

18 3SS-850-318A 3.3 1.3 <0.5  1.3 11/3/09 5-2 

18 3SS-850-318B 5.3 <0.5 <0.5  <0.5 11/9/09 5-2-2 
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Table 1.  Building 850 Removal Action verification sample locations and PCB results 
(continued). 

Sample 
Location Sample ID 

Depth 
(ft) 

Aroclor 
1254 

(mg/kg) 

Aroclor 
1260 

(mg/kg) 

Total 
PCB 

(mg/kg) 

Sample 
date 

Phase/ 
Subarea 

19 3SS-850-319 2 0.92 <0.5 0.92 9/15/09 5 

19 3SS-850-319A 3.3 5.6 0.52 7.1 11/3/09 5-2 

19 3SS-850-319B 5.8 1.1 <0.5  1.1 11/9/09 5-2-2 

19 3SS-850-319C 6.3 <0.5 <0.5  <0.5 11/17/09 5-2-2 

20 3SS-850-320 2 <0.5 <0.5  <0.5 9/15/09 5 

21 3SS-850-321 2 <0.5 <0.5  <0.5 9/15/09 5 

28 3SS-850-328 3 <0.5 <0.5  <0.5 9/10/09 5 

29 3SS-850-329 3 8.9 1.5 10.4 9/10/09 5 

29 3SS-850-329A 4.3 6.4 0.91 7.3 11/2/09 5-1 

37 3SS-850-337 2 2.6 <0.5 2.6 9/15/09 5 

37 3SS-850-337A 3.3 <0.5 <0.5  <0.5  11/2/09 5-2 

38 3SS-850-338 2 6.9 1 7.9 9/15/09 5 

38 3SS-850-338A 3.3 <0.5 <0.5  <0.5  11/2/09 5-2 

48 3SS-850-348 2 <0.5 <0.5  <0.5  9/15/09 5 

55 3SS-850-355 2 <0.5 <0.5  <0.5  9/15/09 5 

402 3SS-850-402 5.5 <0.5 <0.5  <0.5  11/9/09 5-2-1 

403 3SS-850-403 5.8 <0.5 <0.5  <0.5  11/9/09 5-2-2 

404 3SS-850-404 4.3 <0.5 <0.5  <0.5  11/9/09 5-2-2 

71 3SS-850-371 0 <0.5 <0.5  <0.5  7/7/09 6 

72 3SS-850-372 0 <0.5 <0.5  <0.5  7/7/09 6 

73 3SS-850-373 0 0.91 <0.5 0.91 7/7/09 6 

73 3SS-850-373A 1.3 <0.5 <0.5  <0.5  11/17/09 6-1 

74 3SS-850-374 0 2.2 0.76 3.0 7/7/09 6 

74 3SS-850-374A 1.3 <0.5 <0.5  <0.5  11/17/09 6-1 

78 3SS-850-378 0 1.8 0.57 2.4 7/7/09 6 

78 3SS-850-378A 1.3 0.58 <0.5 0.58 11/17/09 6-1 

79 3SS-850-379 0 0.77 <0.5 0.77 7/7/09 6 

79 3SS-850-379A 1.3 0.92 <0.5 0.92 11/17/09 6-1 

89 3SS-850-389 0 <0.5 <0.5  <0.5  7/16/09 6 

90 3SS-850-390 0 <0.5 <0.5  <0.5  7/16/09 6 
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Table 1.  Building 850 Removal Action verification sample locations and PCB results 
(continued). 

Sample 
Location Sample ID 

Depth 
(ft) 

Aroclor 
1254 

(mg/kg) 

Aroclor 
1260 

(mg/kg) 

Total 
PCB 

(mg/kg) 

Sample 
date 

Phase/ 
Subarea 

75 3SS-850-375 0 1.7 0.53 2.2 7/7/09 7 

80 3SS-850-380 0 2.1 <0.5 2.1 7/7/09 7 
81 3SS-850-381 0 4.8 3.2 8.0 7/13/09 7 
82 3SS-850-382 0 <0.5 <0.5  <0.5  7/13/09 7 
84 3SS-850-384 0 0.95 <0.5  0.95 7/13/09 7 
87 3SS-850-387 0 <0.5 <0.5  <0.5  7/16/09 7 
96 3SS-850-396 0 18 <0.5  18 7/21/09 7 
97 3SS-850-397 0 1.0 <0.5  1.0 7/21/09 7 
98 3SS-850-398 0 <0.5 <0.5  <0.5 7/28/09 7 

