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EXECUTIVE SUMMARY

On behalf of Lockheed Martin Corporation, Tetra Tech, Inc. has prepared this feasibility study for
Laborde Canyon (the site), located southwest of Beaumont, California. This report was prepared in
response to Consent Order 88/89-034 promulgated by the California Department of Toxic
Substances Control. The overal objective of the feasibility study is to develop and evauate
potential remedial action aternatives for the site that will protect human hedth and the

environment, and be cost-eff ective and sustainable.

The former Lockheed Martin Corporation property (Figure ES-1) consists of 2,688 acres of land,
and is currently owned by the County of Riverside, California. Between 1958 and 1974, portions
of the property were used by Grand Central Rocket Company and L ockheed Propulsion Company
for small rocket motor assembly, rocket motor testing operations, propellant incineration, and
minor disposal. Ogden Technology Laboratories, Inc. leased portions of the property in the 1970s
(Radian, 1986), and according to interviews with personnel familiar with the property, a portion of
the property was aso used by General Dynamics for testing a ground-penetrating radar instrument
in the late 1980s (Tetra Tech, 2009a). A second property (the Gateway Property, located on
Highway 60) was also part of the former Lockheed Martin facility. No historical operations are
known to have been conducted on the Gateway Property.

Two maor contaminant source areas are present at the property: southern Test Bay Canyon, and
the Waste Discharge Area. Groundwater flow is generally to the south. In southern Test Bay
Canyon, there are perchlorate impacts in soil to the water table and there is a perchlorate
groundwater plume that extends approximately 1,700 feet to the south (downgradient). In the
Waste Discharge Area, perchlorate, volatile organic compounds, and metals are present in soil;
perchlorate, 1,4-dioxane, volatile organic compounds, and hexahydro-1,3,5-trinitro-1,3,5-triazine
are present in groundwater. The Waste Discharge Area perchlorate plume extends approximately
3,700 feet to the south (downgradient), and likely extends somewhat beyond the southern
boundary of the property. Samples from groundwater monitoring wells located approximately 800
feet beyond the southern boundary of the property do not contain detectable concentrations of

perchlorate. Numerical groundwater flow and contaminant transport modeling (Tetra Tech, 2010b
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and 2011b) indicate that the southern Test Bay Canyon and Waste Discharge Area groundwater
plumes are currently increasing in mass and extent. A contaminant attenuation evaluation did not
identify significant attenuation of contaminants relative to the current plume mass flux rates.
Attenuation by evapotranspiration and degradation due to reducing aguifer conditions may be
occurring in a riparian corridor located south of the property, but these processes have not been
guantitatively assessed since the riparian area is not owned or controlled by Lockheed Martin
Corporation. Secondary perchlorate source areas are also present at the property in the Area M
garbage disposal area and the Area K centrifuge area. However, these areas combined constitute

less than one percent of the total perchlorate mass at the site.

The human hedth and ecological risk assessment for the site (Tetra Tech, 2012b) identified
potential risks to human receptors due to exposure to a small area of cadmium-impacted shallow
(less than 5 feet deep) soil at the Waste Discharge Area. Potential risks to ecological receptors
were identified in both mgor source areas: 1) At the southern Test Bay Canyon, there is potential
exposure to perchlorate in shallow soil; and 2) At the Waste Discharge Area, there is potential
exposure to lead (collocated with the cadmium) in shallow soil. Risks to human receptors were
also identified from potential consumption of groundwater, both on-property and potentialy in the

off-property areaimmediately downgradient of the property boundary.

Based on CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act
of 1980) guidance, applicable or relevant and appropriate requirements, the results of the remedial
investigation, and the risks identified by the human health and ecological risk assessment, the

following medium-specific remedia action objectives were devel oped:

e Protect human receptors from exposure to site contaminants in soil through ingestion,
inhalation, and dermal contact at concentrations exceeding preliminary remediation goals.

e Protect ecologica receptors from exposure to site contaminants in soil through ingestion
and food consumption at concentrations exceeding preliminary remediation goals.

e Protect human receptors from exposure to site contaminants in groundwater by ingestion at
concentrations exceeding preliminary remediation goals.

e Protect groundwater resources outside the current groundwater plume by limiting the off-
property migration of site contaminants at concentrations exceeding levels that are
protective of designated beneficial uses.
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Genera response actions that address one or more of the remedial action objectives were then
developed and used to identify remedial technology types and process options that were
potentially applicable to the site. Areas of the property where remedial actions were considered are
shown in Figure ES-2. The remedia technologies and process options were then screened based
on the CERCLA criteria of effectiveness, implementability, and cost. The process options that
remained after screening were then used to assemble 14 remedial aternatives for the entire site
that could potentially achieve the remedial action objectives. These remedial aternatives were
then screened based on the CERCLA criteria of effectiveness, implementability, and cost to arrive
at asubset of alternatives for detailed analysis.

Genera descriptions of the remedial alternatives retained for detailed analysis are as follows:

e Alternative 0—No Action (required for compliance with CERCLA)

e Alternative 3A—Limited removal of shallow soil in southern Test Bay Canyon and the
Waste Discharge Area based on the results of the human health and ecological risk
assessment, plume containment at the southern boundary of the property, and institutional
controls

e Alternative SA—Moderate removal of perchlorate mass in both soil and groundwater in
southern Test Bay Canyon, limited removal of shallow soil in both southern Test Bay
Canyon and the Waste Discharge Area based on the results of the human heath and
ecological risk assessment, plume containment at the southern boundary of the property,
and institutional controls

e Alternative 5B—Moderate remova of perchlorate mass in groundwater in southern Test
Bay Canyon, limited removal of shallow soil in southern Test Bay Canyon and the Waste
Discharge Area based on the results of the human health and ecological risk assessment,
plume containment at the southern boundary of the property, and institutional controls

For the detailed analysis, the aternatives were evaluated with respect to the following CERCLA

criteria

e Threshold criteria of overal protection of human heath and the environment; and
compliance with applicable or relevant and appropriate requirements

e Balancing criteria of long-term effectiveness and permanence; reduction of toxicity,
mobility, or volume through treatment; short-term effectiveness; implementability; and
cost

Sustainability was considered as an eighth evaluation factor, based on Lockheed Martin's
corporate commitment to environmental stewardship. The two threshold criteria must be met for
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an aternative to be eligible for selection as the site remedy; thus the balancing criteria and
sustainability are the primary criteria upon which the evaluation is based.

The detailed analysis consisted of evaluating each of the alternatives against the seven CERCLA
criteria and the sustainability criterion. A comparative analysis of the alternatives was then
conducted, in which the relative performance of each aternative was compared with respect to
each of the evaluation criteria

Based on the results of the detailed and comparative analyses, Alternative 3A was selected as the

recommended alternative for the site. This alternative consists of the following actions:

e Excavation and ex situ biotreatment of approximately 1,490 cubic yards of shallow soil
with perchlorate concentrations that exceed preliminary remediation goals in southern Test
Bay Canyon

e Excavation and off-site disposal of approximately 60 cubic yards of shallow soil with
metals concentrations that exceed preliminary remediation goals in the Waste Discharge
Area

e Installation of a biobarrier in south Laborde Canyon to prevent further off-property
migration of perchlorate in impacted groundwater, with a contingency to switch from a
biobarrier to a hydraulic containment and ex situ treatment system to treat perchlorate, 1,4-
dioxane, and volatile organic compounds if 1,4-dioxane concentrations at the property
boundary exceed drinking water standards in the future

e Implementation of institutional controls that prohibit the installation of groundwater supply
wells at the property and prohibit the extraction of on-property groundwater for use as
drinking water.

In a conditional approval letter dated October 24, 2013, the Department of Toxic Substances
Control recommended that a pilot study of in situ chemical oxidation focused on remediation of
the 1,4-dioxane groundwater plume be conducted. The remedial action plan for the site will
therefore include a pilot study of in situ chemical oxidation, and a contingency for implementing a
source area remedy for 1,4-dioxane. It is anticipated that the pilot study would be conducted as

part of remedy implementation.
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Section 1

Introduction

On behalf of Lockheed Martin Corporation, Tetra Tech, Inc. (Tetra Tech) has prepared this
Feasibility Study for Laborde Canyon (the site), located southwest of Beaumont, California. This
report was prepared in response to Consent Order Health and Safety Code Sections 25, 25355.5
@(1)(B), 25355.5 (a)(1)(C) [Docket # HSA 88/89-034] issued by the California Department of
Toxic Substances Control, that requires Lockheed Martin Corporation to investigate and
appropriately remediate releases of hazardous substances to the air, soil, surface water, and

groundwater at or from the site.

1.1 STUDY OBJECTIVE AND APPROACH

The overall objective of the feasibility study is to develop and evaluate potential remedia action
alternatives for the site that will protect human health and the environment, and are cost-effective
and sustainable. To achieve this objective, the feasibility study was prepared in accordance with
the requirements and guidelines provided in the United States Environmental Protection Agency
National Oil and Hazardous Substances Pollution Contingency Plan (USEPA, 1990) and
Guidance for Conducting Remedial Investigations and Feasibility Sudies Under CERCLA
(USEPA, 1988). Although the site does not fal under the jurisdiction of the federd
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA),
this process was followed to provide a standardized, well-understood framework for evaluating the

remedial alternatives.
1.2 REPORT ORGANIZATION

The feasibility study report has been prepared to meet the general format requirements specified in
Guidance for Conducting Remedial Investigations and Feasibility Sudies Under CERCLA

(USEPA, 1988). The report is organized into an executive summary and nine sections:

e Section 1—Introduction: Describes the purpose and objective of the feasibility study and
the organization of the report.
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Section 2—Conceptua Site Model: Summarizes the conceptual site model for the site,
including the background and history of the former Lockheed Martin Corporation
property; physical setting; geology and hydrogeology; surface water; previous remedial
actions; nature and extent of soil, soil gas, groundwater, and surface water contamination;
contaminant fate and transport modeling; contaminant attenuation evaluation; and human
health and ecological risk assessments.

Section 3—Applicable or Relevant and Appropriate Requirements: Provides a listing and
description of the applicable or relevant and appropriate requirements and other guidance
criteriafor the site.

Section 4—Remedia Action Objectives: Describes the remedial action objectives for soil
and groundwater, and preliminary remedial goals based on risk-based screening levels and
the applicable or relevant and appropriate requirements.

Section 5—Development of General Response Actions and Screening of Remedial
Technologies and Process Options. Describes the development of general response actions
and the identification and screening of remedia technologies and process options to
address impacted media at the site based on effectiveness, implementability, and cost.

Section 6—Development and Screening of Preliminary Remedial Alternatives. Provides a
description of the remedial alternatives, evaluation criteria, and screening results for the
preliminary list of remedia alternatives developed for the site.

Section 7—Detailed and Comparative Analysis of Remedial Alternatives. Presents detailed
and comparative analyses of the short list of remedial aternatives retained after screening
the preliminary list of remedia aternatives. The detailed and comparative analyses were
conducted in accordance with CERCLA criteria, and include an evaluation of the
environmental impact of each aternative.

Section 8—Recommended Remedy: Summarizes the recommended remedial alternative
for the site.

Section 9—References:. Lists documents referenced in the report.
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Section 2

Conceptual Site Model

2.1 BACKGROUND AND HISTORY OF THE FORMER LOCKHEED
MARTIN CORPORATION PROPERTY

The former Lockheed Martin Corporation (Lockheed Martin) property consists of 2,668 acres of
land located southwest of Beaumont, California (the site; Figure 2-1). Prior to 1958, the parcels
that comprise the property were owned by individuals and the United States (U.S.) government,
and were used for agricultura purposes. Between 1958 and 1960, portions of the property were
purchased by Grand Central Rocket Company (GCR) for use as a remote rocket motor test facility
(Radian, 1986). In 1960, Lockheed Aircraft Corporation (LAC) purchased one-half interest in
GCR. In 1961, GCR became a wholly owned subsidiary of LAC. The remaining parcels of land
that comprise the property were purchased from the U.S. government between 1961 and 1964. In
1963, Lockheed Propulsion Company (LPC) became an operating division of LAC, and was
responsible for the operation of the property until closure in 1974. In 2007, the property was sold
to the County of Riverside, California. A second property (the Gateway Property, located on
Highway 60) was also formerly owned by Lockheed Martin. The Gateway Property is physically
separate from the 2,668-acre former Lockheed Martin facility, and is not discussed further since
no historical operations are known to have been conducted on the Gateway Property.

From 1958 to 1974, the property was used by GCR and LPC for small rocket motor assembly,
rocket motor testing operations, propellant incineration, and minor disposal (Radian, 1986). Ogden
Technology Laboratories, Inc. (Ogden) leased portions of the property in the 1970s (Radian,
1986). According to interviews with LPC personnel familiar with the property, a portion of the
property was also used by General Dynamics for testing remote sensing devices in the late 1980s
(Tetra Tech, 2009a). Figure 2-2 shows the locations of historical operational areas and features of
the property.

In 1989, the California Department of Health Services (CDHS), now the California Department of
Toxic Substances Control (DTSC), issued Consent Order 88/89 034 (amended in 1991) requiring
LAC to clean up contamination at the site related to past testing activities (CDHS, 1989 and
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1991). In response to site characterization and cleanup activities performed by LAC from 1990 to
1993, the DTSC issued a Report of Completion of Removal Action dated April 30, 1993, stating
that no further action was necessary (DTSC, 1993).

At the request of the DTSC, a groundwater sample was collected from an inactive groundwater
production well (W2-3; Figure 2-2) in January 2003, and analyzed for volatile organic compounds
(VOCs), perchlorate, and 1,4-dioxane. VOCs and 14-dioxane were not detected in the
groundwater sample, but perchlorate was detected at a concentration of 4,080 micrograms per liter
(ng/L), which exceeded the then-current State of California action level of 4 ug/L. The perchlorate
action level was raised to 6 pug/L in 2004, and the current Maximum Contaminant Level (MCL) of
6 pug/L was established in 2007. Given the detection of perchlorate in groundwater in 2003, the
DTSC requested further assessment of the site.

Tetra Tech (2003) identified four historical operationa areas (Areas J, K, L, and M) at the
property; Areas A through | are associated with the Lockheed Martin Potrero Canyon site. Based
on new information obtained since 2003, a fifth area, the Waste Discharge Area (WDA), was
identified at the property as a potentia source area (Tetra Tech, 2007 and 2009b). Various
activities associated with rocket motor assembly, testing, and propellant burning were conducted
in each area. The locations of the four historical operational areas and the WDA are shown on

Figure 2-2. A brief description of each operational areafollows.

2.1.1 Historical Operational Area J—Final Assembly

Area J consists of a former building (Building 250) and related facilities that were used for the
final assembly and shipment of rocket motors for the Short Range Attack Missile program from
1970 to 1974. Rocket motor casings containing solid propellant were manufactured off-property
and transported to Building 250, where final hardware was assembled (Radian, 1986). Assembly
operations reportedly included installation of the motor nozzle and headcap, pressure check of the
motor, installation of electrical systems, and preparation of the assembled motor for shipment
(Radian, 1986).
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2.1.2 Historical Operational Area K—Test Bays and Miscellaneous
Facilities

Area K is the largest historical operational area, and has been divided into three subareas for

discussion purposes. The northern Test Bay Canyon subarea includes the location of a test

centrifuge and Test Bay 4, a former rocket motor test bay. The centrifuge and Test Bay 4 were

located in small side canyons on the western side of the northern portion of the Test Bay Canyon.

The southern Test Bay Canyon (STBC) subarea includes three rocket motor test bays (Test Bays
1, 2, and 3), two control bunkers (the small and large bunkers), and a large earthen structure
referred to as the “Prism.” The test bays were located in three small side canyons located on the
western side of Test Bay Canyon, and were used for testing rocket motors. The small bunker was
located near the junction of Test Bay Canyon and Laborde Canyon, and was used as a control
bunker during early operations at the property. The large bunker is located between Test Bays 1
and 4, and was used as a control bunker during later testing operations. The Prism was reportedly
constructed by General Dynamics for testing remote sensing equipment (Tetra Tech, 20094). Field
observations suggest that up to 10 feet of soil excavated from the surrounding area may have been
used for construction of the Prism. The Prism is largely intact, although the southern face of the

structure is eroded.

The Laborde Canyon subarea of Area K includes three sets of conditioning chambers located in
three side canyons on the western side of Laborde Canyon. The conditioning chambers were
reportedly used to examine the effects of extreme temperatures on rocket motors and to meet
specification requirements (Radian, 1986). A T-shaped earthen berm and revetments (referred to
as the “T Revetment”) are present farther to the south. Nine conditioning chambers were
reportedly present in the T Revetment area (Radian, 1986; Tetra Tech, 2009a).

2.1.3 Historical Operational Area L—Propellant Burn Area

Area L islocated immediately south of Area K. According to Radian (1986), large slabs of solid
propellant were reportedly transported to Area L and placed on the ground for burning. Diesel fuel
was reportedly used to initiate combustion, and once ignited, the propellant would burn rapidly.

Reportedly, no pits or trenches were dug as part of the burning process.
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No obvious man-made structures (e.g., concrete pads, regularly shaped depressions, berms, or
other features) are present within Area L that may indicate where propellant burning could have
taken place. Historical aerial photographs reviewed by Tetra Tech (2009a) showed no evidence of
brush clearing or other activities suggesting that propellant burning occurred within Area L. Low
levels of perchlorate were detected in shallow and deep soil in previous investigations. The results
from this work found no credible evidence for the presence of a source of perchlorate or other
chemicals in soil. Based on these results, it is concluded that Area L was not used for propellant
burning. It is possible that propellant burning activities at the property may have been conducted
in the WDA (Section 2.1.5) rather than Area L.

2.1.4 Historical Operational Area M—Garbage Disposal Area

Area M islocated in amajor side canyon located on the eastern side of Laborde Canyon south of
Area L. Materias disposed in Area M by LPC reportedly included scrap metal, paper, wood, and
concrete. According to Radian (1986), hazardous materials, including explosives and propellants,
were never disposed of at the garbage disposal area by LPC. The Area M disposal area was aso
used by Ogden, a company that tested valves and explosive items and reportedly disposed of
hazardous materials at the disposal area (Radian, 1986).

In 1972, a Lockheed Safety Technician was exposed to vapor-phase unsymmetrical-
dimethylhydrazine from a pressurized gas container located within the disposal area. Given
potential exposure risks to workers, LPC’'s safety group required Ogden to take measures to
remove any potentially hazardous materials from the disposal area. Shortly thereafter, a disposal
company was reportedly contracted by Ogden to clean up the disposal area (Radian, 1986).

In 1993, aremoval action was conducted at the Area M disposal area with oversight from DTSC
(Radian, 1993). As part of the removal action, surficial debris was removed and 816.45 tons of
nonhazardous waste materials were excavated and disposed off-site. A Report of Completion of
Removal Action for the Area M disposa area was subsequently issued by the DTSC on April 30,
1993 (DTSC, 1993).

2.1.5 Waste Discharge Area

A copy of Santa Ana River Basin Regional Water Pollution Control Board Resolution 62-24,
issued to LPC on September 14, 1962 (SARWPCB, 1962), was discovered by Lockheed Martin in
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2007. This document contained previously unknown information about the property. Resolution
62-24 prescribed requirements for the “discharge of industrial wastes (rocket fuel residuum) to
excavated pits.” The discharge area was described as two shallow basins protected by 2-foot
berms, located in a small canyon on the western side of Laborde Canyon, in the southwest quarter
of the northwest quarter of Section 19, Township 3 South, Range 1 West, San Bernardino Baseline
and Meridian. Resolution 62-24 contained a description of the wastes to be discharged as “residue
remaining after the manufacturing refuse is burned,” and indicated that the amount of material to

be discharged was “ approximately 5,000 gallons per year.”

The exact nature of the waste proposed for discharge is not clear from the language of Resolution
62-24. The description of the waste material suggests that the area may have been used for
propellant burning, but the use of volume units to describe the quantity of material to be
discharged suggests that the waste may have been liquid rather than solid. A 1961 aeria
photograph shows the WDA as a large cleared area with roads leading to two circular earthen
structures, suggesting that the WDA may have been in use as early as 1961 (Tetra Tech, 20093).
The brush clearing suggests use of the area for propellant burning rather than disposal of liquids.
Perchlorate and chlorinated solvent impacts in both soil and groundwater were found during the
investigation of this area (Tetra Tech, 2007 and 2009b).

2.2 PHYSICAL SETTING

The site islocated within the San Timoteo Badlands, an area of badlands topography characterized
by steep slopes, sparse vegetation, and complex drainage patterns developed primarily in poorly
indurated Pliocene- and Pleistocene-age non-marine sedimentary rocks of the San Timoteo
formation (STF). Mass wasting processes are of particular importance in the evolution of the San
Timoteo Badlands landscape. Manson et a. (2002) documented approximately 8,500 landslides
along the Highway 60 corridor between Jack Rabbit Trail (located to the east of the site) and
Gilman Springs Road, where Highway 60 emerges from the Badlands. Manson et al. (2002) noted
that virtually all of the slopes in the Badlands are debris slide slopes, formed by the coalesced
scars of numerous small debris flows and debris slides.

The topography of the site and surrounding areais shown in Figure 2-3. The principal topographic
feature of the site is Laborde Canyon, a major north-south oriented canyon that extends from a
drainage divide roughly 2,000 feet south of Highway 60 to the San Jacinto Valley, a distance of
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approximately 4.5 miles. The elevation at the head of Laborde Canyon is roughly 2,380 feet above
mean sea level (mdl), and drops to approximately 1,550 feet msl where Laborde Canyon enters the
San Jacinto Valley, agradient of approximately 0.035 feet per foot (ft/ft).

2.3 GEOLOGY

The regional geologic setting, geologic units, and geologic structure of the site and surrounding

area are briefly summarized in the following sections.

2.3.1 Regional Setting

The site is located at the northern end of the San Jacinto Mountains block of the northern
Peninsular Ranges geologic province of California (Morton, 2004). The San Jacinto Mountains
block consists of athick sequence of Miocene- to Pleistocene-age non-marine sedimentary rocks,
underlain by crystalline basement consisting of Jurassic to Cretaceous age plutonic rocks of the
Southern California Batholith and metamorphic rocks (primarily marbles and gneisses) of inferred
Paleozoic age (Morton, 2004).

2.3.2 Geologic Units

A geologic map of Laborde Canyon and the surrounding area is shown in Figure 2-4. Geologic

units exposed at the site and surrounding area include the following:

o Crystaline Basement: Crystaline basement rocks in the area of the site include
Cretaceous-age plutonic rocks of the Southern California Batholith (Morton, 2004) that are
exposed to the east and to the southwest of the former operational areas of the site.
Undifferentiated metasedimentary rocks and marbles are aso part of the basement
complex; these rocks are exposed to the east and south of the former operational areas of
the site.

e Mount Eden formation (MEF): The MEF consists of Miocene and early Pliocene
sandstones, mudstones, conglomeritic sandstones, and sedimentary breccia that are
exposed primarily to the south of the site. The MEF has been subdivided by Morton (2004)
into five informal members that include, from youngest to oldest, the upper sandstone
member, mudrock member, lower sandstone member, arkosic sandstone member, and
conglomeratic sandstone member. The arkosic sandstone member is exposed in the lower
portion of Laborde Canyon.

e San Timoteo formation: The STF (Frick, 1921) comprises approximately 2,000 feet of
non-marine arkosic sandstones, mudstones, and conglomerates of Pliocene- to lower
Pleistocene-age (Morton, 2004). Morton (2004) has informally subdivided the STF into
upper, middle, and lower members. The upper and middle members are exposed to the
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north of the historical operational areas; the lower member is the primary geologic unit of
interest at the site. The lower member of the STF consists of grayish brown, massive to
thickly bedded, fine-grained, poorly indurated sandstones and mudstones, with localized
gravel conglomerate lenses and rare, relatively thin beds of medium- to coarse-grained
carbonate-cemented sandstone. The lower member of the STF has been interpreted as a
braided stream complex (Albright, 2000).

The STF characteristically forms steep ridges and hillsides throughout the site. Slopes
developed in the STF are typically mantled by athin regolith veneer; in general, the STF is
poorly exposed except in localized areas with near vertical slopes and in recently formed
gullies. No distinctive marker beds have been noted in the STF at the site, and individual
beds cannot be traced between outcrops with any degree of confidence.

The STF is deeply weathered within the magor canyons at the site. The degree of
induration generally tends to increase with depth, although poorly indurated beds are
encountered throughout the section to a depth of at least 250 feet. The STF also appears
more indurated at shallow depths in borings drilled in side canyons compared with those
drilled near the midline of the magor canyons. These observations suggest that the STF is
most deeply weathered near the center of the major canyons, and becomes less deeply
weathered toward the canyon margins.

e Quaternary Deposits. Quaternary deposits at the site include alluvium and colluvium.
Alluvium consists of stratified gravel, sand, silty sand, and silt deposits that floor the major
canyons throughout the site. Colluvium consists mainly of poorly to well-graded sand and
silty sand deposits with minor gravel. Colluvium characteristically forms steeper slopes
than aluvia deposits, and typically occurs as aprons at the base of steep hillsides and as
flooring in the minor side canyons. Colluvial and aluvial deposits likely interfinger
laterally along the margins of the main canyons.

2.3.3 Geologic Structure

The San Timoteo anticline, a northwest-plunging fold that roughly parallels the San Jacinto Fault
Zone, extends along much of the southern portion of the San Timoteo Badlands. The axis of the
anticline is located approximately 8,000 feet south of the property. The anticline is asymmetric,
with a steeply dipping southwestern limb and a gently dipping northeastern limb. The site lies on
the northeastern limb of the anticline. Mapping by Dibblee (2003) shows bedding near Laborde
Canyon dipping generaly to the north northeast, at angles ranging from horizontal to 5°; whereas
Morton (2004) shows dips ranging from 12° to 25°, toward both the northeast and northwest. Field
measurements by Tetra Tech agree with the steeper dip angles indicated by Morton (2004).

No faults are shown within the former operational areas of the site on published geologic maps by
Dibblee (2003) and Morton (2004). The most prominent faults in the area of the site are the San

Jacinto and Claremont faults, which are active right-lateral strike-dlip faults located more than two

Tetra TecheLaborde Canyon Feasibility Study Page 2-7



miles south of property. Morton (2004) mapped several west-northwest trending faults that cross
Laborde Canyon approximately 3,000 feet south of the property.

Tetra Tech conducted a lineament study (Tetra Tech, 2009d, Appendix L) to evaluate the site for
potential faults. The study found scant evidence for faulting at the site; however, Tetra Tech
speculated in the study that four northwest-trending linear side canyons, including Test Bay

Canyon, may be fault-controlled.

2.4 HYDROGEOLOGY

The regional hydrogeologic setting and characteristics of the site are briefly summarized in the

following sections.

2.4.1 Regional Setting

Figure 2-5 shows watershed boundaries and groundwater basins in the vicinity of Laborde Canyon
as described by the Santa Ana Regional Water Quality Control Board (SARWQCB, 1995). The
site is located within the San Jacinto River watershed. The drainage divide defining the northern
boundary of the watershed lies roughly 3,200 feet north of the northern boundary of the property,
and roughly 2,000 feet south of Highway 60. The Santa Ana River watershed lies to the north of
the drainage divide.

The site is not located within a defined groundwater basin. Basin maps included in the Water
Quality Control Plan for the Santa Ana River Basin (SARWQCB, 1995) show the San Timoteo
Badlands as lying outside the basin boundaries. The San Jacinto Groundwater Basin lies to the
south (downgradient) of the site. The San Jacinto Groundwater Basin consists of several alluvium-
filled valleys bounded by barrier faults and relatively impermeable plutonic and metamorphic
rocks of the Southern California Batholith. The basin is internally subdivided into subbasins
(referred to as “management zones’ in SARWQCB, 1995) by bedrock restrictions, barrier faults,
groundwater divides, and flow system boundaries. The San Jacinto Upper Pressure Groundwater
Management Zone, the subbasin that lies downgradient from the site, is bounded by the San
Jacinto fault zone to the northeast, by the Casa Loma and Bautista Creek faults to the southwest,
and by a flow system boundary with the San Jacinto Lower Pressure Groundwater Management
Zone to the northwest (Eastern Municipal Water District [EMWD], 2005). Surface water recharge

occurs primarily in the forebay area located in the southeastern portion of this subbasin, and
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confined conditions exist in the pressure area in the northwestern portion. Groundwater flow
within the San Jacinto Upper Pressure Groundwater Management Zone is generaly to the
southwest (EMWD, 2005).

The San Gorgonio Pass groundwater basin (Bloyd, 1971; Rewis et al., 2006) lies to the north
(upgradient) of the site. The San Timoteo Groundwater Management Zone (Bloyd, 1971), one of
13 subbasins comprising the San Gorgonio Pass basin, lies directly north of the site area. Based on
a groundwater contour map prepared by Bloyd (1971), groundwater flow within the San Timoteo

Groundwater Management Zone is generally toward the northwest.

2.4.2 Hydrostratigraphic Units

Groundwater at the site occurs mainly in two hydrostratigraphic units. weathered sandstones and
siltstones within the weathered portion of the STF, and water-yielding intervals of unweathered
STF. These units are separated by non-water-yielding intervals of the unweathered STF.

The uppermost (first) groundwater is generally unconfined or semi-confined and found within the
weathered portion of the STF, with a saturated thickness of roughly 20 feet. Near the southern
boundary of the property, the water table is located near the contact between alluvia deposits and
the weathered STF, and first groundwater may periodically occur in aluvium during periods when
water levels are higher. Perched groundwater is present in the centrifuge area in northern Test Bay
Canyon, where groundwater was encountered in two soil borings at elevations much higher than in

nearby monitoring wells located in the main canyon (Tetra Tech, 2010a).

Deeper groundwater at the site is most commonly found in unweathered, poorly indurated, fine- to
medium-grained sandstone lenses within the STF. The saturated thickness of individua water-
bearing zones within the unweathered STF is typicaly 5 to 10 feet, and groundwater is confined.
Based on the depositional environment and observed characteristics of the STF, individual water-

bearing zones within the unweathered STF are likely discontinuous and of limited lateral extent.

2.4.3 Flow System

Groundwater elevations for wells screened in first groundwater for the second quarter 2011 (Tetra
Tech, 2012a) are shown in Figure 2-6. Depth to first groundwater at the site ranges from
approximately 70 feet below ground surface (bgs) in well TT-MW2-17S, located in Test Bay
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Canyon, to approximately 14.5 feet bgsin well TT-MW2-8, located near the southern boundary of
the property. Little seasonal variation in groundwater levels is observed; longer-term groundwater
level variations are typically only 1 to 3 feet over the limited period of record (from 2006 to 2012).

The horizontal groundwater gradient in the weathered STF aquifer is approximately 0.030 ft/ft,
with little spatia variability. An exception is Test Bay Canyon, where the gradient locally flattens
to 0.005 ft/ft, in agreement with the higher hydraulic conductivities in this area relative to
downgradient areas. The difference between the groundwater gradient of 0.030 ft/ft and
topographic gradient of 0.035 ft/ft results in a decreasing depth to first groundwater noted from
north to south. Groundwater is interpreted as flowing down the mgor tributary canyons to
Laborde Canyon, and then to the south, subparallel to the direction of surface water flow and

topographic relief.

Vertical gradients are generally downward in the northern portion of the site, and are generally
upward in the southernmost area of the property and in the riparian corridor to the south of the
property. Recharge conditions thus exist in the northern portion of the site, and discharge

conditions exist in the southern portion of the site.

2.4.4 Hydrologic Boundaries

The depth to the base of the weathered STF is greatest near the center of Laborde Canyon, and
becomes shallower toward the canyon margins, where relatively unweathered STF is exposed or
present at shallow depths in the adjacent hillsides. Thus, the weathered STF aguifer thins to the
east and west toward the margins of Laborde Canyon and the major side canyons. Boundaries for
water-bearing zones within the competent STF are not well defined. Based on the likely limited
lateral extent and discontinuous nature of the water-bearing zones, it is probable that individual
water-bearing zones of interest for contaminant transport within the unweathered STF are limited

to the area underlying the weathered STF aquifer.

Based on the presence of contaminants in the unweathered STF aguifer within the contaminant
source areas, the base of the weathered STF aquifer appears to represent a leakage boundary for
flow into the competent STF. Leakage boundaries are also likely to exist between individua
water-bearing zones within the competent STF, athough leakage rates between these units are
likely to be small.
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2.4.5 Hydraulic Properties

Three constant-rate aquifer tests and 36 slug tests (Tetra Tech, 2010b; 2010e; and 2012d) have
been conducted to evaluate aquifer hydraulic properties at the site. The constant-rate aquifer test
data are summarized in Table 2-1; slug test data are summarized in Table 2-2.

Hydraulic conductivity values in both the weathered STF and competent STF aquifers are highly
variable, reflecting the heterogeneous nature of the STF. Hydraulic conductivity values in the
weathered STF aquifer have a geometric mean of about 0.16 feet per day (ft/day); hydraulic
conductivity values in the competent STF have a geometric mean of about 0.04 ft/day.

2.4.6 Water Budget

The steady-state saturated zone water budget for the site (Tetra Tech, 2011b) is summarized in
Table 2-3. The overal size of the water budget is about two acre-feet per year, as is the recharge
rate of about two acre-feet per year (approximately 1.2 gallons per minute [gpm]). The recharge of
two acre-feet per year corresponds to an annua recharge rate of about 0.1 inches per year. The
size of the water budget and the recharge rate are small with respect to the overal size of the
watershed. However, the small water budget is consistent with underflow calculations based on
aquifer test and hydraulic gradient data, water level hydrographs that show very small seasonal
variations, aquifer storage calculations that show only small seasonal changes in agquifer volume,
and the lack of surfacing groundwater in the discharge area to the south of the property, which
indicates that discharge rates are small enough that evapotranspiration alone is sufficient to

prevent surface discharge.

2.5 SURFACE WATER

Aside from surface runoff associated with heavy, prolonged precipitation events, the only surface
water present in Laborde Canyon is a spring located approximately 3,700 feet south of the
southern boundary of the property, between monitoring wells TT-MW2-19S5D and TT-MW2-
20S/D (Figure 2-19). The source of the water at the spring is unknown, but the elevation of the
spring discharge is approximately 45 feet above the water table, strongly suggesting that shallow
groundwater is not the source of the water discharging at the spring.
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2.6 PREVIOUS REMEDIAL ACTIONS

Previous remedia actions at the site include a polychlorinated biphenyl (PCB) spill cleanup,
removal of the Area M garbage disposa area, and filing of land use covenants with the Riverside

County Recorder in conjunction with the sale of the property to Riverside County in 2007.

2.6.1 PCB Spill

Radian (1986) documented a PCB spill cleanup conducted in 1984. In April 1984, trespassers
vandalized three large transformers located east of Building 250 in Area J. Approximately 360
galons of oil were discharged to an asphalt and concrete pad and to the surrounding ground
surface. Sampling results indicated that the oil contained less than 6 milligramg/kilogram (mg/kg)
of PCBs. A cleanup plan was submitted to the County of Riverside and the SARWQCB in July
1984, and approximately 320 square feet of contaminated asphalt and 170 cubic feet of sand and
gravel around the pad were subsequently removed and disposed at a Class | landfill. Letters issued
by Riverside County and the SARWQCB document that the cleanup was satisfactory. All

remaining transformers were removed from the site in August 1984.

