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Five-Year Review Summary Form

SITE IDENTIFICATION
Site name: Lawrence Livermore National Laboratory Site 300, Building 850/Pit 7 Complex
Operable Unit (OU) 5
EPA ID: CA 2890090002
Region: IX State: California City/County: San Joaquin/Alameda
SITE STATUS

NPL status: Final
Multiple OUs: No Has the site achieved construction completion? Yes.

May, 2010 (date of Remedial Action Completion Report)

REVIEW STATUS

Lead agency: United States (U.S.) Department of Energy (DOE)/National Nuclear Security
Administration (NNSA)

Author name: M. Taffet

Author title: Senior Project Author affiliation: Lawrence Livermore National
Hydrogeologist Security, LLC - Livermore, California

Review period: January 1, 2010 to December 31, 2014

Date(s) of site inspection: March 24, 2015

Type of review: Statutory

Review number: 1

Triggering action date: Remedial Action Completion Report for the Building 850/Pit 7 Complex
OU 5: May 24, 2010

Due date: May 24, 2015
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Five-Year Review Summary Form (continued)

ISSUES/RECOMMENDATIONS

OU(s) without Issues/Recommendations Identified in the Five-Year Review:

Not applicable.

Issues/Recommendations Identified in the Five-Year Review:

OuU(s): 5 Issue Category: Changed site conditions

Building Issue: Although high explosive (HE) compounds were not identified as
850/Pit 7 contaminants of concern in the 2008 Site-Wide Record of Decision, Research
Complex Department Explosive (RDX) and High Melting Explosive (HMX) were
detected in Building 850 ground water during the five-year review period.
While data indicate that the extent of RDX and HMX in Building 850 ground
water is currently limited, the concentrations and extent of these HE
compounds are decreasing, and existing institutional/land use controls prevent
exposure, the following recommendation was developed to determine if further
actions need to be taken.

Recommendation #1: Monitor HE compounds in Building 850 ground water
to verify the continued decrease in RDX and HMX concentrations and extent,
and to continue to evaluate attenuation mechanisms driving these decreases.

Affect Affect Future Implementing Oversight Party | Milestone Date

Current Protectiveness Party

Protectiveness

No Potentially yes DOE EPA/State December 30,
2020*

* Monitoring will continue throughout the next five-year review period (January 1, 2015 through December 30, 2020.
These data will be reported in the semi-annual and annual Compliance Monitoring Report. If any changes in HE
compound concentrations or extent changes during this time indicate an immediate threat to human health or then
environment, DOE will discuss possible actions with the regulatory agencies.
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Five-Year Review Summary Form (continued)

ISSUES/RECOMMENDATIONS Continued

OuU(s): 5 Issue Category: Changed site conditions
?511(1)}%1?% Issue: Although high explosive (HE) compounds were not identified as
i

contaminants of concern in the 2008 Site-Wide Record of Decision, Research
Complex Department Explosive (RDX) and High Melting Explosive (HMX) were
detected in Building 850 ground water during the five-year review period.
While data indicate that the extent of RDX and HMX in Building 850 ground
water is currently limited, the concentrations and extent of these HE
compounds are decreasing, and existing institutional/land use controls prevent
exposure, the following recommendation was developed to determine if further
actions need to be taken.

Recommendation #2: Collect subsurface soil samples for HE compound
analysis from the boreholes to be drilled as part of the Building 850 perchlorate
characterization effort. The soil data would be used to determine if a
significant ongoing source of HE compounds is present in the vadose zone
underlying the Building 850 Firing Table that could impact ground water above
cleanup standards.

Affect Affect Future Implementing Oversight Party | Milestone Date

Current Protectiveness Party

Protectiveness

No Potentially yes DOE EPA/State December 30,
2015 *

* This drilling and HE compound soil sampling effort will be conducted as part of the drilling and perchlorate soil
sampling effort that is currently being proposed in a Work Plan to be approved by the regulatory agencies. If the
regulators require additional sampling for HE compounds at Building 850, a new work plan and milestone date will
need to be prepared/selected.

iii
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Five-Year Review Summary Form (continued)

ISSUES/RECOMMENDATIONS Continued

OuU(s): 5 Issue Category: No Issue

Building Issue: Although no deficiencies or issues were identified with the Pit 7

850/Pit 7 Complex remedy, the following recommendation was developed to optimize

Complex the operation of the Pit 7-Source ground water extraction and treatment
component of the Pit 7 Complex remedy.
Recommendation #3: Convert current extraction well NC7-25 to a monitor
well and drill and install a larger diameter extraction well nearby to optimize
ground water extraction of uranium in ground water at this location.

Affect Affect Future Implementing Oversight Party | Milestone Date

Current Protectiveness Party

Protectiveness

No No DOE EPA/State September 30,

2018*

* This milestone is contingent upon receiving adequate funding to drill a new extraction well to replace the current
extraction well NC7-25 in 2018.

iv
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Five-Year Review Summary Form (continued)

ISSUES/RECOMMENDATIONS Continued

OuU(s): 5 Issue Category: No Issue

Buildi.ng Issue: Although no deficiencies or issues were identified with the Pit7

850/Pit 7 Complex remedy, the following recommendation was developed to optimize

Complex the operation and/or maintenance of the drainage diversion system component
of the Pit 7 Complex remedy.
Recommendation #4: Implement improvements to the surface and slope of
the road and the roadside drainage way on the east side of the Pit 7 Complex
landfills to minimize erosion and accumulation of sediment, reduce flooding
during heavy rain events, and both improve operation and reduce maintenance
requirements for the eastern drainage swale.

Affect Affect Future Implementing Oversight Party | Milestone Date

Current Protectiveness Party

Protectiveness

No No DOE EPA/State December 30,

2019*

* This milestone is contingent upon receiving adequate funding to complete upgrades in 2019.
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Five-Year Review Summary Form (continued)

PROTECTIVENESS STATEMENT

OU: Protectiveness Determination Addendum Due Date:
ou s Protective NA

Protectiveness Statement: The remedies at Operable Unit (OU) 5 (also called
Building 850/Pit 7 Complex OU) currently protect human health and the environment in the
short-term because there is no current exposure to site contamination. Exposure pathways that
could result in unacceptable risk to onsite workers are being controlled by the implementation of
institutional controls, the Health and Safety Plan, and the Contingency Plan.

The remedies protect human health in the short-term because:

1. Tritium activities in Building 850 and Pit 7 Complex ground water have significantly
decreased from their historical maximum, and natural attenuation will continue to reduce
trittum activities in ground water and surface water (Well 8 Spring) to meet the cleanup
standard in a reasonable timeframe.

2. The risk to onsite workers and ecological receptors associated with polychlorinated
biphenyl- (PCB-), dioxin-, and furan-contaminated surface soil at the Building 850 Firing
Table has been mitigated by the soil excavation and solidification removal action.
Institutional/land use controls and inspection and maintenance procedures prevent further
exposure by protecting the integrity of the Corrective Action Management Unit (CAMU).

3. Ground water monitoring of uranium and nitrate in Building 850 ground water will provide
an early indication of changes in the concentrations/activities and/or extent of these
constituents that could impact human health or the environment.

4. The engineered drainage diversion system at the Pit 7 Complex will continue to control the
contaminant source in the Pit 7 Complex landfills by preventing ground water level rises
into the pit waste, thereby releasing contaminants to ground water.

5. Volatile organic compound (VOC) concentrations in Pit 7 Complex ground water have
been reduced to below cleanup standards and are decreasing toward background levels, and
ground water extraction and treatment continues to reduce uranium activities and
perchlorate and nitrate concentrations in Pit 7 Complex ground water to cleanup standards.

6. The Pit 7 Complex landfill covers/caps, coupled with institutional/land use controls,
prevents inadvertent exposure of onsite workers to contaminants in the pit waste.

7. Natural attenuation (radioactive decay) has mitigated the tritium inhalation risk to onsite
workers at the Pit 3 Landfill.

8. No new contaminant releases have been identified for the Pit 7 Complex landfill, and
continued detection monitoring will provide an indication of any future releases.

9. Ground water monitoring will provide an early indication of migration of contaminants
towards the site boundary.
Exposure pathways that could result in unacceptable risk to onsite workers are being controlled
by the implementation of land use/institutional controls, the Health and Safety Plan, and the
Contingency Plan.

vi
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Five-Year Review Summary Form (continued)

PROTECTIVENESS STATEMENT Continued

Protectiveness Statement (continued):

The cleanup standards for ground water at Site 300, including the Building 850/Pit 7 Complex
OU, are drinking water standards. Because drinking water standards do not differentiate between
industrial and residential use, the ground water cleanup remedy will be protective under any land
use scenario.

However, in order for the remedy to be protective in the long-term, the following actions need
to be taken to ensure long-term protectiveness:

1. Monitor high explosive (HE) compounds in Building 850 ground water to verify the
continued decrease in Research Department Explosive (RDX) and High Melting
Explosive (HMX) concentrations and extent, and to continue to evaluate attenuation
mechanisms driving these decreases.

2. Collect subsurface soil samples for HE compound analysis from the boreholes to be
drilled as part of the Building 850 perchlorate characterization effort. The soil data would
be used to determine if a significant ongoing source of HE compounds is present in the
vadose zone underlying the Building 850 Firing Table that could impact ground water
above cleanup standards.

3. Complete characterization of perchlorate in subsurface soil at Building 850; present and
evaluate remedial alternatives; and select and implement a remedy to address perchlorate
in Building 850 ground water.

The Site-Wide Record of Decision (ROD) requires implementation of land use controls to
prohibit the transfer of Site 300 property or portions thereof with unmitigated contamination for
purposes of residential or unrestricted land use because:

* Some tritium and uranium may remain in subsurface soil following the achievement of
ground water cleanup standards.

*  Waste that may still contain contaminants will remain in place at the Pit 7 Complex
landfills.

* Solidified and consolidated soil contaminated with PCBs, dioxins, and furans will remain
in place in the Building 850 CAMU.

The Site 300 Federal Facility Agreement (FFA) prohibits DOE from transferring lands with
unmitigated contamination that could cause potential harm unless it complies with the
requirements of Section 120(h) of the Comprehensive Environmental Response Compensation
and Liability Act (CERCLA), 42 U.S.C. 9620(h) and requirements for notification and protection
of the integrity of the remedy set forth in Section 28 of the FFA. In the event that the Site 300
property is transferred in the future, DOE will execute a land use covenant at the time of transfer
in compliance with Title 22 California Code of Regulations (CCR) Division 4.5, Chapter 39,
Section 67391.1 as specified in the Site 300 ROD, and will implement deed restrictions per
CERCLA 120(h).
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Five-Year Review Summary Form (continued)

PROTECTIVENESS STATEMENT Continued

Protectiveness Statement (continued):

These land use controls will remain in place until and unless a risk assessment is performed in
accordance with current U.S. Environmental Protection Agency (EPA) risk assessment guidance
and the DOE/NNSA, EPA, Department of Toxic Substances Control (DTSC), and Regional
Water Quality Control Board (RWQCB) agree that it adequately shows that no unacceptable risk
is present for residential or unrestricted land use.

viii
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1. Introduction

The United States (U.S.) Department of Energy/National Nuclear Security Administration
(DOE/NNSA) has conducted a Five-Year Review of the remedial actions implemented at the
Building 850/Pit 7 Complex Operable Unit (OU) 5 at Lawrence Livermore National Laboratory
(LLNL) Site 300. Environmental cleanup is conducted under the oversight of the U.S.
Environmental Protection Agency (EPA), the California Department of Toxic Substances
Control (DTSC), and the California Regional Water Quality Control Board (RWQCB) — Central
Valley Region. DOE is the lead agency for environmental restoration at LLNL. The review
documented in this report was conducted from January 1, 2010 to December 31, 2014. Parties
providing analyses in support of the review include:

« U.S. DOE/NNSA, Livermore Field Office.
* LLNL, Environmental Restoration Department (ERD).
*  Weiss Associates.

The purpose of a Five-Year Review is to evaluate the implementation and performance of a
remedy to determine whether the remedy is currently protective and will continue to be
protective of human health and the environment. The Five-Year Review report presents the
methods, findings, and conclusions of the review. In addition, the Five-Year Review identifies
issues or deficiencies in the selected remedy, if any, and presents recommendations to address
them. The format and content of this document is consistent with guidance issued by DOE (U.S.
DOE, 2002) and the U.S. EPA (U.S. EPA, 2001).

DOE is preparing this Five-Year Review for OU 5 pursuant to Section 121 of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended by the Superfund Amendment Reauthorization Act (SARA), which requires that
remedial actions resulting in any hazardous substances, pollutants, or contaminants remaining at
the site be subject to a Five-Year Review. The National Contingency Plan 40 Code of Federal
Regulations Section 300.430(f)(4)(i1) further provides that remedial actions which result in any
hazardous substances, pollutants, or contaminants remaining at the site above levels that allow
for unlimited use and unrestricted exposure be reviewed every five years to ensure protection of
human health and the environment. Consistent with Executive Order 12580, Federal agencies
are responsible for ensuring that Five-Year Reviews are conducted at sites where five-year
reviews are required or appropriate.