Notes: 
ID = Identification 
mg/kg = Milligrams per kilogram 
PCB = Polychlorinated biphenyls 
*=  Field duplicate sample 
 
Color Coding for Soil Sample Phase Excavation Area 
 Soil samples collected from Phase 2 excavation area 
 Soil samples collected from Phase 3 excavation area 
 Soil samples collected from Phase 4 excavation area 
 Soil samples collected from Phase 5 excavation area 
 Soil samples collected from Phase 6 excavation area 
 Soil samples collected from Phase 7 excavation area 
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Table 2. Dioxin/furan compound analytical results and toxicity equivalent concentration for 
composite sample 3SS-850-367a sampled on July 7, 2009 (Phase 2 area). 

Compound 
Toxic Equivalent 

Factorb 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDD 1.00E-01 5.61E-07 5.61E-08 
1,2,3,6,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,4,6,7,8-HpCDD 1.00E-02 1.04E-05 1.04E-07 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 1.03E-04 1.03E-08 
2,3,7,8-TCDF 1.00E-01 1.22E-05 1.22E-06 
1,2,3,7,8-PeCDF 5.00E-02 1.45E-06 7.25E-08 
2,3,4,7,8-PeCDF 5.00E-01 3.79E-06 1.90E-06 
1,2,3,4,7,8-HxCDF 1.00E-01 1.02E-06 1.02E-07 
1,2,3,6,7,8-HxCDF 1.00E-01 5.20E-07 5.20E-08 
2,3,4,6,7,8-HxCDF 1.00E-01 3.45E-07 3.45E-08 
1,2,3,7,8,9-HxCDF 1.00E-01 4.48E-07 4.48E-08 
1,2,3,4,6,7,8-HpCDF 1.00E-02 9.14E-07 9.14E-09 
1,2,3,4,7,8,9-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 6.81E-07 6.81E-11 
 Total toxicity equivalent concentration 3.60E-06 
Notes: 
a Sample location 3SS-850-367 is a composite of samples collected from locations 41, 42, 43, 45, 47, 58, 61, 62, and 63. 
b World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg (1.60E-05) 
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Table 3.  Dioxin/furan compound analytical results and toxicity equivalent concentration for 
composite sample 3SS-850-368a sampled on December 1, 2009 (Phase 3 area). 

Compound 
Toxic Equivalent 

Factorb 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDD 1.00E-01 2.11E-07 2.11E-08 
1,2,3,4,6,7,8-HpCDD 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 9.95E-07 9.95E-11 
2,3,7,8-TCDF 1.00E-01 3.05E-06 3.05E-07 
1,2,3,7,8-PeCDF 5.00E-02 6.21E-07 3.11E-08 
2,3,4,7,8-PeCDF 5.00E-01 1.58E-06 7.90E-07 
1,2,3,4,7,8-HxCDF 1.00E-01 5.77E-07 5.77E-08 
1,2,3,6,7,8-HxCDF 1.00E-01 2.84E-07 2.84E-08 
2,3,4,6,7,8-HxCDF 1.00E-01 2.18E-07 2.18E-08 
1,2,3,7,8,9-HxCDF 1.00E-01 3.20E-07 3.20E-08 
1,2,3,4,6,7,8-HpCDF 1.00E-02 3.24E-07 3.24E-09 
1,2,3,4,7,8,9-HpCDF 1.00E-02 1.80E-07 1.80E-09 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 2.54E-07 2.54E-11 
 Total toxicity equivalent concentration 1.29E-06 
Notes: 
a Sample location 3SS-850-368 is a composite of samples collected from locations 12A, 13A, 27A, 30A, 31B, 32A, 33A, 34A, 
35A, 36B, 39A, and 40A. 
b World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg (1.60E-05) 
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Table 4.  Dioxin/furan compound analytical results and toxicity equivalent concentration for 
composite sample 3SS-850-370a sampled on November 24, 2009 (Phase 5 area). 

