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LLNL FEASIBILITY STUDY
EXECUTIVE SUMMARY

This Feasibility Study (FS) was prepared for the Lawrence Livermore National
Laboratory (LLNL) site in Livermore, California, to comply with the requirements of the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA). Together
with the previously conducted Remedial Investigation (RI) Report (Thorpe et al., 1990), which
characterizes the site, the FS forms the basis for evaluating and selecting alternative technologies
for remediation of hazardous materials in the LLNL subsurface.

The RI identified eight volatile organic compounds (VOCs)—tetrachloroethylene (PCE),
trichloroethylene (TCE), 1,1-dichloroethylene (1,1-DCE), 1,2-dichloroethylene (1,2-DCE),
1,2-dichloroethane (1,2-DCA), 1,1-dichloroethane (1,1-DCA), carbon tetrachloride, and
chloroform—as well as fuel hydrocarbons (FHCs), two metals (chromium and lead), and tritium
that occur in ground water at LLNL in concentrations above Federal or State drinking water
standards. The only environmental media that may require remediation at LLNL are sediments
and ground water. :

~ Two EPA-approved pilot studies are being conducted at LLNL in the Offsite and
Gasoline Spill Areas. In the Offsite Pilot Study, a fully screened extraction well design has
proven effective in hydraulically capturing a significant part of the offsite VOC plume. Other
well designs are being considered for future wells to offset some of the limitations of the fully
screened design. An ultraviolet light/hydrogen peroxide (UV/H202) water treatment system with
an aeration polishing unit and activated carbon air filter has treated over 20 million gal of water,
which has been discharged to LLNL’s recharge basin south of East Avenue. The aeration and
activated carbon units were added to the UV/H202 system to improve treatment efficiency for
halogenated alkanes such as trichloroethane, which are not completely destroyed by the
UV/H703 process. ,

The liquid equivalent of over 6000 gal of FHC vapors has been removed from the vadose
zone of the Gasoline Spill Area by vacuum-induced venting. Experiments suggest that hot air
injection may improve recovery of the fuel. FHC vapors are destroyed by a thermal oxidizer
with a better than 99.8% efficiency. An additional 100 to 150 gal of gasoline was removed by
free product skimming from the top of the water table. Future work will include attempts to
dewater the area with the highest FHC concentrations and remove the remaining fuel by vacuum-
induced venting, possibly supplemented by steam injection.

Section 3 of the FS identifies hydraulic control over the contaminant plumes as a
remedial action objective, which would comply with the State of California’s nondegration
policy. State and Federal Maximum Contaminant Levels (MCLs) are identified as cleanup
objectives for ambient ground water at the LLNL site. Concentration limits in LLNL’s Waste
Discharge Requirements are identified as treatment objectives and form the basis of treatment
system design. Potential health risks that could result from remediation of ground water to
MCLs are within or much lower than the range acceptable to EPA.

Three general response actions, (1) no action, (2) immediate action, and (3) deferred
action, are identified and screened for potential remediation of the approximately 200 gal of
VOC:s and 10,000 gal of FHCs in the saturated zone, and liquid equivalent 50 gal of VOCs and
1000 gal of FHCs remaining in the unsaturated zone.

Ex. Sum.-1
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The screening process yielded three potential remedial alternatives for further evaluation:
two pump and treat alternatives and the Deferred-Action Alternative. Either of the two
extraction alternatives would quickly establish hydraulic control over the contaminant plumes.
The first, Extraction Alternative No. 1, uses about 18 extraction locations and results in the most
rapid remediation of ground water. Using this plan, the time estimated to remediate the ground
water to below MCLs is about 50 y. The second, Extraction Alternative No. 2, uses about 10
extraction locations for downgradient plume margin control. This hydraulic control alternative
also remediates ground water to below MCLs, but is estimated to take about 90 y. By preventing
further offsite migration, both pump and treat alternatives equally reduce risk to human health
from exposure to ground water.

Under the Deferred-Action Alternative, ground water is predicted to attain MCLs by
natural processes in about 360 y and never exceeds MCLs at municipal drinking water supply
wells in downtown Livermore. Although contaminants would migrate beyond their current
range, human health is assured protection by the commitment to treat at the point-of-use if any
MCLs are exceeded.

Vacuum-induced venting is identified as the most effective process for removing VOCs
or FHCs from the vadose zone at LLNL.

For each potential remedial alternative, a wide range of technologies was evaluated for
treating VOCs, FHCs, chromium, and lead in ground water. These include:

e Granular activated carbon (GAC).

* Air stripping with GAC treatment of the vapor phase
* UV/oxidation.

» Biological treatment.

e Precipitation.

* Ion exchange.

» Ultrafiltration.

The first four technologies are primarily for VOCs and/or FHCs, and the last three are
primarily for metals.

Potential disposal alternatives for treated ground water include:

* Recharge via the existing LLNL recharge basin.

* Recharge via drainage dltches, arroyos, and the onsite drainage retention basin, with the
potential for re-use.

* Recharge wells.

Potential technologies for treating VOCs and/or FHCs in vapor are:

+ GAC.

¢ Thermal oxidation.

» Catalytic oxidation.

The screening process resulted in the development of three or more treatment options
(combination of technologies) for remediation of five possible situations regarding hazardous
materials in ground water, as summarized below.

Ex. Sum.-2
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Situation | Treatment option

Immediate action
Ground water with VOCs or 1. GAC treatment of the liquid phase.
FHCs : 2. Air stripping with GAC treatment of the vapor phase.
3. UV/oxidation with aeration polishing and GAC
treatment of the vapor phase.

Ground water with VOCs 1. Same as (1) above with ion exchange.
and chromium ‘ 2. Same as (2) above with ion exchange.
3. Same as (3) above with ion exchange.
Ground water with VOCs, 1. GAC treatment of the liquid phase.
FHCs, and lead 2. Air stripping with GAC treatment of the vapor phase
and additional GAC treatment of the liquid phase.
3. UV/oxidation with additional GAC treatment of the
liquid phase.
4. In situ bioremediation.
Vadose zone with FHCs or 1. GAC treatment of the vapor phase.
VOCs 2. Thermal oxidation of the vapor phase.
3. Catalytic oxidation oxidation of the vapor phase.
Deferred action 1. GAC treatment of the liquid phase.
Ground water withlow VOC 2. Air stripping of the liquid phase.
concentrations at point-of- 3. UV/oxidation of the liquid phase.
distribution

Each of these treatment options was evaluated in detail for each remedial alternative and
situation against the criteria provided in EPA guidance. In situ bioremediation has no proven
track record in circumstances equivalent to those at LLNL, and consequently has greater
uncertainty of success than the other technologies, even for FHCs, where it is potentially
applicable. The application of catalytic oxidation is also limited to FHCs, but it is potentially
applicable to vapor extraction from the vadose zone at the Gasoline Spill Area. Each of the other
treatment options can be designed to meet or substantially exceed all of the EPA criteria. The
noneconomic differences among them involve aesthetics, and possibly the need to transport and
regenerate GAC. UV/oxidation processes minimize waste requiring further treatment or disposal
by destroying the VOCs or FHCs. The most significant difference among the treatment options
is cost, which varies by factors of at least two for each treatment situation.

The lowest costs of the evaluated technologies for each treatment situation are generally
those using air stripping as the primary treatment technology, as summarized below.

Ex. Sum.-3
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Situation Lowest cost treatment option

Immediate action
Ground water with VOCs or Air stripping with GAC treatment of the vapor phase.
FHCs

Ground water with VOCs Air stripping with ion exchange and GAC treatment of the
and chromium vapor phase.
Ground water with VOCs, UV/oxidation with GAC treatment of the liquid phase.
FHCs, and lead
Vadose zone with FHCs or - Thermal oxidation.
VOCs

Deferred action

Ground water with low VOC Air stripping.
concentrations at point-of-
distribution

Using the available treatment options, the three remedial alternatives provide a spectrum
of costs and effectiveness. Extraction Alternative No. 1 (complete capture and treatment of
affected ground water), Extraction Alternative No. 2 (downgradient plume margin control), and
the Deferred-Action Alternativeare all fully protective of human health. The Deferred-Action
Alternative allows continued migration of contaminants beyond their present extent as they
undergo slow natural degradation, but is by far the least expensive—even if VOC concentrations
greater than MCLs were to reach municipal supply wells. Extraction Alternative No. 2 costs
somewhat less than and differs from Extraction Alternative No. 1 in that fewer extraction
locations are employed and a much longer time is predicted before attaining MCLs than for
Extraction Alternative No. 1. Extraction Alternative No. 1 most expeditiously remediates ground
water by siting extraction wells in all of the areas of high VOC concentration, minimizing the
time necessary to complete remediation. '

LLNL will recommend preferred alternatives in the Proposed Remedial Action Plan,
following regulatory acceptance of the FS.

Ex. Sum.-4
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1. INTRODUCTION

1.1. PURPOSE AND ORGANIZATION OF REPORT

Lawrence Livermore National Laboratory (LLNL) is a government-owned research
facility operated by the University of California for the Department of Energy (DOE). Previous
government owners of the site include the U.S. Navy and DOE predecessors. The LLNL site
was added to the Environmental Protection Agency’s (EPA) National Priorities List (NPL) in
July 1987, based on the presence of volatile organic compounds (VOCs) in ground water. In
November 1988, DOE, EPA, the California Department of Health Services (DHS), and the Bay
Area Regional Water Quality Control Board (RWQCB) signed a Federal Facility Agreement
(FFA) to facilitate compliance with the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA), the Superfund Amendments and Reauthorization Act of
1986 (SARA), and applicable State environmental laws.

The history and characterization of the site, including the subsurface distribution of
hazardous materials, are presented in detail in the Remedial Investigations Report (RI) (Thorpe
et al., 1990). This report was submitted to the FFA signatories and is available for public
comment. The RI and this Feasibility Study (FS) provide the basis for selection of strategies for
remediating contaminants at LLNL and those that have migrated from the LLNL site. The RI
includes the Baseline Public Health Assessment (BPHA) (modified from Layton, 1989), which
concludes that the only media of concern are ground water and sediments. The contaminants of
concern fall into three categories—VOC:s, fuel hydrocarbons (FHCs), and metals. Low
concentrations of tritium have also been detected in ground water, but are shown to be of little
concern.

1.1.1. Purpose

The purpose of the FS report is to screen available technologies and present feasible
alternatives and associated costs for remediating contaminants in ground water and sediments
beneath and adjacent to the LLNL site. The RI characterizes the physical and chemical aspects
of the study area and describes in detail the distribution and concentration of contaminants.
Because of varying site conditions, optimal cleanup will consist of a combination of remediation
technologies, each designed to achieve specific goals.

This FS provides conceptual approaches to remediation and is a decision management
tool; it is not a fully engineered remediation plan. Although the RI presents details of the
distribution, fate, and potential migration of contaminants at the LLNL site, no such study can
specify all parameters with complete certainty. We recognize that further information will be
gained as the investigation and remediation efforts continue. We therefore provide as much
flexibility as possible, in order to accommodate changes in conditions which may be found or
anticipated as the project progresses. Potential remedial alternatives are described with respect to
their applicability, along with the factors to be evaluated in deciding when a particular
remediation technology should be applied.

The identification of Applicable or Relevant and Appropriate Requirements (ARARs) and
the initial screening of remedial alternatives were begun in the RI. The FS continues with both
the resolution of ARARs and screening of remedial alternatives building upon the discussions in

1-1
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the RI. The FS uses the results and methodology of the BPHA to evaluate the health benefits of
prospective remedial measures.

The RI and FS form the basis for the Proposed Remedial Action Plan (PRAP), which will
be prepared following review and acceptance of this document. The PRAP will be subject to
formal public review and comment, and will lead to a Record of Decision. Schedules and
engineering design will follow in the Remedial Implementation Plan and Remedial Design.

1.1.2. Report Organization

» Section 1 of the FS describes physical characteristics of the LLNL site and vicinity and
summarizes from the RI the nature and extent of contamination.

¢ Section 2 summarizes the Pilot Studies for the Offsite and Gasoline Spill Areas.

* Section 3.2 develops remedial action objectives, based on ARARs and on potential risks to
human health identified in the BPHA. Specific contaminants and areas requiring remediation
are identified (e.g., FHCs in sediment and ground water beneath the Gasoline Spill Area).

* Section 3.3 explores protective measures or general response actions for the media and
contaminants of concern, and identifies and evaluates specific remediation technologies.

* Sections 3.4 through 3.7 address potential remedial alternatives, assemble viable technologies
into potential treatment options, and complete a screening evaluation.

+ Section 4 analyzes in detail remedial alternatives and treatment options that passed the
screening evaluation and compares resulting strategies.

+ Section 5 presents an Environmental Assessment of remedial alternatives that pass the
screening for compliance with the National Environmental Pollcy Act (NEPA).

* Appendices provide backup materials to support the text.

1.2. SUMMARY OF REMEDIAL INVESTIGATIONS REPORT

1.2.1. Site Description and History

LLNL is an 800-ac research facility located about 40 mi east of San Francisco,
approximately 3 mi east of downtown Livermore (Figure 1-1). The land surface slopes gently
northwestward and is underlain by alluvial sediments to a depth of about 1000 ft. Two
intermittent streams, Arroyo Seco and Arroyo Las Positas, traverse the area. The climate is
semiarid, with an average precipitation of about 14 in./y. Commercial, industrial, and
agricultural land uses dominate the immediate vicinity, but residential development is proceeding
immediately west of the site.

The LLNL site was converted from agricultural use in 1942 by the U.S. Navy to an
aviation training base. Activities such as aircraft maintenance and servicing used VOCs, which
were disposed of onsite (Thorpe ez al., 1990). In 1950, the property was transferred to the
Atomic Energy Commission (AEC) and, in 1952, the University of California began
management of LLNL under contract with the AEC. In 1975, responsibility for LLNL was
transferred to the Energy Research and Development Agency (ERDA) and, in 1977, to the DOE,
its present owner agency. Various hazardous materials, 1nclud1ng VOCs, metals, and tritium,
were used and released at the site in the post-Navy era.

1-2
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1.2.2. Sunimary of Geology and Hydrogeology

LLNL is partially within the Mocho I and Spring hydrologic subbasins (CDWR, 1974).
The only significant beneficial use of the surface water in the study area is for ground water
recharge. The major existing and/or potential beneficial uses of ground water are agricultural,
municipal, and domestic supply.

LLNL is underlain by up to 1000 ft of unconsolidated sediments of late Tertiary to
Holocene age, which are subdivided into the Plio-Pleistocene Livermore Formation and
undifferentiated late Pleistocene to Holocene alluvium. Unconsolidated sedimentary materials
above or below the water table are referred to herein as “sediment.” The Livermore Formation is
divided into an upper member composed of interfingered gravel, sand, silt, and clay, and a lower
member consisting of more laterally continuous layers of silt and clay with lesser gravel beds.

Two ground water systems underlie the LLNL area—a shallow system composed
predominantly of heterogenous alluvial deposits, and a deeper system composed of fluvial and
lacustrine sediments. Regional ground water flow is generally westward, locally stratified, and
primarily horizontal, but the flow paths deepen gradually westward toward the center of the
basin. The upper and lower systems are separated by a regional confining layer that slopes
westward in the upper part of the Lower Member of the Livermore Formation, which varies in
depth from about 60 ft in the eastern part of LLNL to about 400 ft near the western LLNL
boundary.

Depth to ground water in the LLNL area varies from about 110 ft in the southeast corner
of LLNL to 30 ft in the northwest. Ground water gradients vary from relatively steep (0.02 ft/ft)
in the northeast corner of LLNL to fairly flat (0.001 ft/ft) toward the west. Some of the ground
water in the LLNL vicinity eventually flows about 1-1/2 mi west-northwest to Arroyo Las
Positas near First Street in Livermore, where it discharges and through a possible “gap” between
the Mocho I and Mocho II subbasins about 1-1/2 mi west of LLNL, where some of it may
continue to flow westward.

Pumping tests and the distribution of VOCs have demonstrated a high degree of
horizontal communication in the LLNL subsurface. Calculations of hydraulic conductivity and
ground water gradients, along with history matching of VOC migration, indicate an average
ground water velocity of about 70 ft/y in permeable sediments. Much less communication is
observed in the vertical direction. Although downward vertical hydraulic gradients exist over
much of the site, the layered nature of the alluvium prevents significant downward migration
of VOCs. v

1.2.3. Distribution of Hazardous Materials

1.2.3.1. Surface Water

Chromium is the only hazardous material detected in recent analyses of LLNL’s
intermittent surface waters in concentrations above its Maximum Contaminant Level (MCL).
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1.2.3.2. VOCs in Unsaturated Sediment and Grfound Water

Present data indicate that total VOC concentrations exceeding 1 part per million (ppm) in
unsaturated sediment occur in only one area, near Building 518 in the southeast corner of LLNL,
where a maximum total VOC concentration of about 6 ppm was measured in sediments from a
depth of about 20 ft. Soil samples from other potential source areas contained total VOC
concentrations ranging from <5 parts per billion (ppb) to <500 ppb, with most containing less
than 100 ppb. Notable exceptions are the East Taxi Strip and the East Traffic Circle in eastern
LLNL, where total VOCs in the vadose zone have been reported in concentrations up to 300 ppb
and 800 ppb, respectively.

Eight chlorinated solvents, perchloroethylene (PCE), trichloroethylene (TCE),
1,1-dichloroethylene (1,1-DCE), 1,2-dichloroethylene (1,2-DCE), 1,2-dichloroethane (1,2-DCA),
1,1-dichloroethane (1,1-DCA), carbon tetrachloride, and chloroform, have been detected in
ground water in the LLNL area in concentrations exceeding Federal or State action levels or
MCLs. TCE is the most abundant VOC and occurs in eastern LLNL in concentrations exceeding
1 ppm. PCE occurs mainly in the southwest part of LLNL and the adjacent offsite area to the
west, but is also present in eastern LLNL where it is subordinate to TCE. Freon 113 has been
sporadically reported above its MCL in one well (MW-501); its presence will be considered in
the design of the treatment system for that area.

The VOC:s in ground water in the LLNL vicinity occur in relatively large but diffuse
plumes that underlie about 85% of the LLNL site and a total area of about 1.4 mi2 (Figure 1-2).
The calculated volume of VOCs in ground water is less than 200 gal. The plumes are about 30 ft
to 100 ft thick, and VOCs are seldom found below a depth of 200 ft. VOCs have migrated
offsite in two areas: (1) about 2500 ft west of Vasco Road onto private property, and (2) about
800 ft south of southeastern LLNL onto DOE property administered by Sandia National
Laboratories (SNL). Chemical and hydraulic data strongly indicate that a TCE plume northwest
of LLNL originates on private property. That plume is currently under investigation by the
RWQCB and property owners in that area.

1.2.3.3. Fuels and Aromatic Hydrocarbons

Significant concentrations of FHCs occur only in the Gasoline Spill Area, where about
17,000 gal of leaded gasoline was lost prior to 1979. Up to 11,000 ppm total FHCs and 4800
ppm total aromatic hydrocarbons occur in the vadose zone in this area. Total aromatic
hydrocarbon concentrations above 1 ppm in the vadose zone are limited to an area less than
about 30 to 35 ft from the leak point, and diminish to 0.1 ppm within 40 to 45 ft of the leak point.

Total fuel hydrocarbon (TFH) concentrations exceeding 10 ppm in ground water are
restricted to the immediate vicinity of the gasoline leak point and decrease significantly in all
directions. TFH concentrations ranging from 0.001 to 100 ppm are confined to a roughly oval-
shaped area extending from the leak point about 350 ft to the north and to the south, about 400 ft
to the east, and about 500 ft to the west. Benzene concentrations above the 0.001 ppm State
MCL are restricted to an area within about 300 ft of the leak point. FHCs in ground water are
not present below a depth of about 150 ft. The only other FHC reported in concentrations
exceeding an MCL is ethylene dibromide, which recent analyses suggest to be present in five
monitor wells in the immediate vicinity of the gasoline leak point.
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1.2.3.4. Radiological Parameters

Tritium is the only radiological parameter present in ground water in concentrations
above an MCL. In the southeast part of LLNL, MW-206 contains tritium slightly above the
MCL of 20,000 pCi/L. At the time of the RI, only three other LLNL monitor wells contained
detectable concentrations of tritium. Investigations subsequent to the RI have detected tritium in
four other monitor wells in concentrations from 911 to 1500 pCi/L. The natural 12.3-y half-life
for tritium and slow movement of ground water ensure that the observed tritium will have
decayed to well below the MCL long before migrating offsite.

Tritium, if present in unsaturated sediments, is contained in the water phase within
interstitial pore spaces. At LLNL, water typically represents 5 to 20% of the unsaturated
sediments by weight. The amount of tritium present is dependent on the percent moisture within
the unsaturated sediments, and the reported concentrations are not directly comparable to
measurements derived from ground water. To make this distinction, trititum measurements from
unsaturated sediments are now reported in picocuries per liter of soil moisture (pCi/Lgm).

Data collected for the RI indicate that tritium is present in unsaturated sediment in
concentrations significantly above the LLNL background level of about 3500 pCi/Lgy, in the
Building 514 Area in southeastern LLNL. Followup investigations subsequent to the RI have
detected tritium in the unsaturated sediment in the Building 514 Area as high as 2.68 x 106
pCi/Lgm in shallow soil. The investigation of the Building 514 Area is fully described in
Isherwood er al. (1990). Tritium has now also been detected above LLNL background levels in
four additional areas. In the Building 292 Area, located in the northeastern part of LLNL, a
maximum concentration of 2.2 x 108 pCi/Lgny was reported adjacent to an underground tank that
failed its annual leak test. This area is now under detailed investigation, the results of which will
be reported as part of LLNL’s underground tank program. In the other three areas, the highest
tritium concentrations reported were 9.4 x 104, 9.7 x 104, and 1.4 x 105 pCi/Lgp, respectively, in
soil moisture at the Eastern Landing Mat, West Traffic Circle, and Old Salvage Yard Areas.
These areas will be the subject of discussions in future Monthly Progress Reports.

No specific concentration standards currently exist for tritium in soil; however,
concentration limits can be derived from exposure standards. Federal regulations
(40 CFR 61.92) forbid emissions that would cause any member of the public to receive in any
one year a maximum effective dose equivalent of more than 10 millirem per year (mrem/y).
Screening level calculations, using the standard EPA code AIRDOSEPA, indicate that no
pathways exist from any of the measured tritium concentrations in soil that could exceed 0.01%
of this standard. These calculations will be presented in a future Monthly Progress Report.

1.2.3.5. Metals

Ground water samples from most wells monitored by LLNL have been analyzed for
antimony, arsenic, barium, beryllium, cadmium, chromium, copper, iron, lead, manganese,
mercury, nickel, selenium, silver, and zinc. Of these, only total chromium and lead occur at
levels above MCLs. Lead concentrations exceed the MCL in two wells, both in the Gasoline
Spill Area. As reported in the RI, total chromium concentrations exceeded the MCL in 12 wells
in the study area. Data collected subsequent to the Rl indicate total chromium is present in
concentrations above the MCL in a total of 19 monitor wells.
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No metals have been detected in unsaturated sediment in concentrations exceeding the
State Soluble Threshold Limit Concentrations (STLCs). Sediments were removed at two
locations where analyses indicated that metals had accumulated in surficial soﬂs Screening
analyses for the remaining soils indicate no significant health risk.

1.2.3.6. Baseline Public Health Assessment

We used a two-dimensional analytical flow and transport model to predict the movement
of VOCs from the LLNL site toward municipal and domestic water-supply wells, assuming no
VOC remediation were to occur. Input parameters were assigned based on the available data and
on our conceptual model of the local hydrogeology. Uncertainties in the parameter values
associated with VOC transport were addressed by using “best-estimate” (average) and “health-
conservative” (worst case) values.

Under best-estimate transport conditions, the maximum incremental risk of developing

cancer is 2 x 10~7 from a 70-y (lifetime) exposure to calculated concentrations of VOCs in water -

obtained from wells in downtown Livermore. Under a health-conservative transport scenario,
involving exposure to VOCs by domestic use of water from a hypothetical monitor well drilled
250 ft west of LLNL, the incremental risk of developing cancer is estimated to be 2 x 10-3. No
members of the public are currently exposed to VOCs from the use of wells near LLNL.
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2. OFFSITE AND GASOLINE SPILL
PILOT STUDIES

LLNL is currently conducting two EPA-approved pilot studies within the context of the
CERCLA process. The Offsite Pilot Study is evaluating the effectiveness of a test extraction
well design, an ultraviolet light/hydrogen peroxide (UV/H20,) water treatment system, and a
basin to recharge treated ground water. The Gasoline Spill Pilot Study, in the southern part of
LLNL, is evaluating the feasibility of venting FHCs from the vadose zone and from a portion of
the saturated zone after it is dewatered by pumping. In addition, we are testing a thermal
oxidizer for destruction of extracted fuel vapors, and we plan to test a UV/H2O> unit in the future
for treatment of water containing relatively high concentrations of FHCs. Data from these pilot
studies were used in the analysis of remedial alternatives in Sections 3 and 4.

2.1. OFFSITE PILOT STUDY

- The Offsite Pilot Study (Dresen et al., 1987a) was begun in 1988 to:
1. Evaluate the effectiveness of a fully screened and sand-packed extraction well design to
hydraulically capture the full vertical thickness of the offsite VOC plume.
2. Compare actual capture areas with those predicted by analytical modeling.
3. Evaluate methods to treat and recharge the extracted ground water.
The goals of the pilot remediation efforts are to:
1. Completely capture all VOCs originating at LLNL and migrating offsite in concentrations
above MCLs.
2. Reduce total VOC concentrations in the treated water to less than 5 ppb and below MCLs for
individual VOCs.
Release no VOC:s to the atmosphere from treatment facilities.
Demonstrate a system that can reduce residual VOC concentrations in ground water below
MCLs.

AW

2.1.1. Test Extraction Well EW-415 Design

Test extraction well EW-415, located in the southwestern part of LLNL (Figure 2-1), was
installed in August 1988. We collected sediment samples from a pilot borehole for chemical and
grain-size analyses before installing the well. Geologic, geophysical, and grain-size data were
then used to design the well. Based on the the grain-size analyses, we selected the optimum
filter pack and screen size for the formation materials. Drilling, construction, and development
of EW-415 are described in Dresen et al. (1988a) and Yukic et al. (1988), and construction
details are shown in Figure 2-2.

Extraction well EW-4135 is continuously screened and sand-packed over six water-bearing
zones, from 79 to 179 ft (Figure 2-2), and draws water from the entire thickness of the VOC
plume in the area (Dresen et al., 1988a). We employed this design because VOCs occur in
sediment of all grain sizes in the local area, and because of the difficulty associated with
installing relatively thin grout seals between permeable water-bearing zones in a well with
multiple screened intervals.

2-1
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Figure 2-2. Construction details for test extraction well EW-415.
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2.1.2. Capture Area Analysis

To prevent cross-contamination of water-bearing zones, we pumped EW-415
intermittently while the pilot UV/H2O9 water treatment unit at Treatment Facility A (TFA),
described below, was being tested. In September 1989, we began evaluating the hydraulic
performance of EW-415 by continuously pumping the well at flow rates ranging from 10 to
80 gallons per minute (gpm). The extracted water was treated at TFA and discharged to LLNL’s
recharge basin located on DOE property south of East Avenue (Figure 2-1).

Because of maintenance requirements, performance evaluations, and some problems with
the TFA control systems, we were only able to pump EW-415 at rates greater than 50 gpm for as
long as 7 to 10 days on two occasions between September 1989 and March 1990. A network of
over 30 observation wells within a 1500-ft radius was monitored for piezometric data while
EW-415 was pumped. Analysis of the hydraulic data from these two high flow tests indicates
that we can define hydraulic capture areas (i.e., regions from which water would eventually flow
towards the well) for two main depth intervals: 80 to 130 ft and 130 to 185 ft. Pumping at about
50 gpm for 1 wk in October 1989 created capture zones that extended about 500 ft west, 600 ft
north, and 450 ft south of EW-415 in the shallow zone; and about 350 ft west, 600 ft north, and
650 ft south in the deeper zone (Figures 2-3 and 2-4).

In a test conducted in November 1989, we pumped EW-415 at about 65 gpm for 9 days.
The induced hydraulic capture area was larger, extending about 700 ft west in the upper zone and
500 ft west in the deeper zone (Figures 2-5 and 2-6). In both depth intervals, the capture zone
extended about 700 ft north and south. Toward the end of this 9-day pumping period, the water
level in the pumping well fell rapidly to a depth about 90 ft below the original level. The
resulting drop in water pressure triggered a system shutdown at TFA. Prior to the shutdown,
fine-grained sediment began appearing in the pumped water, and one nearby observation well
began to recover while the water level in the pumping well was still dropping. These data
indicated that the sand pack and/or screen in at least part of the well may have become plugged
with sediment. We redeveloped the well and re-evaluated its efficiency in January 1990.
Preliminary analysis indicates that EW-415 was more efficient in January 1990 than when
initially evaluated in August 1988. Since March 1990, we have been pumping EW-415 at about
50 gpm to avoid the rapid drawdown and production of fine sediment.

Figures 2-7 and 2-8 show the EW-415 capture areas predicted by the two-dimensional
analytical flow model CAPTURE. This model is further described in Appendix B. The
hydraulic conductivity input to CAPTURE was determined from hydraulic tests on EW-415.
Figure 2-7 shows the predicted capture area for an extraction rate of 50 gpm, and Figure 2-8
shows the capture area predicted for 65 gpm. The predicted 50-gpm capture area extends about
450 ft west and about 600 ft north and south of EW-415. Comparison of Figures 2-3 and 2-4
with Figure 2-7 shows that the predicted and actual capture areas agree remarkably well, despite
the geologic complexity and given the simplifying assumption of homogeneity of the CAPTURE
model. At 65 gpm, the predicted capture area extends about 600 ft west and 750 ft north and
south of the pumping well. This capture area also compares well to the actual capture areas
shown in Figures 2-5 and 2-6.
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2.1.3. Future Extraction Wells

Data collected thus far indicate that EW-415 can effectively capture a significant portion
of the VOCs in the Southwest Corner/Offsite Area. Compared to wells screened only in
permeable zones, its fully screened and filter-packed design is probably more effective in
removing VOCs from both coarse- and fine-grained sediment, a condition present near source
areas at LLNL (Thorpe ez al., 1990). However, the fully screened and sand-packed design of this
well has limitations that were recognized before the well was installed, including:

1. Inability to pump a zone, or zones, selectively and/or at different flow rates.

2. Difficulty in assessing the flow and VOC-mass removal rates for individual zones.

3. The potential to produce fine-grained sediment in water pumped from the screened silts and
clays, which could clog the well screen.

In view of these limitations, we are considering alternative designs for future pilot study
extraction wells. Analyses of saturated sediment and ground water indicate that VOCs are
present in all sediments within the plume within several hundred feet of a source area (Thorpe
et al., 1990). However, at greater distances from the source, VOCs are limited to the more
permeable sediments (Rice et al., 1990). In such areas, we may install a single well in each
interval requiring remediation. This approach offers maximum flexibility for assessing VOC-
mass removal from each zone, and enables the pumping of each zone at an optimum flow rate
and/or different flow rates over time. In addition, the shutdown of one well in the cluster would
not result in cessation of all extraction at that location. We are currently testing this extraction
approach at a cluster of wells just south of TFA, near MW-262 (Figure 2-1). ,

An alternative approach is to install a single well completed in all permeable zones, with
grout seals installed in the well annulus adjacent to selected intervals (Figure 2-9). This design
would allow isolation of an individual zone, or zones, with packers for selective pumping and -
sampling for VOCs. However, it does not provide the same degree of flexibility as would
individual, single-zone wells. Our experience with test vent/extraction well GSW-16 in the
LLNL Gasoline Spill Area shows that it is difficult to install multiple grout seals in a single well
without risk of grouting portions of the well screen, especially where the distance between
screens is less than 5 to 10 ft. 4 :

A third approach is to install wells completed in more than one zone with grout seals
between permeable zones, but limiting each well to two or perhaps three screens (Figure 2-10).
In these wells, grout seals would be installed only when the minimum thickness of grout is about
710 10 ft. These measures would reduce the risk of grouting portions of the well screen and
would provide additional flexibility compared to the fully screened and sand-packed single-well
design.

For future pilot study extraction wells, we will be evaluating the advantages and
disadvantages of these designs with respect to plume thickness, vertical distribution of VOCs,
number of permeable zones requiring remediation, and proximity to VOC source areas.
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2.1.4. LLNL Recharge Basin

In 1988, LLNL constructed a recharge basin south of East Avenue on DOE property
administered by Sandia National Laboratory to investigate the feasibility of conserving the local
ground water resource by surface recharge. We designed the recharge basin on the basis of
geologic and hydraulic data from exploratory borings and trenches, as reported in Dresen et al.
(1988b). These data indicate that the average infiltration capacity of the local alluvial sediments
is approximately 1.9 ft/day. Incorporating a safety factor of 5 yielded a design infiltration rate of
about 0.4 ft/day. To recharge 100 gpm of treated ground water, a recharge area of 500 ft by
100 ft was required. Therefore, two adjacent cells (E1E and E1W) of this size were constructed
to allow for periodic resting and maintenance of the inactive cell. Figures 2-11 and 2-12 show
plan and cross-sectional views of the basin.

As discussed in the proposal for the pilot study and subsequent Monthly Progress
Reports, the recharge basin was constructed in a clean area, south of the region identified as
requiring remediation. This prevents any adverse impacts on the ground water capture necessary
- for remediation. The mounding of ground water that occurs with recharge in the basin also
provides additional hydraulic control on the plume, helping to contain contaminants within the
LLNL site. Ground water flow directions can be readily deduced from the ground water
elevation contour maps which appear quarterly in the project’s Monthly Progress Reports.

The recharge basin has been receiving treated ground water from TFA since early 1989.
Since then, about 6.5 million gal of treated ground water have been discharged to the eastern cell
(E1E) at rates between 20 and 70 gpm. On December 12, 1989, roughly one year from start of
operation, the western cell (E1W) began receiving treated water from TFA. Over 6 million gal
of treated water have been discharged to EIW through May 1990. The recharge basin has
performed very effectively, with an estimated 92% to 98% of the treated water recharged (see
Lawson et al., 1990). At no time has more than a few inches of standing water accumulated in
either recharge cell.

2.1.5. Design and Performance of Treatment Facility A

Treatment Facility A consists of a commercially available ultraviolet light/hydrogen
peroxide (UV/H202) unit in series with an aeration tank to polish the effluent from the UV/H,0,
unit. A carbon filter removes VOCs from the air effluent from the aeration tank. Figure 2-13 is
a schematic diagram of TFA.

The UV/H20; treatment system is a self-contained unit with four 15-kW, medium
pressure, mercury-vapor UV bulbs. Its maximum design throughput is 100 gpm. To date, the
average throughput rate has been about 50 gpm. At this rate, the residence time of the influent
water in the UV chamber is 90 sec.

Upstream of the UV chamber, hydrogen peroxide is injected into the influent ground
water to achieve a concentration of 30 to 50 ppm. UV light disassociates the hydrogen peroxide
to form the hydroxyl radical (OH). The hydroxyl radical, in conjunction with the UV light,
decomposes the VOCs to nontoxic compounds such as water, chloride ions, and carbon dioxide.
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The UV/H0; treatment unit efficiently destroys PCE and TCE. These compounds have
a double carbon bond that is photoreactive and readily broken under the influence of UV
radiation and the hydroxyl radical. We have obtained destruction efficiencies of 97% to 98%
with the double-carbon-bonded compounds (haloalkenes). Since the start of operation, the
influent PCE concentrations have decreased from an initial value of about 800 ppb to about
150 ppb (Figure 2-14). The TFA influent also contains the incidental compounds 1,1,1-
trichloroethane (1,1,1-TCA), 1,1-DCA, chloroform, and Freon-113 individually below their
MCLs, but cumulatively in excess of LLNL’s discharge limit. Analyses of treated water from
the UV/H20O3 unit show that the haloalkanes 1,1,1-TCA and 1,1-DCA, with their single carbon
bonds, are not completely destroyed. Table 2-1 summarizes TFA destruction efficiencies for
various VOCs.

Because we were unable to achieve total destruction of the haloalkanes, we added an
aeration tank to the UV/H20» system (Figure 2-13 ) in order to meet the water discharge limits
required by our National Pollution Discharge Elimination System (NPDES) permit; this permit
limits our treated discharge water to <5 ppb total VOCs and less than MCLs for individual
VOCs. The aeration system design consists of a baffled 1400-gal tank that receives the effluent
water directly from the UV/HO7 unit. The water is then subjected to intense aeration using a
centrifugal blower that injects air at the rate of 150 cfm. Another centrifugal blower extracts the
air, including VOCs volatilized during the aeration process, at a rate of 250 cfm. This air flow
rate differential of 100 cfm is made up with ambient air that enters the exhaust-air stream through
screened vents at the top of the polishing tank. This prevents volatilized VOCs from escaping to
the atmosphere and minimizes the buildup of condensation in the carbon filter. Any volatilized
VOC:s in the air exhaust are then removed by the carbon filter prior to atmospheric discharge.
The concentration of total VOCs in water entering the polishing tank is about 10 ppb, and the
aeration process generally reduces these residual VOCs in the water to less than the analytic
detection limit of 0.5 ppb. The carbon filter adsorbs all volatilized VOCs such that no detectable
VOC:s are emitted to the air from TFA.

Regular monitoring of the exhaust air stream has not yet indicated breakthrough of any
VOC:s through the carbon filter, no doubt because of the low concentrations entering the aeration
polishing unit. At this time it is anticipated that spent carbon will be disposed of rather than
regenerated onsite. At such time as there is sufficient volume of spent carbon from this and other
facilities, onsite regeneration will be considered.

2.1.6. Conclusions

- Almost 20 million gal of ground water has been extracted, treated, and discharged
through May 1990. Pilot extraction has arrested the movement of the highest concentration
portion of the offsite plume. Test extraction well EW-415 effectively captures a significant
portion of the offsite VOC plume with a hydraulic capture area extending about 600 ft from the
well. However, we are considering alternative designs for future pilot study extraction wells.
The LLNL recharge basin south of East Avenue has performed very well, recharging about 95%
of the 12.5 million gal of treated water discharged through May 1990. The UV/H203 treatment
system at TFA destroys double carbon bonded VOCs such as PCE and TCE with a 97% to 98%
efficiency. A polishing aeration unit with a carbon filter successfully reduces residual
VOC concentrations in water to below discharge limits of 5 ppb total VOCs and prevents
discharge of volatilized VOCs to the atmosphere. '
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Table 2-1. Treatment Facility A performance results (typical data set, August 16, 1989).