LLNL Site 300 is a U.S. DOE/NNSA experimental test facility currently operated by the
Lawrence Livermore National Security (LLNS), Limited Liability Corporation. It is located in
the Eastern Altamont Hills 17 miles east of Livermore, California (Figure 1). At Site 300,
DOE/NNSA conducts research development, and testing associated with high explosive
materials. Historic Site 300 operations involved the release of a number of contaminants to the
environment. Nine Operable Units (OUs) have been designated at LLNL Site 300 based on the
nature and extent of contamination to effectively manage site cleanup (Figure 2):

+ General Services Area (GSA) (OU 1) including the Central and Eastern GSA.
+ Building 834 (OU 2).
« Pit 6 Landfill (OU 3).
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« High Explosives (HE) Process Area (OU 4) including Building 815, the HE Lagoons, and
the HE Burn Pit.

+ Building 850/Pit 7 Complex (OU 5).
+ Building 854 (OU 6).
+ Building 832 Canyon (OU 7) including Buildings 830 and 832.

« Site-Wide (OU 8) including Buildings 801, 833, 845, and 851 and the Pit2, 8, and
9 Landfills.

- Building 812 (OU 9).

Five-year reviews are currently conducted individually for each OU at Site 300, except for
OUs 3 and 8. The Remedial Action Completion Report for the Building 850/Pit 7 Complex OU
(Dibley et al., 2010) completed in May 2010 is the trigger for the start of the first five-year
review period for OU 5, in accordance with U.S. EPA guidance (U.S. EPA, 2002). At the other
OUs where construction began prior to the Site-Wide Record of Decision (ROD) as treatability
studies and/or removal actions, DOE and the regulatory agencies agreed to use the completion of
the OU-specific Remedial Design report as the trigger for start of the first five-year review
period.

This is the first Five-Year Review for the Building 850/Pit 7 Complex OU 5. This review is
considered a statutory review because: (1) contamination will remain onsite upon completion of
the remedial action, (2) the Record of Decision was signed after October 17, 1986 (the effective
date of the SARA), and (3) the remedial action was selected under the CERCLA.

Section 1.1 through 1.9 include the descriptions and status of the other OUs and areas where
environmental restoration activities are occurring at Site 300. Section 2 presents the chronology
of significant environmental restoration events at the Building 850/Pit 7 Complex OU.
Section 3 presents background and description for the Building 850/Pit 7 Complex OU 5.
Section 4 discusses remedial actions selected and implemented in OU 5, and progress towards
meeting remedial action objectives and cleanup standards. Sections 5 and 6 provide a
discussion of the five-year review process and the technical assessment of the remedy function
and protectiveness, respectively. Sections 7 and 8 present issues identified during the review
process and recommendations to address those issues. Section 9 summarizes the protectiveness
of the remedy for the Building 850/Pit 7 Complex OU.

1.1. General Services Area (GSA) OU (OU 1)

The GSA OU has been separated into the Central GSA and the Eastern GSA based on
differences in hydrogeology and the distribution of environmental contaminants. DOE has
performed three Five-Year Reviews for the GSA OU (Ferry et al., 2001a; Dibley et al., 2006;
and Valett et al., 2011). The Third Five-Year Review for the GSA determined that additional
offsite land use controls are necessary for long-term protectiveness due to the presence of
contamination in offsite ground water. The fourth Five-Year Review is scheduled for 2016.

1.1.1. Central GSA

Chlorinated solvents, mainly trichloroethene (TCE), were used as degreasing agents in craft
shops in the Central GSA. Rinse water from these degreasing operations was disposed of in dry
wells that were gravel-filled holes about 3 to 4 feet (ft) deep and two ft in diameter. As a result,
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subsurface soil and ground water was contaminated with volatile organic compounds (VOCs).
There are no contaminants of concern (COCs) in surface soil in the central GSA. The Central
GSA dry wells were used until 1982. In 1983 and 1984, these dry wells were decommissioned
and excavated.

Ground water cleanup began in the Central GSA in 1992 and soil vapor extraction started in
1994 as removal actions. In 1997, a Final ROD for the GSA OU (U.S. DOE, 1997) was signed
and ground water and soil vapor extraction and treatment continued as a remedial action. The
selected remedy for the Central GSA includes monitoring, risk and hazard management
including land use controls, and ground water and soil vapor extraction and treatment. The
remedial design was completed in 1998 and construction completion for the OU was achieved in
September 2005.

Operation of the ground water and soil vapor extraction and treatment systems to remove
VOCs from the subsurface is ongoing. Remediation has reduced maximum VOC concentrations
in ground water from a historic maximum of 272,000 micrograms per liter (ug/L) to a 2014
maximum of 364 pg/L (April 2014) and has mitigated the risk to onsite workers from inhalation
of VOC:s inside Building 875.

1.1.2. Eastern GSA

The sources of contamination in the Eastern GSA are debris burial trenches that received
craft shop debris that contained solvent residue. Leaching of solvents from the debris resulted in
the release of VOCs to ground water.

Ground water cleanup began in the Eastern GSA in 1991 as a removal action. In 1997, a
Final ROD for the GSA OU was signed and ground water extraction and treatment continued as
a remedial action. The remedial design was completed in 1998 and construction completion for
the OU was achieved in September 2005. A ground water extraction and treatment system
operated from 1991 to 2007 to remove VOCs from ground water.

By 2005, VOC concentrations in both onsite and offsite ground water in the Eastern GSA
area had been reduced to below the drinking water Maximum Contaminant Cleanup (MCL)
cleanup standards. In February 2007, the ground water extraction and treatment system was shut
down with regulatory concurrence. DOE/NNSA continued to monitor ground water for five
years, during which time VOC concentrations remained below the cleanup standards, indicating
that ground water cleanup had been successfully completed in the Eastern GSA. A Draft
Close-out Report for the Eastern GSA was submitted to the regulatory agencies in December
2012 (Dibley and Ferry, 2012a). At the regulatory agencies request, additional characterization
activities were conducted in 2014 to determine if polychlorinated biphenyls (PCBs,)
semi-volatile organic compounds, and polycyclic aromatic hydrocarbons are present in
subsurface soil in the Eastern GSA debris burial trench area. Per regulatory agreement, the
results of these characterization activities will be presented in a Technical Memorandum.

1.2. Building 834 (OU 2)

From 1962 to 1978, intermittent spills and piping leaks resulted in contamination of the
subsurface soil and rock and ground water with VOCs and silicone oils (tetrabutyl
orthosilicate/tetrakis (2-ethylbutyl) silane [TBOS/TKEBs]). Nitrate in ground water results from
septic system effluent but may also have natural sources. There are no COCs in surface soil.
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Completed remedial activities include excavating VOC-contaminated soil (1983) and
installing a surface water drainage system to prevent rainwater infiltration in the contaminant
source area (1998). Ground water and soil vapor extraction and treatment began in 1986 as
treatability studies. An area-specific Interim ROD for the Building 834 OU (U.S. DOE, 1995)
was superseded by the Interim Site-Wide ROD (U.S. DOE, 2001) and subsequent 2008
Site-Wide ROD (U.S. DOE, 2008). The Building 834 OU remedy includes monitoring, risk and
hazard management including land use controls, and ground water and soil vapor extraction and
treatment. Significant in sifu bioremediation is occurring in Building 834 ground water and a
treatability study was conducted that focused on understanding and enhancing this process. The
remedial design was completed in 2002 and construction completion for the OU was achieved in
September 2005.

Remediation has reduced VOC concentrations in ground water from a historic maximum of
1,060,000 pg/L to a 2014 maximum of 180,000 pg/L (February 2014). TBOS/TKEBs in ground
water have also been reduced from a historic maximum concentration of 7,300,000 ug/L in 1995
to a most recent maximum of 91 pg/L (August 2014). While nitrate concentrations have
decreased from a historic maximum of 749 milligrams per liter (mg/L) in 2000 to a 2014
maximum of 300 mg/L (1* Semester 2014), the elevated nitrate concentrations continue to
indicate an ongoing source of ground water nitrate. Sources of nitrate at Building 834 include
the septic system leach field located in the vicinity of wells W-834-S1, and naturally occurring
nitrate in soil. Nitrogenous compounds, like nitric acid or barium nitrate, might also have
inadvertently been discharged into the septic system via a test cell floor drain. Anaerobic
bacteria in the Building 834 Core and T2 areas reduce nitrate locally by denitrification.

DOE has performed three Five-Year Reviews for the Building 834 OU (Ferry et al., 2002a,
Dibley et al., 2007a, and Valett et al., 2012). The next Five-Year Review Report is scheduled for
2017.

1.3. Pit 6 Landfill (OU3)

From 1964 to 1973, approximately 1,900 cubic yards (yd’) of waste from LLNL Livermore
Site and Lawrence Berkeley Laboratory was buried in nine unlined trenches and animal pits at
the Pit 6 Landfill. Infiltrating rainwater leached contaminants from pit waste resulting in tritium,
VOC, and perchlorate contamination in ground water. Nitrate contamination in ground water
results from septic system effluent. No COCs were identified in surface or subsurface soil.

In 1971, DOE excavated portions of the waste contaminated with depleted uranium. From
1973 to 1997, no waste was placed in the Pit 6 Landfill. In 1997, a landfill cap was installed as a
CERCLA removal action to prevent infiltrating precipitation from further leaching contaminants
from the waste. Because of decreasing VOC concentrations in ground water, the presence of
TCE degradation products, and the short half-life of tritium (12.3 years), the selected remedy for
VOCs and tritium at the Pit 6 Landfill is monitored natural attenuation (MNA). Because ground
water monitoring data for perchlorate and nitrate were limited, DOE/NNSA continued to monitor
ground water to determine if and when an active remedy for these contaminants might be
necessary. The remedy also includes risk and hazard management. Construction completion
was achieved in October 2002. No Remedial Design document was required for this area.

The extent of contamination at the Pit 6 Landfill is limited and continues to decrease with
concentrations/activities near and below cleanup standards. Natural attenuation has reduced total
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VOCs in ground water from a historic maximum of 250 pg/L in 1988 to a 2014 maximum of
5.2 ng/L (January 2014), consisting entirely of TCE. Tritium activities are well below the
cleanup standard and continue to decrease towards background levels. Perchlorate has not been
detected in any wells above the 4 pg/L reporting limit since 2011. The extent of nitrate at
concentrations exceeding the cleanup standard continues to be limited to one well located near a
septic system. Installation of the landfill cap mitigated the onsite worker inhalation risk. There
is no evidence of new contaminant releases from the Pit 6 Landfill indicated by the ground water
detection monitoring data.

DOE has performed one Five-Year Review for this OU (Buscheck et al., 2013). In the 2013
Five-Year Review, the regulatory agencies agreed to remove 1,2-dichloroethane, cis- and
trans-1,2-dichloroethene, tetrachloroethene, 1,1,1 trichloroethane, and perchlorate as COCs in
Pit 6 Landfill OU ground water because concentrations of these COCs had decreased to and have
remained below their cleanup standard and/or reporting limit in all Pit 6 wells for at least four
years and up to 21 years.

1.4. High Explosives (HE) Process Area (OU 4)

From 1958 to 1986, surface spills at the drum storage and dispensing area for the former
Building 815 steam plant resulted in the release of VOCs to ground water, subsurface soil, and
bedrock. HE compounds, nitrate, and perchlorate detected in ground water are attributed to
wastewater discharges to former unlined rinse water lagoons that occurred from the 1950s to
1985. VOCs, nitrate, and perchlorate have also been identified as COCs in ground water near
the former HE Burn Pits. VOCs have been identified as COCs in surface water at Spring 5. HE
compounds are the COCs in surface soil. HE compounds and VOCs are the COCs in subsurface
soil. No further action was selected as the remedy for VOCs and High-Melting Explosive
(HMX) in surface and subsurface soil.

The HE Open Burn Facility was capped under the Resource Conservation and Recovery Act
(RCRA) in 1998. In 1999, DOE implemented a CERCLA removal action to extract ground
water at the site boundary and prevent offsite TCE migration. The HE Process Area remedy
selected in the Site-Wide ROD includes: (1) ground water extraction and treatment for VOCs,
HE compounds, and perchlorate, and (2) MNA for nitrate (except at Building 829 where nitrate
is extracted and treated), (3) monitoring, and (4) risk and hazard management including land use
controls. The remedial design was completed in 2002. Construction completion for the OU was
achieved in September 2007. Five ground water extraction and treatment systems currently
operate in the OU. In 2013, use of the 829-Source ground water treatment system was
discontinued due to intermittent flow and very low production. Ground water extracted from the
Building 829 source area is stored and transported to the 815-Source facility for treatment.

Ground water remediation efforts have reduced total VOC concentrations from a historic
maximum of 1,013 pg/L in 1993 to a 2014 maximum of 40 pg/L (March 2014). Perchlorate
concentrations have decreased from a historic maximum of 50 pg/L in 1998 to a 2014 maximum
of 29 pug/L (July 2014). Research Department Explosive (RDX) in ground water has been
reduced from a maximum historic concentration of 350 pg/L in 1988 to a 2014 maximum of
87 ng/L (March 2014). Natural denitrification processes are reducing nitrate concentrations in
ground water to background levels. Remediation has also mitigated risk to onsite workers in the
HE Process Area OU.
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DOE has performed two Five-Year Reviews for the High Explosives Process Area OU
(Dibley et al., 2007b and Helmig et al., 2012). The Second Five-Year Review for the High
Explosives Process Area determined that additional offsite land use controls are necessary for
long-term protectiveness due to the presence of contamination in offsite ground water. The next
Five-Year Review Report is scheduled for 2017.