Compound 
Toxic Equivalent 

Factorb 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 2.10E-07 2.10E-08 
1,2,3,7,8,9-HxCDD 1.00E-01 2.24E-07 2.24E-08 
1,2,3,4,6,7,8-HpCDD 1.00E-02 2.67E-06 2.67E-08 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 2.05E-05 2.05E-09 
2,3,7,8-TCDF 1.00E-01 1.93E-05 1.93E-06 
1,2,3,7,8-PeCDF 5.00E-02 4.45E-06 2.23E-07 
2,3,4,7,8-PeCDF 5.00E-01 8.37E-06 4.19E-06 
1,2,3,4,7,8-HxCDF 1.00E-01 2.28E-06 2.28E-07 
1,2,3,6,7,8-HxCDF 1.00E-01 1.51E-06 1.51E-07 
2,3,4,6,7,8-HxCDF 1.00E-01 6.40E-07 6.40E-08 
1,2,3,7,8,9-HxCDF 1.00E-01 4.73E-07 4.73E-08 
1,2,3,4,6,7,8-HpCDF 1.00E-02 9.15E-07 9.15E-09 
1,2,3,4,7,8,9-HpCDF 1.00E-02 3.03E-07 3.03E-09 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 1.04E-06 1.04E-10 
 Total toxicity equivalent concentration 6.91E-06 
Notes: 
a Sample location 3SS-850-370 is a composite of samples collected from locations 15, 17A, 18B, 19C, 20, 21, 28, 37A, 38A, 
48, and 55. 
b World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg (1.60E-05) 
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Table 5.  Dioxin/furan compound analytical results and toxicity equivalent concentration for 
composite sample 3SS-850-405a sampled on November 24, 2009 (Phase 5 area). 

Compound 
Toxic Equivalent 

Factorb 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,4,6,7,8-HpCDD 1.00E-02 2.22E-07 2.22E-09 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 8.44E-07 8.44E-11 
2,3,7,8-TCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDF 5.00E-02 0.00E+00 0.00E+00 
2,3,4,7,8-PeCDF 5.00E-01 0.00E+00 0.00E+00 
1,2,3,4,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
2,3,4,6,7,8-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDF 1.00E-01 0.00E+00 0.00E+00 
1,2,3,4,6,7,8-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,7,8,9-HpCDF 1.00E-02 0.00E+00 0.00E+00 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 1.00E-07 1.00E-11 
 Total toxicity equivalent concentration 2.31E-09 
Notes: 
a Sample location 3SS-850-405 is a composite of samples collected from locations 402, 403, and 404. 
b World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg (1.60E-05) 
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Table 6.  Dioxin/furan compound analytical results and toxicity equivalent concentration for 
composite sample 3SS-850-400a sampled on November 24, 2009 (Phase 6 area). 

Compound 
Toxic Equivalent 

Factorb 
Measured Concentration 

(mg/kg) 
Toxicity Equivalent 

Concentration 
2,3,7,8-TCDD 1.00E+00 0.00E+00 0.00E+00 
1,2,3,7,8-PeCDD 1.00E+00 6.86E-08 6.86E-08 
1,2,3,4,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,6,7,8-HxCDD 1.00E-01 0.00E+00 0.00E+00 
1,2,3,7,8,9-HxCDD 1.00E-01 4.13E-07 4.13E-08 
1,2,3,4,6,7,8-HpCDD 1.00E-02 3.93E-07 3.93E-09 
1,2,3,4,6,7,8,9-OCDD 1.00E-04 1.79E-06 1.79E-10 
2,3,7,8-TCDF 1.00E-01 8.76E-06 8.76E-07 
1,2,3,7,8-PeCDF 5.00E-02 1.56E-06 7.80E-08 
2,3,4,7,8-PeCDF 5.00E-01 3.87E-06 1.94E-06 
1,2,3,4,7,8-HxCDF 1.00E-01 9.63E-07 9.63E-08 
1,2,3,6,7,8-HxCDF 1.00E-01 5.64E-07 5.64E-08 
2,3,4,6,7,8-HxCDF 1.00E-01 3.64E-07 3.64E-08 
1,2,3,7,8,9-HxCDF 1.00E-01 7.35E-07 7.35E-08 
1,2,3,4,6,7,8-HpCDF 1.00E-02 3.36E-07 3.36E-09 
1,2,3,4,7,8,9-HpCDF 1.00E-02 1.57E-07 1.57E-09 
1,2,3,4,6,7,8,9-OCDF 1.00E-04 2.69E-07 2.69E-11 
 Total toxicity equivalent concentration 3.27E-06 
Notes: 
a Sample location 3SS-850-400 is a composite of samples collected from locations 72A, 73A, 74A, 78A, 89A, and 90A. 
b World Health Organization 1998 Toxic Equivalent Factor. 
Cleanup standard = 1.6 x 10–5 mg/kg (1.60E-05) 
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Figure 1. Map of Site 300 Building 850 area showing excavation areas and associated depths, soil verification sample locations, and total PCB concentrations (mg/kg) for phases 1 through 7.
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Figure 2. Map of Site 300 Building 850 area showing excavation areas and associated depths, soil verification sample locations, total PCB concentrations (mg/kg), and extent of bedrock at completion of excavation for Phases 1 through 7.
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Appendix F 
 
 

Pit 7-Source Ground Water Extraction and 
Treatment System As-built Variations from 

Design Specifications 



Table F-1.  Pit 7-Source Ground Water Extraction and Treatment System Configuration Summary. 