2.6.2 Area M Removal Action

A removal action was conducted in Area M in 1993 (Radian, 1993). The removal action included
characterization and excavation of the Area M garbage disposal area with oversight from the
DTSC. Investigation activities included an el ectromagnetic survey to assess the extent of debrisin
the subsurface, drilling 12 hand-auger borings to visually confirm the presence of debris in the
geophysical survey area, and excavating three trenches to assess the extent of debris in the
subsurface. Following the investigation, approximately 816 tons of debris were excavated and
disposed off-site. The excavation was backfilled with soil borrowed from the immediate area
Three perimeter confirmation soil samples were collected and analyzed for VOCs, semivolatile
organic compounds (SVOCs), and metals. Very low concentrations of acetone, ethylbenzene,
methyl ethyl ketone, methylene chloride, trichloroethene (TCE), xylenes, and bis(2-
ethylhexyl)phthalate were detected in one or more of the confirmation samples. Metals
concentrations were comparable to those detected during subsequent investigations in Area M
(Tetra Tech, 2005).
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The DTSC issued a Report of Completion of Removal Action on April 30, 1993 (DTSC, 1993).
Based on the information known at the time of the letter, the DTSC stated that appropriate
response actions had been completed, that all acceptable engineering practices were implemented,

and that no further removal/remedial action was necessary.

2.6.3 Land Use Controls

As part of the sale of the property to Riverside County in 2007, land use covenants (LUCs) were
recorded with the Riverside County Recorder. The LUCs apply to a portion of the property that
includes all of the historical operational areas, Laborde Canyon, and the major side canyons within

the property. Specific restrictions on land use include the following:

e Prohibitions on residential development and sensitive land uses, including hospitals,
schools, and day care facilities

e Prohibitions on the installation of water production wells, extraction of groundwater, and
use of groundwater for any purpose other than groundwater monitoring or treatment as
approved by Lockheed Martin and either the DTSC or the RWQCB

e Prohibitions on use of the property as an off-road vehicle park, or any other recreational
use which could penetrate ground surfaces or interfere with landscaping or vegetation

e Prohibitions on use of the property for raising of food, including cattle and food crops

e Prohibitions on any use or development of any portion of the property containing aliner or
layer designed to prevent exposure to residual hazardous substances, which does not
preserve or which atersthe integrity of the liner or layer

A copy of the document as filed with the Riverside County Recorder’s Office is provided in

Appendix A.

2.7 NATURE AND EXTENT OF CONTAMINATION

The following sections summarize the nature and extent of contamination at the site by medium
(i.e, soil, soil gas, groundwater, and surface water). More detailed summaries of the data
presented below are provided in Tetra Tech (2010a), Tetra Tech (2010d), Tetra Tech (2010e), and
TetraTech (2012a).
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2.7.1 Soil Impacts

Soil impacts at the site are summarized by historical operational areain Table 2-4. Two primary
high concentration areas, STBC and the WDA, have been identified at the site; northern Test Bay
Canyon and Area M are impacted to a much lesser extent. The remaining areas, including Area J,
Area K (Laborde Canyon subarea), Area L, and south Laborde Canyon, are not considered to be

significantly contaminated. Each areais discussed in the subsections below.

2.7.1.1 Southern Test Bay Canyon

Southern Test Bay Canyon is one of two relatively highly impacted areas at the site. Soil
characterization in STBC has included drilling 38 soil borings, sampling 10 surface locations, and
analyzing 456 samples for one or more potential contaminants. Soil sampling locations in STBC
are shown in Figure 2-7.

The site characterization results show that perchlorate is the primary soil contaminant in STBC.
The extent of perchlorate in soil is illustrated in Figure 2-8. Perchlorate concentrations between
100 and 1,000 micrograms per kilogram (ug/kg) are relatively widespread in STBC. However,
except for two relatively small areas at depths of 10 and 30 feet near Test Bay 2, perchlorate
concentrations exceeding 1,000 pg/kg are limited to the Test Bay 3 area. The highest perchlorate
concentration at Test Bay 3 is 130,000 pg/kg, in boring K-54-SB116 at a depth of 20 feet.
Perchlorate impacts extend from the ground surface to the water table at depths of 55 to 60 feet
bgs; thus the perchlorate in soil in STBC is a source to groundwater. Perchlorate concentrations up
to 27,000 pg/kg are present in shallow soil (i.e., at depths of 0 to 5 feet bgs) at Test Bay 3.

The conditions described above were dlightly modified by a pilot-scale soil treatability study
conducted in the Test Bay 3 area in 2011 to 2012 (Tetra Tech, 2012d). Verification sampling
performed as part of the treatability study suggests that approximately 20 pounds of perchlorate
were removed from the vadose zone, primarily at depths of 30 feet bgs and greater, near the edge
of the area of the most contaminated portion of Test Bay 3 area. Although the treatability study
resulted in some removal of perchlorate mass, it is unlikely that the contaminant distribution after
the test differs significantly from conditions prior to the test. Additional information regarding the
treatability study is provided in Section 5.2.3.
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2.7.1.2 Waste Discharge Area

The WDA is the second area of the site with highly impacted soils. Soil characterization at the
WDA has included drilling 13 soil borings and analyzing 117 soil samples for one or more

potential contaminants. Soil sampling locations in the WDA are shown in Figure 2-9.

The site characterization results show that perchlorate, VOCs, and metals are the primary soil
contaminants at the WDA. The extent of perchlorate in soil is illustrated in Figure 2-10.
Perchlorate concentrations up to 114,000 pug/kg have been detected in soil at the WDA, with
impacts extending from the ground surface to the water table; thus the perchlorate in soil in the
WDA is asource to groundwater. The highest perchlorate concentration was found in boring SB1,
at a depth of 35 feet. The highest perchlorate concentration detected in shallow soil is 322 pg/kg,
in boring Pond4 at a depth of 0.5 feet.

Fifteen VOCs were detected in soil at the WDA; however, only 1,2-dichloroethane (1,2-DCA),
1,1-dichloroethene (1,1-DCE), and TCE are considered to be significant. Methylene chloride was
detected at concentrations as high as 21,000 ug/kg; however, the highest methylene chloride
detection appears to be anomalous, as methylene chloride was not detected in soil gas samples
collected at the WDA and was detected only at very low concentrations in groundwater. The
remaining VOCs are either common laboratory contaminants, were infrequently detected, or were
detected only at low concentrations. The highest concentration of 1,2-DCA (35 pg/kg) was found
in boring SB2, a a depth of 40 feet. The highest concentrations of TCE (680 pg/kg) and
methylene chloride (21,000 pg/kg) were found in boring SB2, at a depths of 45 feet bgs. The
highest 1,1-DCE concentration (31 pg/kg) was found in boring SB4 at a depth of 50 feet. With the
exception of 1,1-DCE, VOC impacts were found mainly in borings SB1 and SB2, at depths
greater than 35 feet.

Three metals (cadmium, lead, and zinc) were detected at elevated concentrations at the WDA. The
maximum concentrations were 5.37 mg/kg (cadmium), 236 mg/kg (lead), and 1,720 mg/kg (zinc),
al in boring Pond3 at a depth of 0.5 feet. The concentrations of all three metals attenuate with
depth to near-background concentrations at 10 feet bgs. Boring Pond3 is located in a shallow
depression, on the opposite side of the side canyon from the bermed areas used for disposal. The

depression appears to be man-made, and for the purpose of estimation, elevated metals
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concentrations are assumed to be restricted to the depression, which measures approximately 20
feet across.

The compounds 1,4-dioxane and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) have been detected
in groundwater at the WDA at concentrations exceeding drinking water criteria. Although samples

from the WDA have been analyzed for both of these compounds, neither has been detected in soil.

2.7.1.3 Northern Test Bay Canyon

Northern Test Bay Canyon is one of two secondary areas of soil contamination at the site. Soil
characterization has included drilling 16 soil borings and analyzing 212 soil samples for one or
more potential contaminants. Soil sampling locations in northern Test Bay Canyon are shown in
Figure 2-11.

Perchlorate is the primary contaminant in soil in the northern Test Bay Canyon. The extent of
perchlorate in soil is illustrated in Figure 2-12. The maximum perchlorate concentration detected
in northern Test Bay Canyon was 690 pg/kg at 30 feet bgs in boring K-54-SB104, located near
Test Bay 4. The largest area of perchlorate-impacted soil isin Test Bay 4; smaller impacts are also
present in the centrifuge area, in Test Bay Canyon near Test Bay 4, and adjacent to the large

bunker.

2.7.1.4 Area M

Area M is aso a secondary area of soil contamination at the site. Soil characterization has
included drilling 13 soil borings and analyzing 117 soil samples for one or more potential
contaminants. Soil sampling locationsin AreaM are shown in Figure 2-13.

Perchlorate is the primary contaminant in soil in Area M. The extent of perchlorate in soil is
illustrated in Figure 2-14. Perchlorate-impacted soils are restricted to a relatively small area
(approximately 5,500 square feet, or 0.1 acre); the maximum perchlorate concentration detected
was 3,100 pg/kg at 30 feet bgs in boring M-58-SB103. The area of perchlorate-impacted soil does
not coincide with the former disposal area, suggesting that the perchlorate impacts may be related
to surface disposal rather than disposal within the AreaM disposal trench.
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2.7.1.5 Other Areas

The remaining areas of the site (Area J, the Laborde Canyon subarea of AreaK, AreaL, and south
Laborde Canyon) have been investigated and are not considered to have significant soil impacts.

Characterization results for these areas are described bel ow:

e Area J Nineteen soil borings were drilled and 50 soil samples were analyzed; sampling
locations are shown in Figure 2-15. Perchlorate and other potential contaminants were
either not detected, or were detected only at very low concentrations.

e Area K (Laborde Canyon subarea): Thirty soil borings were drilled and 63 soil samples
were analyzed; sampling locations are shown in Figure 16. Perchlorate was detected in 2
samples, at concentrations of 45.2 and 640 pg/kg. Both of these samples were collected at
or near the water table, and the detections are consistent with proximity to perchlorate-
contaminated groundwater originating from Test Bay Canyon. Perchlorate was not
detected in any soil samples collected at shallow depths.

e Area L: Twenty-two soil borings were drilled and 124 soil samples were analyzed;
sampling locations are shown in Figure 2-17. Perchlorate was detected in 15 of 123
samples analyzed, at concentrations ranging from 1.1 to 357 pg/kg. Perchlorate
concentrations greater than 13 pg/kg were limited to depths of 30 feet or greater; the
highest perchlorate concentration detected at a depth shallower than 30 feet was 6.2 ug/kg.
The perchlorate detections at depths of 30 feet and greater appear to be related to proximity
to perchlorate-contaminated groundwater originating from Test Bay Canyon rather than
surface releases within Area L.

e South Laborde Canyon: Seven soil borings were drilled and 26 soil samples were
analyzed; sampling locations are shown in Figure 2-18. Perchlorate was detected in 11 of
26 samples analyzed, at concentrations ranging from 5.1 to 89.3 pg/kg. Depth to
groundwater in south Laborde Canyon ranges from approximately 14 to 17 feet bgs, the
perchlorate detections in soil are consistent with proximity to perchlorate-contaminated
groundwater originating from the WDA rather than surface releases in south Laborde
Canyon.

2.7.1.6 Contaminant Mass Estimates

Estimates of the mass of perchlorate in vadose zone soil in each of the impacted areas are
summarized in Table 2-5. The mass estimates were developed using Mining Visualization System
(MVS) software (C Tech, 2012), a geostatistical data modeling and visualization tool that uses
kriging to interpolate concentration data between sampled locations. Mathematically, kriging
computes the best linear unbiased estimation of a spatially regionalized variable, and has been
recognized by the United States Environmental Protection Agency (USEPA) as the best means for
interpolation of measured data (e.g., Boeckenhauer et al., 2000). MV S was used to develop three-
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dimensional contaminant distribution models for each perchlorate-impacted soil area; the MVS
volumetrics module was then used to estimate contaminant mass.

The results of this analysis (Table 2-5) show that approximately 99% of the total mass of
perchlorate in soil at the site is located within the STBC and WDA areas; northern Test Bay
Canyon and Area M account for less than one percent of the total perchlorate mass. In STBC,
approximately 83% (295 pounds) of the total perchlorate massis at concentrations of 1,000 pg/kg
or higher, nearly al of which is in the Test Bay 3 area. In the WDA, approximately 62%
(approximately 262 pounds) of the total perchlorate mass is at concentrations exceeding 10,000
Hg/kg, and approximately 95% of the total mass (approximately 404 pounds) is at concentrations
exceeding 1,000 pg/kg.

The estimated masses of VOCs and metalsin the WDA are much less than 1 pound each.

2.7.2 Soil Gas Impacts

Soil gas samples were collected from 62 soil gas probes at 47 locations across the site. An
unknown light hydrocarbon was detected in one probe located in STBC. This was the only
chemical detected in the soil gas samples from Operational Areas J, K, L, and M. Five VOCs
(benzene, 1,1-DCE, 1,1,1-trichloroethane, TCE, and 1,2,4-trimethylbenzene) were detected at the
WDA. One sample had a TCE concentration greater than the Cal/EPA Human Health Screening
Level (CHHSL) for residential land use, but less than the CHHSL for commercia/industrial land

use. All other detections were at concentrations less than soil gas CHHSL s for residential land use.

2.7.3 Groundwater Impacts

Four groundwater plumes, each associated with one of the primary or secondary impacted soil
areas (i.e.,, STBC, WDA, northern Test Bay Canyon, and Area M), have been identified at the site.
Each of these impacted soil areas was determined to have an associated groundwater plume, and is
thus termed a source area. In addition, perchlorate concentrations below the MCL of 6 pg/L have
been detected consistently in monitoring well TT-MW2-19S, which is located approximately
4,500 feet south of the southern boundary of the property (see inset on Figure 2-19). This area of
perchlorate-impacted groundwater is disconnected from the main groundwater plumes at the site,
and is referred to as a “stranded plume.” Contaminants associated with each of the groundwater

plumes are summarized in Table 2-6. Isoconcentration maps showing the extent of contaminants
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in groundwater are provided in Figure 2-19 (perchlorate), Figure 2-20 (1,4-dioxane), Figure 2-21
(TCE), and Figure 2-22 (RDX). The isoconcentration maps are based on data for the second
guarter 2011 (Tetra Tech, 2012a), supplemented by groundwater grab sample data collected in
2008 and 2009 (Tetra Tech, 2010a). These figures illustrate that perchlorate is the dominant
compound in groundwater at the site. As Figure 2-22 illustrates, RDX occurs persistently in only
one well in the WDA and one well in Laborde Canyon.

2.7.3.1 Southern Test Bay Canyon Plume

Perchlorate is the primary contaminant present in the STBC groundwater plume. Figure 2-19
shows that the perchlorate plume originates at the source area near Test Bay 3, and extends
roughly 1,800 feet downgradient into Laborde Canyon, terminating north of TT-MW2-12. The
highest perchlorate concentration in the source area was 250,000 pg/L in well TT-MW2-38A
during the second quarter of 2011; perchlorate concentrations remain above 10,000 pg/L
downgradient to TT-MW2-18, which is located near the terminus of the plume. The STBC
groundwater plume shows no evidence of detachment from the source area, suggesting a

continuing source.

Relatively high perchlorate concentrations also extend approximately 250 feet upgradient from the
Test Bay 3 source area. In this area, perchlorate concentrations at the water table are lower than at
depth (i.e, thereis a“concentration inversion”). In the second quarter 2011, a groundwater sample
from well TT-MW2-17S, which is completed at the water table, had a perchlorate concentration of
1,300 pg/L, while a sample from collocated well TT-MW2-17D (screened from 94 to 99 feet bgs)
had a perchlorate concentration of 90,000 pug/L. The upgradient location of perchlorate with
respect to the apparent source and the concentration inversion in the water column support a
conceptual model of stratigraphically controlled migration of perchlorate in the down-dip
(northward) direction through the vadose zone, likely during a time when water levels were
significantly lower than today. This conceptual model is in agreement with long-term precipitation
records, which show unusually low precipitation in southern California from the early 1940s until
the mid-1970s, which includes the entire period when operations were conducted at the property.
This model aso suggests that a residual perchlorate source may be present below the water table

in the STBC source area.
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Low concentrations of RDX have consistently been detected in well TT-MW2-13, located in
Laborde Canyon (Figure 2-22). The RDX concentration in well TT-MW2-13 was 0.83 pg/L
during the second quarter 2011.

2.7.3.2 Waste Discharge Area Groundwater Plume

The primary contaminants in the WDA groundwater plume include perchlorate, 1,4-dioxane, and
TCE; secondary contaminants include methylene chloride, 1,1-DCE, 1,2-DCA, and RDX. Figure
2-19 shows that the highest source area perchlorate concentration in the WDA was 160,000 pg/L
in well TT-MW2-24 during the second quarter 2011. The WDA perchlorate plume also exhibits
the largest downgradient extent in the study area, reaching roughly 3,700 feet downgradient to the
riparian corridor located south of the property boundary, just north of well TT-MW2-41A.
Perchlorate concentrations in this plume attenuate to concentrations less than 10,000 pug/L over a
distance of approximately 300 feet from the source area, and to concentrations less than 1,000
Mg/l over a distance of approximately 1,150 feet. The perchlorate plume shows no evidence of

detachment from the source area, suggesting a continuing source.

The highest source area 1,4-dioxane concentration in the WDA during the second quarter 2011
was 340 pg/L in well TT-MW2-24. Figure 2-20 shows that 1,4-dioxane in the WDA plume
extends roughly 1,600 feet downgradient, terminating somewhat south of TT-MW2-5.

The highest source area TCE concentration during the second quarter 2011 was 420 pg/L in well
TT-MW2-22. Figure 2-21 shows that TCE in the WDA plume does not extend appreciably beyond
the source area. The secondary contaminants 1,1-DCE, 1,2-DCA, and methylene chloride have
lateral extents similar to TCE. Figure 2-22 shows that RDX in the WDA is only present in source
areawell TT-MW2-24.

2.7.3.3 Northern Test Bay Canyon Groundwater Plume

The northern Test Bay Canyon groundwater plume was identified based on two grab samples
collected in the centrifuge area during 2008 and 2009 (Tetra Tech, 2010a). These samples were
collected at different elevations, both of which are significantly higher than the water table in the
main portion of northern Test Bay Canyon, suggesting that the groundwater represents laterally

discontinuous perched zones. Perchlorate is the primary contaminant in the northern Test Bay
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Canyon groundwater plume; the maximum detected concentration was 370 pg/L in the grab
sample collected from boring K-54-SB102 (Figure 2-11).

2.7.3.4 Area M Groundwater Plume

Perchlorate and TCE are the primary contaminants in the Area M groundwater plume. The
maximum perchlorate concentration detected in this area during the second quarter of 2011 was
210 pg/L in well TT-MW2-11, the highest TCE concentration was 5.9 pg/L, also in TT-MW2-11.
A somewhat higher perchlorate concentration of 560 pg/L was detected in a grab sample collected
from boring M-58-SB103 (Tetra Tech, 2010a).

2.7.3.5 Stranded Plume

Perchlorate concentrations below the MCL of 6 pg/L have been detected consistently in
monitoring well TT-MW2-19S, which is located approximately 4,500 feet south of the southern
boundary of the property (see inset on Figure 2-19). This area of perchlorate-impacted
groundwater is disconnected from the main groundwater plumes at the site. During the second
quarter 2011, the perchlorate concentration in well TT-MW2-19S was 4.7 pug/L. The source of
perchlorate in this area is unknown, but could be related potentially to intermittent surface flow of
impacted water in the Laborde Canyon drainage channel in the past. Perchlorate is also known to
be naturally-occurring in arid environments, including the Atacama Desert of Chile and the
southwestern United States (Rao et al., 2007).

2.7.3.6 Contaminant Mass Estimates

The MVS software was used to develop three-dimensional contaminant distribution models for
perchlorate and 1,4-dioxane in the STBC, WDA, and Area M groundwater plumes, and to
estimate perchlorate and 1,4-dioxane masses in groundwater. Perchlorate mass estimates are
summarized in Table 2-7, which shows that approximately 4,370 pounds of perchlorate are in the
site plumes, using an assumption of 35% soil porosity in the saturated zone. More than 80% of the
perchlorate mass is within areas of the plumes with perchlorate concentrations greater than 10,000
Mg/L. Perchlorate in the STBC groundwater plume constitutes approximately 96% of the tota
perchlorate mass in groundwater at the site. Approximately 60% of the mass of the STBC plumeis
present in the source area. The WDA groundwater plume constitutes about four percent of the total
perchlorate plume mass; the northern Test Bay Canyon and Area M groundwater plumes each
constitute well under one percent of the total perchlorate massin groundwater.
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The estimated mass of 1,4-dioxane in the WDA groundwater plume (the only area with a 1,4-
dioxane plume) is less than one pound; total VOC and RDX masses are much less than one pound

each.

2.7.4 Surface Water Impacts

The only perennial surface water in Laborde Canyon is a spring located approximately 6,300 feet
south of the southern boundary of the property, between wells TT-MW2-19S5/D and TT-MW2-
20S/D (Figure 2-19). Perchlorate concentrations in the spring are generally non-detectable;
however, low perchlorate concentrations (0.1 pug/L or less) have been detected in spring water
samples during two of the 12 sampling events. Because perchlorate is detected only intermittently
and at very low concentrations, surface water contamination, if present, is not considered to be

significant.

2.8 NUMERICAL GROUNDWATER FLOW AND CONTAMINANT
TRANSPORT MODELING

Groundwater flow and contaminant transport modeling results are summarized in two modeling

reports (Tetra Tech, 2010b and 2011b). The conceptual hydrogeologic model and water budget

presented in Section 2.4 were used as the basis for developing the groundwater flow model; the

contaminant distribution presented in Section 2.7 was used as the basis for developing the

numerical contaminant transport model. Modeling results are discussed in the following sections.

2.8.1 Numerical Groundwater Flow Model

The numerical groundwater flow model was developed using MODFLOW (Harbaugh et al., 2000)
and the GWVistas preprocessor (Environmental Simulations, 2008). The flow model was initialy
calibrated for steady-state conditions using water level datafrom fall 2006. Calibrated water levels
from the steady-state model were then used as initial conditions for transient calibration over the
period from fall 2006 to spring 2010. Water levels predicted using the calibrated model were in
good agreement with observed water levels (relative error 2.4%), and the transient model water
balance agreed well with the conceptual water budget for the site, indicating that the flow model
was adequately calibrated for transient conditions.
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2.8.2 Numerical Contaminant Transport Model

The numerical contaminant transport model was developed using the code MT3D (Zheng and
Wang, 1999) and the MODFLOW groundwater flow model. The transport model was calibrated
for perchlorate, using the transient flow model calibration for fall 2006 to spring 2010, and fall
2006 perchlorate concentrations as initial conditions. Correlation between measured and simulated
perchlorate concentrations was fair (relative error 6.1%). Perchlorate concentrations predicted by
the model were in fair agreement with both spatial and tempora trends in perchlorate
concentrations measured in monitoring wells, and model simulations successfully reproduced
migration of the STBC and WDA plumes down Laborde Canyon and mgor side canyons, and
areas of high perchlorate concentration in the Test Bay Canyon, WDA, and Area M source aress.
The calibrated transport model estimates of the perchlorate mass and mass flux budget also agreed
with the conceptua mass and mass flux budget; the perchlorate source mass flux (247
pounds/year) estimated from the model is in good agreement with the upper range of values from
the conceptual mass flux model (15 to 247 pounds/year). Model runs using a lower source mass
flux value of 24 pounds/year resulted in an increase in relative error from 6.1 to 16%, which

supports the higher range of source mass flux estimates from the conceptual model.

Although the model successfully predicted many features of the site plumes, severa features were
not predicted in detail, such as the following:

e The model tends to underpredict the sharp concentration boundaries observed at the
downgradient fringes of the plumes, despite using a longitudinal dispersivity of five feet,
which is considered small for plumes of this scale.

e The model predicted more rapid concentration increases in well TT-MW2-9S, |located
downgradient from the source in the WDA perchlorate plume, than were observed. This
could be accounted for potentially by a higher local effective porosity value, but other
factors, such as alower hydraulic conductivity or alower water budget, could also account
for the discrepancy. At present, there is no basis for further refinement of the flow model;
future modeling efforts conducted when a longer period of record is available for
calibration could incorporate additional data regarding spatial variability to adjust model
behavior in this area of the site.

e The model tended to overpredict perchlorate concentrations in the riparian area
downgradient from the southern boundary of the property. This may be due to the
relatively high perchlorate concentrations observed in short-screened wells TT-MW2-7
and TT-MW2-8, which may not represent the average aquifer conditions that the model
was designed to predict.
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Despite the limitations described above, the calibrated transport model is considered to be
adequate for the purposes of this feasibility study, given the relative error of 6.1% and the inherent

difficulty in re-creating historical source conditions.

2.8.3 Simulations

Three scenarios were simulated using the numerical models: two no action scenarios (one with a
high source-release rate, and one with a low source-release rate), and a source removal scenario
(where the source area mass flux is set at zero). Since the four-year calibration period for the
model is rather short for predicting long-term groundwater management alternatives, a 16-year
future simulation period was chosen for the Laborde Canyon model. Future hydrologic conditions
were estimated by replaying four sequences of the historical hydrologic conditions observed
during the four-year calibration period. Source release rates are based on estimates from the

conceptual mass flux analysis and the vadose zone fate and transport analysis discussed above.

2831 High Source-Release Rate, No Action Scenario

The no action (high source-release rate) scenario consists of current groundwater conditions, with
continued release of perchlorate from groundwater and soil sources at the upper bound rate of 247
pounds/year. Perchlorate concentrations in the STBC and WDA source areas predicted for 2026
are similar to current conditions, with no detachment of the groundwater plume hot spot from the
soil source areas. The downgradient limits of the plume expand, with the Test Bay Canyon plume
starting to comingle with the WDA plume, and the WDA plume expanding to the downgradient

limit of the riparian area at a concentration of 10,000 pg/L.

2.8.3.2 Low Source-Release Rate, No Action Scenario

The no action (low source-release rate) scenario consists of current groundwater conditions, with
continued release of perchlorate from soil and groundwater sources at the lower bound release rate
of 24 pounds/year. Perchlorate concentrations in the STBC and WDA source areas predicted for
2026 are generaly two orders of magnitude lower than current conditions, due to the lower
perchlorate release rates. The Test Bay Canyon plume hot spot is predicted to migrate
downgradient approximately 1,500 feet and decline in concentration from 100,000 pg/L to 30,000
Hg/L; the WDA plume hot spot is predicted to migrate approximately 4,000 feet downgradient and
decline in concentration from over 100,000 pg/L to 10,000 pg/L. The downgradient limits of the
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plume expand, and are essentially identical to the limits for the no action (high source-release rate)

scenario, discussed above.

The current groundwater plume configuration shows no detachment from the soil hot spot, despite
the 35- to 51-year age of the plume. This observation and comparison to model predictionsin this
section suggests that this scenario is less likely than the high source-release rate, no action

scenario.

2.8.3.3 Source Removal Scenario

The source removal scenario consists of current groundwater conditions, with no continued release
of perchlorate from the source areas. Source area concentrations predicted for 2026 fall below
6 ug/L MCL for perchlorate, and the perchlorate plume hot spots migrate downgradient to
approximately the same configuration as for the low source-release rate, no action scenario. The
downgradient limits of the plume increase, and are ailmost identical to the no action (high source-
release rate) and no action (low source-release rate) scenarios. Removal of perchlorate mass at the
sources could result in more rapid depletion of plume mass over a significant period of time,
although this effect is relatively minor over the simulation period due to the low groundwater

velocity.

2.9 CONTAMINANT ATTENUATION EVALUATION

A contaminant attenuation evaluation (Tetra Tech, 2011a; Tetra Tech, 2012c) was conducted to
evaluate natural processes contributing to the attenuation of contaminants in groundwater, and the
rates at which these processes are taking place. The results of this study did not identify significant
attenuation of contaminants relative to the current plume mass flux rates. However, two
mechanisms for the potential removal of contaminants from groundwater were identified at the
site: discharge by evapotranspiration, and degradation due to reducing aquifer conditions. Both of
these mechanisms are likely to be active primarily in the riparian area south of the property
boundary. Plant tissue sampling conducted in the riparian corridor (Tetra Tech, 2012b) found that
phyto-uptake of perchlorate is currently occurring, and aquifer redox conditions in the riparian
area are mixed oxic-anoxic, and potentially could degrade perchlorate. However, these processes
have not been quantitatively assessed since the riparian corridor is not owned or controlled by
Lockheed Martin.
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2.10 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS

The human health and ecological risk assessment (HHERA) (Tetra Tech, 2012b) consists of a
human health risk assessment (HHRA) and a predictive ecological risk assessment (PERA)
prepared in accordance with USEPA and DTSC guidance. The risk analyses are based on the
findings of the site investigations conducted since the DTSC requested further characterization of
the site in 2003. Only fully validated analytical data supported by appropriate quality
assurance/quality control procedures were used in the HHERA.

2.10.1 Human Health Risk Assessment

The HHRA evauated potential health risks for five groups of current and potential future
receptors at the site:

e Current and future adult trespassers

e Current and future teen-age trespassers
e Futureindustrial workers

e Future construction workers

e Futureresidents

Each group of receptors was assumed to be exposed to chemicals of potential concern detected in
six areas of concern, including the five former operationa areas (Areas J, K, L, M, and the WDA)
and south Laborde Canyon (i.e., the portion of Laborde Canyon located south of the WDA).
Although access to and use of groundwater as a source of drinking water is expressly prohibited

by LUCsfor the site, groundwater use was evaluated under beneficial use conditions.

Each group of receptors was assumed to have direct contact with the chemicals of potentia
concern in sail, to inhale airborne dusts and vapors emitted from soil, and to inhale vapors emitted
from soil gas and groundwater to indoor air (for commercial/industrial workers only), depending
on the chemicals of potential concern identified in each area of concern. Exposures were aso
evaluated for the Test Bay 3 area in Area K, which comprises about 0.25 acres or about 0.2% of
the total area of Area K, where elevated concentrations of perchlorate were detected in surficial
soils. Use of groundwater for drinking water supply in the area south of the property boundary was

also evaluated for chemicals of potential concern in the WDA groundwater plume.
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Two sets of exposure parameters were used to evaluate trespassers. an upper bound, reasonable
maximum exposure (RME) scenario; and an average, or central tendency exposure scenario.
Although it islikely that trespassers would contact only surface soil at the site, an alternative set of
exposure point concentrations (EPCs) was also evaluated for trespassers, based on EPCs
calculated for surface (0.5 ft bgs) or surface plus subsurface soils (0-10 feet bgs), whichever was

higher. The HHRA results include the following:

e Trespassers: Carcinogenic risk estimates for the Adult RME scenario range from 7x10™"° to
2x10°. All risk estimates are below the point of departure of 1x10°, except for the
assumed exposure to cadmium at the WDA. Carcinogenic risk estimates for the Adult
RME scenario with aternate EPCs range from 7x10 to 9x107°. Risks of 8x10° to 9x10°
were estimated for exposure to cobalt in subsurface soil in Areas J, K, L, and the Test Bay
3 area. However, the risk estimates are comparable to those calculated for exposures to
background concentrations of cobalt; incremental risks ranged from 4x10® to 1x10°.
Thus, the risks estimated for trespassersin Areas J, K, L, and the Area K hotspot are within
acceptable levels. Risk estimates for trespassersin Area M are below the point of departure
of 1x10°, whereas those for the WDA are the same as determined for exposure to
cadmium in the Adult RME scenario. None of the noncarcinogenic hazard indices (HIs)
calculated for trespassers exceed the threshold of 1.

e Industrial Workers: Carcinogenic risk estimates are below the point of departure of 1x10°
for al areas of concern, and none of the noncarcinogenic Hls exceed the threshold HI of 1.

e Construction Workers: Carcinogenic risk estimates are below the point of departure of
1x107° for all areas of concern. Noncarcinogenic Hls for Area L, the WDA, and South
Laborde Canyon are below the threshold of 1. The noncarcinogenic HIsin Areas J, K, and
M and in the Area K hotspot exceed 1, al with His of 2 due to assumed exposure to
vanadium. However, the Hls are comparable to HIs calculated for exposures to background
concentrations of vanadium; incremental HIs range from 0.1 to 0.4. Thus, the
noncarcinogenic hazards estimated for construction workers in Areas J, K (including the
hotspot), and M are within acceptable levels.

e Lead: Hedth risks potentially associated with lead were estimated by comparing the
residential and industrial worker CHHSL s to the lead EPCs in soil in each area of concern.
None of the lead EPCs exceeds either CHHSL in Areas J, K, K hotspot, L, or M. The lead
EPC in the WDA exceeds the residential CHHSL of 80 mg/kg, but not the industrial
worker CHHSL of 320 mg/kg.

e Groundwater: Exposure pathways are likely to be incomplete for human receptors because
groundwater is not used for drinking water supply purposes, and there is a deed restriction
preventing installation of water supply wells and the use of groundwater on the property.
However, since a groundwater plume containing perchlorate extends to the southern
boundary of the property and to some extent beyond, exposure to groundwater was
considered under beneficial use conditions (i.e., groundwater was considered to be a source
of drinking water). Beneficial uses of groundwater were evaluated by comparing chemical
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of potential concern concentrations in groundwater to drinking water criteria, including
MCLs, drinking water notification levels (DWNLSs), and USEPA lifetime Heath Advisory
levels. Perchlorate, six organic compounds (1,1-DCE, 1,2-DCA, methylene chloride, TCE,
RDX, and 1,4-dioxane), and five metals (arsenic, barium, chromium, molybdenum, and
nickel) exceed their respective drinking water criteria. Elevated concentrations of
perchlorate and organic chemicals of potential concern were detected at, or in the
immediate vicinity of the WDA source area, suggesting they are related to site
contamination. There does not appear to be a consistent pattern for the metals exceeding
their respective drinking water criteria, suggesting that metals are not related to site
contamination.

Potential human health concerns identified by the risk assessment are summarized by areain Table
2-8.

2.10.2 Additional Lead Evaluation

The DTSC recently issued Lead Spread 8, a tool for evaluating lead exposures that was not
available at the time that the HHRA was finalized. This tool was used to evaluate the lead EPC in
the WDA that was previously compared with residential and industrial worker CHHSLs. For this
evauation, the Lead Spread 8 default exposure parameters were replaced with the trespasser
exposure parameters used in the HHRA, and a 90™ percentile concentration corresponding to a
benchmark change in blood lead concentration of 1 microgram per deciliter was then calculated
(Appendix B). The calculated 90" percentile lead concentration of 193 mg/kg is less than the EPC
of 236 mg/kg, suggesting that exposure in the WDA could result in unacceptable blood lead

concentrations for trespassers.

2.10.3 Summary of Ecological Risk Assessment
The PERA evaluated exposures of ecological receptors that have been observed in site-specific
biological surveys, or are considered potentially present based on habitat associations identified in
background data reviews. The ecological receptors assessed included the following:

e Plants(i.e., herbaceous plants, shrubs, and trees)

e Soil invertebrates

e Amphibians

e Herbivorous, insectivorous, and carnivorous birds

e Herbivorous, insectivorous, and carnivorous mammals
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Each group of receptors was assumed to be exposed to chemicals of potential concern detected in
seven areas of concern, including the five former operational areas (Areas J, K, L, M, and the
WDA), the Prism within Area K, and south Laborde Canyon. Exposures of wide-ranging
carnivorous birds and mammals were also evaluated collectively across the entire site. Reptiles,
which were not evaluated quantitatively, were considered likely to be protected by evaluations for
birds and mammals.

Sail exposure pathways were evaluated in each area of concern. Plants and soil invertebrates were
assumed to be exposed to chemicals of potential concern in soil through root uptake and
absorption/ingestion, respectively. Birds and mammals were assumed to directly ingest chemicals
of potential concern in soil, and to ingest chemicals of potential concern bioaccumulated in plant,
invertebrate, and small mammal tissues from soil. A soil gas exposure pathway was evaluated for
inhalation by burrowing mammals at the WDA. An exposure pathway was evaluated for trees
exposed via root uptake from shalow groundwater in the WDA plume in south Laborde Canyon.
Birds and mammals were also assumed to ingest chemicals of potential concern bioaccumulated in
tree leaf tissues from shalow groundwater in south Laborde Canyon. Finaly, a surface water
exposure pathway was evaluated for amphibians exposed to ephemeral standing water in a low

spotinaroadin Areal.