Polishing system
UV/H,0, unit water Air discharge at
Influent Effluent Effluent carbon-filter outlet
(ppb) (ppb) (ppb) (PPbvy)
PCE 140 4 <0.5 <1
TCE 4 <1 <0.5 <1
1,1-DCE 13 <1 <0.5 <1
1,1-DCA 4 2 <0.5 <1
1,1,1-TCA 9 8 <0.5 <1
Chloroform 2 2 <0.5 <1
Freon 113 7 6 <0.5 <1
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2.2. GASOLINE SPILL PILOT STUDY

As discussed in Dresen et al. (1986), Nichols er al. (1988), and Thorpe et al. (1990),
about 17,000 gal of leaded gasoline were lost from a U.S. Navy-era underground tank between
1952 and 1979 in the Gasoline Spill Area. Because the water table in this area is about 100 ft
deep, conventional excavation techniques and aboveground venting are not feasible in this area
for remediation of FHCs. Therefore, in situ vacuum-induced venting is being evaluated to
remove FHCs from the subsurface. We are testing a thermal oxidizer for destruction of gasoline
vapor, and plan to test a UV/H20O7 water treatment unit as well.

To evaluate the effectiveness of vacuum-induced venting for cleanup of the FHCs, we
designed and installed a combination ground water and vapor extraction well, GSW-16, near the
fuel leak site in the Gasoline Spill Area. This well is designed to allow:
¢ Venting of hydrocarbons from the vadose zone.
¢ Dewatering of the saturated zone containing the highest concentrations of FHCs.

* Venting of the newly dewatered zone. (Trapped free product exists below the present water
table because of water table rise.)
Skimming of any free product from the water surface.

The components of the pilot system are shown schematically in Figure 2-15 and include:
Combination vapor and ground water extraction well GSW-16.

Two gasoline skimmers, one below ground and the other above ground.
A thermal oxidizer for destroying FHC vapors.
A UV/H0; water treatment system. _

Although the complete system, including the UV/H2O; unit described above, is not yet
operational, we have intermittently tested a gasoline skimmer, the vapor extraction well, and a
thermal oxidizer since September 1988. We calculate that about 6000 gal liquid equivalent of
gasoline vapor has been removed from the subsurface between September 1988 and October
1990. This quantity was calculated using the concentration and mass flow rate data for the FHC
vapor removed through vacuum extraction. An additional 100 to 150 gal of hydrocarbons has
been removed by skimming free product from the top of the water table.

The concentration of the extracted FHC vapor has averaged between 2500 ppm and
4000 ppm, and the flow rate has been 50 to 60 cfm. FHC vapor concentrations from the
uppermost screened interval (23- to 28-ft depth, Figure 2-16) have decreased significantly
relative to the initial concentration of about 2500 ppm. Because vapor concentrations from this
uppermost interval are now less than 100 ppb and have reached a point of diminishing returns,
vacuum-induced venting is now performed only on the deeper vadose zone screens, which still
yield higher concentrations of FHCs.

B

2.2.1. Ground Water and Vapor Extraction

Test vent/extraction well GSW-16, was installed near the center of the gasoline spill to
vent hydrocarbon vapors and extract ground water containing gasoline components. As ground
water pumping progresses, FHC vapors will be extracted by vacuum-induced venting from both
the unsaturated zone and the newly dewatered zone within GSW-16. The vacuum system will be
designed to produce flow rates up to 300 cfm.
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In the fall of 1987, we installed GSW-16, using an air-rotary casing hammer system to
minimize formation damage in the vadose zone. Construction details are shown in Figure 2-16.
The 8-in. casing size was chosen to allow sufficient room for a pump discharge line, a downhole
skimmer, and packers for isolating zones of interest.

The GSW-16 screened intervals were chosen based on soil hydrocarbon analyses of
sediment and lithologic data from the borehole for adjacent monitor well GSW-15, which has
similar screened intervals and virtually identical geology. The lithology and hydrocarbon
distribution in the borehole for GSW-15 are summarized in Figure 2-17. The vadose zone
screens in GSW-15 and GSW-16 were placed adjacent to intervals with the highest
concentrations of FHCs, which occur mostly in silt and clay (Figure 2-17). To prevent “short
circuiting” or preferential flow from the adjacent coarse-grained layers, cement grout seals were
installed between intervals of high hydrocarbon concentration in the vadose zone. The two
screens in the saturated zone were placed adjacent to the more permeable sediments to facilitate
dewatering. Below the water table, these more permeable sediments correlate with the higher
concentrations of FHCs.

During well construction, we encountered problems installing the grout seals; some grout
entered the well, partially coating the two saturated-zone screens. A wire brush effectively
removed most of the grout, and tests indicate that the hydraulic efficiency of the well has not
been greatly affected by the grout.

During the initial year of intermittent test venting, decreases in vapor flow rates and
increases in vacuum from the lower three screens in the unsaturated zone were noted (see Figure
2-18). A downhole camera revealed that these screens had developed a slight to heavy coating of
scale. Laboratory tests showed that the encrusting material had high hydrocarbon concentrations
and was composed of mineral matter (probably calcium carbonate, in part) and bacteria. When
the encrusting material was removed using a wire brush, vacuums and vapor flow rates returned
to original levels.

Three samples of the scale were submitted for bacterial analysis. Two samples, B1 and
B2, were taken from the seventh screened interval (deepest saturated zone screen) ( Figure 2-16).
The third sample, S2, was material scraped from the fifth screened interval (deepest vadose
screen, 78 to 83 ft) of GSW-16. As seen in Table 2-2, all the samples contained significant
numbers of aerobic bacteria, a small percentage of which were methanotrophs (able to
metabolize methane). As part of the detailed site characterization planned for the Gasoline Spill
Area, we will be evaluating the spatial distribution and vitality of the bacteria population and
how they may affect remediation efforts.

Concentrations of FHCs in the vented vapors have decreased over time, as shown in
Figure 2-19. Concentrations of TFH measured at the inlet of the thermal oxidizer decreased
from 16,000 ppm in early 1989 to less than 4000 ppm in early 1990. (See discussion on “Vadose
Zone Heating Experiment.”) However, changes were made in sampling procedures over this
time period, so the absolute measures of change are approximate.

A 5-day continuous pumping test is being planned for mid- to late-1990 to evaluate the
ability of GSW-16 to dewater the area with high FHC concentrations. The results of that test
will indicate whether additional ground water extraction wells will be necessary to remediate the
FHCs below the current water table by venting. After installation of the water treatment system,
additional testing will be required to determine optimal pumping and vacuum rates for
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Figure 2-17. Total fuel hydrocarbons in sediment, generalized borehole stratigraphy, and screened
intervals in monitor well GSW-15.
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Table 2-2. Bacteria analyses from scale coating GSW-16 screen.

Depth  Screened LB medium 2 NMS mediumP Methanotrophs®©
(ft) interval Sample (colonies/g of sample) (colonies/g of sample) (%)
78-83 5 S2, unsaturated 3.0 x 10° 1.6 x 107 0.5
120-130 7 Bl,saturated .  2.3x10° 8.4 x 103 4
120-130 7 B2, saturated 1.0 x 106 1.4 x 105 14
2 LB = Luria (an enriched medium) broth.
b NMS = Nitrate minimum salts (a minimal medium).
C

One set of samples was plated and incubated in air. A second set was plated and incubated in a one-to-one mixture
of air to methane. The air-methane incubation colony counts minus the air incubation colony counts equals the
number of methanotrophs present.
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dewatering. Additional monitor well clusters are planned for installation in the vadose zone by
mid-1990 to monitor the radius of influence of the GSW-16 vapor extraction. A soil vapor
survey will be used to assist in the siting of these clusters.

2.2.2. Treatment of Gasoline Vapor and Ground Water

As shown in Figure 2-15, the vacuum extraction system in the Gasoline Spill Area uses a
liquid ring vacuum pump as the vacuum source. Vacuum is applied to any combination of the
five screened areas in the vadose zone by using packers to isolate zones of interest. During
routine operation, the vacuum extraction system operates at about 15 in. of mercury with a flow
rate of about 60 cfm. The hydrocarbons in the vapor are destroyed in the thermal oxidizer at an
efficiency of greater than 99% (Table 2-3). These FHCs oxidize to CO7 and HyO. The data in
Table 2-3 reflect two different sets of data used to determine the efficiency of the thermal
oxidizer. The first set of data represents source tests performed by the Bay Area Air Quality
Management District and LLNL in June 1989. Efficiency was calculated based on total fuel
hydrocarbon concentrations. The second set of data is representative of tests regularly performed
during operation of the thermal oxidizer. These weekly efficiencies are calculated based on total
BETX concentrations. Propane is used as supplemental fuel to ensure that the destruction is
efficient and complete.

Free-product gasoline (i.e., separate-phase nondissolved gasoline) floating on top of the
water table constitutes a small fraction of the total gasoline volume. Our first attempts to remove
free product were terminated when the membrane-type commercial skimmer failed. Our present
system uses an air-driven pump with its intake at the top, which is manually adjusted to follow
the gasoline-water interface. The skimming system is shut off and removed from the well when
the color of the liquid product visibly changes, indicating that more water is being removed than
free product. Maintaining the pump intake at the gasoline-water interface is also difficult when
the layer of free product is thin. From 3 to 5 gal of free product can be removed from the water
in a skimming episode, after which it commonly takes about 2 to 3 wk for recoverable quantities
to accumulate again. To date, the skimming has been performed without depressing the water
table. As of June 1990, between 100 and 150 gal of free product has been removed by skimming
from GSW-15 and GSW-16. The removed gasoline was disposed of as hazardous waste.

The rate at which FHCs can be removed by vacuum-induced extraction depends on the
permeability of the surrounding sediment and the degree of sorption of the hydrocarbon
molecules to the surrounding sediment. We are currently experimenting with a process that may
enhance volatilization and reduce hydrocarbon sorption to soil. In this experiment, we are
evaluating the feasibility of increasing the rate of in situ volatilization by heating the air drawn
into the vadose zone.

To conduct the experiment, we fabricated a heat exchanger and placed it at the third
deepest vadose screen of GSW-15. This zone was packed off in GSW-15 and GSW-16, isolating
the interval between 50 and 55 ft. The first week of the experiment involved only vacuum
extraction from GSW-16. Vapor concentrations averaged about 3500 ppm of fuel hydrocarbons
during this week. We followed this with a second week of ambient air injection in GSW-15,
with continued vacuum extraction from GSW-16. The fuel hydrocarbon concentrations this
week averaged about 7500 ppm. We then introduced hot air into the vadose zone for 2 wk at
170°F, 1.5 to 2.0 psi at 4 cfm. During this 2-wk interval, fuel hydrocarbon concentrations
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Table 2-3. Efficiency of hydrocarbon destruction in thermal oxidizer at the Gasoline Spill
Area.

Influent Effluent Efficiency
Test (ppmyyy) (ppmyyy) (%)
. Based on total fuel hydrocarbons
BAAQMD? 30,000 200 99.3
LLNLP 17,000 30 99.8
Based on total BETX

LLNLS 243 0.110 99.95
LLNLS 287 ' 0.104 99.96

2 Bay Area Air Quality Management Board source test, June 13, 1989 (memorandum from D. Armstrong to

J. Steenhoven).
b LLNL Environmental Restoration Division source test, June 13, 1989 (memorandum from D. Armstrong to

J. Steenhoven).
¢ Representative LLNL operational monitoring tests October 8, 1990, and October 16, 1990, as documented in field log

books.
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increased to an average of 8500 ppm. The 2-wk period of heating was followed by 1 wk of
vacuum extraction only. During this week, the fuel hydrocarbon concentrations averaged 10,000
to 12,000 ppm.

The experiment was repeated twice using the same protocol. In both experiments, the
hydrocarbon concentrations collected during the week following hot air injection were almost
two times greater than during the hot air injection.

Results from one of these vadose zone heating experiments are shown in Figure 2-20.
This figure presents the FHC vapor concentrations as a function of the different phases of the
experiment. As shown, the average concentration of FHCs following the hot air injection
sequence is two to three times higher than when the test began. We are investigating this
technique in more detail.

Several cleanup options are currently being evaluated for ground water in the Gasoline
Spill Area. Those options are discussed in Section 3.4 and in more detail in Appendix D.

2.2.3. Conclusions

The Gasoline Spill Pilot Study has demonstrated that venting is a viable process for the
remediation of gasoline hydrocarbons within the unsaturated zone. Approximately 6000 gal
liquid equivalent of FHCs has been removed from the vadose zone with test vent/extraction well
GSW-16. The thermal oxidizer destroys FHCs at approximately 99.8% efficiency. Preliminary
analysis suggests that heating the vadose zone may increase FHC recovery. Between 100 and
150 gal of free-phase gasoline has been skimmed from the water table through June 1990.

We have planned additional work that includes:
Installing and testing a water treatment system.:
Conducting tests to evaluate the feasibility of dewatering and venting of the newly dewatered
zone. .
Determining the extent of vapor extraction possible using GSW-16.
Evaluating the need for additional vapor and ground water extraction wells.
Skimming free-phase fuel from the water table under pumping conditions.
Developing numerical models to analyze results and design additional remediation strategies.

N =
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- 3. IDENTIFICATION AND SCREENING OF
TECHNOLOGIES, REMEDIAL ALTERNATIVES, AND
TREATMENT OPTIONS

3.1. INTRODUCTION

3.1.1. Purpose

The purpose of identifying and screening remediation technologies and remedial
alternatives is to provide decisionmakers with a range of possible alternatives for remediating the
LLNL site. This process is designed to evaluate a wide range of technologies, alternatives, and
treatment options that can be evaluated against practical, site-specific criteria.

3.1.2. Overview of Design and Evaluation Process

The EPA has designed a process for systematically examining possible methods of
hazardous material extraction, treatment, disposal, and source control for remediation. Remedial
alternatives are evaluated to identify those that best meet design, cost, and other objectives and
constraints (U.S. EPA, 1988). This process is intended to provide continuity among activities
carried out in the Remedial Investigation (RI) and the Feasibility Study (FS).

The RI (Thorpe et al., 1990) provides a foundation for the FS. RI activities pertinent to
the FS included:

» Site characterization.

* Source characterization.

* Determining the nature and extent of contamination.

*  Hydrogeologic modeling, to estimate the fate and transport of compounds.
+ The Baseline Public Health Assessment (BPHA).

The conclusions of the BPHA are fundamental to the first step in the FS: determining
preliminary remedial action objectives. The BPHA has identified the media of concern at LLNL:
ground water and unconsolidated sedimentary materials (referred to herein as “sediment’) above
the water table. In Section 3.2, we identify preliminary remedial action objectives for each
medium subject to remediation. These objectives are generally stated either in terms of residual
concentrations following remediation or as treated ground water discharge limits. The residual
concentrations are limits promulgated by Federal or State agencies that constitute the ARARS
(Applicable or Relevant and Appropriate Requirements). The remedial action objectives may be
refined to reflect health risk-based concentrations that take into account various possible

pathways and chemicals (U.S. EPA, 1986).
' In Section 3.3, we identify a set of general response actions for each medium
(Figures 3-1a and 3-1b). These include: "
* No action.
* Immediate action, i.e., containment, extraction, treatment (surface or in situ ), and disposal.
¢ Deferred action, i.e., administrative/institutional measures with treatment as necessary at the
point of use.
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The volumes of hazardous materials within each medium and area of interest have been
calculated based primarily on the monitoring program and hydrogeologic models. Under each
of these general response actions, a set of more specific technology types is identified for each
class of contaminants in each medium. These technologies are screened on the basis of the
remedial action objectives and technical implementability. At each screening or evaluation, the
option is either retained for further evaluation, or is eliminated from further consideration. For
each technology type retained for further consideration, a representative technology is identified.
These are evaluated in more detail for their effectiveness, technical implementability, and
relative cost.

Technologies that pass this screening are grouped into either contaminant-specific or
sitewide treatment options. The right-hand columns of Figure 3-1 illustrate treatment options
assembled from a number of technologies applied to remedial alternatives. These treatment
options and remedial alternatives are evaluated in detail against nine criteria, the first two of
which are threshold, “go/no go” criteria:

Protection of human health and the envuonment

Compliance with ARARs.

Short-term (through the completion of remediation) effectiveness.

Long-term (following remediation) effectiveness.

Reduction in toxicity, mobility, and volume of the compounds of interest.
Implementability (technical and administrative).

Cost.

State acceptance.

Local community acceptance.

Cntcrla (8) and (9) will be considered after State and local responses to the Proposed Remed1a1
Action Plan have been received. The final remedial alternatives are compared against one
another to facilitate final selection of remedial measures.

\°.°°.\'.°\S":‘>P’!\’r“

3.2. REMEDIAL ACTION OBJECTIVES

3.2.1 Preliminary Remedial Action Objectives

Table 3-1a lists those standards, requirements, criteria, or limitations under Federal
environmental law and any promulgated standards, requirements, criteria, or limitations under
State environmental or facility siting law that are more stringent than those provided under
Federal law that the signatories to LLNL’s Federal Facility Agreement consider legally
applicable or relevant and appropriate to the LLNL site. In addition, nonpromulgated criteria
advisories or guidance that do not meet the definition of ARARs but that may assist in
determining what is neccessary to be protective are listed as to be considered (TBC). Some of
these apply to remediation activities, such as discharges from treatment facilities, whereas others
form the basis for determining when cleanup is complete. Table 3-1b is a summary comparison
of alternatives and corresponding ARARs.

Text continues on page 3-21.
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Table 3-1b. Summary comparison of corresponding ARARs and factors to be considered.

Alternative

GW1 GW2 GW3 VZ 1 VZ2

Federal Chemical-Specific
Requirements

Safe Drinking Water Act RAR RAR A wk RAR
(SDWA)

[42 USCA 300]

[40 CFR 141.11-141.16;

141.50-141.51] .

Clean Air Act (CAA) A A A A A
[42 USCA 7401-7642]

[40 CFR 50-69] , ,

Clean Air Act A A A A A
[42 USCA 7412]

[40 CFR 61.92]

Federal Action-Specific Requirements

Action: Closure

RCRA42 USCA 6901 A A A A A
[40 CFR 264.111]

RCRA RAR RAR RAR RAR RAR
[40 CFR 264.178] ‘

Action: Pump and Treat

RCRA A A A A A
[40 CFR 264.190-192]

RCRA A A A A A
[40 CFR 264.601—602]

Land Disposal Restrictions (LDRs) RCRA A A A ** A
[40 CFR 268] .

Action: Thermal Treatment

RCRA *% *x *k A ik
[40 CFR 265.373-381]

Action: Transportation

Transportation of Hazardous Waste RCRA A A A ok A
[40 CFR 263]

2 GW 1—Pump and treat; complete capture with source remediation.
GW 2—Pump and treat; downgradient plume margin control.
GW 3—Deferred action; treat at point of use, if necessary.
VZ 1—Vacuum-induced venting.
VZ 2—Deferred action; treat groun | water as necessary.

A = Applicable.
RAR =Relevant and Appropriate.
TBC =To be considered.
** =Not ARAR or TBC.
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Table 3-1b. (Continued)

Alternative?

GW 1 GW 2 GW 3 VZ 1 VZ2

"Action: Reinjection of Treated Ground Water

Safe Drinking Water Act Underground A A A wk A
Injection Control Program
[40 CFR 144.26-27]

Action: Discharge of Treatment System

Effluent

Clean Water Act A A A wk A
[33 USCA 1251-1376]

National Pollutant Discharge Elimination

System (NPDES)

[40 CFR 122-125]

Action: Air Stripping

OSWER Directive 9355.0-28 TBC TBC TBC ** TBC
DOE Order 5400.4 TBC TBC TBC TBC TBC
Occupational Safety and Health Act (OSHA) = A A A A A
Noise Control Act of 1972, as amended by the A A A A A
Quiet Communities Act of 1978 ‘

[40 CFR 204, 205, 211]

State and Local Chemical-Specific

Requirements

Hazardous Waste Control Act (Health and A A A A A

Safety Code, Section 25100-25395),

CCR, Title 22, ch. 30: Minimum Standards
for Management of Hazardous and
Extremely Hazardous Wastes

Criteria for Identifying Hazardous Wastes A A A A A
[Title 22, 66693-66776]

Persistent and Bioaccumulative Toxic A A A A A
Substances

[Title 22, 66699]

8 GW 1—Pump and treat; complete capture with source remediation.
GW 2—Pump and treat; downgradient plume margin control.
GW 3—Deferred action; treat at point of use, if necessary.
VZ 1—Vacuum-induced venting.
VZ 2—Deferred action; treat ground water as necessary.

A = Applicable.
RAR =Relevant and Appropriate.
TBC =To be considered.
** =Not ARAR or TBC.
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Table 3-1b. (Continued)

Alternative?

GW1 GW2 GW3 VZ1 VZ2

Porter-Cologne Water Quality Control Act A A A ha A
[WC13000-13806], as administered by the

State Water Resources Control Board

(SWRCB) and the Regional Water Quality

Control Board (RWQCB) under CCR Title

23, subch. 15, 1050-2836.

State Water Resources Control Board’s A A A A A
Resolution 68-16

California Safe Drinking Water Act RAR RAR RAR ok RAR
Health and Safety Code, Section 2549.5

State and Local Action-Specific
Requirements

Action: General Treatment of Hazardous
Waste

Hazardous Waste Control Act, Health and A A A A A
Safety Code, Sections 25100-25395
[22 CCR 67100-67195]

Hazardous Waste Control Act Land-Disposal A A A *ok A
Restrictions
[22 CCR 66900]

Hazardous Materials Release Response Plans A A A A ‘ A
and Inventory '

[H&SC, Div. 20, ch. 6.95]

[19 CCR, ch. 3, subch. 3]

Action: Closure

'Hazardous Waste Control Act Closure A A A A A
Requirements, Sections 25100-25395
[22 CCR 67210-67220]

Action: Transportation

Hazardous Waste Control Act Hauler A A A ** A
Registration Requirements [22 CCR 66420-

66465] and Requirements for Transporters

of Hazardous Waste [22 CCR 66530-65564]

8 GW 1—Pump and treat; complete capture with source remediation.
GW 2—Pump and treat; downgradient plume margin control.
GW 3—Deferred action; treat at poiut of use, if necessary.
VZ 1—Vacuum-induced venting.
VZ 2—Deferred action; treat ground water as necessary.

A = Applicable.
-RAR =Relevant and Appropriate.
TBC =To be considered.

** =Not ARAR or TBC.

3-19



"UCRL-AR-104040

Table 3-1b. (Continued)

CERCLA Feasibility Study for the LLNL Livermore Site

December 1990

Alternative?

GW1

GwW2

GW3

VZ1

VZ2

Requirements for Generators of
Hazardous Waste
[Title 22 66470—66515]

Action: Discharge of Treatment
System Effluent

Porter-Cologne Water Quality Control Act
[WC13000-13806], as administered by the
State Water Resources Control Board
(SWRCB) and the Regional Water Quality
Control Board (RWQCB) under CCR Title
23, subch. 15, 1050-2836.

Fish and Game Regulations on Pollution
Action: Air Stripping

Air Resources Act

(Health and Safety Code, section 3900 ef seq.)

Bay Area Air Quality Management District
[Regulation 8, Rule 47] )

A

Ab

A

AP

ek

2 GW 1—Pump and treat; complete capture with source remediation.
GW 2—Pump and treat; downgradient plume margin control.
GW 3—Deferred action; treat at poiat of use, if necessary.

VZ 1—Vacuum-induced venting.

VZ 2—Deferred action; treat groun.l water as necessary.
b Applies only to treatment options with surface discharges.

A = Applicable.
RAR =Relevant and Appropriate.
TBC =To be considered.
** =Not ARAR or TBC.
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There are three general kinds of ARARs: chemical-specific, location-specific, and
action-specific. Chemical-specific ARARs usually result in health- or risk-based concentration
limits. CERCLA Compliance with Other Laws Manual (U.S. EPA, 1988a) contains a
nonexhaustive list of potential chemical-specific ARARs from which LLNL has drawn to ensure
that no ARAR is overlooked.

The chemical-specific concentrations proposed as remedial action objectives for ground
water remediation are given for the compounds of concern at LLNL in Table 3-2. The standards
in the columns of Federal and State drinking water MCLs and Federal non-zero MCLGs become
remedial action objectives for ambient ground water (i.e., ground water left in place after
remediation), whereas the discharge limits given in the last column apply to discharges of treated
water under LLNL’s NPDES permit. The most stringent concentration limit (italic) is the
governing ARAR for each chemical of concern.

San Francisco Bay Area Regional Water Quality Control Board’s Basin Plan (“Basin
Plan”) taste and odor objectives are not considered an ARAR for this proposal because
acceptable numerical expressions of these objectives are not available at the present time. There
is no methodology for enforcement of these objectives and consequently they have not been
enforced by the State. We, therefore, cannot use the Basin Plan’s taste and odor objectives to
establish a cleanup level for compliance purposes. If in the future a method is established for
measurement and achievement of the Basin Plan’s taste and odor objectives and achievement of
those objectives is determined to be applicable or relevant and appropriate and necessary to
ensure that the remedy is protective of human health and the environment, then LLNL will
consider the objectives applicable to the cleanup. 40 CFR §300.430 (F) (1) (ii) (B) ().

If any additional hazardous substances are found in the ground water environment at
levels of concern in the future, standards for those will be requested and agreed upon with EPA
and DHS and can be added to those listed in Table 3-2.

Resource Conservation Recovery Act (RCRA) Section 3020 bans hazardous disposal by
underground injection into or above a source of drinking water unless the reinjection involves
treated ground water from a CERCLA response action. This section does not apply if certain
conditions are met. At LLNL, proposed injection is a CERCLA response action intended to
clean up contamination; the contaminated ground water will be treated to substantially reduce
hazardous constituents prior to such injection; and the response action will be sufficient to
protect human health and the environment upon completion. LLNL thus meets the conditions for
exemption and is not subject to the ban.

Whereas specific ARARs do not appear to exist as cleanup standards for vadose zone
sediments, LLNL considers health protection (at a 10-6 risk) to be a remedial action objective.
Based on results of the Baseline Public Health Assessment (BPHA), ground water constitutes the
only significant pathway of exposure from vadose zone contaminants. The BPHA demonstrates
that, if ground water concentrations are at MCLs or below, the health risk is well below 10-5.
Therefore, because the MCL limit is more stringent, we propose the chemical-specific limits on
Table 3-2 as the maximum concentrations that would be allowed to migrate to ground water.

Unsaturated sediment cleanup concentrations will be based on the mobility of specific
contaminants in the sediment at the LLNL site. We have examined the potential for hazardous
substances in the sediments of the unsaturated zone to migrate to ground water (Appendix G).
The preliminary results of our investigation indicate that the potential for affecting the ground
water depends on the mass, concentration, and distribution of contaminants in the vadose zone.
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Table 3-2. Potential chemical-specific ARARs for compounds of concern in ground water at

the LLNL site.2 :
Primary remedial action objective
(ppb)
Concentration limit for drinking water2P
Non-zero Federal Federal CA
Constituent MCLG MCL MCL Discharge limit®
PCE — 5d 5 4
TCE — 5 5 5
1,1-DCE 7 7 6 5
cis-1,2-DCE 704 704 6 5 (total)
trans-1,2-DCE 1004 1004 10 5 (total)
1,1-DCA —_ — 5 5
1,2-DCA — 5 0.5 5
Carbon tetrachloride — 5 0.5 5
Total THM® — 100° 100° 5
Benzene —_ 5 1.0 0.7
Toluene 2,0004 2,0004 1004 5
Xylenes (total) « 10,0004 10,0004 1,750 5
Ethylene dibromide —_ 0.054 0.02 5
Total VOCs — S — -— 5
Chromium*3f 1004 (total) 508 (total) 50 (total) 2,500
Chromium*6f 1004 (total) 508 (total) 50 (total) 11
Lead — 50 50 56
Tritiumg —_ 20,000 pCi/L 20,000 pCi/L —_

a

Human receptor.

b The more stringent concentration limits are shown in italic to illustrate that the most stringent requirements are

followed.

¢ From NPDES Permit No. CA0029259 (revised 8/1/90) and RWQCB order No. 88-075.

4 Proposed MCL or MCLG.

¢ Total trihalomethanes, includes chloroform, bromoform, chlorodibromomethane, and bromodichloromethane
(California Drinking Water Requirement).

f National Interim Primary Drinking Water Regulation for chromium (total) is 50 ppb.

€ Thorpe et al. (1990) show that ground water in the one well that currently exceeds the MCL will be naturally
remediated long before it migrates cffsite.

Note: Because non-zero Federal MCLGs are equal to Federal MCLs in all cases above, these are referred to simply as
MCLs throughout this document.
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For the areas of greatest potential concern at LLNL, we conclude that the dominant transport
mechanism for migration to the g1ound water is vapor diffusion. The model illustrated in
Appendix G provides a basis for deciding which, if any, areas at LLNL may warrant vadose zone
remediation.

Based on the findings of the BPHA section of the RI (Thorpe et al., 1990) that no
surficial soils at LLNL constitute « potential health threat, we have not suggested cleanup
standards for surficial soils.

Location-specific ARARs are restrictions placed on the concentration of chemicals or
conduct of operations based on the location of a site. Potential location-specific ARARs include
the protection of:

°  Wetlands.

* Floodplains.

~ + Historic landmarks.

e Coastal zones.

e Coastal barriers.

* Rare and endangered species.
» Cultural resources.

The LLNL site contains no wetlands, floodplains, historic landmarks, coastal zones, or
coastal barriers. A review of the LLNL site for rare and endangered species was performed as
part of the site Environmental Impact Report (EIR), and none have been found [list of species
shown in University of California (1986)]. No contemplated action will have an impact beyond
those discussed in Section 5 of this report. LLNL does not believe that significant cultural
resources will be impacted, because (1) there is no source of water on the site to sustain early
cultures, and (2) virtually the entire site has been subject to intense development over the last
50y. No excavation is contemplated that would disturb sites to depths greater than they may
have already been disturbed. N _

California’s Alquist-Priolo Special Studies Zones Act of 1972 (California Public
Resource Code, Section 2621, ef seq.) provides constraints on the building of residences within
50 ft of an active fault. RCRA 40 CFR Section 264.18(a) prohibits new treatment, storage, or
disposal facilities within 200 ft of a Holocene fault. There are no active faults within 200 ft of
LLNL, and construction of residences is not permitted onsite; therefore, these two requirements
are not ARARs. All treatment facilities will comply with local construction codes as applied by
LLNL’s Plant Engineering Depariment.

Action-specific ARARs ate usually technology- or activity-based limitations on actions
taken with respect to hazardous wastes. These requirements are triggered by the particular
remedial activities that are selected to accomplish a remedy. Since there are usually several
alternative actions for any remedial site, different requirements can be triggered. Action-specific
ARARs may indicate or influence how a selective alternative is implemented. For instance, for
discharge of treatment system effluents, the discharge limits given in Table 3-2, air permit
requirements, and proper operation and maintenance of the treatment system are all action-
specific ARARSs. :
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3.2.2. Assessment of Potential 11ealth Risks from Baseline (Unremediated) and
Remediated Concentrations of Hazardous Materials in Ground Water

In this section, we summarize our assessment of potential health risks from hazardous

materials in unremediated and remediated ground water and from compounds in the vadose zone.

Details of these assessments are presented in the BPHA section of the RI (Thorpe et al., 1990)
and Appendix A of this report. The BPHA uses a risk-based assessment methodology that
incorporates a description of the source term, fate.and transport, exposure from the major
pathways, the dose resulting from the predicted exposure, and potential health risk. This process
is further described in U.S. EPA (1986). The screening in the BPHA considers all possible
pathways and concludes that ground water is the only viable pathway of exposure. That
conclusion remains valid in light of continued investigations and findings subsequent to the RI
(Section 1.2.3.4). Therefore, the RI/FS calculates potential risks from exposure to and use of
ground water.

3.2.2.1. Methodology for Estimating Health Risk

There are many uncertainties in predicting potential health risks. Judgments must be
made with regard to the physical and chemical mechanisms that affect the movement and
distribution (fate and transport) of chemicals in ground water. These include:

1. Advection (transport by bulk movement of water). '

2. Dispersion (transport by mechanical spreading and molecular diffusion).
3. Retardation (sorption by aquifer materials).

4. Degradation (biological or abiotic chemical transformation).

To address the uncertainties, we used two different exposure scenarios. One, the “best-
estimate” case, represents our best professional judgment for each factor. It assumes no human
exposure to the compounds until they reach currently used municipal supply wells in downtown
Livermore because there are no other current potential receptors. Administrative controls exist
that prevent domestic well installation into a contaminated zone. The “best-estimate” scenario
estimates the effects of retardatior. and degradation of the chemical compounds, and mixing with
other water at the point of probable extraction in downtown Livermore. The other, a “health-
conservative” case, assumes no retardation or transformation and no mixing with other water, the
fastest transport rate, hypothetical receptor wells very near the LLNL site directly in the path of
the plume, and the highest possibe source concentrations. Both scenarios assume that
contaminants migrate directly toward the target wells and that individuals use well water as their
sole source of domestic water for a continuous period of 70 y.

VOC:s present in ground water at LLNL could pose a (very low) potential public health
risk if no cleanup or remediation activities take place. As described in the RI, an estimated 91%
of the mass of VOCs dissolved in ground water is comprised of TCE, PCE, and chloroform. The
remaining 9% of the VOC mass is comprised of several chlorinated solvents (i.e., “other
VOCs”), including 1,1-DCE and carbon tetrachloride; 1,1-DCE is the principal component,
comprising roughly 60% of the “other VOCs.”

3.2.2.2. Estimation of Potential Health Effects from Unremediated Ground Water

An exposure and risk assessment described in the RI used procedures developed at LLNL
to quantify the potential incremental cancer risks to the public associated with exposure to
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unremediated concentrations of TCE, PCE, and chloroform in ground water. Incremental cancer

risks to the public from carbon tetrachloride in ground water were also calculated. Carbon

tetrachloride was used as an indicator compound to evaluate the carcinogenic potential of the

“other VOCs,” and 1,1-DCE was used as an indicator compound to estimate noncarcinogenic

hazard. Results obtained using standard EPA procedures are also presented in the RI for

comparison. The risk assessment calculations are summarized in Table 3-3 and further described

in Appendix A.

The conclusions of the potential health effects from untreated ground water are:

1. The maximum incremental risk of developing cancer associated with the “best-estimate”
(most likely) case for the combined 70-y exposure to VOCs (all pathways, all VOCs) from
municipal supply wells in downtown Livermore is calculated to be two in ten million
2 x 10-7). ' :

2. The maximum incremental risk of developing cancer associated with the “health-
conservative™ (unlikely) case for the combined 70-y exposure to VOCs (all pathways, all
VOC:s) from municipal-supply wells in downtown Livermore is calculated to be one in one
thousand (1 x 10-3).

3. The maximum incremental risk of developing cancer associated with the health-conservative
(unlikely) case for the combined 70-y exposure to VOCs (all pathways, all VOCs) from a
postulated well 250 ft west of the LLNL Livermore site is calculated to be two in one
thousand (2 x 10-3). '

4. Tritium occurs in a concentration slightly above the MCL in one well onsite. Natural decay
will reduce the concentration to below the MCL in a few years, long before the affected
ground water could migrate offsite (Thorpe et al., 1990).

To determine if exposure to a chemical with noncarcinogenic properties may pose a
hazard to human health, a hazard index (HI) was calculated. The HI for a chemical is the ratio of
the chemical-specific exposure (in mg/kg-d) to the the reference dose (RfDs in mg/kg-d), which
is the estimated maximum chronic daily intake of the chemical that is not expected to produce
adverse health effects. If the quotient of this ratio exceeds unity, then exposure may potentially
result in adverse health effects. The HI values calculated by LLNL (Thorpe et al., 1990) were
based on 1,1-DCE exclusively. Accordingly, using the RfD for 1,1-DCE of 0.009 mg/kg-d
(U.S. EPA, 1989b and 1990), neither the estimated exposure for the best-estimate scenario nor
the two estimated exposures for the health-conservative scenario exceeded the RfD and the
calculated HI was less than one. However, as explained in the RI, if an uncertainty factor of 10
is applied to the RfD to account for contradictory data regarding the carcinogenic potential
of1,1-DCE (i.e., reducing the RfD value from 9 x 103 mg/kg-d to a value of 9 x 104 mg/kg-d),
then the maximum exposures estimated for the health-conservative scenario would exceed the
adjusted RfD, i.e., the resulting His would range from 1.4 to 1.8.

The EPA methodology (U.S. EPA, 1989a) for estimating the noncarcinogenic health
hazard differs from the approach taken by LLNL because the EPA guidance stipulates that HIs,
which are derived with respect to the noncarcinogenic properties of a chemical, be calculated for
all contaminants of concern (i.e., both carcinogens and noncarcinogens). Calculation of HIs for
all contaminants of concern identitied in the RI and derived using EPA methodology appear in
Appendix S of that report. The maxima of these HIs are presented in Table 3-4 and range from
1.6 x 103 (best-estimate) to 1.0 (health-conservative).
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Table 3-3. The baseline risk of cancer from untreated ground water compared with the risk
of cancer from remediated ground water at LLNL.

Highest 70-y
average concentration Time to maximum Risk of cancer
' of total VOCs concentration Based on Based on EPA
Scenario (ppb) 0] LLNL method method
Unremediated ground water
Best estimate?® 0.15 270 2 x 10-7 7 % 10-7
Health-conservative? 440 110 1x10-3 1x10-3
Health-conservative? 584 35 2x10-3 2x10-3
Remediated ground water
Best estimate? 0.006 265 9 x 10~ 5x10-8
Health-conservative?® 30 98 9 x 106 1x10-5
Health-conservative® 34 22 1x10-5 2x10-5

2 Based on receptor wells in downtown Livermore.
b Based on hypothetical receptor wells 250 ft west of LLNL.

3-26




UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

Table 3-4. Hazard-index valués for unremediated scenario derived from LLNL and EPA
methodologies.

Highest 70-y average  Arrival time of

Unremediated concentration of maximum Hazard index (HI)?
scenario (from RI total VOCs concentration Based on LLNL Based on EPA
Predecisional Final) (ppb) (4)) method P method ¢
Best estimated 0.15 270 8.7x10-5 1.6 x 1073
Health conservatived 440 110 14 x 101 1.0 x 109
Health conservative® 584 35 1.8 x 101 1.0 x 100

2 Sum of the ratios of chemical-specific exposures (mg/kg-d) to their reference maximum chronic daily doses that are
not expected to produce adverse health effects; a value above unity indicates that exposure may potentially result in
adverse health effects

For 1,1-DCE only.

See Appendix A. i

Based on receptor wells in downtown Livermore.

