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SITE 300 SURFACE IMPOUNDMENTS CLOSURE

1.0 INTRODUCTION

Lawrence Livermore National Laboratory of the University of California (LLNL) operates two Class
Il surface impoundments that store wastewater that is discharged from a number of buildings located
on the Site 300 Facility (Site 300). The wastewater is the by-product of explosives processing.
Reduction in the volume of water discharged from these buildings over the past several years has
significantly reduced the wastewater storage needs. In addition, the impoundments were constructed
in 1984, and the high-density polyethylene (HDPE) geomembrane liners are nearing the end of their
service life. The purpose of this project is to clean close the surface impoundments and provide new
wastewater storage using portable, above ground storage tanks at six locations. The tanks will be
installed prior to closure of the impoundments and will include heaters for allowing evaporation
during relatively cool weather.

Golder Associates (Golder) has prepared this Final Closure Plan (Closure Plan) on behalf of LLNL to
address construction associated with the clean closure of the impoundments. This Closure Plan
complies with State Water Resources Control Board (SWRCB) Section 21400 of the California Code
of Regulations Title 27 (27 CCR 821400). As required by these regulations and guidance, this Plan
provides the following information:

e A site characterization, including the site location, history, current operations, and
geology and hydrogeology;

e The regulatory requirements relevant to clean closure of the impoundments;
e The closure procedures; and,

e The procedures for validation and documentation of clean closure.
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20 SITE CHARACTERIZATION

2.1 Site Description
2.1.1 Location

Site 300 occupies 11 square miles in the Altamont Hills approximately 8.5 miles southwest of Tracy,
California and 15 miles southeast of Livermore, California (as shown on Figure 1). The property is
owned by the United States Government (CVRWQCB, 1996).

Surface water from Site 300 drains to Corral Hollow Creek, an ephemeral stream which drains east
toward the San Joaquin River basin. The source of surface water is runoff from infrequent heavy
rains. Beneficial uses of groundwater in the vicinity of Site 300 are domestic, agricultural, and
industrial supply. Site 300 receives an average of 10 inches of precipitation per year based on
measurements at the Site 300 weather station from 1965 to 1992. The mean evapotranspiration is 54
inches per year. The facility is not within a 100-year flood plain (CVRWQCB, 1996).

2.1.2  Site History

The area now occupied by Site 300 was used for livestock grazing and ranching prior to development
in 1955. In the late 1950s, a portion of the facility was developed for processing high explosives.
Technical operations in this area included chemical formulation, mechanical pressing, and machining
of high explosive compounds into shaped detonation devices, which were used in open-air detonation
experiments. Solid waste from machining operations was incinerated at an Open Burn Facility
located near Building 829 within the northern portion of the explosives area. Liquid waste was
discharged to former unlined disposal lagoons (E. Raber, 1983). The unlined disposal lagoons were
closed in 1985 under the jurisdiction of the CERCLA program (V. Madrid et al., 2002).

Sampling and analysis of on-site water supply well 6 indicated that trichloroethylene (TCE), a volatile
organic compound (VOC), was leaching into the site’s groundwater. The well was destroyed in
March 1989 and replaced with water supply well 20, located in another area on-site. In 1984, two
double-lined surface impoundments were installed in the explosives area (Figure 2). The
impoundments allow dissolved explosives chemicals in process wastewater to degrade from exposure
to ultraviolet rays in sunlight (V. Madrid et al., 2002). The surface impoundments are regulated by
Waste Discharge Requirements (WDR) 96-248. Further detail on construction of the impoundments
is provided in Section 2.1.3.1.

The Open Burn Facility was dismantled and capped following the 1997 Final Closure Plan (Lamarre
et al. 1997). Three deep groundwater monitoring wells were installed for Postclosure monitoring (V.
Madrid et al., 2002). Further detail on previous investigations conducted at the site is provided in
Section 2.3.

2.1.3 Current Operations

The surface impoundments are currently being used to receive discharge wastewater from three
processing areas within Site 300:

e The Explosives Processing Area;
e The Photo Process Area (formerly called Radiography Area); and,
e The Chemistry Area.
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Figure 2 shows the general layout of Site 300, including the three areas that discharge water to the
impoundments, and Figure 3 shows the existing impoundments. LLNL staff is working with the U.S.
Fish and Wildlife Service to determine if this project may affect threatened or endangered species,
and if necessary, to coordinate protection of sensitive species and habitats prior to proceeding with
the closure project.

The following sections provide further descriptions of the construction of the impoundments and the
chemistry of the water and sludge within the impoundments.

2.1.3.1 Surface Impoundments

The surface impoundments were constructed in 1984 with the following components from top to
bottom:

o A 1-foot thick layer of sand ballast;

e A 60-mils thick high-density polyethylene (HDPE) geomembrane;

e A layer of sand for the leachate collection and removal system (LCRS);

o A 2-foot thick compacted clay liner on the floor (4-foot thick on the side slopes); and,
e Soil subgrade.

Figure 4 shows a typical section of the liner. A leachate collection and removal system (LCRS)
consisting of two-inch diameter slotted PVC pipes was installed at the base of the sand layer
underlying the geomembrane. In addition, eight lysimeters (four in the upper pond and four in the
lower pond) were installed for collection of fluid from below the clay liner. The lysimeters are not
compliance monitoring points and have, in general, not functioned effectively. An experimental
electrical resistivity leak detection system was also installed in the impoundment berms (i.e., a series
of electrodes installed in traffic boxes).

During the lifetime of the impoundment operations, several liner defects have been identified and
repaired. In 1990, leakage was discovered around the 12-inch-diameter PVC interpond conduit
located on the south side of the upper impoundment (Emcon Associates, 1990a) (Figure 3). A
prefabricated boot was installed to repair the leak (Emcon Associates, 1990b). In 1996, three liner
defects were identified in the upper impoundment using electrical leak location methods (Leak
Location Services, 1996). One defect was in the northwestern corner, one was noted in the
northeastern corner, and one was located in the south central portion of the pond (Figure 3). The
defects were subsequently repaired (Pers. Comm., K. Folks, 2004). In 1999, an experimental
electrical resistivity survey indicated a liner defect in the northwestern corner of the upper
impoundment, and liner defect near the wooden platform located in the lower pond (Daily and
Ramirez, 1999). The defects were subsequently repaired (Pers. Comm., K. Folks, 2004).

In addition to the above liner defects, there have also been defects observed in the liner above the
high liquid levels of the impoundments. The defects have been repaired over time as they have been
discovered (Pers. Comm., K. Folks, 2004).

2.1.3.2 Wastewater and Sludge Chemistry

Wastewater from the surface impoundments was tested in 1995 and most recently in 2003, and sludge
was tested in 2002 (Tables 1 and 2). The analytical results from the wastewater and sludge provide
important data regarding the chemistry of the waste in the pond, how it compares and contrasts to the
chemistry of the wastewater effluent to the impoundments from the processing areas (discussed in
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Section 2.1.3), and what contaminants might be expected with potential leakage from the
impoundments. A qualitative review of the data indicates:

e Soluble metals from the sludge are below reporting limits except for Barium which was
detected well below background levels in soil for Site 300 (background soil screening
values for soluble and total metals from internal LLNL study performed on
uncontaminated soils in 1995);

o Total metals analyses indicate elevated levels of Chromium, Cobalt, Nickel and
Vanadium (as compared with background soil screening values) were present in the
sludge from the lower surface impoundment. The first three metals are constituents of
concern (COCs) for the surface impoundment groundwater monitoring program, whereas
Vanadium is not a COC. It is also noted that the total metals analyses involved a
digestion of sorbed metals from the solid fraction of the sludge and may not be
representative of fluids that may have leaked through the liner;

e Low level detections of dinitrotoluene compounds were observed in the sludge samples;
¢ No volatile or semi-volatile organic compounds were detected in wastewater;

e Both wastewater and sludge show elevated levels of inorganic salts (as compared with
wastewater effluent values into the ponds) associated with evaporation of water from the
ponds and concentration of the salts; and,

e Arsenic, Barium, Chromium, Copper, Lead, Potassium, Silver and Zinc were all
consistently detected (i.e., in almost all analyses) in the dissolved state in the
impoundment wastewater.