1.5. Building 854 (OU 6)

TCE was released to soil and ground water through leaks and discharges of heat-exchange
fluid, primarily between 1967 and 1984. Nitrate and perchlorate are also COCs in ground water.
HE compounds (HMX), PCBs, dioxins, furans, tritium, and metals were identified as COCs in
surface soil. No further action was selected as the remedy for metals, HMX, and tritium in
surface soil.

In 1983, TCE-contaminated soil was excavated at the northeast corner of Building 854F.
Ground water extraction and treatment has been conducted since 1999 to reduce VOC, nitrate,
and perchlorate concentrations in ground water. PCB-, dioxin-, and furan-contaminated soil in
the Building 855 former rinse water lagoon was excavated in 2005 (Holtzapple, 2005). The
remedy selected for this OU in the Site-Wide ROD includes monitoring, risk and hazard
management including land use controls, and ground water and soil vapor extraction and
treatment. The remedial design was completed in 2003. Construction completion for the OU
was achieved in September 2007. Three ground water extraction and treatment systems and one
soil vapor extraction and treatment system currently operate in the OU.

Ground water remediation has reduced total VOC concentrations from a historic maximum
of 2,900 pg/L in 1997 to a 2014 maximum of 92 pg/L (February 2014). Nitrate concentrations
have decreased from a historic maximum of 260 mg/L in 2003 to a 2014 maximum of 130 mg/L
(May 2014). Perchlorate concentrations in ground water have also decreased from 27 pg/L in
2003 to a 2014 maximum of 15 pg/L (1% Semester 2014). Risks to onsite workers from
inhalation of VOC vapors and from exposure to PCBs, dioxins, and furans in surface soil have
been mitigated.

DOE has performed two Five-Year Reviews for the Building 854 OU (Dibley et al., 2009a
and Valett et al., 2014). The next Five-Year Review Report is scheduled for 2019.

1.6. Building 832 Canyon (OU 7)

Contaminants were released from Buildings 830 and 832 through piping leaks and surface
spills during past activities at these buildings. VOCs, nitrate, and perchlorate are the COCs in
ground water. VOCs are the COCs in surface water at Spring 3. VOC:s, nitrate, and HMX are
the COCs in subsurface soil. HMX is also a COC in surface soil. No further action was selected
as the remedy for HMX in surface soil and HMX and nitrate in subsurface soil.

Ground water and soil vapor extraction and treatment have been conducted since 1999 to
reduce contamination in ground water and subsurface soil. The Building 832 Canyon OU
remedy selected in the Site-Wide ROD includes monitoring, risk and hazard management
including land use controls, MNA for nitrate, and ground water and soil vapor extraction and
treatment. The remedial design was completed in 2006. Construction completion for the OU
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was achieved in September 2007. Three ground water extraction and treatment systems and two
soil vapor extraction and treatment systems currently operate in the OU.

Remediation has reduced total VOC concentrations from a historic maximum of 13,000 pg/L
in 2003 to a 2014 maximum of 2,100 pg/L (August 2014). Perchlorate concentrations have been
reduced from a historic maximum of 51 pg/L in 1998 to a 2014 maximum of 9.7 ng/L. (February
2014). Nitrate concentrations in ground water remain fairly stable, and are possibly the result of
the ongoing contribution of nitrate from septic systems and natural bedrock sources. Natural
denitrification processes continue to reduce nitrate concentrations to background levels near the
site boundary. Remediation has also mitigated the risk to onsite workers at several locations in
the Building 832 Canyon OU.

A Five-Year Review of remediation in the Building 832 Canyon OU was completed in
August 2011 (Helmig et al., 2011). The second Five-Year Review Report is scheduled for 2016.

1.7. Site-Wide (OU 8)

Operable Unit 8 includes the contaminant release sites that have a monitoring-only remedy:
the Building 801 Dry Well and Pit 8 Landfill, Building 833, Building 845 and Pit 9 Landfill, the
Building 851 Firing Table, and the Pit 2 Landfill. OU 8 release sites have a monitoring-only
remedy because either: (1) contaminants in surface and subsurface soil/bedrock do not pose a
risk to humans or plant and animal populations or a threat to ground water, (2) there is no ground
water contamination, (3) contaminant concentrations in ground water do not exceed cleanup
standards, and/or (4) the extent of contamination in ground water is limited. These release sites
are summarized below.

DOE has performed one Five-Year Review for this OU (Buscheck et al., 2013).
1.7.1. Building 801 Dry Well and the Pit 8 Landfill (OU 8)

The Building 801 Firing Table was used for explosives testing and operations resulting in
contamination of adjacent soil with metals and uranium. Use of this firing table was
discontinued in 1998, and the firing table gravel and some underlying soil were removed. Waste
fluid was discharged to a dry well (sump) located adjacent to Building 801D from the late 1950s
to 1984. The dry well was decommissioned and filled with concrete in 1984. VOC:s, perchlorate
and nitrate are COCs in ground water due to the past releases from the Building 801 Dry Well.
VOC concentrations in ground water are currently near or below cleanup standards. Nitrate
concentrations in ground water currently exceed the cleanup standard in two wells. Perchlorate
is not currently detected in ground water. VOCs are COCs in subsurface soil, but do not pose a
risk to human health. The adjacent Pit 8§ Landfill received debris from the Building 801 Firing
Table until 1974, when it was covered with compacted soil. There is no evidence of contaminant
releases from the landfill.

The remedy selected for this area in the Site-Wide ROD includes monitoring and risk and
hazard management including land use controls. No further action was selected as the remedy
for VOCs in subsurface soil at Building 801.

No Remedial Design documents were required for this area.
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1.7.2. Building 833 (OU 8)

TCE was used as a heat-exchange fluid in the Building 833 area from 1959 to 1982 and was
released through spills and rinse water disposal, resulting in TCE-contamination of subsurface
soil and shallow perched ground water. No contamination has been detected in the deeper
regional aquifer. No COCs were identified in surface soil at Building 833.

The selected remedy for Building 833 includes monitoring and risk and hazard management
including land use controls. No Remedial Design document was required for this area. Ground
water monitoring at Building 833 has shown a decline in total VOC concentrations from a
historic maximum of 2,100 pg/L in 1992 to a 2014 maximum of 110 ug/L (March 2014).

1.7.3. Building 845 Firing Table and the Pit 9 Landfill (OU 8)

The Building 845 Firing Table was used from 1958 until 1963 to conduct explosives
experiments. Leaching from firing table debris resulted in minor contamination of subsurface
soil with depleted uranium and HMX but no unacceptable risk to human or ecological receptors
or threat to ground water was identified. No contaminants have been detected in surface soil or
in ground water at the Building 845 Firing Table. Debris generated at the Building 845 Firing
Table was buried in the Pit 9 Landfill. There has been no evidence of contaminant releases from
the Pit 9 Landfill.

The remedy selected for Building 845 and the Pit 9 Landfill in the Site-Wide ROD includes
monitoring and risk and hazard management including land use controls. No further action was
selected as the remedy for uranium and HMX in subsurface soil at Building 845. No Remedial
Design documents were required for this area.

1.7.4. Building 851 Firing Table (OU 8)

The Building 851 Firing Table has been used for high-explosives research since 1962. VOCs
and uranium-238 were identified as COCs in subsurface soil, and RDX, uranium-238, and metals
as surface soil COCs. However, no risk to humans or animal populations, or threat to ground
water associated with these contaminants in surface and subsurface soil was identified in the
baseline risk assessment. Uranium-238 was identified as a COC in ground water. However, it
poses no risk to human or ecological receptors, and uranium activities remain well below
cleanup standards and within the range of background levels.

In 1988, the firing table gravel was removed and disposed in Pit 7. Gravel has been replaced
periodically since then. The remedy selected for Building 851 in the Site-Wide ROD includes
monitoring and risk and hazard management including land use controls. No further action was
selected as the remedy for VOCs and uranium in surface and subsurface soil, and for RDX and
metal in surface soil at Building 851. No Remedial Design document was required for this area.

In 2014, DOE/NNSA identified the need for additional investigation of uranium-238 in
surface soil at the Building 851 Firing Table to determine if the results of the baseline risk
assessment are still valid, given the ongoing use of the firing table after the remedial
investigation was completed.

1.7.5. Pit 2 Landfill (OU 8)

The Pit 2 Landfill was used from 1956 until 1960 to dispose of firing table debris from
Buildings 801 and 802. Ground water data indicate a discharge of potable water conducted from
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1996 to 2005 to support a red-legged frog habitat located upgradient from the landfill may have
leached depleted uranium from the buried waste. The frogs were relocated and the water
discharge was discontinued, thereby removing the leaching mechanism. No contaminants were
identified in surface or subsurface soil at the Pit 2 Landfill. No risk to human or ecological
receptors has been identified at the Pit 2 Landfill.

The remedy selected for the Pit 2 Landfill in the Site-Wide ROD includes monitoring and
risk and hazard management including land use controls. Monitoring data indicate that uranium
activities remain below the cleanup standard. There is no evidence of new contaminant releases
from the Pit 2 Landfill indicated by the ground water detection monitoring data. No Remedial
Design document was required for this area.

1.8. Building 812 (OU 9)

The Building 812 Complex was built in the late 1950s-early 1960s and was used to conduct
explosives tests and diagnostics until 2008. A Characterization Summary Report for this area
was completed in 2005 (Ferry and Holtzapple, 2005). The Building 812 Complex was
designated as OU 9 in March 2007 based on characterization results that indicated the presence
of uranium, VOCs, HE compounds, nitrate, and perchlorate in environmental media. In 2008, a
draft Remedial Investigation/Feasibility Study (RI/FS) describing the results of characterization
activities and remedial alternatives for the Building 812 OU was submitted to the regulatory
agencies and a DOE task force. The DOE task force recommended additional characterization
be performed at the OU and the regulatory agencies agreed. Additional characterization began in
2011 and is ongoing. A new RI/FS report will be prepared following the completion of
characterization. A Proposed Plan will subsequently present the alternatives and a preferred
remedy for public comment. A remedy will then be selected in an Amendment to the Site-Wide
ROD.

1.9. Building 865/Advanced Test Accelerator

Building 865 facilities were used to conduct high-energy laser tests and diagnostics in
support of national defense programs from 1980 to 1995. The Building 865 Complex housed a
275-foot linear electron accelerator called the Advanced Test Accelerator (ATA). The ATA was
designed to produce a repetitively pulsed electron beam for charged particle beam research. In
2006, a Characterization Summary Report for this area was submitted to the regulatory agencies
(Ferry and Holtzapple, 2006). Freon 113, Freon 11, and tetrachloroethene (PCE) were identified
as COCs in ground water. However, concentrations of Freon 11 and Freon 113 are well below
their MCLs; and PCE is only detected in one well at a concentration slightly above its 5 pg/L
MCL (6.6 pg/L in well W-865-2004 in January 2014). In July of 2014, DOE/NNSA agreed to
conduct additional characterization at Building 865 to add to the degree of certainty that residual
contamination is not present in some areas where soil was previously characterized and/or
excavated. An RI/FS report will be prepared following the completion of characterization. A
Proposed Plan will subsequently present the alternatives and a preferred remedy for public
comment. A remedy will then be selected in an Amendment to the Site-Wide ROD.
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2. Site Chronology

The following is a chronological listing of significant environmental restoration events at the
Building 850/Pit 7 Complex OU:

1958

Building 850 was constructed and hydrodynamic/high explosive experiments began on
the overlying firing table.

1958-1967

Gravel and experimental debris from the Building 850 and 851 Firing Tables were buried
in the Pit 3 Landfill.

1962-1972

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

1963-1978
Primary use of tritium at the Building 850 Firing Table occurred.
1964-1967

An estimated 1,000 PCB-bearing capacitors were destroyed as part of experimental tests
at the Building 850 Firing Table.

1968-1974

Gravel and experimental debris from the Building 850 and 851 Firing Tables were buried
in the Pit 4 Landfill.

1968-1979

Gravel and experimental debris from the Building 850 and 851 Firing Tables were buried
in the Pit 5 Landfill.

1978-1988

Gravel and experimental debris from the Building 850 and 851 Firing Tables was buried
in the Pit 7 Landfill. Some gravels from firing tables at Buildings 801, 802, 812, and 845

were placed in Pit 7 in 1988.
1981

TCE was detected in an onsite water-supply well and remedial investigations began at
Site 300. The first monitor wells installed in OU 5.

1981-1991
Remedial investigations were conducted at the Building 850/Pit 7 Complex OU.
1988-1994

Five former water-supply wells were decommissioned and sealed in the Building 850/
Pit 7/East Firing Area

1990
LLNL Site 300 was placed on the National Priorities List.

10
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Closure and Post-Closure Plans for the capping of the Pit (4 and) 7 Landfills were
completed (Rogers/Pacific Corporation, 1990).

1992
A Federal Facilities Agreement (FFA) was signed for Site 300.

An engineered cap and interceptor trenches and surface water drainage channels were
constructed for the Pit 4 and 7 Landfills (referred to as the Pit 7 Cap) in compliance with
RCRA requirements.