Based on a potential monitor well drilled 250 ft west of LLNL.

o Q 6 T
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3.2.2.3. Estimation of Potential Health Effects from Remediated Ground Water

As part of this FS, an assessment using the same methodologies as those in the RI was
performed to assess potential risks posed by remediated ground water. Details are provided in
Appendix A. The basis for the calculations is that ground water will be remediated to the
standards for ambient ground water in Table 3-2 and then allowed to migrate under natural
conditions. The conclusions of this assessment are: ‘

1. The maximum incremental risk of developing cancer associated with the best-estimate (most
likely) case for the combined 70-y exposure to VOCs (all pathways, all VOCs) from
municipal supply wells in downtown Livermore is calculated to be nine in a billion
(9 x 1079). _

2. The maximum incremental risk of developing cancer associated with the health-conservative
(unlikely) case for the combined 70-y exposure to VOCs (all pathways, all VOCs) from
municipal supply wells in downtown Livermore is calculated to be nine in a million
(9 x 10-6). ‘ '

3. The maximum incremental risk of developing cancer associated with the health-conservative
(unlikely) case for the combined 70-y exposure to VOCs (all pathways, all VOCs) from a
postulated well 250 ft west of the LLNL site is calculated to be one in one hundred thousand
(1x10°5).

As seen in Table 3-3, the estimated risk levels are significantly lower for the remediated
case. In all scenarios, the estimated incremental cancer risk is reduced by more than a factor of
10. The estimated maximum HIs for remediated ground water (Table 3-5) are also reduced
compared to the unremediated case (Table 3-4) by more than a factor of 10. The low HIs for the
remediated case indicate that the potential for noncarcinogenic adverse health effects is
insignificant.

A screening level evaluation was made of potential risks that could result from dispersing
any tritium that might be present in ground water during the remediation process. Only one
monitor well has measured tritium concentrations greater than the drinking water standard of
20,000 pCi/L. (MW-206), and that has decreasing concentrations that are likely to be below
standards by the time remediation can begin in that area.

Although MW-206 cannot produce more than about 0.5 gpm of water, we examined the
risk of 30 gpm of water at 20,000 pCi/L being extracted and put through surface treatment units.
The maximum exposure would come from breathing moisture laden air in which air moisture
contained tritiated water. Calculations show that an air stripping operation could transfer at most
about 0.1% of the tritium extracted into the air, or less than 3000 pCi/min. Other technologies
would have lesser air emissions. Using the standard EPA code, AIRDOSEPA, for screening
level calculations, the maximum human exposure would be less than 0.000005 mrem/y,
compared to the EPA standard of 10 mrem/y. Exposures to the public would be reduced even
further by air dispersal.

Because of the extremely low exposures from this worst case scenario, we conclude that
the method of treatment need not consider tritium unless monitoring values show an
extraordinary increase in the future.
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Table 3-5. Maximum hazard-index values for remediated scenario derived from LLNL and
EPA methodologies.

Highest 70-y average  Arrival time of

concentration of maximum Hazard index (HI)
Remediated total VOCs concentration Based on LLNL Based on EPA
scenario (ppb) (3)) method 2 method P
Best estimate® 0.006 265 6.9 x 10-6 1.7 x 10-5
Health conservative® 3.0 97.5 1.6 x 1073 6.1x1073
Health conservatived 34 22 23x 1073 9.1x10-3

2 For 1,1-DCE only.

b See Appendix A.

¢ Based on receptor wells in downtown Livermore.

4 Based on a potential monitor well drilled 250 ft west of LLNL.
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3.2.2.4. Risk Assessment of Compounds in the Vadose Zone

The conclusions of the BPHA with respect to the vadose zone are: ,
1. The only potentially significant pathway for human exposure to contaminants in the vadose
zone at LLNL is via ground water.

2. The relatively low concentration of VOCs and FHCs in the vadose zone and the mechanics of
soil-water transfer are such that concentrations of the chemicals in the ground water are not
expected to exceed their current values. FHCs at the Gasoline Spill Area persist in
concentrations likely to migrate to ground water if unremediated. In other areas, contaminant
concentrations are sufficiently low that migration from the vadose zone is unlikely to cause
ARARSs to be exceeded in ground water even without active remediation.

3. The public is not directly exposed to contaminated soils; soil samples taken from offsite
arroyos draining the LLNL site do not contain any chemicals of concern. The only potential
soil-based exposure pathway for the public is through the inhalation of VOCs volatilized
from sediment onsite, which is insignificant.

4. People onsite exposed to VOCs and other organic' compounds in sediments will not be at
significant risk of adverse health effects. Screening calculations suggested that
concentrations of some inorganic substances in a few unoccupied portions of the site posed a
possibly higher than desirable potential risk of cancer; consequently, sediment from these

locations has been removed and appropriately disposed of. Remaining sediments do not pose

a significant health risk.

5. Thorpe et al. (1990) and subsequent screening calculations (Section 1.2.3.4) show that
radionuclide concentrations detected in the vadose zone do not present a health hazard to
adults onsite or to the public offsite.

3.3. IDENTIFICATION AND SCREENING OF GENERAL RESPONSE
ACTIONS

General response actions are the most inclusive class of remedial actions. These can be
divided into (1) no action, (2) immediate action, and (3) deferred action. Immediate action
responses include containment, in situ treatment, extraction with treatment and disposal, and
excavation and disposal. Deferred action responses are similar, but include monitoring to
observe any change in conditions and responding if certain conditions are met. Deferred action
responses depend upon institutional and administrative controls and natural degradation
processes.

3.3.1. Estimate of Areas, Volumes, and Mass of Hazardous Materials

To evaluate general resporse actions that may meet remedial action objectives, we have
estimated the areas, volumes, and masses of VOCs and FHCs in the unsaturated and saturated
zones. We also estimated the area and mass of chromium in the saturated zone in excess of the
MCL of 50 ppb. These estimates are adequate for comparing general response actions, but will
be refined as additional data become available. Because existing data on chromium in
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unsaturated sediments generally reflect background concentrations and show no concentrations
above either Total Threshold Limit Concentrations (TTLCs) or STLCs, we have not calculated
the amount of chromium in unsaturated sediments. The other metal of potential concern, lead, is
limited to the Gasoline Spill Area, where only one recent measurement showed a concentration
above the 50 ppb MCL. Because recent data do not confirm earlier measured concentrations and
recent data are limited, we have not calculated the area and amount of lead, but may estimate
them in the future if additional data warrant such an effort.

3.3.1.1. Saturated Zone

Our most recent estimates of the area and volume of VOC-bearing ground water and
sediments, and the total mass of VOCs within these media are shown in Table 3-6. These
estimates are more refined than those presented in the RI, having been calculated using the
interactive volume modeling (IVM) software developed by Dynamic Graphics, Inc. (1989).
These estimates vary by less than 2% from earlier estimates. Saturated zone sediment and
ground water chemical data were processed using a grid and contour model. The volumes of
specified contour intervals were calculated by IVM from the gridded data. VOC masses were
derived from the volumes by assuming a porosity of 30% and a retardation factor of 1.5. We
estimated the VOC volume and mass where ground water concentrations exceeded 5 ppb
(Figure 3-2), approximating the State or Federal MCLs or action levels for all plumes, since they
are predominantly composed of TCE and PCE (MCL = 5 ppb). For comparison, we also
estimated the volume and mass of VOCs in ground water exceeding 1 ppb (Figure 3-3). For
these calculations, we omitted VOCs that do not originate from the LLNL site, i.e., northwest of
the Patterson Pass—Vasco Road intersection (Figure 3-3). The plume in that area is being
investigated separately by the RWQCB and property owners.

The estimated volume of ground water containing gasoline and the total gasoline mass are
also shown in Table 3-6. The ground water volume estimates were calculated by multiplying the
area of benzene concentrations greater than 1 ppb (Figure 3-4) by an average fuel plume
thickness of 25 ft and a porosity of 30%. The mass of FHCs in the saturated zone was modified
from Nichols et al. (1988).

The estimated volume of ground water containing chromium above the 50 ppb MCL and
the total mass of chromium in excess of the MCL are shown in Table 3-6. For these calculations,
we omitted chromium that does not originate from the LLNL site, i.e., northwest of the Patterson
Pass—Vasco Road intersection (Figure 3-5). The ground water volume estimates were calculated
by multiplying the area of chromium concentrations above 50 ppb (Figure 3-5) by an assumed
porosity of 30% and an average chromium plume thickness between 8 and 13.5 ft, depending on
the specific area. The mass of chromium was estimated by using the mean concentration of
chromium in excess of 50 ppb for each area and a retardation factor of 11 (Selim et al., 1989).

3.3.1.2. Unsaturated Zone

The estimated volumes of unsaturated VOC-bearing sediment and the mass of VOCs in
unsaturated sediment are shown iu Table 3-7. Because remedial action objectives for unsaturated
soil are based upon their potential to migrate to ground water, we have provided volume and
mass estimates for several concentration ranges. These estimates were calculated using the IVM
(Dynamic Graphics, Inc., 1989). {Jnsaturated chemical data were processed by the IVM,
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Table 3-6. Estimated areas, volumes, and masses of VOCs, gasoline,vand chromium in the
saturated zone.

Estimated Estimated Estimated
mass dissolved volume total volume
Approximate Estimated pore in ground dissolvedin  Estimated  (dissolved
area volumeP water® ground water total mass and sorbed)
Unit? (thousands ft2) (thousands gal) (kg) (gal) (kg) (gal)
VOCs:
>5 ppb 21,000 2,878,000 879 1664 1,319¢ 249
>1 ppb 38,800 4,820,000 890 1684 1,335¢ 252
Gasoline 477 26,800 2377 85 31,400f 11,200
Chromium
>50 ppb 1,410 40,800 62 — 67¢ —

2 Areas are shown in Figures 3-2, 3-3, 3-4, and 3-5, respectively. )

b Amount of water that contains VOCs or fuel within bounds of unit. VOC pore volumes calculated using IVM by
Dynamic Graphics, Inc., Berkeley, California. Fuel pore volume is the product of unit area, average plume thickness
of 25 ft, and an assumed porosity of 30%. Chromium pore volume is the product of unit area, average plume
thickness (8 to 13.5 ft), and an assumed porosity of 30%.

Product of pore volume and geometric mean of VOC concentration.

This compares to 183 gal estimated by Thorpe et al. (1990, Table 5.2-13), using less sophisticated techniques.

Equals mass in ground water plus mass sorbed, assuming a retardation factor of 1.5 for VOCs and 11 for chromium.
From Nichols et al. (1988). Gasoline mass estimates (dissolved, sorbed, and free product) are based on the product of
unit area, ground water and satura.ed sediment concentrations, average plume thickness, and an assumed porosity
of 30%.

£ Product of pore volume and mean caromium concentration in excess of 50 ppb.

- Q2 6
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Table 3-7. Estimated volume and mass of VOCs in unsaturated sediment.

Estimated sediment Estimated total Estimated total
Concentration range volume? VOC mass - VOC volume
(ppb) (yd®) (kg) (gal)

10-100 2,330,000 92.0 17.3
100--1,000 605,000 164 30.9
1,000-10,000 8,780 32.6 6.14
>10,000 0 0 0

Totals® 2,940,000 289 54.3

2 Calculated using interactive volume modeling by Dynamic Graphics Incorporated, Berkeley, California.
b Calculated assuming a dry bulk density of 120 Ib/ft> and 15% moisture by weight.
¢ Rounded to three significant figures.
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producing a grid and contour model. This three-dimensional contour model was evaluated
statistically and visually. When necessary, additional gridding was performed to refine the
model. The volumes of specified contour intervals were calculated by the IVM using this grid.
Masses were derived from volume by assuming a dry bulk density of 120 1b/ft3 and a moisture
content of 15% by weight.

We estimated the VOC volume and mass for all 14 RI source investigation areas.

Figure 3-6 shows the investigation areas and the approximate areal extent of total VOCs
exceeding 10 ppb at one or more depths. The volumes and masses shown in Table 3-7 were
calculated for these areas. :

We have conducted an evaluation of VOC migration through the vadose zone in the
Building 518 and 511 Areas (Figures 3-6 and G-1). These areas were chosen for study because
they contain the highest concentrations of vadose zone VOCs reported by Thorpe et al. (1990).
The Building 518 Area is the only site at LLNL where VOC concentrations exceed 1 ppm. At
Building 511, the highest concentration of vadose zone VOCs was nearly 1 ppm in a single
borehole, at a depth of 10 ft. The objective of the study was to assess the possible impact of
vadose zone VOCs in these two areas on local ground water, focusing on the dominant VOC
constituent in each area: TCE at Building 518 and 1,2-DCE at Building 511. Appendix G
contains details of this study.

We conclude that gaseous diffusion is the most important mechanism transporting vadose
zone VOCs to the ground water, given the low infiltration rates and relatively low concentrations
in the study areas. To evaluate the migration of a VOC mass in the vadose zone quantitatively,
we solved a three-dimensional, radially symmetric diffusion equation which includes first-order
degradation of VOCs. Using this model, we calculated the VOC concentration at the top of the
capillary fringe that would result from migration through the vadose zone. We then solved a
three-dimensional, steady-state ground water transport equation semi-analytically, using the
VOC mass and concentration frora the diffusion model as input. This allowed for the calculation
of the transport of VOCs from the top of the capillary fringe to the water table, and the
downgradient transport of VOCs :n ground water.

Our calculations yield a maximum aqueous TCE concentration at the water table at
Building 518 of about 17 ppb, roughly 60 y from the present. The TCE concentration falls off

fairly rapidly from the water table beneath the source region to less than 5 ppb about 100 ft away.

The peak aqueous 1,2-DCE concentration at the water table under the Building 511 Area was
calculated to be 0.04 ppb, 75 y from present, which is far below the 6 ppb MCL.

We also conducted an extensive sensitivity analysis which identified VOC mass and
distribution, degradation half-life, and soil anisotropy as key parameters strongly affecting peak
VOC concentrations in the ground water. Reducing the peak TCE concentration from 6.1 to
2.5 ppm lowers the maximum aqueous concentration from 17 ppb to about 7 ppb. Decreasing
the degradation half-life of TCE from 50 to 10 y lowers the peak concentration in the Building
518 Area from 17 to 4 ppb. The presence of thin sediment layers with high liquid saturation
(80%) increases the vertical anisotropy and promotes lateral spreading, which also significantly
reduces peak ground water concenirations.

Because of limitations of field data, and the sensitivity of the results to some of the
hydrological parameters, we consicer our results preliminary and subject to future refinement.
The LLNL Ground Water Project will continue field monitoring to compare future VOC
movement with model predictions and to calibrate the model. Nevertheless, work to date
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Greenville Road

Legend

— .—.. Arroyo Seco

v "™ 1989 source investigation

LA study area

- Approximate area with
) total VOC vadose
concentration >10 ppb

Scale: Feet.

[ ) I I
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Figure 3-6. Areas within source investigation study areas at LLNL where total VOC
concentrations exceed 10 ppb in the unsaturated zone.
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suggests that, at most, the only arca where vadose zone remediation may be necessary to prevent
VOCs from impacting ground water is at Building 518. -
‘ The estimated unsaturated sediment volume containing gasoline and the total mass of
gasoline in the Gasoline Spill Area are shown in Table 3-8. These estimates were prepared by
idealizing the distribution of the sum of benzene, ethylbenzene, toluene, and total xylenes
(BETX) concentrations as several concentric cylinders, and calculating their volume. This
distribution of BETX is shown in Thorpe et al. (1990, Section 4) and represents concentrations
prior to commencement of the Gasoline Spill Pilot Study. Measurements of both the amount of
FHCs removed during pilot remediation and of remaining concentrations suggest that the
remaining mass of FHCs in the vadose zone is only about one-tenth of that shown in Table 3-8.
We estimated total fuel hydrocarbons (TFH) from BETX by assuming that fuel
manufactured in the late 1970s contained about 16% BETX (Mayrsohn, 1978). Because the fuel
in the LLNL subsurface is aged, we consider this estimate of TFH to be conservative.

3.3.2. No Action

The No-Action Alternative is generally considered in studies of remedial alternatives.
Under the no-action response, all activities, including ground water monitoring, would cease.
This response is usually included as a basis from which to develop and evaluate proactive
remedial alternatives and is the postulated basis of the BPHA. As shown in the BPHA, it is
likely that the No-Action Alternative would not significantly compromise public health.
However, the migration of contaminants beyond their current confines would violate California’s
nondegradation policy (Section 3.2), and LLNL, the University of California, and DOE are
committed to remediating the hazardous materials in ground water released from the LLNL site
to meet ARARSs.

3.3.3. Immediate Action

3.3.3.1. Containment

Possible containment strategies include hydraulic control and physical barriers.

Hydraulic control of the contaminants in ground water could be achieved by placing extraction or
injection wells at the downgradient plume margins. Ground water extraction would require
treatment to meet discharge ARARs and is discussed in Section 3.4.1.2, Extraction Alternative
No. 2. Downgradient hydraulic control alone, while protective of human health and the
environment, would result in relatively slow removal or natural degradation of VOCs compared
to more active alternatives.

Physical barriers, such as slurry walls and grout curtains, can be constructed belowground
of low-permeability materials that prevent or severely restrict the flow of ground water and
contaminants. These subsurface barriers could be installed at or near plume margins to inhibit
- further migration of contaminants. However, the relatively great depth (about 200 ft) and large
areal extent of the VOC plumes in the study area severely limit the practicality of slurry walls
and grout curtains.
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Table 3-8. Estimated area, volume, and mass of FHCs in unsaturated sediment.

Estimated  Average Estimated sediment Estimated total Estimated total

area thickness volume gasoline mass®*  FHCs volume?®
Concentration (ft2) (1) (yd3) (kg) (gal)
Above 100,000 ppb TFHP 1,500 80 4,500 16,500 5,900
Above 100 ppb BETX 3,700 80 11,200 17,000 6,100

2 After Nichols et al. (1988) and concentrations prior to pilot extraction. Assumes a dry bulk density of 120 Ib/ft3 and
15% moisture by weight.
b Estimated from sediment BETX concentrations, assuming a 16% BETX fraction in gasoline.
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Capping is another kind of physical barrier that can be used to limit exposure of humans
and wildlife to chemicals in soil and to minimize infiltration of surface water and leaching into
the ground water. It is a passive technology that does not treat the hazardous materials in soil.
Capping consists of grading the ground surface to establish drainage away from the contaminated
area and covering the surface with a layer of low-permeability material. A variety of cap designs
and capping materials are available, including asphalt, clay, and synthetic liners. A surface cover
may be added to protect the cap and to facilitate surface water drainage. The principal drawback
to capping is the fact that the hazardous materials in the soil are not removed. Capping can,
however, greatly increase the time available for natural degradation to reduce concentrations of
hazardous materials. At the LLNL site, direct infiltration of rain water to the water table is
limited to areas of ponding (drainage retention basins) and concentrated runoff (arroyos). Hence,
capping would have little effect on much of the site.

In situ vitrification has been proposed as an alternative process for containing subsurface
hazardous wastes. Because this technology is considered experimental, is very energy intensive,
and is not likely to have any advantages at LLNL, we will not consider it further.

3.3.3.2. In Situ Tréatment

. Biological treatment technologies have been shown in some circumstances to be
applicable in situ . These rely on the metabolic destruction of organic compounds by microbes
that convert the organic compounds present in the ground water to less toxic compounds. The
biological process requires sufficient material to support sustained biological growth. In
addition, sufficient concentrations of other nutrients (e.g., nitrogen and phosphorus) must be
present. The biological destruction of petroleum hydrocarbons has been demonstrated, but
chlorinated solvents are less amenable to biological destruction, and efficient destruction has not
yet been shown for halogenated compounds. A major problem for large, diffuse plumes, such as
at LLNL, is the dispersal of microbes and nutrients. Because of these problems, in situ
bioremediation of VOCs is not considered further at this time. If the state-of-the-art advances
sufficiently during remediation, its applicability will be evaluated further.

Bioremediation of the gasoline spill is potentially more viable than for VOCs because of
the limited extent of FHCs and the more advanced state-of-the-art. Nonetheless, the depth of
FHCs at LLNL and the sensitivity of microoganisms to i situ conditions that are difficult to
control introduce substantial uncertainties in the applicability of in situ bioremediation at LLNL.

3.3.3.3. Extraction with Treatment and Disposal

- Surface treatment of ground water involves extraction, usually by pumping wells,
conveyance to a treatment system, treatment, and discharge of the treated effluent. The
following extraction, treatment, and disposal alternatives have been considered:

Extraction: Pumping for optimal capture (ground water)
Pumping for downgradient plume margin control (ground water)
Excavation (vadcse zone or ground water)
Vacuum-induced venting (vadose zone or dewatered zone)

Treatment: Granular activated carbon (ground water or vapor)
Air stripping (ground water)
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UV/oxidation (ground water)

Thermal oxidation (vapor)

Catalytic oxidation (vapor)

Surface biological reactors (ground water)
Precipitation (ground water)

Ion exchange (ground water)
Ultrafiltration (ground water)

Disposal : Recharge basin (treated ground water)
: Recharge via surface drainages (treated ground water)
Used for LLNL landscape irrigation (treated ground water)
Recharge wells (treated ground water)
These alternatives are discussed in more detail in Section 3.4.

3.3.4. Deferred Action

A potential Deferred-Action Alternative would involve treatment, if necessary, at the
point of use. To assure protection of health, periodic sampling and analyses—with the
installation of additional monitor wells between LLNL and the municipal supply wells in
downtown Livermore—would be required. Monitoring would continue until the physical and
chemical processes of dilution, sorption, dispersion, and degradation reduce the concentrations of
VOC:s to insignificant levels, or until monitoring demonstrates that further action is required. If
VOC:s in concentrations representing a significant health risk were to reach an in-use domestic or
agricultural supply well, LLNL would either install a point-of-use treatment system or supply an
alternative source of water to the affected user. No more than five supply wells are likely ever to
be affected.

Institutional/administrative: responses, such as permit restrictions on well installation and
land use restrictions, may in fact be as protective of human health and the environment as other
alternatives. Natural decay, dispersion, and adsorption would eventually reduce the
concentration of compounds that may enter aquifers used for domestic or irrigation water to
acceptable levels in terms of health risk. Institutional/administrative controls would require that
no ground water containing hazardous materials in concentrations exceeding MCLs would be
used for drinking.

If VOCs in concentrations representing a significant health risk were to reach the
municipal supply wells in downtown Livermore, LLNL would install point-of-distribution
treatment facilities. Administrative and institutional controls would be recommended as part of
this option to reduce the likelihood that a new well would be installed into a contaminant plume.

This approach would be the most cost effective remediation alternative. Although this
alternative is technically feasible and protective of human health and the environment, it would
allow ground water degradation for a much longer time period, over which physical and
chemical processes would slowly reduce the concentrations of VOCs. Therefore, this approach
is not acceptable to DOE, LLNL, and the regulatory agencies, and is presented only as a baseline
for comparison with more aggressive, immediate response actions.
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3.4. IDENTIFICATION AND SCREENING OF REMEDIAL
ALTERNATIVES AND REMEDIATION TECHNOLOGIES

Ground water can be extra;ted for treatment via extraction wells or trenches. Extraction
trenches are not technically or eco 1omically feasible at LLNL because the VOC plumes extend
as deep as 200 ft below the surface. In addition, VOCs are present only in discrete water-bearing
zones in many parts of the study area, and extraction wells are the most efficient way to remove
ground water containing VOCs from distinct intervals.

Presented below are two extraction alternatives, each utilizing a different array of
extraction wells.

3.4.1. Ground Water Extraction

Conceptual locations of extraction wells and ground water treatment facilities are
discussed below for two alternatives. Under Alternative No. 1, extraction wells would be placed
to intercept and hydraulically control ground water originating from LLNL with VOCs in
concentrations exceeding the ARARs in Table 3-2. To expedite cleanup, extraction wells would
also be located in areas where VOC concentrations in ground water exceed 100 ppb. Under
Alternative No. 2, extraction wells would be located to intercept and hydraulically control
offsite migration of VOCs in concentrations exceeding ARARs in the downgradient (western and
southern) areas only.

3.4.1.1. Ekﬂacﬁon Alternative No. I—Complete Capture and Source Area Extraction

Using the parameter value. discussed in Appendix A, we estimate that VOCs in
concentrations above MCLs in ground water that originate at LLNL can be hydraulically
captured and source area cleanup can be initiated by extracting ground water at about 18
locations. The hypothetical initial locations for extraction and simulated capture flow lines for
this alternative are shown superimposed on an isoconcentration contour map of VOCs in
Figure 3-7. The actual capture areas would probably differ from those in Figure 3-7, depending
on the local distribution and orientation of interconnected high conductivity sediments.
Additional extraction wells would subsequently be phased in to shorten the time required for
remediation. Water would be pumped from these locations using current extraction wells,
existing monitor wells, and new extraction wells. As shown in Figure 3-7, the analytical model
CAPTURE (Appendix B) predicts that pumping at these 18 locations will effectively intercept
VOC plumes and control ground water flow in all but one area where VOC concentrations
exceed ARARs, i.e., northwest of LLNL (Figure 3-7). Extraction wells are not planned for this
area because the VOCs appear to have a source unrelated to LLNL (Thorpe et al., 1990).

At each of the extraction locations, ground water would be extracted via one or more
wells. The number of extraction wells at each location will depend upon the chosen extraction
well design. Presently, the following three extraction well design alternatives (discussed in
Section 2) are being considered:

1. One extraction well continuously screened and sand-packed over all water-bearing zones
containing VOC:s at that location (EW-415 design, Figure 2-2).
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2. One or two multiply completed extraction wells per location, with grout seals between each
permeable zone screened. Each well would be limited to two or perhaps three screened
intervals (Figure 2-10).

3. One extraction well completed in each water-bearing zone containing VOCs at each
extraction location (Figure 2-9).

To ensure effective ground water extraction and cleanup in the heterogeneous LLNL
hydrogeologic system, ground water extraction and treatment systems would be installed in
phases. Initially, extraction wells would be installed and pumped at the ten locations shown in
Figure 3-8 to capture VOCs along the downgradient plume margins and halt further westward
and southern migration. Subsequently, extraction wells would be installed at locations near VOC
Capping is another kind of physical barrier that can be used to limit exposure of humans and
wildlife to chemicals in soil and to minimize infiltration of surface water and leaching into the
ground water. It is a passive technology that does not treat the hazardous materials in soil.
Capping consists of grading the ground surface to establish drainage away from the contaminated
area and covering the surface with a layer of low-permeability material. A variety of cap designs
and capping materials are available, including asphalt, clay, and synthetic liners. A surface cover
may be added to protect the cap and to facilitate surface water drainage. The principal drawback
source areas throughout LLNL. By comparing actual capture areas with those predicted by the
CAPTURE model, the parameter estimates can be adjusted for subsequent planning proposes,
thereby maximizing overall extraction effectiveness. If the initial extraction locations are
insufficient to completely capture all VOCs in concentrations above their respective MCLs,
additional extraction wells would be installed. The placement and number of additional wells
would be determined by ground water flow modeling and analysis of actual capture areas created
by the initial wells. :

The ground water gradient in the southeastern part of LLNL is locally to the southwest,
which is inconsistent with the assumption of uniform flow direction used by the CAPTURE
model. Extraction from wells in the southeastern portion of LLNL will alter that flow direction
to assure that the plume will be centrolled and captured either by those wells or at extraction
locations at the southwestern corner of the site (Figures 3-7 and 3-8).

Based on a site analysis, the Alternative No. 1 extraction plan requires seven treatment
facilities. Planned locations of extraction wells, treatment facilities, and recharge facilities, along
with schematic influent and effluent piping routes, are shown in Figure 3-9. Extracted ground
water would be treated above ground and discharged to (1) the existing LLNL recharge basin
south of East Avenue, (2) the drainage retention basin in central LLNL, which is being lined to
prevent further dispersing contaminants by infiltration, and (3) to ditches draining into Arroyo
Las Positas. Recharge of treated ground water via recharge wells is also being considered.

For preliminary design purposes, we have used data from existing monitor wells to
estimate the chemical composition of the ground water influent to each treatment facility. The
estimated influent concentrations and flow volumes for the treatment facilities are given in
Table 3-9.

The seven treatment system locations (A to G) were selected to minimize the length of
piping required from the extraction wells to the treatment facilities and to provide efficient .
discharge routes for treated ground water (Figure 3-9). Originally, a treatment system was also
planned for the MW-108/109/407 ‘408 well cluster in the Rhonewood Subdivision, west of LLNL
(Dresen et al., 1987). However, to avoid placement of a treatment facility in a proposed city
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Table 3-9.. Estimated influent concentrations for seven postulated ground water
treatment facilities.

Concentration (ppb)

oty
§

Constituents Maximum influent Average influent

Treatment Facility A

Average flow: 150 gpm
PCE 350 280
TCE 9 7
L,1-DCE 15 12
1,2-DCE (cis and trans) 5 4
1,1,1-TCA 6 5
1,1-DCA 6 5
Chloroform 13 10
Freon 113 6 5

Treatment Facility B

Average flow: 50 gpm
PCE ' 50 40
TCE 375 300
1,1-DCE 13 10
1,2-DCE (cis and trans) 4 3
1,L,I-TCA ‘ 1 1
1,1-DCA 6 5
1,2-DCA 1 1
Carbon tetrachloride 3 2
Chloroform 13 10
Freon 113 13 10

Treatment Facility C

Average flow: 20 gpm
PCE 6 5
TCE 25 20
1,1-DCE 3 2

" Chloroform 4 3
Freon 113 125 100

Treatment Facility D

Average flow: 30 gpm
PCE 13 10
TCE 1,250 1,000
1,1-DCE 21 17
1,2-DCE (cis and trans) 5 4
1,1,1-TCA 4 3
1,1-DCA 4 3
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Table 3-9. (Continued)

Concentration (ppb)

Constituents : Maximum influent Average influent
Treatment Facility D (continued)
1,2-DCA 26 21
Carbon tetrachloride 38 30
Chloroform 162 130
Freon 113 4 3
Chromium 63 50

Treatment Facility E

Average flow: 30 gpm
PCE 313 250
TCE 3,500 2,800
1,1-DCE 4 35
1,2-DCE (cis and trans) 0 0
1,1,1-TCA 34 27
1,1-DCA 0 0
1,2-DCA 13 10
Carbon tetrachloride 13 10
Chloroform 125 100
Freon 113 13 10

Treatment Facility F

Average flow: 30 gpm
PCE 13 10
TCE 250 200
1,1-DCE 13 10
1,1,I-TCA 4 3
1,2-DCA 163 130
Carbon tetrachloride 13 10
Chloroform 25 20
Freon 113 13 10
Benzene 25,000 20,000
Toluene 38,000 30,000
Xylenes 19,000 15,000
Lead 38 30
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Concentration (ppb)
Constituents Maximum influent Average influent
Treatment Facility G
Average flow: 50 gpm
PCE 13 10
TCE 125 100
L1-DCE 13 10 [
1,2-DCE (cis and trans) 1 0.5 %
1,1,1-TCA 25 20 '
Carbon tetrachloride 6 5
Chioroform 25 20
Freon 113 13 10
Constituents Health conservative Best estimate
Downtown Livermore production wells.
point of distribution
Average flow: 470 gpm
PCE 460 | 0.02 L
TCE 900 0.10
1L1-DCE 4?2 0.01
1,2-DCE (cis and trans) 4.2 0.001
L,1,1-TCA 4.2 0.001
L,1-DCA 8.4 : 0.002
1,2-DCA 8.4 0.002
Carbon tetrachloride 8.4 0.002
Chloroform 120 0.20
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park area, extracted ground water from this area will be piped along the north side of Arroyo
Seco to Treatment Facility A (TFA) (Figure 3-9). Selection of the final locations of treatment
facilities will depend on piping costs, installation logistics, and recharge well feasibility. The
estimated influent flow rate is shown in parentheses at each treatment facility location in
Figure 3-9. This flow rate is the sum of sustainable pumping rates estimated for each extraction
location. The sustainable pumping rates for the extraction locations were estimated by
multiplying the thickness of permeable sediments containing VOCs at that location (as
determined from well logs) by 1 gpm/ft of permeable sediment for the western two-thirds of
LLNL, and by 0.5 gpm/ft of permeable sediment for the eastern third. These estimates of
sustainable pumping rates per foot thickness of permeable sediments are based on results of
sitewide pumping tests.

As with any pumping scenario, zones of stagnation could possibly develop under constant
pumping conditions. To ensure that all VOCs above MCLs are remediated, the pumping rates
and locations will be varied over time.

We note that although tritium currently exists at greater than the MCL at one well onsite
(MW-206), its presence does not appear to be a factor in the selection of a pump and treat
alternative. First, the observed rate of decline in the tritium concentrations suggests that
concentrations in MW-206 will be below the MCL before extraction could commence in that
area. Next, MW-206 yields less than 0.5 gpm, suggesting that the actual volume of affected
water is small. Finally, a screening analysis of the exposure resulting from pumping and air
stripping 30 gpm of water with tritium at the MCL (using AIRDOSEPA) shows a maximum

_exposure of less than 0.0001% of the NESHAP standard (Section 3.2.2.3).

3.4.1.2. Extraction Alternative No. Z—Downgradient Plume Margin Control

Using the same parameters as for Alternative No. 1, we conclude that six ground water
extraction locations (sites 2, 3, 5, 7, 9, and 17 on Figure 3-9) would be necessary to hydraulically
capture VOCs in ground water originating at LLNL at the downgradient plume margins, and to
prevent further offsite migration. Extraction at location 17 would also ensure capture of the
FHC:s at the Gasoline Spill Area. Ground water would be extracted from four additional
locations (1, 4, 6, and 18) to utilize wells and pipelines already installed for the Offsite and
Gasoline Spill Pilot. The extraction locations and simulated capture flow lines for this '
alternative are shown in Figure 3-3.

As in Extraction Alternative No. 1, water would be pumped using extraction well
EW-415, existing monitor wells, and new extraction wells. The number of extraction wells at
~ each location will depend upon the chosen design, as discussed for Extraction Alternative No. 1.
If necessary, additional wells would be utilized to control offsite VOC migration.

Planned locations of extraction wells, treatment facilities, and recharge facilities for
Extraction Alternative No. 2 are also shown in Figure 3-9. Extraction Alternative No. 2
consists of:

 Ground water extraction at locations 1to 7,9, 17, and 18.

¢ Ground water treatment at TFA, Treatment Facility B (TFB), Treatment Facility C

(TFC), and Treatment Facility G (TFG). :
* Recharge to the drainage retention basin, the LLNL recharge basin south of East
Avenue, and the draine ze ditch paralleling Vasco Road.
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3.4.1.3. Estimated Cleanup Timec

The length of time necessary to achieve the remedial action objectives for the LLNL
VOC plumes using a pump and treat approach was estimated using the following assumptions:

1. The plumes are uniformly mixed and contain two reservoirs of VOC mass: VOCs dissolved
in ground water and VOCs sorbed in saturated soil. ,

2. All sources of VOCs within the vadose zone have been (or will be) removed so that there will
be no new leaching of VOCs from the vadose zone to the saturated zone.

3. The concentrations of VOCs within the soil and ground water are in equilibrium, based on
linear partitioning coefficients (Kgs).

4. The extraction locations are:
a. distributed uniformly throughout the plumes (Alternative No. 1), or
b. located only at the western and southern margins of the plumes (Alternative No. 2 ).

5. The VOCs undergo natural first-order degradation with a half-life of 50 y (Thorpe et al.,
1990).

Using these assumptions, an analytical expression was derived to predict the average
concentration of total VOCs in the ground water over time. This expression is discussed in more
detail in Appendix C. Using estimates of existing total VOC mass and extraction pumping rates,
the average concentrations of VOCs in the ground water were predicted over time and are shown
in Figure 3-10 for both extraction alternatives.

For Extraction Alternative No. 1, the decline in average VOC concentration is
exponential with a half-life of 13 y. As shown in Figure 3-10, the length of time necessary to
lower the average concentration of total VOCs in ground water to less than 5 ppb is about 53 y.
Because the calculation does not account for the extraction at the highest concentration locations
. and continued optimization of the extraction network, cleanup may proceed somewhat faster.

For Extraction Alternative No. 2, the decline in average total VOC concentration has a
half-life of 22 y. As shown in Figure 3-10, the length of time necessary to lower the average
concentration of VOCs in the ground water to less than 5 ppb is about 87 y. Because the
calculation does not consider the time necessary for contaminants to migrate from the eastern
portion of the site to the extraction wells near the western boundary, actual cleanup may take
longer.

If active ground water remediation were not implemented, the VOC plume would slowly
disperse and degrade by natural processes. The transport model PLUME was used (In-Situ, Inc.,
1986) to estimate the time necessary for the concentration of each VOC to fall below its MCL.
The model and the “best-estimate” parameters used for the simulations are discussed in the RI
report (Thorpe et al., 1990). The compounds simulated included PCE, TCE, chloroform and
“other VOCs,” which represent compounds such as carbon tetrachloride and 1,1-DCE. The
simulations indicated that, of these VOCs, the concentration of TCE takes the longest time to
diminish to its MCL of 5 ppb. This is predicted to occur after about 360 y. These best-estimate
simulations predict that all concentrations of VOCs within the plume fall below MCLs before the
plume has migrated more than about 6500 ft west of LLNL.

Several of the assumptionr and parameter values affect this cleanup time. Conditions that
may increase or decrease the time required for remediation are discussed in Appendix C.
Candidate treatment options that can be used in conjunction with either extraction alternative are
discussed later in this section.
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Figure 3-10. Estimate of average VOC concentration vs time for Extraction Alternatives Nos. 1 and 2,
includes a 50-y natural degradation half-life (see Thorpe et al.,1990).
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Remediation of unsaturated sediments containing VOCs at LLNL is expected to

consist of:

1. Excavation in limited areas if local concentrations exceed designated limits, with subsequent
treatment and/or disposal of the excavated material.

2. Soil vapor extraction in locations where concentrations are less than designated limits and/or
where excavation is impractical, coupled with treatment of the vapors by carbon adsorption,
thermal oxidation, or other potential methods.

The length of time necessary to reduce VOC concentrations in the unsaturated zone to a
particular level will depend on many factors, such as:

e Spacing, depth, and design of vapor extraction wells.

 Initial concentration and volatility of contaminants in sediments.

¢ Volume removed by excavation (if any).

* Rate of local infiltration.

» Ability of the local sediments to transmit vapor.

Many of the factors affecting removal rates are expected to vary cons1derab1y across the LLNL

site. Details of vadose zone remediation system(s) will be presented in the proposed Remedial

Action Plan.

Although the time required to remediate the vadose zone is difficult to predict, itis
expected to be more rapid than for ground water for the following reasons:

1. The rate of mass removal is typically much more rapid for soil vapor extraction than for
ground water extraction. For instance, our pilot vapor extraction study at the Gasoline Spill
Area has already removed most of the estimated hydrocarbons from the vadose zone in the
first 1.5 y of operation. The VOCs in the vadose zone at LLNL are as volatile and, in some
cases, more volatile (based on vapor pressures) than most constituents of gasoline, and
should, therefore, be as rapidly removed.

2. Except for the Gasoline Spill Area, the estimated mass of VOCs contained in the vadose zone
is significantly less than in ground water.

3. The presence of fresh air increases rates of aerobic degradation, natural volatilization, and
transport by diffusion in the unsaturated zone.