Exposures were estimated for plants and soil invertebrates using applicable EPCs for soil and
shallow groundwater. Exposures were estimated for bird and mammalian receptor groups on the
basis of nine representative species, using applicable exposure equations, exposure factors,
bioaccumulation models, and EPCs. To reduce uncertainty in exposures to perchlorate via
ingestion of plants, bioaccumulation models were supplemented with results from two site-
specific studies on uptake of perchlorate by plants.

The resulting ranges of hazard quotients (HQs) for specific media, chemical of potential concern

groups, and receptors are summarized below:

e All HQs for organic chemicals of potentia concern were less than 1. For birds and
mammals, most HQs resulting from metals were below 1 or only moderately elevated (i.e.,
less than 5). Multiple lines of evidence were used to evaluate the significance of hazards
identified by HQs exceeding 1. These lines of evidence included the magnitudes of HQs,
comparisons to background metal concentrations, incremental hazards relative to
background, frequency of detection, confidence in bioaccumulation models, toxicity effect
level, confidence in toxicity reference values (TRVS) and alternate TRV's, habitat quality in
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potentially affected areas, and presence of special-status species. Based on these multiple
lines of evidence, no chemicals of potential concern are considered likely to pose hazards
to ecological receptorsin Areas J, L, or M, or in south Laborde Canyon.

e Perchlorate in soils in Area K may pose potential hazards to populations of herbivorous
birds (represented by the house finch) based on growth and behavioral effects, and the
Stephens kangaroo rat (SKR) based on reproductive effects. Focused biological surveys
suggest that potential hazards to herbivorous birds from perchlorate in soil are likely of
limited ecological significance due to the relatively low value of grassland habitat
compared to other habitats in the area of concern that support larger populations and
numbers of bird species. Within Area K, the major contributors to these hazards are soil
concentrations at Test Bay 3 (0.25 acres, or about 0.2% of AreaK) and at the Prism.

e Within the Test Bay 3 area, the HQ based on the no-observed adverse-effect level
(NOAEL) for perchlorate, calculated for the SKR based on reproductive effects,
approaches 5, indicating a potential for decreased reproductive success. Perchlorate in soils
at the Prism may pose potential hazards to the SKR based on reproductive effects.
However, focused biological surveys suggest that the HQ indicating potentia reproductive
effects to the SKR may not represent significant impacts to populations or individuas,
because the Prism provides habitat of limited value to the SKR, based on (1) the limited
size of the Prism (i.e., about 0.7 acres, or 0.5% of AreaK), (2) extremely steep slopes and
relatively low quality of habitat for the SKR, (3) trace to low densities of kangaroo rat
signs observed on a portion of the Prism, and (4) physical disturbances at the Prism.

e Lead and zinc in soils in a localized area within the WDA could impact ecological
receptors. Potentially significant hazards to the SKR were identified from lead, and to
plants and soil invertebrates from zinc. Additiona evaluations indicated that these hazards
are within acceptable levels, except for the limited area represented by one sample location
(Pond3). Given the limited area of zinc contamination, the hazards to plants and
invertebrates, which are protected at the community rather than individua level, are
considered to be acceptable.

Potentially significant ecological concerns identified by the risk assessment are summarized in
Table 2-8.
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Table2-1
Constant-Rate Aquifer Test Data

Transient Drawdown Analysis Specific Drawdown
Capacity Distance Best Estimate
Theis Type Curve Method? Cooper-Jacob Method® L eaky Aquifer Type Curve Method* Average Analysi Analysi issivi
Well Test Phase! yp p y Aq yp . g | Average ysis ysis Transzmlsswlty
Transmissivity .| Transmissivity | Transmissivity . Transmissvity™ | o ativity® | Transmissivity | Transmissivity (ft"/day)
2 Storativity 2 Storativity 2 Storativity r/B (ft¥day) 2 2
(ft“/day) (ft“/day) (ft“/day) (ft“/day) (ft“/day)

Site Boundary Area (Tetra Tech, 2010e)

P 0.90 NA 0.63 NA NA NA NA
TT-EW2-1 0.69 NA 24

R 0.75 NA 0.53 NA NA NA NA

P 16 2.0E-03 14 1.7E-03 NA NA NA
TT-PZ2-2 14 0.0019 NA 19 2

R 12 2.3E-03 12 1.7E-03 NA NA NA

P 8.3 2.6E-03 79 4.5E-03 NA NA NA
TT-MW2-8 9.2 0.0031 NA

R 10 3.2E-03 11 2.3E-03 NA NA NA
Waste Discharge Area (Tetra Tech, 2012d)
TT-EW2-3 R 0.22 NA 0.24 NA 0.13 NA 0.58 0.19 NA 11
TT-PZ2-4 R 0.22 0.0018 0.28 0.0014 0.12 0.0014 0.90 0.20 0.0015 NA NA 1
TT-MW2-24 R 6.5 0.14 13 0.10 NA NA NA 9.0 0.12 NA
Test Bay Canyon (Tetra Tech, 2012d)

P 6.5 NA 6.3 NA 6.1 NA 0.027
TT-EW2-2 6.5 NA 11

R 6.7 NA 6.9 NA 6.5 NA 0.021

P 57 0.020 59 0.018 NA NA NA
TT-PZ2-3 57 0.067 NA NA 10

R 57 0.11 53 0.12 NA NA NA

P 5.0 0.0018 4.9 0.0016 4.0 0.0019 0.23
TT-MW2-39 43 0.0020 NA

R 44 0.0024 45 0.0020 33 0.0024 0.33
Notes:

Pumping rateis 0.82 gpm for 72 hours.

NA: Not applicable

- . No drawdown observed
. Piindicates pumping phase of test; R indicates recovery phase of test.
. Datainterpreted using Theis type curve method
. Datainterpreted using Cooper-Jacob semilog method

. Geometric mean of Theis type curve, Cooper-Jacob, and/or lesky aquifer type curve methods

1
2
3
4. Datainterpreted using leaky aquifer type curve method
5
6

. Mean of storativity values
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Table 2-2

Slug Test Data
Wl Hydraulic Conductivity (feet per day)
Falling Head" | Rising Head” Average®

TT-MW2-1 9.3 9.4 9.4
TT-MW2-3 13 11 12
TT-MW2-4S 0.011 0.010 0.011
TT-MW2-5 0.33 0.88 0.61
TT-MW2-6D 4.4 6.0 5.2
TT-MW-2-7 0.042 0.038 0.040
TT-MW2-7D 0.090 0.079 0.085
TT-MW2-84 0.50 0.49 0.49
TT-MW2-9 0.19 0.19 0.19
TT-MW2-9D 0.32 0.29 0.31
TT-MW2-10 0.65 0.91 0.78
TT-MW2-11 0.011 0.014 0.012
TT-MW2-13 0.16 0.17 0.17
TT-MW2-14 0.12 0.11 0.11
TT-MW2-17S 0.051 0.048 0.050
TT-MW2-17D 13 13 13
TT-MW2-19S 0.0012 - 0.0012
TT-MW2-19D 0.00059 - 0.00059
TT-MW2-21 0.11 0.097 0.10
TT-MW2-22 0.097 0.11 0.10
TT-MW2-23 0.016 0.017 0.017
TT-MW2-24 0.16 0.16 0.16
TT-MW2-28 0.00073 0.00064 0.00068
TT-MW2-30A 0.77 0.71 0.74
TT-MW2-30B 0.053 0.045 0.049
TT-MW2-30C 0.011 0.010 0.011
TT-MW2-36A 2.7 22 25
TT-MW2-37A 0.019 0.015 0.017
TT-MW2-37B 0.0080 0.0067 0.0073
TT-MW2-38A 0.65 0.15 0.40
TT-MW2-38B 0.086 0.073 0.080
TT-MW2-38C 0.026 0.040 0.033
TT-MW2-39 4.9 21 35
TT-MW2-40A 31 27 29
TT-MW2-41A 0.00051 0.0040 0.0023
TT-MW2-42A 0.065 0.043 0.054
Notes:
- no data

1. Data collected during falling-head (slug-in) phase of test
2. Data collected during rising-head (slug-out) phase of test
3. Mean of hydraulic conductivity values for falling- and rising-head tests
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Table 2-3
Water Budget Summary

Water Balance Element AV;?i-f'e::r Atii'f:er Notes
Recharge
Direct Precipitation 2 0
Direct Recharge from Creek 0 0
Underflow 0 0
Injection/Spreading 0 0
Leakage from STF Aquifer 0.1 - 1
Leakage from wSTF Aquifer - 04 2
Total Recharge 21 04
Discharge
Extraction 0
Evapotranspiration 0.7 3
Discharge to Creek 0 0
Underflow 0.3
Leakage to STF Aquifer 04 - 4
Leakage to wSTF Aquifer - 0.1
Total Discharge 21 04
Net Budget 0 0
Notes

All values are in acre-feet per year.

- : not applicable
STF: San Timoteo formation

WSTF: Weathered San Timoteo formation
1. Based on leakance factor of 2x10° day™, area of 40 acres, and head

difference of 3 feet

2. Based on leakance factor of 2 x 10°® day™, area of 165 acres, and

head difference of 3 feet

3. Estimated range of valuesis0.5to 1
4. Based on leakance factor of 2 x 10 day™, area of 165 acres, and

head difference of 3 feet

5. Based on leakance factor of 2 x 10 day™, area of 165 acres, and
head difference of 3 feet. Leakance from STF aguifer to deeper
portions of STF aquifer is estimated to be 0.1 acre-feet per year,
and is neglected in steady-state model.
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Table 2-4
Soil Impacts by Historical Operational Area

Contaminants

Area Perchiorate| TPHg | TPHd | vocs | svocs | PcBs | Meals |14Dioxane| RDX NDMA
Primary Source Areas
AreaK - Southern Test Bay Canyon v - - - - - - - NA NA
Waste Discharge Area v NA NA v - NA v - - -
Secondary Source Areas
AreaK - Northern Test Bay Canyon v - - - - - - - NA NA
AreaM v - - - - - - - NA -
No Significant Impacts
AreaJ - - - - - - - - NA NA
AreaK - Laborde Canyon - - - - - - - - - NA
Area L - - - - - - - - NA -
South Laborde Canyon - NA NA NA NA NA NA NA NA NA

Notes:

Metals: California Title 22 metals
NDMA: N-Nitrosodimethylamine
PCBs: Polychlorinated biphenyls

RDX: Hexahydro-1,3,5-trinitro-1,3,5-triazine
SVOCs: Semivolatile organic compounds

TPHg: Tota petroleum hydrocarbons as gasoline
TPHd: Total petroleum hydrocarbons as diesel

VOCs: Volatile organic compounds

v indicates significant impacts present.

- indicates significant impacts not present.

NA indicates not analyzed.
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Table2-5
Per chlorate M ass Estimates; Soil Sour ce Areas

Concentration Estimated ) % of Total
Perchlorate | % of Massin ; .
Area Range Massin Soil at
(ug/kg) Mass Source Area Site
Hokg (pounds)
Northern Test Bay 100-1,000 33 100% 0.4%
Canyon Subtotal: 33 100% 0.4%
100-1,000 61 17% 8%
1,000-10,000 175 49% 22%
Southern Test B
&y 10,000-100,000 120 34% 15%
Canyon
>100,000 0.04 0.01% 0%
Subtotal: 356 100% 45%
100-1,000 3.9 87% 0.5%
AreaM 1,000-10,000 0.62 14% 0.1%
Subtotal: 4.5 100% 0.6%
100-1,000 21 4.9% 3%
1,000-10,000 142 33% 18%
WDA 10,000-100,000 256 60% 32%
>100,000 6.1 1.4% 1%
Subtotal: 425 100% 54%
Total Mass 789 - 100%

Notes:

1. Perchlorate masses estimated from geostatistical model developed using Mining
Visualization System software.
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Table 2-6
Groundwater Impacts by Plume

Groundwater Plume

Contaminants

Perchiorate| vocs | svocs | Meals |14Dioxane| RDX

| ~Oma

Primary Groundwater Plumes

Southern Test Bay Canyon

v ] ] ; ]

Waste Discharge Area

v
v - - v v

Secondary Groundwater Plumes

Northern Test Bay Canyon

NA

Area M

v
v - NA NA NA NA
v

Notes:
Metals: California Title 22 metals
NDMA: N-Nitrosodimethylamine

RDX: Hexahydro-1,3,5-trinitro-1,3,5-triazine
SVOCs: Semivolatile organic compounds

VOCs: Volatile organic compounds
v indicates significant impacts present.

- indicates significant impacts not present.

NA indicates not analyzed.
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Table 2-7

Perchlorate M ass Estimates; Groundwater Plumes

20% Porosity 35% Porosity
Concentration Estimated Estimated Estimated Estimated Estimated Estimated | oy of prume | 70 Of TOH@
Area Range Total Plume | SourceArea | Downgradient | Total Plume | SourceArea | Downgradient Mass Massin
(ng/kg) Mass Mass Mass Mass Mass Mass Groundwater
(pounds) (pounds) (pounds) (pounds) (pounds) (pounds)
6-10 0.4 0.1 0.3 0.6 0.2 04 0.02% 0.0%
10-100 59 2.3 3.6 10 4.0 6.0 0.2% 0.2%
100-1,000 46 13 33 81 22 59 1.9% 1.8%
Soumgar:Jj: B | 100020000 340 69 270 590 120 470 14% 14%
10,000-100,000 1000 460 540 1760 800 960 42% 40%
>100,000 990 970 20 1740 1700 40 42% 40%
Subtotal: 2380 1510 870 4180 2650 1540 100% 96%
6-10 0.3 0 0.3 0.6 0.1 0.5 0.3% 0.0%
10-100 6.2 0.4 58 11 13 9.7 5.7% 0.2%
100-1,000 31 2.3 29 55 81 47 28% 1.2%
WDA 1,000-10,000 42 13 30 73 34 40 39% 1.7%
10,000-100,000 29 29 0 50 50 0 271% 1.2%
>100,000 0.4 04 0 0.8 0.8 0 0.4% 0.0%
Subtotal: 109 45 65 190 94 97 100% 4%
6-10 - - - - - - - -
Northern Test Bay 10-100 - - - - - - - -
Canyon 100-1,000 - - - - - - - -
Subtotal: <1 - - <1 - - 0% 0.0%
6-10 0.03 - - 0.05 - - 5% 0.0%
AreaM 10-100 0.3 - - 0.6 - - 62% 0.0%
100-1,000 0.2 - - 0.3 - - 33% 0.0%
Subtotal: 0.6 1.0 100% 0.0%
Total Mass 2490 1560 940 4370 2740 1640 - 100%

Notes:

1. Perchlorate masses estimated from geostatistical model developed using Mining Visualization System software.
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Table 2-8

Risk Assessment Summary

Human Health Ecological
Blood L ead
Area Receptor Risk Concen- Hazard Primary Contributor
tration Quotient
(Hg/dl)
Southern Test Bay [SKR - - 12 Perchlorate
Canyon Herbivorous Birds - - 7 Perchlorate
Adult T 2E-06 - - Cadmium
Waste Discharge ult Tresspasser
Area - 12 - Lead
SKR - - 11 Lead
Notes:

Only risks or hazards considered potentially significant in the risk assessment are shown.

pg/dl: micrograms per deciliter

- indicates not applicable.

SKR: Stephens' kangaroo rat
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Section 3

Applicable or Relevant and
Appropriate Requirements

Section 121(d) of the Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLA) requires that remedial actions implemented at CERCLA sites attain any
federa or more stringent state environmental standards, criteria, or limitations that are determined
to be either applicable or relevant and appropriate, unless a waiver is justified and granted in the
decision document. This section identifies and evauates potentia applicable or relevant and
appropriate requirements (ARARS) that could affect remedial alternative selection at the site.

‘Applicable’ requirements are those cleanup standards, criteria, or limitations promulgated under
federa or state law that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA site. A requirement is applicable if
the jurisdictional prerequisites of the environmental standard show a direct correspondence when

compared objectively with the conditions at the site.

‘Relevant and appropriate’ requirements are those cleanup standards, control standards, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federa or state law that, while not applicable, address problems or situations sufficiently similar to
the circumstances of the proposed response action and are well suited to the conditions of the site.
United States Environmental Protection Agency (USEPA) guidance provides criteriafor screening
‘relevant’ requirements to determine which are also ‘appropriate, and hence ARARs. Relevant

requirements are not considered to also be appropriate when:

e “...another requirement is available that more fully matches the circumstances at the site.”

e “..another requirement is available that has been designed to apply to that specific
situation, reflecting an explicit decision about the requirements appropriate to that
situation.”

For a state requirement to qualify as an ARAR, it must be promulgated, legally enforceable, more
stringent than any corresponding federal requirement, consistently applied, and identified in a
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timely manner (Title 40 of the Code of Federal Regulations (CFR) Section 300.400(g)(4)). The
criteriafor determining relevance and appropriateness are listed in 40 CFR 8300.400(g)(2).

In addition to ARARS, nonpromulgated advisories, guidance, or criteriaissued by federal or state
agencies that are not legaly binding may aso provide useful information or recommended
procedures for remedial actions, and thus may be considered when developing remedial
aternatives. These ‘to be considered’ (TBC) criteria do not meet the definition of an ARAR, but
still may be useful in determining whether to take action at a site or to what degree action is
necessary, particularly when there are no ARARSs for a site, action, or contaminant. Although TBC
criteria do not have the status of ARARS, they are typically considered together with ARARS to
establish the required level of cleanup necessary for the protection of human health or the
environment. The critical difference between a TBC criterion and an ARAR is that an entity is not
required to comply with or meet a TBC criterion when implementing a remedial action, unless the
TBC has been used to establish a cleanup level. TBC criteria are defined in 40 CFR
8300.400(g)(3).

ARARs and TBC criteria are generally classified as chemical-specific, location-specific, or action-
specific. These categories were developed to help define ARARS; however, some ARARS do not
fall precisely within one group. These categories of ARARSs are defined below.

e Chemical-specific ARARSs include those laws and requirements that regulate the release to
the environment of materials possessing certain chemical or physical characteristics or
containing specified chemical compounds. These requirements generally set numerical
health- or risk-based concentration limits or discharge limitations for specific hazardous
substances. If, in a specific situation, a chemical is subject to more than one discharge or
exposure limit, the most stringent of the requirements should generally be applied. An
example of achemical-specific ARAR isagroundwater quality standard.

e Location-specific ARARSs are those requirements that relate to the geographical or physical
position of the site, rather than the nature of the contaminants or the proposed remedial
actions. These requirements may limit the placement of a remedia action, or impose
additional constraints on a remedial action. Location-specific ARARs may refer to
activities near endangered species habitat, wetlands, or areas of historical significance.

e Action-specific ARARSs are requirements that apply to specific actions associated with site
remediation. These requirements are triggered by the particular remedia activities that are
selected to accomplish a remedy, and often define acceptable handling, treatment, and
disposal procedures for hazardous substances. Examples of action-specific ARARs include
requirements applicable to landfill closure, wastewater discharge, hazardous waste
disposal, and air emissions.
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Lists of potential chemical-specific, location-specific, and action-specific ARARs and TBC
criteriaare provided in Tables 3-1, 3-2, and 3-3, respectively. The identification of ARARs for the
site will be an iterative process, with the lists being updated as appropriate during remedia action

planning and remedia design.

3.1 POTENTIAL CHEMICAL-SPECIFIC ARARS AND TBC CRITERIA

Chemical-specific ARARs are generally health- or risk-based numerical values or methodologies
that, when applied to site-specific conditions, result in the establishment of a cleanup level. Seven
potential federal and state chemical-specific ARARs and nine potential TBC criteria have been
identified for this site and are summarized in the following text. More detailed descriptions are
provided in Table 3-1.

The following potential federal chemical-specific ARARs have been identified:

e Safe Drinking Water Act, National Primary Drinking Water Standards, 40 CFR 8§ 141.61-
141.62: relevant and appropriate for groundwater that has the potential to be used as
drinking water

o Clean Water Act, California Toxics Rule, 40 CFR 8 131.38: applicable for discharges to
surface water

e Toxic Substances Control Act, PCB-contaminated materials, 40 CFR 8 761.61(a)(4), (b),
(c): potentially applicable, as polychlorinated biphenyl (PCB) concentrations found at the
site were well below the 50 milligrams/kilogram (mg/kg) threshold for this regulation;
however, this regulation would become applicable if PCB concentrations greater than 50
mg/kg are found during remedial actions at the site.

The following potential California chemical-specific ARARS have been identified:

e Cadlifornia Safe Drinking Water Act, California Primary Drinking Water Standards
(Cdlifornia MCLS), 22 CCR 8§ 64421-64444: relevant and appropriate for groundwater
that has the potential to be used as drinking water

e Porter-Cologne Water Quality Control Act, CWC 8§ 13000: applicable for establishing the
need for cleanup

e Porter-Cologne Water Quality Control Act, Water Quality Control Plan for the Santa Ana
River Basin (Basin Plan), CWC 8 13240 et seq.: applicable, athough the site is not
located within a groundwater basin designated by the Basin Plan (SARWQCB, 1995).
However, it is a tributary to a groundwater basin that is designated in the Basin Plan;
therefore, the Basin Plan, which designates the beneficia uses of groundwater, is also
applicable to groundwater at the site.
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Porter-Cologne Water Quality Control Act, Policies and Procedures for Investigation and

Cleanup and Abatement of Discharges under Water Code Section 13304, State Water

Resources Control Board (SWRCB) Resolution 92-49: applicable for establishing cleanup

levels

Porter-Cologne Water Quality Control Act, Sources of Drinking Water Policy, SWRCB

Resolution 88-63: applicable for establishing beneficial uses of surface water and

groundwater

Potential federal chemical-specific TBC criteriainclude:

Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGS)

Safe Drinking Water Act, National Secondary Drinking Water Standards (Secondary
MCLYs)

Clean Water Act, National Recommended Water Quality Criteria
USEPA Superfund Guidance, USEPA Region IX Regional Screening Levels (RSLsS)

USEPA Superfund Guidance, USEPA Heath Advisories

Potential California chemical-specific TBC criteriainclude:

California Safe Drinking Water Act, California Secondary MCLs
California Safe Drinking Water Act, California Public Health Goals (PHGs)

Caifornia Safe Drinking Water Act, California Drinking Water Notification Levels
(DWNLSs) and Response Levels

Cal/EPA Brownfields Guidance, Cal/EPA Human Health Screening Levels (CHHSLS)

Many of these chemical-specific ARARs and TBC criteria are water quality standards that are

applicable at the tap for drinking water supply systems; others designate actual and potential

beneficial uses for specific groundwater and surface water bodies. In the latter case, applicable

water quality standards may be determined from the designated beneficial uses of the groundwater

or surface water body.

Generdly, all waters of the State of California are considered by the SWRCB to have beneficial
uses. Twenty beneficia uses of surface water and groundwater are currently recognized within the
Santa Ana Region (SARWQCB, 1995). In general, municipal and domestic supply is considered

to be a beneficia use of all surface water and groundwater in California. Exceptions to the

Tetra TecheLaborde Canyon Feasibility Study Page 3-4



municipal or domestic beneficial use designation include groundwater bodies that have totd
dissolved solids or naturally occurring contaminants at concentrations that are not conducive to
treatment, or water sources that do not yield sufficient water to supply a single well capable of
producing an average yield of 200 gallons per day. The applicability of these and other potential
exceptions or mitigating factors to ARARs that directly or indirectly impact groundwater cleanup
standards based upon beneficial use is discussed in the development of preliminary remediation
goals (PRGs) for the sitein Section 4.3.

3.2 POTENTIAL LOCATION-SPECIFIC ARARS AND TBC CRITERIA

The following eight general resource categories are associated with evaluating and identifying
location-specific ARARs. cultural resources, wetland protection, floodplain management,
hydrologic resources, biological resources, coasta resources, other natural resources, and geologic
characteristics. Considering the geological setting of the site, past site operations, and the presence
of several endangered or protected species at the site, only two of these evaluation categories were
initially discounted; coastal resources (the site is not located near coastal resources) and floodplain
management (the site is not located on a designated floodplain).

Seven potential federal and six potential state ARARS for the protection of these resources were
identified. A more detailed discussion of each is provided in Table 3-2.

The following potential federal location-specific ARARS have been identified:

e National Archaeological and Historical Preservation Act, Protection of archeological
resources, 36 CFR Part 65: potentially applicable, as previous surveys have not identified
archeological resources in areas where actions are proposed. Additional surveys may need
to be conducted prior to construction in areas that have not been surveyed.

e National Historic Preservation Act, Protection of historic resources, 36 CFR Part 800:
potentially applicable, as some former facilities are greater than 50 years old and may
have Cold War era significance. This regulation would be applicable if these or other
resources are listed or eligible for listing on the National Register of Historic Places, and
actions could potentially cause damage.

o Clean Water Act Section 404, Water pollution prevention and control, 33 USC 81344:
potentially applicable if actions involve construction (dredge and fill) within the Laborde
Canyon drainage channel.
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e Executive Order No. 11990, Protection of Wetlands, Protection of wetlands, 40 CFR
86.302(a): potentially applicable if actions involve either construction in wetlands areas
or may impact groundwater elevations or groundwater quality in riparian areas.

e Endangered Species Act, Protection of federally-listed threatened and endangered species
and their critical habitat, 50 CFR Parts 200 and 402: applicable, as the site is habitat for
the federaly endangered Stephens kangaroo rat (SKR), as well as other threatened or
endangered animals and plants. A Habitat Conservation Plan and Incidental Take Permit
for SKR will be required by the United States Fish and Wildlife Service (USFWS) for
remediation activitiesin critical habitat.

e Fish and Wildlife Coordination Act, Protection and conservation of wildlife, 40 CFR §8302:
potentially applicable, if actions involve either construction within the stream channel or
that may impact groundwater elevations or groundwater quality in riparian areas.

e Migratory Bird Treaty Act, Protection of Native Birds, 50 CFR Parts 10 and 20:
potentially applicableif actions affect native migratory birds.

The following potential California state |ocation-specific ARARS have been identified:

o Cadlifornia Register of Historical Resources, Protection of California historic resources, 14
CCR 84850 et seq.: potentially applicable. Facilities eligible for the National Register of
Historic Places are automaticaly €ligible for the California Register of Historical
Resources.

e Cadlifornia Endangered Species Act, Protection of Cadlifornialisted threatened and
endangered species and their critical habitat, Fish and Game Code (FGC) 82080 and 3005:
applicable, as the site is habitat for the SKR, as well as other threatened or endangered
animals and plants. Endangered species-related permitting will require coordination
between the USFWS and California Department of Fish and Game (CDFG).

e Native Plant Protection Act, Protection of endangered and rare native plants, FGC 81900 et
seq.: potentially applicableif actions affect endangered or rare native plant species.

e Cadlifornia Fish and Game Code, Protection of aquatic habitat and species in California,
CFGC 85650: potentially applicable if actions involve construction within the stream
channel.

e Cdlifornia Fish and Game Code, Protection of certain species of birds, CFGC §3511:
potentially applicableif actions affect protected bird species.

e Cdlifornia Streambed Alteration Program, California Streambed Alteration Agreement,
CFGC 81600-1616: potentially applicable if actions involve construction (dredge and fill)
within the stream channel.

e Fish and Game Commission Wetlands Policy (adopted 1987) included in Fish and Game
Code Addenda, Protection of wetland habitat in California, Fish and Game Commission
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Wetlands Policy included in FGC Addenda: potentially applicable if actions impact
groundwater elevations or groundwater quality in riparian areas.

3.3 POTENTIAL ACTION-SPECIFIC ARARS AND TBC CRITERIA

Action-specific ARARSs apply to actions such as waste handling, treatment, and disposa that are
associated with specific remediation activities and, as such, will vary based upon the fina remedy
selected for implementation. Twelve federa and 11 state potentiadl ARARs that address
compliance with these regulations were identified. A more detailed discussion of each potential
ARAR isprovided in Table 3-3.

Potential federal action-specific ARARs that may apply during remedial activities at the site

include those from the following sources:

e Safe Drinking Water Act
o Clean Water Act
e Resource Conservation and Recovery Act
e Hazardous Material Transportation Act
o Clean Air Act
e Occupationa Safety and Health Act
Potential state and local action-specific ARARs that may apply during remedial activities at the

site include those from the following sources:

e Porter-Cologne Water Quality Control Act
e Hazardous Waste Control Act

e Cadlifornia Integrated Waste Management Board and SWRCB Consolidated Regulations
for Treatment, Storage, Processing, or Disposal of Solid Waste

e South Coast Air Quality Management District Regulations for air emissions
e California Occupational Safety and Health Act

e CaliforniaHedth and Safety Code

e CadliforniaCivil Code

e CadliforniaWell Standards

¢ Riverside County Ordinances
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Table3-1

Potential Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or
Criterion

Citation

Description

ARAR or TBC
Deter mination

Comments

Federal ARARsand TBCs

Safe Drinking Water Act (42 USC 8300 et seq.)

National Primary Drinking | 40 CFR §141.61— | Enforceable, chemical-specific drinking water Relevant and appropriate Applicable at the tap for drinking water supply

Water Standards (MCLS) 141.62 standards systems; potentially relevant and appropriate for
groundwater that has the potential to be used as
drinking water

Maximum Contaminant 40 CFR 8141.50— | Chemical-specific drinking water criteriapertaining | To be considered To be considered for groundwater with multiple

Level Goals (MCLGs) 141.51 to known or anticipated health effects chemicals of concern that has the potential to be
used as drinking water. MCLGs that are equal to
zero are not considered ARARs or TBC criteria

National Secondary 40 CFR §143.3 Chemical-specific standards for consumer To be considered Secondary MCLs are based on aesthetic criteria, and

Drinking Water Standards
(Secondary MCLY5)

acceptance of drinking water

are therefore not risk-based.

Clean Water Act (33 USC 81251 €t seq.)

National Recommended Clean Water Act, Chemical-specific surface water qudlity criteriafor To be considered Recommended criteria for discharges to surface
Water Quality Criteria Section 304(a) the protection of aquatic life and human health water
California Toxics Rule 40 CFR §131.38 Chemical-specific water quality standards for the Applicable Applicable for discharges to surface water

protection of aquatic life and human hedlth in the
enclosed bays and estuaries and inland surface
waters of California

USEPA Superfund Guidance

USEPA Region 9 Regional
Screening Levels (RSLS)

USEPA Region 9

RSLs include numeric human health-based criteria
for soil and tap water. The RSLs assume either
residential or commercial/industrial worker
receptors. For certain chemicals, DTSC
recommends the use of California Human Health
Screening Levels (CHHSLS) or the 2004 USEPA
Region 9 Californiamodified Preliminary
Remediation Goals (PRGs) in place of RSLs.

To be considered

RSLs are advisory only. A quantitative human
health risk assessment has been performed and will
be used to evaluate site-specific risks.

USEPA Health Advisories

USEPA

Health advisories are non-enforceable human
health-based criteriafor unregulated chemicals.

To be considered

Health advisories are advisory only.

Toxic Substances Control Act (15 USC 826!

01 et seq)

Regulations pertaining to
PCB-contaminated
materials

40CFR.
§761.61(3)(4),
(b), and (c)

Regulates storage and disposal of materials
contaminated with PCBs at concentrations greater
than 50 mg/kg.

Potentially applicable

PCB concentrations at the site are well below 50
ppm. However, these requirements are applicable if
PCB concentrations greater than 50 ppm are
discovered during remedial actions.
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Table3-1

Potential Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or Citation Description PRIAR or T.BC Comments
. Deter mination
Criterion
State ARARs and TBCs

California Safe Drinking Water Act (HSC 8116270 et seq.)

California Primary 22 CCR 864421 - Enforceable, chemical-specific drinking water Relevant and appropriate Applicable at the tap for drinking water supply
Drinking Water Standards 64444 standards. California M CLs that are more stringent systems; relevant and appropriate for groundwater
(CdliforniaMCLs) than federal MCLs, or which apply to chemicals not that has the potential to be used as drinking water.
addressed by federal MCLs, are considered to be
potential ARARS.
California Secondary 22 CCR 864449 Chemical-specific standards for consumer To be considered Secondary MCLs are based on aesthetic criteria, and
Drinking Water Standards acceptance of drinking water. Secondary MCLs are are therefore not risk-based.
(Cdlifornia Secondary based on aesthetic criteria, and are therefore not
MCLs) risk-based.
California Public Health HSC §116365 PHGs are drinking water contaminant levels To be considered PHGs are advisory only; public water systems are
Goals (PHGs) developed by the California Environmental not required to comply with PHGs.
Protection Agency, Office of Environmental Health
Hazard Assessment (OEHHA), that help protect
human hesalth over alifetime of exposure.
California Drinking Water HSC §116455 DWNLs are health-based advisory levels To be considered DWNLs and Response Levels are non-regulatory

Notification Levels
(DWNLSs) and Response
Levels

established by the CDPH for contaminantsin
drinking water for which MCLs have not been
established. Response levels are levels at which
CDPH recommends removal of a drinking water
source from service. Response levels are chemical-
dependent, and range from 10 to 100 times the
DWNL; the response level for 1,4-dioxaneis
currently 35 timesthe DWNL. DWNLs are
established as precautionary measures for
contaminants that may be considered candidates for
establishment of MCLs, but have not yet undergone
or completed the regulatory standard-setting process
prescribed for the development of MCLs.

and are not drinking water standards.

Porter-Cologne Water Quality Control Act

(CWC §13000 et seq.)

Intent of legislature with
respect to water quality

CWC 813000

Defines the legidative intent to attain the highest
water quality reasonable, considering al of the
demands that are being made on those waters and
the total valuesinvolved.

Applicable

Applicable for establishing the need for cleanup;
relevant and appropriate for actions which involve
reinjection
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Table3-1

Potential Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement, - - ARAR or TBC
Standard, or Citation Description S Comments
o Deter mination
Criterion
Water Quality Control CWC 813240 et Describes the water resources of the Santa Ana Applicable The site is not located within a groundwater basin
Plan for the Santa Ana seg. River Basin, including both surface water and designated in the Basin Plan, but isatributary to the
River Basin (Basin Plan) groundwater. Establishes beneficial uses of surface San Jacinto Upper Pressure groundwater
water and groundwater within the region. management zone of the San Jacinto Groundwater
Establishes water quality objectives, including Basin. Specific waters that are not listed in the
narrative and numerical standards, to protect the Basin Plan have the same beneficia uses asthe
beneficial uses of surface water and groundwater. groundwater basins or subbasins to which they are
Describes implementation plans and other control tributary or overlie. Designated beneficial uses of
measures designed to ensure compliance with state- groundwater in the San Jacinto Upper Pressure
wide plans and policies. Allows Regional Boards to groundwater management zone include MUN
specify certain conditions or areas where the (municipal and domestic supply), AGR (agricultural
discharge of waste, or certain types of waste, will supply), IND (industrial service supply) and PROC
not be permitted. (industrial process supply).Designated beneficial
uses of surface water in Laborde Creek include
MUN, AGR, groundwater recharge (GWR), contact
recreation (REC1), non-contact recreation (REC2),
warmwater habitat (WARM), and wildlife habitat
(WILD)
Palicies and Proceduresfor | SWRCB Requires that dischargers “clean up and abate the Applicable Applicable narrative standards for establishing
Investigation and Cleanup Resolution 92-49, | effectsof dischargesin a manner that promotes groundwater cleanup levels
and Abatement of as amended on attainment of either background water quality, or
Discharges under Water April 21, 1994 the best water quality which is reasonable if
Code Section 13304 and October 2, background levels of water quality cannot be
1996 restored.”
Sources of Drinking Water | SWRCB Designates all surface water and groundwater inthe | Applicable Applicable narrative criteria for establishing the
Policy Resolution. 88-63, | state as suitable or potentially suitable for municipal beneficial uses of surface water and groundwater
asrevised by or domestic use. Specific exceptionsinclude 1)
SWRCB waters where total dissolved solids exceed 3,000
Resolution No. mg/L or electrical conductivity exceeds 5,000
2006-0008 puS/em; 2) waters with contamination, unrelated to

the specific pollution incident, that cannot
reasonably be treated for domestic use; 3) water
sources that do not provide sufficient water to
supply asingle well capable of producing an
average, sustained yield of 200 gallons per day
(0.14 gallons per minute); 4) waters regulated as a
geothermal resource or exempted for the purpose of
injection of fluids for production of geothermal
energy or hydrocarbons; or 5) waters located in
certain treatment systems or a system designed to
convey or store agricultural drainage.
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Table3-1

Potential Chemical-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement, - - ARAR or TBC
Standard, or Citation Description S Comments
o Deter mination
Criterion
Cal/EPA Brownfields Guidance
Cal/EPA Cdlifornia “Use of California | CHHSLs are numeric human health-based criteria To be considered CHSSLs are advisory only. A quantitative site-
Human Health Screening Human Health for soil, soil gas, and ambient air. The CHHSLs specific risk assessment has been performed; these
Levels (CHHSLS) Screening Levels assume either residential or commercial/industrial results will be used to evaluate human health risk.
(CHHSLs) in worker receptors.
Evaluation of
Contaminated
Properties,” dated
January 2005.