1994

The Site-Wide Remedial Investigation report for Site 300 was issued that included the
Building 850/Pit 7 Complex OU (Webster-Scholten et al., 1994).

1996

An Addendum to the Site-Wide Remedial Investigation report for the Building 850/Pit 7
Complex OU provided additional information on the site hydrogeology, contaminant
distribution and fate and transport, and potential risk and hazard indices (Taffet et al.,

1996).
1998

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

PCB-contaminated shrapnel and debris were removed from the area around the Building
850 Firing Table.

1999

Evaluation of perchlorate and nitrate in Building 850/Pit 7 Complex OU ground water
was initiated.

2000

DOE and the regulatory agencies agreed that additional site characterization and
evaluation of cleanup options were necessary prior to selecting a remedy for the Pit 7
Complex.

2000-2003
Additional site characterization activities were conducted at the Pit 7 Complex.
2001

An Interim Site-Wide ROD for Site 300 was signed in which a remedy was selected for
the Building 850 portion of OU 5 (U.S. DOE, 2001). The Building 850 remedy included
monitoring, risk and hazard management including land use controls, and MNA of
tritium in ground water. A remedy for the Pit 7 portion of OU 5 was not included in the
Interim Site-Wide ROD as additional characterization of this area was still underway.
The Interim Site-Wide ROD did not contain ground water cleanup standards.

A Remedial Design Work Plan was issued that contained the strategic approach and
schedule to implement the remedies in the Interim Site-Wide ROD (Ferry et al., 2001c¢).

11
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2002
The Compliance Monitoring Plan/Contingency Plan for Interim Remedies was issued
(Ferry et al., 2002b).

2003
A permeable reactive barrier was installed downgradient of the Pit 7 Complex as part of

an in situ treatability study to test the effectiveness of this technology in removing
uranium from ground water.

2004
A remedial design was completed for the Building 850 Firing Table (Taffet et al., 2004).

2005

* An area-specific Remedial Investigation/Feasibility Study was completed for the Pit 7
Complex portion of OU 5 (Taffet et al., 2005).

2007

* An Amendment to the Interim Site-Wide ROD for the Pit 7 Complex was signed that
selected the remedy for the Pit 7 Complex portion of OU 5 including monitoring, risk and

hazard management including land use controls, MNA of tritium, ground water
extraction and treatment, and source control (U.S. DOE, 2007).

2008

» The Site-Wide ROD with selected remedies and cleanup standards for Site 300 was
signed by DOE, EPA, DTSC, and the RWQCB. The remedies for the Building 850/Pit 7
Complex OU did not change in the 2008 Site-Wide ROD, with the exception that ground
water cleanup standards were added in the 2008 Site-Wide ROD.

» High explosive experiments ceased at the Building 850 Firing Table.

* An Engineering Evaluation/Cost Analysis (EE/CA) and Action Memorandum were
completed for the Removal Action to remediate PCB-, dioxin-, and furan-contaminated
soil at the Building 850 Firing Table (Dibley et al., 2008a and Dibley et al., 2008b).

* The Remedial Design report for the Pit 7 Complex remedy was completed (Taffet et al.,
2008).

« A Drainage Diversion System was installed at the Pit 7 Complex to prevent further
releases of COCs from the pits and underlying bedrock to ground water.

2009

* The revised Compliance Monitoring Plan/Contingency Plan was issued (Dibley et al.,
2009b).

* The Building 850 PCB-soil Removal Action Design was completed (SCS Engineers,
2009).

« A removal action for the excavation, consolidation, and solidification of PCB-, dioxin-,
and furan-contaminated soil in a Corrective Action Management Unit (CAMU) at the
Building 850 Firing Table was completed.
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» A Verification Sampling and Analysis Report for the excavation of PCB-, dioxin-, and
furan-contaminated soil at Building 850 was submitted and approved by the regulatory
agencies (Holtzapple, 2010).

» A ground water treatment system was constructed and began operating at the Pit7
Complex to remove COCs from ground water.

2011

« A treatability study work plan for the enhanced in situ bioremediation of perchlorate in
Building 850 ground water was completed (Holtzapple, 2011a).

+ A Remedial Action Completion Report for the Building 850/Pit 7 Complex OU was
completed (Dibley et al., 2011b).

* An enhanced in situ bioremediation treatability study for reduction of perchlorate in
ground water immediately downgradient of Building 850 commenced in September 2011
and is ongoing.

2012

« A tracer test was initiated in Building 850 ground water to determine the ground water
pathway of water injected into an in situ bioremediation injection well NC7-70.

3. Background

3.1. Physical Characteristics

3.1.1. Site Description

LLNL Site 300 is a U.S. DOE experimental test facility operated by the LLNS, Limited
Liability Corporation. It is located in the Eastern Altamont Hills 17 miles east of Livermore,
California (Figure 1). At Site 300, DOE conducts research development, and testing associated
with high explosive materials. The climate at Site 300 is semi-arid; approximately 10 to
15 inches of precipitation falls each year, mostly in the winter.

The Building 850/Pit 7 Complex OU is located in the northwestern portion of LLNL Site 300
(Figure 2). Although Building 850 and the Pit 7 Complex are different and separate release sites,
they were incorporated into one OU due to the commingling of the downgradient contaminant
plumes emanating from these sources. The Building 850 and Pit 7 Complex portions of this OU
are described in Sections 3.1.1.1 and 3.1.1.2, respectively

3.1.1.1. Building 850 Firing Table Site Description

The Building 850 Firing Table is located approximately 2,000 ft south of the Pit 7 Complex
(Figure 3). The firing table and the concrete-reinforced bunker, located directly adjacent to and
partially under the firing table, were constructed in 1958. The firing table was used to test and
develop detonators for prototypical nuclear weapons and armor-piercing projectiles. The bunker
was used for diagnostic operations during firing table experiments, such as high-speed
photography. The firing table and bunker are located in a topographically low area of the
surrounding hills, presumably to reduce air pressure waves and contain debris released during
experimental shots.
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High explosives experiments were conducted at the Building 850 Firing Table from 1958 to
2008. 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 (*Ha),
although some solid lithium tritide was also used. In addition to tritium, the test assemblies used
on the firing table contained high explosives and occasionally depleted uranium. No
experiments were conducted with fissile materials such as enriched uranium or plutonium.

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.

The firing table and the roof of the bunker were covered with up to 5 ft of gravel to absorb
the shock from shot blasts and minimize impacts to bunker occupants. The firing table gravel
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. This practice was discontinued in
2004. Prior to 1988, the upper 3 inches of gravel were removed from the firing table and
disposed of in the Pit 7 Complex landfills on a quarterly basis. After 1988, gravels removed
from the firing table were transported to the Nevada Test Site for disposal.

Use of the Building 850 Firing Table for explosives experiments was discontinued in 2008.
All utility connections to Building 850 were disconnected in 2009.

3.1.1.2. Pit 7 Complex Site Description

The Pit 7 Complex is located in the northwest part of Site 300 (Figure 2), approximately
2,000 ft south of the site boundary. The Pit 7 Complex is located within a broad
northwest-southeast trending valley within the Elk Ravine drainage area that is characterized by
a series of northwest-southeast trending ridges and incised valleys (i.e., Doall Ravine). Due to
the semi-arid climate (approximately 10 inches of rainfall per year), natural surface water in the
Pit 7 Complex area is relatively rare, but occurs as surface water runoff during heavy rainfall
events. When surface runoff is generated, surface water generally flows southeastward toward
Doall Ravine in an ephemeral alluvial drainage channel located just east of the Pit 7 Complex.

The Pit 7 Complex consists of the Pit3, 4, 5 and 7 Landfills that were constructed by
excavating topsoil and alluvial materials within a valley bottom to an average depth of 15 to
20 feet (Taffetetal., 1989). From 1958 to 1988, the Pit 7 Complex landfills were used to
dispose of firing table debris and spent gravel. The majority of the waste material in the pits
came from the firing tables at Buildings 850 and 851, where aboveground detonations were
conducted. 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, depleted
uranium, perchlorate, and nitrate.

The history of each landfill is summarized below:
Pit 3 Landfill

The Pit 3 Landfill was opened in 1958 and closed in 1967 (Taffet et al., 1989). The area and
volume of Pit3 are 6,180 square yards (yd®) and 26,221 cubic yards (yd’), respectively
(Lindeken and Hieb, 1989).
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Pit 4 Landfill

LLNL opened the Pit 4 Landfill in 1968 and closed it in 1974. (Taffet et al., 1989). The area
and volume of Pit 4 are 855 yd* and 2,796 yd’, respectively (Lindeken and Hieb, 1989).

Pit 5 Landfill

The Pit 5 Landfill was opened in 1968 and closed in 1979 (Taffet et al., 1989). The area and
volume of Pit 5 are 9,100 yd* and 29,907 yd’, respectively (Lindeken and Hieb, 1989).

Pit 7 Landfill

LLNL opened the Pit 7 Landfill in 1968 and ceased depositing waste in it in November 1988
(Taffet et al., 1989). The area and volume of Pit 7 are 2,250 yd* and 31,111 yd’, respectively
(Lindeken and Hieb, 1989). Although most of the waste material in Pit 7 was generated at the
Building 850 and 851 firing tables, some gravel from the firing tables at Buildings 801, 802, 812,
and 845 were deposited in Pit 7.

A map of the Pit 7 Complex area within OU 5 showing the locations of Doall and Elk
Ravines, the landfills, drainage diversion system, extraction and monitor wells, and the treatment
system is presented on Figure 3.

3.1.2. Hydrogeologic Setting

This section describes the general hydrogeologic setting for the Building 850/Pit 7 Complex
OU including surface water, and the unsaturated zone, and the hydrostratigraphic units (HSUs)
underlying the area. An HSU is a water-bearing zone that exhibits similar hydraulic and
geochemical properties within a particular stratigraphic unit(s).

The spatial and temporal distribution of ground water in the Building 850 and Pit 7 Complex
is influenced by several factors, including: (1) episodic El Nifio-type rainfall events, (2) hillslope
steepness and ground cover, (3) geologic structures (including bedding orientation, fractures, and
faults), and the (4) inclined axes of alluvial drainage channels. During heavy rainfall events, hill
slopes and alluvial drainage channels transmit surface and shallow ground water within the
Building 850 area and Pit 7 Complex toward Doall Ravine, which discharges to Elk Ravine and
ultimately to Corral Hollow Creek. The interaction between the alluvial drainage system and the
underlying variably-transmissive fractured bedrock influences ground water flow and
contaminant transport in OU 5.

3.1.2.1. Vadose (Unsaturated) Zone

Unsaturated colluvium and unsaturated alluvium occur on hillslopes above Building 850 and
west of the Pit 7 Complex landfill and in the stream channel that runs along the northeast side of
the Pit 7 Complex Valley and northeastward within Doall Ravine. These materials are typically
underlain by unsaturated weathered bedrock and Neroly Formation sandstone. The vadose zone
is approximately 10 to 35 ft thick.

3.1.2.2. Saturated Zone

The following HSUs have been identified in the Building 850/Pit 7 Complex OU:
« Quaternary alluvium/weathered bedrock (Qal/WBR) HSU

« Lower Neroly Formation (Tnbs,/Tnbs,) HSU

« Lower Neroly Formation (Tnsc,) HSU
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* Cierbo Formation (Tmss) HSU

In the vicinity of Building 850, the Qal/WBR and Tnbs,/Tnbs, HSUs are continuous and
connected and therefore constitute a single HSU in this area.

Qal/WBR HSU

The Qal/WBR HSU is an unconfined and transmissive water-bearing zone consisting of:
(1) clay-rich soil, loosely-consolidated sediment occurring as colluvium on slopes on the west
side of Building 850 and the Pit 7 Complex areas and alluvial channel fill in the Pit 7 and Doall
Ravine valleys and, (2) the underlying weathered and fractured bedrock strata. The total
thickness for the Qal/WBR HSU in the Building 850 area is 40 to 70 ft with depth to water
ranging from 30 to 60 ft. In the Pit 7 Complex area, this HSU is 20 to 60 ft thick and depth to
water ranges from 20 to 50 ft.

The flow in this HSU is generally ephemeral, with recharge from surface water runoff, direct
rainfall infiltration, and base flow from the underlying bedrock HSUs. The saturated thickness
of the Qal/WBR HSU is both spatially and temporally variable and dependent on seasonal
rainfall. Ground water flow in this HSU is dominated by preferential flow paths, including soil
macropores and bedrock fractures, and is generally southeastward. In the Pit 7 Complex area,
ground water accumulates in the valley bottom (Figure 4). When the Pit 7 Complex valley
bottom is continuously saturated, ground water in the Qal/WBR HSU then flows to the southeast
in the direction of Doall Ravine. At this point, ground water follows the Doall Ravine drainage
into Elk Ravine. The Qal/WBR HSU is also one of the main sources of recharge to the
underlying Neroly bedrock HSUs. Water level data indicate that during extended periods of
drought, most of the wells completed in the Qal/WBR HSU are either dry or have very little
water.