3.4.1.4. Other Extraction Options

Extraction by in situ heating and volatilization has been suggested, but not yet
demonstrated. Electromagnetic and other energy sources are being researched for this purpose,
but we will not discuss these technologies here.

3.4.1.5. Removal by Skimming

Where nonaqueous phase .iquid (NAPL) is present in ground water and that liquid is
lighter than water, skimming may be used to facilitate remediation. Skimming is most effective
where a significant accumulation of floating NAPL exists. Floating NAPL has been found only
at the Gasoline Spill Area at the LLNL site.

Skimming is facilitated by two pumps set within an extraction well that has a screen that
intersects the water table. The lower pump extracts ground water and causes a cone of
depression to form around the well. Floating NAPL accumulates within this cone. A second
pump is positioned such that the intake selectively withdraws the floating NAPL. Ground water
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is separately treated by one of the processes discussed in Section 4; the NAPL is commonly
collected for recycling or disposal as a hazardous waste.

3.4.2. Vadose Zone Extraction

3.4.2.1. Excavation and Fixation

Excavation is a common method of removing near-surface contaminated sediment using
conventional earth moving equipment. In some cases, excavation is the only practical
technology, particularly for small volumes of soil that contain contaminants such as
polychlorinated biphenyls (PCBs) or metals that cannot be treated in situ. Excavated materials
can be treated onsite or transported to an appropriate waste landfill. Alternatively, fixation has
been applied commercially to sediments contaminated with metals. Fixation involves physical or
chemical immobilization of the contaminants in the sediment, after which the sediment may be
returned to its original location. '

Depending on the quantity of material to be excavated and the depth of excavation,
different types of equipment can be used. The methods used for excavation are not greatly
affected by the types of contaminants present. Determination of the extent of material to be
excavated is one of the most difficult aspects of this technology. In most cases, collection and
analysis of sediment samples are required during the excavation, adding considerably to the cost.
Transport and disposal of excavated material can be very costly if large volumes are involved.

3.4.2.2. Vacuum-Induced Venting

Vacuum-induced venting consists of applying a vacuum to one or more extraction wells
screened in the vadose zone. The vacuum induces a flow of air through the unsaturated
sediment. Volatile compounds are vaporized into this air flow and removed from the sediment.
This technology is only applicable to compounds of sufficient volatility to allow a reasonable
rate of removal by evaporation into the soil gas. Industry experience indicates that this process is
very effective for chlorinated solv znts and the volatile FHCs.

The properties of the vadose zone sediment, such as permeability and moisture content,
and the areal extent and depth of contamination determine the design of a vacuum-induced ‘
venting system. The extracted gas may be treated to prevent release of hazardous materials to
the atmosphere. Treatment options include thermal or catalytic oxidation and granular-activated
carbon, described in the next section. Drawbacks to the venting technology are the uncertainty in
predicting the time required to achieve the remedial objectives and difficulties extracting all
hazardous materials in a heterogeaeous subsurface environment. The control of air emissions
can also be a significant expense uf operation. :

Variations of the vacuum-induced venting process include venting of dewatered
sediments and venting in conjunction with steam flooding beneath the water table. Although
experimental at this time, these techniques show promise for accelerating cleanup of high
concentrations below the static wxter table.

Remediation of unsaturated sediments containing VOCs at LLNL is expected to consist of:

1. Excavation in limited areas if local concentrations exceed designated limits, with subsequent
treatment and/or disposal of the excavated material.
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2. Vacuum-induced venting in locations where concentrations are greater than designated limits
but excavation is impractical, coupled with treatment of the vapors by carbon absorption,
thermal oxidation, or catalytic oxidation, if necessary to meet air discharge requirements.

Technologies in the research stage, such as microwave soil heating and steam flooding,
may develop to decrease cleanup times, but will not be discussed here.

3.4.3. Remediation Technologies

3.4.3.1. VOCs and FHCs in Ground Water

In the following discussion, remediation technologies are first considered individually.
Following the discussion of individual technologies, we describe the specific treatment options,
comprised of combinations of technologies. This is a slight modification of the EPA design and
evaluation process that suggests they be considered sequentially as increasingly narrow and
specific definitions of the remediation approach. We combined some of the EPA steps because
research conducted at the LLNL site, particularly the pilot studies, has provided much data about
the characteristics of the site sediments, the compounds of interest, and the strengths and
limitations of available remediation methods.

Each potential treatment facility would be designed to treat a slightly different suite of
compounds. In general, treatment options for facilities A, B, C, E, and G need to treat primarily
VOC:s (see Table 3-7). However, treatment options for Treatment Facility D (TFD) may need to
treat chromium, as well as VOCs. Treatment options for Treatment Facility F (TFF) will need to
address VOCs, FHCs, and possibly lead.

- 3.4.3.1.1. Granular Activated Carbon Treatment of the Liquid Phase. Granular
activated carbon (GAC) adsorption is a well-established technology for ground water treatment
that is generally effective for remuving high molecular weight compounds, chlorinated solvents,
_petroleum hydrocarbons, and som inorganic ions. ;

Activated carbon removes contaminants from water by adsorbing them onto its surface.
GAC units are made from a variety of carbonaceous materials by dehydrating and carbonizing
the raw material. This is followed by the activation procedure in which the grain structure of the
solid is increased to yield high surface area for adsorption and potential sorption sites are freed of
competing substances. GACs generally have surface areas of 500 to 1400 m2/g.

A GAC adsorption system consists of a packed column with a system to distribute the
water evenly over the bed of carbon. Organic compounds adsorb onto the surface of the GAC as
the water flows through the fixed bed. Initially, almost all adsorption takes place at the end of
the column nearest the water inlet. With time, the GAC becomes saturated and the zone of
maximum adsorption moves down the bed. This continues until “breakthrough” occurs in which
some organic compounds pass through the bed without being adsorbed.

The usual configuration uses two beds in series. Therefore, when the GAC in the first
bed becomes saturated, the system is shut down and the spent material in that bed is removed and
replaced. The system is then restarted with the flow direction changed such that the order of the
beds is reversed. The spent GAC may be thermally regenerated by heating the carbon in a
natural gas-fired furnace. This re-ults in the complete desorption of the organic compounds from
the surface of the GAC. The compounds can then be thermally oxidized or driven off and
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collected for reuse. In thermal oxidation, the FHCs are converted to carbon dioxide and water;
the chlorinated compounds are converted to carbon dioxide, water, and hydrogen chloride. Lead
is converted to lead oxide, which vaporizes at the temperatures used. After regeneration, the
GAC is no longer considered a hazardous waste.

GAC technology for treating the liquid phase is effective for a broad range of organic
compounds. When operated properly, complete removal of organic compounds can be achieved,
regardless of the influent concentrations or flow rate. The amount of GAC required, however, is
dependent on concentration, because the loading efficiency is greater at high concentrations.
Some disadvantages of applying GAC to the liquid phase include:

e Influent water must be free of suspended solids and free-phase hydrocarbons to prevent
fouling of the bed. ]

¢ Capital investment costs for these GAC systems are relatively high.

¢ Replacement and thermal regeneration of the adsorbent are relatively expensive and labor
intensive.

3.4.3.1.2. Packed-Tower Counter-Flow Air stripping. Packed-tower air stripping is a
well established technology for th2 removal of VOCs and FHCs from ground water. It has been
successfully used for treatment of VOCs and volatile FHCs. ,

Treatment is achieved by contacting the water with a flow of air in a vertical tower
containing a high surface-area packing medium which facilitates contact between the water and
air. The volatile compounds are transferred (stripped) from the water to the air as the water
flows down over the packing material countercurrent to the air, which is blown upwards through
the packing material. To prevent release to the atmosphere of the compounds that have been
transferred to the air, removal of the VOCs or FHCs from the exhaust air stream by adsorption
‘onto GAC can be added as supplemental treatment.

The ability of air stripping to remove organic compounds from ground water is based on
the volatility of the compound expressed as the Henry’s law constant. The Henry’s law constant
is the ratio at equilibrium between the concentration of the compound in the water and the
concentration in the air in contact with the water. A high Henry’s law constant indicates that the
compound will be easily removed by air stripping.

Alternative configurations are feasible for air stripping. As described in Section 2, the
Offsite Pilot Study has successfully employed an aeration bubbling tank. The aeration tank has a
low profile and is adequate for the low concentrations of VOCs exiting the UV/Hp0O5 unit.

LLNL has made a policy decision not to construct ground water remediation systems that
produce measurable emissions of contaminants to the atmosphere. Consequently, we analyze air
stripping technology for the LLNL site only in conjunction with treatment of the exhaust air
stream. ,
3.4.3.1.3. Air stripping with GAC Treatment of the Vapor Phase. The operation of a
GAC system to treat the vapor phase for removal of organic compounds from air is very similar
to that for GAC treatment of the liquid phase. The air stream containing contaminants is forced
through a fixed bed of dry GAC. When the capacity of the GAC to adsorb the chemicals is
exhausted, the GAC is removed and replaced. The spent GAC can be thermally regenerated at a
commercial facility, which results in the complete desorption of the organic compounds from the
surface of the GAC. The compounds can then be thermally oxidized or driven off and collected
for reuse. The advantage of air stipping compounds from the water followed by vapor-phase
adsorption onto GAC over direct liquid-phase adsorption onto GAC is that the capacity of GAC
(expressed as pounds of chemical adsorbed per pound of GAC) for vapor is generally much
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greater than that of GAC for liquid. This results in less frequent replacement of the GAC and,
hence, lower operating costs for GAC replacement. This is somewhat offset by the more
complex operation required for the air stripping system with vapor phase compared to a GAC
system for treating the liquid phase. -

The advantages of air stripping are relatively simple operation and low capital costs. The
" necessity for control of air emissions using GAC results in significant operating costs for spent
GAC replacement and thermal regeneration. However, this cost is much lower than for GAC
used to treat the liquid phase. The disadvantages of air stripping are that the system must be
designed for the maximum anticipated flow rate and concentrations of organic compounds and is
not adaptable to significant changes in either. Air stnppmg is also not effective for nonvolatile
compounds or inorganics.

The cost consequences of treating the air stream are prescnted in Appendix D and in
Section 4 of the text.

3.4.3.1.4. UV/Oxidation. This process involves the destruction of organic compounds
using a strong oxidizing agent, usually hydrogen peroxide or ozone. The process employs
ultraviolet light to increase the rate of oxidation, which both creates hydroxyl radicals and breaks
bonds in the organic molecules. In theory, organic compounds in an aqueous medium can be
completely destroyed by chemical oxidation. The process has been shown to be most effective
on double bonded halocarbons (ethylenes). Pilot testing of a UV/oxidation system at LLNL has
shown that a system sized for destruction of PCE and TCE is not necessarily sufficient to destroy
all VOCs of concern. However, refinements in this relatively new technology still hold
considerable promise for increasing destruction efficiencies and reducing costs.

UV/oxidation is carried out by the addition of sufficient quantities of hydrogen peroxide
to oxidize all oxidizable material in the water stream. The stream is then passed through a
chamber in which the water is exposed to UV radiation, with the effectiveness proportional to
residence time.

The main advantage of UV/oxidation is that virtually immediate destruction of many
organic compounds occurs with production of innocuous byproducts. This minimizes waste
requiring further treatment or disposal. The disadvantages are that large units with high energy
demands are necessary to destroy all compounds of concern at LLNL, and so for efficiency, must
often be coupled with another technology. The process can be adapted to lower-than-design flow
rates or concentrations by simply turning off unnecessary UV lamps.

3.4.3.1.5. Biological Treatment. Biological treatment can be conducted above ground on
extracted ground water, as well as in situ , as discussed previously. There are a number of
different aboveground biological treatment technology designs.

One design, an activated sludge process, consists of an aeration tank in which
biodegradation occurs, followed by a settling tank. The aeration tank contains biomass that is
provided with nutrients and oxygen to continuously consume organic compounds supplied by the
influent stream. The settling tank is used to remove biomass from the effluent stream, part of
which is recycled back to the aeration tank.

A second design consists of a rotating biological contactor system comprised of a series
~ of partially submerged disks covered with a film of biomass. The disks are rotated to alternately
expose the biomass to the water containing the organic compounds and to the oxygen in the
atmosphere. Biomass routinely sloughs off the disks and must be removed from the
effluent water.
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A third design, a trickling Slter, consists of a bed of highly permeable media to which
biomass is attached and through which influent water is percolated. The water passes through
the bed in the form of a film flowing over the media covered with biomass. Oxygen is supplied
by a countercurrent flow of air rising by natural convection. Biomass routinely sloughs off and
must be removed from the effluent water.

Biological technology is potentially applicable to treatment of ground water containing
organic compounds. However, the technology may not be suitable for the treatment of
chlorinated solvents. The technology is also sensitive to upsets in influent water quality and
organic compound concentrations and requires careful operator attention. Hazardous compounds
that are not destroyed may be absorbed by the sludge, making it a hazardous waste. This
technology is not considered further due to the operational complexity relative to other proven
technologies for the compounds of concern at LLNL.

3.4.3.1.6. Precipitation. Chemical precipitation technology is well proven for the
removal of dissolved metals from ground water. The process includes adjusting the pH of the
water and adding reagents to form insoluble compounds with the metals of concern, followed by
sedimentation and/or filtration to remove the precipitated solids. The total reduction in
concentration of a metal is determined by the solubility of the compound precipitated and the
efficiency of solids removal. Usually, simple treatment testing is required to determine the
optimum pH, and the type and concentration of reagents, to achieve the optimum reduction in
concentration of metals.

Several variations are possible for treatment of water containing chromium, as illustrated
in Figure 3-11. First, the chromium oxidation state is reduced from +6 to +3, if necessary.
Common reagents used to achieve this reduction are sulfur dioxide and sodium bisulfite. The
trivalent chromium is then precipitated as chromium hydroxide by adjusting the
pH. The precipitated chromium is separated from the liquid and the sludge is dewatered in a
filter press. The recovered liquid is then stored and slowly metered into an ion-exchange
treatment system (see below). The dewatered sludge can be disposed of at a hazardous waste
landfill if the solid waste passes the Toxicity Characteristic Leaching Procedure (TCLP) criteria
for chromium. If the sludge does not pass the TCLP criteria without further treatment,
solidification and stabilization may be achieved by adding chemical fixation agents. The
stabilized material could then be disposed of at a hazardous waste landfill. Dewatered chromium
sludge could theoretically be sent to a chromium ore processing facility for high temperature
recovery. Alternatively, the chromium could be removed from the liquid by plating it out in an
electrolytic cell. In this way, essentially pure chromium metal is recovered.

The main advantage of chemical precipitation is that it is a well-proven technology
applicable to most metals. A major disadvantage is that the process produces a sludge containing
the metals, which may be considered hazardous and require further treatment prior to disposal.
Because of the complexity of the precipitation options and the need to couple them with
additional waste treatment, precipitation is not considered further.

The final processing alternatives could be carried out at LLNL or, alternatively, the waste
could be sent to a hazardous waste treatment facility.

3.4.3.1.7. Ion Exchange. Ion exchange is a proven process for the removal of metal salts
from water. Ion exchange can be ipplied to the removal of cations (principally metals) or anions
from water. :

In ion exchange, water is pumped through a fixed bed of ion-exchange resin. The ionic
species to be removed are exchanged for nonhazardous ions bound to the resin. When the
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Figure 3-11. Possible treatment options for liquid chromium waste.
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ion-exchange resin approaches equilibrium with the influent stream, it is regenerated by passing
a concentrated solution of a nonhazardous salt through the columns. The ions adsorbed during
the treatment cycle are replaced by the regeneration salt ions. The regeneration waste solution
contains the hazardous ions removed from the ground water and may require further treatment or
disposal as a hazardous waste.

The primary advantage of ion exchange is that it is a simple technology that can achleve
very low effluent concentrations. A disadvantage is that only chemicals that are in ionic form are
removed. Also, other ions of the same charge may compete for ion-exchange sites, which can
necessitate frequent regeneration of the resin. Treatment testing is normally required to
demonstrate the practicality of the process. The process also produces a waste regeneration
solution that may be hazardous. .

3.4.3.1.8. Ultrafiltration. Ultrafiltration is a process for removal of insoluble particles of
approximately 1 wm or more from water. The process is very effective for removal of insoluble
compounds, but does not remove dissolved compounds. This technology is normally applied as
a polishing step following another technology, such as precipitation. However, sufficient
treatment can often be achieved by removing suspended materials from the ground water. In
such cases, ultrafiltration maybe applied alone. However, larger suspended material would have
to be removed to prevent fouling of the ultrafiltration media.

The disadvantages of this technology are that (1) only contaminants that are greater than
about 1 pm are removed, and (2) the filtration membrane is also susceptible to fouling.
Ultrafiltration could be used in conjunction with another technology, but will not be discussed
further.

3.4.3.2. Vadose Zone Treatment

3.4.3.2.1. GAC Treatment of the Vapor Phase. The use of GAC treatment is a well-
established technology for the rem.oval of VOCs from air streams. With few exceptions, most
VOCs and FHCs can be effectiveiy removed from the vapor exhaust of a soil vacuum venting
system using a fixed bed of GAC. The GAC is effective over a broad range of constituent
concentrations in the air stream, a'though the mass of organic compounds that will be adsorbed
per unit mass of GAC increases as the concentration of the compounds in the air to be treated
increases. The spent GAC may be regenerated onsite or at a commercial facility in a furnace in

which the VOCs or FHCs are desorbed from the GAC and then completely oxidized. The major

advantages of this technology are its relative simplicity and low capital cost. The major
disadvantages are the need to periodically replace the GAC, the requirement to send the spent
GAC offsite for regeneration, and the potential high operating cost for GAC replacement if the
quantities of vented VOCs or FHCs are high.

3.4.3.2.2. Thermal Oxidation. The vapor emissions from the vacuum venting of the
vadose zone containing VOCs or FHCs can be controlled by passing the vented gas through a
thermal oxidation unit. In the thermal oxidizer, the air containing the organic vapors is heated to
a temperature sufficient to completely oxidize the compounds. This technique is most easily
applied to mixtures of air and FHTs in which the oxidation products will consist of water and
carbon dioxide. Chlorinated solvents may also be thermally oxidized, although additional
treatment of the exhaust gas from the thermal oxidation unit may be required to remove the
hydrogen chloride produced. In most cases, the concentrations of organic compounds in the
emissions from the venting operations will not be sufficient to maintain combustion. An
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auxiliary source of fuel, such as propane or natural gas, must be supplied to the thermal oxidizer
to produce sufficient heat to sustain thermal combustion. The major advantage of this system is
that almost complete destruction (over 99%) of the VOCs or FHC:s is achieved onsite. In
addition, this technology may be more economical than GAC treatment of the vapor phase for
large quantities of vapor vented over extended periods. The disadvantages are the capital cost for
the thermal oxidation system, and the expense associated with the need for an auxiliary fuel
supply.

3.4.3.2.3. Catalytic Oxidation. Catalytic oxidation is similar to the thermal oxidation
process except that the oxidation occurs in the presence of a catalyst, commonly platinum or
palladium metal, that allows the oxidation to occur at much lower temperatures. This has the
advantage of reducing the quantity of auxiliary fuel required for the oxidation unit. However, the
catalyst is susceptible to fouling and poisoning, particularly in the presence of chlorinated
solvents. The capital cost for installation can be weighed against the lower operational costs for
thermal oxidation. Close operator attention or automated protection is generally required to
prevent catalyst damage.

3.4.4. Disposal of Treated Ground Water

The discharge of treated ground water from the seven treatment facilities under Extraction
Alternative No. 1, or the four treatment facilities under Extraction Alternative No. 2, would be
designed to return a large proportion of the treated ground water to the ground water subbasin
(Mocho I or Spring) from which it was extracted, without adversely affecting remediation
efforts. To accomplish this, we are currently recharging treated ground water by surface
infiltration using the LLNL recharge basin south of East Avenue and drainage ditches along the
west LLNL perimeter that flow tc Arroyo Las Positas for our Offsite Pilot Study. Other
alternatives under consideration include subsurface recharge using recharge wells and discharge
into a lined retention basin, from which irrigation water could be drawn, with excess entering the
Arroyo Las Positas channel along the northern portion of the site. Each of these is discussed
below. Some of the treated ground water could be used onsite for irrigation or other purposes.

3.4.4.1. Recharge Basin

As part of the Offsite Pilot Study discussed in Section 2, the LLNL recharge basin located
south of the VOC plumes has been receiving treated ground water from TFA since early 1989.
Under both Extraction Alternatives Nos. 1 and 2, additional ground water would be treated by
TFA and discharged to the recharge basin (Figure 3-9). The design and performance of the
recharge basin are discussed in Section 2.

3.4.4.2. Drainage Ditches, Arroyos, and Drainage Retention Basin

Under Extraction Alternative No. 1, treated ground water from TFD and Treatment
Facility E (TFE), and possibly TFF and TFG, could be discharged to the drainage retention basin
(Figure 3-9). Under both Extraction Alternatives Nos. 1 and 2, effluent from TFB and TFC
would be discharged to drainage ditches paralleling Vasco Road. Recharge from unlined
sections of drainage ditches and Arroyo Las Positas are estimated to be between about 0.5 and
1.2 ft/day, respectively, based on «n infiltration study conducted in June 1988 (Dresen
etal., 1988a). - :
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To maintain hydraulic control over the VOC plumes, treated ground water would not be
recharged by surface infiltration to any area containing ground water with VOC concentrations
exceeding an MCL. If recharge were to occur within this area, capture areas would decrease and
additional extraction wells would be necessary. Partly for this reason, the drainage retention
basin, located in the central part of LLNL (Figure 3-9), is being lined to prevent recharge in that
area. The LLNL Plant Engineering Department estimates that up to 300,000 gal per day could be
used for landscape watering or couling tower makeup at LLNL during the summer. To prevent
recharge in other areas underlain by VOCs, a section of the north-flowing drainage ditch
paralleling Vasco Road has been lined with concrete. The lined section is shown with a hatched
pattern in Figure 3-9.

3.4.4.3. Possible Recharge Wells

Recharge through recharge wells has several potential advantages:
* Reduced piping distances and costs.
e More effective hydrologic control of VOC plumes.
* Possible reversal of downward vertical gradients.
* Higher extraction rates and shorter cleanup times.

Under Extraction Alternative No. 1, the locations of TFF and TFG in the southern part of
LLNL would require long piping routes to convey treated water to the drainage retention basin or
the recharge basin. Therefore, deep recharge wells are being considered for these facilities. One
design approach is to discharge treated ground water from both TFG and TFF to a centrally
located recharge well between the facilities (Figure 3-9). A second alternative is to drill separate
recharge wells for each facility, which would minimize the length of discharge piping required.

Recharge well(s) for TFF and TFG would probably be 300 to 400 ft deep. They would be
screened below the regional confining layer (Thorpe et al., 1990) because VOC plumes extend to
the top of the confining layer (about 200 ft deep) in this area. Alternatively, shallow recharge
wells along the eastern boundary of the site might facilitate cleanup by increasing hydraulic
gradient and pore water exchange, even though more extraction wells might be neces sary.
Shallow recharge wells may also minimize dewatering of sediments containing VOC plumes.
We are currently investigating the technical and regulatory feasibility of using recharge wells at
LLNL, and the logistical constraints of siting recharge wells.

3.5. DEVELOPMENT OF TREATMENT OPTIONS

3.5.1. Ground Water

Currently, we believe “purap and treat,” using the conceptual approach of either
extraction alternative, will comply best with the requirements of DOE, LLNL, and the regulatory
agencies. Because the two extraction alternatives differ primarily in scale, all treatment options
described below assume that ground water will be extracted and conveyed to treatment systems
as discussed for Alternative No. i. The only difference under Alternate No. 2 is that only
Treatment Facilities A, B, C, and F are installed.
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The compounds in the groand water can be divided into three categories:
1. Ground water containing only VOCs. Current data indicate only VOCs will be influent to
Treatment Facilities A, B, C, E, and G (see Figure 3-9).
2. Ground water containing VOCs and chromium. Treatment Facility D may require treatment
of chromium, as well as VOCs.
3. Ground water containing VOCs, FHCs, and possibly lead. Treatment Facility F may require
treatment of lead, as well as organic compounds.
Treatment technologies wil be combined as necessary for each of the three categories of
influent to meet the effluent discharge requxrements (Table 3-2). These are illustrated in
Figures 3-12, 3-13, and 3-14.

3.5.1.1. VOCs and FHCs Only

Three treatment options are available that will successfully remove VOCs and FHCs from
the ground water and leave essentially zero emissions in the aqueous or vapor effluent. These
are described in detail in Appendix D. The first is GAC treatment of the liquid phase, shown in
schematic form in Figure 3-12A. In this option, aqueous influent is directed through a bed of
activated carbon, treated water is released to one of several disposition alternatives (e.g.,
recharge basin, wells, or drainage ditches), and the organic compounds adsorbed onto the GAC
can be oxidized to nonharmful compounds or collected for reuse (recycling) in the carbon
regeneration process.

The second treatment option for ground water containing only VOCs and/or FHCs is a
combination of packed-column, counter-flow air stripping and GAC treatment of the vapor
phase, shown in Figure 3-12B. In this alternative, the ground water treatment is by air stripping.
Although the treatment facilities could possibly meet local air discharge requirements without
additional treatment of the air stream, GAC treatment of the vapor phase has been added to the
design to completely eliminate vapor-phase emissions from the air stripper. The organic
compounds adsorbed onto the GA C can be oxidized to nonharmful compounds or collected for
reuse (recycling) in the thermal re seneration process.

The third treatment option consists of primary treatment by UV/oxidation followed by
secondary treatment of the aqueous medium by air stripping (aeration); the vapor effluent is
treated by GAC. This system is shown in Figure 3-12C. Design and sizing of the UV/oxidation
units may obviate the necessity for secondary treatment by aeration and GAC treatment of the
vapor phase, in some circumstances. UV/oxidation processes minimize waste requiring further
treatment or disposal by destroying the VOCs or FHCs.

3.5.1.2. VOCs and Chromium

Treatment options for ground water containing both VOCs and chromium, which may be
influent to TFD, are shown in schzmatic form in Figure 3-13 and are described in detail in
Appendix D.

The first treatment options that is effective in achieving the remedial action objectives
(Table 3-2) is GAC and ion exchange (Figure 3-13A). Influent water is fed through a bed of
activated carbon, where VOCs are removed, leaving chromium in the aqueous medium. The
VOC-free water is next fed throug h an ion-exchange chamber in which the chromium is
extracted from the water.
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Figure 3-12. Alternatives for remediating VOCs and FHCs in ground water (Treatment Facilities
A, B, C, E, and G).
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Figure 3-13. Treatment options for remediating VOCs and chromium in ground water
(Treatment Facility D).
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Figure 3-14. Treatment options for remediating VOCs, FHCs, and lead in ground water
(Treatment Facility F). '
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The second treatment opticn is packed-tower counter-flow air stripping, which removes
VOCs, followed by ion exchange for removal of chromium (Figure 3-13B). The vapor effluent
from air stripping is then treated by GAC.

The third treatment option is UV/oxidation, followed by secondary treatment of the
aqueous medium by aeration (air stripping), followed by ion exchange; the vapor effluent is
treated by GAC. This system is shown in Figure 3-13C. Improved UV/oxidation chambers may
obviate the necessity for secondary treatment by aeration and GAC treatment of the vapor, in
some circumstances. Regardless, the VOC-free water is then treated by ion exchange to remove
chromium.

3.5.1.3. VOCs, FHCs, and Lead

Water containing VOCs, FHCs, and possibly lead will be influent to TFF. As noted in
Table 3-9, concentrations of lead are expected to be below the MCL of 50 ppb. However, lead
concentrations will be monitored and, if they approach regulatory limits, additional treatment
may be necessary, as described below. Treatment options for the TFF area are shown in
Figure 3-14, and are described in greater detail in Appendix D.

The first treatment option that is effective in achieving the remedial action objectives
(Table 3-2) is shown in Figure 3-14A. In this process, extracted ground water is directed
through a bed of activated carbon, treated water is released to one of several disposition
alternatives, and the captured VOCs and FHCs are oxidized to nonharmful compounds or
collected for reuse in the carbon regeneration process. The lead is converted to lead oxide, which
vaporizes at the high temperatures used in the thermal regeneration of GAC.

The second treatment option is a combination of air stripping followed by GAC treatment
for the aqueous phase, augmented by GAC treatment of the vapor phase. This system is shown
in Figure 3-14B. In this process, the primary treatment is by air stripping. GAC treatment of the
vapor phase is used to treat the vapor effluent from the air stripper. GAC treatment of the liquid
phase is used to adsorb the lead and any remaining VOCs or FHCs from the water. The VOCs
and FHCs adsorbed on GAC from the vapor and liquid stream are oxidized to nonharmful
compounds or collected for reuse in the carbon regeneration process. The lead is converted to
lead oxide, which vaporizes at the high temperatures used in the thermal regeneration of GAC.

The third treatment option consists of primary treatment by UV/oxidation followed by
secondary treatment of the aqueous medium by GAC. In this system, most of the VOCs and
FHCs are destroyed in the oxidation process. Any remaining organics and lead are adsorbed
onto the carbon. The adsorbed VOCs and FHCs are oxidized to nonharmful compounds or
collected for reuse in the carbon regeneration process. The lead is converted to lead oxide, which
vaporizes at the high temperatures used in the thermal regeneration of GAC. This system is
shown in Figure 3-14C.

3.5.1.4. VOCs in Downtown Live,more

Treatment options for the Deferred-Action Alternative are considered as a baseline for
comparison purposes. This alternative relies on monitoring the VOCs in the plume without
attempting to control their migration. Administrative and institutional measures would be
employed to prevent human contact with the ground water containing contaminants originating
from the LLNL site. If monitoring of the municipal supply wells demonstrated the need for
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treatment, three treatment options would be effective in removing VOCs from this water. These
are shown in Figure 3-15 and are described more fully in Appendix D. The difference between
these options and those described previously for onsite VOC treatment result from the very low
concentrations expected. '

The first treatment option is GAC treatment of the liquid phase, shown in Figure 3-15A.
In this option, aqueous influent is directed through a bed of GAC. Treated water is released for
distribution in the municipal supply system, and the adsorbed VOCs are oxidized to nonharmful
compounds or collected for reuse in the thermal regeneration process.

The second treatment option consists only of an air stripper. This system is shown
schematically in Figure 3-15B. In this system, influent from the municipal supply wells is fed
into a stripping tower or other aeration unit into which air is forced under pressure. The treated
water is discharged to the municipal supply system. The stripping tower discharges the
extremely low concentrations of VOCs with the effluent air stream. This would be permissible
under current Bay Area Air Quality Management District (BAAQMD) rules.

A third effective option for treatment at the point of distribution in downtown Livermore
consists of a UV/oxidation system. This system is shown in Figure 3-15C. In this system, VOC
concentrations are reduced to below drinking water standards by the oxidation process, without
secondary air stripping.

3.5.2. Vadose Zone

LLNL’s Gasoline Spill Pilot Study, described in Section 2, is now in operation using
vacuum-induced venting to extract vapors containing FHCs from the vadose zone. The FHCs in
the vadose zone are as deep as 100 ft below the surface, making excavation impractical. The
compounds of interest are sufficiently volatile for extraction by conventional vacuum-induced
venting. This same process has bzen successful elsewhere for VOCs.

A schematic flow diagram of treatment options that would be effective in the treatment of
vapors extracted from the vadose -one is shown in Figure 3-16.

The first option is GAC treatment of the vapor phase, shown schematlcally in
Figure 3-16A. Vapors from the vent well are routed through a chamber containing a fixed bed of
GAC. The VOCs and FHCs are adsorbed onto the carbon, and treated vapor (air) is exhausted to
the atmosphere. The carbon bed is cxchanged for a new one as required, and the spent carbon is
regenerated, as described earlier.

The second treatment option is similar to the pilot program currently in operation and
under evaluation for treatment of vapors extracted from the vadose zone in the Gasoline Spill
Area. This system, shown in Figure 3-16B, uses thermal oxidation to transform the FHCs to
carbon dioxide and water. When used for chlorinated compounds, hydrogen chloride is also
formed. Vapor from the vent well is introduced to the thermal oxidation chamber where it is
ignited with the assistance of a heat source such as combusted propane. The resulting gases are
then vented to a stack.

The third treatment option for extracted vapors is catalytic oxidation. In this process,
vapors are heated and passed throuagh a catalytic oxidizer (Figure 3-16C) where VOCs and/or
FHCs are similarly converted to t':eir oxidation products. Destruction efficiencies are not as high
as with thermal oxidation; howevr.r, they may be adequate when vapor concentrations are
relatively low. Since chlorinated ompounds and lead can poison the catalyst, this alternative
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Figure 3-15. Treatment options for remediating low concentrations of VOCs in ground water (at
the point of distribution, downtown Livermore).
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Figure 3-16. Treatment options for remediating VOCs and FHCs from the vadose zone.
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may be more applicable as a follow-up process after chlorinated compounds and lead are reduced
to low levels by other methods, or as a second-stage treatment to polish vapor effluent from
thermal oxidation. )

Vacuum-induced venting readily extracts the VOCs and FHCs. The lead in the vadose
zone associated with the leaked gasoline is in an organic form that readily sorbs on soil particles.
It is not volatile and will not be drawn into the vapor stream.

3.6. SUMMARY OF SCREENING PROCESS

Tables 3-10 and 3-11 summarize the screening and evaluation of the general response
actions, technology types, technologies, and treatment options available for the remedial
alternatives for ground water and the vadose zone at the LLNL site.

Table 3-10 addresses treatment options for ground water and vadose zone sediments. The
remedial action objectives (Table 3-2) apply to all treatment options and remedial alternatives.
For the vadose zone, the objective is to preclude migration of contaminants to the ground water
that would prevent meeting ambient ground water objectives. General response actions, shown
in the first column, are general classes of actions that may achieve the remedial objectives. We
have selected for detailed evaluation only active remediation measures that lead to positive,
permanent removal of the constituents of interest from the ground water and the vadose zone. Of
the several technologies available for treatment of chromium, ion exchange was chosen as
representative because it is a proven technology that is about equal in cost to the alternatives it
represents. The proven technologies of air stripping, GAC treatment of both the vapor and liquid
phases, and UV/oxidation are viable to remediate VOCs and FHCs. Table 3-11 assembles the
technologies into treatment options potentially suitable to the LLNL site.

3.6.1. No Action

It is very likely that the compounds of interest will, through the processes of natural
decay, degradation, and sorption, be reduced in concentration to the point that no exposure would
occur that would significantly increase the risk of adverse health effects. The No-Action
Alternative, while likely protective of human health, does allow continued water quality
degradation and migration of the compounds in the ground water. Furthermore, there is great
uncertainty as to the rate and secondary products of natural transformation and the rate of
adsorption of the compounds in sediments in the LLNL vicinity. Therefore, it is not possible to
predict health effects of the No-Action Alternative with certainty. As a result, a monitoring
program would have to be carried out, eliminating the possibility of the No-Action Alternative.
To the extent that expedient remediation is desired, the No-Action Alternative is not acceptable.

3.6.2. Immediate Action

3.6.2.1. Containment

Although it may be protective of human health, containment by itself does not quickly
restore the ground water to concentrations specified in the ARARs. In the form of hydraulic
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Table 3-10. Summary of screening process, showing general process options.

General Remediation Technology ' F
response action technology type (process option) Screening comments I
GROUND WATER . =
~No action No action 4 ' E

Natural degradation, No action . Not acceptable to LLNL, DOE, and
dispersion, adsorption the regulatory agencies e
! il

Immediate action

Containment Vertical barrier Slurry wall Not practical at LLNL §
Grout curtain Not practical at LLNL £

Capping

Extraction Pump
Gravity
Excavation

Tréatment In situ treatment

Bioremediation
Surface treatment
Physical transfer:

Volatilization
Sorption

Chemical
transformation

Disposal Surface

Subsurface

Hydraulic barrier
Asphalt cover

Electric pump
French drains
Physical removal

Enhanced
bioremediation

Air stripping
GAC (liquid or vapor)

Ultrafiltration
UV/oxidation

Precipitatioh

Ion exchange
Recharge basin
Retention pond
Surface water ways
Recharge wells
Infiltration galleries
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Applicable in conjunction with
treatment

Practical in conjunction with
extraction

Applicable
Not practical at LLNL
Limited to shallow depths

Not app-licablé to VOCs
Applicable to FHCs

Applicable
Applicable

Applicable to nondissolved
compounds as small as 1 pum

Applicable

Applicable
Applicable
Applicable
Applicable
Applicable
Applicable
Applicable but complex
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Table 3-10. (Continued)
Preliminary evaluation
Effectiveness Implementability Cost?®
GROUND WATER
Does not immediately remediate ground Not acceptable to LLNL, DOE, and the None
water or vadose zone. Is probably regulatory agencies
protective of human health
Dropped Dropped Dropped
Dropped ~ Dropped Dropped
Not evaluated separately . Not evaluated separately Not evaluated
separately
Prevents surface recharge Implementable Low
Effective Implementable ®)
Dropped Dropped Dropped
Effective Dropped Dropped
Not effective for VOCs Dropped for VOCs Dropped
Possibly effective for FHCs Implementable for FHCs Medium to high
Effective technology for VOCs and FHCs Implementable; transfers compounds to air Medium
-Effective technology for VOCs, FHCs, Implementable; transfers compounds to Medium to high
lead, not for chromium carbon
Effective for nondissolved compounds Dropped Dropped
over 1 um in size
Effective technology for VOCs and FHCs Implementable in combination with other Medium to high
technologies
Effective for chromium Dropped Dropped
Effective for chromium Implementable; hazardous residue Medium
Effective Implementable; permit obtained Medium
Effective Implementable; permit obtained High
Effective Implementable; permit obtained Low
Effective Implementable; permit required Medium
Dropped Dropped Dropped
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Table 3-10. (Continued)
General Remediation Technology
response action technology type (process option) Screening comments
Use Landscape irrigation Applicable

Cooling towers, other Applicable
process water

Deferred action

Monitor and Monitor (treat),
treat if necessary administrative/

Same as for immediate
treatment, if necessary.