Acronyms and Abbreviations:

ARARs: Applicable or Relevant and Appropriate Requirements

AGR: Agricultural water supply

Basin Plan: Water Quality Control Plan for the Santa Ana River Basin

Cal/EPA: California Environmental Protection Agency
CCR: California Code of Regulations

CDPH: California Department of Public Health

CFR: Code of Federal Regulations

CHHSLs: California Human Health Screening Levels
CWC: Cdlifornia Water Code

DTSC: Cdlifornia Environmental Protection Agency, Department of

Toxic Substances Control
DWNLs: California Drinking Water Notification Levels
GWR: Groundwater recharge
HSC: California Health and Safety Code

IND: Industria service supply (surface water beneficial use)

MCL: Maximum Contaminant Level

MCLGs: Maximum Contaminant Level Goals

MUN: Municipal and domestic supply (surface water beneficial use)
OEHHA: Cdlifornia Environmental Protection Agency, Office of Environmental Health Hazard Assessment
PCB: Polychlorinated biphenyl

PHGs: Public Health Goals

PRGs: Preliminary Remediatio n Goals

PROC: Industrial process supply (surface water beneficial use)
REC1: Water contact recreation (surface water beneficial use)
REC2: Non-contact water recreation (surface water beneficial use)
RSLs: Regional Screening Levels

SWRCB: State Water Resources Control Board

TBC: To be considered

USEPA: United States Environmental Protection Agency

USC: United States Code

WARM: Warm freshwater habitat (surface water beneficial use)
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Table 3-2

Potential L ocation-Specific Applicable or Relevant and Appropriate Requirements (ARARSs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or

Citation

Criterion

Description

ARAR or TBC
Deter mination

Comments

Federal ARARsand TBCs

National Archaeological and Historical Preservation Act (16 USC 8§469)

Protection of archeological
resources

36 CFR Part 65

Requires actions to recover and preserve artifacts if
activities threaten significant scientific, prehistoric,
historic, or archaeological resources.

Potentially applicable

Previous surveys have not identified archeological
resources in areas where actions are proposed. Additional
surveys may need to be conducted prior to construction in
areas that have not been surveyed.

National Historic Preservation Act (16 USC 8§470)

Protection of historic 36 CFR Part 800 Requires actions to minimize harm to historic Potentially applicable | The site has structures greater than 50 years old, and the
resources properties listed on or eligible for listing on the former LPC facilities are greater than 50 years old and may
National Register of Historic Places. have Cold War era significance. Applicableif these or

other resources are listed or eigible for listing on the
National Register of Historic Places, and actions could
potentially cause damage.

Clean Water Act Section 404 (33 USC §1344)

Water pollution prevention | 33 USC §1344 Requires permits for discharge of dredged or fill Potentially applicable | Applicableif actionsinvolve construction (dredge and fill)

and control

material into waters of the United States. Appliesto
navigable waters and tributaries.

within the stream channel

Executive Order No. 11990, Protection of Wetlands

Protection of wetlands

40 CFR §6.302(a)

Requires actions to minimize the destruction, loss,
or degradation of wetlands.

Potentially applicable

Applicableif actions involve construction in wetlands
areas, or which may impact groundwater el evations or
quality in riparian areas

Endangered Species Act

(16 USC §1531 et seq.)

Protection of federally
listed threatened and
endangered species and
their critical habitat

50 CFR Parts 200
and 402

Requires actions to conserve listed species and their
habitat. Includes requirements for consultation with
the USFWS.

Applicable

The siteis habitat for the federally endangered Stephens’
kangaroo rat (SKR), aswell as other threatened or
endangered animals and plants. A Habitat Conservation
Plan and Incidental Take Permit for SKR will be required
by the USFWS for remediation activitiesin critical habitat.

Fish and Wildlife Coordi

nation Act (16 USC 8661 et seq.)

Protection and
conservation of wildlife

40 CFR §302

Restricts diversion, channeling, or other activity that
modifies astream or river and affects fish and
wildlife.

Potentially applicable

Applicableif actions involve construction within the stream
channel or which may impact groundwater elevations or
quality in riparian areas

Migratory Bird Treaty Act (16 USC §703 et seq.)

Protection of native birds

50 CFR Parts 10
and 20

Protects aimost all species of native migratory birds
in the U.S. from unregulated “take,” which can
include poisoning at hazardous waste sites.

Potentially applicable

Applicableif actions affect native migratory birds
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Table 3-2

Potential L ocation-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or Citation Description PRIAR or T.BC Comments
o Deter mination
Criterion
State ARARsand TBCs

California Register of Historical Resour ces (PRC 85020 et seq.)

Protection of California
historic resources

14 CCR 84850 et
Seq.

Requires actions to minimize harm to historic
properties listed on or eligible for listing on the
California Register of Historical Resources.

Potentially applicable

Sites eligible for the National Register of Historic Places
are automatically eligible for the California Register of
Historical Resources.

California Endangered Species Act (FGC 82050 et seg.)

Protection of California-
listed threatened and
endangered species and
their critical habitat

FGC §2080 and
3005

Requires actions to conserve listed species and their
habitat. Includes requirements for coordination with
the CDFG for species that are both federally and
state-listed.

Applicable

The siteis habitat for the federally endangered Stephens’
kangaroo rat (SKR), aswell as other threatened or
endangered animals and plants. Endangered species-related
permitting will require coordination between the USFWS
and CDFG.

Native Plant Protection Act (FGC 81900 et

seq.)

Protection of endangered
and rare native plants

FGC §1900 et seq.

Requires actions to conserve endangered and rare
native plants.

Potentially applicable

Applicableif actions affect endangered or rare native plant
Species.

California Fish and Game Code § 5650

species of birds

Protection of aquatic CFGC 85650 Prohibits the deposition into state waters of Potentially applicable | Applicableif actionsinvolve construction within the stream
habitat and speciesin petroleum products, factory refuse, and any channel

California substance deleterious to fish, plants, or birds.

California Fish and Game Code § 3511

Protection of certain CFGC § 3511 Prohibits the taking of protected birds Potentially applicable | Applicableif actions result in the killing of any protected

birds

California Streambed Alteration Program (FGC §1600-1616)

California Streambed
Alteration Agreement

CFGC §1600-
1616

Requires notification of any physical impactsto
rivers, streams, or lakes.

Potentially applicable

Applicableif actions involve construction (dredge and fill)
within the stream channel

Fish and Game Commission Wetlands Policy (adopted 1987) included in Fish and Game C

ode Addenda

Protection of wetland Fish and Game

habitat in California Commission
Wetlands Policy
included in FGC
Addenda

Requires actions to assure that there is no net loss of
wetlands acreage or habitat value. Action must be
taken to preserve, protect, and enhance California’'s
wetland acreage and habitat value.

Potentially Applicable

Applicableif actions impact groundwater elevations or
quality in riparian areas

Acronyms and Abbreviations:

ARAR: Applicable or Relevant and Appropriate criteria

CCR: California Code of Regulations
CDFG: California Department of Fish and Game
CFR: Code of Federal Regulations

FGC: California Fish and Game Code
LPC: Lockheed Propulsion Company
PRC: Cadlifornia Public Resources Code
SKR: Stephens’ kangaroo rat
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Table 3-3

Potential Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or
Criterion

Citation

Description

ARAR or TBC
Deter mination

Comments

Federal ARARsand TBCs

Safe Drinking Water Act (42 USC 8300 et seq.)

Underground Injection
Control Program

40 CFR §144

Prohibitsinjection wells from causing a violation of
primary MCLsin the recelving waters and adversely
affecting the health of persons.

Potentially applicable

Applicable to actions that include reinjection of
treated groundwater into an aquifer

Clean Water Act (33 USC §1251 et seq.)

National Pollution 40 CFR 8122 et Criteriafor discharge of pollutants to surface water, Potentially applicable Applicable to actions that involve the discharge of
Discharge Elimination seg. including NPDES permit requirements treated groundwater to surface water

System (NPDES)

Discharge Permit

NPDES Stormwater 40 CFR 8122 et Criteriafor stormwater discharges, including NPDES Potentially applicable Applicable to actions that involve the disturbance of
Permit seq. Stormwater Permit requirements more than one acre of land

Resour ce Conservation and Recovery Act (42 USC 86901 et seq.)

Definition of RCRA 22 CCR 866261 Defines RCRA hazardous wastes. Potentially applicable Potentially applicable to excavated contaminated
hazardous waste 40 CFR §261 soil, extracted groundwater, and treatment residuals,
if these are determined to be hazardous wastes.
Hazardous waste generator | 22 CCR 866262 Standards for generators of hazardous waste, including Potentially applicable Potentially applicable to excavated contaminated
requirements 40 CFR §262 accumulation, storage, manifesting, recordkeeping, and soil, extracted groundwater, and treatment residuals,
reporting requirements. Applies to both RCRA and non- if these are determined to be hazardous wastes.
RCRA hazardous wastes.
Hazardous waste 22 CCR 866263 Standards for transporters of hazardous waste, including Potentially applicable Potentially applicable to excavated contaminated
transporter requirements 40 CFR 8263 manifesting and recordkeeping requirements. Appliesto soil, extracted groundwater, and treatment residuals,
both RCRA and non-RCRA hazardous wastes. if these are determined to be hazardous wastes.
Hazardous waste 22 CCR 866264 et | Includes standards for disposal of hazardous wastes, Potentially applicable Potentially applicable to excavated contaminated
treatment, storage, and seq. including land disposal restrictions, treatment standards, soil, extracted groundwater, and treatment residuals,
disposal requirements 40 CFR §264 et and technology requirements. Applies to both RCRA and if these are determined to be hazardous wastes.
seq. non-RCRA hazardous wastes.
Hazardous M aterial Transportation Act (49 USC 85101 et seq.)
Hazardous material 40 CFR 8171 et Standards for transportation of hazardous materials Potentially applicable Applicable to actions that involve off-site treatment
transportation seq. or disposal of excavated contaminated soil,

requirements

extracted groundwater, or treatment residuals
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Table 3-3

Potential Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or
Criterion

Citation

Description

ARAR or TBC
Deter mination

Comments

Clean Air Act (42 USC 87600 et seq.)

National Emission 40 CFR 8§61 Establishes emissions standards for designated hazardous Potentially relevant NESHAPs have not been established for specific

Standards for Hazardous air pollutants and sources, and sets emissions standardsfor | and appropriate activities associated with potential actions at the

Air Pollutants (NESHAPS) fugitive emissions due to equipment leaks. site, but are potentially relevant and appropriate for
emissions of designated pollutants. In general, toxic
air pollutants are reviewed by SCAQMD as part of
its permitting process.

National Ambient Air 40 CFR 850 Primary and secondary standards for six criteria pollutants Potentially applicable The NAAQS for particulatesis applicable to actions

Quality Standards involving soil excavation.

(NAAQS)

New Source Performance 40 CFR 860 Establishes emissions standards for new stationary sources Potentially applicable The NSPS are applicable to actions that involve the

Standards (NSPS) of air pollutants. treatment of soil and/or groundwater.

Occupational Safety and Health Act (29 USC 8651 et seq.)

Worker safety
requirements

29 CFR Part 1910

Establishes Occupational Safety and Health Administration
(OSHA) standards for worker safety. Includes 29 CFR
§1910.120 (Hazardous Waste Operations and Emergency
Response) regulations.

Applicable

Relevant portions of OSHA regulations, including
29 CFR §1910.120, are applicable to all actions at
the site.

State ARARsand TBCs

Porter-Cologne Water Quality Control Act (CWC 813000 et seq.)

Laboratory certification CWC 813176 Analysis of materials required under CWC §13000 et seq. Potentiallyapplicable Applicable to actions regulated by the SWRCB or

requirements must be performed in a State certified laboratory. RWQCB; relevant and appropriate for actions that
include analysis of soil or groundwater samples

Statement of Policy With SWRCB Establishes requirements for activitiesinvolving the Potentially applicable Applicable to actions that include the injection or

Respect to Maintaining
High Quality of Watersin
California (“Anti-
Degradation Policy”)

Resolution 68-16

discharge of contamination directly into surface water and
groundwater. Specificaly, “Any activity which produces or
may produce awaste or increased volume or concentration
of waste and which discharges or proposes to discharge to
existing high quality waters will be required to meet waste
discharge requirements which will result in the best
practicable treatment or control of the discharge necessary
to assure that (a) a pollution or nuisance will not occur and
(b) the highest water quality consistent with maximum
benefit to the people of the State will be maintained.”

discharge of treated effluent to groundwater or
surface water, or injection of amendments into the
subsurface
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Table 3-3

Potential Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

IR L o - ARAR or TBC
Standard, or Citation Description S Comments
o Deter mination
Criterion
Policies and Proceduresfor | SWRCB Establishes criteria for “containment zones,” that are Potentially relevant Relevant and appropriate for actions that include
Investigation and Cleanup Resolution 92-49, specific portions of awater bearing unit whereit is and appropriate groundwater containment
and Abatement of as amended on unreasonable to remediate to the level that achieves water
Discharges under Water April 21, 1994, quality objectives. Dischargers are required to take all
Code Section 13304 and October 2, actions necessary to prevent the migration of pollutants
1996 beyond the boundaries of the containment zonein
concentrations that exceed water quality objectives, and
must verify containment with an approved monitoring
program and must provide reasonable mitigation measures
to compensate for any significant adverse environmental
impacts attributable to the discharge.
National Pollution Water Quality Requires containment or control of storm water in areas Potentially applicable Applicable to actions that involve clearing, grading,

Discharge Elimination
System, General Permit for
Discharges of Storm Water
Associated with
Construction Activity

Order No. 99-08-
DWQ

where construction and earthmoving activities result in the
disturbance of at least one acre.

excavation, and stockpiling of soil or other materials

Hazar dous Waste Control Act (HSC §25100 et seq)

Definition of non-RCRA 22 CCR Defines non-RCRA (California) hazardous wastes. Potentially applicable Applicable to excavated contaminated soil,

(Cdlifornia) hazardous §66261.101 Generator, transporter, and treatment, storage, and disposal extracted groundwater, and treatment residuals, if

waste requirements are discussed (above in thistable) under these are determined to be non-RCRA hazardous
RCRA. wastes

Reguirementsfor landuse | 22 CFR §67391.1 DTSC requirements for establishing land use covenants on Potentially applicable Applicable for locations where hazardous waste,

covenants

property where hazardous waste, hazardous materials or
congtituents, or hazardous substances remain on the

property.

hazardous material or constituents, or hazardous
substances will remain after remedial action

Consolidated Regulationsfor Treatment, Storage, Processing or Disposal of Solid Waste (PRC 840000 et seq. and CWC 813000 et seq.)

Exemptionsto Title 27 27 CCR Actions to clean up unauthorized releases taken at the Applicable Applicable to monitoring and cleanup actions at
requirements §20090(d) direction of public agencies are exempt from Title 27 sites where wastes have been discharged to land

requirements, provided that wastes removed from the

immediate place of release and discharged to land are

managed in accordance with Title 27 classification and

siting requirements, an d that wastes contained or left in

place comply with Title 27 requirements to the extent

feasible.
SWRCB generd landfill 27 CCR §20310 SWRCB criteria for the design and construction of landfills | Potentialy relevant Applicable for actions that include on-site disposal
construction and and 20320 and landfill containment structures and appropriate of non-hazardous waste; relevant and appropriate
containment criteria for actions that include landfill capping.
General water quality 27 CCR 820415 Requires general groundwater, surface water, and vadose Relevant and Relevant and appropriate for sites where wastes
monitoring requirements zone monitoring at waste management units appropriate have been discharged to land

for waste management
units
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Table 3-3

Potential Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

IR L o - ARAR or TBC
Standard, or Citation Description S Comments
. Deter mination
Criterion

Site characterization 27 CCR 820425 Requires an assessment of the nature and extent of a Relevant and Relevant and appropriate for sites where wastes
requirements for waste release at a waste management unit, including a appropriate have been discharged to land
management units determination of the spatial distribution and concentration

of each contaminant
Corrective action 27 CCR 820430 Requires implementation of corrective action measures for Relevant and Relevant and appropriate for sites where wastes
requirements for waste arelease at a waste management unit that ensure that appropriate have been discharged to land
management units cleanup levels are achieved throughout the zone affected

by the release by removing the waste constituents or

treating them in place. Source control may be required.

Also requires monitoring to determine the effectiveness of

the corrective actions.
SWRCB general standards | 27 CCR §20950 SWRCB general standards for closure of solid waste Potentially applicable Applicable for actions that include landfill capping
for closure of landfills management units, including performance goals or on-site disposal of non-hazardous waste
SWRCB landfill closure 27 CCR §21090 SWRCB requirements for closure and post-closure Potentially applicable Applicable for actions that include landfill capping,
and post-closure and 21132 maintenance, including final cover design and clean closure, or on-site disposal of non-hazardous
maintenance requirements maintenance, grading, and post-closure maintenance waste

requirements, as well as emergency response plan review

requirements. Also includes requirements for clean closure

of landfills.
SWRCB landfill closure 27 CCR 821769 SWRCB requirements for Closure and Post-closure Potentially applicable Applicable for actions that include landfill capping
and post-closure Maintenance Plans, including preliminary and final plans. or on-site disposal of non-hazardous waste
maintenance plan
requirements
CIWMB landfill closure 27 CCR 821100 et | CIWMB requirements for closure and post-closure Potentially applicable Applicable for actions that include landfill capping
and post-closure seq. maintenance, including post-closure emergency response or on-site disposal of non-hazardous waste
maintenance requirements plan, final cover, final grading, slope stability, drainage and

erosion control, landfill gas control, post-closure

maintenance, and post-closure land use requirements.
CIWMB Ilandfill gas 27 CCR 820920 et | CIWMB requirements for landfill gas monitoring and Potentially applicable Applicable for actions that include landfill capping
monitoring requirements seq. control or on-site disposal of non-hazardous waste
CIWMB landfill closure 27 CCR 821790 CIWMB requirements for preliminary and final closure Potentially applicable Applicable for actions that include landfill capping
plan requirements and 21800 plans or on-site disposal of non-hazardous waste
CIWMB landfill post- 27 CCR 821825 CIWMB requirements for preliminary and final post- Potentially applicable Applicable for actions that include landfill capping
closure maintenance plan and 21830 closure maintenance plans. or on-site disposal of non-hazardous waste

requirements

South Coast Air Quality

M anagement District Regulations

Rule 401 (Visible
Emissions)

SCAQMD
Regulation IV
(Prohibitions)

Limits visible emissions from any single source.

Potentially applicable

Applicable to actions involving soil excavation
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Table 3-3

Potential Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

IR L o - ARAR or TBC
Standard, or Citation Description S Comments
o Deter mination
Criterion
Rule 402 (Nuisance) SCAQMD Prohibits discharge of any material, including odorous Potentially applicable Applicable to actionsinvolving soil excavation
Regulation IV compounds, that causes injury, detriment, nuisance, or
(Prohibitions) annoyance to the public; endangers human health, comfort,
repose, or safety; or hasanatural tendency to causeinjury
or damage to business or property.
Rule 403 (Fugitive Dust) SCAQMD Limits site activities or man-made conditions so that the Potentially applicable Applicable to actionsinvolving soil excavation
Regulation IV concentrations of fugitive dust beyond the property line
(Prohibitions) shall not be visible and the downwind particulate
concentration shall not be more than 50 mg/m3 above
upwind concentrations.
Rule 404 (Particulate SCAQMD Limits particulate matter for volumetric gas flow. Potentially applicable Potentially applicable to actionsinvolving certain
Matter) Regulation IV on-site soil or groundwater treatment
(Prohibitions)
Rule 466 (Pumps and SCAQMD Limitsliquid and gas |eakage from pumps and compressors | Potentially applicable Potentially applicable to actionsinvolving certain
Compressors) Regulation IV handling reactive organic compounds. on-site soil or groundwater treatment
(Prohibitions)
Rule 466.1 (Valves and SCAQMD Limits liquid and gas leakage from valves and flanges. Potentially applicable Potentially applicable to actions involving certain
Flanges) Regulation IV on-site soil or groundwater treatment
(Prohibitions)
Rule 467 (Pressure Relief SCAQMD Requires pressure relief valves to be vented to a vapor Potentially applicable Potentially applicable to actions involving certain
Devices) Regulation IV recovery or disposal system, or subject to inspection and on-site soil or groundwater treatment
(Prohibitions) maintenance requirements.
Rule 1150 (Excavation of SCAQMD Requires preparation and implementation of an Excavation | Potentially applicable Applicable to actions involving excavation or
Landfill) Regulation XI Management Plan, which shall include measures for capping of the landfill
(Source Specific mitigating public nuisance conditions.
Standards)
Rule 1166 (Volatile SCAQMD Requires control of VOC emissions from VOC- Potentially applicable Applicable to actions involving soil excavation in
Organic Compound Regulation XI contaminated soils. areas with VOC contamination
Emissions from (Source Specific
Decontamination of Sail) Standards)
Rule 1401 (New Source SCAQMD Establishes risk standards for permitting stationary sources. | Potentially applicable Potentially applicable to actions involving certain
Review of Toxic Air Regulation X1V on-site soil or groundwater treatment
Contaminants) (Toxics and other
Non-Criteria
Pollutants)

California Occupational

Safety and Health

Act (CLC §6300 et seq.)

Worker safety
requirements

8 CCR Division 1,
Chapter 4

Establishes Cal/OSHA standards for worker safety in
California

Applicable

Relevant portions of Cal/OSHA regulations are
applicable to all actions at the site.
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Table 3-3

Potential Action-Specific Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered (TBC) Criteria

Requirement,
Standard, or
Criterion

Citation

Description

ARAR or TBC
Deter mination

Comments

California Health and Safety Code, Miscell

aneous Health and Safety Provisions (HSC §24000 et

seq.)

Institutional Controls California Hedlth Requires natification to the planning and building Applicable Applicable to actions that include institutional
and Safety Code department of each city, county, or regional council of controls
§25220 et seq. governments of any recorded land use restriction imposed
within the jurisdiction of the local agency
Land Use Controls California Health Establishes a process for the DTSC to enter into an Applicable Applicable to actions that include land use controls

and Safety Code
§25355.5(a)(1)

enforceable agreement with land owners to restrict the use
of property.

California Civil Code §1457 et seq. (Transf

er of Obligations)

California Civil
Code §1471

Land Use Controls

Establishes conditions under which land use controls will
apply to successive owners of land.

Potentially applicable

Applicable to actions that include land use controls

California Well Standards

California Well Standards Cdlifornia
Department of
Water Resources
Bulletin 74-91, as
supplemented by

Bulletin 74-90

Standards for the construction and decommissioning of
public water supply wells.

Potentially relevant
and appropriate

Relevant and appropriate to action sthat involve the
installation and/or decommissioning of groundwater
monitoring, extraction, or injection wells

Riverside County Ordinances

electrical and plumbing systems.

Well Permits Riverside County Requires permits for installation of groundwater wells. Potentially applicable Applicable to actions that include installation of
groundwater extraction or monitoring wells
Grading Permits Riverside County Requires grading permits for excavations exceeding 25 Potentially applicable Applicable to actions that include excavation
cubic yards.
Building Permits Riverside County Requires permits for certain construction activities, such as | Potentially applicable Potentially applicable to actions involving certain

on-site soil or groundwater treatment

Acronyms and Abbreviations:

ARAR: Applicable or Relevant and Appropriate criteria

Cal/OSHA: California Occupational Safety and Health Administration
CCR: California Code of Regulations

CFR: Code of Federal Regulations

CIWMB: Cdlifornia Integrated Waste M anagement Board

CLC: Cdlifornia Labor Code

CWC: Cdlifornia Water Code

HSC: California Health and Safety Code

MCL: Maximum Contaminant Level

NAAQS: National Ambient Air Quality Standards

NESHAPs: National Emission Standards for Hazardous Air Pollutants

NPDES: National Pollution Discharge Elimination System
NSPS: New Source Performance Standards

OSHA: Occupational Safety and Health Administration
PRC: California Public Resources Code

RCRA: Resource Conservation and Recovery Act
SCAQMD: South Coast Air Quality Management District
SWRCB: State Water Resources Control Board

TBC: To be considered

USC: United States Code

VOCs: Volatile organic compounds
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Section 4

Remedial Action Objectives

Establishing remedial action objectives (RAOs) is the initia step in the development and
screening of remedial aternatives. RAOs are general cleanup objectives that consider the site
contaminants of concern, contaminated media, potential exposure routes, receptors, and chemical-
or media-specific cleanup goals developed by evaluating applicable or relevant and appropriate
requirements (ARARs), to be considered (TBC) criteria, and site-specific risk-based

concentrations (RBCs) that protect human health and the environment.

Sections 4.1 and 4.2 present the RAOs developed for soil and groundwater at the site. The RAOs
are presented genericaly, (i.e., without citing specific cleanup goals). Media- and chemical-

specific preliminary remediation goals (PRGs) are developed in Section 4.3.

4.1 REMEDIAL ACTION OBJECTIVES FOR SOIL

RAO Sl - Protect human receptors from exposure to site contaminants in soil through ingestion,

inhalation, and dermal contact at concentrations exceeding protective levels.

This RAO addresses potential health risks resulting from exposure of human receptors
(trespassers, industrial workers, and construction workers) to contaminants present in soil. The
only human health risks identified by the human health and ecological risk assessment (HHERA)
(Tetra Tech, 2012b) were carcinogenic health risks exceeding the point of departure of 10° for
adult trespassers at the Waste Discharge Area (WDA) due to exposure to cadmium via inhalation
of airborne dust emitted from soil, and changes in blood lead concentration that slightly exceed the
benchmark of 1 microgram per deciliter for adult trespassers in the WDA due to exposure to lead
via inhaation of airborne dust emitted from soil. This RAO may be addressed either by
eliminating the relevant exposure pathway, or by reducing exposure point concentrations to

protective levels.
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RAO 2 - Protect ecological receptors from exposure to site chemicals of concern in soil through
ingestion and food consumption (for mammals and birds) at concentrations exceeding protective

levels.

This RAO addresses potential ecological risks resulting from exposure of wildlife to contaminants
present in soil. The HHERA (Tetra Tech, 2012b) identified the following as the primary risk
drivers for ecologica receptors. hazard quotients (HQs) exceeding 1 for the Stephens kangaroo
rat (SKR) and herbivorous birds due to exposure to perchlorate in southern Test Bay Canyon
(STBC); and HQs exceeding 1 for SKR due to lead exposure in the WDA. This RAO may be
addressed either by eliminating the relevant exposure pathways, or by reducing exposure point
concentrations to protective levels.

4.2 REMEDIAL ACTION OBJECTIVES FOR GROUNDWATER

RAO GWI1 - Protect human receptors from exposure to site chemicals of concern in groundwater

by ingestion, dermal contact, and inhalation at concentrations exceeding protective levels.

This RAO addresses potentiadl human heath risks resulting from exposure to contaminated
groundwater. Exposure pathways for human receptors on the property are incomplete because
groundwater is not currently used for drinking water supply, and existing deed restrictions prohibit
the installation of water supply wells and the use of groundwater beneath the property in the
future. However, since the WDA groundwater plume currently extends to the southern boundary
of the property and to some extent beyond, exposure to contaminated groundwater to the south of
the property, although unlikely, is still possible. Risks associated with groundwater at the site were
evauated in the HHERA (Tetra Tech, 2012b) by comparing chemical concentrations in the WDA
groundwater plume with potentialy applicable drinking water criteria. Seven chemicals in
groundwater were identified as exceeding potential drinking water criteria, including perchlorate,
trichloroethene (TCE), 1,2-dichloroethane (1,2-DCA), 1,1-dichloroethene (1,1-DCE), methylene
chloride, 1,4-dioxane, and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX). After further evaluation
of contaminant concentrations across the entire site (Section 2.6.3), two additional chemicals
(benzene and nitrate) were aso identified as exceeding potentia drinking water criteria. This RAO
may be addressed either by eliminating exposure pathways or by reducing exposure point
concentrations (EPCs) to levels that do not present a potential health risk under the beneficial use
conditions assumed in the HHERA.
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RAO GW2 - Protect groundwater resources outside the current groundwater plume by limiting the
off-property migration of site chemicals of concern at concentrations exceeding levels that protect

designated beneficial uses.

RAO GW2 addresses the protection of beneficial uses of groundwater rather than potential human
health or ecological risk. Actual and potential beneficia uses of groundwater in the Santa Ana
Region are designated in the Water Quality Control Plan for the Santa Ana River Basin (8) (Basin
Plan; SARWQCB, 1995). Although the site is not located within a groundwater basin designated
in the Basin Plan, it is located in an area that is a tributary to the San Jacinto Upper Pressure
Groundwater Management Zone of the San Jacinto Groundwater Basin (Figure 2-5). Per the Basin
Plan, groundwaters that are not specifically listed have the same beneficial uses as the
groundwater basins or subbasins to which they are a tributary or overlie. Designated beneficial
uses of groundwater in the San Jacinto Upper Pressure Groundwater Management Zone include
agricultural supply, industrial service supply, industrial process supply, and municipal and
domestic supply. These beneficial uses are discussed in more detail in Section 4.3.2.2.

4.3 PRELIMINARY REMEDIATION GOALS

Preliminary Remediation Goals are numerical target concentrations that are developed to evaluate
the areas or volumes of impacted media at the site that require remedial action to meet the RAOs
defined in Sections 4.1 and 4.2. The PRGs must therefore protect current and anticipated future
human and ecological receptors identified at the site, as well as potential beneficial uses of
groundwater. In addition, PRGs must be reasonably achievable using current remediation

technologies.

Preliminary remediation goals can be developed based on site-specific risk calculations or
chemical-specific ARARs and TBC criteria. In the following sections, site-specific risk
calculations are used to develop PRGs for soil, and chemical-specific ARARS and beneficia use
considerations are used to develop PRGs for groundwater. The presence of chemicals at
concentrations greater than background may aso be considered in developing PRGs. However,
background concentrations for chemicals at the site appear to be lower than risk-based screening
levels for soil (Section 4.3.1) and chemical-specific ARARSs for groundwater (Section 4.3.3), and

were therefore not considered in developing PRGs.
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4.3.1 Preliminary Remediation Goals for Soil

The HHERA (Tetra Tech, 2012b) identified cadmium in soil at a level resulting in carcinogenic
risks exceeding 1x10° for adult trespassers in the WDA, and lead in soil at alevel that resultsin
increases in blood lead concentrations greater than the benchmark of 1 microgram per deciliter.
Site-gpecific risk-based screening levels (RBSLs) were developed for cadmium and lead to protect
adult trespassers. The RBSL for cadmium was calculated by using the risk equations to solve for
an EPC corresponding to a specified target risk. The calculations were performed using the same
exposure parameters and toxicity values used to calculate risks in the HHERA (Tetra Tech,
2012b), include all exposure pathways that adult trespassers are assumed to encounter, and are
based on a target risk of 1x10°. The calculated human heath RBSL for cadmium is 2.8
milligrams/kilogram (mg/kg), as shown in Table 4-1, and will be used as the PRG for cadmium in
soil. The RBSL for lead was calculated using Lead Spread 8 (Appendix B), and is 193 mg/kg, as
shown in Table 4-1. This value is compared with the ecological RBSL for lead in the following
three paragraphs.

The HHERA (Tetra Tech, 2012b) identified the following two chemicals in soil in two areas that
pose potential hazards to ecological receptors. perchlorate in surface soil in the Test Bay 3 area of
STBC, and lead in surface and subsurface soil in the WDA. A two-step process was used to
develop site-specific RBSLs that protect ecological receptors. First, RBCs in soil were developed
for each chemical and receptor using the dose equations, exposure parameters, and toxicity
reference values (TRVs) applied in the HHERA (Tetra Tech, 2012b). To provide a range of
potential RBSLS, risk-based concentrations were calculated using both the no-observed adverse-
effect level (NOAEL) and the lowest-observed adverse-effect level (LOAEL) TRVs for each
receptor. The RBCs calculated for perchlorate and lead are presented in Table 4-1. A single RBSL
was then selected from the set of calculated RBCs for each chemical of concern, which adequately

protects all ecological receptors.

For perchlorate, the NOAEL-based RBC of 1.7 mg/kg for the SKR was selected asthe RBSL. The
NOAEL TRV represents the highest dose at which no adverse effects occur, and thus protects the
special-status SKR. The RBC of 1.7 mg/kg is also less than the LOAEL-based RBCs for the house
finch, and thus is likely to provide an adequate level of protection against population-level effects
on this species.
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For lead, both the NOAEL-based RBC of 205 mg/kg for SKR and the LOAEL-based RBC of
1,390 mg/kg are greater than the human health RBSL of 193 mg/kg. The selected ecological
RBSLs are presented in Table 4-1. The perchlorate ecological RBSL will be used as the PRG for
perchlorate in soil; the human health RBSL will be used as the PRG for lead in soil.

4.3.2 Preliminary Remediation Goals for Groundwater

The RAOs for groundwater include objectives to protect human hedth (RAO GW1), and
objectivesto protect the beneficial use of groundwater resources (RAO GW2). The PRGs for these
groundwater RAOs are presented in the following sections, and are based on evaluation of
chemical-specific ARARs and TBC criteria and the evaluation of beneficial uses of on- and off-

site groundwater.

4321 Numerical Chemical-Specific ARARs and TBC Criteria
Numerical chemical-specific ARARs and TBC criteria for groundwater identified in Section 3.1

include drinking water standards (i.e., federa and California Maximum Contaminant Levels
(MCLy), federal Maximum Contaminant Level Goas (MCLGs), California Public Health Goals
(PHGSs), and Cdlifornia drinking water notification levels (DWNLSs) and water quality objectives
(WQOs) for the San Jacinto Upper Pressure Groundwater Management Zone specified in the
Basin Plan (SARWQCB, 1995). Chemical-specific ARARs and TBC criteriafor site contaminants
identified as exceeding drinking water standards are summarized in Table 4-2. For chemicals with
multiple drinking water standards, the lowest ARAR (federal MCL, California MCL, or WQO)
was selected as the PRG. The compounds 1,4-dioxane and RDX do not have MCLs, MCLGs, or
PHGs; the California DWNLSs, which are TBC criteria, were therefore selected as the PRGs for

these chemicals.