Tnbs/Tnbsy HSU

In portions of the Pit 7 Complex, the Tnbs strata are the first coherent bedrock unit
underlying the Qal/WBR and composed of the Lower Tnbs; and Tnbs, sandstone units. Locally,
the extent of the HSU is limited where it crops out in the canyons immediately west of
Building 850 and the Pit 7 Complex, along the northern Site 300 Boundary, and in northeast
corner of Site 300. The HSU is unconfined and the saturated thickness exceeds 100 ft east of the
Elk Ravine Fault.. The HSU is continuous with the overlying Qal/WBR in the immediate
vicinity and downgradient of Building 850 area. Depth to water varies from approximately 30 ft
near Building 850 and western Doall Ravine to over 200 ft east of the Elk Ravine Fault.

Hydrologic, chemical, and optical televiewer data indicate that fractures and fracture
orientation are important flow-controlling features in the Tnbs;/Tnbsy HSU. In the northern
portion of OU 5, ground water generally flows east-southeast and in the central and southern
portions of the OU, ground water generally flows east and south (Figure 5). Downgradient (east)
of Building 850, a portion of flow in the HSU discharges into Doall Ravine stream channel
alluvium (Qal/WBR HSU) as base flow. Under non-drought conditions, the Tnbs,/Tnbs, HSU
also discharges at Spring 24 (Figure 3), and water from this HSU can be sampled from a shallow
pipe inserted into the hillside at a location east of Building 850 (Well 8 Spring). While not a true
spring, Well 8 Spring is one of the early sampling points in this area.
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Tnsc, HSU

The underlying Tnsc, HSU is an interbedded and predominately fine-grained unit that serves
as the confining layer above the Tmss HSU. The Tnsc, generally does not yield ground water
except where it is fractured. The average thickness of Tnsc, strata is approximately 30 to 50 ft.
Saturation also extends eastward across the Elk Ravine Fault and south within Elk Ravine. One
well, W-850-2416, is located immediately downgradient of Building 850 and is screened within
the saturated fractures in the upper portion of the Tnsc, unit.

Tmss HSU

The Tmss HSU is a quartz-rich medium-grained sandstone unit that is unconfined beneath
the Pit 7 Complex landfills and under confined artesian and flowing artesian conditions in the
Building 850 area. The depth to ground water in the Tmss HSU beneath the Pit 7 Complex is
approximately 100 ft. The Tmss HSU is hydraulically separated from the overlying Tnbs,/Tnbs,
HSU by a 30- to 50-foot thick, fine-grained claystone (Tnsc,). The saturated thickness of the
Tmss HSU varies from 30 to over 100 ft. Depth to water varies from 150 ft in the Building 850
area to over 200 ft beneath Elk Ravine. Ground water in the Tmss HSU presumably flows
eastward. Recharge to the Tmss HSU presumably occurs in the extensive valley west of
Building 850. There are no known discharge areas to surface water from this HSU in OU 5.

No anthropogenic contaminants have been detected in the Tmss HSU. The lack of
contamination in the Tmss HSU is likely due to the overlying Tnsc, confining layer and the
upward hydraulic gradient between the Tmss HSU and the overlying water-bearing zones.

3.1.2.3. Surface Water

Due to the semi-arid climate, natural surface water in the Building 850 and Pit 7 Complex
areas is relatively rare. During and following heavy rainfall events, surface water has been
observed as surface runoff, ponding in surface depressions, stream flow in active drainages, and
discharges from natural springs. Surface runoff is generally observed when greater than one inch
of rainfall occurs within a 24-hour period, especially during heavy El Nifio-type events. When
surface runoff is generated it generally flows southeastward toward Doall Ravine in the
ephemeral alluvial drainage channel located just east of the Pit 7 Complex. Ephemeral surface
water within Doall Ravine flows to the northeast into Elk Ravine and ultimately into Corral
Hollow Creek approximately 1.5 miles east of Site 300. Corral Hollow Creek discharges to the
east into the San Joaquin Valley.

Several man-made drainage channels, including diversion trenches and metal culverts, are
located within OU 5. Runoff diversion ditches and culverts are usually located along roads to
reduce erosion potential during peak runoff periods. In addition, as part of the RCRA capping of
Pits 7 and 4, concrete drainage channels (Figure 3) were installed around these landfills to divert
surface runoff away from the landfill caps during heavy rainfall events. The concrete channels
are connected to uphill horizontal drains that extend into the hillslope west of Pit 7, and receive
flow from two gravel-filled interceptor trenches that run up the center of two prominent
depressions on the hillslope. The two main concrete channels discharge to the stilling basins and
ultimately the ground surface: one discharges north of the Pit 7 Complex and the other
discharges south of Pit 5. These features were originally installed in 1991 when Pits 4 and 7
were covered with a RCRA cap. In 2008, a drainage diversion system was installed on both
sides of the Pit 7 Complex valley to capture and divert rainfall runoff and a portion of infiltrating

17



LLNL-AR-670250-DR Draft First Five-Year Review Report for May 2015
Operable Unit 5 at LLNL Site 300

water. The water from this system ultimately discharges into the pre-existing concrete drainage
channels. Some of the surface runoff from the hillslope west of the Pit 7 Complex is ultimately
discharged to the catchment north of Site 300 and the remainder discharges into the
southeast-flowing drainage adjacent to the Pit 7 Complex.

A high-density polyethylene (HDPE) and gravel-lined manmade drainage channel abuts the
southern and eastern sides of the Building 850 CAMU. This drainage structure discharges to a
culvert that extends under Route 4 and discharges into Doall Ravine. There is also a drainage
channel that runs along the south side of the Building 850 access road.

Spring 24 is the only perennial natural surface water within OUS5 and is located
approximately 3,000 ft southeast of the Pit 7 landfills, and approximately 750 northwest of where
Doall Ravine merges with Elk Ravine (Figure 3). Spring 24 is a likely discharge or leak point
from the Tnbs,/Tnbs, HSU near the Elk Ravine Fault. As discussed previously, Well 8 Spring is
not a true spring, but rather a shallow pipe inserted into the hillside at a location east of
Building 850. Well 8 Spring is sampled via this pipe.

3.2. Land and Resource Use

Site 300 is currently an operating facility, and will remain under DOE control for the
reasonably anticipated future. Less than 5 percent of Site 300’s 7,000-acre property is
developed. Land use at Site 300, including the Building 850 and Pit7 Complex area, is
designated as restricted access, federal government industrial (experimental test) use. There
have been no changes in land, building, or ground water use in the Building 850/Pit 7 Complex
OU during the five year review period or since the Site-Wide ROD was signed in 2008.

The Building 850/Pit 7 Complex OU is entirely surrounded by Site 300 property and does
not extend to the site boundary. The OU is accessible only to DOE/LLNL workers.

Site 300 was originally selected as a DOE experimental test site because of the sparsely
populated surrounding area. On the basis of residential population, the average density around
the perimeter of Site 300 is less than one person per square mile. Land use adjacent to the site
boundary closest to the Building 850/Pit 7 Complex OU consists of private rangeland. There is
no known planned modification or proposed development of the offsite rangeland closest to
(north and west of) the OU. The nearest major population center (Tracy, California) is 8.5 miles
to the northeast. There are plans to develop the land parcel east of Site 300 for residential
housing, but thus far the development plans have been delayed by city restricted growth
initiatives. As part of this development plan, a minimum buffer zone/open space of a mile to
1.5 miles is planned between residential development and the Site 300 boundary. The developer
informed DOE/LLNL that ground water would not be used as the water-supply for this
development.

The only building located within the Building 850 source area is the bunker at the
Building 850 Firing Table that was used to monitor and photograph high explosive experiments
conducted on the firing table. Building 850 became relatively inactive after 1988, but
experiments continued on a limited basis until 2008 when use of the firing table for high
explosives experiments was discontinued. Building 850 was closed and is no longer in use.
There are no current plans to reactivate this building or firing table. The four landfills within the
Pit 7 Complex, located north of Building 850, were used to dispose of firing table gravels and
experimental debris until 1988 when use of the landfills was discontinued.
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As the Building 850 bunker and firing table are no longer in use and the Pit 7 Complex area
contains only closed landfills, there are no fulltime workers housed in this area. Occasional
workers in this area include Environmental Restoration staff conducting monitoring,
characterization, and remediation activities; Maintenance and Utility Services Department staff
performing maintenance on the landfill caps; and LLNL Fire Department personnel during
controlled burns in the area.

There are no active onsite water-supply wells in the Building 850/Pit 7 Complex OU. The
nearest active water-supply well (onsite water-supply Well 20) is located approximately
10,000 ft southeast and cross-gradient of the Building 850/Pit 7 Complex OU. Ground water
from this well is used for a variety of onsite water-supply needs including cooling towers, HE
processing, dust control, drinking water, and fire suppression. Site 300 plans to transition to the
Hetch Hetchy water supply in the near future.

Surface water in onsite springs is not used for water-supply or other human uses at Site 300.
Some of the springs provide wetland habitat for wildlife.

Site 300 has unique environmental qualities, largely because livestock have not grazed upon
it for over 50 years and it contains several habitat types and numerous special status species
(e.g., threatened and endangered species, species of special concern, migratory birds, and rare
plants). Introduced annual grasslands cover the majority of the Building 850/Pit 7 Complex OU,
with limited areas of native grassland and coastal sage scrub scattered throughout the OU (Jones
and Stokes, 2002a; Dibley et al., 2014). Small freshwater seeps are associated with Well 8
Spring and Spring 24. As discussed previously, Well 8 Spring is not a true spring, but rather a
shallow pipe inserted into the hillside at a location east of Building 850. There is no current
surface water or water from the pipe that can be sampled. Spring 24 previously supported a
small pool, which is also now largely dry. Three vernal pools/seasonal pools occur north and
west of the OU (Jones and Stokes, 2002b). Wildlife within the OU is typical of California
grasslands, and includes a variety of small mammals (such as deer mice, ground squirrels, rabbits
and skunks), reptiles (such as western fence lizards and rattlesnakes), large mammals such as
coyotes and mule deer, passerine birds (such as scrub jays, crows, wrens and towhees) and
raptors (such as red-tailed hawks and golden eagles). Amphibians such as frogs and salamanders
have been found in areas that can sustain ponded water. A list of vertebrate and rare invertebrate
species known to occur at Site 300 can be found in LLNL (2014).

The only special- status plant species known to occur within the boundaries of OU 5 is the
big tarplant (Blepharizonia plumosa). The big tarplant is an extremely rare late-season flowering
plant included on the California Native Plant Society's (CNPS) List 1B, and is found throughout
Site 300. In OU 5, the plant occurs on the ridges south of Doall Road, and in the vicinities of
Pit 2 and Buildings 801 and 845 (Dibley et al., 2014). As observed throughout Site 300, while
the locations of the various populations are relatively stable, the size of the populations can
greatly fluctuate from year to year. Such variations are common in annual plant populations,
depending on environmental conditions (Dibley et al., 2014). Three additional special- status
plant species (all on the CNPS List 1B), the diamond-petaled California poppy (Eschscholzia
rhombipetala), the round-leaved filaree (California macrophylla) and the adobe navarretia
(Navarretia nigelliformis ssp. radians), occur north and west of the OU (Dibley et al., 2014).

Two special status amphibians are known to occur within the OU 5 boundaries, the
California red-legged frog (Rana aurora draytonii) and California tiger salamander (Spea
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Hammondii). Both are federally threatened, and the California tiger salamander is also state
threatened. The entire OU resides within the upland dispersal and critical habitat for the
California red-legged frog, and the majority of the OU is within the 1,100 meter buffer area on
California tiger salamander breeding sites (Dibley et al., 2014). Breeding by both species has
been observed in the pool supported by Spring 24, which is now largely dry. Both species are
also known to breed in the pools north and west of the OU. One special status reptile species,
the Coast horned lizard (Phyrnosoma coronatum frontale), a California Species of Special
Concern, has been observed within the OU 5 boundaries (Dibley et al., 2009¢). Although none
have been observed, the southwest corner of OU 5 contains a small amount critical habitat for
the state- and federally- threatened Alameda whipsnake (Masticophis lateralis euryxanthus).

Three special status bird species may occur within OUS5.  Grasshopper sparrows
(Ammodramus savannarum) are expected to occur in the grasslands within the OU. The
loggerhead shrike (Lanius ludovicianus) and burrowing owl (Athene cunicularia) have been
recorded nesting within the OU. All three species are California Species of Special Concern, and
the loggerhead shrike and burrowing owl are also federal Birds of Conservation Concern. Three
specialstatus mammal species may occur within OU 5. The American badger (Taxidea taxus), a
California Species of Special Concern, has been observed within the OU. Calls of the pallid bat
(Antrozous pallidus), a California Species of Special Concern, were detected just north of the OU
boundary. While OU 5 represents potential habitat for the state- and federally- endangered San
Joaquin kit fox (Vulpes macrotis mutica), none have ever been observed at Site 300.

3.3. History of Contamination

The history of contamination at the Building 850 Firing Table area and Pit 7 Complex are
discussed in Sections 3.3.1 and 3.3.2, respectively.