Technically feasible; least
expensive remediation measure;

at the point of institutional measures Restrict well development fully protective of human health
use
VADOSE ZONE
No action No action ]
Natural degradation, No action Acceptability dependent upon
dispersal, adsorption initial concentrations
Immediate action
Containment Horizontal barrier Asphalt cover Applicable
(capping)
Extraction Extraction technologies:
Excavation Soil removal Applicable if compounds not too
deep
Vent Vacuum-induced vent Applicable
Steam-enhanced vent Heat not required
RF-enhanced vent Heat not required
Treatment Treatment technologies:
' Extract and treat:
Physical transfer GAC Applicable
Chemical Thermal oxidation Applicable
transformation
' Catalytic oxidation Applicable
Biological Bioreactor Complex operations
In situ treatment Enhanced bioremediation Difficult distribution of nutrients
Experimental for VOCs
Deferred action
Monitor and Monitor migration and Treat compounds that Technically feasible; compounds
treat as desorption processes desorb and leach to would be treated with other
necessary ground water ground water contaminants

2 Cost ranges defined in Tables 4-8 through 4-12; Appendix D provides actual cost breakdowns.
b Costs for various treatment options applied to individual treatment facilities provided in Tables 4-8 through 4-12.
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Table 3-10. (Continued)

December 1990

Preliminary evaluation

Effectiveness Implementability Cost?
Effective use of treated water Implementable Very low
Effective use of treated water Implementable Very low

Effective in protecting human health. Allows Requires Zone 7 participation in

Very, very low

vadose zone. Ground water remediation
assures health protection

continued migration; natural degradation administrative/institutional control or none
reduces volume and toxicity; does not reduce  measures. No new supply wells
mobility; does not fully meet ARARS anticipated
VADOSE ZONE
Does not immediately remediate vadose zone. Iinplementable None
Ground water remediation assures health
protection
Retards leaching from soil. Does not Implementable Low
remediate soil. Can supplement other means
Effective in limited situations Situation dependent Dependent on
situation

Effective Implementable Low to medium
Dropped Dropped ' Dropped
Dropped Dropped Dropped

~ Effective technology for VOCs and FHCs Implementable; regeneration an issue Medium
Effective technology for VOCs and FHCs Implementable Low
Effective technology for FHCs Implementable Low
Dropped Dropped Dropped
Dropped Dropped Dropped
Does not result in immediate remediation of Implementablew Very, very low
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Table 3-11. Summary of screemng process, showing treatment options technically and
administratively implementable at LLNL.

Treatment options:
media-specific,

Screen alternatives

sitewide, implementability Effectiveness Cost?
GROUND WATER
Extraction:
Pump Effective ®)
Surface treatment:
AS + GAC(V) Effective for VOCs and FHCs Low
AS + GAC(V) +IX Effective for VOCs, FHCs, and chromium Low-medium
AS + GAC(V) +GAC(L) Effective for VOCs, FHCs, and lead Very high
GAC(L) Effective for VOCs, FHCs, and lead Very high
GAC(L) +IX Effective for VOCs, FHCs, and chromium High
UV/Ox + AS +GAC(V) Effective for VOCs and FHCs Medium
UV/Ox + AS +GAC(V) + IX Effective for VOCs, FHCs, and chromium Medium
UV/Ox +GAC(L) Effective for VOCs, FHCs, and lead " Medium
Disposal
Recharge basin All disposition alternatives are considered effective; Medium
complementary options to be used as cost
efsectiveness and hydraulic control needs require
Retention pond High
Surface waterings Low
Recharge wells Medium
Irrigation Very low
Cobling towers Very low
Deferred-action:
Administrative controls Effective at prevention of exposure Very, very low
GAC Effective for low concentrations of VOCs Very, very low
AS Effective for low concentrations of VOCs Very, very low
UV/Ox Effective for low concentrations of VOCs Very, very low
VADOSE ZONE
GAC(®Y) Effective for VOCs and FHCs Medium to high
ThmOx Effective for VOCs and FHCs Low
CatOx Effective for FHCs Low

2 Cost ranges defined in Tables 4-8 through 4-12; Appendix D provides actual cost breakdowns.

b Costs for various treatment options applied to individual treatment facilities provided in Tables 4-8 through 4-12.
AS = Air stripping  UV/Ox = Ultraviolet light oxidation

GAC(V) = GAC applied to vapor plase
GAC(L) = GAC applied to liquid pLase

IX = Ion exchange

ThmOx = Thermal oxidation
CatOx = Catalytic oxidation
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control of ground water movement, it would most reasonably be used in conjunction with more
active measures to remediate VOCs, FHCs, and metals, such as described in Extraction
Alternative No. 2.

3.6.2.2. Extraction/Excavation

3.6.2.2.1. Ground Water. Of the alternatives for ground water, the site hydrogeology
and current state of technology dictate an active technology such as pump and treat.

There are two general strategies for extracting ground water using wells. Extraction
Alternative No. 1 results in complete VOC and FHC plume capture and remediation of sources
of hazardous material in the ground water originating from the LLNL site. Extraction
Alternative No. 2 results in hydraulic control and remediation by extraction wells along the
downgradient plume margins only. Alternative No. 1 would result in more rapid and complete
remediation of the ground water.

Hydraulic control of all VOCs originating at LLNL in concentrations above their MCLs
is assumed in all active alternatives selected for further evaluation.

3.6.2.2.2. Vadose Zone. For the vadose zone, vacuum-induced venting is the extraction
alternative chosen for detailed evaluation because it is compatible with available treatment
options for the vadose zone and with the characteristics and limitations of the subsurface
materials. Supplemental excavation could be used if appropriate conditions are found.

3.6.2.3. Treatment

3.6.2.3.1. Ground Water

3.6.2.3.1.1. Natural Degradation. VOCs, FHCs, and tritium are all subject to natural
degradation. This process will proceed regardless of our intervention. In the one area containing
tritium in excess of MCLs, natural decay will decrease tritium concentrations below MCLs
within 2 or 3 y even without our action. The VOCs and FHCs will be remediated using more
active means; nevertheless, they will simultaneously undergo natural degradation. It is probable
that natural degradation of the VOCs and FHCs, in combination with administrative and
institutional controls, would be fully protective of human health.

3.6.2.3.1.2. Air Stripping. Packed-column, counter-flow air stripping is an applicable,
effective, implementable, and medium-cost method to remove VOCs and FHCs by physical
means from aqueous streams. This technology does not effectively remove metals.

3.6.2.3.1.3. Adsorption. This technology, using GAGC, is an applicable, effective,
implementable, and medium- to high-cost method to remove VOCs and FHCs from either an
aqueous or vapor medium. In addition, GAC effectively treats many metals.

3.6.2.3.14. UVl/oxidation. Chemical oxidation using an oxidizing agent, such as
hydrogen peroxide or ozone, and ultraviolet light as an agent to augment the dissociation of the
oxidizing agent to a hydroxyl radical, is an applicable, effective, implementable, and medium- to
high-cost method to treat VOCs and FHCs in ground water. UV/oxidation processes minimize
waste requiring further treatment or disposal by destroying the VOCs or FHCs. This technology
does not effectively remove metals.
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3.6.2.3.1.5. Enhanced Bioremediation. Bioremediation, either in situ or in surface
reactor vessels, is possibly effective in remediating FHCs. However, in situ treatment of
halogenated hydrocarbons is still experimental. Surface reactors require careful control of
conditions and constant operator attention and produce a biomass sludge that may be considered
hazardous and require treatment or disposal. This technology has been eliminated from further
consideration for VOCs at this time because implementation is complex and the in siru
technology is still experimental for VOCs. Bioremediation for FHCs is implementable, but
considerable uncertainty remains about actual effectiveness and cost.

3.6.2.3.1.6. Ultrafiltration. Ultrafiltration can be used to remove insoluble particles of
approximately 1 um or larger from ground water. It would be effective in removing
nondissolved metals such as lead, but not VOCs, FHCs, or dissolved metals such as chromium.
The process is generally used as secondary treatment and is not evaluated in further detail.

3.6.2.3.1.7. Precipitation. Chemical precipitation is a well-proven technology for
removing dissolved metals from ground water. It produces a sludge residue containing the
metals that may be considered hazardous and require further treatment prior to disposal.
Chemical conditions in the influent stream must be carefully controlled. We have not chosen to
evaluate precipitation in more detail because ion exchange is a better-defined process for the
ground water at LLNL.

3.6.2.3.1.8. Ion Exchange. This technology effectively removes metals from ground
water. The ionic species to be removed are exchanged for nonhazardous ions bound to the resin.
The resin is regenerated, leaving a hazardous waste solution that may require further treatment
prior to disposal. This process is being used to represent all nonadsorption technologies for the
removal of chromium in our detailed evaluation.

3.6.2.3.2. Vadose Zone

3.6.2.3.2.1. Thermal Oxidation. This technology effectively transforms VOCs and FHCs
to nonhazardous compounds, but requires more fuel to initiate and maintain the oxidation
process than the catalytic oxidation method.

3.6.2.3.2.2. Catalytic Oxidation. This process removes FHCs from vapor effluent
recovered from vacuum-induced soil venting of the Gasoline Spill Area. We do not consider it
further for VOCs because halogenated compounds destroy the catalyst.

3.6.2.3.2.3. GAC. GAC treatment of the vapor phase is an applicable, effective,
implementable, and medium- to high-cost method to physically remove VOCs and FHCs from
vapors extracted from the vadose zone. The current pilot project in the Gasoline Spill Area uses
thermal oxidation for the transformation of FHCs to nonhazardous compounds, but GAC would
‘also be effective.

3.6.3. Deferred Action

The Deferred-Action Alternative, in conjunction with administrative/institutional
controls, is protective of human health and is the lowest cost alternative. It involves allowing the
compounds of interest to continue migrating with the ground water, while undergoing natural
degradation and adsorption. All wells in the pathway of the plume would be monitored and, if
concentrations of VOCs above ARARs or other health risk-based levels were detected, alternate
supplies of water or point-of-use treatment would be provided. This alternative would not result
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in as-rapid-as-possible reduction of the compounds in the ground water to ARAR concentrations,
and would allow migration of contaminants, violating the State’s nondegradation policy.
Therefore, it will not be recommended by LLNL and will not be investigated further except as a
baseline case for cost comparison purposes. '

3.6.4. Conclusion

This screening process has resulted in the development of a set of technically feasible,
effective remedial alternatives using a variety of treatment options, described in some detail in
the previous part of this section and in Appendix D. These are analyzed in greater detail in
Section 4.
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4. DETAILED EVALUATION OF REMEDIAL
ALTERNATIVES

4.1. CRITERIA AND EVALUATION PROCESS

Having identified and screened technology types and individual technologies, and
performed a preliminary evaluation of the most promising remedial alternatives, we now conduct
a detailed analysis and comparison of treatment options and remedial alternatives. EPA (1988b)
has identified nine criteria to be used in the detailed analysis of alternatives:

Overall protection of human health and the environment.
Compliance with ARARs.

Long-term effectiveness and permanence.

Reduction of toxicity, mobility, or volume.

Short-term effectiveness.

Implementability.

Cost.

State acceptance.

Community acceptance.

Remedial alternatives, technology types, and treatment options are intended to be
medium-specific. At LLNL, the medium of most interest is ground water within complexly
interfingered alluvial sediments. The associated vadose zone, particularly in source areas, is the
other medium of concern. Surface water and air were not affected by the original releases of
hazardous materials, but are considered in the selection of remedial alternatives.

In this section, we evaluate treatment options and remedial alternatives against the first
seven of these criteria. The evaluation of State and community acceptance will be completed
after State and local review and response to this document.

Three or more treatment options are evaluated for each possible situation at LLNL that
may require remediation. These situations are based on current knowledge of the distribution
of the hazardous materials in the subsurface at LLNL. The situations and corresponding
technologies are: it

ORNANA WM

Situation Treatment option .
Immediate action ; v
Ground water with VOCs 1. GAC treatment of the liquid phase.
or FHCs 2. Air stripping with GAC treatment of the vapor phase. -

3. UV/oxidation with aeration polishing and GAC treatment of
the vapor phase.

Ground water with VOCs 1. Same as (1) above with ion exchange.
and chromium 2. Same as (2) above with ion exchange.

3. Same as (3) above with ion exchange.
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Situation Treatment option
Ground water with 1. GAC treatment of the liquid phase.
VOCs, FHC, and lead 2. Air stripping with GAC treatment of both the vapor phase
and liquid phase.

3. UV/oxidation with GAC treatment of the liquid phase.
4. In situ bioremediation (FHCs only).

Vadose zone with FHCs 1. Thermal oxidation.

or VOCs 2. Catalytic oxidation (FHCs only).
3. GAC treatment of the vapor phase.

Deferred action

Ground water with low 1. GAC treatment of the liquid phase.

VOC concentration at 2. Air stripping.

point-of-distribution 3. UV/oxidation.

Evidence is not yet definitive regarding the need for chromium and lead remediation. We
are currently collecting and evaluating additional sediment and water samples to further
characterize chromium and lead in the subsurface. These data will be reported in our Monthly
Progress Reports. Should the new data indicate that treatment of chromium and/or lead is
necessary, the treatment technologies described herein would be available.

4.2. DETAILED ANALYSIS OF ALTERNATIVES FOR REMEDIATION
OF GROUND WATER

For purposes of this FS, the LLNL site is defined as one operable unit. Within this unit,
the various original sources of contamination varied in composition, leaving residual plumes of
different chemical makeup in different areas dispersed throughout the site. As discussed in the
RI (Thorpe et al., 1990), these plumes are now intermingled. To address these composite plumes
efficiently, LLNL would install up to seven treatment systems at locations that permit
optimization of ground water conveyance in pipelines over relatively short distances and
flexibility in choosing treatment options applicable to the specific local conditions.

Each treatment facility would be served by a number of extraction wells, pipelines to the
facility, and a disposal system also requiring a pipeline to the point of disposition. Two remedial
alternatives for ground water extraction were considered during the identification and screening
process (see Section 3). Both extraction options, Alternative No. 1, complete capture and
treatment of all ground water affected by contaminants originating from the LLNL site, and
Alternative No. 2, downgradient plume margin control, survived the screening. Conceptual
extraction sites have been chosen to effectively intercept and hydraulically control contaminant
plumes and to minimize the estimated time to complete remediation. \

There are several options for disposal of the treated ground water. These are not viewed
as competing alternatives, but as complementary options to be used on the basis of logistics,
usefulness for hydraulic control and expedited cleanup, conserving the ground water resource,
and cost effectiveness of and demand for the beneficial use of treated ground water onsite.
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The results of the detailed analysis of treatment options and remedial alternatives for
ground water are presented in a number of formats, the first of which is provided in Tables 4-1
through 4-4 for ground water. The evaluation presented in these tables is organized into four
categories of treatment options designed to treat:

1. VOCs and/or FHC only [to be used at proposed Treatment Facilities A, B, C,E, and G (Table
4-1)].

2. VOCs and chromium, if necessary [Treatment Facility D (Table 4-2)].

3. VOCs plus FHC and lead, if necessary [Treatment Facility F (Table 4-3)].

4. VOCs in downtown Livermore [deferred action (Table 4-4)].

Both of the pump and treat alternatives are equally protective of human health and the
environment because the treatment options (Tables 4-1 through 4-3) are designed to meet the
same treatment criteria. Each is designed to reduce the concentration of VOCs, FHCs, and
metals to discharge requirement levels, and can be designed to accommodate the necessary flow
rates. The Deferred-Action Alternative (Table 4-4) is also fully protective of human health, but
does allow further degradation of ground water until natural processes reduce concentrations
below ARARs. Some portion of the ground water is predicted to exceed remedial action
objectives for as long as 360 y, if no active remediation is undertaken. The estimated time of
operation required to meet ambient ground water ARARs is discussed in Section 3.4 and
Appendix C.

Each of the treatment options, except in situ bioremediation, is equally effective in the
short term and the long term. Bioremediation is only effective on a portion of the problems at
TFF. Each of the others equally reduces the toxicity, mobility, and volume of the compounds.
Each is equally technically implementable. The treatment options involving air stripping towers
may be somewhat less appealing to local citizens as a result of the greater visual impact of the
towers and their associated noise. However, this effect will be minimal in the general setting of
LLNL, a highly developed research facility. Somewhat greater concern may be raised over the
visual impact of a tower in close proximity to Vasco Road or East Avenue, such as where
Treatment Facility A is currently located.

Treatment options involving GAC may require either transport or onsite regeneration of
spent carbon and appropriate environmental controls to ensure complete destruction of toxic

-compounds, which could cause some concern. However, the compounds to be removed from
ground water at the Livermore site can easily be completely destroyed or transformed to
nonharmful constituents. :

The treatment options for the Deferred-Action Alternative are described in Table 4-4,
This alternative, consisting of implementing administrative/institutional measures to prevent new
wells from being developed in the path of the migrating plume, ground water monitoring, and as-
needed treatment at the point of distribution, is as protective of human health as the immediate-
action alternatives. It does allow the compounds to continue to migrate with the movement of
the ground water. Much of this material will degrade, adsorb, and disperse, and the small
amount that might reach a municipal or domestic well will be considerably reduced in
concentration (toxicity) and volume. If treatment is required to meet ARARS, the amount of
treatment necessary will be much less than if the ground water is treated immediately. This
alternative would ensure that concentrations are below ARARs for water delivered for
consumption. In the short-term, this approach does not reduce mobility and allows degradation

Text continues on page 4-14
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of ground water quality; however, it avoids the risks and impacts associated with activities such
as drilling and construction. The analysis is based on the assessment in the RI that concludes
that no contaminants other than VOCs reach municipal or domestic supply wells west of LLNL.
The best-estimate calculation suggests that VOCs reaching the municipal supply wells will be
well below MCLs; however, if actual concentrations exceed drinking water standards, treatment
would be required. :

The estimated present worth of the life-cycle cost of each treatment option for each of the
onsite treatment facilities and treatment at the point of distribution is shown in Table 4-5. All
treatment systems are costed on the basis of a design that will treat ground water to
concentrations below detection limits (0.5 ppb) for organics. For information purposes, the costs
of the nominal extraction-pipeline-disposal alternative are also shown for each facility, although
they do not vary among options at each facility. These data summarize the cost analyses
presented in Appendices D (ground water treatment), E (vadose zone treatment), and F
(extraction, pipeline, and disposal alternatives). Capital, installation, operation, and maintenance
costs are itemized in the Appendices, but are combined for comparison here. Assumptions on
which the cost estimates are based are discussed in the Appendices. _

‘ In general, air stripping with GAC treatment of the vapor phase is the least expensive
ground water treatment option for most situations, followed by UV/oxidation and then by GAC
applied to the liquid phase. These cost patterns are a function of the treatment system influent
concentration, the power requirements for UV/oxidation, and the cost of carbon for the GAC-
based systems. For example, the high concentrations of FHC at TFF drive the cost of GAC
treatment of the liquid phase to a very high level, and low concentrations of VOCs at TFG result
in relatively low costs for GAC. These cost comparisons are based on current prices, some of
which may change as technologies evolve. In particular, the UV/oxidation technologies are still
relatively new and appear to have significant potential for increasing efficiencies and lowerin g
COsts.

4.3. DETAILED ANALYSIS OF ALTERNATIVES FOR REMEDIATION
OF THE VADOSE ZONE

One remedial alternative with three treatment options survived screening and is evaluated
for remediating organic vapors extracted from the vadose zone: GAC, thermal oxidation, and
catalytic oxidation. The detailed analysis of these treatment options appears in Appendix E and
is summarized in Table 4-6. All rely on vacuum-induced venting to extract organic vapors and
are designed to reduce concentrations below ARARs. For GAC, the captured FHCs are
oxidized to nonhazardous compounds or collected for reuse during carbon regeneration. The
thermal and catalytic oxidation alternatives transform the FHCs directly to nonhazardous
compounds. The cost analysis of these systems, shown in Table 4-7, indicates that thermal and
catalytic oxidation are more cost effective than GAC for FHCs. ,

' If vadose zone remediation becomes necessary for VOCs, either to reach cleanup
standards or to reduce ground water cleanup times, vacuum-induced venting would also be
applicable. Based on current information, no treatment of the low concentration vented vapors
would be necessary to meet BAAQMD discharge limitations. Table 4-6 shows a comparison
of GAC and thermal oxidation cost, for background, if vapor treatment of VOCs were ever
deemed necessary.
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Table 4-5. Summary costs for treatment options and remedial alternatives for ground

water at the LLNL site (millions of 1990 dollars).

Present worth Present
of 30-y worth of
operatingand  Total complete
Capital maintenance present remediation
Treatment facility Remediation alternative costs costs worth system
Treatment Facility A Extraction and disposal 0.34 0.14 0.48
GAC 0.73 5.06 5.79 6.27
AS(L), GAC(V) 0.21 1.39 1.60 2.09
UV(L), AS(L), GAC(V) 0.49 3.03 353 401
Treatment Facility B Extraction and disposal 0.50 0.20 0.70
GAC 0.45 3.05 3.50 4.20
AS(L), GAC(V) 0.18 1.36 1.55 224
UV(L), AS(L), GAC(V) 0.37 1.96 2.33 3.02
Treatment Facility C  Extraction and disposal 0.39 0.15 0.51
GAC 0.45 1.80 2.25 2.76
AS(L), GAC(V) 0.14 0.95 1.09 1.60
UV(L), AS(L), GAC(V) . 0.36 1.80 2.16 2.68
Treatment Facility D  Extraction ard disposal 0.65 0.26 091
GACG, IX(Cr) 0.56 297 3.53 4.44
AS(L),GAC(Y), IX(Cr) 0.26 1.59 1.85 2.76
UV(L), AS(L}, GAC(V), 0.47 222 2.69 3.60
IX(Cr)
Treatment Facility E  Extraction and disposal 0.44 0.17 0.61
GAC 0.45 2.69 3.14 3.75
AS(L), GAC(V) ' 0.18 1.36 1.54 2.15
UV(L), AS(L), GAC(V) 0.36 184 2.21 2.82
Treatment Facility F  Extraction and disposal 0.42 0.17 0.59
GAC 133 7.15 8.48 9.07
AS(L), GAC(V), GAC(Pb) 0.36 4.39 4.75 533
UV(L), GAC(Pb) 0.64 3.28 3.92 4.51
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Table 4-5. (Continued)

Present worth Present worth
of 30-y of complete
operating and  Total remediation
Capital maintenance present system
Treatment facility Remediation alternative costs costs worth
Treatment Facility G = Extraction and disposal 043 0.17 0.60
GAC ‘ 0.25 1.34 1.58 2.18 o
AS(L), GAC(V) 0.15 1.07 1.22 1.82 :
UV(L), AS(L), GAC(V) 0.37 1.91 2.28 2.88
Summary: '
Immediate action .
Combination of all Extraction and disposal 3.15 1.26 4.40
seven TFs; Extraction Lowest cost 1.77 10.74 12.50 16.90
Alternative No. 12 Highest cost 4.33 24.63 28.96 33.37
Combination of TFA,  Extraction and disposal 1.65 0.77° 2.41b
TFB, TFC, and TFF;  Lowest cost 1.17 8.57b 9.75b 12.14b
Extraction Alternative Highest cost 2.87 19.26° 22.13‘b 24.54b
No. 2P
Summary: d
Deferred action '
Treatment facility at ~ Extraction and disposal NA NA NA NA i
point of distribution® GAC(L) 0.01 0.26 0.28 0.28
: AS(L) 0.01 0.02 0.03 0.03
UV(L) 0.02 0.16 0.18 0.18
No action ‘
No action : No treatment 0.00 0.00 0.00 0.00 ;
& Thirty years of O & M costs are discounted at 5% to the present.
b Costs adjusted to reflect operating expense for 87 y and discounted at 5% to the present, to account for the longer
time necessary to complete remediation. ;
€ Thirty years of operation and maintenance (O & M) costs are discounted at 5% to the beginning of operation,

assumed to be 200 y in the future; then, the capital and discounted O & M costs are discounted from 200 y in the
future to 1990 at 2%.

= For treatment of liquid phase.
= For treatment of vapor phase.
GAC = Granular activated carbon.
AS = Air stripping.
UV = Ultraviolet light, hydrogen peroxide.
IX = Ton exchange.
Cr = Chromium.
Pb= Lead. |
NA = Not applicable.
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UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

Table 4-7. Summary cost comparison of the estimated present value of treatment options
for the remediation of the vadose zone at the LLNL site (millions of 1990 dollars).

Present worth Present
of 30-y worth of
operating and Total complete
Remediation Capital maintenance present remediation
Treatment facility alternative costs costs value system
Gasoline Spill Area (FHC)  Extraction 0.131 0.056 0.187
' GAC 0.082 2.066 2.148 2.335
Thermal oxidation 0.250 0.740 0.990 1.177
Catalytic oxidation 0.259 0.506 0.765 0.952
Building 518 Area (VOCs)? Extraction 0.102 0.045 0.148
GAC 0.065 0.312 0.377 0.525
Thermal oxidation 0.245 0.304 0.549 0.696
Total vadose zoneP Extraction 0.233 0.102 0.335
GAC 0.147 2.378 2.525 2.860
Thermal oxidation 0.495 - 1044 1.539 1.874
Catalytic oxidation 0.259 - 0.506 0.765 0.952

8 Catalytic oxidation technology is not feasible in the presence of halogenated compounds.
b. Assumes one system at the Gasoline Spill Area and one system at the Building 518 Area.
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4.4. SUMMARY OF DETAILED ANALYSIS AND COMPARATIVE
EVALUATION OF ALTERNATIVES FOR REMEDIATION OF
GROUND WATER AND THE VADOSE ZONE

The characteristics of each treatment option for each of the facilities are evaluated in
Tables 4-8 through 4-13 according to the nine EPA evaluation criteria. The most significant
distinguishing feature among the options is cost (see Table 4-7), which varies by factors of at
least two for all treatment facilities. Noneconomic differences among the technologies may arise
over concerns for aesthetics and the transport and ultimate disposal or regeneration of carbon and
resin regeneration solutions.

The close proximity of the gasoline spill to areas that require ground water treatment for
VOCs would allow the use of a single treatment system (TFF) for both problems. Further studies
would be required to determine the feasibility of bioremediation at LLNL. It is not currently
practical for VOCs. Therefore, we do not consider ir situ bioremediation as practical as an
overall remediation for that area. If additional remediation is required for the FHC after the
VOC:s have been cleaned up, in situ bioremediation will again be considered as a final cleanup
process. :

Each of the treatment technologies for ground water is considered in three remedial
alternatives (Table 4-12); pump and treat with Extraction Alternative No. 1, pump and treat with
Extraction Alternative No. 2, and the Deferred-Action Alternative. The Deferred-Action
Alternative protects human health, but allows contaminants to migrate beyond their current
extent, violating the State’s nondegradation policy. Both of the pump and treat alternatives meet
ARARs. The major differences are that Extraction Alternative No. 1 entails higher initial
expenditures and results in the most rapid remediation, while Extraction Alternative No. 2 entails
lower capital expenditures but requires operation of treatment facilities for a much longer time
period. The longer operation is reflected in greater overall operating expenses for treatment
facilities operated, which are portrayed on Table 4-5 by using operating expenses for 87 y.
Because only four facilities are employed and the additional time of operation is in the distant
future, the total present worth is somewhat less. (Dollars expended between 50 and 80 y in the
future have little value under today’s accepted accounting practices.)

The costs of these systems are shown graphically in Figures 4-1 through 4-3.
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Present worth (millions of 1990 dollars)

Figure 4-1. Extraction Alternative No. 1: Comparison of present worth of costs for three different
treatment options for each of the seven potential LLNL treatment facilities. Analysis based on
30-y operation. (AS = air stripping.)
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25
2.34
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(Gasoline
Spill Area) Hoam
Capital
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B Extract/dispose
Present
worth 2.07
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of 1990
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1.0 - (Building
0.95 518 Area)
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Therm
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Figure 4-3. Vadose zone treatment options for FHCs amd VOCs for the Livermore site.
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5. ENVIRONMENTAL ASSESSMENT

5.1. PURPOSE AND NEED FOR THE PROPOSED PROJECT

The evaluation of proposed remedial actions and subsequent performance of remediation
are required under CERCLA. Each of the alternatives considered in detail is designed to restore -
environmental conditions as specified in the applicable laws and regulations, and described in
Section 3.

This Section evaluates the potential for environmental impacts for each of the evaluated
remedial alternatives and is provided to meet the requirements of the National Environmental
Policy Act (NEPA). Some redundancies exist between the potential impacts discussed in this
analysis and the potential impacts discussed in the analysis using the CERCLA evaluation
criteria in Section 4. Section 5 presents an inclusive discussion of the potential environmental
impacts to be taken into consideration when selecting a final alternative for site cleanup.

3.2. RELATIONSHIP OF THE PROPOSED REMEDIAL ALTERNATIVES
TO OTHER ACTIVITIES AT LLNL

The LLNL Site Ground Water Project is closely tied to the proposed Drainage Retention
Basin redevelopment project and to the construction of the improved drainage ditch that runs
north along Vasco Road. The Drainage Retention Basin project involves lining the existing
storm water basin so that infiltration of the collected storm water will not disperse contaminants
or inhibit ground water remediation efforts in the East Traffic Circle Landfill Area of the LLNL
site. Lining the basin will prevent infiltration, while at the same time creating a potential storage
area for treated ground water. Retention of natural storm water and treated ground water will
combine to form an artificial lake. The water stored in the retention basin could potentially be
used for landscape irrigation at the LLNL site. The improved drainage ditch, newly constructed
to accommodate runoff from western portions of the LLNL site in conjunction with widening
Vasco Road, is proposed as the surface drainage to receive treated effluent from Treatment
Facilities B and C. -

5.3. SUMMARY OF LLNL ENVIRONMENTAL SETTING

A brief description of the LLNL site environmental setting is presented in this Section.
As referenced in the following text, more detailed descriptions for many of the environmental
setting categories can be found in the LLNL site Remedial Investigation (RI) Report (Thorpe
et al.,1990) or in Section 1 of this document.

- 5.3.1. Location and Physiography

LLNL is located about 80 km (50 mi) east of San Francisco and approximately 3 mi east
of the downtown area of Livermore, in the Livermore Valley in southern Alameda County
(Figure 5-1). The site occupies approximately 800 ac and overlies a land surface of low relief
that slopes approximately 1% from southeast to northwest. Elevations at the site range from a
high of 675 ft (206 m) above sea level at the southeast corner of the site to a low of 570 ft
(174 m) at the northwest corner. Slopes at the site generally do not exceed 3%, except for
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Figure 5-1. Regional setting of LLNL Livermore site (from Webster-Scholten and Hall, 1989).
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stream banks on the sides of drainage ditches, which have an average slope of 50% (Carpenter
etal., 1984). Refer to Section 3.1 of the RI for a more detailed discussion.

5.3.2. Geology and Soils

LLNL is located in the central part of the Coast Range province of California. In the
Livermore region, the Coast Ranges consist of north- to northwest-trending mountain ranges and
valleys bounded by faults, as shown in Figure 5-2. Most of the faults in the region are north- to
northwest-trending right-lateral strike-slip faults of the San Andreas Fault system. The
Livermore Valley is an east-west topographic and structural depression that cuts across the
predominant structural and physiographic grain of the region. The fault zones and geology of the
Livermore site are shown in Figure 5-3.

Soils in the Livermore Valley are composed principally of alluvial material eroded from
local hills and mountains. The region is within the Rincon—San Ysidro Association, which is
characterized by nearly level, shallow-to-deep soils (U.S. Department of Agriculture, 1966).

At the Livermore site, the soils vary in texture from clayey to sandy loams or mixed
gravels. The soils tend to be high in sodium, calcium, magnesium, iron, chlorine, and sulfur, and
low in organic matter, nitrate, phosphates, and potassium.

Three soil series are found at the Livermore site. They are the San Ysidro Series, the
Zamora Series, and the Rincon Series (Tonnessen and Tewes, 1982). The San Ysidro Series is
found in the northeastern corner of the site, in and northeast of Arroyo Las Positas. It is a pale
brown loam, which is hard when dry and plastic when wet. This type of soil has a low
permeability. The Zamora Series soils, found in the southwest corner of the Livermore site, are
well-drained, deep, loamy soils with relatively low permeability, found on nearly level flood
plains. The Rincon Series, found in the central part of LLNL, is a loam with a brown surface and
dark-brown subsurface. This soil has a high water-retention capacity. Figure 5-4 is a map
depicting the soils present at the Livermore site and surrounding area. Refer to Section 3.4 of the
RI Report for a detailed discussion of regional and local geology, and Section 3.5 of the RI
Report for more detailed information on surficial soils. :

5.3.3. Climate, Meteorology, and Air Quality -

The climate of the Livermore Valley is characterized by mild, rainy winters and warm,
dry summers. The mean annual temperature is 12.5°C (59°F). The normal seasonal temperature
range is defined by nighttime winter lows in the vicinity of 0°C (32°F), and summer daytime
highs around 38°C (100°F). :

Prevailing winds are from the west and southwest from April through September; during
the remainder of the year, wind directions are variable. The average annual rainfall is
approximately 14 in. (36 cm) and occurs between October and April.

Measurements by the BAAQMD have determined that, for the years 1984 through 1986,
the Livermore Valley region has met all ambient air quality standards except those for ozone,
which were occasionally exceeded each year (BAAQMD, 1987). '
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The Livermore site is considered by the BAAQMD to be a single source for emission
calculations, i.e., all facility emissions are cumulative. If the cumulative release of a regulated
pollutant such as a nonprecursor organic compound (e.g., chlorofluorocarbons; 1,1,1-
trichloroethane; and methylene chloride) exceeds a threshold of 25 tons/year, emission controls
are required to minimize emissions from new sources. The Livermore site has exceeded the
nonprecursor organic compound threshold and now uses Best Available Control Technology
(BACT) to minimize emissions from new sources. Section 3.2 of the RI report provides more
detailed information on the meteorology of the LLNL site.

5.3.4. Surface Water Hydrology

The major drainages in the Livermore Valley are Arroyo Las Positas, Arroyo Mocho,
Arroyo Seco, Cottonwood Creek, and Tassajara Creek (Figure 5-5). These streams are all
intermittent, and flow gently to the west, with the exception of Tassajara and Cottonwood
Creeks, which flow south. Only Arroyo Las Positas and Arroyo Seco cross the Livermore site.
Arroyo Seco crosses the southwest corner of the Livermore site and receives a minor amount of
site runoff. Arroyo Las Positas, which is dry most of the year, enters the Livermore site from the
east and flows across the axis of the Valley and then in a generally westward direction. Arroyo
Seco and Arroyo Las Positas merge in the west end of the valley to form the southward-flowing
Arroyo de la Laguna, a tributary to the Alameda Creek drainage system.

Winter flows that have not been captured as ground water recharge flow out of the
southwestern corner of the valley, eventually entering San Francisco Bay by way of Alameda
Creek. Surface water bodies near the site include the South Bay Aqueduct, the treatment tanks
and reservoir of the Patterson Pass water treatment facility, Lake Del Valle, Lake Isabel, and the
lake at Shadow Cliffs Regional Park. LLNL normally receives its treated water supply from the
Hetch Hetchy Aqueduct, which also supplies San Francisco.

Refer to Section 3.3 of the RI Report for more surface water hydrology information.

5.3.5. Hydrogeology

The Livermore Valley has been divided into a series of ground water subbasins (State of
California, 1974; Sorenson et al., 1985). The Livermore site is located primarily within the
- Spring subbasin, with the southwestern corner located in the Mocho I subbasin. Within the
Spring and Mocho I subbasins, ground water occurs in the valley-fill materials in unconfined
conditions and in the underlying Livermore Formation under some degree of confinement (State
of California, 1974; Sorenson et al., 1985). The aquifers are locally recharged by percolation
through the Valley alluvium and by infiltration via Altamont Creek, Arroyo Seco, and Arroyo
Las Positas. Ground water below the Livermore site flows to the west or west-northwest (Thorpe
et al., 1990), as shown in Figure 5-6. This information agrees with an earlier California
- Department of Water Resources (1974) report on ground water resources in the Livermore
Valley.
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Ground water quality in the Livermore Valley ranges from poor to excellent, with most in
the good-to-excellent range. Ground water in the southwestern two-thirds of the Livermore site
is of the sodium-calcium type (i.e., these two species constitute the largest percentage of total
cations) (Sorenson et al., 1985). Ground water in the northeastern one-third of the site is of the
sodium type (i.e., sodium makes up over 50% of cations in the water) (Sorenson et al., 1985).

See Sections 1.2.3.3 and 3.6 in the RI for more detailed information on the hydrogeology
of the LLNL site.

5.3.6. Vegetation and Wildlife

Prior to development at the LLNL Livermore site, vegetation consisted of native
California grasses that extended to the nearby hills. The few trees that were present were
concentrated along riparian habitats. Annual wild oat was introduced along with nongrass
annuals and perennials that now dominate the grassland.

Vegetation on the site today is made up of common landscape plants and weedy species.
Jack rabbits are the most common mammal present; gophers, snakes, and field mice can be found
in undeveloped areas. The site hosts numerous birds, reptiles, and amphibians. No threatened or
endangered species of plant or animal or designated critical habitat has been found on the
Livermore site (Leitner and Leitner, 1986; Bing, 1986; University of California, 1986). LLNL is
consulting with both the U.S. Fish and Wildlife Service and the California Department of Fish
and Game regarding the potential existence of rare or endangered species.

A 1977 survey of flora and fauna (McIntyre, 1977) was updated in conjunction with the
Environmental Impact Report (EIR) prepared for the Regents of the University of California
(University of California, 1986). A complete listing was compiled of all flora and fauna
observed onsite and in the Offsite Area, as well as those species not directly observed but whose
existence in the area is considered probable based on trace evidence and regional analysis. This
listing appears in Section 3.8 of the RI along with a discussion of site ecology.

5.3.7. Cultural and Historical Resources

Archaeological and cultural resource surveys have been performed on the Livermore site.
These surveys were carried out in accordance with NEPA requirements (40 CFR part 1500) and
Section 106 of the National Historic Preservation Act (16 USC 4).

No sensitive cultural resources have been identified on or adjacent to the Livermore site
(Thorpe et al., 1990). Properties adjacent to the Livermore site have been surveyed for
archaeological resources, and no evidence of archaeological resources was discovered. Two of
the site buildings have been surveyed for eligibility for inclusion in the National Register of
Historic Places, and were found not to be eligible.

5.3.8. Land Use and Demography .
Land-use zoning surrounding the LLNL site is illustrated in Figure 5-7. Property to the

east of the Livermore site is agricultural land with low-density residential development. Farther
east, the foothills of the intercoastal range define the eastern margin of the Livermore Valley. A

5-10




UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

| I el el il ——

Agriculture/ 4 |
open space/ 5 1
rural residential =
|
=
)
-
=
: )
<<D 80
3 194
(]
3 g
: <
§ 5 Agriculture/
‘ :g rural residential
[+\)
Q.

o}
c
==
1]
-
N
(*]
3
(1]

- Legend

Urban (1-18 dwelling
units per ac.)

‘C/l Neighborhood,
SNL — service, highway
office, and community
L commercial; low-
Tesla Road and high-intensity
industrial

2 [ Agriculture, rural

2 residential, open

% space, range and
grasslands

peoy oAouy

0 1 2 _I

Figure 5-7. The LLNL demographic/land use study area and current land use.

5-11



UCRL-AR-104040 CERCLA Feastbility Study for the LLNL Livermore Site December 1990

287-ac parcel of open space and agricultural land northeast of the LLNL site has recently been
rezoned to allow development of a center for heavy industry.

During the last 30 y, the City of Livermore has grown to the point where residential,
industrial, and commercial development are occurring on parcels adjacent to the once isolated
LLNL site. DOE has acquired additional land around the LLNL site to act as a buffer in
preserving site security.