 Remedy Proposed in the Remedial Design Report Current (March 2010) Remedial System 

Number of Ground Water Extraction 
and Treatment Systems 

1 1 

Number of Soil Vapor Extraction and 
Treatment Systems 

0 0 

COC/Treatment Technology Uranium/IXa 
VOCs/GACb 
Nitrate/IXc 
Perchlorate/IXc 
Tritium/Not treated by facility (Monitored natural 
attenuation remedy selected) 

Uranium/IXa 
VOCs/GACb 
Nitrate/IXc 
Perchlorate/IXc 
Tritium/Not treated by facility (Monitored natural 
attenuation remedy selected) 

Discharge Method Tritiated water discharged into unsaturated alluvium 
via infiltration trench 

Tritiated water discharged into unsaturated 
alluvium via infiltration trench 

Number of Extraction Wells 7d 6 d, e 

Extraction wells, Hydrostratigraphic unit NC7-25, Tnbs0 
NC7-63, Qal/WBR 
NC7-64, Qal/WBR 
W-PIT7-1918, Qal/WBR 
W-PIT7-2305, Qal/WBR and Tnbs0 
W-PIT7-2306, Qal/WBR 
W-PIT7-2307, Qal/WBR 

NC7-25, Tnbs0 
NC7-63, Qal/WBR 
NC7-64, Qal/WBR 
W-PIT7-2305, Qal/WBR and Tnbs0 
W-PIT7-2306, Qal/WBR 
W-PIT7-2307, Qal/WBR 

Anticipated Pumping Rate/ Maximum 
Design Capacity 

2 gpm/3 gpm 
 

2 to 3 gpmf/10 gpm 

Notes: 
COC = Contaminant of Concern. 
GAC = Granular activated carbon. 
gpm = Gallons per minute. 

IX = Ion-exchange. 
a Three 2.5 cubic feet canisters in series (USF A-284). 
b Three 2.5 cubic feet canisters in series (GAC). 
c Three 2.5 cubic feet canisters in series (Sybron SR7). 
d Three additional extraction wells may be drilled at a later date based on information collected after operation of the hydraulic diversion system. 
e W-PIT7-1918 was an existing monitor well to be converted to an extraction well as part of the original wellfield design.   However, the well was later deemed to be  

unsuitable for use as an extraction well because did not yield sufficient water, and the small (2-inch) well casing would not allow for the deployment of the required  
extraction and monitoring equipment. 

F Pumping rate anticipated to increase as additional wells are added to the extraction wellfield. 
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Table F-2.  Pit 7-Source Ground Water Extraction and Treatment System Variations from Remedial Design Specifications. 

Description of Change Justification 

Ground Water Extraction Wellfield  
Original Design:  NC7-25, NC7-63, NC7-64, W-PIT7-1918,  
W-PIT7-2305, W-PIT7-2306, and W-PIT7-2307, with three 
additional extraction wells to be drilled and added later. 
 
Modified Design:  NC7-25, NC7-63, NC7-64, W-PIT7-2305,  
W-PIT7-2306, and W-PIT7-2307, with three additional extraction 
wells to be drilled and added later. 
 

W-PIT7-1918 was an existing monitor well to be converted to an extraction well as 
part of the original wellfield design.  However, the well was later found to be 
unsuitable for use as an extraction well because it did not yield sufficient water, 
and the small (2-inch) well casing would not allow for the installation of the 
required extraction and monitoring equipment. 
 
Note:  Ground water is not currently being extracted from well NC7-25.  This well 
is completed in the Tnbs0/Tnbs1 hydrostratigraphic unit (HSU) and will only be 
pumped when ground water elevations in the overlying Qal/WBR HSU are 
sufficiently low to avoid pulling depleted uranium and other contaminants in the 
Qal/WBR HSU into the Tnbs0/Tnbs1 HSU. 

The wellhead seal and downhole equipment were redesigned, and 
cycle counters were added to wells.  In addition, a rigorous 
standard operating procedure was implemented to measure and 
capture water level data in all monitoring and extraction wells. 
 