2.2 Regional Geology and Hydrogeology

Site 300 is located in an area of steep northwest-southeast trending ridges and canyons that drain to
the southeast. The area is underlain by Quaternary alluvial deposits from the Corral Hollow Creek
drainage, Quaternary terrace deposits, Pliocene non-marine deposits (Tps), and Miocene bedrock
units of the Neroly Formation.

The Quaternary deposits situated along the drainage course of Corral Hollow Creek consist mainly of
unconsolidated sand and gravel alluvial deposits ranging up to 30 feet in thickness. The Quaternary
terrace and Pliocene deposits primary consist of sand, silt, clay, and gravel ranging up to 100 feet in
thickness. (V. Madrid et al., 2002). These units are variably saturated throughout the Explosives
Processing Area and contain isolated, perched water-bearing zones.

Below the Quaternary and Pliocene deposits, there is over 400 feet of interbedded sandstone,
siltstone, claystone, and conglomerates of the Neroly Formation, which has been divided into
different regional stratigraphic units. There are two sandstone aquifers within the units, the Neroly
Upper Blue Sandstone (Tnbs,) and Neroly Lower Blue Sandstone (Tnbs;). The Tnbs, aquifer ranges
in thickness from 50 to 60 feet, while the Tnbs; aquifer is 200 to 250 feet thick. A 100-foot-thick
confining layer appears to hydraulically separate the Tnbs, from Tnbs; (V. Madrid et al., 2002).

The surface impoundments are underlain by an unsaturated zone ranging from 70 to over 130 feet
thick. There are two water-bearing zones that occur beneath the impoundments: the Tps perched
groundwater, and the Tnbs, bedrock aquifer. Shallow ground water in the Tps unit occurs as
localized, hydraulically isolated, perched water-bearing zones. These zones are recharged naturally by
direct infiltration from rainfall and artificially through various forms of discharge from nearby
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buildings and sources such as boiler system blow down, septic systems, former HE lagoons, former
dry wells, etc. The main form of discharge from Tps perched water-bearing zones is via springs (e.g.,
Spring 5 which discharges immediately below the impoundments) and through evapo-transpiration on
nearby hillslopes. Typical Tps hydrographs exhibit 2 to 10 feet of water elevation rise in response to
seasonal rainfall events (V. Madrid et al., 2002). Spring 5 was sampled and analyzed four times from
October 1993 through June 1996 for many of the COCs required by WDR 96-248 (Appendix A). An
additional sampling event for volatile organic compounds (VOCs) was also conducted in 1997. No
energetic materials, or other anthropogenic materials were detected. Metals were generally below
reporting limits or statistically based limits.

In the area of the impoundments, groundwater in the Tnbs, is unconfined and is encountered at
approximately 620 feet MSL (approximately 130 feet bgs). The primary source of recharge to the
Tnbs; aquifer is through infiltration along northwest-trending canyons where this aquifer is exposed.
The main discharge for this aquifer is into the overlying alluvial aquifer, along the eastern flank of the
Lone Tree syncline, where the Tnbs, aquifer occurs beneath the alluvial aquifer. Under unstressed,
natural flow conditions, Tnbs, water levels in this discharge area are higher than water levels in the
overlying alluvial aquifer, indicating an upward hydraulic gradient (V. Madrid et al., 2002).

Further details on the hydrogeology of the Explosives Processing Area is provided in the report
Interim Remedial Design for the High Explosives Process Area Operable Unit at Lawrence
Livermore National Laboratory Site 300 (V. Madrid et al., 2002).

2.3 Previous Site Investigations

A site investigation began in the early 1980s to evaluate whether wastewater discharges into the
unlined lagoons resulted in contamination of the local groundwater. The investigation indicated that
the lagoon waters contained concentrations of chemical explosives cyclo-1,3,5-trimethylene-2,4,6-
trinitramine (RDX), cyclotetramethylene tetranitramine (HMX), and trinitrotoluene (TNT) in the
parts per million (ppm or milligrams per liter, mg/L) range. Barium was detected at 2.35 mg/L in one
lagoon, and nitrate was detected at concentrations exceeding the 45 mg/L drinking water standard in
three lagoons. The study concluded that discharges to the lagoons would reach groundwater within
20 years (E. Raber, 1983).

Additional investigations followed to determine the nature and extent of soil and groundwater
contamination beneath the site. The additional investigations included collection and analysis of
surface soil samples, subsurface soil and bedrock samples, water samples, soil vapor samples, and the
installation of groundwater monitoring wells. The investigations resulted in identifying VOCs
(including TCE), high explosives compounds (including HMX, RDX, and Perchlorate), and nitrate as
the primary COCs in groundwater. (V. Madrid et al., 2002). An extensive system of groundwater
monitoring wells has defined the contaminant plumes and provides for ongoing monitoring of plume
migration (Figure 5).

Contamination in the soil and bedrock of the Explosives Processing Area (specifically in the area of
buildings 806, 807, 809, 817) includes HMX and RDX at concentrations up to 29 mg/kg, TCE at
concentrations up to 0.24 mg/kg, and leached barium at concentrations up to 28 mg/L. (V. Madrid et
al., 2002). Passive and active soil vapor surveys detected VOCs, including low concentrations of
TCE (< 0.1 ppm).

In summary, twelve confirmed chemical release sites (source areas) have been identified to date.
Among the confirmed release sites, the former TCE Hard Stand located near Building 815 is
considered to be the primary source of VOCs. The HE rinse-water disposal lagoons at Buildings
806/807 and 817, and the dry well at Building 810, are considered the primary source areas for HE
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compounds, including perchlorate and nitrate (Figure 6) (V. Madrid et al., 2002). Groundwater
underlying the surface impoundments is on the southwestern fringe of the identified RDX and
Perchlorate plumes, and is not currently impacted with TCE.
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3.0 REGULATORY REQUIREMENTS

Golder developed this Closure Plan following the closure requirements for Class Il surface
impoundments referenced in 27 CCR 821400 and §21769. These regulations specify:

Removal of all free liquids remaining in the surface impoundments at the time of closure;
Discharge of all free liquids at an approved waste management unit;

Removal of all contaminated wastes, including sludges, precipitates, settled solids, and
liner materials contaminated by waste;

Discharge of all contaminated waste to an approved waste management unit;
Inspection of all remaining containment features for contamination;

Dismantling of remaining containment features that are found to be free of
contamination;

Removal of contaminated natural geologic materials surrounding the closed
impoundments;

Disposal of contaminated natural geologic materials at an appropriate waste management
unit;

Notification of the RWQCB 180 days prior to closure construction and within 30 days
upon completion; and,

Successful completion of clean-closure eliminates the need for Postclosure maintenance.
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40 CLOSURE PROCEDURES

Clean closure of the surface impoundments will require evaporation of liquid from the
impoundments, excavation and disposal of any sludges and the sand ballast, demolition and disposal
of appurtenant above-ground structures (e.g., stairs, railings, lysimeters, etc.), removal and disposal of
the geomembrane liner and LCRS sand layer, and removal and disposal of pond-related piping. The
clay layer will be sampled for chemical constituents to determine whether it can remain in place, or if
areas of the clay liner need to be removed. Samples will also be collected from the soils underlying
the clay liner to determine if contaminated water has leaked through the liner into these materials.
Once sampling has verified that the chemical constituents of concern have been removed, the
impoundments will be re-graded to provide positive drainage. This will entail excavation of the
existing outer embankments and replacement as engineered fill in the former ponds to establish
positive grades.

Each element of the closure project is described in further detail below.
4.1 Liquid Evaporation

The project schedule will be managed so that liquids in the pond will be allowed to evaporate, and
that no liquid removal and disposal will be required. It is anticipated that the tank construction
project will be complete, and discharges to the ponds will be discontinued by late April 2005. It is
estimated that the ponds will be dry by late June, and clean closure activities will commence in late
June or early July 2005. Prior to the start of construction, LLNL personnel will monitor the ponds
and provide dust control by wetting as needed. In the event that all liquids cannot be evaporated, then
the liquids will be pumped from the impoundments by the subcontractor, tested for discharge limit
parameters (see Sampling and Analysis Plan, Appendix B), and disposed under the auspices of
LLNL’s sewer permit (Wastewater Discharge Permit #1250, issued by the City of Livermore Water
Resources Division), or at an alternate approved waste management unit.