The population of Livermore is over 56,000. The city limits, once 3 mi west of LLNL,
now reach the western and northern site perimeters. Despite urban growth in the Dublin-
Pleasanton-Livermore area, most of eastern Alameda County is rural and is dominated by
agriculture and open space.

A low-density (three units per acre), single-family residential development is being built
adjacent to the western perimeter of the site across Vasco Road. Property south of the site
includes agricultural areas, low-density residential areas, and Sandia National Laboratory (SNL),
which is also surrounded by DOE-owned land. Grazing is the primary activity in the area south
of the site, and orchards and vineyards are grown west of Vasco Road and south of East Avenue.
Property south of Tesla Road is primarily open spacc scattered with rural ranchettes, with some
agricultural use.

' A detailed land use and demography study of the area that extends 4 mi in all directions
from the Laboratory can be found in Section 3.7 of the RL

5.3.9. Aesthetics

The general visual character of the area surrounding the LLNL site is a mixture of light
industrial and semirural (pasture lands). The LLNL site itself has a highly industrial visual
character with a border of trees and shrubs on the site perimeter. These plantings form a partial
visual buffer to the area surrounding the site. The site is a source of nighttime light and glare,
which is partially reduced by onsite landscaping. As surrounding land is developed, particularly
for light industrial/commercial use, the character of the LLNL site will more closely match that
of the surrounding area.

5.3.10. Noise

The primary noise sources in the Livermore area include freeway and road traffic,
railroad operations, and aviation activity (City of Livermore, 1976). These noise sources are
categorized as being within the “normally acceptable” range in the vicinity of LLNL (Ungo,
1986). The amount of noise generated at LLNL is similar to that generated by nearby
commercial and industrial areas; the principal noise sources are traffic onsite and on nearby roads
and occasional noises from construction activities.

5-12




UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

5.4. POTENTIAL ENVIRONMENTAL IMPACTS OF THE PROPOSED
REMEDIAL ALTERNATIVES ON THE ENVIRONMENT AND
PROPOSED MITIGATION MEASURES

5.4.1. Impacts of Ground Water Contamination Remedial Alternatives

5.4.1.1. Impacts of the No-Action Alternative

Under this alternative, no action would be employed to intercept and clean up the
contaminated ground water plumes. This implies that the ground water extraction/treatment pilot
scale activities now in progress at Treatment Units A and B would be discontinued, and the
ground water monitoring would cease. A further description of this remedial alternative is
presented in Section 3.3. The no-action response is not under serious consideration due to
commitment by LLNL, DOE, and the University of California to remediating the hazardous
materials in ground water released from the LLNL site. The no-action response is included, as a
requirement of CERCLA and NEPA, and serves as a basis from which to develop and evaluate
proactive remediation alternatives as well as the postulated basis of the BPHA. The no-action
response would have no impacts on air quality, surface water, earth resources, biological
resources, cultural resources, noise and traffic, natural resources, socioeconomics, or aesthetics,
and there is no risk of upset.

5.4.1.1.1. Human Health. The public would be unlikely to be exposed to significant
potential health hazards if the contaminated ground water plume were allowed to continue to
migrate toward water supply wells. According to ground water models used in the R, at an
average ground water velocity of 70 ft/y, the closest water supply wells (municipal supply wells
located in downtown Livermore, approximately 2 mi west of the plume’s present location) would
not be impacted for approximately 270 y. Under the “best estimate” case, consisting of private
and municipal wells as receptors and the most probable hydrogeologic, chemical, and source
paraméters, the maximum cancer risk associated with the best-estimate case for the combined
70-y maximum exposure to VOCs at a municipal supply well in downtown Livermore is
calculated to be 2 x 10~7 (an additional 2 in 10 million chance of developing cancer over a
lifetime of exposure). This is well within what is considered “acceptable health risk” (104 to
10-6) by EPA. It should be stressed that even these risks would not begin to occur for over
200 y, and no members of the public are currently exposed to VOCs derived from the use of
wells near the LLNL site.

5.4.1.1.2. Ground Water. Continued degradation of the Livermore area ground water
would occur as the plume(s) continue to migrate. This could inhibit future beneficial uses of
increasingly greater portions of the aquifer. Over time, reduction in chemical concentrations

- would occur by natural attenuation processes, including biodegradation, dispersion, and abiotic
degradation. Assuming a 50-y half-life, that no new contamination sources contribute chemicals
to the ground water, and no action is taken to clean up the ground water, the maximum
concentration after 270 y is predicted to be 1.5 ppb total VOCs in ground water.

5.4.1.1.3. Socioeconomic Impacts. If contaminated ground water were to reach
municipal wells, economic impacts associated with the loss of a valuable water resource would
result to water consumers. Municipalities now supplying water pumped from municipal wells to
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its constituents would be forced either to treat the contaminated water source or purchase water
from other sources, thus resulting in increased water costs. This would certainly not be of
concern in the foreseeable future, in that the RI estimates the plume will not reach supply wells
for 270 y and that by the time it did, it is likely that the contaminants would naturally degrade
and diffuse to concentrations below drinking water standards.

5.4.1.2. Impacts of the Immediate-Action Alternatives—Pump and Treat

These alternatives include ground water monitoring and ground water extraction and

treatment for:

1. VOCs and FHCs via air stripping, GAC treatment of the liquid phase, and/or UV/oxidation
of the liquid phase. :

2. FHCs and organic lead (if necessary) via air stripping, GAC treatment of the liquid phase
and/or UV/oxidation of the liquid phase, or in situ biodegradation.

3. Treatment of chromium (if necessary) via ion exchange.

Because the potential impacts are similar for both pump and treat options, they are discussed

together. Treated water would be disposed of in the recharge basin, the retention basin (where a

portion would likely be used for irrigation), recharge wells, or surface drainages, or otherwise be

beneficially used onsite.

All pump and treat strategies require:

1. The drilling and completion of extraction wells and construction of pipelines and treatment
facilities either on the LLNL site or offsite. :

2. The extraction of ground water.

3. The treatment of the ground water to meet ARARs.

4. The appropriately permitted disposal of treated water to recharge basins, the retention basin,
recharge wells, or surface drainages.

The two pump and treat remediation scenarios are described in Section 3.4.1, with treatment

facility and extraction well locations shown on Figure 3-7. No. 2 employs Treatment Facilities

A, B, C, and F, which provide hydraulic control over the ground water containing VOCs and

FSCs. Alternative No. 1 adds Treatment Facilities D, E, and G, and will employ at least 18

extraction wells to shorten the time required for remediation. Treatment and extraction facilities

can be made similar in physical appearance, with the exception of the height requirements of air

stripping towers. That is, other treatment system components can be placed in a small building.

* Treatment Facility A (TFA). At least three extraction wells will supply water to TFA. To

~ keep all treatment facilities on DOE property, extracted ground water from the offsite
Rhonewood Subdivision area, west of LLNL, will be piped along the north side of Arroyo
Seco to TFA. The pipe will be buried, double-contained, and have a leak-detection system.
Total treated ground water flows of approximately 150 gpm will be discharged to the existing

~ recharge basin located south of LLNL.

¢ Treatment Facility B (TFB). At least four extraction wells will supply water to TEB. Total
treated ground water flows of approximately 50 gpm will be discharged to the partially
unlined ditch that runs north along Vasco Road and flows into Arroyo Las Positas.

* Treatment Facility C (TFC). At least two extraction wells will supply water to TEC. Total
treated ground water flows of approximately 20 gpm will be discharged to the partially
unlined ditch that runs north along Vasco Road and flows into Arroyo Las Positas.
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¢ Treatment Facility D (TFD). At least three extraction wells will supply water to TFD. Total

treated ground water flows of approximately 30 gpm will be discharged to the Drainage
‘Retention Basin. Water flowing into the Drainage Retention Basin will either be used for site
irrigation or will be discharged to Arroyo Las Positas.

e Treatment Facility E (TFE). At least two extraction wells will supply water to TFE. Total
treated ground water flows of approximately 30 gpm will be discharged to the Drainage
Retention Basin.

» Treatment Facility F (TFF). At least two extraction wells will supply water to TFF. Total
treated ground water flows of approximately 30 gpm will be discharged either to recharge
wells or to the Drainage Retention Basin.

» Treatment Facility G (TFG). At least two extraction wells will supply water to TFG. Total
treated ground water flows of approximately 50 gpm will be discharged to either recharge
wells or the Drainage Retention Basin.

The suites of compounds in the ground water fall into three categories. The first includes

a variety of VOCs. Extraction wells will be used to feed influent water containing only VOCs to

TFA, TFB, TFC, TFE, and TFG (Figure 3-7). Extraction wells feeding influent to TFD, could

also contain chromium. The extraction wells in the Gasoline Spill Area, which feed influent

water to TFF, will carry VOCs, FHCs, and, possibly, lead.
Hazardous wastes could be generated from some of the water remediation technologies
employed. These wastes would be in the form of:

» Spent activated carbon from activated carbon treatment of the liquid phase.

» Spent activated carbon from vapor-phase air scrubbers.

» Petroleum waste separated by skimming free product at the Gasoline Spill Area.

» Ion-exchange resins and resin regeneration solutions.

Except for skimmed free product, only a few pounds of these materials will be generated per

year. These (including any free product recovered) will be either recycled or disposed of

(regenerated) offsite in a permitted waste disposal facility. The spent GAC may be thermally

regenerated by heating the carbon in a natural gas-fired furnace. After regeneration, the GAC is

-no longer considered a hazardous waste.

5.4.1.2.1. Human Health. No adverse impacts to human health would occur as a result
of these alternatives. Human consumption of ground water containing contaminants would not
occur because the plumes would be intercepted and cleaned up before they reached water-supply
wells. Emissions of hydrocarbons to the air would result in air concentrations far below health-
based and environmental regulatory standards (less than 1 Ib/day, satisfying the conditions of

BAAQMD Regulation 8: Organic Compounds Rule.47, Air Stripping and Soil Vapor Extraction

Operations, 8-47-402).

5.4.12.2. Ground Water. The ground water plume will be intercepted and cleaned up to
health-based ARARs, eventually allowing beneficial use of those areas where ground water is

- already affected and preventing loss of beneficial uses elsewhere that would have been degraded

~ if no action had been taken.

, Extraction of ground water will cause local aquifer drawdown in the area surrounding the
extraction wells. Because the methods of disposal of treated water will return a significant
fraction of the treated ground water through recharge (recharge basins and wells, stream
channels, or landscape irrigation) and no water supply wells are currently located in the
remediation areas, no significant impacts on water supply wells are anticipated.
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5.4.1.2.3. Risk of Upset. There is the potential for release of hydrogen peroxide from
storage tanks and untreated ground water from pipelines located at or near treatment facilities.
Adequate secondary containment (350-gal capacity for a 200-gal tank) will be provided for the
hydrogen peroxide storage facilities, virtually eliminating chances for release to the environment.
Potential release of untreated ground water to the environment is minimized by providing
double-walled pipelines with leak detection systems wherever the pipeline is buried, and regular
inspections of aboveground piping. If release of untreated ground water to the environment did
occur, it would not present serious impacts to human health or the environment due to the low
concentrations (<1 ppm) of the contaminants in the water. Most of the VOCs would vaporize
upon contact with air. Emission levels would not be a health problem for short-term exposure
during repair, and the water would evaporate or infiltrate back into the ground.

Eyewash and other safety equipment as required by OSHA will be supplied to mitigate
potential human health hazards, e.g., associated with an accidental release of hydrogen peroxide
at treatment facilities.

As discussed earlier in this report, TFD may be outfitted with an ion-exhange system to
remove chromium. Regeneration of the system’s resin bed would be performed in situ with
basic and/or acid solutions. If a base is required, the most likely choice would be sodium
hydroxide in solution. This form would be most convenient for handling, because burn hazards
to personnel would be minimized. If an acid solution were required, sulfuric acid would
probably be chosen. This solution would be doubly contained, and personnel would be required
to wear the proper protective clothing during handling. Because of the low concentration of
chromium, we anticipate that the frequency of resin bed regeneration would be low and the
amounts of acid or base onsite would be small. Any rinsate containing chromium would be
handled as a hazardous waste and properly stored in a waste accumulation area until disposed of
by LLNL’s Hazardous Waste Management Division. i

Similarly, TFF could be outfitted with GAC to remove lead. Any carbon containing lead,
once loaded, would be handled and disposed of as a hazardous material per the appropriate
handling procedures. :

5.4.1.2.4. Air Quality. Air emissions may occur from ground water extraction, piping,
and treatment facilities. All systems, i.e., “pump and treat” and vacuum extraction (Section
5.4.2), would be designed to ensure that the release of total hydrocarbons to air from the LLNL
Ground Water Project would not exceed 1 Ib/day and that no risk to workers and/or the public
would occur. Hydrocarbon air emissions would be limited either administratively
(i.e., quantitative treatment limits would be set) or by technical control with best available
technology (activated carbon). This would result in air pollutant concentrations in the
atmosphere far below any health-based or environmental regulatory standards. The LLNL
Ground Water Project has an expressed goal of limiting air emissions to below measurable
quantities (nondetectable for VOCs). To keep VOC air emissions within the 1 Ib/day limit,
emission control will be accomplished either administratively (limiting the amount of water to be
treated) or with best available technology (most likely with carbon adsorption units for VOCs, or
thermal or catalytic oxidizers for FHCs).

During construction of treatment facilities and pipelines, disruption of the soil could
generate dust. Standard dust control techniques, such as watering, would be employed when
necessary.

5.4.1.2.5. Surface Water. Treated ground water will be discharged to the existing
recharge basin or onsite cooling towers (an estimated 150 gpm from TFA), to the partially
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unlined ditch that runs north along Vasco Road to the Arroyo Las Positas (an estimated 70 gpm
from TFB and TFC), and to the Drainage Retention Basin (an estimated 140 gpm from TFD and
TFE, and possibly TFF and TFG) where some of it may be used for irrigation or for cooling
tower makeup water, and the remainder will be discharged to Arroyo Las Positas. Figure 3-9
shows the treatment facilities and points of surface discharge. These flows could be less,
depending on whether recharge wells are employed. '

The discharge of treated ground water from TFA to the existing recharge basin north of
LLNL is designed to allow as much water as possible to return to the affected ground water
subbasin (Mocho I), while avoiding interference with ground water capture. We anticipate that
most of the treated water discharged from TFB and TFC into the unlined ditch along Vasco Road
will infiltrate into the ground before reaching the Arroyo Las Positas. However, some of this
water may reach the Arroyo, particularly during the winter months and certainly during wet
weather flow.

_ The retention basin is designed to store treated ground water and storm water runoff.
Much of this water will likely be used in onsite cooling towers or for site irrigation. An
undetermined amount of retention basin overflow will be released downstream into the Arroyo
Las Positas, resulting in increased volumes of surface runoff. If irrigation or other onsite uses are
not employed, this flow could be as much as 140 gpm. Such a flow could expand wetlands
within the arroyo channel downstream from LLNL.

This increased runoff could result in near perennial flow in a stream that is now
intermittent, as well as increased year-round flow volumes. Because of treatment plant
downtime and other onsite uses of treated water, flows will not be continuous. The consequent
intermittent drying of the Arroyo channel will likely preclude any establishment of fish
populations. Experience indicates that most of the increased flow will infiltrate into the unlined
channel of the Arroyo, contributing to ground water recharge. The channel is located in a region
of uncontaminated ground water where infiltration would be beneficial in maintaining ground
water storage. Both discharges into the Arroyo Las Positas (retention basin overflow and flow
from the unlined ditch) will be closely monitored by LLNL to determine if the increased flows
result in significant contributions of surface water to the Arroyo.

Water will be tested before release to surface water or use as prescribed for the LLNL site
by National Pollution Discharge Elimination System (NPDES) permit (No. CA0029289) and
State of California Regional Water Quality Control Board (RWQCB) Waste Discharge
Requirements to assure quality levels and, therefore, would not be chemically harmful to the
downstream environment or ground water resources. There is concern that the ground water may
contain slightly elevated levels of boron, as do the natural ground waters of the region and as
evidenced by boron levels as high as 2.5 ppm in one well in the area of proposed remediation
(Thorpe et al., 1990). High levels of boron can be toxic to vegetation and aquatic life, although
no Federal criteria for protection of aquatic life have been adopted for boron. The current
NPDES permit for TFA, TFB, and Gasoline Spill Area discharges stipulates an allowable boron

- concentration of 7.0 ppm. Use of treated ground water for irrigation and perhaps for release to
downstream habitats may require some dilution of salts. By mixing treated ground water with
runoff water, and perhaps Hetch Hetchy Reservoir water when necessary, hardness and boron
will be maintained at levels suited to supporting aquatic life, irrigation, and other purposes that
will not be harmful to downstream habitats.

Although unlikely because of the anticipated small flows, increased sediment loading
caused by soil erosion is a potentially adverse impact. If close visual monitoring shows that
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significant flows are occurring in Arroyo Las Positas, stream gauging stations will be constructed
to allow the surface discharges and recharge volumes to be adequately estimated. The stations
could also help locate the proper sites for downgradient sediment traps (if necessary) that would
control erosion and loss of sediment to drainageways and streams, thereby preventing water
‘quality deterioration and channel erosion. . '

The Alameda County Flood Control and Conservation District, Zone 7, maintains maps
of flood plains in the county surrounding LLNL. These have been reviewed, and we note that no
flood plains have been identified in any areas of proposed treatment facilities or extraction wells.
In the event of impending flood conditions, treatment facilities would be shut down to preclude
exacerbation of high water levels.

5.4.1.2.6. Earth Resources. Construction-related disruption of the soil will occur during
construction of treatment facilities, pipelines, and monitor or extraction wells. This could result
in short-term increased wind and water erosion. Disturbed areas will be revegetated to match the
condition prior to construction to prevent erosion and negative visual impacts.

5.4.1.2.7. Biological Resources. Freshwater discharges into Arroyo Las Positas may
impact certain biota that occupy downstream wetland habitats. A biological field survey was
conducted on May 9, 1990, by Biosystems Analysis, Inc., to assess the potential biological and
botanical impacts of potential freshwater discharges into Arroyo Las Positas. The onsite channel
of Arroyo Las Positas was surveyed, with special attention given to the presence of sensitive
species. The survey found no sensitive plant or wildlife species along the stream channel. It also
determined that no habitat suitable to support rare plants exists within the project vicinity. :

A marginal potential habitat for the tiger salamander (Ambystoma rigrinum californiense)
and red-legged frog (Rana aurora), two Federal candidate species of special concern, exists
along the westernmost portion of Arroyo Las Positas. This habitat consists of minor sections of
aquatic vegetation and standing water found primarily where culverts discharge small volumes of
water to the creek. Pacific tree frogs (Hyla regilla) were found in one ponded area (both tadpoles
and adults). The portion of Arroyo Las Positas immediately downstream of the LLNL site was
visually inspected and found to be a poor-quality habitat due to its disturbed condition (e.g.,
channelization, rock rip rap on the side slopes, and possible vegetation maintenance).

The overall impacts of any potential release of water into the Arroyo Las Positas should
be beneficial to both plants and wildlife as long as the treated water is of good quality for aquatic
plants and animals. It is not likely that significant flows will reach the Arroyo from TFB and
TFC because most of the water is expected to infiltrate before reaching the Arroyo. As
mentioned in the surface water impacts section, this water may contain somewhat elevated levels
of boron, as do the natural ground waters of the re gion. Neither water quality data nor
hydrologic flow/infiltration data regarding TFB and TFC will be fully known until the systems
become operational. Discharged water will probably reach the Arroyo Las Positas only during
wet weather flows. If so, the water would likely be well-diluted naturally by the time it reached
the Arroyo. Hence, potential negative impacts to plants and animals inhabiting Arroyo Las
Positas would not occur.

Flows will be discharged to the onsite section of Arroyo Las Positas from TFD and TFE,
and possibly TFF and TFG, via the retention basin. The amount of flow depends on whether the
treated water is used for irrigation or other onsite uses. As mentioned in the surface water
impacts section, a maximum of 140 gpm (without any onsite use) would be discharged into the
Arroyo year-round and much of this total is expected to infiltrate into the stream bed before
leaving the site. During winter, and particularly during wet weather, infiltration into the stream
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beds would be greatly inhibited. If a high concentration of boron is encountered and discharged

undiluted, boron could be above levels tolerable to downstream plants and animals. Even so,

waters discharged to any channel entering Arroyo Las Positas will meet discharge requirements
of the NPDES permit, which includes standards on boron. Hence, no negative impacts are
anticipated to plants and animals inhabiting Arroyo Las Positas. If dilution of the extracted
ground water proves necessary to reduce boron concentrations for onsite irrigation, this dilution
would be carefully monitored. LLNL will monitor closely all flows to Arroyo Las Positas and is
prepared to implement alternative disposal options if any situation arises which could result in
potentially significant impacts on resident plants or animals.

If new perennial flows are created, the riparian components of Arroyo Las Positas will
likely be increased. An increase in the diversity of species and numbers of individuals within
species may occur. If flows are not too swift, the tiger salamander and red-legged frog could
inhabit the Arroyo. There are known populations of these species within a mile of LLNL. If
flows were to become perennial, fish could be introduced naturally and possibly become
established in the Arroyo. However, exigencies of operating treatment systems and opportunities
to beneficially use treated water onsite will no doubt result in intermittent flows, at most, in the
Arroyo Las Positas channel. Tricolored blackbirds (Agelaius tricolor), a Federal candidate
species, may nest in this area if cattails substantially increase in density.

Adverse impacts to newly established biota, should they exist, may occur upon
discontinuance of the ground water remediation activities and, thus, surface water flows. LLNL
will monitor by field investigation (annual surveys) the establishment of riparian vegetation and
possible colonization by sensitive species. Routine flood control maintenance activities, such as
keeping the stream channel free of blockage and riparian vegetation, would likely inhibit
colonization by sensitive species.

A suggested biotic monitoring program would include monitorin g changes in vegetation
and faunal components of Arroyo Las Positas that may occur as a result of added water to the
drainage. Monitoring of changes in riparian vegetation would involve:

1. Determination of the extent of riparian vegetation on false-color infrared aerial photographs
at 5-y intervals throughout the project lifespan.

2. Characterization of vegetation conditions in the affected stream reaches (including estimation
of cover by species ) at 5-y intervals throughout the project lifespan.

3. Photography from easily relocated points (e. g., every 100 ft down Arroyo Las Positas) at 5-y
intervals throughout the project lifespan.

Monitoring of changes in wildlife would involve:

1. Biannual (one wet season, one dry season) visits to Arroyo Las Positas by a wildlife biologist
who will walk the drainage until it leaves LLNL property, recording all species observed;
special attention would be given to locating sensitive species.

2. Seining surveys of the creek in the spring during the wet season for larvae of sensitive
amphibian species (provided there is enough water in the creek to seine).

3. Photography from easily relocated points, taken on each biannual survey (e.g., every 100 ft
down Arroyo Las Positas). ‘ : ‘

Baseline data would be collected prior to any ground water release using the same methods

described above. This monitoring program can easily be combined with monitoring suggested

for the retention basin development project.
 5.4.1.2.8. Cultural Resources. Archaeological surveys have been conducted onsite
(DOE, 1982) and in the area where TFA is located, i.e., the area east of Vasco Road and south of
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Mesquite Way (DOE, 1984). On May 25, 1990, an archaeological survey was also conducted at
the offsite area of the proposed ground water pumping facility pipeline and at TFB. Surveys -
were carried out in accordance with the requirements of NEPA and Section 106 of the National
Historic Preservation Act (NHPA). No significant resources were recorded as a result of any of
the surveys. Before construction of facilities in an area that has not been surveyed, an
archaeological survey would be performed.

5.4.1.2.9. Noise and Traffic. During construction of treatment facilities, extraction
wells, and pipelines, there will be a short-term increase in noise levels due to standard
construction practices. There may also be some disruption of traffic patterns both on the
Livermore site and on adjacent roads during construction. Construction will be planned so as to
minimize traffic impacts. These impacts will be short-term and are not considered significant.

The blowers at the treatment facilities generate noise [up to 85 dba, the Occupational
Safety and Health Administration (OSHA) permissible exposure limit] in the immediate vicinity.
They will be housed in buildings or otherwise muffled to reduce the noise, reducing the level to
about 50 dba.

5.4.1.2.10. Natural Resources/Energy. Ground water, a valuable resource in the arid
region of California in which LLNL is located, will be cleaned up and reclaimed as a result of the
proposed project. The project will also prevent further compromise of ground water resources.

The UV/hydrogen peroxide treatment process is energy intensive. Each treatment system

uses about 100 kW. However, energy use and its resultant use of fossil fuels, a nonrenewable
resource, during the course of the cleanup activities is not considered significant.

5.4.12.11. Socioeconomic Impacts. Implementation of the restoration project would
result in the short-term (construction related, 60 days or less) employment of a maximum of 30
workers, and in the long-term (up to 50 y, the time required for the completion of the project)
employment of a maximum of 20 workers. The regional employment base is approximately
30,000 (from the city of Livermore), so this project should result in no significant short-term or
long-term impacts on the local labor force, social structure, or economic base.

5.4.1.2.12. Aesthetics. There is concern that TFA and TFB maintain an inoffensive
appearance, as they are exposed to public view from Vasco Road. To mitigate offensive visual
impacts, the number of new separate structures will be minimized, one style of architecture and
color scheme will be employed, and screen fences or walls will be used when necessary. Size
and height of all required structures will also be kept to a minimum. Air strippers would, by
necessity, be about 25 ft in height.

5.4.1.2.13. Cumulative Impacts. Each of the impacts considered separately above has
some minor cumulative effect, because of its being added to an already industrialized site. The
pump and treat options add no measurable contaminants to either the air or surface waters.
However, water discharges add to existing flows in storm drains; even the combined effect is
unlikely to sustain continuous flow in arroyo channels. We do not consider contributions to
noise, energy consumption, and socioeconomic impacts significant.

5.4.1.3. Impacts of the Deferred-Action Alternative—A dministrative Controls, Ground Water
Monitoring, and Treatment at the Point of Use, if Necessary

This alternative would not attempt to intercept and clean up the plume, but would rely on
the following:

5-20




UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

1. Implementation of institutional/administrative controls through local water agencies (e.g.,
permit restrictions, land use restrictions) to prevent well drilling and ground water usage in
affected areas. v

2. Ground water monitoring to track the plume to ensure that ground water posing any health
concern is not consumed. This monitoring would continue indefinitely until the physical and
chemical processes of dilution, adsorption, dispersion, and degradation reduce the
concentrations of VOCs to insignificant levels or until monitoring demonstrates that further
action is required.

3. Where domestic drinking water is imminently threatened, if ever, an alternative drinking
water source (bottled water or municipal drinking water) would be supplied. If VOCs in
concentrations representing a significant health risk were to reach an in-use municipal,
domestic, or agricultural supply well, LLNL would either install a point-of-use treatment
system or contract for the supply of alternative water to the affected user. No more than five
wells would be affected, and most likely none will be affected.

A detailed description of the Deferred-Action Alternative is presented in Section 3.3.4.
The Deferred-Action Alternative would have no impacts on surface water, earth resources,
biological resources, noise and traffic, or natural resources, and has no risk of upset.

5.4.1.3.1. Human Health. No negative impacts on human health would occur, because
monitoring, administrative control, and supply of alternative water sources would prevent public
exposure to the ground water contaminants.

Hazardous waste in the form of soil cuttings may be generated from the drilling and
installation of monitor wells. Cuttings would be characterized, and approved Standard Operating
Procedures would be followed for their disposal.

5.4.1.3.2. Ground Water. As with the No-Action Alternative, increasingly larger
portions of the Livermore area ground water would become affected as the plume migrates and
expands, inhibiting the beneficial uses of the local ground water. Over time, reduction in
chemical concentrations would occur by natural attenuation processes, includin g biodegradation,
dispersion, and abiotic degradation. '

5.4.1.3.3. Air Quality. Drilling and installation of monitor wells may result in temporary
VOC air emissions and dust. However, emissions would be at extremely low levels (<1 ppm)
and short-term, and thus are not considered to be significant. '

5.4.1.3.4. Noise and Traffic. Drilling and installation of monitor wells may result in
temporary noise and, depending on the location, possibly traffic; however, these impacts would
be moderate and short-term and are not considered to be significant.

5.4.1.3.5. Socioeconomic Impacts. 1t is likely that contaminants would decompose and
diffuse to within drinking water standards long before they reached any water supply wells.
Treatment at the point-of-use, paid for by LLNL, would preclude expense to well owners in the
event that any wells encounter contaminated ground water.

: Owners of properties overlying ground water perceived to be contaminated could be

“economically impacted. This could be reflected in property values, even though all potentially

affected areas have city water available and have no reason to rely on ground water. LLNL has

and will continue to work with local realty agents and lending institutions to provide accurate
information about actual conditions in the subsurface and put hypothetical health risks and
liabilities into perspective.
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5.4.1.3.6. Cultural Resources. Depending on the location of monitor wells, currently
unknown, cultural historical/archaeological resources could be impacted. Before surface
disturbance in an area that has not been surveyed, an archaeological survey would be performed.

5.4.1.3.7. Cumulative Impacts. If other, currently unknown, ground water
contamination were to arrive at the municipal water wells in the same time period as water from
the LLNL site, the effects could be additive. Because of the very low predicted concentrations of
contaminants from the LLNL site by the time such waters would arrive at the municipal water
wells, this addition is not considered significant.

5.4.2. Impacts of the Proposed Vadose Zone Contamination Remedial Alternatives

54.2.1. Impdcts of the No-Action Alternative

Under this alternative, no action would be employed to remove or isolate vadose zone
contamination. A detailed description of the No-Action Alternative for the vadose zone is
presented in Section 3.3.2. The No-Action Alternative would have no impact on earth resources,
biological resources, cultural resources, noise and traffic, natural resources, socioeconomics, or
aesthetics, and has no risk of upset.

5.4.2.1.1. Human Health. After 8 y of observation there is no evidence that new
contaminants are contributing to the ground water via percolation or to the air via volatilization.
The BPHA determined that the only potential soil-based exposure pathway for the public and
people onsite is through the inhalation of VOCs volatilized from soil onsite, which is
insignificant. The unsaturated soil is not currently creating any measurable adverse impacts on
human health. The No-Action Alternative does not control future access by humans to the
contaminants. Where contaminants have been found in the vadose zone, the maximum
concentrations are 20 to 50 ft below the surface, making the potential for their future disturbance
unlikely. ' '

5.4.2.1.2. Ground Water. As long as contaminants remain in the soil and the ground
surface remains unprotected, the potential for contaminants to percolate down to the ground
water exists. However, the relatively low concentrations of VOCs and FHCs in the soil, and the
mechanics of soil-water transfer, are such that concentrations of the chemicals in the ground
water are not expected to exceed their current values. Ground water quality will improve as the
chemicals naturally degrade and desorb from the sediments until the remedial action objectives
are reached. :

5.4.2.1.3. Surface Water. Contamination does not exist in surface soils, so potential
adverse impacts to surface water are not a consideration.

5.4.2.1.4. Air Quality. There is no potential for significant adverse air quality impacts
from VOC:s or particulates due to the depth of contamination.

5.4.2.2. Impacts of the Deferred-Action Alternative—Capping, Administrative Control, and
Ground Water Monitoring

Capping is used to prevent exposure to humans and wildlife and to minimize leaching of

chemicals into the ground water. It is a passive technology, as is administrative control (well
drilling restrictions, land use restrictions), in that it does not treat the hazardous materials in the
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soil. Capping consists of grading the ground surface to establish drainage away from areas of
concern and then covering the surface with a layer of low-permeability material. This alternative
involves capping the areas with an impermeable, weather-proof asphalt cap. The Deferred-
Action Alternative would have no impact on biological resources, cultural resources, natural
resources, or socioeconomics, and has no risk of upset.

5.4.2.2.1. Human Health. No negative impacts on human health would occur due to the
implementation of this alternative. Capping, as well as administrative controls, would prevent
disturbance by humans and any related potential adverse human health impacts. Capping would
minimize the release of VOCs volatilized from the soil, already established to be insignificant by
the BPHA. ,

5.4.2.2.2. Ground Water. Capping will reduce the transport of contaminants from the
unsaturated zone to the water table by not allowing infiltration and percolation of rain water
down through the soil. Ground water monitoring will allow detection of measurable transport of
contaminants.

5.4.2.2.3. Surface Water. Capping will not allow infiltration of rain water, therefore
creating more surface runoff. The runoff will be channelized to the existing storm water system.

5.4.2.2.4. Air Quality. During cap construction, temporary impacts on air quality may
result due to the generation of dust. Mitigation measures, such as watering, can be employed to
minimize dust generation. Capping would prevent the release of VOCs, alrcady not considered a
significant air quality problem.

5.4.2.2.5. Earth Resources. Disruption of the soil that occurs during cap construction
could result in short-term increased wind and water erosion. Construction during dry weather
and watering of soil would mitigate these potential impacts.

5.4.2.2.6. Noise and Traffic. During cap construction, there will be a short-term increase
in noise levels due to standard construction practices. These impacts will be short-term and are
not considered significant. The areas of potential cap construction are not located near any
roads; therefore, no disruption of traffic would occur.

5.4.2.2.7. Aesthetics. The cap would likely be constructed of asphalt and located in an
industrial, nonaesthetic area of LLNL. The impact on aesthetics is considered minimal.

5.4.2.3. Impacts of the Immediate-Action Alternative—Vacuum-Induced Soil Venting,
Ground Water Monitoring, and Air Monitoring

This alternative involves employing soil gas extraction technology on contaminated soil
and sediments to remove VOCs and FHCs. VOCs in the gaseous phase would be monitored to
assure compliance with BAAQMD discharge requirements. It is unlikely that sitewide extraction
could reach BAAQMD’s 1 Ib/day minimum permitting threshold. FHCs in the gaseous phase
would be thermally or catalytically oxidized. The Immediate-Action Alternative would have no
- impact on surface water, biological resources, cultural resources, natural resources,

* socioeconomics, or aesthetics.

5.4.2.3.1. Human Health. No impacts from VOCs on human health are anticipated in
that the gaseous contaminants are treated to health-based and/or environmental regulatory
standards (less than 1 Ib/day of VOCs emitted to the air for all the treatment processes onsite—
see Section 5.4.1.3). The potential health hazard due to possible accidental emissions releases is
miniscule. Onsite ambient air monitoring and the use of personal protective equipment will
ensure that no health risk occurs.
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Hazardous waste could be generated in the form of used carbon that would be re generated
at either an approved offsite facility or at a future onsite facility. Soil cuttings generated from the
drilling and installation of the vapor extraction wells would be characterized and handled
according to approved Standard Operating Procedures.

5.4.2.3.2. Ground Water. Soil gas extraction would greatly reduce or totally eliminate
VOC:s from the soil, reducing any potential for further impact on the ground water.

5.4.2.3.3. Risk of Upset. Potential for accidental release exists. Automatic shut-down
mechanisms can be put in place to minimize the magnitude of the release. Workers would be
equipped with the appropriate protective and emergency equipment.

5.4.2.3.4. Air Quality. The potential for emissions exists with soil gas extraction
technology. As previously stated, the VOCs in the gaseous phase are minimal and are likely to
approach BAAQMD standards, even without control The FHCs in the gaseous phase would be
thermally oxidized. This has been proven to be 99.8% effective in pilot tests. A

During extraction well installation, the potential for release of VOCs exists. However,
VOC levels are so low (generally <10 ppb in drilling fluids) that potential impacts on air quality
are considered insignificant.

5.4.2.3.5. Earth Resources. Installation of the extraction wells will result in a minor
amount of disruption and displacement of soil. This is not considered a significant impact.

v 5.4.2.3.6. Noise and Traffic. Vacuum pumps used for vapor extraction generate noise
levels of approximately 70 dba in their immediate vicinity. They can be housed in buildings or
otherwise muffled to reduce the noise to a level below 50 dba.

5.4.2.3.7. Cumulative Impacts. Each of the impacts considered separately above has
some minor cumulative effect because of its being added to an already industrialized site.
Vacuum-induced venting could add small, but measurable, amounts of VOCs and/or FHC:s to the
air. Air permitting requirements of the Bay Area Air Quality Management District will be
followed to assure no significant impact. Contributions to noise, energy consumption, and
socioeconomic impacts are not considered significant.
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AEC
ARAR
BAAQMD
BACT
BETX
BPHA
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cfm
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EPD
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ERDA
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FFA
FHC
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GLOSSARY

1,1-dichloroethane

1,1-dichloroethylene, also 1,1-dichloroethene

1,2-dichloroethane

1,2-dichloroethylene, also 1,2-dichloroethene

1 1,1-trichloroethane
Atomic Energy Commission

Applicable or Relevant and Appropriate Requirement

Bay Area Air Quality Management District
Best Available Control Technology

sum of benzene, ethylbenzene, toluene, and xylene isomers

Baseline Public Health Assessment

December 1990

Comprehensive Environmental Response, Compensation, and Liability Act

cubic feet per minute

cubic feet per second

California Department of Health Services
diameter

U.S. Department of Energy
Environmental Impact Report
Environmental Impact Statement :
U.S. Environmental Protection Agency
Environmental Protection Department
Environmental Restoration Division
Energy Research and Development Agency
extraction well

Federal Facility Agreement

fuel hydrocarbon

Formation

Feasibility Study .

granular activated carbon

gallon(s) -

gallons per minute

hazards index

horsepower

Integrated Risk Information System
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IVM
L
LB
LDR
LLNL
MCL
MCLG
min
mrem/y
MSL or m.s.1.
W .
NA
NAPL
NEPA
NESHAP
NHPA
NMS
NPDES
NPL
OH
OSHA
PCB
PCE
pCi
pCi/Lsm
PDF
"PEF
POTW
ppb
ppm
PRAP
psi
PVC
RCRA
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interactive volume modeling

liter(s)

Luria broth

land-disposal restriction

Lawrence Livermore National Laboratory
Maximum Contaminant Level

Maximum Contaminant Level Goal
minute(s)

millirems per year

mean sea level

monitor well

information not available

nonaqueous phase liquid

National Environmental Policy Act
National Emission Standards for Hazardous Air Pollutants
National Historic Preservation Act

nitrate minimum salts

National Pollutant Discharge Elimination System
National Priorities List

hydroxyl radical

Occupational Safety and Health Administration
polychlorinated biphenyl
tetrachloroethylene, also tetrachloroethene
picocuries

picocuries per liter of soil moisture
pathway dose factor

pathway-exposure factor

publicly owned treatment works

parts per billion

parts per million

Proposed Remedial Action Plan

pounds per square inch

polyvinylchloride

Resource Conservation Recovery Act
reference dose

Remedial Investigation
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RWQCB
$

SARA
SMCL
SNL
STLC
TBC
TCE
TCLP
TFA
TFB
TFC
TFD
TFE
TFF
TFG
TFH
TTLC
uv
UV/H20,
voCc
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California Regional Water Quality Control Board
second

Superfund Amendments and Reauthorization Act
secondary MCL

Sandia National Laboratories

Soluble Threshold Limit Concentration

“to be considered”

trichloroethylene

Toxicity Characteristic Leaching Procedure
Treatment Facility A

Treatment Facility B

Treatment Facility C; Total Field Cost

Treatment Facility D

Treatment Facility E

Treatment Facility F

 Treatment Facility G

total fuel hydrocarbons

Total Threshold Limit Concentration
ultraviolet ‘

ultraviolet light/hydrogen peroxide
volatile organic compound

year
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APPENDIX A
ASSESSMENT OF RISK REDUCTION

A-1. DATA PRESENTATIONS‘

Data used to calculate exposure, incremental cancer risk, and noncarcinogenic hazard
indices discussed in Section 3 of this report for the remediated case are presented in this
Appendix. As described in Section 3, the estimates of exposure, risk, and hazard were derived
using predicted concentrations of contaminants at receptor wells following treatment of ground
water at the LLNL site. The tables herein that contain values of incremental carcinogenic risk
and noncarcinogenic hazard index were prepared using the methodologies described in Section 6
(LLNL method) and Appendix S (EPA method) respectively of the RI report (Thorpe et al.,
1990). The PLUME model, described in detail in the RI report, was used to simulate migration
of residual concentrations of the contaminants of concern at receptor wells following
remediation, as described later in this Appendix. Tables A-1 and A-2 contain the estimates of
the concentrations of the contaminants of concern at the receptor wells in the near-, mid-, and
far-field for the best-estimate and health-conservative cases, respectively. Many of the
chemical-specific concentrations are listed as “ND” (i.e., not detectable with analytical methods
currently available), indicating that the predicted concentration was less than 0.1 pg/L (ppb).
Nevertheless, to be conservative, the values in parentheses in Tables A-1 and A-2 were used to
calculate incremental carcinogenic risk and noncarcinogenic hazard.