 

The new design allows for both manual water level and electronic water level 
measurements in the extraction wells, allowing calibration of water level 
transducers.  The new pumps have a smaller diameter and allow implementation 
of the new downhole equipment design.  Cycle counters provide additional 
verification of flow totals. 
 
The new standard operating procedure ensures that reliable water and verifiable 
water level data is now being collected. 

Original Design:  Air from pneumatic submersible pump was 
discharged into the wellhead space.  
 
Modified Design:  Air from submersible pump is discharged to 
atmosphere.  A coalescent filter was installed to return condensate 
to the well. 

In the original design, air from pneumatic submersible pump discharged back to 
the well, which was affecting the water level data and causing instrument 
measurement errors.  As a result of the change in the air discharge location, the 
water level data is now accurate. 

The flow manifold was redesigned to prevent backflow into wells by 
removing the loop that bypassed the check valve.  The flow meter 
and water filter were relocated, the check valve was replaced and 
re-positioned vertically, and the anti-siphon valves were upgraded. 
 
 

The original flow manifold design allowed water to flow back into the extraction 
wells and the flow meter location resulted in discrepancies in flow rate 
measurements.  The relocation of the flow meter to a vertical position allows for a 
more accurate flow reporting.  The upgraded check valve allows all water to drain 
to the facility; whereas the original design did not.  The upgraded anti-siphon 
valve seals well during non-pumping conditions and allows pumped water to 
gravity feed to the facility.  The overall footprint of the manifold was reduced, 
allowing easier access and maintenance. 
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Table F-2.  Pit 7-Source Ground Water Extraction and Treatment System Variations from Remedial Design Specifications 
(continued.) 

Description of Change Justification 

Ground Water Extraction Wellfield continued  
Original Design:  Bag filter with 8.25 in bags by Pentek. 
 
Modified Design:  Pentek 5-micron cartridge filter. 

The type of particulate filter was changed to accommodate the manifold design 
change. 

Ground Water Treatment System  

Original Design:  1.5 HP, 30 gallon, 115V, 60 Hz, 1 pz GAST 
compressor (model 7HDD-11TM750X). 
 
Modified Design:  A high capacity, dual 5 HP module oil-less Scroll 
compressors with 100% duty cycle, with a larger compressor 
housing with cooling capabilities and an 80 gallon storage tank. 

The original design for the air compressor that drives the water pumping system, 
was determined to be undersized and failed multiple times during first system 
testing and verification. 
 
Because the compressor was identified as a single point of failure and may not 
meet maximum process requirements, a new higher capacity compressor with 
backup capability (e.g., operator can easily switch to the backup compressor 
motor) was specified and installed. 
 
In addition, the higher compressor capacity allows future wellfield/facility 
expansion, if needed. 

The freeze protection scheme was evaluated and additional features 
were designed and implemented to insure full system freeze 
protection.   

The previous design relied on gravity drains for freeze protection.  The treatment 
facility would shut down and drain at temperatures below 32°F and would 
require manual restart by a facility operator. 
 
The new design allows the Program Logic Controller to automatically shut down 
the system just before freezing conditions.  This protects the pipes and equipment 
from damage.  The system will automatically restart once the temperature 
reaches 35 degrees.  In addition, a temperature freeze protection valve was added 
at the flow manifold to protect the flow section, and a vacuum breaker was 
installed to allow water to feed to the tank in the facility enclosure. 

Original Design:  Three 2.5 cubic feet ion-exchange (Sybron SR7) 
canisters for perchlorate removal. 
 
Modified Design:  Three 2.5 cubic feet Sybron SR7 ion-exchange 
canisters are currently in-place for perchlorate removal.  However, 
when the resin is spent, it will be replaced with Purolite A-532E ion-
exchange resin.  

The manufactor (Sybron) of the SR7 ion-exchange resin has gone out of business 
since the original uranium ion-exchange resin was placed in the treatment facility.  
The SR7 resin, once spent, will be replaced with Purolite A-532E ion-exchange 
resin.   
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Table F-2.  Pit 7-Source Ground Water Extraction and Treatment System Variations from Remedial Design Specifications 
(continued.) 

Description of Change Justification 

Treated Effluent Discharge Infiltration Trench  
Original Design:  Infiltration trench configuration/capacity -  
4 ft X 10 ft X 80 ft (7,000 gallon capacity [assuming 30% pore 
space]). 
 