4.2 Demolition

Prior to start of grading, various appurtenant structures associated with the impoundments will be
demolished and removed, and disposed at an approved waste management unit (Class 11 or Class Il1).
Identified structures include, but are not necessarily limited to:

e Concrete stairs with galvanized steel railings;

e Lysimeter control boxes, valves, etc.;

o Traffic boxes (valves, electrical leak detection leads, etc.);
e Galvanized steel frame located in upper pond;

e \Wooden stairs in lower pond; and,

e Concrete vault box for LCRS piping.

Subsurface piping, wiring, etc. associated with the above ground vault boxes will also require
removal and disposal. The subcontractor shall be responsible for determining appropriate
equipment, methods and procedures for removal of subsurface piping. LLNL and/or its authorized
representative shall approve the proposed methods and equipment.
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4.3 Sludge and Ballast Removal and Disposal

Prior to excavation of waste materials, the subcontractor shall construct an equipment
decontamination area within the approved project containment area. Any equipment coming in
contact with waste materials shall be decontaminated prior to leaving the project containment area to
prevent the spread of waste materials outside the containment area. Decontamination requires a
steam cleaner pressure wash, or an approved alternate method. All rinse water shall be contained for
disposal under the auspices of the permit issued by the Livermore Water Reclamation Plant for
discharges to the sanitary sewer system at the Livermore site. LLNL may require analytical testing of
the rinse water prior to disposal.

Prior to excavation of the sludge and sand ballast, the construction area will be prepped for dust
control either by wetting or by application of tackifier or a similar method. The specific method and
materials for dust control will be decided upon by the subcontractor and approved by LLNL and/or
their authorized representative.

It is anticipated that approximately 240 cubic yards (cy) of sludge will be removed from within the
impoundments, along with approximately 1050 cy of sand ballast that lies on top of the
geomembrane. The subcontractor will determine an appropriate method and equipment for removal
of the ballast and sludge. The methods and equipment shall be approved by LLNL and/or their
authorized representative. Based on the estimated volume above, six to eight composite grab samples
will be collected from the excavated sludge and sand ballast (i.e., a minimum of four composite
samples for every 750 cy based on typical soil acceptance requirements at Class 11 disposal facilities).
The composite samples will be submitted for appropriate analytical testing to demonstrate the
material is non-hazardous (as specified by the selected disposal facility). The sampling and analytical
testing program is discussed in more detail in the Sampling and Analysis Plan (Appendix B).

4.4 Geomembrane/Geotextile Removal and Disposal

Upon completion of the removal of the sludge and sand ballast, the HDPE geomembrane and
underlying geotextile will be removed. The subcontractor will be responsible for determining an
appropriate method and equipment for removal of the HDPE and geotextile. Proposed methods and
equipment shall be approved by LLNL and/or their authorized representative. The geomembrane and
geotextile will be disposed of at the selected disposal facility. It is assumed that the geomembrane
and geotextile will meet disposal requirements based on the results from the sludge/ballast testing,
however, this will be confirmed prior to disposal.

45 LCRS Removal and Disposal

It is anticipated that approximately 1,425 cy of sand from the leachate collection and removal system
will be removed from within the impoundments. The analytical results of the sludge and sand ballast
will be used to characterize this sand for disposal at the selected disposal facility.

4.6 Verification Sampling and Testing

The clay liner will be inspected for visual evidence of contamination, and sampled and analyzed to
determine if leaks through the geomembrane have contaminated the clay above acceptable levels.
Samples from the native soils underlying the clay liner will also be collected and analyzed to verify
the integrity of the lining system.

A minimum of 16 samples (total) will be analyzed from the clay liner in the upper and lower
impoundments. Five samples are proposed near known areas of leakage in both the upper and lower
impoundments. The remaining eleven samples are distributed to give areal coverage of the liner in
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both impoundments. Figure 3 shows the distribution of the 16 total sample in the upper and lower
impoundments.

A minimum of six samples (total) will be analyzed from the native soils underlying the liner in the
upper and lower impoundments. The subcontractor will be responsible for providing a backhoe and
operator to work with the LLNL personnel to excavate the test sample locations. The Sampling and
Analysis Plan (Appendix B) provides further details on the sampling locations, depths, and sample
handling procedures. The proposed verification sampling parameters and criteria for clean closure
are described in more detail below.

4.6.1 Verification Sampling Parameters

Clean closure indicator parameters for the clay liner and underlying soils will consist of a select list of
“indicator parameter” COCs from the existing discharge wastewater monitoring program currently
required by the WDR 96-248. In addition, data provided from analytical testing of impounded water
and sludge that was conducted in 2002 was also evaluated and considered in the selection of the
indicator parameters. The intent of the indicator parameters is to test for known waste constituents
that are persistent (i.e., not subject to rapid degradation), and that would be indicative of a release.
Based on these criteria, the recommended list of indicator monitoring parameters for the clean closure
activities consist of:

e Barium, Total in Soil (USEPA Method 6010B);

e  Chromium, Total in Soil (USEPA Method 6010B);
o Nickel, Total in Soil (USEPA Method 6010B);

e Zinc, Total in Soil (USEPA Method 6010B);

e Chloride, Total in Soil (USEPA Method 300.0);

e Sulfate, Total in Soil (USEPA Method 300.0); and,
o RDX/HMX (USEPA Method 8330).

In general, the heavy metals and the HE compounds are the primary constituents of concern that are
detected in the effluent waste streams. Barium, Chromium, Nickel, and Zinc are frequently detected
above reporting limits (RLs) in the effluent, and were also detected at elevated levels in sampling of
the sludge contained in the wastewater ponds. In addition, Chromium and Nickel concentrations have
exceeded their statistically based limits in site groundwater samples. Although other metals are
detected in the effluent waste streams and the impoundment wastewater (e.g., Arsenic, Cadmium,
Cobalt, Copper, Lead, Manganese, Molybdenum, Potassium, Silver and Vanadium), these metals
generally occur at lower concentrations relative to RLs, were not detected in sludge samples, and
have not been observed above statistically based limits in site groundwater samples. In summary,
Barium, Chromium, Nickel, and Zinc are believed to represent a suitable and representative suite of
the metals present in the effluent wastewater stream and impoundment wastewater, and are therefore
recommended as indicator parameters for the trace heavy metals.

Concentrations of RDX/HMX have been consistently detected in wastewater discharged to the
impoundments. Although these compounds do degrade fairly rapidly, there were trace detections in
the sludge from the impoundments. Because these compounds are anthropogenic, and are ubiquitous
in the wastestream, it is recommended that they be used as indicator parameters.
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Although the inorganic salts are not part of the COC list for the effluent discharge, evaporation
processes associated with the impoundments have resulted in elevated concentrations of inorganic
salts in the wastewater and sludge. Therefore it is recommended that chloride and sulfate be used as
representative indicator parameters for the inorganic salts.

No testing is proposed for volatile or semi-volatile compounds since they have generally not been
detected in effluent samples and they would be subject to rapid volatilization and/or degradation in
the impoundments. No testing is proposed for the nitrogen compounds (nitrate, ammonia, and TKN)
since they are not COCs, and the general geochemical complexity of the impoundments would make
it very difficult to evaluate the resulting data. In addition, there is no available background data for
site soils, and there is a recognized widespread presence of nitrogen compounds in the Explosives
Processing Area.

4.6.2 Clean Closure Criteria

Clean closure will be considered complete if the verification samples from the clay liner have
concentrations less than or equal to background concentrations from the clay liner background testing
program and/or established site background concentrations for heavy metals in soil (Table 3). Should
concentrations from the samples collected from the upper portion of the clay liner exceed background
concentrations, samples collected from the lower portion of the clay liner will be submitted for
laboratory analyses.