4.3.2.2 Evaluation of Beneficial Uses

The site is tributary to the San Jacinto Upper Pressure Groundwater Management Zone, and
potential beneficial uses of groundwater include agricultural supply, industrial service supply,
industrial process supply, and municipal and domestic supply. The Basin Plan narrative
(SARWQCB, 1995) indicates that agricultural supply, industrial service supply, and industrial
process supply beneficial uses may be impaired by excessive boron, chloride, fluoride, sodium,
total dissolved solids, or hardness concentrations, or by pH values less than 6 or greater than 9.

None of these constituents were released as a direct result of site activities. Agricultura supply
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beneficial uses aso include livestock watering, which may be affected by perchlorate
contamination. The Basin Plan does not provide numerical standards for perchlorate that are
protective of agricultural water supply beneficial uses, and estimating levels of perchlorate which
would be protective of agricultural beneficial uses is problematic. However, Tetra Tech suggests
that a remedy that is protective of municipal and domestic supply beneficial uses in the San
Jacinto Groundwater Basin will aso be protective of agricultural supply beneficial uses.

Although the Basin Plan indicates that municipal and domestic supply is a potential beneficial use
of site groundwater, State Water Resources Control Board Resolution No. 88-63 (“Sources of
Drinking Water Policy”) provides several exceptions to that designation. One of the exceptionsis
for water sources that do not provide sufficient water to supply a single well capable of producing
an average sustained yield of 200 gallons per day (gpd). Aquifer testing results (Tetra Tech,
2010b; 2010e; 2012d) indicate that hydraulic conductivity values on and off the property are quite
low, suggesting that average well yields may not be sufficient to supply at least 200 gpd to asingle
well. Potential well yields were estimated based on the available hydraulic data using the specific
capacity method (Driscoll, 1986, Appendix 16.D). The results of this analysis (Appendix C)
indicate that the average well yield in Laborde Canyon is roughly 110 gpd, and likely lower,
which is well under the 200 gpd threshold promulgated in Resolution No. 88-63. On-property
groundwater, as well as groundwater in the area south of the property boundary, may therefore be
exempt from the municipal and domestic supply beneficia-use designation. This finding has
severa implications for the site:

e On-Property Groundwater: The ARARs and PRGs summarized in Table 4-2 do not apply
to on-property groundwater, because existing land use covenants (LUCs) prevent access to
and use of groundwater, and the groundwater is exempt from municipa- and domestic-
supply beneficial uses.

o Off-Property Groundwater within Laborde Canyon: Off-property exposure to groundwater
is possible, because there are no LUCs in this area and Lockheed Martin Corporation does
not own the property. The PRGs summarized in Table 4-2 therefore apply to the off-
property groundwater plume to protect human health.

o Off-Property Groundwater in the San Jacinto Upper Groundwater Management Zone:
Contaminated groundwater discharging from Laborde Canyon could potentially impact
both human health and the environment if it migrates to the San Jacinto Upper Pressure
Groundwater Management Zone. However, contaminants have not been detected in
monitoring well TT-MW2-20S, the well nearest to the point of discharge, indicating that
the site isin compliance with ARARs relating to beneficial uses of groundwater in the San
Jacinto Upper Groundwater Management Zone.
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Table4-1
Preliminary Remediation Goalsfor Soil

' 1 pg/dl
6
. Receptor 10" Target | giood Lead | NOAEL RBC|LOAEL RBC|  PRG
Chemical Receptor Exposure Depth Risk RBC Threshold (mg/kg) (mg/kg) (mg/kg) Notes
(feet bgs) (mg/kg) (mgkg)
Human Receptors
Cadmium Adult Trespasser 0.5 2.8 - - - 2.8
Lead Adult Trespasser 0.5 - 193 - - 193
Ecological Receptors
SKR 15 - - 17 19 .
Perchlorate 1.7 NOAEL helps protect special-status SKR
House finch 0.5 - - 0.28 3.0
Lead SKR 15 - - 205 1,390 -
Notes:

bgs: Below ground surface
LOAEL: Lowest-observed adverse-effect level
mg/kg: Milligrams per kilogram
pg/dl: Micrograms per deciliter

NOAEL: No-observed adverse-effect level

PRG: Preliminary

remediation goal

RBC: Risk-based concentration
SKR: Stephens' kangaroo rat
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Table4-2

Preliminary Remediation Goalsfor Groundwater

ARARs TBC Criteria
Compound Fed(eral MCL | californiaMcL WQO Federal MCLG | California PHG ng\i;/",\rlzia (i;f)
Ho/L) (Ho/L) (HglL) (Ho/L) (HglL) (uglL)
Nitrate (as N) 10,000 (asN)* | 45,000 (asNO3)' | 7,000 (asN)? | 10,000 (asN)* | 45,000 (asNO,)* - 7,000 (as N)
Perchlorate - 6 - - 6 - 6
Benzene 5 1 - zero® 0.15 - 1
1,2-Dichloroethane 5 05 - zero® 04 - 05
1,1-Dichloroethene 7 6 - 7 10 - 6
1,4-Dioxane - - - - - 1 1
Methylene chloride 5 5 - zero° 4 - 5
RDX - - - - - 0.3 0.3
Trichloroethene 5 5 - zero° 1.7 - 5
Notes

ARARSs: Applicable or Relevant and Appropriate Requirements

DWNL: Drinking Water Notification Level

MCL: Maximum Contaminant Level

MCLG: Maximum Contaminant Level Goal

ug/L: Micrograms per liter

PHG: Public Health Goal

PRG: Preliminary remediation goal

RDX: Hexahydro-1,3,5-trinitro-1,3,5-triazine

TBC: To be considered

WQO: Water quality objective

1. 10,000 pg/L of nitrate measured as N is equivalent to 45,000 pg/L of nitrate measured as NOs.
2. Maximum benefit water quality objective

3. Federal MCLGs for carcinogens are set at zero, and are not considered to be TBCs.
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Section 5

Development of General Response
Actions and Screening of Remedial
Technologies and Process Options

The identification of viable remedia technologies is the second step in the development of

remedial aternatives for the site. This section of the feasibility study addresses the following

topics:

5.1

The development of general response actions (GRAS), which are actions that can be taken
to satisfy the remedial action objectives (RAOs) identified in Section 4.0

Identification of remedial technologies and process options applicable to each GRA, and
initial screening to eliminate those that cannot be technically implemented at the site

Evaluation and screening of remedial technologies and process options based on their
implementability, effectiveness, and relative cost

GENERAL RESPONSE ACTIONS

General response actions that may be used to satisfy one or more of the RAOs presented in

Section 4.0 were developed for the impacted media at the site: soil and groundwater. The GRAS

considered for the site include the following:

No Action: This GRA is required to be retained for evaluation per guidance from the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA; 40 CFR 8300.430). This GRA assumes that no remedial actions, other than
those that have previously been conducted at the site, will be performed.

Monitoring (groundwater only): Periodic groundwater monitoring identifies the
effectiveness of other actions, such as containment, treatment, or extraction actions.
Natural attenuation monitoring identifies the effectiveness of natural processes in reducing
contaminant concentrations.

Institutional and Engineering Controls. Institutional and engineering controls are used to
prevent exposure to contaminants. Examples include land use covenants, which are used to
prohibit land uses that may involve exposure to sensitive receptors such as human
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residents, and fencing, which prevents receptors from coming into physical contact with
impacted soil.

e Containment: Containment is used to eliminate exposure pathways or reduce the mobility
of contaminants. Examples include capping, which can be used to eliminate exposure to
contaminated soil; pumping, which can be used to hydraulically contain impacted
groundwater; and permeable reactive barriers, which can be used to prevent groundwater
contaminants from migrating beyond a specified location.

e Treatment: In Situ or ex situ treatment reduces contaminant concentrations in impacted soil
or groundwater. In some instances, in situ treatment may be used to eliminate exposure
pathways, and may aso decrease contaminant mobility or volume, depending upon the
level of treatment and properties of the contaminants and impacted media.

e Removal, Transportation, and Disposal (soil only): Removal reduces the volume of
impacted soil. Remova may be combined with ex situ treatment to reduce contaminant
concentrations in excavated impacted soil, or may be combined with transportation and
off-site disposal to reduce the volume of impacted soil. The disposal component of this
GRA aso includes on-site reuse of treated soil.

e Extraction, Transportation, and Disposal (groundwater only): Groundwater extraction
reduces the volume of impacted groundwater and contaminant concentrations in impacted
groundwater. Extraction is usually combined with ex situ treatment and on-site disposal of
treated groundwater. Off-site disposal is usually reserved for treatment residuals.

5.2 TREATABILITY STUDIES

Two bench-scale treatability studies and one pilot-scale treatability study were conducted to more
fully evaluate potential biological treatment of perchlorate as a potential remedial technology for
soil and groundwater at the site. The results of these studies are summarized in the following
sections.

5.2.1 Bench-Scale Treatability Studies

Bench-scale studies were conducted to evaluate biological treatment of perchlorate for biobarrier
applications and source area groundwater and soil treatment applications. The biobarrier
application study (Tetra Tech, 2009c) evaluated the following three potential carbon substrates:
compost, EOS 598 (a proprietary emulsified vegetable oil substrate manufactured by EOS
Remediation, LLC), and EHC® (a proprietary carbon substrate/zero-valent iron mixture
manufactured by FMC Corporation). The soil and groundwater samples used in the studies were
collected near the southern boundary of the property, where a biobarrier would likely be located.
Both microcosm and column studies were performed for all three substrates. The study results
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found that all three substrates were very effective in stimulating biological perchlorate reduction,
with complete reduction occurring within 5 to 12 days. Addition of nutrients did not affect the
observed degradation rates. There were indications that the longevity of EHC® in the subsurface
may be dightly lower than EOS. Solubilization of metals was negligible for EOS, whereas
significant solubilization of iron was noted for EHC®.

The source area groundwater application study (Tetra Tech, 2010c) evauated the following five
potential carbon substrates: EOS 598, glycerin, high fructose corn syrup, acetic acid, and sodium
acetate. Soil and groundwater samples collected in the Test Bay 3 area of southern Test Bay
Canyon were used in the study. Microcosm studies found that EOS 598, glycerin, and sodium
acetate were al effective in stimulating biological perchlorate degradation, and that nutrient
addition had little effect on perchlorate degradation rates. Based on these results, EOS 598 and
glycerin were advanced to column studies. Column studies were not performed using sodium
acetate, based on concerns with adding salts to the aquifer. The column study results found that
glycerin had to be continuously added to the system to effectively stimulate and maintain
perchlorate degradation, whereas a single application of EOS resulted in steady removal of
perchlorate with no additional amendment. Solublization of metals was found to be negligible for
both EOS and glycerin.

The source area vadose zone soil study (Tetra Tech, 2010c) evaluated the following five potential
carbon substrates. glycerin, high fructose corn syrup, sodium acetate, ethyl acetate, and a liquefied
petroleum gas’hydrogen/carbon dioxide mixture. Soil samples collected in the Test Bay 3 area of
southern Test Bay Canyon were used in the study. No perchlorate degradation was observed with
any of the substrates in microcosm tests run at 15% and 25% moisture content; however,
perchlorate treatment was successfully induced with sodium acetate under saturated conditions.
Perchlorate degradation rates were somewhat higher in microcosms with added nutrients. Column
studies designed to create at least temporary saturated conditions were conducted using EOS and
glycerin as carbon substrates. Little or no perchlorate degradation was observed in batch
application column tests, where the column was initially saturated, allowed to drain for one day,
and then sealed. However, complete perchlorate degradation was observed in column tests in
which water was continuously recirculated through the column. Several possible conditions,

including salinity, unfavorable pH, or unbalanced fermentation may have resulted in inhibition of
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biodegradation in the unsaturated microcosm and column tests, but the cause of inhibition was
ultimately not determined.

5.2.2 Pilot-Scale Treatability Study

A pilot-scale treatability study was conducted to evaluate the potential for remediating
perchlorate-impacted soil and groundwater by continuously infiltrating carbon substrate-amended
water into the vadose zone via a shallow infiltration gallery. This process option is referred to as
bioflushing. Bioflushing relies on two processes to remediate vadose zone soils: biodegradation of
perchlorate under induced anaerobic conditions, and solubilization and transport of perchlorate to
groundwater. This process may aso treat perchlorate in groundwater through anaerobic
biodegradation enhanced by the added carbon source. The pilot-scale study was conducted in the
Test Bay 3 area of southern Test Bay Canyon (Figure 5-1).

For the test, potable water was trucked to the study area and stored in an aboveground tank. The
water was then amended with glycerin, a soluble organic carbon substrate, and gravity-fed into a
10- by 15-foot infiltration gallery, where it was allowed to percolate into the vadose zone under
constant-head conditions. A variety of techniques were used to monitor the test. Flow readings and
other system measurements were collected on a weekly basis to monitor infiltration and substrate
amendment rates. Electrical resistivity tomography (ERT), a geophysical imaging technique, was
used to periodically monitor the three-dimensional geometry of the moisture front over time. A
dye tracer (sodium fluorescein) was added to the infiltrating solution at the beginning of the test to
allow detection of the moisture front as it migrated vertically through the vadose zone to
groundwater. The chemistry of the infiltrating solution (total organic carbon [TOC], perchlorate,
and tracer concentrations) was monitored in the vadose zone by collecting pore water samples
from three pressure-vacuum lysimeters located adjacent to the infiltration gallery. The effect of the
test on groundwater chemistry was monitored by collecting groundwater samples from a

monitoring well located adjacent to the infiltration gallery.

The geometry of the moisture-affected zone in the subsurface, based on the electrical conductivity
reflected in the ERT results, isillustrated in plan view in Figure 5-2, and in cross-section in Figure
5-3. The moisture-affected zone reached its maximum extent after about 116 days of operation,
and then decreased in size until the test was terminated by ceasing infiltration after 204 days. The

decrease in the extent of the moisture-affected zone is correated with a decline in the observed
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flow rate to below 0.2 gallons per minute, which is attributed to biofouling within or immediately
below the infiltration gallery.

Perchlorate and TOC concentrations in porewater and groundwater samples are shown in Figure
5-4. Total organic carbon and fluorescein breakthrough occurred at a depth of 35 feet below
ground surface (bgs) within nine days of the start of treatment, indicating that flow through the
upper portion of the vadose zone is predominantly through preferential pathways. This is in
agreement with the relatively high flow rates observed during the first few weeks of the test, and
with the observation that alysimeter installed at a depth of 20 feet bgs did not yield water samples
during the test. Total organic carbon and fluorescein breakthrough at a depth of 50 feet occurred
11 weeks later, suggesting that matrix flow is dominant in the lower portion of the vadose zone. In
both the 35-foot and 50-foot lysimeters, as well as the groundwater monitoring well located
adjacent to the infiltration gallery, perchlorate declined to nearly non-detectable concentrations

shortly after TOC breakthrough occurred, which indicates that biodegradation was occurring.

The effectiveness of vadose zone treatment was evaluated by analyzing collocated soil samples
collected before and after the test. Ten soil borings were drilled at various distances from the
infiltration gallery prior to the start of treatment. The samples collected from these borings were
frozen and held by the laboratory until the test was completed. After the test, five of the ten pre-
treatment boring locations were resampled by drilling soil borings within two feet of the original
borings. A sixth boring, located at the center of the infiltration gallery, was also sampled during
the post-treatment sampling event. The pre- and post-treatment soil samples were analyzed for
perchlorate, total organic carbon, and moisture content. The Mining Visualization System (MVS)
software was then used to model the pre- and post-treatment distribution of perchlorate in the
vadose zone, and to quantitatively estimate the amount of perchlorate removed by treatment
(Figure 5-5). The MVS modeling indicates that approximately 50% of the perchlorate mass was
removed from the vadose zone by bioflushing. The results of the pilot test for this technology
indicate that it may be well-suited for reducing the mass of perchlorate in portions of the vadose

Zone.
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5.3 IDENTIFICATION AND INITIAL SCREENING OF REMEDIAL
TECHNOLOGIES AND PROCESS OPTIONS

Following the development of the GRASs outlined above, potentialy applicable technology types

were identified by mediafor each GRA. For example, the treatment GRA for soil was expanded to

include in situ and ex situ physical, biological, chemical, and thermal treatment technologies

applicable to one or more of the site contaminants.

Each technology was screened initially for technical implementability at the site, either as a stand-
alone option or in combination with other technologies, based on site characteristics, chemical
types, impacted media, contaminant distribution, and volume or concentration. The purpose of this
initial screening step was to eliminate technol ogies that were clearly not implementable at the site.

None of the technologies were eliminated at this stage of the screening process.

Each technology type was then populated with one or more representative process options for
further screening. Process options were obtained from several sources, including in-house
experience with a variety of remedial technologies, and a search of readily available literature on
remedial technologies and applications. Maor sources for technology information included the

following:

e USEPA: The United States Environmental Protection Agency Technology Innovation and
Field Services Division Contaminated Site Clean-Up Information (CLU-IN) website
(USEPA, 2012) contains a variety of technology-specific and contaminant-specific
remediation resources, including brief Web-based treatment technology overviews and
links to publications issued by the USEPA and others.

e Federal Remedial Technologies Roundtable (FRTR): The FRTR website (FRTR, 2012a)
has numerous technology resources, including the Technology Screening Matrix (FRTR,
2012b) and a searchable cost and performance case studies database (FRTR, 2012c).

e Interstate Technology and Regulatory Council (ITRC): The ITRC has prepared a number
of contaminant-specific and technology-specific technology review documents, which are
available on the ITRC website (ITRC, 2012). Of particular note are reports pertaining to
perchlorate remediation (ITRC, 2008), in situ bioremediation (ITRC, 2002), in Situ
chemical oxidation (ITRC, 2005), and permeable reactive barriers (ITRC, 2011).

e Environmental Security Technology Certification Program (ESTCP) and Strategic
Environmental Research and Development Program (SERDP): The ESTCP and SERDP
have sponsored a wide range of remediation technology research, including the
development of protocols for evaluating natural attenuation of perchlorate in groundwater
(Lieberman and Borden, 2008); demonstrations of various perchlorate remediation
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technologies (Evans et a., 2009; Hatzinger and Diebold, 2009; Deshusses and Matsumoto,
2010); and an evaluation of 1,4-dioxane biodegradation (Steffan et al., 2007).

A complete listing of the media-specific process options considered for the site, including a brief
description of each option, is provided in Tables 5-1 (soil technologies) and 5-2 (groundwater

technologies).

5.4 SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS
OPTIONS

The process used to screen the remedial technologies and process options is described in the

following sections.

5.4.1 Screening Criteria

Each process option was evaluated based on the CERCLA evaluation criteria of effectiveness,
implementability, and cost (USEPA, 1988). The effectiveness screening includes the following
three evaluation factors: the effectiveness of the process option in handling the estimated areas or
volumes of impacted media and in meeting the RAOs; potential short-term impacts to human
health and the environment during remedia construction and implementation; and whether the
process is proven and reliable with respect to the contaminants and conditions at the site (USEPA,
1988). The implementability evaluation includes consideration of the overall implementability of
the process option, which includes institutional implementability (i.e., potential permitting issues,
the availability of services, equipment, and/or workers, etc.) as well as technical implementability.
The cost evaluation was limited to evaluation of relative costs within a given technology type. The
evaluation criteria and relative weighting assigned to each used in screening are summarized in
Table 5-3.

The USEPA feasibility study guidance indicates that the process option eval uation should focus on
effectiveness factors (USEPA, 1988). Therefore, the effectiveness criterion was assigned twice the
importance, or weighted twice as heavily, as implementability and cost. The three evauation
factors considered within the effectiveness criterion were assigned equal weights (i.e., each of the
evaluation factors were considered equally important). Based on the weighting factors, an overall

weight for each criterion and evaluation factor was calculated, as indicated in Table 5-3.
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5.4.2 Technology Screening Results

The technology screening consisted of qualitatively ranking each process option as high, medium,

or low for each of the evauation criteria. Numeric scores (0, 5, or 10) corresponding to the

qualitative rankings for each evaluation criterion and factor were then assigned and multiplied by

the corresponding weighting factors. The weighted scores were then summed to arrive at an

overall score.

The results of the screening evaluation are summarized in Tables 5-1 (soil) and 5-2 (groundwater).

Process options with an overall score of 7.5 or higher were considered to be the best suited for site

conditions, and were retained for use in developing remedial aternatives. Rejected process options

are shaded in gray in Tables 5-1 and 5-2. The no action GRA was retained for comparison

purposes in accordance with USEPA guidance. The retained technologies and process options

include the following:

Soil Technologies

No Action

Land Use Controls

Community Awareness

Erosion Control (retained in combination with capping and excavation)

Capping

Excavation

Transportation (retained in combination with excavation and on-site or off-site disposal)
In Stu Biological Treatment

In Stu Physical Treatment (retained as a variant of in situ biological treatment for 1,4-
dioxane, which is not readily biodegradable)

Ex Stu Biological Treatment (retained in combination with excavation and on-site
disposal)

On-Site Disposa (retained as a disposal option for treated soil in combination with
excavation and ex situ biological treatment)
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Off-Site Disposal (retained as a disposal option in combination with excavation and
transportation)

Groundwater Technologies

No Action

Sampling and Analysis
Monitored Natural Attenuation
Land Use Controls
Community Awareness

Hydraulic Containment (retained in combination with ex situ biological, chemical, and
physical groundwater treatment and on- and off-site disposal)

Permeable Reactive Barrier
In Stu Biological Treatment
Ex Stu Biological, Chemical, and Physical Treatment (process options are retained singly
or in combination as treatment train options for hydraulic containment and groundwater

extraction)

Groundwater Extraction (retained in combination with ex situ biological, chemical, and
physical groundwater treatment and on- and off-site disposal)

On-Site Disposal (retained as a disposal option for treated groundwater)

Off-Site Disposal (retained as a disposal option for ex situ treatment residuals)

In a conditional approval letter dated October 24, 2013, DTSC stated that the rationale for

rejecting in situ chemical oxidation (ISCO) as a process option for groundwater was not adequate,

and recommended that an ISCO pilot study focused on remediation of the 1,4-dioxane

groundwater plume be conducted.

The rationale for not carrying ISCO forward in the screening process was based primarily on

aquifer properties. Aquifer materials at Laborde Canyon in general have low hydraulic

conductivities and are relatively heterogeneous. These characteristics are not conducive to ISCO,

which requires direct contact between the contaminants of interest and the oxidant for treatment.

Furthermore, oxidants which have demonstrated effectiveness for 1,4-dioxane treatment

(persulfate, Fenton’s reagent, and ozone) have half-lives on the order of seconds to weeks in the
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subsurface, which limits the extent to which hydraulic transport can be relied upon to redistribute

an oxidant in the subsurface after introduction, due to the low groundwater velocity.

Despite these potential limitations, Lockheed Martin recognizes that there are also potentia
benefits to treating 1,4-dioxane source areas. The remedial action plan for the site will therefore
include a pilot study of 1SCO for treatment of 1,4-dioxane in groundwater, and a contingency for
implementing a source area remedy for 1,4-dioxane. It is anticipated that the pilot study would be
conducted as part of remedy implementation. If the pilot study results indicate that 1ISCO is a
potentially viable 1,4-dioxane treatment technology, a focused feasibility study would be
performed to evaluate additional remedia alternatives for the 1,4-dioxane plume. The results of
the focused feasibility study would then be used to assess whether full-scale implementation of
ISCO is warranted.
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Soil Technology Screening Summary

Table5-1

Effectiveness (Primary)

General Effectiveness Impacts
Response Technology Process Option Description in Handling Duprin Implement- | - Relative Numeric Retain or Screening Comments
- Type Volume of 9 | Reliability | ability Cost Score Reject
Action Implemen-
I mpacted tation
Media
No Action N/A N/A No action istaken for site contamination. Low Low Low High Low 6.7 Retain Baseline for comparison with other technologies
Land Use Covenants |Land use covenants are recorded with the County Assessor to restrict future land use. High Low Medium High Low 9.2 Retain Rstrlctlc.)ns on on-stg land use have alrealy been recorded Wl.th County
Assessor; may not be implementable for downgradient properties.
Land Use Governmental Zoning, permitting, or other governmental restrictions are placed on a property to . ) . )
Controls Controls control future land use. High Low Medium Low Low 6.7 Reject Implementation depends on current property owner.
Property Owner _ . . ) . )
Controls Restrictions on land use are imposed by the property owner. High Low Medium Low Low 6.7 Reject Implementation depends on current property owner.
Warning Signs  |Warning signs are posted in areas of concern to reduce exposure to human receptors. High Low Low High Low 8.3 Retain Signage is not effective for ecological receptors.
Ingtitutional and
Engineering
Controls Community : : Notices of environmental contamination are distributed to the local community to : : B e e e 9
Public Notices . ) High Low Low Low Low 5.8 Reject and will need to be coordinated through the property owner (RCWMD) and
Awareness enhance awareness of potential hazards and remedies. DTSC
Information and  |Comprehensive community information and educational programs are undertaken to . . Informgnon CIalse E canpot 117 target.ed o primeary ex
Education Proarams |enhance awareness of potential hazards and remedies. High Low Low Low Low 5.8 Reject population (trespassers) and will need to be coordinated through the property
9 po owner (RCWMD) and DTSC.
Bilisan e Areas gf concern are enclosed by fencing to reduce exposure to human and/or High Low Low Low Low 58 Reject ngh potential for vandalism reduces effectiveness and implementability of
ecological receptors. fencing.
Access
Restrictions
Surveil Ie_;\nce/ Areas of concern are patrolled by a security service to control access by human Low Medium Medium Low High 17 Reject Nighttime patrols not impl grnentable due to size of site and presence of
Security receptors. nocturnal endangered species.
Inspection Periodic wsyal mspectlgns are coqduded in areas where near-surface contaminants High Low Low High Low 83 Retain Must be combined with other process optionsif indications of potential
are present in areas subject to erosion. exposure are found.
Retained as a measure to reduce erosion in areas disturbed by other actions.
Vegetative Cover  |Vegetation is planted and maintained to reduce erosion. Medium Low Medium High Low 8.3 Retain As a stand-alone remedy, effectivenessis limited by plant uptake of
contaminants.
Erosion Control
. - . . Retained as a measure to reduce erosion in areas disturbed by other actions.
Containment Grading/Terracing The gro%md su.rface 'S recont.oured by r emoval or addition of material to alter drainage Medium Medium Medium High Low 75 Retain May require Clean Water Act Section 404/401 permits and CDFG Streambed
patterns; may include ateration of drainage channel. ) ) .
Alteration Agreement, depending on location.
. . } . ) : ) Likely to severely impact stream hydraulics due to narrow width of drainage
Armoring Areas subject to erosi or), such as drainage channels, are lined with gabions, riprap, or Medium High Medium Medium Moderate 4.2 Reject channel; may require Clean Water Act Section 404/401 permits and CDFG
concrete to reduce erosion. ) ) )
Streambed Alteration Agreement, depending on location.
Dust Control Wind bresks Trees, soil berms or fencing are installed to reduce ground-level wind speeds and Low Low Low Medium Low 54 Reject Dust control (other than during construction activities) is not anticipated to be

minimize both wind erosion and the migration of surficial contaminants.

necessary for protection of human and ecological receptors.
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Effectiveness (Primary)

General Effectiveness Impacts
Response Technology Process Option Description in Handling Duprin Implement- | - Relative Numeric Retain or Screening Comments
- Type Volume of 9 | Reliability | ability Cost Score Reject
Action Implemen-
I mpacted tation
Media
Vg Grrive] Ve e An impermeable membrane, with or' wnhout aventi pg system, is placed below the Medium Medium Medium Medium Low 63 Reject Vapor control not anticipated to be necessary to protect human and ecological
ground surface to reduce upward migration of volatiles. receptors
A geomembrane is placed over impacted area or landfill to reduce leaching of . . )
Geomembrane Cap |contaminants by infiltrating water and prevent contact with contaminated soil or High Medium High High Low 9.2 Retain IF;nvsl((;rg;ntabhlw Score assmes no permitting required by CIWMB or
landfill waste. ’
A clean compacted soil layer is placed over impacted area or landfill to prevent direct . ) . . ’ Implementablilty score assumes no permitting required by CIWMB or
Barthen Cap contact with contaminated soil or landfill waste. High Medium High High Low 92 Retain RWQCB.
Containment Capping
An engineered landfill cap is constructed over impacted area or landfill to reduce . . )
Landfill Cap  |leaching of contaminants by infiltrating water and prevent contact with contaminated High Medium High High Low 92 Retain g“ﬁggg”tab"'w Score assmes no permitting required by CIWMB or
soil or landfill waste. ’
Evapotranspiration An engineered evapotranspiration cap i constructed over impacted area or landfill to Implementablilty score assumes no permitting required by CIWMB or
P = reduce leaching of contaminants by infiltrating water and prevent contact with High Medium High High Low 9.2 Retain P P greq Y
Cap ) . . RWQCB.
contaminated soil or landfill waste.
Grouting Source Area Grouting Conventional grout or chemical g.r outisiny ected Into vadose zone and/or saturated Low Medium Low Low High 0.8 Reject Difficult to implement due to heterogeneous bedrock geology
zone source areas to reduce leaching of contaminants.
Shallow Shallow soils are excavated with conventional construction equipment from unsloped Must be combined with ex situ treatment or transportation and disposal
Conventional ) equip ' High Medium High High Low 9.2 Retain . S . o >
. sloped or shored excavations. options. T& E speciesissues may impact schedule.
Excavation
Deep . . . . ; Deep excavations are not implementable due to location of source areasin
Excavation Conventional Deep soils are excavated.wnh conventional construction equipment from unsloped, High High High Low Moderate 4.6 Reject narrow side canyons with steep slopes; must be combined with ex situ
. sloped or shored excavations. . ) )
Excavation treatment or transportation and disposal options.
Removal
Large-Diameter Auger|Contaminated soils are excavated using overlapping large-diameter soil borings; ) ) . . Not implementable due to difficult drilling conditions; must be combined withj
Borings borings are backfilled with durry to alow for overlap. Low Ll AT Low A L7 Reject transportation/ex situ treatment/disposal options.
Transportation Trucking Ezgi\;ated soil is moved on-site or off-site by means of construction equipment or High Medium High High Low 9.2 Retain Must be combined with excavation and ex situ treatment or disposal options
Enhanced Elgctron donor., e!ectrgn acceptgrs and(or nutnen?s areintroduced into the stIJbsurface . ) . ’ Not effective for shallow soil. Contaminants may be flushed to groundwater,
. . using wells or infiltration galleries to stimulate or increase the rate of contaminant High Low Medium High Low 9.2 Retain ) )
Bioremediation A . 8 where they will require treatment or recovery.
degradation by microorganisms.
Enhanced Bio. . . :
(Gaseous Electron A gaseous electron donor_ (e.g. hydroger_1, propane, etc.) is defivered to contaminated Medium Low Medium Medium Moderate 5.8 Reject Low moisture content of soilsis likely to impact implementability.
In Situ o) soils to stimulate anaerobic biodegradation.
Treatment Biological
Trestment Bioventin Atmospheric air is delivered to contaminated unsaturated soils by forced air movement Low Low Low Medium Low 54 Reject Not effective for site contaminants, which biodegrade under anaerobic
9 to increase oxygen concentrations and stimulate aerobic biodegradation. ’ 9 conditions; heterogeneous bedrock geology limits implementability.
Phytoremediation Plants are used to remove, transfer, stabilize, and/or destroy contaminantsin soil and Low Medium Low Medium Low 46 Reject Difficult to implement due to dry season water requirements for plants;

sediment.

ecological risks may result from plant uptake.
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Effectiveness (Primary)

General Effectiveness Impacts
Response Technology Process Option Description in Handling Duprin Implement- | - Relative Numeric Retain or Screening Comments
- Type Volume of 9 | Reliability | ability Cost Score Reject
Action Implemen-
I mpacted tation
Media
Water isintroduced into the vadose zone to transport soluble contaminants to the ) . T
Water Flushing groundwater for treatment or recovery. This technology excludes flushing with High Low Medium High Low 9.2 Retain Contaml nantsflushed o groundwater will requirein situ trestment or
) . - extraction and ex situ treatment.
electron donor solutions (see Enhanced Bioremediation).
. An agueous surfactant solution isinfiltrated or injected into the vadose zone to . ) . Not effective for site contaminants, which do not include free-phase
ik etad L mobilize contaminants to the saturated zone for treatment or recovery. High Low Low el Plee L 58 Reject petroleum or chlorinated solvents
In Situ A vacuum is applied to induce a controlled flow of air to remove volatile and some . . :
Physical Soil Vapor Extraction | semivolatile contaminants from soil. Enhancement technologies include steam or hot- Medium Low Low Medium Low 6.3 Reject I':Ir: tesf;‘;ct:ve fortgbeirlrg orate or 1,4-dioxane; heterogeneous bedrock geology
Treatment air injection, radio frequency or electrical heating, etc. P
Solidification C.ont.arnl nants are bound physically ina SOI.' d matrix by in situ mixing of soil with a Medium High Low Medium Moderate 33 Reject Not effective for site contaminants
binding agent such as portland or pozzolanic cement.
Stabilization Stabilizing agents are introduced into soil to reduce the mobility of contaminants. Medium Medium Low Medium Moderate 4.2 Reject Not effective for site contaminants
Chemical Oxidation Strong .OX'dI Zing agents .ar € |ntroduce_:d Al el t.h © subsurfape to convert ) . . Not effective for perchlorate; very difficult to implement due to
S . contaminants to less-toxic or non-toxic compounds. Oxidants may include Low Medium Low Low High 0.8 Reject )
(liquid oxidants) ) heterogeneous bedrock geology and need for contact with reagents
permanganate, persulfate, and Fenton's reagent.
In Situ : _— L . : . . ) ) -~ .
Treatment Chemical Chemical O)fl dation |Ozoneisinjected into the subsurface to convert contaminants to less-toxic or non-toxic Low Medium Low Low High 08 Reject Not effective for perchlorate; very difficult to |mplemer?t dueto
e — (gaseous oxidants)  |compounds. heterogeneous bedrock geology and need for contact with reagents
. - . ; . Not effective for site contaminants (reagents for perchlorate reduction are
Chemical Reduction Reducing fagents arein ecteq Into the subsurface to _copvgrt contaminants o lesstoxic Low Medium Low Medium Moderate 33 Reject currently being researched); very difficult to implement due to heterogeneous
or non-toxic compounds. This technology excludes injection of electron donor. )
bedrock geology and need for contact with reagents.
In Situ . . . . . ) . ) ) . .
Thermal Vitrification Soilsare brought to their meltlng point, typically Wlt.h an engncaI cur.rent, toforma Low High Medium Low High 08 Reject Very hlgh energy and equipment costs; not cost-effective for site
Trestment glass. Contaminants are driven off, decomposed, or immobilized by this process. contaminants
Contaminants or foreign materials (such astrash) are separated from soil using a
Separation variety of methods, including gravity, magnetic, or size separation (screening); also Medium Low Medium Medium Moderate 5.8 Reject Not effective for site contaminants
includes retrieval by hand-picking.
Contaminants are separated from excavated soil by washing in an agueous solution,
Soil Washing which may be amended with leaching agents, surfactants, or chelating agents. This Low Medium Medium Medium Moderate 4.2 Reject Implementability limited by excess water consumption
Ex Stu option also includes washing with unamended water.
Physical
Trestment Contaminants are physically bound by mixing excavated soil with a binding agent
Solidification I~ ' Low Low Low Medium Low 54 Reject Not effective for site contaminants
such as asphalt or portland cement, to reduce mobility.
Stabilization Stabilizing agents are added to soil to reduce the mobility of contaminants. Medium Low Low Medium Low 6.3 Reject Not effective for site contaminants
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- Type Volume of 9 | Reliability | ability Cost Score Reject
Action Implemen-
I mpacted tation
Media
_[Swongoxidizing agents are mixed with excavated soil to convert contaminants to less . . Not effective for perchlorate; difficult to implement due to health and safety
Chemical Oxidation |toxic or non-toxic compounds. Oxidants include permanganate, persulfate, Fenton's Low High Low Low Moderate 13 Reject . . A
issues associated with reagents
reagent, etc.
Reducing agents are mixed with excavated soil to convert contaminants to less-toxic or ) e .
; Chemical Reduction |non-toxic compounds. This technology excludes addition of electron donor (discussed Low High Low Low Moderate 13 Reject ggg‘éﬁ;g& sveirtcr:]h:orat:r,n(ilfflcult toimplement due to health and safety
ExStu under Ex Situ Biological Treatment). €
Chemical
Vi Excavated soil is heated with a reagent (sodium bicarbonate or polyethylene glycolate)
Dehalogenation . ) e Low Medium Low Medium High 21 Reject Not effective for site contaminants
to decompose or dehalogenate chlorinated organic compounds to reduce toxicity.
Contaminants are separated from excavated soil by a chemical extraction process, ) . ) . .
Chemical Extraction [typically using acids or solvents. (Extraction using water as solvent is discussed under Low Medium Medium Medium Moderate 4.2 Reject Not eff_ect|ve for s.te contfarm nants; difficult to implement due to hesith and
} ) safety issues associated with reagents.
Soil Washing.)
. Ex Sty ) Excavated contaminated soil |§m| xed with .d egtron d onor, .bU|k| ng agents, or other Medium Low Medium High Low 8.3 Retain Must be combined with excavation and transportation options
Bioremediation amendments to promote aerobic or anaerobic biologic activity.
Phytoremediation Plants_ are used to remove, transfer, stabilize, or destroy contaminants in excavated soil Low Medium Low Low Low 33 Reject DIffICL.Ilt to _|mp|ement due to dry season water requirements for plants;
or sediment. ecological risks may result from plant uptake
Treatment
Ex Stu . - . L ) . . ) . .
Biological Lersienies Excavateq contgml ngtgd soil is placed in beds and periodically turned to aerate and Medium Low Low Medium Low 63 Reject Not gffectlvefor site contaminants, which biodegrade under anaerobic
promote biologic activity. conditions
Treatment
Biopiles Excavateq cont_am| nated soil is mixed with amendments and actively aerated to Medium Low Low Medium Moderate 50 Reject Not gffectwefor site contaminants, which biodegrade under anaerobic
promote biologic activity. conditions
. Slgrry Phase A'slurry Is formed gs ng.exca\'/ated contaminated soil, water and amendments and then Low Low Low Medium High 29 Reject Implementability limited by excess water consumption
Biological Treatment |mixed to promote biologic activity.
Thermal Desorption Contaml nated soil is heateq o moderate temp(:‘:ratur&.s o volatilize water and Medium Medium Low Medium Moderate 4.2 Reject Not effective for perchlorate
contaminants. The contaminants are captured in an air stream for treatment.
Ex Stu - ) L Difficult to implement because no incineration facilities are located near site;
> ° ’
Thermal Incineration Exca\{ated collllies Calloite e WA CAEOURDI TN lPack: LelCon o T Medium Medium High Low High 33 Reject effective for site contaminants, but most applicable to PCBs, SVOC, dioxins,
organic compounds. .
Treatment and explosives
. Excavated soil is heated to moderate temperatures (~800 °F) in the absence of oxygen ) ) . ; . . Difficult to implement because no facilities are located near site. Effective for
SRR to decompose organic compounds. el el High el High 46 Reject site contaminants, but most applicable to SVOC and pesticides
Reuse of Treated Soil | Treated soil is reused on-site as excavation backfill or fill material. High Low Medium Medium Low 79 Retain RequlresWDR permit from RWQCB; must be combined with excavation,
transportation, and ex situ treatment options
Disposal On-site Disposal
Property owner (RCWMD) is unlikely to approve construction of alandfill at
On-site Landfill | Treated or untreated soil is disposed in an authorized on-site repository or landfill. High Medium High Low Low 6.7 Reject the site; extensive permitting requirements; must be combined with

excavation and transportation options.
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Soil Technology Screening Summary

Effectiveness (Primary)

General Effectiveness Impacts
Response Technology Process Option Descrintion in Handling Duprin Implement- | Relative Numeric Retain or Sereening Comments

= Type P P Volume of 9 Reliability ability Cost Score Reject 9

Action Implemen-

| mpacted tation
Media
Disposal Off-site Disposal Landfill Excavated soil istransported off-site for treatment or disposal at an authorized facility. High Low High High High 75 Retain Permangntly removes contfa\ml naqtsfrom site. Must be combined with
excavation and transportation options
Notes:

Shading indicates process option or technology screened out.