3.3.1. Building 850 Firing Table Area

As discussed in Section 3.1.1.1, the Building 850 Firing Table was used to conduct high
explosives experiments from 1958 to 2008. These test assemblies used in experiments contained
trittum, high explosives (i.e., RDX, HMX, and ammonium perchlorate), metals, and occasionally
depleted uranium. These constituents were released to the environment during explosives
testing. The routine rinsing of the firing table gravel following shots mobilized some experiment
constituents (i.e., tritium, uranium-238, perchlorate, nitrate, and HE compounds) that had
accumulated in the gravel and subsequently migrated to the underlying bedrock and ground
water. This practice was discontinued in 2004.

From 1962 to 1972, a large volume of sand, known as the Building 850 sandpile, was
stockpiled near Building 850 and was periodically used during large experiments. The sand
became contaminated with tritium after repeated use in experiments. Rainwater infiltrating into
the Building 850 sandpile may have contributed to releases of tritium to the subsurface. In 1990,
the sandpile was covered with thick plastic to minimize rainwater infiltration.

Prior to PCBs becoming regulated substances, an estimated 1,000 capacitors were used in
10 to 20 experiments (50 to 100 capacitors per experiment) conducted from 1964 to 1967. The
capacitors were used to provide a sudden burst of electrical energy during these experiments.
During these experiments, PCBs, and dioxins and furans generated by the combustion of PCBs
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during the shot blast, were released to and contaminated surface soil on the surrounding
hillslopes.

3.3.2. Pit 7 Complex

As discussed in Section 3.1.1.2, the Pit 7 Complex landfills were used from 1958 to 1988 to
dispose of firing table debris and spent gravel, primarily from the Buildings 850 and 851 firing
tables. The source of contamination in the Pit 7 Complex is the firing table debris and gravel
buried in these landfills that contained residual VOCs, tritium, depleted uranium, perchlorate,
and nitrate from experiments conducted on the firing tables.

In years of normal rainfall (10 inches/year), ground water levels remain well below the
landfills. However, during past El Nifio years/events, rainfall increased by 50 to 100% and the
amount of runoff and recharge increased significantly. During these El Nifio events, shallow
ground water underlying the landfills rose and inundated the pit waste and underlying bedrock.
Contamination contained in the pit waste and underlying bedrock came into contact with and was
released to shallow subsurface ground water. The bulk of the water that inundated the landfills
was shallow recharge ground water that flows into the landfill area following infiltration on the
hillslopes to the east and west of the Pit 7 Complex.

3.4. Initial Response

DOE/LLNL began environmental investigations at the Building 850/Pit 7 Complex OU in
1981 to characterize the extent of contamination in soil, bedrock, ground water and surface
water. These characterization efforts included records searches and interviews; the drilling of
341 boreholes and the installation of 180 ground water monitor wells; sampling of soil, soil
moisture, bedrock, ground water and surface water; neutron probe measurements; magnetic
surveys; soil vapor surveys; hydraulic testing; evaluating observed water level responses to
rainfall events; geologic mapping; ground water transport modeling; geologic and hydrogeologic
characterization; and risk assessment. The geologic and chemical data from wells and boreholes
are used to characterize the site hydrogeology and to monitor temporal and spatial changes in
saturation and dissolved contaminant concentrations.

At the Pit 7 Complex, additional site characterization activities included:

« Characterization of residual tritium and uranium sources in Pits 3 and 5, based on
samples of pit waste and adjacent soil (1999).

« Performing a surface geophysical survey to corroborate results of other methods (i.e.,
borehole logs/cone penetrometer data) and independently define pit bottoms and
geometry of alluvium/weathered bedrock (2002).

+ Conducting a helium-3 soil vapor survey to corroborate results of other methods (soil
moisture and soil vapor tritium data) and independently estimate the number of curies of
trittum remaining in the pits and the vadose zone (2003).

+ Installing monitoring piezometer nests to determine which shallow water-bearing zones
may convey water into the valley bottom where the Pit 7 Complex is located (2001).

+ Conducting a water budget study to refine the hydrogeological conceptual model for the
Pit 7 Complex area, and to support evaluation of remedial alternatives designed to divert
water away from the pits (2002-2003).
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« Evaluating the Elk Ravine Fault system regarding its potential effects on ground water
transport and future plume movement downgradient of the Pit 7 Complex (2002-2003).

« Investigating existing and innovative remedial technologies to be evaluated in the
Feasibility Study (2003-2004).

Prior to 1988, when waste disposal in the Pit 7 Complex landfills ceased, the pits were
covered with approximately 3 ft of compacted native soil. In 1992, an engineered cap was
constructed over the Pit 7 Landfill (referred to as the Pit 7 Cap) in compliance with 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 to 30% of Pit 3. The original compacted native soil cover
material on Pit 3 and Pit 5 remains intact.

In 2002, DOE/LLNL installed a shallow terrace drain composed of three 20-ft long and 3-ft
deep gravel-filled trenches to test the efficacy of this technique for capturing shallow flow on the
hillslope west of the Pit 7 Complex, diverting it away from and preventing water table rises into
the landfills. Two horizontal wells fitted with flow meters at the outfall points were also
installed on the western hillslope for the same purpose.

In 2003, a permeable reactive barrier, consisting of 11 closely- spaced boreholes filled with
cow bone char (hydroxyapatite) and sand was installed within the Qal/WBR HSU downgradient
of the Pit7 Complex as part of an in situ treatability study to test the effectiveness of this
technology in removing uranium from ground water. The treatability study results indicated that
the in situ permeable reactive barrier would not be the most effective treatment technology for
removing uranium from ground water. The use of this technology would result in longer cleanup
times because it is limited by ground water flow rates to carry the uranium to the reactive barrier
for treatment. Additionally, uranium-bearing ground water was found to not preferentially flow
into the reactive barrier material.

In 2009, a non-time critical removal action was conducted to mitigate the risk to onsite
workers and ecological receptors associated with PCB-, dioxin-, and furan-contaminated surface
soil at Building 850. A total of 27,592 cubic yards of PCB-, dioxin-, and furan-contaminated soil
were excavated from the Building 850 Firing Table area, mixed with Portland cement and water,
and consolidated in a CAMU. Additional information on the Building 850 Removal Action is
presented in the Engineering Evaluation/Cost Analysis for PCB-, Dioxin- and
Furan-contaminated Soil at the Building 850 Firing Table (Dibley et al., 2008a) and
Building 850 Action Memorandum (Dibley et al., 2008b). Design information for the CAMU is
presented in the construction subcontractor’s 100% design submittal (SCS Engineers, 2009). A
map of the Building 850 area within OU 5 showing the location of the CAMU is presented on
Figure 3.

3.5. Contaminants of Concern

Contaminants of concern (COCs) in environmental media at Building 850 and the Pit7
Complex were determined based on: (1) an unacceptable human health cancer risk (>10°) or
noncancer hazard (Hazard Index [HI]>1), (2) an unacceptable hazard (HI>1) to ecological
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receptors, (3) the potential for soil contaminants to impact ground water at concentrations above
MCLs, and/or (4) the presence of ground water contaminants at concentrations above the MCL.

Baseline human health risks and hazards for Building 850 and the Pit 7 Complex were
estimated and presented in the Site-Wide Remedial Investigation (SWRI) (Webster-Scholten,
1994) and Pit 7 Complex RI/FS, respectively, using industrial adult onsite exposure and offsite
residential exposure scenarios. The adult onsite exposure scenario estimated health risk where
an adult is assumed to work in the immediate vicinity of worst-case contamination 8 hours a day,
5 days per week, for 25 years. This exposure scenario further assumed that workers would not
dig into the Pit 7 Complex landfills or subsurface soil; excavation will be prevented through
institutional/land use controls.

Risks due to potential ingestion of contaminated ground water were not evaluated because
ground water is not currently used as drinking water and institutional controls will prohibit such
use during cleanup. DOE and the regulators agreed that ground water cleanup will be driven by
applicable or relevant and appropriate requirements (ARARs) (i.e., drinking water MCLs), not
risk.

The baseline ecological risk assessment for OU 5 is presented in the SWRI and the
Addendum to the Site-Wide Remedial Investigation Report for the Building 850/Pit 7 Complex
Operable Unit (Taffet et al., 1996). Additional ecological modeling is also presented in the 2004
First Semester Compliance Monitoring Report (Dibley et al., 2004). Two five-year ecological
reviews have also been completed for Site 300 (including OU 5), which updated the assessment
of ecological impacts from Site 300 contaminants. The 2008 Five-Year Ecological Review is
reported on in the 2008 Annual Compliance Monitoring Report (Dibley et al., 2009¢), and the
2013 Five-Year Ecological Review is reported on in the 2013 Annual Compliance Monitoring
Report (Dibley et al., 2014). An LLNL ecologist reviewed data collected during these two time
periods to evaluate whether any changes in contaminant or ecological conditions that could
impact ecological receptors.

The COC:s identified for surface soil, subsurface soil, ground water, and surface water and a
summary of human health risk and ecological hazard identified in the baseline risk assessment
for the Building 850 Firing Table area and Pit 7 Complex are discussed in Sections 3.5.1 and
3.5.2, respectively.

3.5.1. Building 850 Firing Table Area
3.5.1.1. Contaminants of Concern for the Building 850 Firing Table Area

COCs have been identified for impacted environmental media in the Building 850 Firing
Table area:

» Surface soil (0 to 6 inches): PCBs, 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.
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3.5.1.2. Summary of Human Health Risk for the Building 850 Firing Table Area

The baseline human health risk assessment identified a cumulative cancer risk of 5 x 10 and
1 x10™ to onsite workers for inhalation, ingestion, and dermal contact (8 hrs/day, 5 days/week)
of PCBs and dioxin and furan compounds, respectively, in surface soil at the Building 850 Firing
Table over a 25-year period.

A cumulative cancer risk of 1 x 10~ was identified for onsite workers continuously inhaling
(8 hrs/day, 5 days/week) tritium vapors volatilizing from surface water in Well 8 Spring and
migrating into outdoor air over a 25-year period.

The human health baseline risk assessment also identified a cancer risk of 6 x 10 for onsite
workers associated with beryllium in surface soil at Building 850. However, while the maximum
beryllium concentration detected in Building 850 soil (15 milligrams per kilogram [mg/kg])
exceeded background concentrations, it is well below industrial and residential January 2015
EPA regional screening levels (RSLs) of 2,300 mg/kg and 160 mg/kg.

While HMX was identified as a COC in surface soil at Building 850, this HE compound was
detected in only one soil sample and its concentration (2.4 mg/kg) is well below current (January
2015) EPA industrial and residential RSLs for soil of 57,000 mg/kg and 3,800 mg/kg,
respectively. HMX was included as a COC in soil because it was detected in more than 2% of
the samples collected and there were no HMX soil screening levels in place at the time. As
discussed in Section 5.4.1.1.5 of this report, although HMX has been detected sporadically in
ground water samples from several wells proximal to the Building 850 firing table, all HMX
concentrations were well below the current Regional Tapwater Screening Level for HMX
(100 pg/L). There are no state or federal MCLs for HMX. During 2014, samples from four
wells located immediately downgradient of the Building 850 Firing Table, contained HMX
above the current 1 pg/L reporting limit with the maximum of 6.8 pg/L detected.

There was no unacceptable risk or hazard identified for offsite residents, associated with
COCs in any environmental media for the Building 850 Firing Table area.

3.5.1.3. Summary of Ecological Hazards for the Building 850 Firing Table Area

No ecological hazard was identified to vegetation and vertebrate endpoints due to the
presence of tritium and/or uranium (both as uranium-238 and as uranium as a metal) in surface
and subsurface soil in the OU.

No ecological hazard was identified to aquatic invertebrates due to the presence of tritium in
Well 8 Spring. Tritium in Spring 24 was not explicitly evaluated in the baseline risk assessment,
but trittum levels in Spring 24 are less than that evaluated for Well 8 Spring, and thus below
levels expected to pose an ecological hazard. Spring 6 was evaluated as ground water containing
tritium from the Building 850 area could migrate to Spring 6. Projected tritium concentrations in
Spring 6 were well below concentrations that could pose an ecological hazard. Aquatic
bioassays were conducted on Well 8 Spring. No statistically significant effects were observed on
Ceridophnia dubia (water flea) survival or reproduction or Selenastrum capricornutum (algae)
growth on any sample tested. The 2013 Five-Year Ecological Review evaluated the presence of
HMX, perchlorate, and nitrate detected in Well 8 Spring. These constituents were found to be
below ecological or regional screening levels or Site 300 background. As a result of these
ecological assessments, no ecological contaminants of concern were identified in OU 5 surface
water.
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Hazard indices exceeded 1 for cadmium in surface soil for individual adult ground squirrels
and individual adult and juvenile deer in the Building 850 area. Further analysis revealed no
population-level effects to these species. A review of the ecological hazard posed by PCBs,
dioxins, and furans in surface soil in the immediate vicinity of the Building 850 Firing Table
concluded that these constituents were unlikely to pose a risk to soil invertebrates or resident
rodent populations, but could pose a risk to higher level avian or vertebrate populations.
Modeling presented in the 2004 First Semester Compliance Monitoring Report (Dibley et al.,
2004) resulted in a Hazard Quotient of 1 to 2 for individual burrowing owls from potential
exposure to the PCB Aroclor 1254 in surface soil. The 2008 Five-Year Ecological Review
reported a Hazard Quotient of less than 1 for burrowing vertebrate species (ground squirrel,
burrowing owl, and kit fox) from potential exposure to the PCB Aroclor 1260 found in surface
and subsurface soil in the vicinity of the Building 850 Firing Table. The differing results
reported in the 2004 First Semester Compliance Monitoring Report and the 2008 Five-Year
Ecological Review were due to evaluating different PCB congeners with different toxicity
reference values. Therefore, cadmium, PCBs, dioxins, and furans in surface soil in the vicinity
of the Building 850 Firing Table were identified as ecological contaminants of concern.