The clay liner will be removed to the depth at which concentrations in the clay exceed background
concentrations. For example, if there is contamination found in the samples collected from the upper
clay liner (0 to 6 inches), and no contamination is found in the samples collected from the lower
portion of the clay liner (12 to 18 inches), the upper foot of the clay liner will be removed within that
area. If contamination is found in samples from both depths, the entire 2-feet of clay will be removed
from that area. As with the overlying layers, the clay removed from the impoundments will be
subject to analytical testing prior to disposal at an approved facility.

Six (6) background samples for the clay will be collected from the clay liner at locations around the
top of the impoundments above the high wastewater elevation. These samples will be analyzed for
the verification sampling parameters using the test methods presented above. Background sampling
will be conducted prior to the start of clean closure activities.

Six (6) samples from the native soils underlying the clay liner will also be tested for the verification
sampling parameters. The concentrations will be compared against established site background
concentrations for heavy metals in soil (Table 3). No suitable background is available for chloride or
sulfate in soil, consequently they are not recommended as verification parameters for the native soils.

If exceedances of background for naturally occurring inorganics (i.e., metals) are observed in native
soils, then additional testing will be performed to determine if there is a potential threat to
groundwater. The Designated Level Methodology (DLM) (CRWQCB, 1986) will be utilized to
determine if water percolating through the subgrade soils will exceed the lowest water quality
objective for each COC. For this application, it is recommended that the extraction be preformed
using de-ionized water since the future source of any percolation through native soils is naturally
occurring rainfall. Although there is no background concentration for RDX and HMX, the DLM
would also be performed for RDX and HMX to determine the threat to groundwater if they were
detected. The analytical parameters, methods, and reporting limits are discussed in further detail in
the Sampling and Analysis Plan (Appendix B).
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4.6.3 Clean Closure Contingency Plan

In the event that concentrations of verification parameters collected from the soils underlying the clay
liner exceed background concentrations and the DLM indicates that water percolating through the
subgrade soils will exceed the lowest water quality objective for the subject COCs, it is recommended
that the full list of COCs applicable to the effluent and LCRS (Tables 3 and 6, M&RP 96-248
(Appendix A)) be performed to evaluate whether: 1) the contamination is associated with pond
leakage or, 2) is related to prior activities in the Explosives Processing Area. If the contamination is
localized and clearly related to leakage from the ponds (e.g., one or two locations), then limited over-
excavation and re-sampling is recommended to remove the contamination. In this case, the lateral
extent and depth of over-excavation will be proposed to the RWQCB for concurrence and approval.

I the contamination is limited in depth (less than five feet) and aerial extent, then over-excavation of
the pond area may be warranted. However, if contamination in the native soils appears to occur over
a large area, and/or extends to depths exceeding five feet below the base of the liner system (i.e.,
below bottom of clay liner), it is recommended that LLNL (and its technical representatives) and the
RWQCB meet to develop an alternative strategy to the proposed clean closure. In the latter case, one
alternative that should be considered is to continue the closure as proposed, and that groundwater
monitoring be continued as a Postclosure activity.

The groundwater beneath the ponds is known to be impacted with RDX/HMX, Perchlorate, VOCs
and Nitrate, and a groundwater remediation program has been proposed to mitigate the contaminant
plume (V. Madrid et al., 2002). In the event that the surface impoundments are not clean closed (as
discussed above), ongoing monitoring of the groundwater in this area in association with the
CERCLA remediation program could be performed in lieu of closure as a landfill. If the monitoring
indicates that there are groundwater impacts related to the surface impoundments, then the existing
groundwater remediation program could be evaluated and augmented, as necessary, to account for the
surface impoundment source contribution.

4.7 Site Re-grading

Upon removal of the impoundment construction materials, and confirmation that the remaining soils
meet the clean closure criteria discussed in Section 4.6.2, the site will be regraded. The existing
berms will be excavated and the general fill materials will be utilized to fill in the former
impoundment areas in a balanced cut and fill approach (i.e., no materials will be imported for fill).
The proposed final grades will result in a relatively gentle, flat surface across the top of the ridge.
The graded area will drain to the east-southeast at an approximate grade of 6% in the upper
impoundment area and 4% in the lower impoundment area. The engineered fill will be placed in a
controlled fashion and will meet specifications as outlined in the attached Construction Plans and
Construction Specifications (Appendix C and D). Figures 7 and 8 present the proposed final grades
for the surface impoundment areas.

4.8 Hydroseeding

All disturbed areas of the clean closure site will be re-vegetated with a seed mix developed by LLNL
to best match native species. It is anticipated that the re-vegetation will be performed by
hydroseeding with an appropriate mixture of seed, fertilizer, tackifier and/or mulch. Straw wattles
may be used in local areas to further protect against erosion. The subcontractor shall be responsible
for specifying the methodology and equipment for application of the hydroseed, the installation of the
wattles, and the appropriate timing to ensure germination of the seed. The methods and equipment
shall be approved by LLNL and/or their authorized representative.
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5.0 CONSTRUCTION SCHEDULE

LLNL is currently coordinating with the U.S. Fish and Wildlife Service for relevant permits related to
protection of potential California Tiger Salamander habitat. The requirements of the permits will
determine the actual start date of the clean closure project. For planning purposes, LLNL is assuming
that the clean closure project will occur in the summer of 2005. The replacement tanks will be
installed between March 2005 and May 2005 since there are no habitat issues associated with this
portion of the project.

Figure 9 shows the proposed construction schedule, assuming clean closure of the impoundments can
begin in the summer of 2005. The replacement tanks will be installed between March 2005 and April
2005. Once the tanks have been constructed, process water from the various site operations will be
diverted to the tanks, and liquids will be evaporated from the impoundments. After evaporation of
the liquids has occurred, the sludge and sand ballast within the impoundments will be sampled and
analyzed to ensure they meet criteria for disposal at a Class Il landfill (Altamont Landfill).

Following removal and disposal of the sludge, sand ballast, geomembrane, and LCRS sand, samples
will then be collected from the clay liner and the underlying soils. The subcontractor shall allow for a
six-week period in the construction schedule to allow for sampling and analysis of the clay liner and
underlying soils. The analytical results will determine the need for any removal of these materials.
Following excavation of any impacted subgrade materials, the site will be re-graded and hydroseeded.

The anticipated duration for the entire project is eight months including the tank installation project,
pond evaporation, and the grading of the impoundments. The tank installation project is estimated at
approximately 8 weeks from March 2005 to the end of April 2005. The grading portion of the
impoundment closure will start in early July and extend to mid to late September 2005.
Hydroseeding will be performed in mid October concurrent with the onset of the winter 2005-2006
rainy season.
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6.0 POSTCLOSURE MONITORING, MAINTENANCE AND LAND USE

Postclosure land use will be open space. No construction or new facilities are currently anticipated
for the former surface impoundment areas; however, LLNL is not precluded from future development
or use of the impoundment site.

Maintenance of the clean closure area will be minimal, and will entail visual observation by LLNL
staff for evidence of run on, excessive run off, or erosion. If areas of significant erosion are observed,
appropriate actions will be implemented to correct the observed conditions.