Table A-3 presents the pathway-dose factors (PDFs) for PCE, TCE, and chloroform, and
the pathway-exposure factor (PEF) for 1,1-DCE for ingestion of drinking water, ingestion of
fruits and vegetables irrigated with potable water, inhalation of potable water indoors, and
dermal uptake of potable water during showering and bathing. The PDFs address metabolized
dose and the PEFs address applied dose. These data are taken directly from Tables 6.1.1-4
(p. 6-11) and 6.1.1-7 (p. 6-15) of the RL

Tables A-4 and A-5 contain LLNL-derived exposure values (mg/kg-d) for treated ground.
water at receptor wells in the far-field for the best-estimate exposure scenario and in the near-,
mid-, and far-field for the health-conservative exposure scenario, respectively. Exposure is
calculated as the product of the concentration of a contaminant in ground water multiplied by a
~ PDF or a PEF. Only exposure related to far-field wells is of practical concern in the best-

estimate scenario. Furthermore, PLUME-simulated concentrations for the best-estimate scenario

have been adjusted by dividing each predicted value by 10 to account for in-well dilution that

would occur as a municipal well draws water from both contaminated and uncontaminated zones
" (Thorpe et al., 1990). ,

- Tables A-6 and A-7 summarize LLNL-calculated incremental cancer risks for the
best-estimate and health-conservative scenarios, respectively, for treated ground water.
Incremental cancer risk for a specific carcinogenic chemical is calculated as the product of total
exposure (mg/kg-d) multiplied by the cancer-potency factor (CPF; 1/[mg/kg-d]) for that
chemical. The CPFs used in this calculation are discussed in Section 6 of the RI (Thorpe et al.,
1990). Tables A-8 and A-9 summarize the values of incremental cancer risk for the best-estimate

: » Text continues on page A-22
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Table A-1. Predicted VOC concentrations and arrival times downgradient of LLNL: best
estimate simulations for remediated ground water.

. 70-y averageP Maximum
Observation concentration concentration Arrival time
point Compound® (ppb) (ppb) )
Near-field
A-N Chloroform 1.8 4 60
PCE ND (0)
TCE 0.48
Carbon tetrachloride ND (6 x 10-3)
1,1-DCE ND (5 x 10-2)
B-N¢ Chloroform ND (6 x 102)
PCE ND (0)
TCE 0.94 2 35
Carbon tetrachloride ND (7 x 10-2)
L,1-DCE 0.1
B-Nd Chloroform ND (6 x 10-3)
PCE ND (5 x 10-3)
TCE 0.78
Carbon tetrachloride ND (8 x 10-2) 0.1 55
L1-DCE 0.1
C-N Chloroform ND (2 x 10-7)
PCE 33 5 0
TCE ND (2 x 104)
Carbon tetrachloride ND (6 x 10-5)
1,1-DCE 0.1
D-N Chloroform ND (4 x 1072)
' PCE ND (4 x 10~%)
TCE 0.17
Carbon tetrachloride ND (2 x 10-2)
1,I-DCE 0.23 0.3 110
Mid-field
C-M Chloroform ND (5 x 10-2)
PCE ND (9 x 10-2) 0.1 205
TCE ND (1 x 10-2)
Carbon tetrachloride ND (7 x 104)
1,1-DCE ND (7 x 10-3)
D-M Chloroform ND (1x104) -
PCE ND (4 x 10-3)
TCE ND (9 x 104)
Carbon tetrachloride ND (4 x 10-5)
1,1-DCE ND (8 x 10-2) 0.1 113

Sy
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Table A-1. (Continued)

70-y averageP Maximum
Observation concentration concentration Arrival time
point Compound?® (ppb) (ppb) N
Far-field »
A-F Chloroform ND (6 x 10~2) ND (7 x 10-2) 265
' PCE ND (0)
TCE ND (2 x 104%)
Carbon tetrachloride ND (3 x 10-9)
1,1-DCE ND (8 x 10-5)
B-F¢ Chloroform ND (3 x 10-3)
PCE ND (6 x 10-9)
TCE ND (6 x 1073) ND (6 x 10-3) 335
Carbon tetrachloride ND (9 x 109%)
1,1-DCE ND (2 x 10-3)
B-Fd Chloroform ND (4 x10-3)
PCE ND (5 x 10-9)
TCE ND (6 x 10-3)
Carbon tetrachloride ND (9 x 104) ND (1 x 10-3) 330
1,1-DCE ND (2 x 10-3)
C-F Chloroform ND (2 x 10-5)
PCE ND (2 x 10-3) ND (2 x 10-3) 460
TCE ND (5 x 10-3)
Carbon tetrachloride ND (1 x10~4)
1,1-DCE ND (1 x104)
D-F Chloroform ND (2 x10-3)
PCE ND (6 x 10-8)
TCE ND (2 x 10~%)
Carbon tetrachloride ND (3 x 10-5)
1,1-DCE ND (9 x 10-3) ND (1 x1072) 250

ND = Not detected (concentration below 0.1 ppb).

8 The italicized compound is the compound of interest at that observation point, i.e., that observation point
witnesses the highest concentration of the italicized compound for that distance (near, mid, or far).

b Values calculated from 70-y period that yielded maximum 70-y average for compound of interest.

€ Concentrations predicted during the time period of the greatest 70-y average TCE concentration.

Concentrations predicted during the time period of the greatest 70-y average carbon tetrachloride concentration.
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Table A-2. Predicted VOC concentrations and arrival times downgradient of LLNL:
health-conservative simulations for remediated ground water.

70-y averageP Maximum
Observation concentration concentration Arrival time
point Compound?® (ppb) (ppb) 0]
Near-field
A-N Chloroform 20 11 22
PCE ND (5 x 10-9)
TCE 1.3
Carbon tetrachloride ND (8 x 10-2)
1,1-DCE ND (4 x 10-2)
B-N¢ Chloroform ND (5 x 10-9)
PCE 04
TCE 14 5 35
Carbon tetrachloride 0.1 0.5 35
1,1-DCE ND (4 x 10-2)
C-N Chloroform ND (2 x 10-5)
PCE 1.2 5 0
TCE 14
Carbon tetrachloride 0.1 ,
1,1-DCE ND (4 x 1072)
D-N Chloroform ND (1 x 10-2)
PCE 0.88
TCE 0.85-
Carbon tetrachloride ND (6 x 10-2) :
1,1-DCE 0.30 1 30
Mid-field
C-M Chloroform 0.7
PCE 1.1 2 725
TCE 1.3
Carbon tetrachloride ND (3x1072)
1,1-DCE 0.1
D-M Chloroform 0.1
PCE 0.87
TCE 0.95
Carbon tetrachloride ND (6 x 10-2)
. - 1,I-DCE 0.22 0.7 67
Far-field ’
A-F Chloroform 1.8 5 97.5
PCE ND (5 x 10-3)
TCE 1.1
Carbon tetrachloride ND (7 x 10-2)
1,1-DCE ND (4 x 10~2)
B-F¢ Chloroform ND (1 x 10-3)
PCE 0.2
TCE 14 4 110
Carbon tetrachloride 0.1 0.3 110
ND (1 x 10-2)

L1-DCE

A4

fvmiann
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Table A-2. (Continued)

December 1990

70-y averageP Maximum
Observation concentration concentration Arrival time
point Compound? (ppb) (ppb) )
C-F Chloroform 0.6
PCE 1.0 2 110
TCE 1.2
Carbon tetrachloride ND (3 x 10-2)
1L,1-DCE 01
D-F Chloroform 0.16
PCE 0.86
TCE 0.95
Carbon tetrachloride ND (6 x 10-2)
1,1-DCE 0.20 0.5 105
ND = Not detected (concentration below 0.1 ppb).

e T 2

occurred during the same 70-y period for this observation point.

The italicized compound is the compound of interest at that observation pbint.

Values calculated from 70-y period that yielded maximum 70-y average for compound of interest.
Under the health-conservative case, the maximum 70-y average concentrations for TCE and carbon tetrachloride

Table A-3. Summary of the pathway dose factors for PCE, TCE, and chloroform and the

pathway exposure factor for 1,1-DCE.

Pathway
Water Indoor Dermal

ingestion, F4; inhalation, Fgp absorption, Fy3 Fgy Totals
Contaminant (L/kg-d) (L/kg-d) (L/kg-d) (L/kg-d) (L/kg-d)
PCE 0.018 0.0031 0.0035 0.0009 0.026
TCE 0.018 0.017 0.019 0.001 0.055
Chloroform 0.018 0.016 0.018 0.0007 0.053
1,1-DCE? 0.018 0.024 0.027 0.00019 0.069

Used in the exposure assessment for 1,1-DCE and carbon tetrachloride and is applicable to other VOCs.



December 1990

UCRL-AR-104040

CERCLA Feasibility Study for the LLNL Livermore Site

il

St !

o1-0I X 6’9 o1-01 X L°C o1-0I X $'C a-0I X 61 o1-0I X 8T s-0I X 01 ADATT
01-01 X 6°9 o1-0I X LT 01-0I X ¢ a0IX6T 0T X8T s-0LX 0T PLIO[YIEI) U0qIE)
g 0I X 8T 601 XS'6 ¢-0IXS'8 01-0I X 0'S 60T X 0°6 0L X 0'S AL
OIXT'S 01-01 X 0°L o1-0I X T'9 010 X 8T 0T X 9€ 0L X 0T q0d
o=0I X T'T 1-0I X 9°¢ n-0IXT¢ a-0I X¥'1 n-0I X 9'¢ o 0L X (¢ uLojooy)y L o)
g0 X T 0L X 'S 0L X 8P n-0I X §'€ FOIX9E L 0IX07T celigyt
0L XT9 6-0I X¥'C I XTT -0 X LT 0L X 9T s-0I X0°6 9pLIO[ORI}I) uoqre)
g-0L X €€ g-0I X T'T g-0L X 0'T 01-01 X 0°9 g 0IXTT 0L X 09 DL
=0T X €T a-0I X 8T a-0I X 9T a-0IXSy  -0IX0%6 L-0LX0°S q0d
e 0T X T'T 0T XTL O X b9 or-0I X 8°C eI XTL 0L X 0P uojotoy)  (*Yi3))a-4
g-0L X T 0L X 'S ¢OIX 8P -0I X §'€ ¢OIX9E  H0IX07T cligyt
0L XT9 601 X T §0IXTT HO0IXLT  0IX9T  g-0IX0%6 IpLIO[YPRI) U0qIE)
g-0I X €€ g-0IXTT g 0L X 0T o1-01 X 0°9 gOIXTT - 0IX09 HOL
=0T X §°'¥ a-0I X 1T a-0IX 6T aq0IXPS  pOIXTT L0LX09 aDd
g-0T X 9'] 6-0I X 'S 60T X 8P or-0I X 1T 0T X b'S 01 X 0°€ uojoroy)  (“"MEHOL)A-4
01-0I X §°S 01-01 X TT o1-0I X 6T a-0IXST o0 X ¥ o-0L X 0'8 clligyt
0L X T'T a-0IXT'8 a-0IXTL p-0IX LS  g-0IX$'S 0L X0°€ PLIO[YOR1I3) HOqIE)
OLXTT o1=0L X §°€ 01-0T X '€ n0IX0T  o-0IX9€ 0L X 0T ADL
— — - — — — A0d
LOIXTE AT XTI 01X 96 L X TP FOIXTT e-0I X 09 ULIOjOXO[Y) 4-v
(p-83y/3u) (p-34/3w) (p-3y/3w) (p-8y/3w) (p-8/3u) ([qdd] /3)) [edrway ) yugod
s[ejo3 ayeydn ey uonysagui uonsagur LUONRI}UDUO0D UoneAIdSqQ
“dansodxsy [euwLIa (g uoneeyuy Janpoig njem PajaIpalg

“I3JeM PUNOIS PIJRIPIWII ‘0L1BUIDS 3ans0dxd dJeui)sa-}saq ayy Joj pajatpaad saansodxa ay) Jo Lrewung A.v-< dqeL



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

T1244 [edpjunu & s& N30 (i JeY} UORNIP [[24-

*S3UOZ PIJEUJWEIUOIUN PUE PIJLUTUILIUOD [}0] WO J9JBM SMBID

uf 10§ Junode 2 193} JO 10)IE) & Aq PIINPaI UIIQ IABY SUOHEBIJUIIUCD J3)BM PUNOCIS WINUWXewr pAIIPald

¢0IXT9 01 X¥'T s 0IXTT or-0L X LT 0L X 9T 0L X 06 celignt
o1-0T X T°C -0 X1'8 m-0IXTL -0 X LS n-0IX¥'s 0L X ('€ dpLIofyIEBIj3) uoqIR)
O XTT o1-01 X 8°€ o1-0I X ¥'€ 1-0T X 0°C o-0I X 9°€ s-0IX0C . 4L
ei-0T X ST p1-01 X T°T p1-0I X 61 sT-0I X ¥°§ e-0I XT'1 6-0L X 09 HOd
0T XTI 0L X9¢ 0L XTE or-0I X ¥'1 0L X9¢ 0L X0°¢ ULI0J0I0[qD) J-d
(p-8/8w) (p-83/3w) (p-85/3w) (p-8y/3ux) (p-85/3w) ([qdd] r1/3n) [edruy) yurod
s[ejoy ayeydn ayejur uorsaguy uonsagur UOTIRIJUIIUOD uoneARSqQ
dansodxgy [ewIa (g uonejeyuy dNpoig REIL N PIPIPRIJ

(PanUYUOD) -V AqEL

A-7



December 1990

CERCLA Feasibility Study for the LLNL Livermore Site

UCRL-AR-104040

0TI XTT o-0IXT'8 oI XTL 0L XP'T oI X 'S 0L X0°€ ADA-17
o 0L X TP o-0I X 91 o 0L X T 0T XT'T o0 X T'T -01X0'9 IpLIO[YIRLII} UOqIe)
s-0I X LY 0L X971 sO0I XTI 0T XS'8 0L XS'T 0L X S8 HIL
s-0IXTT o-0L X T°€ o0 X LT (0L X 6L 0L X 9T 101 %88 4od
10T XES LOTXST 0T X9 60T X 0L 0T X8I 01X 0'T wI0j01014) N-d
0T X 8T 0T XT'T 0L X 96 $0IXT€ O XTL 0L X 0¥ celigt
0L X 69 0T X LT 0L X$°T 0L X 6T o0 X8'T 0T X 0’1 IpLIO[YIBIII} uoqIe)
-0 X L'L 0T X LT s-0I X T 0L X #'T ¢ 0IXST 0L X1 HIL
s-0IXT'€E o 0IXTY 0T X L€ 0TI XT'T s0IXTT 0TI XTI q0d
60 XT'T o1-0T X 9°¢ o1-0I XT'€ 1n-0I X ¥'1 or-0I X 9°¢ s-0I X0°C wI0joIo[y) N-D
0T X 8T 0T XTI g-01 X 9°6 0IXT€E g-0IXTL 0L X 0P AIA-T'T
901 X 69 0T X LT o-0I X ¥'T -0 X6'T o0 X 8T 0L X 0'T 3PLIO[YIBIJI) UOGIE]) 00
s-0I X L°L s-0IX LT s-0I X' 0L X $'T 0L X§T I XTI 4L <
s-0I X 0T o0 X 'Y 0L XTI OIX9E o 0IXTL I-0L X 0% q0d
e1-01 X 9°C p1-0T X 0’6 p1-01 X 0’8 s1-0T X S°€ p1-01 X 0°6 ¢ 0L X 0§ wIojoIo[yg) N-€
00T X 8T o 0L XTI 0L X 96 0L XTE OIXTL I X0y clligyt
o-0L XSS 9-0T X 2T°C 01 X 6'T g-0L XS] o0 X 1 01 X 08 apLIo[ydRI}3) uoqIe)
sO0IXTL 0T XST s0IXTT o 0L X €T s-0I X €7 00T X €T HIL
o1-0I X €T 0L X 8T 1-0I X 91 -0 XSV 11-0I X 0°6 0L X.0°S HOd
0L XTI s-0I X 9°€ s-0I XT'€E 0L X1 s-0I X9°€¢ 00I X 0T wL10J0I01Y ) NV
playf-avaN
(p-8y/8ur) (p-3¥/8w) (p-8y/3u) (p-8y/3ur) (p-3y/8ur) ([qdd] 1/87) [edrmay) yutod
s[e}03 ayejdn ayejur uonsIgur uonsagux UOIBIIUIIUOD uoneAIRSqQ
dansodx [ewIdQq uonejeyuy Npog JjepA PapaLg
*J3jesm punoisd

P3JRIPIWII ‘OLIBUIIS 3INSOAXI JAIJBAIISUOI-Y)[BIY 3y} J0J P3jdIpaad saansodxad 3yj jo Lrewwing *S-y dqeL



December 1990

UCRL-AR-104040

CERCLA Feasibility Study for the LLNL Livermore Site

LT X 0L OTXLT I XP'T 60IX08 I XS] 0T X 0T ADA-TT

901 X6'9 0T X LT 0L X +'T g-0I X 6T 0L X 8T 0L x0T IpLIo[YIE139] UoqIE)

s-0T X L'L s-0L X LT s-0I X$'T 0L X ¥'T s-0I X§T 0L X T JOL

0L XT'S LOTX0L L0IXT9 OIXS8T o-0I X 9°€¢ 0L X 0T 49d

g-0I X €S g-01 X 8'T g-0I X 91 01-0L X 0°L g-0I X 8T e0IX 0T w0010y Lo

001 X 8T 0T X T'T 0L X 96 0l XTE FOIXTL 0L X0 A TT

o-0T X 8P 0L X 6°T 0L X L'T 0L X €T 00T X €T -0IX 0L IPLIO[YIB.1}3) UOqIED)

s-0T XT°9 s-0IXTT s-0I X 6T 0T XT'T s-0I X 0T 0L XTI HOL

LOTXET g-0I X 8T 0L X9 0L XSP g-0I X 06 01X 0°S qDd

s-0I X6 0T XT€E s-0I X 6'C 90T X €T 0L XT€ 00T X 81 ULIOJOIO[Y D) a-v
piay-10,

0T XST 9-01 X 6°S- s 0L X €S -0IX8T 9-0I X 0y 01 XTT crelig gl

oI X TP o-0T X 9'T o0 X ¥'T 0L XTI 90T XT'T 01X 09 IpLIO[YIB.3} UOGIE])

sOIXTS 0T X 8T s-0I X 9T OIXS6 s-0I X LT -0I X§°6 4IL

s0IXTT 9-0T X 0°€ 0L X LT OTX8L s-0I X9 I X L8 40d

o 0L X €S o 0T X 8T o 0T X 9T s 0IX 0L o-0I X8'T I X0T WLI0J0I0Y ) W-d

0L X ('L 0T X LT 0L X ¥'C 01X 08 o0 X 8T 0T X 0T crligyt

o 0T XT°C 0T XT°8 (0L XTL 0L XL'S (O X 'S =0I X 0'€ IPLIO[YIRIII) UOqIR)

s-0I XTL s-0I X ST s-0IXTT -0 X €T s 0L X€T 00T X €T IIL

s-0I X 8¢ 01 X 6°€ 9-0L X '€ (-0IX6°6 s-0IX0T 00T XT'T 40d

s-0T X L'E s-0I X €T s-0L XTI 0L X6 s-0I X €T I X0°L ULIOJOIO[YD) W-D
v

(p-84/8uw) (p-831/8u) (p-8y/3w) (p-84/3w) (p-83/3w) ([qdd] /8r) [ed1mwaY) yutod

S[&103 ayejdn Iejur uonsaguy uonsadui UoRIIUIDUG) uoneAIsqQ
dansodxgy Jeurrd(q uoneeyuy dnposg Jajepm PPy

(panupuo)) ‘s-v 3lqe,



December 1990

UCRL-AR-104040

CERCLA Feasibility Study for the LLNL Livermore Site

s-0I X ¥ 0L XS o 0L X 8P ~0IX9°T o-0I X 9°€ 1-0I x0T cligyt
0L X ¥'p 0T X LT -0 XS ¢ 0IXTT 0L XTI 0L X €9 IpLIO[YIBI}3) UOqIE])
s XT§ 0L X 8T s-0I X 91 ~0I X§°6 0T X LY -0 X6 4L
s-0I XTT o-0I X 0°€ o-0I X LT 0T XLL s-0I X§°T 1-0IX9°8 q0d
0L X '8 01 X 6°C o-0I X 9T 0T XTT 01 X 6T 1-0I X 9T ULIOjOI01Y) a-d
o-0I X 0°L -0 X LT o-0I X' 0L X0'8 0L X 8T 0L X 01 ADATY
0L XT'T 0T XT'8 0L XTL 0L XL'S 0L X¥'S 0L X0'€ . 9pLIO[yIE133} UOqIEy)
s-0I X 99 s-0I X €T s-0I X 0T -0 XTT s-0I XTT o0I XTI HO.L
s-0I X 9T 0L XS°¢ 0L XT°€ 0T X06 s-0I X871 0L X 0T H0d
s-0I XT'¢ 0T XTI -0 X 9'6 0T XTY sO0IXTT -01 X 09 ULI0J0.I01YD) a0
(p-3y/8uw) (p-8¥/3ur) (p-3%/3w) (p-83/3ur) (p-83/3ur) ([qdd] 7/37)) [eatway)
s[ej03 ayeydn epur uonsagur uonsaguy UOIRIJUIIUOD uonesRsqQ
aansodxq [ewIa(q uorneeyuy dnpoig e PP

(panunuo)) *g-v 3Iqe],

A-10



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

6-0L X 6’1 A-D Joj eyoyqng

11-0I X 0°6 I X€Y o1-01 X 69 C g0IX0T IPLIO[YIRI}I} UOqIe))

o1-0T X L'p 0T X LT g-0I X 8T 0L X 0°S dDL

6-0T X $'T O X LT 60IXTS 0L X 0T a0d

20T X 0°€ OIX8T o0 X T'T 00T X 0T WLI0j0.10[y) a0

6-0I X 0T (**""122)d- g 10§ [e10qng

or-0T X T'8 0L X €T 6-0IXT9 s-0IX0'6 3PLIO[YIE1)3) U0qIe)

01-0I X 9°§ 0T X LY g0l X €€ 0L X 09 adL

21-01 X b€ 01X LT -0 X €T [OTX0S q0d

01=0I X 6°S 0T X 8T 0T X T'T 0L X 0'p : ULIOJOJO[YD) *“*13D)I-4

6-0T X 81 (*MADL)A- 4 10j [e10)qng

or-0I X I'8 O X €T 601 XT9 s-0I X 0°6 3pLIO[YILII3} U0qIE)

01-0I X 9°S O X LT g0 X €€ ) $ X A AOL

a-0I XTIy FOI X LT ) S | 01X 09 a0d
0L X ¥y 01X 8T ¢ 0IX9T 0L X 0°€ wLIojJoIo[y) (Gt O NN

6-0L X6'8 A-V 10§ [ejo3qng

a-0I X LT ) S | n-0I X 1T LI X0€ IPLIOIYIEIII) UOqIR)

11-0T X 6'T O X LT 60T XTI s-0IX0T AL

00T X 0°0 FOI X LT 00T X 0°0 001 X 0°0 q0d

601 X 68 01 %8¢ I XTE ¢-0I X 0°9 uLI0§0I0[y) -V
QISLI J3duEd ([p-8s1/3u]/y) (p-85/3w) ([qdd] ry/87) [edrudy) yutod
[ejuduIdIIuY - (AdD) 103985 LHudz0d-190uE) aansodxa [ejo, UONRIJUDU0D - uoneAssqQ

PajIpaIg

*J19jem punoag
POJBIPIUII OLIBUDS 3INSOAXd 3JBWI)SI-JS3q YY) 10§ SYSLI JIULD [ejudwRIOUI PIYIPaad jJo Lrewwing *9-y Jqe

A-11



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

LOEERE:

T8} WAy d[uaZoufded & aq 03 FI-1°Y JIPISUCD JOU 0P OLIEUIIS JBUWISa-)saq Y} J0J SUOPRINIEd NSPY ¢

*S9UOZ PIJRUIUILIUOIUN PUE PIJBUJWIBIUOD JOq WIOIJ JIJBM SMEID
T34 [edpjunul € s 1m0 [[iA Jey) UoRN[IP [[2M-UJ J0§ JUNOIIE 0} U3} JO J0JIBJ B Aq PIoNpal Uda( IABY SUOEIUIIUC) JIJEM PUNOIS WINUIXEUI PIJIIPIL] -

01-0I X §°€ d-( 1oy [e)0Iqng

=0T X LT 0L X €T 01-0T X T°T o0 X 0€ APLIOYDRI) UOGIE))

n-0IX 6T 0T X LT O XTT s-0IX0T 40L

p1-0L X T'Y 0T X LT e-0I X ST ¢-0IX09 H3d

01-0I X T°€E 0T X 8¢ g-0L XT'T 0L X 0T ULI0JOIO[YD) aa
IS1A 120uBd ([p-8sy/8u]/y) (p-3¥/3ur) ((qdd] 7/31) [edrmay) yurod
[lalicliietnliy | (1dD) 10338) LHusjod-1due) ainsodxa fejog, UONBIIUIDIUC) UoNBAIISqQO

PapIpaIg

(PANUPUO)) °9-V 3IqE

A-12



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

0L X 'L

N-@ 10§ [eyoiqng

(0L XS 0L X €T oI X TP =01 X 09 JPLIO[YIL.IIR] HoqIR)
FOTX 6L 0L X LT OI X LY 0T X §'8 4oL
o0 XT9 -0 X L'T s0IXTT -0I X 88 40d
g0l X ST 701 X 8¢C (T XES 0L X0'T uLojoIog) N-d
s-0T X §0°T N-D 10j [ejoqng
L% 0°6 0L X €T 001 X 69 01 X 0°T APLIO[YIEI}A) UCqIR)
0T X €T -0 X LT sOIXL'L 0T XP'T HOL
0TI X €8 -0 X L'T sOIXT'E 0TI XTI 42d
n-0I X 0°€ 01 X 8T 0L XTI s-0IX 0T uLIojo.I0[y) N-D
0T X 0'S N-4 10§ [ejo3qng
01 X 06 1-0I X €T 001 X 69 1-0I X 0'T IPLIO[YIL.IJD} UoqIR))
o-0L X €T 0L X LT sOIXLL 0T X P'T A
o-0I X 8T =0T X LT s-0I X 0T -0 X 0% HOd
SI-0I X ¥°L 0T X 8T e1-01 X 9T 601X 0°S UL10§010140) N-€
0T X 6% N-V 10§ [ejoiqng
0T XTL 0T X €T o 0I XSS 01 X0'8 IPLIO[YIBI)D) uOqIE))
o0 XTT -0 X LT sHOIXTL I XET HI.L
-0 X #'€ 0L X L'T 01-0L X €'T o-0I X 0'S add
o-0L X 0°€ 0L X 8T I XTT 001X 0T uLI0joI01YD NV
pray-avaN
YSLE ([p-33/Buy) (p-3y/3u) ([qdd] 1/87)) fexway) yutod
I3dUBD IdD) aansodxa [ejo, uoneIJudIIUCd UonBARSqQ
[ejud W LUy 10308) £dudjod-Iddue) PajoIpalg
*JdjeM punoJg

PIJRIPIWL ‘OLIBUIDS 3.INSOAX3 JAIBAIISUOI-Y)[BIY ) 10 SHSLI JAIULD [EJUdWIOUI Pajaipaid Jo Areunung /-y Jqel

A-13



December 1990

CERCLA Feasibility Study for the LLNL Livermore Site

UCRL-AR-104040

90I X €P A-V 10§ [ejoqng

0L X €9 0T X €T o-0I X 8P 0T X 0L . IPLIO[YIE.11) UOqIE])

-0 X 0'T OTX LT OTXTY9 WOIXT'T 4L

g-0I X '€ 101 X LT LI XET ¢-0IX0'S q0d

o-0I X L'T 01 X 87T ¢-0I X §°6 00T X 8T Wi0JOI0[YD) a-v
p1ayf-av g

o0 X 9L - 10 [e10)qng

0T XS 0L X €T o 0IXTY 01 %09 IpLIO[YIB L3} UOQ-LE])

0T X 68 0L X LT s0IXTS 01 XS§°'6 HOL

01 X 09 ) B4 s 0L XTT 0L X L'8 4Id

1OLX ST -0 X 8T o 0L XE'S -0 X 01 uLI0JoI0[YD) W-d

s 0T X 0T -D 10§ [ejo)qng

0T X LT 0L X €T P} 3 i 4 01X 0°€ ApLIO[IE1I3) UOqIE])

o-0IXTT -0 X LT sO0IXTL 00T XE'T L

o 0L X 9L 0T X LT 0T X 8T 0T XTI 40d

0L X 0T 01 X 8¢ OI X L€ 0L X 0°L ULI0JoI0[Y D) WD
PP

ASLL ([p-8y/8u/T) (p-33/3u) ([qdd] /87 [eway) jutod
I3DUBd D) aansodxa [ejo ], uoN eI UIIUCD uoneAIsqQ
[BJUdmR IOUY J103dej £Hudjed-toue)) pajaIpald

(panunuo)) LV 3qe],

A-14



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

o-0I X 9L A-d 10§ [eyoyqng ,
O X LS 0T X €1 o-0I X ¥ 0L X €9 APLIO[YIE1}I} UOqIBD)
01 %68 0L X LY sOIXTS 1-0I XS°6 HOL
o-0L X 6'S 0L X L'T s 0IXTT -0IX9'8 40d
L XPT 01 X 8T 901 X '8 0L X 9'T ULI0JOIO[Y) a-d
0L X T6 A-D Joj [eyoyqng
0T X LT 0L X €T 0L XT°C -0IX0€ IPLIO[YIR.1})3) UOqIED)
0T XTT -0 X LT s0I X 99 o0IXTT HIL
o0 X 69 0L X LT 0L X9T 00T X 0T 4d
0L X 6'8 0T X 8T 0T XT€E 101X 09 wI0joI0[Y) L 4]
00T X 9°€ A-g J0§ [ejoyqng
0L X 06 0L X€T 0L X6°9 0L X 0'T IpLIO[YdL.1}3) uoqLE)
o 0T X €T 0T X LT sOIXLL 0L X¥'T 4L
0L X ¥'T 0L X LT 0L XT'S 01X 0T q0d
0L XS'T 0L X 8T 0L X €S e-0I X 0T ULI0JOI0[Y) a4
NsuL ([p-8y/Bu]p) (p-33/Bur) (lqdd] /37) [eormay ) yutod
I3dued dD) aansodxa [ejo], UoNeIJUIIU0D UONeAIISqQO
[BIUSWI LU Jo3aey Arusjod-1due) PajoIpaLg

(panunuo)) °L-v 3lqeL,

A-15



CERCLA Feasibility Study for the LLNI Livermore Site December 1990

UCRL-AR-104040

60IX0T g 0IXTI 6O0LX '8 6 0IX0y  (*WDD)4-q 10 [v10iqng
gO0IXOT . (OLX69 OIXTE G OIXPE  LOIX09  (OIXLS  L00X0T AOa-1T
o1 0l X T8  o0IXL9 G 0IXEE FOILXET - 0IXEE yOL X €T 60X 97 g-0IX06  3pHOYEIL?) uoqIe)
-0LX9S G OIX8Y G 0IX6T OIXLT 01X 6T =0T X T'L g0 X LI (~01 X 09 L
a-0LXVe g OIXEL 0l XL eO0IXEE 0IXEL OIXTS [ OIXPT G0 X0S qDd
or-0EXES G OIXOT g 0IXE6 L OIXT8  [0IX0L g0IXT9 S OIXTT L 0IX0F uiojotoy) - (**U¥DD) -4
0T X 8T g 0I XTI 60IXT8 ¢ 0IX0y  (XBUWHHL)4-g Joj [ejoiqng
g-0I X 0T 601 X 69 00L XTI 6-0L X ¥'E 40T X 0'9 cOIXLS 01X 0T creligyt
or-0IX T8  GroOIXL9 G 0IXEE FOIXEL - 0IX€EE $OL X €71 60X 9T g-0IX06 3pHOYERYI) UsqIE)
01-0IX9S  GrOIX8P 01X 67T OIXLT - 01 X6T I XTI g 0L X LI (01X 09 HOL
aOIXTY g OIXE6  4p0IXLS eOIXEE o 0IXL8 OIXTS [ OIXLT 01X 09 40d
O-0EXVYor0IXSL g0EX 69 pOIXTS  [0IXTS  o0IXI9  (0IX98 (0L X0€E uiojosopyd - (**“go0) 4-4
601 X 68 g 0T X ST g0I X p'T 60T XTI A-V Joj [ejoyqng
-0 X Ty g 0IX LT 00 XTI - 0IX¥T pOIX09 G OIXET 601X 08 crligyt
AOIXLT g OIXTT  gOIXTT HOIXEL  -0IXTT pOIXET 7 0IX98  0IX(0€ dpHO[YdEL}?) UOqIE)
NOLX6T [ O0IX9T  Z 0IXL6 OIXLT - 0IXE9 OIXTT g 0IX LS g 0IX 0T Cled ]
00I X 0°0 00 X 0°0 00L X070 01 X €€ 00 X0°0 I X TS 00 X0°0 001 X 00 40d
60l X 68 g-0I X S'I gOIX VT ,0IXTIS 0L X 01 0L X 19 (T X LY 9-01 X 09 wiojoloy) iy
HS1I JIIUBD IR RERTITH) HS|d dadued :v-mv_\.w::\: yS|I (Tp-3y/8wjy) (p-3y/3ur) (7/3ur) [edquy) yujod
18303 "IN‘TT 18103 VdA uojjejeyuy idD) d3dued jei1Q (4dD) MEJU| [BIQ  RUOIIBIIUIIUOD UopeAIdsqQ
J03oej Louszod J03aej Kouajod pajoIpalg
-I3dued -Jadued el
uopejeyuy

0 uosiredwiod pue saidojopoyjaw v uo Paseq or1eudds 3ansodxa ajewrysa-saq

“JJEA PUNO.IZ PIJRIPIWII ‘SHNSAI INTL

A} 10 SYSII JIDUBD PIPIPAI] 8-V dqBL

A-16



December 1990

CERCLA Feasibility Study for the LLNL Livermore Site

UCRL-AR-104040

T34 [edpIunu € se Jn220 [[14s J8Y3 UOPN[IP [[3M-

*S3UOZ PIJBU[WEIUOIUN PUE PIJLUIUILIUOD YJO( WOJ J9JBM SMRID
U} 10§ Juncdde 03 U3} JO 10328) € £q PADONPaI UIIQ IARY SUOHELIUIIU0D J3JEAM PUNOIS WNUIIXEUI PIRIIPILJ €

01-0L X 9°¢ g-0L X L g0l XT'¢ g 0L X ST d-( 10§ [ej03qng
g-0I X9 g0l XT'¢ o0I XTI g 0L X¢T 1-01 X 0°9 g 0I X 97T L-0L X 0'6 Cllig N
0T X L'¢ 0L XTT -0 X T'L 0L X €T n-0IXTT I X €T 101X 98 601l X0'E  pHo[YorL3} UoqIE)
-0l X 6°T 0L X 9°1 01 X L°6 0L X LT 0L X €9 I XTT o1 0L X LS g 01 X077 DL
o0l X TP s1-0L X €6 op-0I X L°§ eI X €¢ si-0L X L'8 0L XTS e 0L X LT 01 X 09 H0d
o1 0L X T°¢ o1-0L X 0§ 01-0L X 9% 0L XT8 9l X s€ e0IXT9 6 0L X LS 0L X 0T uLI0joIoIY D) J-d
6-0I X 61 60T XET o101 X §°9 o1-0L X 99 4-D 10§ [ej0)qng
o1-0I X I'S or-0I X ¥°€ oI XTI o1-0I X L1 1-01 X 09 o1-0I X 6T g 0L X 01 qOA-TY
0L X 0°6 -0L X ¥°L 0L X L°¢ 0L X €T n-0I X L'¢ 0L XET o101 X 6T g0l X 0T  3puo[yey3) uoqie)
or-0L X Lp 01-0I X 0’y 01-0I X ¥°C 0L X LT o1-0I X 91 =O0IXTT g 0L X V'L (0L X0S. -HO.L
60T X ¥ o1-0L X T°¢ 01 X 6T 1] B o1-0L X 6'C 0L XTS 6 0L X LS (0L X 0T TOd
70T X 0°€ -0l X 'S -0 X 9% 0L XT8 0L X S'E e0LXT9 0L X LS 601 X077 u.lojoroiy)y K )
3SIA I9dUBD YSII J3dURD ysiI Jaoued  ([p-8y/3um)/y) yS|I ([p-8y/8w)/x) (p-8y/3u) (7/8ur) [earway) jujod
18303 "INTT 18303 Vd A uonefeyuy (AdD) 13dued [eig ddo) MYUL [EI) LUOHIEIIUIIUOD uopeaIssqQ
Jo3aej Kouajod Jo3oey Aouazod pPajdIpaL]
-13dued -Idued [BIQ
uopefeyuy :