Modified Design:  Infiltration trench configuration/capacity -  
4 ft X 10 ft X 100 ft (9,000 gallon capacity [assuming 30% pore 
space]) 
 

During construction of the infiltration trench, it was decided to increase the 
length of the trench to increase its capacity because: 

1. The increased capacity will allow for more flexibility if additional 
extraction wells are needed to optimize cleanup in the future.   

2. Once installed, this component of the system is not easily modified later.   

Notes: 
ft = feet. 

HP = Horsepower. 
HSU =  Hydrostratigraphic unit. 

Hz = Hertz. 
Qal/WBR = Quaternary alluvium/weathered bedrock. 

V =  Volt.  
 



 
 
 
 

 
 

 
 
 
 
 
 
 

Appendix G 
 
 

Pit 7-Source Ground Water Extraction and 
Treatment System As-Built Drawings 





 
 
 
 

 
 

 
 
 
 
 
 
 

Appendix H 
 
 

Pit 7 Complex Drainage Diversion System  
As-Built Drawings 





























 
 
 
 

 
 

 
 
 
 
 
 
 
 

Appendix I 
 
 

Pit 7 Complex Drainage Diversion System  
As-Built Variations from Design 

Specifications 



Table I-1.  Pit 7 Complex Drainage Diversion System As-Built Variations from Design Specifications. 

Description of Change Justification 

Work Element #1 – Western Hillside: 
Added drain section J-2 in parallel to drain section J-1 
(shown in as-built Sheet C-1, Appendix H.) 
 

Drain section J-2 was included in the design to take advantage of a local change in topography.  
This section allows the horizontal sections of drains H and I to drain faster.  This modification 
improved the functionality of the system. 

Work Element #1 – Western Hillside: 
Modified drain sections A and C and eliminated drain 
section B (as-built Sheet C-1, Appendix H.) 

Drain sections A and C were modified and drain section B was eliminated due to shallow 
bedrock encountered in the field.  Drain section C was modified to follow the base of the 
bedrock. Drain section A was extended. This allowed elimination of drain section B.  This 
modification improved the functionality of the system. 
 

Work Element #2 – Eastern Drainage Channel: 
Two additional road crossings were added with 
culverts. 
 

To allow  vehicle access to the eastern hill slope, two additional road crossings were added to 
the drainage channel (as-built Sheet C-6, Appendix H.)  These modifications did not alter the 
functionality or the capacity of the system. 

Work Element #2 – Eastern Drainage Channel: 
Power poles were relocated to the western side of the 
main road and a culvert was added to protect 
extraction wells NC7-63 and NC7-64. 

To allow for the maximum design width of the channel, power poles on the eastern side of the 
road were relocated to the western side.  To protect extraction wells NC7-63 and NC7-64 from 
potential erosion damage, a culvert was installed in the section of the channel that lies in 
between the two wells (as-built Sheet C-7, Appendix H.)  These modifications did not alter the 
functionality or the capacity of the system. 
 

Work Element #4 – Northern Rip-Rap: 
The alignment of the riprap was adjusted (as-built 
Sheet C-5, Appendix H.) 

The alignment of the riprap was adjusted to better fit the local topography and to  prevent 
erosion down stream of the riprap.  This modification did not alter the functionality or the 
capacity of the system. 

 



 
 
 
 

 
 

 
 
 
 
 
 
 

Appendix J 
 
 

Photographic evidence of OU 5 
Remedial/Removal Action Implementation 
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Building 850 Soil Removal Action 

Corrective Action Management Unit 
Photographs 



Building 850 Corrective Action Management Unit (CAMU)  

 



Building 850 CAMU and monitor well/maintenance access road 

 



	  
	  
	  
	  

	  
	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pit 7-Source Ground Water  

Extraction and Treatment System  
Photographs 



Pit 7-Source extraction wellhead manifold and solar panel 
 

 



Infiltration trench used for the discharge of treated effluent from the Pit 7-Source ground water treatment system and 
piezometers  
 

 
 



Exterior of Pit 7-Source ground water treatment system enclosure 
 



Interior of Pit 7-Source ground water treatment system showing treatment media and batch tank 
 

 



	  
	  
	  
	  

	  
	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pit 7 Complex Drainage Diversion System  

Photographs 
 

 



Pit 7 Complex Landfill Caps and Drainage Diversion System 

      
 



Pit 7 Complex Drainage Diversion System – Southern Settling Basin 

 



Pit 7 Complex Drainage Diversion System – Northern Riprap 

 



Pit 7 Complex Drainage Diversion System – Eastern Hillside Drainage Swale 

 



Pit 7 Complex Drainage Diversion System – Western Hillslope Trenches 
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