It is recommended that the surface impoundment groundwater monitoring program be terminated, and
the WDR associated with the impoundments rescinded, following successful completion of the clean
closure project. If contamination is encountered in native soils underlying the surface impoundments,
and the site is not clean closed, then it is recommended that groundwater monitoring activities related
to the CERCLA monitoring and remediation project be continued in lieu of closure as a landfill. If
the monitoring indicates that there are groundwater impacts related to the surface impoundments, then
the existing groundwater remediation program could be evaluated and augmented, as necessary, to
account for the surface impoundment source contribution.
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TABLE 1
WASTEWATER CHEMISTRY

Lower Surface

Lower Surface Upper Surface Upper Surface Lower Surface Impoundment

Sample Designation Impoundment Impoundment Impoundment Impoundment (Duplicate)
Sample Date 13-Apr-95 13-Apr-95 30-Jun-95 17-Nov-03 17-Nov-03
General Minerals, etc. Method Units
Bicarbonate Alk (as CaCO3) 310.1 mg/L ns ns 1400 870 1400
Calcium 260.7 mg/L ns ns 1.7 54 55
Carbonate Alk (as CaCO3) 310.1 mg/L ns ns 580 3900 5700
Chloride 300 mg/L ns ns 740 2280 3070
Fluoride 5.8 mg/L ns ns 2.3 5.8 6.8
Magnesium 200.7 mg/L ns ns 0.93 1.1 2.1
Nitrate as NO3 353 mg/L ns ns ns <0.4 <0.4
Nitrate as NO3 353.2 mg/L ns ns ns <0.1 <0.1
Nitrate/Nitrite 353.2 mg/L ns ns ns <0.1 <0.1
Ortho-phosphate 365.1 mg/L ns ns ns 11 0.083
Perchlorate 314 mg/L ns ns ns <0.004 0.004
Phosphorus (total) 365.4 mg/L ns ns ns 25 2.4
Potassium 200.7 mg/L ns ns 65 220 220
Sodium 200.7 mg/L ns ns 2300 4900 6700
Specific Conductance 120.1 umhos/cm ns ns 7600 19100 26500
Sulfate 300 mg/L ns ns 1300 2560 5040
Surfactant (MBAS) 425.1 mg/L ns ns <0.5 0.69 ns
Total Alkalinity (as CaCO3) 310.1 mg/L ns ns 2000 4800 7100
Total Hardness (as CaCO3) SM.234.B mg/L ns ns 8 18 21
Total dissolved solids (TDS) 160.1 mg/L ns ns 6000 12800 18400
Zinc 6010B mg/L ns ns 0.051 <0.5 ns
pH pH Units ns ns 9.7 10.0 9.91
Metals (EPA Method 6000/7000)

Method Units
Aluminum mg/L <0.2 <0.2 <0.2 <0.5 <0.5
Aluminum 200.7 mg/L ns ns ns <0.5 ns
Antimony mg/L <0.005 <0.005 0.028 ns ns
Arsenic mg/L 0.021 0.014 0.01 ns ns
Barium mg/L 0.036 0.057 0.05 ns ns
Beryllium mg/L <0.0005 <0.0005 <0.0005 ns ns
Cadmium mg/L <0.0005 <0.0005 <0.0005 ns ns
Chromium mg/L 0.0019 0.0017 0.0016 ns ns
Hexavalent Chromium mg/L <0.01 <0.01 ns ns ns
Cobalt mg/L <0.025 <0.025 <0.025 ns ns
Copper mg/L 0.011 0.012 0.003 <0.1 ns
Copper 200.7 mg/L ns ns ns <0.1 ns
Table 1.xls Golder Associates



TABLE 1

WASTEWATER CHEMISTRY

Lower Surface

Lower Surface Upper Surface Upper Surface Lower Surface Impoundment

Sample Designation Impoundment Impoundment Impoundment Impoundment (Duplicate)
Sample Date 13-Apr-95 13-Apr-95 30-Jun-95 17-Nov-03 17-Nov-03
Iron 200.7 mg/L ns ns ns <0.5 ns
Lead mg/L 0.0069 0.0069 <0.002 ns ns
Lithium 200.7 mg/L ns ns ns 0.51 ns
Manganese mg/L 0.051 <0.03 <0.03 <0.1 ns
Manganese 200.7 mg/L ns ns ns <0.1 ns
Mercury 7470 mg/L <0.0002 <0.0002 <0.0002 ns ns
Molybdenum mg/L <0.025 <0.025 0.065 ns ns
Nickel mg/L <0.005 <0.005 0.014 <0.5 ns
Nickel 200.7 mg/L ns ns ns <0.5 ns
Potassium mg/L 83 61 62 ns ns
Selenium mg/L <0.002 <0.002 <0.002 ns ns
Silver mg/L 0.0057 0.0019 0.0024 ns ns
Thallium mg/L <0.005 <0.005 <0.004 ns ns
Vanadium mg/L <0.025 <0.025 <0.025 ns ns
Zinc mg/L 0.021 <0.02 0.072 <0.5 ns
Zinc 200.7 mg/L ns ns ns <0.5 ns
Energetic Materials (EPA Method 8330 Units

All compounds below method detection limits. mg/kg ns ns ns
VOCs (EPA Method 624) Units

All compounds below method detection limits. pa/L ns ns ns
SVOCs (EPA Method 625) Units

All compounds below method detection limits. pg/L ns ns ns

mg/L - milligrams per liter (parts per million)
pg/L - micrograms per liter (parts per billion)

mg/kg - milligrams per kilogram (parts per million)

umhos/com - microsiemens per centimeter
ns - no sample collected for this analysis

Duplicate samples collected from lower impoundment in November, 2003.

Table 1.xIs
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TABLE 2

SLUDGE CHEMISTRY

Upper Surface

Upper Surface Impoundment Lower S
Sample Designation Reporting Limit Impoundment (Duplicate) Impount
Sample Date 31-May-02 31-May-02 31-Ma
Soluble Minerals Units
pH units 0.1 9.7 ns 9.¢
Perchlorate mg/L 0.004 nd ns 0.01
Bicarb alkalinity (as CaCO3) mg/L 1 190 ns 16(
Hydroxide alkalinity (as CaCO3) mg/L 1 nd ns nd
Carbonate alkalinity (as CaCO3) mg/L 1 120 ns 22(
Total alkalinity (as CaCO3) mg/L 1 310 ns 38(
Aluminum mg/L 0.2 0.8 ns 3.
Calcium mg/L 0.5 0.8 ns 1.z
Chloride mg/L 0.5 110 ns 11(
Fluoride mg/L 0.05 1.4 ns 1.
Iron mg/L 0.1 0.9 ns 3.4
Magnesium mg/L 0.5 nd ns 0.€
Nitrate (as NO3) mg/L 1 42 ns 51
Nitrite (as N) mg/L 0.1 nd ns nd
Ortho-ohosphate mg/L 0.02 0.68 ns 1.
Potassium mg/L 1 20 ns 24
Sodium mg/L 5 260 ns 32(
Specific conductance pumhos/cm 10 1400 ns 170
Sulfate mg/L 10 130 ns 13(
Surfactants mg/L 0.5 nd ns 0.€
Total dissolved solids (TDS) mg/L 2 850 ns 100
Total hardness mg/L 1 2 ns 7
Total phosphate mg/L 0.2 0.7 ns 1.

Table 2.xls
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TABLE 2

SLUDGE CHEMISTRY

Upper Surface

Upper Surface Impoundment Lower S
Sample Designation Reporting Limit Impoundment (Duplicate) Impount
Sample Date 31-May-02 31-May-02 31-Ma
STLC Soluble Metals (EPA Method 6000/7000) Units
CAM 17 Barium mg/L 0.6 1.7/1.7 ns 1.
All other compounds below method detection limits.
CAM 17 Total Metals (EPA Method 6000/7000) Units
Barium mg/kg 5.0 35 35 11
Beryllium mg/kg 0.1 nd nd 0.3
Cadmium mg/kg 0.2 nd nd 0.4
Chromium mg/kg 5.0 6.1 6.1 10
Cobalt mg/kg 0.5 2.9 2.7 21
Copper mg/kg 4.0 5.1 5.7 34
Lead mg/kg 5.0 nd nd 1€
Nickel mg/kg 5.0 5.2 <5.0 11
Silver mg/kg 0.1 0.97 1.6 nc
Vanadium mg/kg 5.0 25 23 11
Zinc mg/kg 5.0 22 23 7€

All other compounds below method detection limits.

TCLP Volatile Organics (EPA Method 0311/8260B)

All compounds below method detection limits.

TCLP SemiVolatile Organics (EPA Method 1311/8270B)

All compounds below method detection limits.