Scoring Notes (scores are listed in order from best to worst):
Effectivenessin handling volumes of impacted media
High: Process option can readily handle both anticipated volumes of media and anticipated contaminant concentrations.

Medium: Process option can readily handle either anticipated volumes of media or anticipated contaminant concentrations.

Low: Process option can readily handle neither anticipated volumes of media nor anticipated contaminant concentrations.
Impacts during implementation

Low: Implementation expected to have few temporary impacts.

Medium: Implementation expected to have moderate temporary impacts.

High: Implementation expected to have large temporary impacts or unmitigatable impacts.
Reliability

High: Process option isreliable and permanent for all contaminants.

Medium: Process option isreliable and permanent for perchlorate, but not for 1,4-dioxane and/or VOC.

Low: Process option is not reliable for perchlorate or not reliable for any site contaminants.

Implementability
High: Simple and straightforward to construct; administrative approvals readily obtained.

Medium: Construction feasible, but complicated by site-specific geology/hydrogeology; administrative approval moderately difficult to obtain.
Low: Implementation severely impacted by site-specific geology/hydrogeology; administrative approvals difficult to obtain.

Cost
Low: Cost low relative to other process options.
Moderate: Cost moderate relative to other process options.
High: Cost high relative to other process options.

Acronyms and Abreviations:

CDFG: Cdlifornia Department of Fish and Game

CIWMB: California Integrated Waste Management Board
DTSC: California Department of Toxic Substances Control
N/A: not applicable

PCBs: Polychlorinated biphenyls

RCWMD: Riverside County Waste Management Department
SVOC: Semivolatile organic compound

T&E: Threatened and endangered

VOC: Volatile organic compound

WDR: Waste Discharge Requirements
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Table5-2

Groundwater Technology Screening Summary

Effectiveness (Primary)

General Remedial Effectiveness Impacts Implement Numeric Retain or
Response Technology Process Option Process Option Description in Handling . plen Relative Cost ! Screening Comments
. During R ability Score Reject
Action Type Volumes of Reliability
I mplement-
Impacted ation
Media
No Action N/A N/A No action is taken for site contamination. Low Low Low High Low 6.7 Retain Baseline for comparison with other technologies
Sampli ng_and Grou@w_ater Samples are collected and analyzed to monitor contamination. High Low High High Low 10 Retain Likely to be required as a component of any groundwater remedy.
Analysis Monitoring
Monitoring
Monitored Naiural Natural A_tteﬁuatlon Samples are collected and analyzed to monitor contaminant attenuation. High Low Medium High Low 9.2 Retain Potential component of groundwater remedy; not effective for 1,4-dioxane.
Attenuation Monitoring
Land Use Controls Land use covenants are recorded with the County Assessor to restrict future High Low Medium High Low 9.2 Retain Restrictions on onsite groundyvater use have already been r_ecorded WI'Fh
groundwater use. County Assessor; may hot be implementable for downgradient properties.
Land Use Controls L IILLLE] Ac st Wi el Bl CE RIse S el CLE T T High Low Medium Low Low 6.7 Reject Implementation dependent on current property owner.
Controls control future groundwater use.
Property Owner L . . . . .
I~ Restrictions on groundwater use are imposed by the property owner. High Low Medium Low Low 6.7 Reject Implementation dependent on current property owner.
st Restrictions
Ingtitutional and
Engineering
Controls . ’ N . . . ! Effective for humans but not ecological receptors; human exposure to
Warning Signs Warning signs are posted in areas of concern to reduce exposure to human receptors. High Low Low High Low 8.3 Retain ) ) '
groundwater is unlikely.
Community . . Notices of environmental contamination are used to enhance awareness of potential . . Exposure to grogndwaler IS unli k.ely; cannot be reai Iy.targeted to primary
Public Notices ) o ) High Low Low Low Low 5.8 Reject exposed population (trespassers); will need to be coordinated through the
Awareness hazards and remedies within the local community.
property owner (RCWMD) and DTSC.
Informationand  |Comprehensive community information and educational programs are undertaken to . . Exposure to grogndwaler 1S unli k.ely; cannot be reexli Iy.targeted toprimary
. ) ) High Low Low Low Low 5.8 Reject exposed population (trespassers); will need to be coordinated through
Education Programs |enhance awareness of potential hazards and remedies.
property owner (RCWMD) and DTSC..
A trench is excavated into the saturated zone and filled with a bentonite slurry to ; ) ) . . Depth to groundwater limits implementability over most of site; groundwater
=7 retard or divert groundwater flow. e L Calllu Lt Low High 25 Reject extraction may be needed to minimize undesired hydraulic effects.
Conventional or chemical grout is injected into the saturated zone through closely- Depth to groundwater and heterogeneous bedrock geology limits
Physical Barriers Grout Curtain spaced injection points to form a continuous low-permeability vertical curtain which Medium Medium Medium Low High 25 Reject implementability over most of site; groundwater extraction may be needed to
retards or diverts groundwater flow. minimize undesired hydraulic effects.
Containment Driven Pile Wall Interlocking sheet pileis driven into the saturated zone to retard or divert groundwater Medium Medium Medium Low High 25 Reject Depth Fo groundwater limits |rr_1p_|ementab|l|ty over most pf site; groundwater
flow. extraction may be needed to minimize undesired hydraulic effects.
Groundwater Groundwater is extracted to create a groundwater depression that prevents
Extraction contaminated groundwater from flowing in an undesired direction. Groundwater High Low High High Moderate 8.8 Retain Must be combined with ex situ treatment and disposal options.
Hydraulic extraction and treatment technologies are described elsewhere.
Containment e : . " ! :
L . ’ Difficult to implement in narrow canyon setting; must be combined with
Injection Barrier i S e oo e Ve e ke b N T Uesle il Medium Low High Low Low 6.7 Reject groundwater extraction and ex situ treatment process options or an alternate

groundwater from flowing in an undesired direction.

water source.
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Groundwater Technology Screening Summary

Effectiveness (Primary)

General Remedial Effectiveness Impacts Implement Numeric Retain or
Response Technology Process Option Process Option Description in Handling . plen Relative Cost ! Screening Comments
. During R ability Score Reject
Action Type Volumes of Reliability
I mplement-
Impacted ation
Media
. . Groundwater passively flows through apermesble barrier vyherg elect.rqn donor_s, . ) . ! Effective for perchlorate and chlorinated solvents; not effective for 1,4-
Biobarrier electron acceptors, and/or nutrients are added to promote biologic activity. Various High Low Medium High Low 9.2 Retain ) ) . . A
) : : S dioxane; trench implementation not straightforward.
configurations possible (trenches, funnel-and-gate, injection, etc.).
Groundwater passively flows through a permeable barrier containing ZVI, that . . ) ) !
zero Valgnt Iron promotes destruction of chlorinated compounds. Various configurations possible High Medium Low Medium Moderate 5.0 Reject Sifes ye et Qated solva.ﬁts BN CUGE SR A D 1l
Barrier trench implementation not straightforward.
(trenches, funnel-and-gate, etc.).
Metal-Enhanced  |Groundwater passively flows through a permeable barrier containing basic oxygen . . . . Not effective for site contaminants; trench implementation not
Reduction Barrier  [furnace slag. Various configurations possible (trenches, funnel-and-gate, etc.). High Medium Low Medium Moderate 50 Reject straightforward..
Permeable
Reactive Barrier
. Groundwater passively flows through a permeable barrier containing limestone to . . . . Not effective for site contaminants; trench implementation not
pH Control Barrier adjust pH. Various configurations possible (trenches, funnel-and-gate, etc.). High Medium Low Medium Moderate 50 Reject straightforward..
Containment
Groundwater passively flows through a permeable barrier containing calcium
Redox Barrier polysulfide, sodium dithionite, or other reducing agents. Various configurations High Low Low Medium Moderate 5.8 Reject Effective for chlorinated solvents; not effective for perchlorate or 1,4-dioxane.
possible (trenches, funnel-and-gate, injection, etc.).
Groundwater passively flows through a permeable barrier containing sorptive material . . ) ) . )
Sorptive Barrier  |[(GAC, zeolite, ion exchange resin, apatite, etc.) to remove contaminants. Various High Medium Low Medium High 38 Reject NOt. Giiss Ml LRl il i T Tl e i e
) } . A straightforward..
configurations possible (trenches, funnel-and-gate, injection, etc.).
. |Grout or chemical grout isinjected into the saturated zone through closely-spaced . ' . . . .
Source Area Grouting injection points to reduce groundwater flux through a submerged Source area, Medium Medium Medium Low High 25 Reject Not implementable due to heterogeneous bedrock geology.
Immobilization
Chemical Fixation Cherr?l cal reagents a.re lifisstoceli thg subsu.rf.a:e (e o AT B Lot e Medium Medium Low Medium High 29 Reject Not effective for site contaminants.
solubility of contaminants to reduce their mobility
. Enhan(?eq Amendmgnts (gl ectrgq donor, nutrients, etc) are injected into the saturated zone to High Low Medium High Low 9.2 Retain Effectlve for perchlorate and chlorinated solvents; not effective for 1,4-
Bioremediation promote biologic activity. dioxane.
Thqmd ly Ephgnced Pprtl 1L t.he clletit et B s £ G Lo E W EAE L e Medium Low Medium Medium High 4.6 Reject No advantage over enhanced bioremediation for site climate.
In Stu Bioremediation  |biodegradation rates.
Biological
Treatment SO : ; : ; ; : : ;
. ; Atmospheric air is injected into the saturated zone at alow rate to promote aerobic . . Not effective for site contaminants, which biodegrade under anaerobic
Biosparging biologic activity. High Low Low Low Low 58 Reject conditions; difficult to implement due to heterogeneous bedrock geology.
Treatment
Phytoremediation Phreatqphyte pl ants are used to remove, transfer, stabilize, and/or destroy Medium Low Medium Low L 58 Reject Not implementable because depth to groundwater is >10-15 feet throughout
contaminants in the saturated zone. site.
Air Sparging Atmospheric air isinj etj‘ted into the saturated zone to volatilize contaminants, which Medium Low Low Low L 50 Reject Difficult to implement Fiue to heterogeneous bedrock geology; not effective
In Situ are collected or treated in the vadose zone. for perchlorate or 1,4-dioxane.
Physical
Treatment : ; A : : : ; ; : : ;
Bioslurping Contaminants in the saturated zone are treated through a combination of bioventing Medium Low Low Medium L 6.3 Reject Not effective for site contaminants, which biodegrade under anaerobic

and vacuum-enhanced free product recovery.

conditions.
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Groundwater Technology Screening Summary

Effectiveness (Primary)

General Remedial Effectiveness Impacts Implement Numeric Retain or
Response Technology Process Option Process Option Description in Handling . plen Relative Cost ! Screening Comments
. During R ability Score Reject
Action Type Volumes of Reliability
I mplement-
Impacted ation
Media
In Situ Air isinjected into a dual-screen well, causing water to be drawn in through the lower e ) ) .
Physical In-Well Air Stripping |screen and forced out of the upper screen. VOCs are removed from the water by air Low Low Low Low Moderate 29 Reject PUETSI Fiue Lty fealdecuedt s eI GITEIN
. L for perchlorate or 1,4-dioxane.
Treatment stripping action in well.
Steam is injected into the saturated zone to heat and increase the volatility of
Steam Injection contaminants in the saturated zone. Contaminants are recovered with recovery wells or Low Medium Low Medium High 21 Reject Not effective for site contaminants at concentrations found at site.
from the vadose zone by vapor extraction.
In Situ Radio Frequen Radio frequency electromagnetic energy is used to heat and increase the volatility of
Thermal Heat?z cy contaminants in the saturated zone to facilitate extraction with recovery wells or from Low Medium Low Medium High 21 Reject Not effective for site contaminants at concentrations found at site.
Treatment 9 the vadose zone by vapor extraction.
Electrical Resistance An electrical current is used to heat and increase the volatility of contaminants in the
Hestin saturated zone to facility extraction with recovery wells or from the vadose zone by Low Medium Low Medium High 21 Reject Not effective for site contaminants at concentrations found at site.
9 vapor extraction.
Chemical Oxidation strong (.)XIdIZI ng age_nts aeinjected |ntp the saIuraFed Zone to convert contaminantsto . ) . Difficult to implement due to heterogeneous bedrock geology; not effective
o less-toxic or non-toxic compounds. Oxidants may include permanganate, persulfate, High Medium Low Low Moderate 3.8 Reject
(liquid injection) ) for perchlorate.
Fenton's reagent, etc.
In Situ N . - ) ) e ) . .
Chemical Ozone Sparging Ozgne isinjected into the saturated zone to oxidize contaminants to less-toxic or non- High Medium Low L Moderate 38 Reject Difficult to implement due to heterogeneous bedrock geology; not effective
toxic compounds for perchlorate.
Treatment
. - . ; Difficult to implement due to heterogeneous bedrock geology; effective for
Chemical Reduction Ret.juu ng agents. CielllcCall it L C e e e fe e (s 1B e High Medium Low Low Moderate 3.8 Reject VOCs; not effective for 1,4-dioxane; reagents for perchlorate reduction are
toxic or non-toxic compounds. :
currently being researched.
Treatment
Adsorption Dl et L ”.a”ts ae ooncentr‘ated CHlis surf ace .o JEIC s on. cEnsnz High Low Low High High 5.8 Reject Not effective for site contaminants.
than granular organic carbon), reducing concentrations in the bulk solution.
GAC Groundwatgr pumped through asenes.of canisters containing granular activated High Low High High Moderate 8.8 Retain Effgctlve for VOCs; must pe combined with other ex situ treatment process
carbon, which adsorbs organic contaminants. options to treat al contaminants.
Groundwater pumped through a series of canisters containing tailored granular ) . . )
TGAC activated carbon (GAC with an additional surface coating), which adsorbs Medium Low Medium High High 58 ot |t UG oAb e E et Sl bl Fe il esinalisd
i ; ) with other ex situ treatment process options to treat all contaminants.
contaminants, including perchlorate.
BxSitu Contaminants in water are oxidized using a combination of UV radiation, ozone, Effective for 1,4-dioxane; must be combined with other ex situ treatment
Chemical Advanced Oxidation ) 9 ’ ’ High Low High High Moderate 8.8 Retain - ' )
and/or hydrogen peroxide. process options to treat all contaminants.
Treatment
lon Exchange Gr(?undwater pqmped through asgnes of canisters containing an ion exchange resin, High Low High High Moderate 8.8 Retain Effective fqr perchlorate; must be f:ombl ned with other ex situ treatment
which removes inorganic contaminants. process options to treat all contaminants.
Precipitation DISS.Ol.VBd. Car il ittt e N CAaZla C IS el 00 High Low Low Low Moderate 4.6 Reject Not effective for site contaminants.
precipitating agent.
Batch Chqn|cal Groundwater is batc.h treated in storage tanks by e.ldd|t|on of strong reducing agents L Medium Low Medium Moderate 33 Reject Effective for chlor! nated solvents; not. effective for 1,4-dioxane; reagents for
Reduction that convert contaminants to less-toxic or non-toxic compounds perchlorate reduction are currently being researched.
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. During R ability Score Reject
Action Type Volumes of Reliability
I mplement-
Impacted ation
Media
Ex Stu ) . . - . . - . . .
Chemical Batch .Che.3m|cal Groundwater |§ batch treated in §torage tanks. by addition of strong oxidants that Medium Medium Medium Medium Moderate 50 Reject Appllcablefor tre.mme.nt of liquid reg duals; however, no treatment options
Trestment Oxidation convert contaminants to less-toxic or non-toxic compounds. that produce liquid residuals are retained.
Bioreactor Contaminated water is brgught into contact with an attached or suspended biological High Low Medium High Low 9.2 Retain Effective Tor perchlorate and chlorl'nated solvents; must bg combined with
system to destroy contaminants. other ex situ treatment process options to treat all contaminants.
Ex St Groundwater is batch treated in storage tanks by addition of amendments (electron Applicable for treatment of liquid residuals; however, no treatment options
Biological Batch Biotreatment . orage >0y Medium Medium Medium Medium Moderate 5.0 Reject PP A ) 9 ] S ’ P
Treatment donor, nutrients, etc) to promote biologic activity. that produce liquid residuals are retained.
Surface application of impacted water may attract ecological receptors and
Constructed Wetlands Co.n.ta.ml nants are treated using natural biologic and geochemical processesin an High Low Medium L Moderate 54 Reject create new ecological exposurg pathways; may require permitting from
artificial wetland ecosystem. severd state and federal agencies; may require large effort to properly
maintain.
Treatment AIlI’ Strl ppl.ngl Volatile orga.\mcs are removed from groundwater by increasing the surface area High Low High High Low 10.0 Retain Effectlye for VOCs; must be combined with other process options to treat all
Air Diffusing exposed to air. contaminants.
Distillation Contaminants are removed from groundwater by distillation. Low Medium Low Medium High 21 Reject Not_effecn AU Gl e apd fhorganic F:ontarm nz?\nts LTl SIS
not implementable for low concentrations of organic contaminants.
BxSitu Very high equipment and energy costs; waste stream containing concentrated
Physical Reverse Osmosis  |Contaminants are removed from groundwater by reverse osmosis. Medium Medium Medium Medium High 38 Reject y g eq p . i = . 9
contaminants still requires treatment or disposal.
Treatment
Membrane Extracted groundwater is heated, and contaminants are removed by diffusion through a| ) ) ) ) Not effective for mixture of organic and inorganic contaminants found at site;
Pervaporation membrane, where they are collected and condensed as a liquid. Low Lo llig Low e High el Reject not implementable for low concentrations of organic contaminants.
. . . . ) . . Effective for reducing volume of liquid treatment residuals; however, no
Evaporation Volume of extracted groundwater or treatment residual is reduced by evaporation. Medium Low High Low Low 6.7 Reject treatment options that produce liquid residuals are retained.
Extraction Groundwater is extracted from vertical wells, horizontal wells, or extraction trenches. High Low High High Moderate 8.8 Retain Must be combined with ex situ treatment and disposal process options.
Dual-Phase Extraction |Groundwater and air are simultaneously extracted from wells using separate pump . . . . Al eI fgr LA Lo L.NAPL; ad_vr:_nntages E.‘r? L fgr L pxane
(dual pump) tems. The aoolication of vacuum increases the rate of aroundwater extraction High Low Medium Medium Moderate 6.7 Reject and perchlorate in low hydraulic conductivity conditions. Requires ex situ
pump ¥ ) ap g ’ treatment and disposal of extracted groundwater.
Multi-Phase Groundwater and air are Smultaneously extracted b Iving avacuum to adip tube Most effective for VOCs and LNAPL ; advantages are limited for 1,4-dioxane
Extraction Extraction Extraction et below the water table y Y appiying P High Low Medium Medium Moderate 6.7 Reject and perchlorate in low hydraulic conductivity conditions. Requires ex situ
(total fluids) ) treatment and disposal of extracted groundwater.
French Drains aDngs ciall st iyl (ee AR S AL AT C IR e - Ut e Low Low Medium Low Low 5.0 Reject Not implementable due to depth to groundwater.
Pumped Excavations |Groundwater is extracted from an existing open excavation using sump pumps. Low Low High Low Low 5.8 Reject gg Zf,ff L e i il S B A O AR TSI
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Table5-2

Groundwater Technology Screening Summary

Effectiveness (Primary)
General Remedial Effectiveness Impacts Implement Numeric Retain or
Response Technology Process Option Process Option Description in Handling . plen Relative Cost ! Screening Comments
. During R ability Score Reject
Action Type Volumes of Reliability
I mplement-
Impacted ation
Media
Reinjection Treated groundwater is disposed on-site by reinjection into contaminated aquifer. High Low High Medium Low 8.8 Retain \Will require UIC and WDR permits.
Deep Well Injection |Treated or untreated groundwater is disposed on-site by deep well injection. Low Medium High Low High 25 Reject ;\:)?:T:;:[(J)I:mentable el e Al e Dbl 2o g e
Onsit
Digpis(;l Sewer Discharge |Treated or untreated groundwater is disposed to the sanitary sewer. Medium Low High Low High 4.2 Reject INo sewer connection at or in vicinty of site.
Disposal Surface Discharge |Treated groundwater is disposed to the surface water drainage channel. High Low High Medium Low 8.8 Retain Will require NPDES permit.
Infiltration Treated groundwater is disposed by infiltration outside of the drainage channel. High Low High Medium Low 8.8 Retain \Will require UIC and WDR permits.
. Extracted groundwater or treatment residual is transported off-site to an authorized . . . Effective for treatment of liquid residuals that are difficult to treat on-site;
Off-site Treatment facility for treatment. Low Low High Low High 33 Reject however, no treatment options that produce liquid residuals are retained.
Offsite
Disposal
Off-site Disposal Extlr.acted grgundwater or treatment residual is transported off-site to an authorized High Low High High High 75 Retain Effgctl ve for disposal of wastes generated from treatment processes (e.g.,
facility for disposal. activated carbon).
Notes: Acronyms and Abreviations:

Shading indicates process option or technology screened out.

Scoring Notes (scores are listed in order from best to worst):
Effectiveness in handling volumes of impacted media
High: Process option can readily handle both anticipated volumes of media and anticipated contaminant concentrations.
Medium: Process option can readily handle either anticipated volumes of media or anticipated contaminant concentrations.
Low: Process option can readily handle neither anticipated volumes of media nor anticipated contaminant concentrations.
Impacts during implementation
Low: Implementation expected to have few temporary impacts.
Medium: Implementation expected to have moderate temporary impacts.
High: Implementation expected to have large temporary impacts or unmitigatable impacts.
Reliability
High: Process option is reliable and permanent for all contaminants.
Medium: Process option is reliable and permanent for perchlorate, but not for 1,4-dioxane and/or VOCs.
Low: Process option is not reliable for perchlorate/ not reliable for any site contaminants.
Implementability
High: Simple and straightforward to construct; administrative approvals readily obtained.
Medium: Construction feasible, but complicated by site-specific geology/hydrogeology; administrative approval moderately difficult to obtain.
Low: Implementation severely impacted by site-specific geology/hydrogeology; administrative approvals difficult to obtain.
Cost
Low: Cost low relative to other process options.
Moderate: Cost moderate relative to other process options.
High: Cost high relative to other process options.

DTSC: California Department of Toxic Substances Control
GAC: Granular activated carbon
LNAPL: Light non-agueous phase liquid

N/A: Not applicable

NPDES: National Pollution Discharge Elimination System
RCWMD: Riverside County Waste Management Department
SVOC: Semivolatile organic compound

T&E: Threatened and endangered

TGAC: Tailored granular activated carbon

UIC: Underground Injection Control

UV: Ultraviolet

VOC: Volétile organic compound

WDR: Waste Discharge Requirements

ZV1: Zero-valent iron
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Table5-3
Technology Screening Criteria

. I Relative . Relative .
Screening Criteria Weight Evaluation Factors Weight Overall Weight
Effectiveness in Handling Areas/V olumes of o 0
Impacted Media and Meeting RAOs 33% 16.7%
Effectiveness 50% Short-Term I_Effectlmness during Construction and 33% 16.7%
Implementation
Technology Reliability 33% 16.7%
Implementablity 25% Technical and Ingtitutional Implementability - 25%
Relative Cost 25% Relative Cost - 25%
Total: 100%

Acronyms and Abreviations:

RAOs: Remedial action objectives
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Section 6

Development and Screening of
Preliminary Remedial Alternatives

This section provides a description of the process used to develop and screen the initial list of
remedial aternatives, describes the remedia alternatives, and summarizes the results of the
screening process. The process narrows down the list of alternatives to those that best meet both
the remedial action objectives (RAQOs) for the site and Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) evauation criteria of effectiveness,
implementability, and cost. Alternatives that are retained from this initial screening process are
carried forward for detailed evaluation in Section 7.

6.1 DEVELOPMENT OF PRELIMINARY REMEDIAL ALTERNATIVES

The methodology used to develop the preliminary list of remedia aternatives, and criteria and
procedures used for screening the alternatives, are presented below.

6.1.1 Alternative Development Methodology

The technologies that remain following screening of the comprehensive list of remedia
technologies presented in Section 5.0 were initially combined into aternative components that
could be used to address one or more of the RAOs in specific areas and media at the site. For this
initial stage of analysis, shallow soil (i.e., soil at depths of 5 feet below ground surface [bgs| or
less) was considered separately from deep soil (i.e., soil at depths greater than 5 feet bgs), because
different technologies were identified to address shallow and deep soils, and because different
RAOs may apply to soil, depending on depth. Potential interactions between media, such as
leaching of perchlorate from soil to groundwater, were also considered in developing the

alternative components.

The initial area- and media-specific technology combinations are summarized in Table 6-1. All
areas of the site were considered in thisinitial evaluation. However, no actions other than land use
covenants (LUCs) were proposed for Area J, Area K (northern Test Bay Canyon), Area K
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(Laborde Canyon), Area L, and Area M, based on one or more of the following: findings of no
human heath and ecologica risk from exposure to contaminated soil; very small soil and
groundwater contaminant masses with respect to the major source areas; no evidence of rel eases of
contaminants to soil; and evidence that groundwater contamination in these areas originates from
other areas of the site. Because the LUCs have been implemented site-wide basis rather than
applied to specified areas, the areas listed above will not be considered further in the alternative

devel opment process.

The area- and media-specific technology combinations were then combined into six generalized

remedial aternatives for the entire site. The generalized alternatives include:

e Alternative O: No Action (required by CERCLA)

e Alternative 1: Institutional Controls

e Alternative 2: Containment and Institutional Controls

e Alternative 3: Shalow Soil Removal, Plume Containment, and Institutional Controls

e Alternative 4: Combinations of Containment/Shallow Soil Removal, Plume Containment,
and Institutional Controls

e Alternative 5: Source Area Mass Removal (southern Test Bay Canyon [STBC]), Shallow
Soil Removal, Plume Containment, and Institutional Controls

e Alternative 6: Source Area Mass Removal (STBC and Waste Discharge Area [WDA]),
Shallow Soil Removal, Plume Containment, and Institutional Controls

These generalized alternatives were further developed by including subalternatives representing
different remedial approaches. A complete listing of the preliminary aternatives, including
subalternatives, is provided in Table 6-2. The alternatives and subaternatives summarized in
Table 6-2 do not consider in situ chemical oxidation for 1,4-dioxane treatment. This process
option will be further evaluated in a pilot study, which is expected to be conducted during remedy

implementation.

To streamline the aternative development process, a series of intermediate screening evaluations
was conducted to select technology combinations to carry forward into other alternatives. For
example, an intermediate screening was conducted to select a plume containment technology to

carry forward into other aternatives. Without this intermediate screening, subsequent alternatives
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would need to include both plume containment alternatives in the matrix of subalternatives to be
complete. Performing an intermediate screening step at this point greatly reduces the complexity

of the alternative development and screening process.

6.1.2 Screening Methodology

The methodology used for conducting the intermediate screening steps is described in the
following sections. This procedure was aso used for conducting the remedial alternative screening
and selection of alternatives for detailed analysis (Section 6.3).

6.1.2.1 Screening Criteria

The intermediate screening steps (and the remedial alternative screening presented in Section 6.3)
were conducted by evaluating each aternative with respect to the CERCLA criteria of
effectiveness, implementability, and cost, as described in the United States Environmental
Protection Agency (USEPA) feasibility study guidance document (USEPA, 1988). For each of
these screening criteria, specific evaluation factors and subfactors were developed based on the
narrative descriptions provided in the USEPA guidance. This approach provided a systematic and
consistent framework for the aternative screening. The evauation factors and subfactors
considered for each of the CERCLA criteria are summarized in Table 6-3. As an example, the
effectiveness screening criterion includes long-term effectiveness, short-term effectiveness, and
reduction of toxicity, mobility, or volume through treatment as evaluation factors. The long-term
effectiveness evaluation factor includes four subfactors. prevention of human heath risks,
minimization of ecological risks, residual potentia risk, and technology reliability. The short-term
effectiveness evaluation factor includes the time to achieve RAOs and potential unmitigatable
adverse impacts during construction and operations, maintenance and monitoring (OM&M) as
subfactors. The reduction of toxicity, mobility, or volume evaluation factor includes destruction of
hazardous constituents and irreversibility of treatment as subfactors. Similarly, the
implementability screening criterion includes technical and administrative implementability as
evaluation factors, each of which in turn includes additional subfactors for evaluation. The cost
evauation criterion includes capital cost and OM&M costs as evaluation factors, with no

subfactors being considered.

In addition to the criteria listed above, Lockheed Martin Corporation (Lockheed Martin) has

included sustainability as a fourth screening criterion in the aternative screening process.
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Inclusion of environmental considerations such as energy use, air impacts, and water resource
impacts is consistent with the Department of Toxic Substances Control (DTSC) Green
Remediation Initiative and the Lockheed Martin “Go Green” program. The screening criteria,
evauation factors, and evauation subfactors were each assigned weights based on their
importance relative to other criteria within the same group. For example, effectiveness,
implementability, cost, and environmental considerations were assigned weights of 200, 100, 75,
and 50, respectively, to reflect their relative importance in the screening process. The evaluation
factors and subfactors were also assigned weights to reflect their relative importance within each
subgroup. The relative weights were then used to calculate overal weights for each factor
considered in the evaluation. The weighting scheme and overall weights for each evaluation factor

or subfactor are summarized in Table 6-3.

To conduct the screening, each aternative was scored on a scale of 0 to 10 for each of the
evaluation factors or subfactors, using the scoring template presented in Appendix D. When
scoring was completed, the individual scores for each factor or subfactor were multiplied by the
corresponding overall weight. These results were then summed to obtain a final weighted score,
which also ranged from 0 to 10. Comparison of the numerical scores was used to rank and retain
or screen out subalternatives during the intermediate screening steps, or to retain or screen out
entire alternatives in the remedia aternative screening. The results of the intermediate screening
evaluations are presented with the descriptions of the alternatives in Section 6.2; the results of the

remedial aternative screening are presented in Section 6.3

6.2 ALTERNATIVE DESCRIPTIONS

The following sections provide narrative descriptions of the remedial alternatives developed for
the site. Design details of the individual process options, as well as the sizing requirements for
treatment technologies and estimates of remediation time frames, are conceptual for the
preliminary screening process, reflecting approximately 10% design completion. In the screening
process, relative capita and OM&M costs are qualitatively compared based on engineering
estimates with an accuracy range of approximately -50% to +100%. Each alternative is evaluated
as to whether costs are low (0-20% of maximum cost), moderately low (21-40% of maximum

cost), moderate (41-60% of maximum cost), moderately high (61-80% of the maximum cost) or
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high (81-100% of the maximum cost). Estimated costs for all aternatives are summarized in Table
6-4.

In addition to the elements described below, each aternative (except for Alternatives 0 and 1)
includes long-term groundwater monitoring, site maintenance activities (maintenance of roads,
gates, signage, and other infrastructure at the site), and activities to support biological and cultural

resources.

6.2.1 Alternative 0—No Action

The No Action dternative (Alternative 0) is required by the National Contingency Plan as a
baseline for comparison with other remedial aternatives. The No Action aternative is also
evauated to document an alternative for no active remediation, monitoring, or institutional

controls.

6.2.2 Alternative 1—Institutional Controls

Alternative 1 consists of implementing institutional controls at the site to prevent or reduce
exposure to impacted media. Institutiona controls include LUCs, which have aready been
implemented at the property, and placement of warning signs throughout the site to notify the

public of the presence of potential human health risks.