Beryllium, cadmium, and copper contributed to a Hazard Index greater than one for the
Building 850 sandpile for adult ground squirrels, with cadmium primarily driving the hazard.

3.5.2. Pit 7 Complex

3.5.2.1. Contaminants of Concern for the Pit 7 Complex

COCs have been identified for impacted environmental media in the Pit 7 Complex area:
» Surface soil (0 to 6 inches): None.

* Subsurface soil: Tritium and uranium.

* Surface water: None.

* Ground water: VOC:s, tritium, uranium, nitrate, and perchlorate.

3.5.2.2. Summary of Human Health Risk for the Pit 7 Complex

The baseline risk assessment indicated that the only unacceptable risk to human health posed
by contaminants in the Pit 7 Complex area was inhalation of tritiated water vapor evaporating
from subsurface soil by onsite workers in the vicinity of the Pit3 Landfill. This risk was
estimated to be 4 x 10 and was calculated based on the assumption that a worker spends 8 hours
a day, 5 days a week for 25 years at Pit 3. However, only periodic monitoring activities are
conducted at the landfills and no workers actually spend this amount of time in the area. In
addition, radioactive decay continues to reduce the mass of tritium in subsurface soil at the Pit 3
Landfill, thereby reducing the flux of tritium vapors to air.

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
Complex Remedial Design Document (Taffet et al., 2008). An excess cancer risk of 8 x 107 was
estimated for a worker spending 8 hours a day, 5 days a week for 25 years at the Pit 3 Landfill.
Therefore, there is no longer an unacceptable risk to onsite worker health posed by contaminants
in the Pit 7 Complex area.
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There was no unacceptable risk or hazard identified for offsite residents associated with
COCs in any environmental media in the Pit 7 Complex area.

3.5.2.3. Summary of Ecological Hazards for the Pit 7 Complex

The SWRI baseline risk assessment determined that there was no unacceptable hazard to
ecological receptors identified for the Pit 7 Landfill Complex. This determination was based on
estimates of hazard from potential exposure to contaminants that were calculated for mammals,
amphibians, and birds that could potentially inhabit this area, including threatened and
endangered species.

The 2008 Five-Year Ecological Review reported that subsurface samples collected within
Pit 5 during additional characterization activities contained uranium concentrations that resulted
in Hazard Indices greater than 1 for burrowing vertebrate species. Therefore, uranium within the
Pit 7 Complex (Pit 5) was identified as an ecological contaminant of concern.

3.6. Summary of Basis for Taking Action

The response actions selected in the Site-Wide ROD were necessary to protect human health
or the environment from actual or threatened releases of hazardous substances from the
Building 850/Pit 7 Complex OU. The baseline risk assessment evaluated potential present and
future human health and ecological risks associated with environmental contamination in this
OU using the assumption that no cleanup or remediation activities would take place. The risk
assessment provided the basis for implementing a remedial action and identified the exposure
pathways that that need to be addressed. Selection of the cleanup actions was based in part on
the extent to which they could reduce human and ecological risks.

The summary of basis for taking action at the Building 850 Firing Table area and Pit 7
Complex are discussed in Sections 3.6.1 and 3.6.2, respectively.

3.6.1. Building 850 Firing Table Area

Remedial and removal actions were initiated in the Building 850 portion of OU 5 to address:

e An unacceptable human health risk of 5 x 10* and 1 x10™ to onsite workers for
inhalation, ingestion, and dermal contact of PCBs and dioxin/furans, respectively, in
surface soil at the Building 850 Firing Table (addressed in 2008 Removal Action).

¢ An unacceptable human health risk of 1 x 10~ associated with onsite worker inhalation of

trittum volatilizing from surface water in Well 8 Spring, located downgradient of
Building 850.

* An HI greater than 1 associated with the ingestion/bioaccumulation of PCBs, dioxins, and
furans in Building 850 surface soil for individual ground squirrels, the San Joaquin kit
fox and the western burrowing owl (addressed in the 2008 Removal Action).

* Tritium and nitrate present in Building 850 ground water at concentrations exceeding
cleanup standards.

Although uranium was identified as a ground water COC, uranium activities in Building 850
ground water were below cleanup standards. Therefore, remedial actions were not necessary to
mitigate risk for this contaminant pathway. However, monitoring of uranium in ground water to
detect any activity increases that could impact human health was included as part of the remedy.
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Although perchlorate with concentrations above the (State) MCL cleanup standard was
identified in Building 850 ground water, a remedy for perchlorate in Building 850 ground water
was not selected in the Site-Wide ROD. In the Site-Wide ROD, DOE and the regulatory
agencies agreed that: (1) DOE would implement an in situ bioremediation treatability study and
(2) present remedial alternatives for perchlorate in ground water in a Focused Feasibility Study.
The treatability study is currently underway. Public input will be solicited prior to the selection
of a remedy and the selected remedy for perchlorate in ground water will be documented in an
amendment to the Site-Wide ROD.

3.6.2. Pit 7 Complex

Remedial actions were initiated in the Pit 7 Complex portion of OU 5 to:

* Address VOCs, tritium, depleted uranium, nitrate, and perchlorate present in Pit 7
Complex ground water at concentrations exceeding cleanup standards.

* Prevent further contaminant releases from the Pit 7 Complex landfills to ground water.

As discussed in Section 3.5.2.2, a 2007 recalculation of risk to onsite workers inhaling
tritiated water evaporating from subsurface soil in the vicinity of the Pit 3 Landfill determined
that there was no longer an unacceptable inhalation risk. Therefore, remedial actions were not
necessary to mitigate risk for this pathway.

There was no unacceptable hazard to ecological receptors identified for the Pit 7 Landfill
Complex.

4. Remedial Actions

4.1. Remedial Action Objectives

Remedial Action Objectives (RAOs) are included in the Site-wide ROD. The RAOs
applicable to the Building 850/Pit 7 Complex OU selected remedies are:

For Human Health Protection:
Building 850 and Pit 7 Complex:

» Restore ground water containing contaminant concentrations above cleanup standards.

» Prevent human ingestion of ground water containing contaminant concentrations (single
carcinogen) above cleanup standards.

* Prevent human exposure to contaminants in media of concern that pose a cumulative
excess cancer risk (all carcinogens) greater than 10~ and/or a cumulative HI greater than
one (all noncarcinogens).

Building 850 only:
* Prevent human incidental ingestion and direct dermal contact of/with PCB-, dioxin-, and
furan-contaminated surface soil at Building 850 that pose an excess cancer risk greater

than 10" or HI greater than 1, a cumulative excess cancer risk (all carcinogens) in excess
of 10, or a cumulative HI (all noncarcinogens) greater than 1.

* Prevent human inhalation of PCBs, dioxins, and/or furans bound to resuspended surface
soil particles at Building 850 that pose an excess cancer risk greater than 10 or HI
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greater than 1, a cumulative excess cancer risk (all carcinogens) in excess of 10%, or a
cumulative HI (all noncarcinogens) greater than 1

* Prevent human inhalation of tritium volatilizing from surface water in Well 8 Spring to
air that pose an excess cancer risk greater than 10°° or HI greater than 1, a cumulative
excess cancer risk (all carcinogens) in excess of 107, or a cumulative HI (all
noncarcinogens) greater than 1.

For Environmental Protection (Building 850 and Pit 7 Complex):

» Restore water quality to ground water cleanup standards within a reasonable timeframe
and prevent plume migration to the extent technically and economically practicable.
Maintain existing water quality that complies with ground water cleanup standards to the
extent technically and economically 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 where relevant hazard indices exceed 1.

* Ensure existing contaminant conditions do not change so as to threaten wildlife
populations and vegetation communities.

An RAO for human health protection/ARAR compliance for ingestion of surface waters (i.e.,
water from Site 300 springs) was not included in the Site-Wide ROD 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). The trititum activities in Well 8 Spring water have declined from a
historical maximum of 770,000 picoCuries per liter (pCi/L) to most recent activity of
15,600 pCi/L (October 20 2010). Well 8 Spring has been dry since 2011.

As discussed in Section 3.5.2, a 2008 recalculation of risk to onsite workers inhaling tritiated
water evaporating from subsurface soil in the vicinity of the Pit 3 Landfill determined that there
was no longer an unacceptable inhalation risk. Therefore, the RAO for this pathway included in
the Site-Wide ROD is no longer applicable.

4.2. Remedy Selection

The remedies selected for Building 850 and the Pit 7 Complex in the Site-Wide ROD are
described in Sections 4.2.1 and 4.2.2, respectively.

4.2.1. Building 850 Remedy Selection

In the 2001 Interim Site-Wide ROD, a remedy was selected for the Building 850 portion of
OU 5. The interim remedy was selected as the final remedy in the 2008 Final Site-Wide ROD.
The removal action for PCB-, dioxin-, and furan-contaminated soil at the Building 850 Firing
Table was selected in an Action Memorandum and implemented in 2008.

The components of the selected remedy for Building 850 include:

1. MNA to reduce tritium activities in ground water and surface water to cleanup standards.
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2. Monitoring ground water and surface water COCs to evaluate the effectiveness of the
remedy in achieving cleanup standards.

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

4. Excavation, and onsite solidification and consolidation of contaminated soil and sandpile
to mitigate risk to onsite workers and ecological receptors.

Active remediation measures for uranium, HMX, and metals in surface soil around the firing
table were not included in the remedy as they were determined to pose no unacceptable risk to
human health or ground water quality. However, soil containing these constituents was also
incidentally excavated and solidified in the removal action to address PCB-, dioxin-, and
furan-contaminated soil.

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.

As discussed in Section 3.6.1, an in sifu bioremediation treatability study for perchlorate in
Building 850 ground water is underway. Remedial alternatives will be presented in a Focused
Feasibility Study and a remedy for perchlorate in Building 850 ground water will be selected in
an Amendment to the Site-Wide ROD. Because a remedy has not yet been selected or
implemented for perchlorate in Building 850 ground water, it is not considered as part of this
Five-Year Review and is not discussed further. The status and progress of this treatability study
is reported in the Compliance Monitoring Reports.

4.2.2. Pit 7 Complex Remedy Selection

A remedy for the Pit 7 Complex portion of OU 5 was selected in the 2007 Amendment to the
(2001) Interim Site-Wide ROD for the Pit 7 Complex. The interim remedy was selected as the
final remedy in the 2008 Final Site-Wide ROD.

The components of the selected remedy for the Pit 7 Complex include:

1. Monitoring ground water COCs 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.

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

3. MNA to reduce tritium activities in ground water to cleanup standards.

Installing and maintaining an engineered drainage diversion system to hydraulically
isolate the contaminant sources in the landfills and underlying bedrock from subsurface
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water, thereby preventing significant recharge of infiltrating rainwater runoff that can
result in ground water rising into Pits 3, 4, 5, and 7 and releasing contaminants.

5. Extracting and treating uranium, VOC:s, nitrate, and perchlorate in Pit 7 Complex ground
water to reduce contaminant concentrations in ground water to cleanup standards.

6. Inspecting the Pit 7 Complex landfill caps/covers periodically for damage that could
compromise their integrity and repairing 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. In addition, there is no efficient and
effective technology at this scale to remove tritium from ground water.

4.3. Remedy Implementation

Implementation of the selected remedies for the Building 850/Pit 7 Complex OU in the
Site-Wide ROD are described in Sections 4.3.1 and 4.3.2, respectively.

4.3.1. Building 850 Remedy Implementation

The monitoring of ground water and surface water in the Building 850 area is ongoing and
includes:

* Monitoring of tritium in ground water to evaluate the effectiveness of monitored natural
attenuation in reducing tritium activities to meet cleanup standards.

* Monitoring of nitrate and depleted uranium in ground water to ensure that
concentrations/activities and/or extent of these COCs in ground water do not change such
that they pose a threat to human health or the environment.

* Monitoring of tritium in surface water in the Well 8 Spring to determine if risk and
hazard management measures, such as access restrictions, continue to be necessary to
prevent tritium inhalation exposure by onsite workers.

Remedial action monitoring requirements are contained in the Compliance Monitoring Plan
and Contingency Plan for Environmental Restoration at LLNL Site 300 (Dibley et al., 2009b).

In 2009, 29,000 cubic yards of PCB-, dioxin-, and furan-contaminated soil were excavated
from the Building 850 Firing Table area, mixed with Portland cement and water to solidify it,
and consolidated in a CAMU. This removal action mitigated the risk to onsite workers and
ecological receptors associated with PCB-, dioxin-, and furan-contaminated surface soil at
Building 850.

A risk and hazard management program, including institutional and land use controls, has
been implemented at Building 850. The land use/institutional controls for the Building 850 area
are described in Section 4.5 and Table 2. The risk and hazard management program also
includes the inspection and maintenance of the Building 850 CAMU to identify and repair any
damage to the CAMU that could compromise its integrity.