Table 2.xls
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TABLE 2

SLUDGE CHEMISTRY
Upper Surface

Upper Surface Impoundment Lower S
Sample Designation Reporting Limit Impoundment (Duplicate) Impount
Sample Date 31-May-02 31-May-02 31-Ma
Energetic Materials (EPA Method 8330)
2-Amino-4,6-dinitrotoluene mg/kg 0.08 nd 0.0366 0.03
p-nitrotoluene mg/kg 0.08 nd nd 0.08
o-nitrotoluene mg/kg 0.08 0.0925 0.11 0.1
TATB mg/kg 0.099 nd nd nd

All other compounds below method detection limits.

mg/L - milligrams per liter (parts per million)

mg/kg - milligrams per kilogram (parts per million)

nd - Not detected or detected below background screening level or reporting limit
ns - No sample taken

Duplicate samples collected from upper impoundment in May, 2002.
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TABLE 3
BACKGROUND SOILS CHEMISTRY AND SCREENING LEVELS

Clay Liner LLNL PRGs for Soil
Background Background Screening
Sampling Data Soils Data Levels

Explosives (EPA 8330) Units

HMX mg/kg tbd na na
RDX mg/kg tbd na na
Inorganics Units

TDS mg/kg thd na na
Total Metals (EPA 6000/7000) Units

Chromium (total) mg/kg tbd 45.6 38
Nickel mg/kg tbd 66 130

Clay Liner Background Sampling Data to be determined (tbd) by background sampling and anaylsis of
liner materials prior to impoundment closure

LLNL Background Soils Data from internal LLNL investigations (Pers. Comm., R. Brown, 2004)

PRGs - Preliminary Remediation Goals issued by USEPA Region 9, 2002. Values for Total Metals based
on Soil Screening Levels "Migration to Groundwater" and Dilution Attenuation Factor (DAF) of 20.

mg/kg - milligrams per kilogram (parts per million)

na - not appblicable

Table 3.xIs Golder Associates
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FIGURE 9
LLNL SITE 300
SURFACE IMPOUNDMENTS CLOSURE
CONSTRUCTION SCHEDULE

ID |Task Name | Duration |Feb'05 [Mar'05 [Apr'05 [May'05 [Jun'05 [Jul'05 Aug'05 [Sep'05 |Oct'05 Nov '05
1 Tank Construction 67 days |

2 Water Evaporation from Impoundments 45 days | |

3 Sludge/Ballast/LDS/Geomembrane Removal 10 days |:|

4 Structure Demolition and Miscellaneous Activities

5 days |:|

5 Sampling and Testing 45 days | |
6 Site Grading 10 days |:|
7 Hydroseeding 5 days D
Task | | Milestone ‘ External Tasks l
Project: LLNL Impoundment Closure . _ :
Date: Thu 3/3/05 Split e SUmmary External Milestone ‘
Progress I Project Summary ﬁ Deadline @

Page 1
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Appendix A
Historical Analytical Results - Spring 5
Site 300 LLNL

Sample
Parameter Well date Result

General

pH (unitless) SPRING5S 13-Oct-93 8.20
SPRING5 9-May-94 8.30/8.20
SPRING5 29-Nov-95 7.10
SPRING5 25-Jun-96 8.60/7.80

Halocarbons (ug/L)

1,1,1-Trichloroethane SPRING5 13-Oct-93 <0.5
SPRINGS 9-May-94 <0.5/<0.5
SPRING5 29-Nov-95 <0.5
SPRING5 25-Jun-96 <0.5/<1.0

Bromoform SPRINGS 13-Oct-93 <0.5
SPRINGS 9-May-94 <0.5/<0.5
SPRING5 29-Nov-95 <0.5
SPRINGS 25-Jun-96 <0.5/<1.0

1,2-Dichloroethane SPRINGS 13-Oct-93 <0.5
SPRING5 9-May-94 <0.5/<0.5
SPRINGS 29-Nov-95 <0.5
SPRING5 25-Jun-96 <0.5/<1.0

Freon 113 SPRING5 13-Oct-93 <0.5
SPRINGS 9-May-94 <0.5/<0.5
SPRING5S 29-Nov-95 <0.5
SPRING5 25-Jun-96 <0.5/<1.0

Methylene chloride SPRINGS 13-Oct-93 <0.5
SPRING5 9-May-94 <0.5/<0.5
SPRING5 29-Nov-95 <0.5
SPRING5 25-Jun-96 <0.5/<2.0

Tetrachloroethene SPRING5 13-Oct-93 <0.5
SPRING5 9-May-94 <0.5/<0.5
SPRING5 29-Nov-95 <0.5
SPRINGS 25-Jun-96 <0.5/<1.0

Chlorobenzene SPRING5 13-Oct-93 <0.5
SPRINGS 9-May-94 <0.5/<0.5
SPRING5 29-Nov-95 <0.5
SPRING5 25-Jun-96 <0.5/<1.0

Hydrocarbons (ug/L)

Toluene SPRING5 13-Oct-93 NS
SPRING5 9-May-94 NS
SPRING5S 29-Nov-95 NS
SPRING5 25-Jun-96 NS

Naphthalene SPRING5 13-Oct-93 NS
SPRING5 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRINGS 25-Jun-96 NS

Photographic Chemicals (ug/L)

meta- and para- Cresol SPRING5 13-Oct-93 NS
SPRING5 9-May-94 NS
SPRINGS 29-Nov-95 NS
SPRING5 25-Jun-96 NS

App A SPRING5-data.xls Golder Associates



Historical Analytical Results - Spring 5

Appendix A

Site 300 LLNL

Sample
Parameter Well date Result
Benzyl acohol SPRING5S 13-Oct-93 NS
SPRING5 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRINGS 25-Jun-96 NS
Volatile/semivolatile organic compounds (ug/L
Acetone SPRING5 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRINGS 29-Nov-95 NS
SPRING5 25-Jun-96 NS
2-Butanone SPRINGS 13-Oct-93 NS
(methyl ethyl ketone) SPRING5S 9-May-94 NS
SPRING5S 29-Nov-95 NS
SPRINGS 25-Jun-96 NS
Dimethyl sulfoxide (DMSO) SPRINGS 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRING5 25-Jun-96 NS
Ethyl alcohol (ethanol) SPRINGS 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRING5 25-Jun-96 NS
Methyl isobutyl ketone SPRINGS5 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRING5S 29-Nov-95 NS
SPRINGS 25-Jun-96 NS
Additives to energetic compounds (ug/L)
Bis(2-ethylhexyl)phthalate SPRINGS 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRINGS 29-Nov-95 NS
SPRINGS 25-Jun-96 NS
Unreactive polymers (ug/L)
Styrene SPRINGS 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRINGS 29-Nov-95 NS
SPRING5 25-Jun-96 NS
Vinyl chloride SPRING5 13-Oct-93 <0.5
SPRING5 9-May-94 <0.5/<0.5
SPRING5 29-Nov-95 <0.5
SPRINGS 25-Jun-96 <0.5/<1.0
Metals (mg/L)
Aluminum SPRINGS 13-Oct-93 <0.2
SPRING5 9-May-94 <0.2
SPRINGS 29-Nov-95 <0.2
SPRINGS 25-Jun-96 <0.2/<0.2
Arsenic SPRING5 13-Oct-93 <0.002
SPRING5 9-May-94 <0.002/<0.006
SPRINGS 29-Nov-95 0.0035
SPRINGS 25-Jun-96 <0.002/0.0025
Barium SPRING5 13-Oct-93 <0.05
SPRINGS 9-May-94 <0.025/0.015

App A SPRINGS-data.xlIs
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Appendix A
Historical Analytical Results - Spring 5
Site 300 LLNL