The LUCs currently in place at the property were previously described in Section 2.6.3. These
include prohibitions on the installation of wells and use of groundwater as a source of drinking
water, and prohibitions on nonrecreational land uses and use of the property as an off-road vehicle
park. Prohibiting access to and the use of groundwater as a source of drinking water is a highly

effective means of eliminating exposure to groundwater on the property.

Operations, maintenance, and monitoring for this alternative would consist of annual inspections
to ensure that the terms of the LUCs are being met by the current owner of the property, and that

warning signs remain visible and in good condition.

The cost to implement Alternative 1 (Table 6-4) is low in comparison to the maximum cost

dternative.
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6.2.3 Alternative 2—Containment and Institutional Controls

Alternative 2 consists of containment and institutional controls to eliminate exposure to impacted
media. Two different remedial approaches for containment were evaluated. Both approaches use
capping to eliminate exposure to impacted soil, but use different containment technologies to
address potential human exposure to groundwater south of the property and potential threats to
beneficial uses of groundwater in the San Jacinto Groundwater Basin. An intermediate screening
was conducted to select a plume containment technology to carry forward during the devel opment
of other aternatives. Descriptions of the aternatives and the results of the intermediate screening

are presented below.

6.2.3.1 Alternative 2A

Alternative 2A consists of the following elements:

1. Constructing a soil cap over impacted soil with perchlorate concentrations greater than the
preliminary remedial goa (PRG) of 1,700 micrograms/kilogram (pg/kg) in STBC, as
described below

2. Constructing a soil cap over impacted soil with metals concentrations exceeding PRGs in
the WDA, as described below

3. Instaling a biobarrier to remove perchlorate from impacted groundwater in southern
Laborde Canyon, with a contingency to switch to hydraulic containment and ex situ
groundwater treatment for perchlorate and 1,4-dioxane (if 1,4-dioxane concentrations
eventually exceed PRGS), as described below

4. Institutional Controls, as described in Alternative 1 (Section 6.2.2)

This aternative consists of constructing soil caps over impacted soil in STBC and the WDA to
eliminate exposure to human and/or ecological receptors. Conceptually, the caps would consist of
a barrier layer comprised of one foot of six-inch crushed rock, which is intended to prevent
Stephens' kangaroo rats (SKRs) and other burrowing animals from contacting impacted soil
beneath the cap, and a three-foot layer of compacted clean soil placed over the barrier layer to
provide additional protection and minimize permanent SKR habitat disturbance. The soil layer
thickness is based on the 18-inch estimated burrowing depth of SKR (Montgomery, 2012), with a
100% safety factor. If necessary, SKRs would be trapped prior to construction of the caps to avoid
take of SKR.

Tetra TecheLaborde Canyon Feasibility Study Page 6-6



The impacted soil footprint in STBC is approximately 10,000 sguare feet (SF) and the impacted
soil footprint in the WDA is approximately 400 SF. To alow for sloping, the caps would have
areas of approximately 12,000 SF (STBC) and 600 SF (WDA). Exact dimensions and depth will
be dependent on field observations and analytical data. Construction would require importing
approximately 390 cubic yards (CY) of six-inch crushed rock and approximately 1,400 CY of
clean soil or borrowing 1,400 CY of clean soil on-site. The upper surface of the caps would be
graded to prevent ponding of storm water; surface drainage and/or runoff diversions may aso be
required to reduce the potential for erosion. The cap areas would be revegetated after construction
is completed. This aternative would also include long-term OM&M of the caps, such as annual
inspections, periodic repairs, and reporting.

Alternative 2A would aso consist of constructing a biobarrier across Laborde Canyon near the
southern property boundary (Figure 6-1) to address human health risk from potential consumption
of groundwater south of the property boundary, and to minimize potential threats to the beneficial
use of groundwater in the San Jacinto Groundwater Basin. Because perchlorate is the only
contaminant currently present in groundwater at the property boundary, a biobarrier is considered
to provide adequate protection at this time. However, 1,4-dioxane is present in upgradient wells at
concentrations exceeding drinking water criteria, and if 1,4-dioxane concentrations eventualy
exceed drinking water criteria at the property boundary, the biobarrier would no longer provide
protection. To account for this possibility, a contingency to replace the biobarrier with a hydraulic
containment/ex situ treatment (pump and treat [P&T]) system is also included in this alternative.
For the purpose of cost estimating, it has been assumed that the biobarrier would be replaced in
Y ear 20. However, further advancements in 1,4-dioxane treatment technologies are likely to occur
within the next 20 years, so a focused feasibility study to evaluate treatment alternatives will be

performed prior to implementing this contingency.

A small portion of the WDA groundwater plume extends downgradient beyond the proposed
biobarrier/P&T system location. This portion of the plume would not be treated if a biobarrier is
installed on the property. The estimated mass of perchlorate in the untreated portion of the plume
is roughly one pound, and it is anticipated that even the limited natural attenuation capacity of the
off-property riparian area would be sufficient to reduce perchlorate concentrations to acceptable

levels after transport through the riparian corridor.

Tetra TecheLaborde Canyon Feasibility Study Page 6-7



The biobarrier would consist of approximately 43 injection wells, spaced 15 feet apart in a double
row. Minor grading may be necessary near the canyon margins to provide alevel areafor drilling
and well installation. A long-acting emulsified vegetable oil electron donor would be injected into
the wells at 18-month intervals to induce the anaerobic conditions necessary for in situ perchlorate
bi odegradation.

Previous bench-scale testing (Tetra Tech, 2009c and 2010c) indicates that perchlorate-reducing
bacterial populations are present in the aquifer, and that nutrient additions are not necessary. The
substrate would be injected using a trailer-mounted pressure injection system consisting of a

mixing tank, pumps, and a manifold that allows for injection into multiple wells at one time.

Operations, maintenance, and monitoring for the biobarrier would consist of performing annual
substrate injections, with each injection event being completed over a 10-day period
(approximately four wells per day), and providing quarterly effectiveness monitoring and

reporting.

It is assumed that a P& T system would be constructed after 20 years of biobarrier operation.
Based on a constant-rate aquifer test conducted near the southern property boundary (Tetra Tech,
2010e), the approximate capture radius of an extraction well near the canyon center is about 30
feet. To ensure complete capture of the plume in the heterogeneous weathered San Timoteo
formation (STF) aquifer, a smaller radius of influence of 15 feet has been assumed. The
groundwater extraction system would thus consist of approximately 26 extraction wells spaced 30
feet apart, with the wells arranged in two staggered rows. Each well is assumed to be
approximately 50 feet deep. Given the low anticipated flow rates, automatic pneumatic pumps
would be used for groundwater extraction. Groundwater would be conveyed from the wells to the
treatment system through approximately 640 linear feet (LF) of polyvinyl chloride (PVC) double-
contained piping, which would be placed underground to prevent vandalism. Compressed air
piping for the pneumatic pumps would also be placed in the piping trenches. Assuming complete
capture of the estimated underflow in the weathered STF aquifer, the long-term yield of the
extraction system is estimated at approximately 0.6 gpm. Yields may be somewhat higher during

the early years of operation, when groundwater would be removed from storage in the aquifer.

The groundwater would be treated sequentially through a 10 cubic foot (CF) fixed-bed ion
exchange vessel (to treat perchlorate) and a 30-kilowatt ultraviolet oxidation (UVOx) reactor (to
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treat 1,4-dioxane and potentially volatile organic compounds [VOCs]). Storage tanks would be
provided upstream from the ion exchange vessel to reduce cycling of the UVOx system. The

treatment system would be located in awalled enclosure to prevent vandalism.

It is assumed that electrical power would be brought to the area from Highway 60 to provide
power for the treatment system. Treated groundwater would be conveyed through approximately
210 feet of single-contained underground PVC piping to a 45- by 45-foot infiltration galery
located downgradient of the extraction system in the Laborde Canyon drainage channel. The
infiltration gallery would consist of a four-foot deep excavation backfilled with two feet of ¥+inch
crushed rock and two feet of soil. Perforated PV C piping would be placed within the gravel layer
to ensure uniform distribution of water within the gallery. It is assumed that the excess soil from
galery construction would be uncontaminated, and would be placed and compacted outside of the
stream channel area for disposal. The gallery footprint is assumed to be approximately 2,000 SF,
based on the lowest percolation rates observed during operation of an infiltration gallery during
the soil and groundwater treatability study (0.05 gallons per minute [gpm] for agallery area of 150
SF; Tetra Tech, 2012d), and the estimated long-term yield for the P& T system (0.6 gpm). If

necessary, trapping would be performed prior to construction to avoid take of SKR.

Infiltration was selected for disposal to minimize water losses due to evaporation, avoid potential
impacts to downgradient riparian habitat, and to avoid creating new wetlands habitat at the site.
The gallery would be placed within the drainage channel to maximize likely infiltration rates. The
installation of wells and the infiltration gallery within the drainage channel would require Clean
Water Act Section 401/404 permitting and a Streambed Alteration Agreement with the California
Department of Fish and Game (CDFG).

Operations, maintenance, and monitoring for the P&T system would consist of weekly system
maintenance checks, monthly effluent sampling to ensure that the system is successfully treating
all contaminants prior to disposal, quarterly effectiveness monitoring and reporting, annual
replacement of ultraviolet bulbs, supplementation of the UVOx system with hydrogen peroxide as
needed, replacement and disposal of ion exchange resin, and utility costs. The P&T system is

anticipated to continue to operate for an indefinite period of time, in excess of 50 years.

The cost for construction and OM&M of Alternative 2A (Table 6-4) is moderate in comparison to

the maximum cost alternative.
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6.2.3.2 Alternative 2B
Alternative 2B is identical to Alternative 2A, except that the P& T system is used to contain
groundwater contamination at the property boundary for the full duration of treatment. A

biobarrier is not installed under this alternative. Alternative 2B consists of the following elements:

1. Constructing a soil cap over impacted soil where perchlorate concentrations are greater
than the PRG of 1,700 pg/kg in STBC, as described in Alternative 2A (Section 6.2.3.1)

2. Constructing a soil cap over impacted soil where metals concentrations exceed PRGs in the
WDA, as described in Alternative 2A (Section 6.2.3.1)

3. Instaling a hydraulic containment/ex situ treatment system to remove perchlorate from
impacted groundwater in southern Laborde Canyon, with a contingency to treat both
perchlorate and 1,4-dioxane (if 1,4-dioxane concentrations eventually exceed PRGS), as
described below

4. Ingtitutional controls, as described in Alternative 1 (Section 6.2.2)

Element 3 of Alternative 2B is similar to the P& T system described in Alternative 2A, except that
it is assumed that the groundwater treatment system will consist of ion exchange to treat
perchlorate only during the first 20 years, with a contingency to expand the treatment system to
include ion exchange and UVOXx to treat both perchlorate and 1,4-dioxane after 20 years.
Operations, maintenance, and monitoring for the P&T system would consist of weekly system
maintenance checks, effluent sampling to ensure that the system is successfully treating all
contaminants prior to disposal, quarterly effectiveness monitoring and reporting, as-needed
replacement and disposal of ion exchange resin, and utility costs. After 20 years, OM&M would
be expanded to include annual replacement of ultraviolet (UV) bulbs, and as-needed
supplementation of hydrogen peroxide for the UVOx system. The P&T system is anticipated to

continue to operate for an indefinite period of time, in excess of 50 years.

The cost for construction and OM&M of Alternative 2B (Table 6-4) is moderate in comparison to

the maximum cost alternative.

6.2.3.3 Intermediate Screening of Alternatives 2A and 2B

An intermediate screening of plume containment technologies was performed to select between
Alternative 2A, a biobarrier that is replaced by a P& T system to treat 1,4-dioxane after 20 years,
versus Alternative 2B, a perchlorate-only P& T system that is upgraded for 1,4-dioxane treatment
after 20 years. The results of the screening evaluation are presented in Table 6-5. Based on the
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numerical scores, Alternative 2A (a biobarrier replaced by a P& T system) was carried forward
both to develop additional alternatives and to the final intermediate screening step.

6.2.4 Alternative 3—Shallow Soil Removal, Plume Containment, and
Institutional Controls

Alternative 3 differs from Alternative 2 by using removal rather than containment to address risk
from shallow soil containing perchlorate or metals concentrations that exceed PRGs in STBC and
the WDA.. Plume containment in south Laborde Canyon is retained in this aternative, because no
other strategies are available to address human health risks south of the property and potential
threats to water quality in the San Jacinto Groundwater Basin. Based on intermediate screening
results (Section 6.3.2.1), the approach summarized in Alternative 2A was adopted. Institutiona

controls will be retained to limit exposure to groundwater on the property.

The following two remedia approaches were evaluated: Alternative 3A uses on-site biological
treatment to reduce perchlorate concentrations in soil in STBC, with reuse of the treated soil as
fill; Alternative 3B uses transportation and off-site disposal to completely remove the impacted
soil from the site. No on-site treatment technologies were identified for metals-impacted soil, so
both alternatives use excavation and off-site disposal for the small quantity of metals-impacted
soil at the WDA. Alternatives 3A and 3B are described in more detail below.

6.2.4.1 Alternative 3A

Alternative 3A consists of the following elements:

1. Combination of excavation and ex situ treatment of soil where perchlorate concentrations
exceed the PRG of 1,700 pug/kg in STBC, as described below

2. Excavation and off-site disposal of soil where metals concentrations exceed PRGs in the
WDA, as described below

3. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

4. Ingtitutional controls, as described in Alternative 1 (Section 6.2.2)

Element 1 consists of excavating approximately 10,200 SF of soil where perchlorate
concentrations exceed the PRG of 1,700 pg/kg to a depth of approximately four feet in STBC. The
excavation volume is estimated to be 1,500 CY. The four-foot excavation depth would allow for

placement of a one-foot barrier layer at the bottom of the excavation, to prevent burrowing
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wildlife from contacting impacted soil at greater depth, and a three-foot soil layer above the
barrier, to minimize permanent SKR habitat disturbance. If necessary, trapping would be
performed prior to excavation to avoid take of SKR. The exact dimensions and depth will be

dependent on field observations and analytical data.

Because the excavation would remain open for an extended period of time during biotreatment,
the sidewalls would be sloped to maintain stability. Approximately one foot of six-inch crushed
rock (370 CY) would be placed at the bottom of the excavation to prevent burrowing wildlife from
contacting impacted soil at greater depth. Fencing would be installed around the excavation to

limit human and wildlife access to the excavation during the treatment period.

The excavated soil would be transported to an on-site treatment area for aboveground anaerobic
biotreatment. Soil treatment for perchlorate would consist of screening to break up the soil to a
uniform size, placing the soil in lined treatment cells, flooding the cells with water amended with a
soluble electron donor, and covering the cells to further promote the anaerobic conditions
necessary for biological perchlorate biodegradation to develop. Because the treatment cells would
be flooded with water, the ground surface beneath each cell would be graded level prior to
construction. The treatment cells would be 40 by 100 feet in plan dimension, and accommodate
approximately 300 CY of soil per cell. Based on the estimated excavation volume, five cells
would be required to treat all of the soil at one time. The cells would be constructed from 20-foot
lengths of concrete K-rail and lined with 30 mil polyethylene liners. Water amended with glycerin
would be added to the treatment cells as they are filled with soil to achieve uniform saturation. A

plastic cover would then be placed over each cell to exclude air.

The progress of anaerobic treatment would be monitored by periodically collecting soil samples
(and water samples, if free water is present) from the treatment cells. Comprehensive confirmation
sampling would be conducted when treatment is determined to be completed. The cells would then
be opened and, if necessary, the soil dried by evaporation. The treated soil may be tilled or spread
in athin (one-foot) lift to accelerate drying. After the moisture content is sufficiently reduced, the
soil would be placed back in the excavation and compacted. Excess treated soil would be placed in
the Test Bay 3 area and compacted. The excavation and treatment areas would be revegetated
when treatment is compl ete and the excavation backfilled. It is anticipated that biotreatment would
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require approximately 4 to 6 months, including the time needed to obtain approval to reuse the
treated soil as backfill.

Element 2 consists of excavating 400 SF of soil where metals concentrations exceed PRGs to a
depth of approximately four feet in the WDA. The total excavation volume is estimated to be 60
CY. The excavated soil would be transported to a more accessible staging area near Test Bay
Canyon and placed in a covered stockpile on plastic sheeting, pending profiling and disposal at a
Lockheed Martin-approved state-licensed landfill. The bottom of the excavation would be
backfilled with approximately one foot of six-inch crushed rock (approximately 15 CY) to prevent
burrowing animals from contacting impacted soil at greater depth. The balance of the excavation
(approximately 45 CY') would be backfilled with clean imported soil or clean soil from an on-site
borrow area, and compacted. If necessary, trapping would be performed prior to excavation to
avoid take of SKR.

The cost for construction and OM&M of Alternative 3A (Table 6-4) is moderate in comparison to

the maximum cost alternative.

6.2.4.2 Alternative 3B

Alternative 3B consists of the following elements:

1. Excavation and off-site disposal of soil where perchlorate concentrations exceed PRGs in
STBC, as described below

2. Excavation and off-site disposal of soil in the WDA, as described in Alternative 3A
(Section 6.2.4.1)

3. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

4. Ingtitutional controls, as described in Alternative 1 (Section 6.2.2)

Alternative 3B is the same as Alternative 3A with the exception that perchlorate-impacted soil in
STBC would be transported and disposed off-site rather than treated and reused on-site. In this
approach, approximately 1,500 CY soil with perchlorate concentrations exceeding the PRG of
1,700 pg/kg would be excavated in STBC, as described in Alternative 3A. If necessary, trapping
would be performed prior to excavation to avoid take of SKR. The excavated soil would then be
stockpiled on plastic sheeting and covered pending profiling and disposal at a Lockheed Martin-
approved state-licensed landfill. The bottom of the excavation would be backfilled with
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approximately one foot of a six-inch crushed rock/gravel/sand mixture (370 CY) to prevent
burrowing animals from contacting impacted soil at greater depth. The balance of the excavation
(1,120 CY) would be backfilled with clean imported soil or clean soil from an on-site borrow area,

and compacted.

The cost for construction and OM&M of Alternative 3B (Table 6-4) is moderate in comparison to

the maximum cost alternative.

6.2.4.3 Intermediate Screening of Alternatives 3A and 3B

An intermediate screening of shallow soil removal options was conducted to select between
Alternative 3A (excavation/on-site treatment at STBC and excavation/off-site disposal at the
WDA) versus Alternative 3B (excavation/off-site disposal at STBC and the WDA). The results of
the screening evaluation are presented in Table 6-6. Based on the numerical scores, Alternative 3A
(excavation/on-site treatment at STBC and excavation/off-site disposal at the WDA) was carried
forward to develop additional alternatives and to the final intermediate screening step.

6.2.5 Alternative 4—Combinations of Containment/Shallow Soil Removal,
Plume Containment, and Institutional Controls

Alternative 4 combines the capping and excavation approaches to shallow soil remediation

described in Alternatives 2 and 3. This alternative was developed to explore potential synergies

between these approaches. Two different combinations of capping and excavation were eval uated,

as described in the following sections. Based on intermediate screening results (Section 6.3.2.1),

the plume containment approach summarized in Alternative 2A (a biobarrier replaced by a P& T

system after 20 years) was used in these alternatives.

6.25.1 Alternative 4A

Alternative 4A consists of the following elements:

1. Excavation and ex situ treatment of perchlorate-impacted soil in STBC, as described in
Alternative 3A (Section 6.2.4.1)

2. Capping of metals-impacted soil at the WDA, as described in Alternative 2A (Section
6.2.3.1)

3. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)
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4. Ingtitutional controls, as described in Alternative 1 (Section 6.2.2)

The cost for construction and OM&M of Alternative 4A (Table 6-4) is moderate in comparison to

the maximum cost dternative.

6.2.5.2 Alternative 4B

Alternative 4B consists of the following elements:

1. Capping of shallow perchlorate-impacted soil in STBC, as described in Alternative 2A
(Section 6.2.3.1)

2. Excavation and off-site disposal of shallow metals-impacted soil in the WDA, as described
in Alternative 3A (Section 6.2.4.1)

3. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

4. Ingtitutional controls, as described in Alternative 1 (Section 6.2.2)

The cost for construction and OM&M of Alternative 4B (Table 6-4) is moderate in comparison to

the maximum cost alternative.

6.2.5.3 Intermediate Screening of Alternatives 4A and 4B

An intermediate screening of combinations of capping and excavation/on-site treatment or
excavation/off-site disposal was conducted to select between these options. The results of the
screening evaluation are presented in Table 6-7. Based on the numerical scores, Alternative 4A
(excavation/on-site treatment in STBC and capping at the WDA) was carried forward to the final
intermediate screening step.

6.2.6 Intermediate Screening of Alternatives 2A, 3A, and 4A

A final intermediate screening was conducted to select among the three remaining options for
shallow soil remediation: Alternative 2A (capping at STBC and the WDA); Alternative 3A
(excavation/on-site treatment at STBC and excavation/off-site disposal at the WDA); and
Alternative 4A (excavation/on-site treatment at STBC and capping at the WDA). The results of
the screening evaluation are presented in Table 6-8. Based on the numerical scores, Alternative 3A
(excavation/on-site treatment in STBC and excavation/off-site disposa at the WDA) was carried
forward to develop Alternatives 5A, 5B, 5C, 6A, 6B, and 6C.

Tetra TecheLaborde Canyon Feasibility Study Page 6-15



6.2.7 Alternative 5—Source Area Mass Removal (STBC), Shallow Soil
Removal, Plume Containment, and Institutional Controls

Alternative 5 includes limited shallow soil remediation, plume containment, and institutional
control elements from Alternative 3A (selected above in an intermediate screening), with the
addition of source-area mass reduction in STBC. Source-area mass reduction has the potential to
reduce the time needed to achieve restoration of groundwater at the site. Southern Test Bay
Canyon (Figure 6-1) was selected for treatment because it is located farthest from the containment
system at the site boundary, so migration of contaminants from this area to the property boundary
containment system would likely be a limiting step for site restoration. In addition, STBC contains
approximately 45% of the perchlorate mass in soil and 96% of the perchlorate mass in
groundwater on the property. However, due to the slow rates of contaminant migration, it is
unlikely that even complete removal of al contaminant source areas would reduce restoration
times to less than 100 years, and more likely it would require far longer. Plume containment is
therefore retained in Alternative 5 (and in Alternative 6) to protect human receptors from potential
exposure to impacted groundwater south of the property and to protect beneficia use of

groundwater in the San Jacinto Groundwater Basin.

Three different remedia approaches were evaluated for mass removal in STBC in Alternative 5:
combined in situ bioremediation of soil (bioflushing) and groundwater extraction/ex situ treatment
to reduce contaminant mass in both soil and groundwater (Alternative 5A); in situ biotreatment to
reduce contaminant mass in groundwater only (Alternative 5B); and an approach that combines
Alternatives 5A and 5B to enhance contaminant mass reduction in groundwater (Alternative 5C).
Alternatives 5A, 5B, and 5C are described below.

6.2.7.1 Alternative 5A

Alternative 5A consists of the following el ements:

1. In situ treatment of deep soil where perchlorate concentrations exceed 1,000 pg/kg in
STBC, as described below

2. Extraction and ex situ treatment of groundwater where perchlorate exceeds 100,000
microgramg/liter (ug/L) in STBC, as described below

3. Excavation and ex situ treatment of shallow soil where perchlorate concentrations exceed
the PRG of 1,700 ug/kg in STBC, as described in Alternative 3A (Section 6.2.4.1)
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4. Excavation and off-site disposal of shallow soil where metals concentrations exceed PRGs
inthe WDA, as described in Alternative 3A (Section 6.2.4.1)

5. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

6. Institutional controls, as described in Alternative 1 (Section 6.2.2)

Element 3 of Alternative 5A isidentical to Alternative 3A, except that a crushed rock barrier layer
would not be placed at the bottom of the excavation, to allow for the subsequent construction of
infiltration galleries within the excavation footprint. Because a barrier layer would not be used, all
of the treated soil would be returned to the excavation following treatment.

Elements 1 and 2 of Alternative 5A consist of an in situ bioflushing system to treat deep soils
where perchlorate concentrations exceed 1,000 pg/kg, and a P&T system located within the
100,000 pg/L groundwater isoconcentration contour to treat perchlorate-impacted groundwater
and provide water for use in the bioflushing system. The bioflushing system would consist of a
network of infiltration galleries overlying a 21,000 SF area of deep soils where perchlorate
concentrations exceed 1,000 pug/kg. This area targets roughly 80% of the vadose zone perchlorate
mass in STBC. The treatability study results (Tetra Tech, 2012d) indicate that a single 10- by 15-
foot infiltration gallery can treat an area roughly 30 by 35 feet at approximately 30 feet bgs. To
achieve complete coverage over a 21,000 SF target area, approximately 16 infiltration galleries
would be needed. The average flow rate for the single infiltration gallery used in the treatability
study was 0.4 gpm for the entire duration of the test. Full-scale implementation would use alarger
number of galleries, so interactions between the moisture fronts from adjacent galleries would
likely reduce per-gallery water consumption. An average water consumption of 0.2 gpm per
galery was therefore assumed at full scale, which corresponds to an average water use of 4 gpm
for the entire bioflushing system. Water use was observed to be much higher at the beginning of
the treatability study than at the end, which limits the number of galleries that could be started up
at one time. It is anticipated that a phased startup period of 20 to 40 weeks (one to two weeks per
gallery) may be required.

Water used in the bioflushing system would be obtained from a P& T system instaled to treat
perchlorate-contaminated groundwater within the 100,000 pg/L isoconcentration contour at the
core of the STBC groundwater plume. This area targets approximately 65% of the source-area

mass in the STBC groundwater plume. Specific capacity measured during a constant-rate aquifer
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test in STBC (Tetra Tech, 2012d) was 0.056 gallons per minute per foot (gpm/ft), which
corresponds to a discharge of approximately 0.8 gpm per well at a drawdown of 15 feet. However,
the aquifer test was conducted in the area with the highest hydraulic conductivity in STBC, so a
lower value of 0.4 gpm per well is a more reasonable average value. Using these assumptions, an
eight-well groundwater extraction system is sufficient to provide the 4 gpm of water required by
the bioflushing system.

At 4 gpm, the P& T system would extract approximately 2,100,000 gallons of groundwater per
year. The 100,000 pg/L perchlorate isoconcentration contour in STBC has a footprint of
approximately 40,000 SF and a thickness of approximately 35 feet; assuming an effective porosity
of 20%, one pore volume of groundwater is approximately 2,100,000 gallons. Thus, an eight-well
groundwater extraction system can remove roughly one pore volume of groundwater per year
within the core of the STBC groundwater source area. Extraction of roughly two pore volumes of
groundwater is considered to be a reasonable goal for reducing source-area mass, so the P&T
system would be operated for a period of approximately two years. This period of operation is
expected to be more than adequate for the bioflushing system, even when the extended startup

period is taken into account.

The bioflushing system infiltration galleries would be approximately 10 by 15 feet in plan
dimension and four feet deep. If necessary, trapping would be performed prior to excavation to
avoid take of SKR. The galeries would be backfilled with approximately two feet of ¥+inch
imported crushed rock. Perforated distribution piping would be placed in the crushed rock to
ensure uniform distribution of water within the galleries. The remainder of the gallery excavations
would be backfilled with two feet of clean soil, with excess soil being placed in the Test Bay 3
area, and compacted. It is assumed that single-contained underground piping would be used to
convey treated water amended with a soluble electron donor from the groundwater treatment
system to the galleries. Gallery equipment and controls may include automated shut-off valves,
metering pumps, timers, check valves, totalizers, water level controls, and various sensors and
switches. The equipment and control specifications would be determined in the final remedial

design.

The P&T system would consist of eight groundwater extraction wells installed to a depth of
approximately 100 feet bgs. Based on the low anticipated flow rates, automatic pneumatic pumps

Tetra TecheLaborde Canyon Feasibility Study Page 6-18



would be used for groundwater extraction. Extracted groundwater would be conveyed through
approximately 430 LF of PVC double-contained piping which would be placed underground to
prevent vandalism. Compressed air piping for the pneumatic pumps would also be placed in the
piping trenches. The groundwater would be treated with a 20 CF fixed-bed ion exchange vessel for
removal of perchlorate prior to amendment with a soluble electron donor and infiltration in the
bioflushing system. Storage tanks would be provided upstream from the ion exchange vessel to

reduce pump cycling.

Treated groundwater from the ion exchange system would be conveyed from the treatment system
to the infiltration galleries through approximately 590 feet of single-contained PVC piping.
Control systems would be used to maintain balance between inflow of water from the groundwater

extraction system and outflow of water to the bioflushing system.

Using untreated groundwater for bioflushing was also considered. This variation was rejected for
several reasons, most importantly because groundwater containing relatively high concentrations
of perchlorate could migrate away from the primary flowpath by capillary action, potentialy

resulting in increases in perchlorate concentrations in soil in the area outside of the treatment zone.

It was assumed that electrical power would be brought to the area to provide power for the
treatment systems. Although the bioflushing treatability study used solar-powered equipment, a
much larger number of solar panels would be needed to operate a full-scale system. Vandalism has
been an ongoing problem at the property, and there is a substantial likelihood that cost increases
due to replacement of vandalized equipment and increased system downtime would be greater

than the cost of installing grid power.

The effectiveness of soil treatment would be evaluated by analyzing soil samples collected before
and after the test. Borings to establish baseline conditions would be drilled prior to the start of the
test. Post-test borings would be drilled adjacent to the baseline borings after the test was

completed to evaluate changes in perchlorate concentrations.

Operations, maintenance, and monitoring activities would include weekly maintenance of the
bioflushing and P& T systems, monthly effluent sampling of the groundwater treatment system to
ensure that treatment is effective, quarterly groundwater sampling to monitor the effectiveness of

the bioflushing and P& T systems, and replacement and disposal of ion exchange resin as required.

Tetra TecheLaborde Canyon Feasibility Study Page 6-19



The cost for construction and OM&M of Alternative 5A (Table 6-4) is moderately high in
comparison to the maximum cost alternative.

6.2.7.2 Alternative 5B

Alternative 5B consists of the following elements:

1. In situ bioremediation of groundwater in STBC where perchlorate concentrations exceed
100,000 pg/L, as described below

2. Combination of excavation and ex situ treatment of shallow soil where perchlorate
concentrations exceed the PRG of 1,700 pg/kg in STBC, as described in Alternative 3A
(Section 6.2.4.1)

3. Excavation and off-site disposal of shallow soil where metals concentrations exceed PRGs
inthe WDA, as described in Alternative 3A (Section 6.2.4.1)

4. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1).

5. Institutional controls, as described in Alternative 1 (Section 6.2.2)

Element 1 of Alternative 5B consists of in situ bioremediation of groundwater where perchlorate
concentrations exceed 100,000 pug/L in STBC. This area targets approximately 65% of the source
areamass in the STBC groundwater plume. Assuming a 12.5-foot radius of influence for injection,
approximately 57 injection wells installed to a depth of 100 feet and spaced roughly 25 feet apart
in atriangular pattern would be installed in the core of the STBC groundwater source area needed
for approximate coverage of the 40,000 SF area of the 100,000 pug/L contour. Injection tests using
a dye tracer would be conducted to confirm the radius of influence and estimated number of

injection wells.

A long-acting emulsified vegetable oil substrate would be injected into the saturated zone to
induce anaerobic conditions within the aquifer. The substrate would be injected using a trailer-
mounted pressure injection system consisting of a mixing tank, pumps, and a manifold that allows
for injection into multiple wells at one time. Injections would be completed over a three-week
period, which would include water injections for substrate distribution following the substrate

injections.
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Operations, maintenance, and monitoring would consist of performing annua substrate and
substrate distribution water injections for a period of two years, and semiannual monitoring and

reporting during the period of active remediation and for a period of two years afterward.

The cost for construction and OM&M of Alternative 5B (Table 6-4) is moderate in comparison to

the maximum cost alternative.

6.2.7.3 Alternative 5C
Alternative 5C combines the bioflushing/P& T approach described in Alternative 5A with the in

situ bioremediation approach described in Alternative 5B to increase the efficiency of mass

removal in groundwater. Alternative 5C consists of the following elements:

1. In situ treatment of deep soil where perchlorate concentrations exceed 1,000 pg/kg in
STBC, as described in Alternative 5A (Section 6.2.6.1)

2. Exsitu treatment of groundwater where perchlorate concentrations exceed 100,000 pg/L in
STBC, as described in Alternative 5A (Section 6.2.6.1)

3. Supplemental in situ treatment of groundwater with perchlorate concentrations exceeding
100,000 pg/L in STBC, as described below

4. Excavation and ex situ treatment of shallow soil where perchlorate concentrations exceed
the PRG of 1,700 pg/kg in STBC, as described in Alternative 3A (Section 6.2.4.1)

5. Excavation and off-site disposal of shallow soil where metals concentrations exceed PRGs
inthe WDA, as described in Alternative 3A (Section 6.2.4.1)

6. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

7. Institutional controls, as described in Alternative 1 (Section 6.2.2)

Alternative 5C uses the basic remedial approach of Alternative 5A, with the addition of carbon
substrate injections to increase the efficiency of perchlorate mass removal in groundwater. In
addition to the eight groundwater extraction wells included in Alternative 5A, a network of 20
injection wells would be installed within the 100,000 pug/L perchlorate isoconcentration contour. A
water-soluble electron donor solution would be injected into the saturated zone to induce
anaerobic conditions. The groundwater extraction system would be operated continuously during
and after injection to help distribute the electron donor solution through the aquifer. The substrate
would be injected using a trailer-mounted pressure injection system consisting of a mixing tank,
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pumps, and a manifold that allows for injection into multiple wells at one time. Injections would
be completed over a four-day period, which would also include substrate distribution water

injections following the substrate injections.

Operations, maintenance, and monitoring would be similar to Alternative 5A, with the addition of

four separate substrate injection events, approximately six months apart.

The cost for construction and OM&M of Alternative 5C (Table 6-4) is moderately high in

comparison to the maximum cost alternative.

6.2.8 Alternative 6—Source Area Mass Removal (STBC and WDA), Shallow

Soil Removal, Plume Containment, and Institutional Controls
Alternative 6 includes al of the elements of Alternative 5 (limited shalow soil remediation,
source area mass reduction in STBC, plume containment, and institutional controls), with the
addition of source area mass reduction in the WDA. Three different remedial approaches are
evaluated: combined bioflushing and groundwater extraction/ex situ treatment to reduce mass in
both soil and groundwater in STBC and the WDA (Alternative 6A); in situ biotreatment to reduce
mass in groundwater only in STBC and the WDA (Alternative 6B); and an approach that
combines Alternatives 6A and 6B to enhance mass reduction in groundwater (Alternative 6C).
Alternatives 6A, 6B, and 6C are described below.

6.2.8.1 Alternative 6A

Alternative 6A follows the same general approach as Alternative 5A, with the addition of deep soil
and groundwater treatment at the WDA. Alternative 6A consists of the following el ements:

1. Insitu treatment of deep soil where perchlorate concentrations exceed 10,000 pg/kg at the
WDA, as described below

2. Exditu treatment of the groundwater where perchlorate concentrations exceed 10,000 pg/L
of perchlorate at the WDA, as described below

3. In gitu treatment of deep soil where perchlorate concentrations exceed 1,000 pug/kg at
STBC, as described in Alternative 5A (Section 6.2.7.1)

4. Ex situ treatment of the groundwater where perchlorate exceeds 100,000 pug/L at Southern
Test Bay Canyon STBC, as described in Alternative 5A (Section 6.2.7.1)

5. Excavation and ex situ treatment of shallow soil where perchlorate concentrations exceed
the PRG of 1,700 ug/kg in STBC, as described in Alternative 3A (Section 6.2.4.1)

Tetra TecheLaborde Canyon Feasibility Study Page 6-22




6. Excavation and off-site disposal of shallow soil where metals concentrations exceed PRGs
inthe WDA, as described in Alternative 3A (Section 6.2.4.1)

7. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

8. Institutional controls, as described in Alternative 1 (Section 6.2.2)

Elements 1 and 2 follow the same general approach described in Alternative 5A for treatment of
perchlorate-impacted soil and groundwater in STBC. The 10,000 pg/kg soil contour, which
represents approximately 60% of the perchlorate mass in soil in this source area, will be targeted
for remediation in the WDA.. The area of the 10,000 pg/kg contour is approximately 11,000 SF, so
approximately 11 infiltration galleries are needed to obtain full coverage. Assuming a flow rate of
0.2 gpm per galery, approximately 2.2 gpm of water is needed to operate the gallery network.