The results of remedial action ground water, and surface water monitoring, remediation
progress, and the status of institutional control implementation for Building 850 area are reported
in the ERD semiannual and annual Compliance Monitoring Reports.
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A map of the Building 850 area within OU 5 showing the locations of the CAMU and
monitor wells is presented on Figure 3. Photographs of the CAMU are included in
Appendix Al.

4.3.2. Pit 7 Complex Remedy Implementation

Monitoring of ground water and surface water at the Pit 7 Complex includes:

* Detection monitoring of ground water to detect any new releases of contaminants from
buried waste in the Pit 7 Complex landfills (Pits 3, 4, 5, and 7).

* Remedial action monitoring of VOC:s, tritium, depleted uranium, nitrate, and perchlorate
in ground water to evaluate the effectiveness of the remedy in reducing contaminant
concentrations to meet cleanup standards.

As part of the detection monitoring program, ground water samples are collected from
monitor wells located upgradient and downgradient of the Pit 7 Complex landfills and analyzed
for potential constituents of concern. Constituents of concern are waste constituents, reaction
products, and hazardous constituents that are reasonable expected to be in or derived from waste
buried in the Pit 7 Complex landfills.

As part of the remedial action monitoring program, ground water samples are collected from
wells and analyzed for ground water contaminants of concern to evaluate the progress and
effectiveness of the remedial action in meeting cleanup standards. Contaminants of concern are
constituents detected in ground water above the cleanup standard.

A risk and hazard management program, including institutional and land use controls, has
been implemented at the Pit 7 Complex. The land use/institutional controls for the Pit7
Complex are described in Section 4.5 and Table 3. The risk and hazard management program
also includes the inspection and maintenance program for the Pit 7 Complex landfills. The
purpose of this program is to identify and repair any degradation or damage to the landfill
surfaces or damage or blockage of the drainage ways that could lead to: (1) increased infiltration

of precipitation, (2) exposure of the landfill contents, and (3) flow of surface water on or adjacent
to the landfills

In 2008, a drainage diversion system was installed at the Pit 7 Complex to prevent further
releases of COCs from the pits and underlying bedrock to ground water. The four components
of the drainage diversion system include:

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.

4. An upgraded surface water-settling basin at the south end of the existing south-flowing
concrete channel for the Pit 7 Landfill cap.

Additional information on the Pit 7 landfill cap and drainage diversion system design is
presented in the Remedial Design Document for the Pit 7 Complex (Taffet et al., 2008).

A ground water extraction and treatment system (Pit 7-Source) was constructed and began
operation at the Pit 7 Complex in May 2010. Ground water is extracted from Qal/WBR HSU
and Tnbs;/Tnbs, bedrock HSU wells to remove VOCs, uranium-238, nitrate, and perchlorate
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from the subsurface. The ground water treatment system includes three ion-exchange resin
canisters for the removal of uranium followed by three ion-exchange resin canisters containing a
perchlorate-selective resin that is also effective in removing nitrate. Ground water that has been
treated to remove uranium, perchlorate, and nitrate is then piped through three aqueous-phase
granular activated carbon (GAC) canisters to remove VOCs. The treated water, which still
contains tritium, is discharged to an infiltration trench, where the tritium naturally attenuates in
situ. Tritium activities in ground water downgradient of the infiltration trench are monitored to
ensure that the infiltrating treatment facility effluent does not accelerate downgradient migration
of tritium in ground water.

The results of landfill detection monitoring, and remedial action ground water monitoring,
remediation progress, and the status of institutional control implementation at the Pit 7 Complex
are reported in the ERD semiannual and annual Compliance Monitoring Reports.

A map of the Pit7 Complex area within OU 5 showing the locations of the landfills,
Drainage Diversion System, extraction and monitor wells, and the treatment system is presented
on Figure 3. Photographs of the landfills, drainage diversion system, and the treatment system
are included in Appendix A3.

4.4. Operation and Maintenance

The remedies for the Building 850/Pit 7 Complex OU operated as designed during this
five-year review period and no significant operational or cost issues were identified. All
required documentation is in place, and the inspection, operation, and maintenance procedures
for the Building 850 CAMU and the Pit 7 Complex ground water treatment system, engineered
drainage diversion system, and landfill covers/cap are consistent with established procedures and
protocols. Inspection, operation, and maintenance activities and any operational or compliance
issues identified during the five-year review period for the Building 850 area and Pit 7 Complex
remedies are discussed in Sections 4.4.1 and 4.4.2, respectively.

4.4.1. Building 850 Remedy Operation and Maintenance

The remedy components for the Building 850 area that require long-term operation and
maintenance include:

* A CAMU where solidified contaminated surface soil was consolidated.
* A ground water monitoring network to evaluate the effectiveness of cleanup.

Inspection and maintenance procedures for these remedy components are contained in the
following documents:

* Compliance Monitoring Plan and Contingency Plan for Environmental Restoration at
LLNL Site 300 (Dibley et al., 2009b).

« LLNL Livermore Site and Site 300 Environmental Restoration Project Standard
Operating Procedures (Goodrich and Lorega, 2009 and 2012).

* Inspection and Maintenance Plan for the Building 850 Containment Embankment
(CAMU) (SCS Engineers, 2010.)
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During the review period, inspections of the Building 850 CAMU were conducted in the
rainy season, as required. The major maintenance activities for the Building 850 CAMU
included:

* Repair of erosional damage on the hillslope west of Building 850 that occurred during
heavy winter/spring rains (2010).

*  Weed removal from the CAMU and spraying of a pre-emergent herbicide to prevent
creation of an attractive habitat for burrowing animals (2012).

* Removing sediment from the drainage system catch basin to restore water flow (2013).

* Removing vegetative debris and sediment from the CAMU surface water drainage
system (as needed).

In addition, the ground water monitor well network for the Building 850 area was routinely
inspected during semi-annual sampling activities. Maintenance activities for the monitoring
network included pump replacements, repairing rodent damage to wiring, and general wellhead
maintenance on an as-needed basis.

The budgeted and actual environmental restoration costs for Building 850 are tracked closely
and are consistently within or near the allocated budget. Table 1 presents the actual costs for the
last five fiscal years (2010 through 2014).

4.4.2. Pit 7 Complex Remedy Operation and Maintenance

The remedy components for the Pit 7 Complex that require long-term inspection, operation,
and maintenance include:

* An extraction and treatment system to remove VOCs, uranium, nitrate, and perchlorate
from ground water.

* An engineered drainage diversion system to hydraulically isolate the contaminant sources
in the landfills and underlying bedrock from subsurface water.

e Landfill covers/cap to prevent exposure to pit waste.
* A ground water monitoring network to evaluate the effectiveness of cleanup.

The remedy for the Pit 7 Complex Landfills operated as designed during this five-year
review period and no significant operations or cost issues were identified. All required
documentation is in place, and the inspection, operation, and maintenance procedures for the
Pit 7 Complex ground water extraction and treatment system, engineered drainage diversion
system, and landfill covers/cap are consistent with established procedures and protocols.

The inspection, operation, and maintenance (O&M) procedures for the Pit 7 Complex
remedy components are contained in the following documents:

* Compliance Monitoring Plan and Contingency Plan for Environmental Restoration at
LLNL Site 300 (Dibley et al., 2009b).

« LLNL Livermore Site and Site 300 Environmental Restoration Project Standard
Operating Procedures (Goodrich and Lorega, 2009 and 2012).

* Operations and Maintenance Manual, Volume 1: Treatment Facility Quality Assurance
and Documentation (LLNL, 2004).
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Operations and Maintenance Manual, Volume XVI: Operations and Maintenance Manual
for the Pit7-Source Treatment System (Moffitt et al., 2012).

Inspection and Maintenance Plan in the Remedial Design Document for the Pit7
Complex (Taffet et al., 2008).

Integration Work Sheet Safety Procedure #11341: Ground Water and Soil Vapor
Treatment Facility Operations at Site 300.

Integration Work Sheet Safety Procedure #11314: Environmental Restoration
Department (ERD) Site 300 Ion Exchange Resin Replacement.

Integration Work Sheet Safety Procedure #11313: ERD Site 300 Off-Road Driving for
Operations and Training.

Integration Work Sheet Safety Procedure #11343: ERD Routine Ground Water
Sampling & Water Level Monitoring at Site 300.

Integration Work Sheet Safety Procedure #14984: ERD Routine Electronic Operations at
Site 300.

Integration Work Sheet Safety Procedure #11339: ERD Site 300 Hydraulic Pump
Operation.

Integration Work Sheet Safety Procedure #11346: Removal/Replacement of Spent
Aqueous and Vapor-phase Granular Activated Carbon (GAC) at Site 300.

Substantive Requirements for Waste Water Discharge for the Pit 7 Complex ground
water treatment system issued by the California RWQCB.

The applicable inspection, operation, and maintenance activities for the ground water
extraction and treatment system, engineered drainage diversion system, landfill covers/cap, and
monitoring network are discussed in Sections 4.4.2.1 through 4.4.2.3.

4.4.2.1. Pit 7— Source Ground Water Extraction and Treatment System O&M

The Pit 7-Source ground water extraction and treatment system began full-time operation on
May 16, 2010. Monitoring and optimizing the performance and efficiency of the extraction and
treatment system comprised a large portion of the O&M activities at the Pit 7 Complex during
the five-year review period.

The major maintenance activities for the Pit7-Source ground water extraction and treatment
system included:

Extraction wells NC7-63 and NC7-64 were shut down during the winter months of 2010,
2011, and 2012 to protect against freeze damage.

Extraction well W-PIT7-2307 was shut down during the first semester of 2011 to prevent
drawing contaminants from the Qal/WBR HSU into the underlying Tnbs;/Tnbs, bedrock
HSU. During the first semester 2013, the pump intake was raised to target only the
Qal/WBR HSU.

An additional nitrate-specific-ion exchange resin column was added to the treatment train
in March 2011. This column was placed in the final treatment position, after the GAC.
Shortly after installation, chloroform was detected in an effluent sample prompting
intermittent operations for evaluation. The chloroform was believed to be a transient
event related to the ion-exchange resin.
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* The pipeline to extraction well W-PIT7-2306, NC7-63, and NC7-64 was disconnected
from April 16, 2011 to August 2011 to allow access to the drilling locations for new
wells W-PIT7-2703 and W-PIT7-2704. The only extraction well in operation until
August 23, 2011 was well W-PIT7-2305, at which time wells W-PIT7-2306, NC7-63,
and NC7-64 were reactivated.

* The transfer pump and tank switches and extraction well batteries were replaced in April
2011.

* The treatment system was shut down from August 22 to December 10, 2012 due to an
effluent detection of methylene chloride associated with VOC contamination of a new
resin vessel installed on July 18, 2012. To correct this problem (1) the ion-exchange
vessel was moved in front of the GAC vessel, (2) a new nitrate resin vessel was installed,
and (3) a pre-installation vessel washing procedure was implemented.

* In 2014, double-check valves were installed in the Pit 7-Source ground water extraction
wells to prevent backflow of extracted ground water.

* Spent ion-exchange resin and GAC treatment media were replaced on an as-needed basis.
Modifications to the extraction wellfield during the review period included:

* The addition of three new ground water extraction wells W-PIT7-2703, -2704, and -2705,
and activation of existing extraction well NC7-25, that were brought on-line in August
2012.

* In 2013, extraction well NC7-63 was converted to a monitor well due to continued lack
of ground water for extraction.

The Pit 7-Source ground water treatment system operated in compliance during the review
period with the exception of one exceedence of the 5 pg/L maximum daily and 0.5 pg/L monthly
median effluent limits for VOCs on August 21, 2012. Methylene chloride was detected in the
effluent at a concentration of 5.1 pg/L; the treatment facility was immediately shut down on
receipt of the analytical results. Since methylene chloride is not a ground water COC at the Pit 7
Complex, an evaluation was conducted which determined that a newly installed ion-exchange
resin column was the source of the methylene chloride detected in the effluent. Because the
system remained shut down for the rest of the month while the evaluation was conducted, no
additional effluent samples could be collected during that month. Therefore, the methylene
chloride effluent limit exceedence represented a non-compliance event for the month of August
2012. Although chloroform was detected in the effluent sample collected in March 2011, it did
not exceed the daily maximum of 5 pg/L, and results from additional samples collected during
the month were all below the reporting limit of 0.5 pg/L, meeting the median effluent limit of
0.5 pg/L for total VOC:s.

Operational and maintenance activities performed for the Pit 7 Complex treatment system
during the five-year review period were documented in the semiannual and annual Compliance
Monitoring Reports and reported to the regulatory agencies.

4.4.2.2. Engineered Drainage Diversion System Inspection and Maintenance

The major inspection and maintenance activities for the engineered drainage diversion
system include:
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* Monthly inspections of the engineered hydraulic drainage diversion system during the
rainy season for damage and accumulated debris.

*  When necessary, clearing the drainage diversion system components of blockage and
conducting repairs to maintain the system design capacity.

During the review period, monthly inspections of the drainage diversion system were
conducted in the rainy season. Maintenance activities included:

* Removing vegetative debris and sediment from the drainage channels, southern settling
basin, and rip-rap areas (as needed).

* Repairing squirrel damage (burrows) in the channel banks (2010,