Sample
Parameter Well date Result
SPRING5 29-Nov-95 <0.025
SPRING5S 25-Jun-96 <0.025/<0.025
Cadmium SPRING5 13-Oct-93 <0.001
SPRING5S 9-May-94 <0.0005/<0.0005
SPRING5 29-Nov-95 <0.0005
SPRING5 25-Jun-96 <0.0005/0.0017
Chromium SPRINGS 13-Oct-93 <0.01
SPRING5S 9-May-94 <0.01/<0.01
SPRING5S 29-Nov-95 <0.01
SPRINGS5 25-Jun-96 <0.001/<0.001
Cobailt SPRINGS 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRING5S 29-Nov-95 NS
SPRINGS 25-Jun-96 NS
Copper SPRING5S 13-Oct-93 <0.05
SPRING5 9-May-94 <0.05/<0.01
SPRINGS 29-Nov-95 <0.05
SPRING5 25-Jun-96 <0.05
Lead SPRINGS 13-Oct-93 <0.005
SPRING5 9-May-94 <0.005/<0.002
SPRING5S 29-Nov-95 <0.002
SPRINGS 25-Jun-96 <0.005/<0.002
Manganese SPRINGS 13-Oct-93 <0.03
SPRINGS 9-May-94 <0.03/<0.005
SPRING5S 29-Nov-95 <0.03
SPRINGS 25-Jun-96 <0.03/<0.03
Molybdenum SPRINGS 13-Oct-93 NS
SPRING5S 9-May-94 NS
SPRING5S 29-Nov-95 NS
SPRING5 25-Jun-96 NS
Nickel SPRINGS 13-Oct-93 <0.1
SPRING5 9-May-94 <0.1
SPRING5 29-Nov-95 <0.1
SPRING5 25-Jun-96 <0.1/<0.1
Potassium SPRING5 13-Oct-93 3.1
SPRING5 9-May-94 2.9/2.9
SPRING5S 29-Nov-95 2.8
SPRING5S 25-Jun-96 2.6/2.5
Silver SPRINGS 13-Oct-93 <0.001
SPRING5 9-May-94 <0.001/<0.001
SPRINGS 29-Nov-95 <0.001
SPRING5S 25-Jun-96 <0.001/<0.001
Zinc SPRINGS 13-Oct-93 <0.05
SPRING5 9-May-94 <0.02
SPRING5 29-Nov-95 <0.05
SPRING5 25-Jun-96 <0.05
Salts (mg/L)
Ammonia nitrogen (as N) SPRINGS5 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRING5S 29-Nov-95 NS

App A SPRING5-data.xls Golder Associates



Appendix A
Historical Analytical Results - Spring 5
Site 300 LLNL

Sample
Parameter Well date Result

SPRING5S 25-Jun-96 <0.02

Bicarbonate alkalinity SPRING5 13-Oct-93 360

(as CaCO3) SPRING5 9-May-94 280
SPRING5 29-Nov-95 300
SPRING5 25-Jun-96 250

Bromide SPRING5 13-Oct-93 NS
SPRING5 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRING5 25-Jun-96 NS

Chloride SPRING5 13-Oct-93 830
SPRING5 9-May-94 490/540
SPRING5 29-Nov-95 670
SPRINGS 25-Jun-96 460/170

Nitrate (as NO3) SPRINGS 13-Oct-93 443
SPRING5 9-May-94 137.3/487.3
SPRING5 29-Nov-95 99
SPRING5 25-Jun-96 94/102

Ortho-phosphate SPRINGS 13-Oct-93 NS
SPRING5 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRING5 25-Jun-96 0.36/0.11

Perchlorate SPRING5 13-Oct-93 NS
SPRINGS 9-May-94 NS
SPRING5 29-Nov-95 NS
SPRING5 25-Jun-96 NS

Sulfate SPRING5 13-Oct-93 29
SPRING5 9-May-94 57/33
SPRING5 29-Nov-95 33
SPRINGS 25-Jun-96 36.6/51

Energetic materials (ug/L)

HMX SPRING5 13-Oct-93 <20
SPRINGS 9-May-94 <10
SPRING5 29-Nov-95 <5
SPRING5 25-Jun-96 <5

RDX SPRINGS 13-Oct-93 <30
SPRING5 9-May-94 <10
SPRING5 29-Nov-95 <5
SPRINGS 25-Jun-96 <5

TNT SPRINGS 13-Oct-93 <30
SPRING5 9-May-94 <5
SPRINGS 29-Nov-95 NS
SPRING5 25-Jun-96 NS

# MDL = Method detection limit.

® NS = Not sampled & analyzed.

Note: if more than one sample result occurs in a row, duplicate sample results are represented.

Data provided by R. Brown, LLNL. |
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SAMPLING AND ANALYSIS PLAN
SITE 300 SURFACE IMPOUNDMENTS CLOSURE

1.0 INTRODUCTION

The field methods and procedures described in this Sampling and Analysis Plan (S&A Plan) are
general descriptions of environmental sampling protocols. The methods described are intended for
sampling and analysis relevant to clean closure of the Site 300 Surface Impoundments located at the
University of California’s Lawrence Livermore National Laboratory. The results will be used to 1)
determine appropriate disposal of excavated materials and, 2) to determine if the clay liner and
underlying soils meet acceptable criteria for clean closure.

Sampling will be performed on materials collected from three different media associated with the
closure project:

e Sampling of the sludge and sand ballast overlying the impoundment
geomembrane;

e Sampling of the clay liner underlying the LCRS; and,
e Sampling of soils underlying the clay liner.

The sludge, ballast sand, and LCRS sand will be excavated and disposed of at an appropriate waste
management unit. Results from the sludge/ballast sampling event will be used to characterize the
LCRS. The recommended testing protocols are intended for soil disposal characterization. It is
assumed based on previous testing results that these materials will meet criteria for disposal at a Class
Il landfill (Altamont Landfill).

The second sampling and analysis event will be on the clay liner and underlying soils to satisfy
regulatory criteria for clean closure of the surface impoundments. The excavation subcontractor will
provide a backhoe and operator to work with the LLNL sampling technologist to excavate test
locations. The LLNL sampling technologist will obtain the samples and submit for analyses per the
protocol established herein. Material from the clay liner may be incorporated in the general fill for
final grading, depending on the sampling results.

Golder Associates



Site 300 Sampling and Analysis Plan February 2005
LLNL -2- 043-7408

20 SAMPLING LOCATIONS AND FREQUENCY

2.1 Sludge/Ballast Sampling

It is anticipated that approximately 240 cubic yards (cy) of sludge will be removed from within the
impoundments, along with approximately 1,050 cy of sand ballast that lies on top of the
geomembrane. Based on the estimated volume above, six (6) composite grab samples will be
collected from the sludge and sand ballast (i.e., approximately four composite samples for every 750
cy). Assuming four (4) samples will be collected for each composite sample this is a total of 24
discrete samples. Sixteen (16) grab samples will be obtained from the upper pond, and eight (8)
samples will be obtained from the lower pond; four (4) composite samples and two (2) composite
samples will be prepared for analytical testing, respectively. The Subcontractor will need to allow
time in the construction schedule for analytical testing and authorization for disposal prior to
excavation of the sludge and/or ballast.

Sample locations will be determined in the field and will be spaced at approximately equal intervals
throughout the floor of the impoundment. Sample locations will be documented on a field map.

2.2 Clay Liner Sampling

Samples will be collected from the clay layer underlying the impoundments and submitted for
laboratory analysis to investigate whether leaks through the geomembrane have contaminated the
clay. Samples for verification of clean closure will be collected from:

¢ Known leak locations;
e Areas observed to be contaminated based on visual inspection; and
e Specified locations across the clay liner.

There are six documented areas where liner defects were previously discovered and repaired by
LLNL (see Section 2.1.3.1 of the Closure Plan for discussion). Two leaks occurred in approximately
the same location within the western corner of the upper impoundment. Figure B-1 shows the five
general areas of the leaks that will be visually inspected and sampled. In addition, other areas with
visual evidence of contamination (soil discoloration, staining, etc.) will also be sampled and
submitted for laboratory analysis as discussed in Section 4.0 of this S&A Plan. Finally, general areas
will also be sampled following the grid layout shown on Figure B-1.

In summary, it is anticipated that a minimum of eleven samples will be collected from the clay liner
within the upper impoundment, and a minimum of five (5) samples will be collected from the lower
impoundment.  Five samples are located in areas of suspected leakage (four in the upper
impoundment and one in the lower), and the remaining eleven (11) samples are distributed to provide
areal coverage of the base of the liner. Additional samples may be collected at the discretion of field
personnel based on visual evidence of leakage. This sampling plan will result in approximately 15
sample locations per acre.

Two (2) samples will be collected from each sample location within the clay liner, one at 0-to 6-

inches within the clay liner, and one at 12-to 18-inches within the liner. The deeper samples will be
analyzed if results from the shallower samples indicate that the clay has been contaminated.