(panunuo)) ‘g-v 3AqeL

A-17



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

sOIXTT o0 X 8 o-0I X ST o 0IXT¢E N-D J1oj s[ejoiqng
0L XTT 0L X V'L o0 XTI (01X 69 1-01 X 09 o 0IXTT s 0L X 0¥ AIA-TT
101 X 0°6 -0 X ¥L (~0L X L'E 0L XET (0T XLE 10 X €1 901 X 6T 0L X 0T °plIo[ydEYI) UoqIE])
0T X €1 o 0L X T'T 1-0L X 89 I X LT 0L XY I XTI g 0L X 0b 0L X vl JOL
o-01 X €8 9-0L X 6T (0L X TT 0L X ¢ o0 X LT 0L XTS 0L X¥'E eI XTI H0d
-0L X 0°¢ 1-0I X 08 n-0L X9y 0L XT'8 0L X §°€ e0L XT9 o0 X LS g-0I X 0T uLiojoIoIy) N-D
o-0L X ¢’S o 0L X L'T 0T XTI 9 0L X £'1 N-4 10j sjejoyqng
0T X TT 10T X ¥'1 o0 XTI g-0I X6'9 -0 X 0'9 OL XTI 9 0L X 0¥ AIA-TT
-0 X 06 10T X ¥°L I XLE I XET (0L XLE 10 X €T 90T X 6T 0L X 0T  3plio[yoey3) uoq.rey)
0L X €T 0L XTT 101 X 89 O X LT L OL XYY I XTI 0L X0V e 0L XV¥'1 DL
901 X 8T (0T XT9 ¢-0I X 8¢ 0L X €€ (0L X8S 0L XT'S 0TI XTI 01 X 0¥ qDd
s-0L X ¥°L s1-0L X T'1T p1-0L X TT 0L XT8 o101 X L'8 ¢0I XT9 er-0I X ¥'I 0L X 0§ wiojolory) N-€
o0l X 6 o-0L X L8 901X 69 o 0L X LT N-V 10§ sfejoiqng
90T X I'T o-0T X $'1 o0 XTI (0L X 69 1-0I X 09 0L XTT s 0L X0V AIA-TT
0T XTL (0L X6S (0L X0¢ 0L X €T (0L X0e -0 X €1 o0 X €T ¢-0I X 0’8  3plo[ydEya]} UOqle)
o-0I XTI ¢-0T X 0T (0L X €9 =0T X LT (OTXTY I XTI 0L XLE eI XET HIL
-0l X v'¢ 7-0I X 8L e1-0L X L'V 0L X €¢ a0 X ¢EL 0L X TS o1-0I X 'L ¢OLX0S q0d
¢-01 X 0°¢ ¢-01 X 0°§ o-0L X9y 0L XT8 1OIXSE | D 8 ¢-0I X LS e0I X 0T ULI0§oI0IY ) NV
play-aaN
YSIA J30ued AsH Jadued  ([p-3y/3w]/y) ASH ((p-3y/8wlyx)  (p-8y/Buwr) (1/3w) [edpuey) yujod
fe303 IN'T'T YSII I3dUBd uonereyuy 1dD) Jdued eI 1dD) ayelul [BIQ)  UOHBIJUIDUOCD UoIBAIISqQ
[e303 VA Jojoey Kouazed Joyoej Kouajod PPl
-130Ued -132Ued [eIQ
uoyejeyuy

*19JeM PunoJg pajeIpowa ‘s)nsaa N 03
uosireduiod pue s3130]0poyJPUL Y UO PIseq OLIBUIIS 3INS0dX3 IANBAIISUCI-Y)[EaY 3Y) J0J SYSLI JIOUEBD PIPIPAIJ 6-V dqeL

A-18



December 1990

CERCLA Feasibility Study for the LLNL Livermore Site

UCRL-AR-104040

o 0L X 9L 0L X 'L 90T XSS 9.0IX9'S - 0] sjejoyqng
s-0I X T'T o-0I X S'L 0IXTT o-0I X §°€ 0L X 0°9 0L X €9 0L X TT celigy!
T X 'S OIXSp (I XTT O X €T (IXTT I XET 00T X L' 0L X 09 3pHo[YIRYd) UoqIE)
(0L X 6°8 (0T X 9L LOLX9Y L 0IXLT LOLX0E -0 X T'T 0T X LT 0L X §'6 HOL
001 X 09 o-0I X €1 g-0I X T8 0L X €€ o-0L X €T 0L X T'S g0IXST 0L X L8 q0d
(T X ST I X ST (0L X €T 0L XIS g-0I X LT e-01 x I'9 o-0I X 6T 0L X 01 uLI0joIO0Y ) W-a
0T X0T e0IX TS eI X ¢ eO0LX LT W-D 10§ s[ejoiqng
0L X TS 0L X b€ o0 XTI 0L X L'L 1-0I X 0°9 e-0L X 6T 0L X 0'L ADA-TD
(0T X LT 0IXTT (O X TT L X €T (OIXTL I XET IX98 0L X 0'€  3pHO[YIRLI) UoqIR)
o-0L X TT o 0L X 0'T 0L XE9 0L X LT (LX TP -OIXTT 0L X L'E 0L X €1 HOL
90T X 9°L o-0I X LT LOEX 0T e-0L X €€ 9-0L X 9T OIXTS 0L X T'E 0T XTI qOd
90T X 0°T o0 X L'T 0L X 9T 0L XIS (OIXTT 0L XT9 01 X 07 0L X 0L uLIo§0I0[Y) WD
. prRY-PIW
o 0L X P°L 0L X 8T O X T'L 00T X 69 N-@ 10§ s[ejoiqng
0L X ST 0L X 01 OIXTT o 0T X TS 01 X 09 00T X9'8 0T X 0°€ ClligN!
~OL X 'S OLX Y (0L XTT 0L X €1 (OIXTT I XET 0L X LT 01X 09  3pHOYIEI}3) U0qIE)
(~OT X 6°L 0T X 89 0L XTI -0 X LT (OTX LT I XTT 0T X T p0IX S8 qOL
o-0L X T°9 0L X ¥'T g-0I X €8 0L X €€ o 0L X €T I XTS ¢-0IX ST 0L X 8'8 qOd
g-0I X ST g0 X ST 0L X €T 01 XT3 eI X LT ¢-0I X T'9 (01X 6T 0L X 0T uLIojoIo[y) N-a
YSIL I9duEd ysu Jaoued  ([p-8y/Sul/y) ASH (lp-3/8w)yr)  (p-8y/3wr) (71/3u) [edpway) jujod
1e303 INTI HSLI JIDURD uope[eyUY IdD) I3dued [giQ dD) Mejul [BI)  UOPRIIUIIUOD uoneAIIsSqQ
18303 VdH Iojoej Kouajod Joyoej Louzjod pajaIpalg
-13dued -I3dued eI
uorjejeyuy
(panunuo)) ‘6-v dqe],

A-19



P

December 1990

CERCLA Feasibility Study for the LLNL Livermore Site

UCRL-AR-104040

gL XT6 9-0I X ¥'6 901 X 9§ 9-0I X &€ d-D Joj spejoqng

o-0L X T'S o-0I X ¥'€ 0L XTI o 0L X L'T 1-0T X 0°9 o 0L X 67 0L X 01 qOa-11
F0IX LT 0IXTT LOLXTT T0I X €T [OIXTT I XET I %98 0L X 0'€ dpLIo[PEIa) UoqIe)
g 0LXTT — (O0IX96 L OIX8S  f0IXLT  ,0IX8E  OLXTT  gOIXPE  oOIXTI DL
o 0T X 69 o-0I X 9] 0L X ¥'6 0L X €€ o 0L X ST 0L X TS 0L X 6T 0L X 0'L qd
0T X68 o 0L X ST 90T X ¥'T 0L X T8 L0 X 0T c0LXT'9 ¢-O0T X L'T 01 X 0°9 ULIOJOJIO[YD) 40
901 X 9°€ 0T X LT 0T X ¥'T 00T X €T A-4 10j sfejoiqng

LOIXTS (0L X '€ 0TI XTI P S § 0L X 09 OIX6T 0L X 0T qOA-IT
101 X 06 LOEX VL FOIXLE I X ET LOTXLE -0 X €1 001 X 6T 0L X 0T  3PpLO[YIEL?) UoqIe)
0T X €1 0L X I'T (01 X 89 0L X LT L(OTX PP I XTT 0L X 0 0L X T AOL
o-0L X ¥'T LOLXTE g-0I X 6'L e-0L X €€ LI X 6T 0L X T'S o 0L X LS 0T X 0T q0d
0L X ST 601X ST P ] g 4 OIXT8 . o-0IX LT 0L XT'9 0L X 67 o 0L X 0'1 uLI0joJ0[Y) A4
o 0L X € o-0L X 6L 00T X €9 00T X 9T A-V 10§ sjejoiqng .

90T X I'T 90T X $'1 0L XTI (DI X 69 1-0I X 0°9 o 0IXTT 0L X 0¥ - ADATY
10T X €9 OIXTS (0T X 9T 0T X €T (I X 9T 0L X €T o-0I X 0T 0L X 0L 3pHOYdRLI) UOqIE)
00T X 0°T (0T X 8'8 O XES 0L X LT (OIXSE I XTI cOIXTE cOIX T'T AOL
¢ 0T X V'€ ¢OIXEL G OLXLY 0L X €€ ¢VIXEL 0L X TS XY o 0L X 0'S q0d
-0 X LT 0L X S 0L X TV ] ol LOIXTE 0L XT'9 -0IX TS 0L X 8T ULI0JOIO[YD) iV

A prayfav,g

ST J9dued ASH ddued  ([p-By/3ur)/y) ysu ((p-8y/8wl)  (p-3y/3u) (7/3w) [edqurag) jujod
1€303 IN'T'T ¥SII J3duBd uopjejeyuy adD) Jadued [eaQ IdD) Aejul eI  UOHBIIUIDIUOD UO[BAIISGQ
18303 VdA Jo03oej Aousjod Joyoej Louzjod P EIRIENE
) -I3duBd -13dued [e1Q
uonereyuy
(Panunuo)) °6-V3lqeL

A-20



CERCLA Feasibility Study for the LLNL Livermore Site December 1990

UCRL-AR-104040

9-0L X 9°L sOIX T 01X 08 90IX TS A- 10§ s[ejoyqng
s-0I X 0T o0 X 69 o0 XTI 0L X '€ 1-0I X 09 o 0L X LS 0L X 0T qOA-TT

10T X L°S LT X LYy (0L XET 0L X €1 LOLXET 0L X €1 o-0I X 8L s-0I X €9  aplIofoeLd) Hoqle])

OEXE8  OIXOL . 0IX9Y  0IXLT L O0IXOE g 0IXTT  gOIXLT  ,0IXS6 DL

-0 X 6°S o0 X €1 g-0I XT'8 0L X EE oI X €1 0L X TS 0L XST 01 X 9'8 H0d

(~0L X T (0L X0y LI X LE =0T X 18 ¢-0I X 87 e-0I X T'9 o 0L X 9% 0L X 91 uIojoloy)y a-d
YSH 19oued ASH J20ued>  ([p-By/Bwi]/y) ASH ((p-3y3w)T)  (p-3y/Bw) (7/3w) [edqwey) yujod
12303 IN'TT YSId FduEd uofeeyuy dD) Jadued [eiQ 1dD) ajejur [BX)  UOPBIJUUOD UOJIBAIISqQ

1303 VdA Jojoej Aauajod Jojaej Louazod pPajdIpaLg
-Jadued -130Ued (810
uoperequy

(panunuo)) “6-V 3IqBL

A-21



U CRL-ARJ 04040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

and health-conservative scenarios, respectively, that were derived using the EPA recommended
guidance (U.S. EPA, 1989a). The LLNL methodology treats 1,1-DCE as a noncarcinogen;
whereas, the EPA methodology treats 1,1-DCE as a carcinogen. For comparison, Tables A-8 and
A-9 also contain the risk values derived using the LLNL methodology, which originally appear
in Tables A-6 and A-7.

Table A-10 summarizes the LLNL-derived hazard indices for the best-estimate and
health-conservative exposure scenarios for 1,1-DCE. Tables A-11 and A-12 contain the
noncarcinogenic hazard indices for the best-estimate and health-conservative exposure scenarios,
respectively, that were derived according to the EPA recommended guidance (U.S. EPA, 1989a).
The hazard index is the total chemical-specific exposure divided by a reference dose (RfD),
which is the estimated maximum chronic daily intake of the chemical not expected to produce
adverse health effects. The RfDs are taken from EPA reference material (U.S. EPA, 1989b and
1990). For comparison, Tables A-11 and A-12 also contain the hazard-index values derived by
the LLNL methodology, which appear in Table A-10. ' ;

Additional details concerning the methods of calculating incremental cancer risk and
noncarcinogenic hazard index for ground water contaminants can be found in Section 6 and
Appendix S of the RI (Thorpe et al., 1990).

A-2. COMPARISON OF LLNL AND EPA PROCEDURES FOR
ASSESSING RISK

The procedures used by LLNL for assessing exposure and estimating risk for the RI
differed in certain respects from methods recommended by the EPA (U.S. EPA, 1989a). Cancer
potencies for TCE, PCE, and chloroform were calculated based on metabolized rather than
applied doses (see Section 6.1.2.1 and Table 6.1.2-1 in Thorpe et al., 1990). Moreover, on the
basis of a comprehensive review of the toxicological literature concerning 1,1-DCE, this VOC
was treated as a noncarcinogenic compound (see Section 6.1.2-2 and Appendix R in Thorpe
et al., 1990). The LLNL approach is consistent with that adopted by the State of California
Department of Health Services (DHS, 1988) concerning the potential carcinogenicity of 1,1-
DCE. However, the EPA has classified 1,1-DCE as a group C carcinogen (i.e., possible human
carcinogen), and has derived cancer potencies for this compound (U.S. EPA, 1989b and 1990).

In addition, the LLNL calculations of water-based exposures to the VOCs of concern
include estimates of exposure from four different pathways (i.e., ingestion of drinking water,
ingestion of fruits and vegetables irrigated with potable water, inhalation of potable water
indoors, and dermal uptake of potable water during showering and bathing). The EPA typically
considers only two of these pathways: ingestion and inhalation of potable water. Accordingly,
for purposes of comparison, cancer risks were calculated using EPA methodology (U.S. EPA,
1989a) and toxicity data (U.S. EPA, 1989b and 1990). These estimates appear in Appendix S of
the RI. ’ '

- Table A-13 lists the maximum incremental cancer risks associated with exposure to
VOCs in ground water at LLNL if no cleanup or treatment were to take place. As described in
Section 3, estimates of cancer risk are presented based on both the LLNL and the EPA
methodology, and on two different exposure scenarios (i.e., best estimate and health

Text continues on page A-31
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Table A-13. Comparison of risk values for unremediated scenario derived using the LLNL
and the EPA methodologies.

Highest 70-y
average Arrival time of Based on LLNL
Unremediated concentration of maximum method for Based on EPA method
scenario (from RI total VOCs concentration estimating for estimating cancer
Predecisional Final) (ppb) ) cancer risk risk
Best estimate® 0.15 270 2.0 x 10-7 7.0 x 10-7
Health conservative? 440 110 1.0 x 103 1.0 x 10-3
Health conservativeP 584 35 , 20x10°3 2.0 x10-3

2 Based on receptor wells in downtown Livermore.
b Based on a potential monitor well drilled 250 ft west of LLNL.
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conservative; see Sections 5.3 and 6 in Thorpe et al., 1990). These exposure scenarios represent
alternative sets of assumptions regarding the movement, degradation, and dilution of the
contaminated ground water.

The LLNL procedure for deriving incremental cancer risk results in a best-estimate
value of 2 x 10~7 and the EPA procedure yields a best-estimate incremental cancer risk of
7 x 10~7. Both risk values are for exposures for receptor wells in downtown Livermore. Under
the health-conservative exposure scenario, the EPA and LLNL methods for estimating
incremental cancer risk produced identical results of 1 x 103 for receptor wells in downtown
Livermore, and 2 x 103 for exposure to water from a potential monitor well drilled 250 ft west
of LLNL. The differences between the LLNL and EPA methodologies notwithstanding, the
maximum incremental cancer risks determined using the two approaches (i.e., LLNL and EPA)
are either identical (health-conservative scenario) or only slightly different (best-estimate
scenario).

Table A-14 summarizes the estimated maximum incremental cancer risks for the
best-estimate and health-conservative exposure scenarios associated with concentrations at
receptor wells after remediation of the ground water at the LLNL site to MCLs. These values
were determined using the LLNL or EPA methodologies, as noted in the table.

Under the best-estimate scenario, the maximum incremental cancer risk estimated using
the LLNL method is 9 x 10~9 for exposure related to a receptor well in downtown Livermore; the
corresponding value resulting from the use of the EPA method is 5 x 10—8. Under the
health-conservative scenario, the LLNL methodology yields estimates of a maximum cancer risk
of 9 x 106 associated with exposure at a receptor well in downtown Livermore (far-field) and
1 x 105 for a potential monitor well drilled 250 ft west of LLNL (near-field). Using the EPA
methodology, the corresponding values for maximum incremental cancer risk for exposure at
near- and far-field wells are 2 x 10~5 and 1 x 105, respectively. Regardless of which exposure
scenario or method of calculating exposure and risk is considered, these risk levels are
significantly lower than those estimated in the baseline case described in the RI.

A-3. ANALYTICAL TRANSPORT MODELING USED FOR RISK
ASSESSMENT

To calculate the risk associated with VOCs remaining in the subsurface after the proposed
remedial alternatives have reduced the concentrations of VOCs to or below their MCLs, the
analytical transport model PLUME (In-Situ, 1986) was used to simulate the migration of PCE,
TCE, chloroform, carbon tetrachloride, and 1,1-DCE from LLNL property. Except for the initial
mass input to the system, the parameters entered into PLUME were the same as those used for
the Baseline Public Health Assessment (BPHA) modeling described in the RI report (Thorpe
et al., 1990). Modeling assumptions and verification are further discussed in that document.

: For these simulations, we have assumed that areas currently containing concentrations of
- VOC:s greater than 100 ppb (10 ppb for carbon tetrachloride) will be the only localities to contain
significant VOCs, at or below MCLs, after remediation. Therefore, the locations of the source
area rectangles input to PLUME were based on the present day “hot spots” of the modeled
compound (Figures A-1 through A-5). The initial concentration within a source rectangle was
set equal to the compound’s projected concentration at the time that remedial action objectives
have been met as follows: PCE =5 ppb, TCE = 5 ppb, chloroform = 20 ppb, 1,1-DCE = 3 ppb,

Text continues on page A-38
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Table A-14. Comparison of maximum risk values for remediated scenario derived using the
LLNL or the EPA methodologies.

Highest 70-y

average Arrival time of  Based on LLNL
Unremediated concentration of maximum method for Based on EPA method
scenario (from RI total VOCs concentration estimating for estimating cancer
Predecisional Final) (ppb) ) cancer risk risk
Best estimate? 0.006 265 8.9 x10-° 4.7 x 10-8
Health conservative? 3.0 97.5 9.2x10-6 1.3x10-5
Health conservativeP 34 22 1.1x10-5 1.8 x10-5

2 Based on receptor wells in downtown Livermore.
b Basedona potential monitor well drilled 250 ft west of LLNL.
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and carbon tetrachloride = 0.5 ppb. These concentrations may be lower than MCLs. For
instance, 1,1-DCE is usually associated with TCE and found at lower concentrations than TCE,
beneath the LLNL site. When the concentration of TCE in ground water is reduced to 5 ppb, the
concentration of 1,1-DCE is reduced below its MCL of 6 ppb. Source rectangles with more than
100 ppb of 1,1-DCE were assigned an initial concentration of 3 ppb, one-half its MCL. Other
1,1-DCE source rectangles were located over the present-day 10-ppb isoconcentration contours
(Figure A-5) and assigned an initial concentration of 0.3 ppb.

The observation points were positioned downgradient of the maximum concentration for
each modeled compound within an observation field, i.e., near-, mid-, or far-field (Figure A-6).
Tables A-1 and A-2 present the results of the best-estimate and health-conservative simulations,
respectively. The observation point labels are consistent with those used in the RI report (e.g., the
maximum concentration of chloroform in the near-field is observed at point A-N; the maximum
concentrations of TCE and carbon tetrachloride at point B-F). With the addition of 1,1-DCE
simulations, observation point D has been added to the analysis and Tables A-1 and A-2.

The simulated compounds are listed in column two, and the modeling results are
presented in columns three, four, and five of Tables A-1 and A-2. Column three contains 70-y
average concentration values for each compound at each observation point. The maximum 70-y
average is listed for the compound of interest at a particular observation point (e.g., chloroform at
“A” points). The values for the other compounds at a particular point were calculated using the
70-y period yielding the maximum average concentration for the compound of interest at that
point. If the calculated 70-y average was lower than 0.1 ppb, ND was entered into the table. -

Column four lists the predicted maximum concentrations at each observation point for the
compound of interest. The fifth column shows the arrival times, in years, for the predicted
maximum concentrations. Predicted concentrations of PCE and 1,1-DCE are reported in the
mid-field because “hot spots” exist downgradient of the near-field (i.e., west of Vasco Road;
Figures A-1 through A-5) only for these compounds. .
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APPENDIX B
ANALYTICAL FLOW MODELING

B-1. EXTRACTION WELLS

The two-dimensional analytic flow model CAPTURE was used to estimate the number
and placement of extraction wells for the two extraction alternatives considered in Section 3.
CAPTURE estimates the flow paths in a water-bearing zone that would result from ground water
extraction, and produces graphic output showing horizontal flow lines converging on an
extraction well or wells. The model assumes a homogeneous isotropic aquifer of uniform
thickness, with a unidirectional, uniform gradient prior to pumping. These simplifying
assumptions limit the accuracy of CAPTURE for the heterogeneous alluvial sediments beneath
LLNL, but the program is useful for preliminary siting of extraction wells, well field design, and
sensitivity analysis. A more detailed description of this model is presented below.

The important input parameters for determining the extent of capture for an extraction
well are hydraulic conductivity (K), thickness of permeable sediments (b), hydraulic gradient (i),
and pumping rate (Q). The values assigned to these parameters in the CAPTURE simulations for
Extraction Alternatives Nos. 1 and 2 are presented in Table B-1.

The major uncertainty in predicting capture areas in the alluvial deposits at LLNL is the
variability of K. Preliminary results of pumping tests on existing extraction well EW-415
indicate a local transmissivity (T) of about 1 ft?/min and a hydraulic conductivity (K) of about
0.01 ft/min. In addition, Tompson (1990) applied stochastic theory to pumping test results and
obtained an effective conductivity (Keff) of 0.01 ft/min for the LLNL site and vicinity. This was
used in both extraction scenarios to site pumping locations for hydraulic control of VOC plumes.

Because the two remedial alternatives encompass different areas, the hydraulic gradient
entered into CAPTURE was based on the average hydraulic gradient within each domain. The
average hydraulic gradient in the LLNL area is about 0.004 ft/ft, whereas the average hydraulic
gradient in the western part of the study area is about 0.0025 ft/ft. These gradient values were
assigned a westerly direction in Alternative Nos. 1 and 2, respectively.

The width of the hydraulic capture area (w) is directly proportional to the ratio of Q/b and
CAPTURE requires that the simulated aquifer be of uniform thickness. However, the actual
values of Q and b will vary depending on location and well construction. Preliminary results
from EW-415 indicate that it can maintain a pumping rate of 50 gpm without causing excessive
drawdowns in the well. EW-415 has a screen length of 100 ft, hence the ratio of Q/b for EW-415
is about 0.5, which is less than the sitewide average of 1.0 gpm/ft based on hydraulic test results.

- Assuming the ratio of Q/b equal to 0.5 is a conservative estimate of well yield over the rest of the
LLNL site, we assigned a pumping rate (Q) of 20 gpm to all extraction wells and an aquifer
thickness (b) of 40 ft in both simulations (Q/b =20 gpm/40 ft = 0.5 gpm/ft).

B-2. DESCRIPTION OF THE ANALYTIC FLOW MODEL CAPTURE

CAPTURE is a proprietary computer program that evaluates the removal or containment
of ground water from a water-bearing zone by extraction wells or trenches. It is written in

B-1
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Table B-1. Summary of CAPTURE input parameters for Extraction Alternative No. 1 and

Alternative No. 2.
Extraction Alternative  Extraction Alternative

Parameter Units No. 1 value No. 2 value
Hydraulic conductivity ft/min 0.01 0.01
Hydraulic gradient ft/fe 0.004 (west) 0.0025 (west)
Aquifer thickness ft 40 ' 40
Number of extraction wells N/A 18 8
Pumping rate of extraction wells gpm 20 20
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FORTRAN and runs on an MS-DOS microcomputer with a dot matrix printer, plotter, screen
graphics, or laser printer. Up to 20 wells and 20 trenches can be modeled simultaneously.

B-2.1. Theoretical Basis and Assumptions

Ground water flow is modeled according to conservation of mass under transient or
steady state conditions (Javandel ez al., 1984). Movement of ground water is simulated by
injecting particles at each selected well or trench and tracking the particle flow. Plotting the
resulting flow lines produces the same pattern as extraction at the same rate and opposite
hydraulic gradient. Modeling multiple wells is based on RESSQ (Javandel et al., 1984).
Modeling the capture area for a trench is based on a steady state line-sink analytical solution
presented by Muskat (1937). The program code was developed independently of RES SQ
(Javandel ez al., 1984) to run under MS-DOS by Donald G. McEdwards.

The water-bearing zone is assumed to be horizontal, fully saturated, homogeneous, of
constant thickness and infinite lateral extent, and confined above and below by impermeable
layers. The hydraulic gradient is assumed to be uniform in the absence of pumping. Thus, prior
to pumping, undisturbed ground water flow in this idealized water-bearing zone is uniform and
horizontal, and ground water “particles” follow parallel paths, or streamlines, in the
downgradient direction.

Adding pumping wells and/or trenches alters the background uniform flow pattern. The
wells or trenches are assumed to fully penetrate the water-bearing zone. The trenches are
assumed to have been pumped at a constant rate for an infinite time, such that the water-bearing
zone reaches equilibrium with the trenches. The wells can be either transient or in equilibrium
with respect to the water-bearing zone.

B-2.2. CAPTURE Output and Use

Flow paths of ground water “particles” will be drawn toward the extraction wells or
trenches, and some flow will be “captured” and removed from the water-bearing zone. A cone of
depression is formed by the concavity of the piezometric surface. This capture is depicted in the
CAPTURE plots by flow lines that converge and terminate at pumped wells or trenches. Figure
B-1 is a schematic CAPTURE plot that lists some of the model assumptions and describes how
the input parameters influence the shape of the resulting flow lines.

The velocity of ground water flow in the capture area is shown graphically on the flow
lines by Xs, which represent time intervals of ground water particle flow along each depicted
flow path. Water on the upgradient side of a pumped well moves more rapidly toward the well
than water on the downgradient side, and the capture area upgradient of the extraction well is
larger than the capture area downgradient. The differences between upgradient and
downgradient water velocities and capture areas are nonexistent where there is no gradient and
- increase as the gradient increases. A “stagnation point” exists at the rim of the cone of
depression where, under steady state condition, water will not move (Figure B-1).

To achieve efficient capture and removal of contaminated ground water, extraction wells
and trenches should be placed so the shape of the capture area closely corresponds to the area of
contaminated ground water. The downgradient edge of the capture area should lie at or beyond
the downgradient margin of contamination to ensure complete capture or containment.
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Figure B-1. Schematic CAPTURE plot.
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Generally, several iterations are run to represent alternative locations and combinations of wells
and trenches, as well as best- and worst-case assumptions for geohydrologic parameters.

In using CAPTURE to optimize the location of extraction wells and trenches, several
points should be considered to help assess the accuracy of the predicted capture area:

The degree to which the water-bearing zone conforms to the idealized conditions assumed by
CAPTURE.

Input pumping rates must not exceed those which can actually be achieved; otherwise, the
predicted capture area will be too large.

Capture area is fairly sensitive to the input parameters of pumping rate, hydraulic
conductivity, aquifer thickness, and hydraulic gradient.

B-2.3. CAPTURE Input

The following data are needed as inputs to the CAPTURE computer program, and are

listed in the required order:
TITLES$ (character string in quotes)
SCALE, GRAD, THETA

e

SCALE is a plot scale in feet per inch.

GRAD is the hydraulic gradient in the water-bearing zone with no pumping. Sign of gradient
is taken as positive in the direction of ground water flow.

THETA is the angle of the downgradient direction in degrees counterclockwise from the
positive x axis.

PERM, STORAGE, HEIGHT, POR

PERM is the hydraulic conductivity of the water-bearing zone in feet per minute.
STORAGE is the storativity of the water-bearing zone—dimensionless.
HEIGHT is the thickness of the water-bearing zone in feet.

POR is the effective porosity of the water-bearing zone in decimal form.

STP, TEND, LPATH

®

STP is the length in feet of the straight line segments used to make each streamline.
TEND is the time at which the particles reach the pumping wells (— 0 for steady state
analysis).

LPATH is the length of the streamlines to be drawn in feet.

NWSTREAM, NLSTREAM, PLTM1, PLTM2, PLTDT

NWSTREAM is the number of streamlines converging on each well.

NLSTREAM is the number of streamline pairs converging on each line sink or source
(trench).

PLTM1 and PLTM2 are the times, in days, of the first and last “X’s” plotted along each
streamline.

PLTDT is the time, in days, between each plotted asterisk along the streamlines.

For each trench:
SIGMA(J), XEND1(J), YEND1(J), XEND2(QJ), YENDZ(J ), LYN$(®))

SIGMAQ(J) is the flow rate per unit length of the Jth trench in gallons per minute per foot.
Pumping is positive and injection is negative.

XENDI1(J) and YEND1(J) are x,y coordinates of one end of a trench, in feet from the origin
of the plot.
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o XEND2(J) and YEND2(J) are x,y coordinates of the other end of the trench, in feet from the

origin of the plot.
o LYN$(J)is “Y” or “N” depending on whether streamlines of the trench are to be plotted.
o SIGMA =999 signals end of line sink (trench) input.

For each well:
' Q(K) XCORD(K), YCORD(K), WYN$(K)
Q(K) is the flow rate of the Kth well in gallons per minute. Extraction is posmvc and

injection is negative.
¢  XCORD(K) and YCORD(K) are the coordinates of the well, in feet from the origin of the

plot.
o WYNS$(K)is “Y” or “N” depending on whether or not streamlines of this well are to be

plotted.
*  Q(K) =999 signals end of well input.

B-6

P ]

s,
aosen e

e




o

.

S
.
b

-
.

Bt - &,

i



UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

APPENDIX C
CLEANUP TIME ESTIMATES

C-1. PUMP-AND-TREAT SCENARIO 1: EXTRACTION OVER ENTIRE
VOC PLUME

To estimate the length of time necessary to remediate VOCs in ground water at LLNL,
the entire plume can be idealized as a well-mixed “tank” (Figure C-1):

Ground water
Qi —> Vv — Qout
w
C=0 cw C:Cw

N
N

/

Figure C-1. Idealized VOC plume for cleanup time estimate.
where

Qin = Qout = Qp = extraction pumping rate,

Cin = VOC concentration upgradient of plume (assumed = 0),
Cout = VOC concentration in extraction wells (assumed = Cy,),
Cw = average VOC concentration in ground water within plume (My/Vy),
Vw = volume of ground water within plume,
.My, = total mass of VOCs in ground water,
Cs = average VOC concentration sorbed in saturated soil,

= volume of saturated soil solids within plume, and
ps = specific gravity of solids.

In this idealization, the plume contains two reservoirs of VOC mass: VOCs in ground
water and VOCs sorbed in saturated soil. We assume that all sources of VOCs within the vadose
zone have been (or will be) removed so that no more leaching of contaminants from the vadose
zone to the saturated zone will occur. As ground water is extracted from the plume, clean ground

C-1
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water flows inward from the plume margins. This clean ground water comes into contact with
soil containing sorbed VOCs and a new concentration equilibrium is established. This process is
assumed to be governed by an equilibrium soil-water distribution coefficient (Kz), which is
defined as (concentration sorbed)/(concentration in solution). Thus, VOC mass is transferred
from sorbed soil to ground water and exits the system via the extraction wells. In addition,
VOCs in ground water may degrade into nonhazardous compounds. This process is assumed to
be first-order with a rate constant (A) that results in an equivalent half-life of 50y (Thorpe et al.,
1990). A balance of mass equation can be written as

Amassio; = Amassg + Amassy,.

The change in total mass consists of the removal by pumping (—Cpr) and loss due to
transformation processes (—ACy,Vy,),

expanding:
invoking the definition of K
Kd = CS/CW’ SO ACS = KdACw;
substituting: |
(—CwOp-ACwVwAL = KgACwVPs + ACyVy:
void volume and solids volume are related by:
Vs =Vw (1-n)/n;
substituting:
(-CwOp-ACwVw)Ar = KgACwVywps (1-n)/ n + ACywVry:
rearranging: |

(‘T,%—p - x) Cwht = ACy [Kaps (1—n)/n + 1.

The quantity in brackets is recognized as the retardation factor, R (Bear and Verruijt,
1987). Substituting and rearranging:

ACw/Cy = ~Qp/VR +MR) At;
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and reexpressing as a differential:

dCylCy = — (Qp/VwR + MR) di;

integrating:
“ac
w t
f o = [Zd) | a
Cwo " VWR 0
then
Cyw
in(Cy)| =_(_Qp_+_t)t;
Cwo VoR R

evaluating and reexpressing:

t

) = Cuoo|- (75

This is recognized as an exponentially declining function in time, with an exponential
constant of k = Qp/VwR + A/R. The half-life of this function is 71 = 1n2/k.
e The estimated extraction flow rate (Qqyp) of the 18 proposed extraction wells is about
350 gpm (7 x 108 L/y), based on pilot study experience and capture zone modeling.
 The volume of ground water containing VOCs (Vy) is estimated to be 2.9 x 109 gal
(1.1 x 1019L), based on summation of the volumes of the plume where VOC concentrations
exceed MCLs or action levels for one or more compounds.
* The mass of VOCs in ground water (My,) within this region is estimated to be 1934 1b
(879 kg), based on integration of the concentrations over the volume of the plume exceeding
MCLs or action levels.
¢ The total mass of VOCs in ground water and soil is equal to the mass of VOCs in ground
water times the retardation factor (R). Assuming a representative retardation factor of 1.5
(Thorpe et al., 1990; Tompson, 1990), the total mass of VOCs in the plume is 879 x 1.5 =
1319 kg. ‘ '
 The average initial concentration of VOCs in ground water (Cyw0) is My/Vy, = 81 1g/L (ppb).
A plot of the removal rate, based on these estimated parameters, is shown in Section 3 as
Figure 3-8. Using these parameters, the half-life of this removal function is 13.3 y. Based on the
estimated total extraction pumping rate, one pore volume of ground water is exchanged every
- 13y (=Vw/Qw). As shown in Figure 3-8, the length of time necessary to lower the average
concentration of the plume to less than 5 ppb (a hypothetical cleanup standard) is about 53 y.
Several of the assumptions and parameter values affect the duration of this cleanup time.
Conditions that may decrease cleanup time are:
* The preceding discussion assumes that ground water is extracted uniformly from the entire
plume. In practice, we will selectively locate the extraction wells within regions of highest



UCRL-AR-104040 CERCLA Feasibility Study for the LLNL Livermore Site December 1990

VOC concentration. This will result in greater rates of VOC removal in the early stages of
pumping, and will decrease cleanup time.

e If a greater total extraction pumping rate can be maintained without significant dewatering of
the saturated sediments, cleanup time will decrease.

o If less sorbed mass is present (smaller R and K ), cleanup time will diminish.

o If the degradation half-life is less than 50 y, cleanup time will diminish.

Conditions that may increase cleanup time are:

o If a smaller total extraction pumping rate is achieved, which may result if significant

~dewatering of saturated sediments occurs, cleanup time may increase.

¢ If more sorbed mass is present (larger R and Kj), cleanup time may increase.

o If equilibrium concentrations between soil and ground water are not established during
pumping (rate-limited desorption), cleanup time may increase.

-« If the degradation half-life is greater than 50 y, cleanup time may increase.

C-2. PUMP-AND-TREAT SCENARIO 2: EXTRACTION AT
DOWNGRADIENT MARGIN OF VOC PLUME

In this scenario, eight extraction wells are located near the western margin of the VOC
plumes. These wells will arrest further offsite migration of VOCs by intercepting all ground
water that flows beneath the LLNL site. However, these wells will not be located at the regions
of highest concentration of VOCs on site, and therefore cleanup times will be longer. The
preceding analysis is also applied to this scenario, only the flow rate is reduced.

» The estimated extraction flow rate (Qgyp) Of the eight proposed extraction wells is about
200 gpm (3.7 x 108 L/y), based on pilot study experience and capture zone modeling.

+ The volume of ground water containing VOCs (Vy,) remains the same at 2.9 x 109 gal
(1.1 x 1010 L), based on summation of the volumes of the plume where VOC concentrations
exceed MCLs or action levels for one or more compounds.

* The mass of VOCs in ground water remains the same at 879 kg.

» The total mass of VOCs in the plume (Mo within this region remains the same at 2900 1b
(1319 kg).

» The average initial concentration of VOCs in ground water (Cy) is also 81 pg/L (ppb).

A plot of the removal rate, based on the lower total flow rate and the other estimated
parameters, is shown as Figure 3-8. Using these parameters, the half-life of this removal
function is 22 y. Based on the estimated total extraction pumping rate, one pore volume of
ground water is exchanged every 28 y (=Vy/Qyw): As shown in Figure 3-8, the length of time
necessary to lower the average concentration of the plume to less than 5 ppb (a hypothetical
cleanup standard) is about 87 y. '

C-3. ACHIEVING REMEDIAL ACTION OBJECTIVES
- WITHOUT ACTIVE REMEDIATION

If active ground water remediation were not implemented, the VOC plume would slowly
disperse and degrade by natural processes. The transport model PLUME was used (In-Situ, Inc.,
1986) to estimate the time necessary for the concentration of each VOC to fall below its MCL.
The model and the “best-estimate” parameters used for the simulations are discussed in the
Remedial Investigation (Thorpe et al., 1989). The compounds simulated included PCE, TCE,

c4
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chloroform, and “other VOCs,” which represent compounds such as carbon tetrachloride and
1,1-DCE. The simulations indicated that, of these VOCs, the concentration of TCE takes the
longest time to diminish to its MCL of 5 ppb. This is predicted to occur after about 360 y. These
best-estimate simulations predict that all concentrations of VOCs within the plume fall below
MCLs before the plume has migrated more than about 6500 ft west of LLNL.
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APPENDIX D

CONCEPTUAL DESIGNS AND
COST ESTIMATES FOR GROUND WATER
TREATMENT TECHNOLOGIES

D-1. DESCRIPTION 