Golder Associates
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Six (6) background samples for the clay will be collected from the clay liner at locations around the
top of the impoundments above the high wastewater elevation (Figure B-1 and B-2). Four (4)
background samples will be collected from the upper impoundment and two (2) samples will be
collected from the lower impoundment. These samples will be analyzed for the verification sampling
parameters using the test methods presented in Section 4.0. The results from these samples will serve
as background data for comparing the indicator sample data and determining if leakage through the
geomembrane has occurred. Background sampling will be conducted prior to the start of clean closure
activities.

2.3 Subsurface Soils Sampling

Six (6) samples will be collected from the soils underlying the clay to determine if contaminants have
leached through the liner; four (4) from the upper impoundment and two (2) from the lower
impoundment. The samples will be collected from 0- to 12-inches below the bottom of the clay liner.
Deeper sampling may be required if evidence of contamination is encountered (see Section 4.6.3 of
Final Closure Plan for discussion). These samples will be analyzed for the clean closure monitoring
parameters using the test methods presented in Section 4.0 of this S&A Plan.

Golder Associates
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3.0 SAMPLE COLLECTION AND HANDLING PROCEDURES

All sampling activities will be conducted by LLNL personnel using LLNL procedures (SOP EO-03,
Collecting Samples). Sludge and ballast materials will be collected by LLNL field personnel using a
shovel, scoop, auger, or other suitable device. The bulk samples will be composited and transferred
to an appropriate container. Each container will be labeled and logged on an appropriate chain-of-
custody form. Approximately 500 grams of materials will be prepared for each composite sample.
Sample locations will be documented on a field map. All field equipment in contact with the sample
media will be decontaminated between each sample location.

A backhoe will be used to excavate test pits from which the clay liner and native subgrade samples
will be collected. Bulk samples will be retrieved from materials excavated from each depth interval
using a clean stainless steel scoop, auger or other suitable device, composited, and transferred to an
appropriate container. Each container will be labeled and logged on an appropriate chain-of-custody
form. Approximately 500 grams of sample media will be prepared for each composite. Sample
locations will be documented on a field map. All field equipment in contact with sample media will
be decontaminated between each sample location.

Samples will be maintained in a cooler at 4 degrees C, and submitted to a certified analytical

laboratory at the end of each work day following standard chain of custody protocol. The samples
will be kept in a dark location due to potentially photo-sensitive materials.
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40 SAMPLE ANALYSIS

4.1 Clean Closure Verification Analyses

Clean closure indicator parameters for the clay liner and underlying soils consist of a select list of
“indicator parameters” from the existing discharge wastewater monitoring program currently required
by the Waste Discharge Requirements (WDR) 96-248 (See Closure Plan Section 4.6.1). The list of
indicator monitoring parameters recommended for the clean closure activities consist of:

e Barium, Total in Soil (USEPA Method 6010B);

e  Chromium, Total in Soil (USEPA Method 6010B);
o Nickel, Total in Soil (USEPA Method 6010B);

e Zinc, Total in Soil (USEPA Method 6010B);

e Chloride, Total in Soil (USEPA Method 300.0);

e Sulfate, Total in Soil (USEPA Method 300.0); and,
e RDX/HMX (USEPA Method 8330).

The parameters, methods, and reporting limits are provided in Table 1 (attached). Quality
assurance/quality control samples will consist of duplicates as specified by LLNL personnel.

4.2 Clean Closure Contingency Sampling and Analysis

If exceedances of background for the above listed parameters are observed in native soils underneath
the liner, then additional testing for soluble constituents (STLC) will be performed to determine if
there is a potential threat to groundwater (Table 2, attached). Only those parameters with
exceedances over background will require further testing. The Designated Level Methodology
(DLM) (CRWQCB, 1986) will be utilized to determine if water percolating through the subgrade
soils will exceed the lowest water quality objective for each of the heavy metals listed above. The
Designated Level Methodology entails determining extractable waste constituent concentrations using
the California Waste Extraction Test (WET) procedure (Title 22, CCR, §866700). For this application,
it is recommended that the extraction be performed using de-ionized water since the future source
water for any percolation through the native soils is naturally occurring rainfall. Although there is no
background concentration for RDX and HMX, the DLM would also be performed for RDX and
HMX to determine the threat to groundwater quality if they were detected.

4.3 Soil Disposal Analyses

A full suite of analyses was previously performed by LLNL on sludge from the upper and lower
impoundments (Table 2, Final Closure Plan). One sample was collected from each impoundment and
a duplicate sample was also collected for the upper impoundment. This data showed the sludge to be
non-hazardous.

Golder Associates



Site 300 Sampling and Analysis Plan February 2005
LLNL -6- 043-7408

The impoundment waste materials will be considered “special waste” by landfill disposal facilities
and will require a “Generator Waste Profile” along with appropriate analytical backup. The generator
must certify that the materials are non-hazardous per 22CCR 866260, and must also provide
representative analyses based on the nature of the waste.

For off-site disposal associated with this project, the sludge/sand ballast samples will be analyzed for:

e STLC CAM 17 Metals (USEPA 6000/7000 series);

e Total CAM 17 Metals (USEPA 6000/7000 series);

e TCLP ZERO Extraction (USEPA method 8021); and,
o High Explosives (USEPA method 8330).

The impoundment waste materials will be considered “special waste” by landfill disposal facilities
and will require a “Generator Waste Profile” along with appropriate analytical backup. The generator
must certify that the materials are non-hazardous per 22CCR 866260, and must also provide
representative analyses based on the nature of the waste.

It is recommended that the Generator Waste Profile, existing backup analytical data, and proposed
analytical sampling frequency and analytical methods be presented for pre-approval to the selected
waste facility at least two weeks prior to the start of the construction phase of the project. Once pre-
approval has been obtained, the above off-site disposal analyses data verifying the non-hazardous
nature of the soils should be submitted to the selected waste disposal facility for approval prior to
transport of the soils to the facility. For this project, the Altamont Class Il Landfill has been
identified as the selected waste disposal facility.

Golder Associates
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Table 1_SAP.xls

TABLE 1
CLAY AND SOIL SAMPLING AND ANALYSIS
Total Constituents

LLNL's Reporting  Site-Specific
Parameter Preparation Analysis Limit Background
Code Method Method (mg/kg) (ma/kg)
Total Metals (TTLC)
Barium 0475 3050B° EPA 6010B 5-10 tbd®
Chromium (total) 2450 3050B% EPA 6010B 5-10 thd
Nickel 5850 3050B* EPA 6010B 10 tbd
Zinc 9050 3050B° EPA 6010B 5-10 tbd
Total Minerals
EPA-approved
Chloride 1950 method EPA 300.0 5 thd
EPA-approved
Sulfate 8025 method EPA 300.0 5 thd
Energetic Compounds
EPA-approved
HMX 4935 method EPA 8330 0.2 na
EPA-approved
RDX 7125 method EPA 8330 0.2 na

TTLC = Total Threshold Limit Concentration
% or approved EPA Method

® tbd = To be determined from site-specific clay "background" samples
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Table 2_SAP.xls

CLAY AND SOIL SAMPLING AND ANALYSIS
Soluable Constituents

TABLE 2

LLNL's Reporting
Parameter Leaching Analysis Limit
Code Method Method (mg/L)
Soluable Metals (STLC)
EPA 6010B
Barium 0475 CA WET? or 6020 0.5-1.0
EPA 6010B
Chromium (total) 2450 CA WET or 6022 0.5
EPA 6010B
Nickel 5850 CAWET or 6024 0.5-1.0
EPA 6010B
Zinc 9050 CAWET or 6026 1.0
Soluable Minerals
Chloride 1950 CA WET EPA 300.0 5-10
Sulfate 8025 CA WET EPA 300.0 5-10
Soluable Energetic Compounds
HMX 4935 CA WET EPA 8330 0.005-0.01
RDX 7125 CA WET EPA 8330 0.005-0.01

STLC = Soluble Threshold Limit Concentration

& California Waste Extraction Test (leached with deionized water)

Golder Associates
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