Specific capacity measured during a constant-rate aguifer test at the WDA was approximately
0.0054 gpm/ft (Tetra Tech, 2012d). Based on this value and assuming a drawdown of 15 feet, a
per-well discharge of roughly 0.08 gpm was estimated. However, the constant-rate agquifer test was
performed in the area with the highest hydraulic conductivity in the WDA, so an average
discharge of 0.04 gpm/well is considered to be more reasonable. Thus, approximately 55
extraction wells would be needed to supply enough water to operate the infiltration galleries. This
is roughly the number of wells needed to obtain full coverage of the 10,000 pg/L perchlorate
isoconcentration contour, which represents approximately 55% of the perchlorate mass in the

groundwater source area at the WDA.

The bioflushing/P&T system would be similar to that described in Alternative 5A, with the
exception that groundwater treatment would include both a fixed-bed ion exchange unit to treat
perchlorate, and a small (30 kilowatt) UVOx system to treat 1,4-dioxane and VOCs. It was
assumed that electrical power would be brought to the area from STBC to provide power for the

treatment system.

The infiltration galleries and extraction system are anticipated to operate for a period of
approximately two years. Operations, maintenance, and monitoring activities would be similar to

Alternative 5A, with the addition of annual replacement of ultraviolet bulbs.

The cost for construction and OM&M of Alternative 6A (Table 6-4) is high in comparison to the

maximum cost aternative.
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6.2.8.2 Alternative 6B

Alternative 6B follows the same general approach as Alternative 5B, with the addition of source
area groundwater treatment at the WDA. Alternative 6B consists of the following elements:

1. In situ bioremediation of groundwater in the WDA where perchlorate concentrations
exceed 10,000 pg/L, as described below

2. In situ bioremediation of groundwater where perchlorate concentrations exceed 100,000
Mg/L in STBC, as described in Alternative 5B (Section 6.2.7.2)

3. Excavation and ex situ treatment of shallow soil where perchlorate concentrations exceed
the PRG of 1,700 pug/kg in STBC, as described in Alternative 3A (Section 6.2.4.1)

4. Excavation and off-site disposal of shallow soil where metals concentrations exceed PRGs
inthe WDA, as described in Alternative 3A (Section 6.2.4.1)

5. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

6. Institutional controls, as described in Alternative 1 (Section 6.2.2)

Element 1 of Alternative 6B consists of in situ bioremediation of groundwater with perchlorate
concentrations exceeding 10,000 pg/L in the WDA. Assuming a 7.5-foot radius of influence for
injection, approximately 312 injection wells will be needed for complete coverage of the 55,000
SF area of the 10,000 pg/L contour. Injection tests using a dye tracer would be conducted prior to

construction to confirm the radius of influence and estimated number of injection wells.

A long-acting emulsified vegetable oil substrate would be injected into the saturated zone to
induce anaerobic conditions within the aquifer. The substrate would be injected using a trailer-
mounted pressure injection system consisting of a mixing tank, pumps, and a manifold that allows
for injection into multiple wells at one time. Injections would be completed over an 11-week
period, which would aso include substrate distribution water injections following the substrate

injections.

Operations, maintenance, and monitoring activities would be similar to those described for
Alternative 5B. The cost for construction and OM&M of Alternative 6B (Table 6-4) is moderately

high in comparison to the maximum cost alternative.
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6.2.8.3 Alternative 6C

Alternative 6C extends the general approach presented in Alternative 5C to both STBC and the
WDA. Alternative 6C consists of the following elements:

1. Insitu treatment of deep soil where perchlorate concentrations exceed 10,000 pg/kg at
the WDA, as described in Alternative 6A (Section 6.2.8.1)

2. Exditu treatment of groundwater where perchlorate concentrations exceed 10,000 pg/L
at the WDA, as described in Alternative 6A (Section 6.2.8.1)

3. Supplemental in situ treatment of groundwater with perchlorate concentrations
exceeding 10,000 pg/L at the WDA, as described below

4. In situ treatment of deep soil where perchlorate concentrations exceed 1,000 pug/kg at
STBC, as described in Alternative 5A (Section 6.2.7.1)

5. Ex situ treatment of groundwater where perchlorate concentrations exceed 100,000
Mg/L at STBC, asdescribed in Alternative 5A (Section 6.2.7.1)

6. Supplemental in situ treatment of groundwater with perchlorate concentrations
exceeding 100,000 pg/L at STBC, as described in Alternative 5C (Section 6.2.73)

7. Excavation and ex situ treatment of shallow soil where perchlorate concentrations
exceed the PRG of 1,700 pug/kg in STBC, as described in Alternative 3A (Section
6.2.4.1)

8. Excavation and off-site disposal of shalow soil where metals concentrations exceed
PRGsin the WDA, as described in Alternative 3A (Section 6.2.4.1)

9. Plume containment in south Laborde Canyon, as described in Alternative 2A (Section
6.2.3.1)

10. Institutional controls, as described in Alternative 1 (Section 6.2.2)

Alternative 6C uses the same remedial approach as Alternative 6A, with the addition of carbon
substrate injections in the WDA to increase the efficiency of perchlorate mass removal in
groundwater. Element 3 consists of installing a network of 80 injection wells within the 10,000
Mg/l perchlorate isoconcentration contour at the WDA. A water-soluble electron donor solution
would be injected into the saturated zone to induce anaerobic conditions within the aquifer;
pumping from the groundwater extraction system would help distribute the electron donor through
the aguifer. The substrate would be injected using a trailer-mounted pressure injection system

consisting of a mixing tank, pumps, and a manifold that alows for injection into multiple wells at
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one time. Injections would be completed over a three-week period, which would aso include
substrate distribution water injections following the substrate injections.

Operations, maintenance, and monitoring would be similar to Alternative 6A, with the addition of

four separate injection events, approximately six months apart.

The cost for construction and OM&M of Alternative 6C (Table 6-4) is the highest of all the

aternatives.

6.3 SCREENING OF REMEDIAL ALTERNATIVES

The results of the remedia alternative screening are summarized in Table 6-9. The alternative
screening only considered Alternatives O, 1, 3A, 5A, 5B, 5C, 6A, 6B, and 6C. Alternative 2B was
previously screened out based on the intermediate screening evaluation of plume containment
technologies (Section 6.2.3.3). Alternative 3B was previousy screened out based on the
intermediate screening evaluation of shallow-soil removal options (Section 6.2.4.3). Alternative
4B was previoudy screened out based on the intermediate screening evaluation of combinations of
containment and limited soil removal options (Section 6.2.5.3). Alternatives 2A and 4A were
previously screened out based on the intermediate screening of the shallow soil remediation
options (Section 6.2.6).

Based on their lower scores (summarized in Table 6-8), Alternatives 5C, 6A, 6B, and 6C were
screened out. The following four alternatives will be carried forward for detailed analysis:
Alternative O (required by the National Oil and Hazardous Substances Pollution Contingency
Plan), Alternative 3A, Alternative 5A, and Alternative 5B.
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Table6-1

Remedial Technology Combinations by Area and Media

. RAOs T
Area Media Addr Technology Combinations
Shallow Soil
(<5 feet bgs) SUSs2 - LUCs (Note 2)
Deep Sail SUS2
AreaJ -
(>5feetbgy | cwiowz | HUCs(Noe3)
Groundwater GW1/GW2 |- LUCs(Note 4)
Shallow Sail
(<5 feet bgs) SUs2 - LUCs (Note 2)
AreaK Deep ail SUs2
Northern Test -
) (>5fectbgy | owiowz | HUCS(Noe3)
ay Canyon
Groundwater GW1/GW2 |- LUCs(Note 4)
-LUCs
Shallow Soil U - Capping/erosion control/LUCs
(<5 feet bgs) - Excavation/ex situ biological treatment/on-site disposal (treated soil)/LUCs
AreaK - Excavation/transportation/off-site disposal/LUCs
Southern Test | peep Soil sUs2  |-Lucs
Bay Canyon | (5 feet bgs) GW1/GW2 |- Insitu biologic treatment/LUCs
-LUCs
Groundwater GWL/GW2 |- Groundwater extraction/ex situ treatment/on-site disposal (treated water)/LUCs
- In situ biologic treatment/LUCs
Shallow Soil
(<5 feet bgs) SUs2 - LUCs (Note 2)
Area Deep ail SUs2
Laborde -
. (>5feetbgy | owiowz | tUCs(Noe3)
anyon
Groundwater GW1/GW2 |- LUCs(Note 4)
Shallow Sail
(<5 feet bgs) S1Ss2 - LUCs (Note 2)
Deep Sail SUS2
ArealL -
(>5fectbgy | cwiowz | tUCS(Noe3)
Groundwater GW1/GW2 |- LUCs(Note 4)
Shallow Soil
(<5 feet bgs) S1Ss2 - LUCs (Note 2)
Deep Sail SUS2
AreaM -
(>5fectbgy | cwiowz | tUCS(Noe3)
Groundwater GW1/GW2 |- LUCs(Note 4)
. - LUCs/community awareness
Waste (S<h:I flg\etN bSO SI)I S1/Ss2 - Capping/erosion control/LUCs
Discharge 9 - Excavation/transportation/off-site disposal/LUCs
Area Deep Soil sus2  |-Lucs
(>5 feet bgs) GWL/GW2 |- Insitu biologic treatment/in situ physical treatment/LUCs
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Table6-1
Remedial Technology Combinations by Area and Media

. RAOs S
Area Media Addr Technology Combinations
Waste -LUCs
Discharge Groundwater GW1/GW2 |- Groundwater extraction/ex situ treatment/on-site disposal (treated water)/LUCs

Area - In situ biologic treatment/LUCs
Shallow Sail
(<5 fest bgs) S1/Ss2 - LUCs (Note 2)

Deep Soil S1/Ss2
South Laborde| (>5feetbgs) | cwuewz | FUCS(Noe3)
Canyon
-LUCs
- Permesable reactive barrier/natural attenuation monitoring/LUCs
Groundwater ewiewz Hydraulic containment/ex situ treatment/on-site disposal (treated water)/natural
attenuation monitoring/LUCs
Shallow Sail )
(<5 feet bgs) S1Ss2 - No action
Stranded Deep Soil S1/S2 .

Plume (>5festbgs) | Gwiowez | NOation

Groundwater GWL/GW2 |- Sampling and analysis (Note 5)
Notes

ARARSs: Applicable or relevant and appropriate requirements

bgs: Below ground surface

LUCs: land use controls

RAOs: Remedial Action Objectives

1. Erosion control isincluded for al combinations involving earthwork; off-site disposal of treatment residualsisincluded in all
combinations involving ex situ groundwater treatment.

2. No action other than LUCs proposed because human health and ecological risks were determined to be acceptable.

3. No action other than LUCs proposed because contaminant mass in vadose zone is <1% of total site mass and perchlorate
concentrations are low relative to major source areas.

4. No actions other than LUCs proposed because groundwater plume massis <1% of total site mass and perchlorate concentrations
arelow relative to major source aress.

5. No action other than sampling and analysis proposed because contaminant concentrations currently meet ARARs at downgradient
well (TT-MW2-20S/D).
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Table6-2
Remedial Alternatives Summary

Alternative 0 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6
. _— . — Shallow Soil Removal, Plume Containment, and Combinations of Containment/Shallow Soil Removal, Plume]  Source Area Mass Removal (STBC), Shallow Soil Removal, Plume Containment, and | Sour ce Area Mass Removal (STBC & WDA), Shallow Soil Removal, Plume Containment,
No Action Institutional Controls Containment and I nstitutional Controls - . - o o
I nstitutional Controls Containment, and I nstitutional Controls I nstitutional Controls and I nstitutional Controls
0 1 2A 2B 3A 3B 4A 4B 5A 5B 5C 6A 6B 6C
g
= Area ) ! ) !
g . o Excavation/On-Site . o Excavation/On-Site
=y Combination of _— . Excavanolen S.“e Excavation/On-Site Treatment/Off-site Disposal Excavanolen S.“e Excavation/On-Site Treatment/Off-site Disposal
o) X . . X . Combination of Capping & | Treatment/Off-site Disposal : " . i Treatment/Off-site Disposal : " R .
Pt . Capping Excavation/On-site . . . Excavation/On-site R : ! X i Treatment/Off-site Disposal |+ Source Area Bioflushing & . ! Treatment/Off-site Disposal |+ Source Area Bioflushing &
s . Capping K . X . Excavation/Off-site Disposal K Excavation/Off-site Disposal | + Sour ce Area Bioflushing & . + Source Area Bioflushing & .
= > No Action ICs + Hydraulic Containment at | Treatment/Off-site Disposal Treatment and Capping + Source Area GW In Situ Groundwater + Source Area GW In Situ Groundwater
B 3 + PRB at Property Boundary + PRB at Property Boundary + PRB at Property Boundary Groundwater . X Groundwater . X
< 2 Property Boundary + PRB at Property Boundary + PRB at Property Boundary X Biotreatment Extraction/Treatment & In X Biotreatment Extraction/Treatment & In
- S Extraction/Treatment ¥ . Extraction/Treatment X .
S £ ke + PRB at Property Boundary + PRB at Property Boundary Situ Biotreatment + PRB at Property Boundary + PRB at Property Boundary Situ Biotreatment
g % % + PRB at Property Boundary + PRB at Property Boundary
o s |4
X % sTBC No Adtion LUCs controlling on-site GW |LUCs controlling on-sitte GW  |LUCs controlling on-sitte GW |LUCs controlling on-sitte GW  |LUCs controlling on-sitte GW |LUCs controlling on-site GW |LUCs controlling on-sitte GW |LUCs controlling on-site GW  |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW
53 use use use use use use use use use use use use use
w C
E § WDA No Action LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW
B 2 use use use use use use use use use use use use use
_E’ gi South Laborde Canyon No Adtion LUCs controlling on-site GW  |LUCs controlling on-sitte GW  |LUCs controlling on-sitte GW |LUCs controlling on-sitte GW  |LUCs controlling on-sitte GW |LUCs controlling on-sitte GW |LUCs controlling on-sitte GW |LUCs controlling on-site GW |LUCs controlling on-sitte GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW |LUCs controlling on-site GW
5 ay use use use use use use use use use use use use use
Combination of in situ GW Combination of in situ GW
Extract/treat GW where biotreatment & Extract/treat GW where biotreatment &
& perchlorate >100,000 pg/L in Insitu bioremediation of GW atracuon/treamsjt of GW perdwloratels>100 000 pg/L Insitu bioremediation of GW atracuon/treamsjt of GW
3 . N . . . . . . STBC. Amend treated GW N where perchlorateis >100,000 [in STBC. Amend treated GW . where perchlorateis >100,000
k=] STBC No Action No Action No Action No Action No Action No Action No Action No Action . where perchlorateis >100,000 . . where perchlorateis >100,000 A
0 S with electron donor and use to gL in STBC Hg/L in STBC. Amend treated Jwith electron donor and useto gL in STBC Hg/L in STBC. Amend treated
28 bioflush soil where perchlorate H ) GW with electron donor and  |bioflush soil where perchlorate H ) GW with eectron donor and
g2 =
35 s B >1,000 pg/kg. use to bioflush soil where is>1,000 pg/kg. useto bioflush soil where
‘é §§ % g g perchlorateis >1,000 ug/kg. perchlorateis >1,000 ug/kg.
=]
Ss| 5 | EE
231 2| 3¢
g3 5| 53 Combination of in situ GW
2 gl O %‘ 1] Extract/treat GW where biotreatment &
o ; . ]
1 | pociesal 00 IBLI  ay aasat o [SHEELS
Ox = ,§ WDA No Action No Action No Action No Action No Action No Action No Action No Action No Action No Action No Action X where perchlorateis >10,000 .p !
N S & electron donor and useto gL inWDA Hg/L in WDA. Amend treated
% E 2 bioflush soil where perchlorate H ) GW and use'to bioflush soil
S is>10,000 pg/kg. where perchlorateis > 10,000
g’ .% ug/kg.
=5
=
Biobarrier to treat perchlorate |Pump-and-treat systemto treat |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate |Biobarrier to treat perchlorate
at property boundary. Switch to|perchlorate at property at property boundary. Switch |at property boundary. Switch tojat property boundary. Switch to|at property boundary. Switch tojat property boundary. Switch toat property boundary. Switch toat property boundary. Switch tojat property boundary. Switch toat property boundary. Switch to|at property boundary. Switch to|
South Laborde Canyon No Action No Action groundwater boundary. Switch to advanced Jto groundwater groundwater groundwater groundwater groundwater groundwater groundwater groundwater groundwater groundwater
extraction/treatment after year [oxidation treatment after year Jextraction/trestment after year |extraction/trestment after year Jextraction/trestment after year |extraction/trestment after year Jextraction/trestment after year |extraction/trestment after year |extraction/trestment after year Jextraction/trestment after year |extraction/trestment after year [extraction/trestment after year
20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane. 20 to address 1,4-dioxane.
w2 Excavate ~10,000 SF of soil  |Excavate ~10,000 SF of soil  |Excavate ~10,000 SF of soil Excavate ~10,000 SF of soil  |Excavate ~10,000 SF of soil  |Excavate ~10,000 SF of soil ~ |Excavate ~10,000 SF of soil  |Excavate~10,000 SF of soil  |Excavate ~10,000 SF of soil
=] g— § 4-foot soil cap over ~10,000  |4-foot soil cap over ~10,000 |where perchlorateis >1,700 where perchlorateis >1,700 \where perchlorateis >1,700 4-foot soil cap over ~10,000  fwhere perchlorateis >1,700 where perchlorateis >1,700 where perchlorateis >1,700 \where perchlorateis >1,700 where perchlorateis >1,700 where perchlorateis >1,700
g o = STBC No Action No Action SF of soil where perchlorateis |SF of soil where perchlorateis Jug/kg to depth of 4 feet; treat  [g/kg to depth of 4 feet; Ho/kg to depth of 4 feet; treat  |SF of soil where perchlorateis Jug/kg to depth of 4 feet; treat  [ug/kg to depth of 4 feet; treat  [ug/kg to depth of 4 feet; treat  |ug/kg to depth of 4 feet; treat  [ug/kg to depth of 4 feet; treat  |ug/kg to depth of 4 feet; treat
‘é B -% >1,700 pg/kg. >1,700 pg/kg. soil by anaerobic biotreatment; |dispose off-site; backfill with  ]soil by anaerobic biotreatment; (>1,700 pg/kg. soil by anaerobic biotreatment; [soil by anaerobic biotreatment; |soil by anaerobic biotreatment; |soil by anaerobic biotreatment; [soil by anaerobic biotreatment; [soil by anaerobic biotreatment;
£ED § =2 reuse as excavation backfill.  |clean soil. reuse as excavation backfill. reuse as excavation backfill.  |reuse as excavation backfill.  |reuseas excavation backfill.  Jreuse as excavation backfill.  [reuse as excavation backfill.  |reuse as excavation backfill.
=t e
58 E
<] E § Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb Excavate ~400 SF of Cd/Pb
E g E WDA No Action No Action 4-foot soil cap over ~400 SF |4-foot soil cap over ~400 SF |impacted soil to depth of 4 impacted soil to depth of 4 4-foot soil cap over ~400 SF |impacted soil to depth of 4 impacted soil to depth of 4 impacted soil to depth of 4 impacted soil to depth of 4 impacted soil to depth of 4 impacted soil to depth of 4 impacted soil to depth of 4
RN of Cd/Pb impacted soil. of Cd/Pb impacted soil. feet; dispose off-site; backfill |feet; dispose off-site; backfill  Jof Cd/Pb impacted soil. feet; dispose off-site; backfill |feet; dispose off-site; backfill  [feet; dispose off-site; backfill  |feet; dispose off-site; backfill [feet; dispose off-site; backfill |feet; dispose off-site; backfill  [feet; dispose off-site; backfill
with clean soil. with clean soil. with clean soil. with clean soil. with clean soil. with clean soil. with clean soil. with clean soil. with clean soil.

Notes:

All aternatives include periodic groundwater monitoring, site maintenance, and natural/cultural resources support activities.

Definitions:
Cd: cadmium
GW: groundwater
ICs: Ingtitutional controls
LUCs: Land use covenants
Hg/kg: micrograms per kilogram
Hg/L: micrograms per liter
Pb: Lead
PRB: permeable reactive barrier
SF: square feet
STBC: southern Test Bay Canyon
WDA: Waste Discharge Area
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Table 6-3
Screening Analysis Criteria, Evaluation Factors, and Weights

. I Relative . Relative . Relative Overall
Screening Criteria Weight Evaluation Factors Weight Evaluation Subfactors Weight Weight
Prevent Human Health
0,
Risks 100 6.7%
Minimize Ecological Risk 100 6.7%
Long-Term Effectiveness 100
Residual Potential Risk 50 3.4%
Technology Reliability 100 6.7%
Effectiveness 200
Timeto Achieve RAOs 50 4.7%
Short-Term Effectiveness 50 —
Unmitigatable Adverse 75 71%
Impacts
Destruction of Hazardous
. - o
Redggtlon of Toxicity, Constituents 100 5.9%
Mobility, or Volume 50
Through Treatment Irreversibility of Trestment| 100 5.9%
Constructability 75 5.9%
Technical Adaptability to
- 100 .09
Implementability Modify/Update 2 2.0%
Implementability 100 Effectiveness of 50 3.9%
Monitoring
- Availability of Experts and 50 3.9%
Administrative 100 Technology
Implementability ini
Obtaining Other 100 78%
Approvals
Capital Cost 100 - - 8.8%
Cost 75
OM&M Cost 100 - - 8.8%
Energy Use 75 - - 5.9%
Sustainability 50 Air Impacts 50 - - 3.9%
\Water Resource Impacts 25 - - 2.0%
100.0%
Notes:

-2 no subfactors used in evaluation.

OM&M: Operation, maintenance, and monitoring
RAOS: Remedia Action Objectives
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Table 6-4

Screening Level Cost Summary

Current Value Costs

Net Present Value Costs

Alternative Description - -
Capital OM&M Closure Total Capital OM&M Closure Total

ALTO No Action $ -1 $ -1 s - -1s - s - 1s - -
ALT1 |ics $ 6214|3824 s - 0425508 56401 |8 227,604 | $ - 284,005
ALT2A  ICs, Capping, Permeable Reactive Barrier $ 3425329|$ 350074585  134005|5 385668125 1731453 |$ 8270200 |$ 117,063 |$ 10,118,806
ALT 2B |ICs, Capping, Hydraulic Containment $ 2846141[$ 371889535  134005|$ 401601205 2421733 |$ 9268329 |$ 117,063 |$ 11,807,125
ALT 3A g%%g:fgonsteneﬁmm (TBC) and Excavation/Off-site Disposal (WDA), Permesble | o ) /cq 50| § 31,007,106 $  246848| s 35733185|s 2380870 |3 7462446 [3 215607 |5 10,067,923
ALT3B |ICs, Excavation/Off-site Disposal (TBC and WDA), Permeable Resctive Barrier $ 3875987|% 34991033 $  134005|$ 3090010455 2124384 |$ 8203528 |$ 117,063 |$ 10444975
ALT4A  ICs, Capping (WDA) and Excavation/On-site Treatment (TBC), Permeable Reactive Barrier $ 3621,133|$ 354473335  134005|$ 392024915 1901785 |$ 8317309 |$ 117,063 |$ 10,336,156
ALT4B  |ICs, Capping (TBC) and Excavation/Off-site Disposal (WDA), Permeable Resctive Barrier $ 3450350|$ 35447333  134005|s 309,031708|$ 1752616 |$ 8317300 |$ 117063 | $ 10186988
ALT 5A gﬁxpéﬁigc’ﬂ“w"g(TBq'Gm”ndwater Bxtraction/Bx Situ Treatment (TBC), Permesble | o ¢ 557 757 | ¢ s18a3075| s s12071| 8 37.302002|s 3183103 |5 8085657 |8 447,263 |5 11726022
ALT 5B |ICs, Capping, In Stu Groundwater Biotreatment (TBC), Permeable Reactive Barrier $ 4,833369|$ 31,520,226 | $ 917,590 37,271,185]$ 3,087,111 |$ 7,826,339 |$ 801,459 11,714,909
ALT5C 'Eifr;ﬁf]'/rg( ?:’J'#T;%gfg’ggi;ﬁﬁ?:gEe";t;ﬁ;em and Groundwater $ 6015193|$ 374873165  668939|$ 441714485 4300456 |$ 9923347 |$ 418726 | $ 14741520
ALT 6A wggéppinﬁggfg';iﬁg;;zdWDA)‘ Groundwater Extraction/Ex Stu Treatment (TBCand | o g 00 85| § 43550108| § 898417 | 524568128 6240866 |5 13889304 |5 408063 | $ 20538324
ALT 6B |ICs, Capping, In Stu Groundwater Biotreatment (TBC and WDA), Permeable Reactive Barrier $ 10,128,818 $ 38,004519| $ 1,669,626 49,802,962]|$ 9,428,744 |$ 10,336,454 |$ 1,211,925 20,977,123
ALT 6C 'Eifr;ﬁf]'/rg( ?f’J'#’}‘;ZﬁgﬁcTS”é’ﬁf@ﬁgﬂ;ﬁg&”ﬁ&ifﬂﬁgﬂ and Groundwater | o o 151053 | $ 44874596 | $ 27,086.121| $ 811417698 7265204 |$ 14748310 |3 495162 | 5 22,508,676

Notes:

ICs: Ingtitutional Controls

OM& M: Operations, maintenance, and monitoring
TBC: Test Bay Canyon

WDA: Waste Discharge Area
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Table6-5

Intermediate Screening: Alter native 2A/Alter native 2B

Alternative 2A Alternative 2B
. _— . . . Biobarrier +
Screening Criteria| Evaluation Factors Evaluation Subfactors Weight Extraction/Ex Extraction/Ex
Situ Treatment | Situ Treatment
after Year 20
Erli(;nt Human Health 6.7% 83 83
Minimize Ecological Risk 6.7% 8.3 8.3
Long-Term Effectiveness
Residual Potential Risk 3.4% 10 10
Technology Reliability 6.7% 5.0 75
Effectiveness
Timeto Achieve RAOs 4.7% 10 10
Short-Term Effectiveness —
Ilﬂ;nag Satable Adverse 71% 75 6.3
Destruction of Hazardous
. . o
Redggtlon of Toxicity,  |congtituents 5.9% 10 10
Mobility, or Volume
Through Treatment Irreversibility of Treatment|  5.9% 10 10
Constructability 5.9% 10 10
Technical Adaptability to o
Implementability Modify/Update 2.0% [ 10
Implementability Effectiveness of 3.9% 75 75
Monitoring
- Availability of Experts and 3.9% 10 10
Administrative Technology
Implementability ini
Obtaining Other 78% 50 50
Approvals
Capital Cost - 8.8% 25 0
Cost
OM&M Cost - 8.8% 5.0 0
Energy Use - 5.9% 5.0 0
Environmental Air Impacts - 3.9% 5.0 0
Water Resource Impacts - 2.0% 0 0
Score: 6.9 5.9
Notes:

Shading indicates alternative was screened out.
-: no subfactors used in evaluation

OM&M: Operation, maintenance, and monitoring
RAOS: Remedia Action Objectives
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Table 6-6

Intermediate Screening: Alternative 3A/Alter native 3B

Alternative 3A

Alternative 3B

STBC:
Excavation/On-
Screening Criteria| Evaluation Factors Evaluation Subfactors | Weight ! STBC & WDA:
Site Treatment .
Excavation/Off-
WDA: Site Disposal
Excavation/Off- ®
Site Disposal
Erli(;nt Human Health 6.7% 83 83
Minimize Ecological Risk 6.7% 8.3 8.3
Long-Term Effectiveness
Residual Potential Risk 3.4% 10 10
Technology Reliability 6.7% 5.0 75
Effectiveness
Timeto Achieve RAOs 4.7% 75 10
Short-Term Effectiveness —
Ilﬂ;nag Satable Adverse 71% 75 50
Destruction of Hazardous
. - o
Redggtlon of Toxicity, Constituents 5.9% 10 0
Mobility, or Volume
Through Treatment Irreversibility of Treatment|  5.9% 10 10
Constructability 5.9% 75 10
Technical Adaptability to o
Implementability Modify/Update 2.0% [ [
Implementability Effectiveness of 3.9% 75 75
Monitoring
- Availability of Experts and 3.9% 10 10
Administrative Technology
Implementability ini
Obtaining Other 78% 75 10
Approvals
Capital Cost - 8.8% 0.0 0
Cost
OM&M Cost - 8.8% 0.0 0
Energy Use - 5.9% 5.0 0
Environmental Air Impacts - 3.9% 5.0 0
Water Resource Impacts - 2.0% 0 0
Score: 6.2 5.6
Notes:

Shading indicates alternative was screened out.
OM&M: Operation, maintenance, and monitoring
RAOS: Remedia Action Objectives
STBC: southern Test Bay Canyon
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Table 6-7

Intermediate Screening: Alter native 4A/Alternative 4B

Alternative 4A

Alternative 4B

STBC - STBC - Cappin
Screening Criteria| Evaluation Factors Evaluation Subfactors | Weight Excavation/ WDAaf)p g
on-site Excavation/
Treatment WDA - . .
. Off-site Disposal
Capping
gzznt Human Health 6.7% 8.3 83
Minimize Ecological Risk 6.7% 8.3 8.3
Long-Term Effectiveness
Residual Potential Risk 3.4% 10 10
Technology Reliability 6.7% 75 5.0
Effectiveness
Timeto Achieve RAOs 4.7% 75 10
Short-Term Effectiveness —
|LrJ:[;nal(:tlSaiableAdverse 71% 75 63
Destruction of Hazardous
. - 0
Redu.c-tlon of Toxicity, Constituents 5.9% 75 0
Mobility, or Volume
Through Treatment Irreversibility of Treatment|  5.9% 10 10
Constructability 5.9% 75 10
Technical Adaptability to o
Implementability Modify/Update 2.0% [ s
Implementability Effectiveness of 3.9% 75 75
Monitoring
N . Availability of Experts and 3.9% 10 10
Administrative Technology
Implementability ini
Obtaining Other 7.8% 75 10
Approvals
Capital Cost - 8.8% 0 25
Cost
OM&M Cost - 8.8% 0 0
Energy Use - 5.9% 25 0
Environmental Air Impacts - 3.9% 25 0
Water Resource Impacts - 2.0% 0 0
Score: 6.0 57
Notes:

Shading indicates alternative was screened out.
OM&M: Operation, maintenance, and monitoring
RAOS: Remedia Action Objectives
STBC: southern Test Bay Canyon
WDA: Waste Discharge Area

-1 no subfactors used in evaluation
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Table 6-8
Intermediate Screening: Alternative 2A/Alter native 3A/Alter native 4A

Alternative 2A Alternative 3A Alternative 4A
Exca?/-lt;\ﬁ(():r;/On— STBC:
Screening Criteria| Evaluation Factors Evaluation Subfactors | Weight STBC and WDA: | Site Treatment Excavayon/
. On-Site
Capping WDA:
. Treatment
Excavation/Off- WDA: Canpin
Site Disposal - ~apping
::’(2'“ Human Health 6.7% 83 83 83
Minimize Ecological Risk 6.7% 8.3 8.3 8.3
Long-Term Effectiveness
Residual Potential Risk 3.4% 10 10 10
Technology Reliability 6.7% 5.0 75 75
Effectiveness
Timeto Achieve RAOs 4.7% 10 8.8 8.8
Short-Term Effectiveness —
::T:‘;nagt'gaiab'emvase 7.1% 75 6.3 75
Destruction of Hazardous
. - 0
Redu.c-tlon of Toxicity, | congtituents 5.9% 0 8.8 8.8
Mobility, or Volume
Through Treatment Irreversibility of Treatment|  5.9% 10 10 10
Constructability 5.9% 10.0 75 75
Technical Adaptability to o
Implementability Modify/Update 2.0% [ s [
Implementability Effectiveness of 3.9% 75 75 75
Monitoring
N . Availability of Experts and 3.9% 10 10 10
Administrative Technology
Implementability ini
Obtaining Other 7.8% 100 75 8
Approvals
Capital Cost - 8.8% 25 0 0
Cost
OM&M Cost - 8.8% 0 10 0
Energy Use - 5.9% 0 25 25
Environmental Air Impacts - 3.9% 0 25 25
Water Resource Impacts - 2.0% 0 0 0
Score: 58 6.9 6.1
Notes:

Shading indicates alternative was screened out.
OM&M: Operation, maintenance, and monitoring
RAOS: Remedia Action Objectives
STBC: Southern Test Bay Canyon
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Table 6-9
Remedial Alternative Screening Results

Alternative 0 Alternative 1 Alternative 3A Alternative 5A Alternative 5B Alternative 5C Alternative 6A Alternative 6B Alternative 6C
Source Area Mass Source Area Mass Source Area Mass Source Area Mass
Source Area Mass . Source Area Mass .
Removal (Bioflushpe T | Removal (InSitu Removal Removal (Bioflush/pe T | Removal (In Situ Removal
Screening Criteria| Evaluation Factors Evaluation Subfactors | Weight Shallow Soil Removal; in STBC), Shallow Sail Bioremediation in (Bioflush/P& T/In Situ in STBC and WDA) Bioremediation in STBC | (Bioflush/P& T/In Situ
No Action Ingtitutional Controls Plume Containment; ' STBC), Shallow Soil Bio in STBC), Shallow ) ' | and WDA), Shallow Soil | Bioin STBC and WDA),
. Removal, Plume . Shallow Soil Removal, .
Institutional Controls . Removal, Plume Soil Removal, Plume . Removal, Plume Shallow Soil Removal,
Containment, . . Plume Containment, . X
Institutional Controls Containment, Containment, Institutional Controls Containment, Plume Containment;
Institutional Controls Institutional Controls Institutional Controls Institutional Controls
Prevent Human Health 6.7% 3.3 33 8.3 8.3 8.3 8.3 8.3 8.3 8.3
Risks
Minimize Ecological Risk 6.7% 0 0 8.3 8.3 8.3 8.3 8.3 8.3 8.3
Long-Term Effectiveness
Residual Potential Risk 3.4% 0 0 10 10 10 10 10 10 10
Technology Reliability 6.7% 0 0 75 6.3 5.0 6.3 6.3 5.0 6.3
Effectiveness
Timeto Achieve RAOs 4.7% 0 0 10 10 10 10 10 10 10
Short-Term Effectiveness Unmiticatable Ad
nmitigatable Adverse 7.1% 10 10 75 75 6.3 5.0 25 25 25
Impacts
Reduction of Toxicity, | 2coruction of Hazardous | g g, 0 0 0 75 5 7.5 10 75 10
L Constituents
Mobility, or Volume
Through Treatment Irreversibility of Treatment| 5.9% 0 0 75 75 75 75 75 75 75
Constructability 5.9% 10 10 75 6.3 6.3 6.3 5.0 5.0 5.0
Technical Adaptability to o
Implementability Modify/Update 2.0% 0 0 75 5.0 5.0 5.0 5.0 5.0 5.0
Implementability Effectiveness of 3.9% 0 10 75 75 75 75 75 75 75
Monitoring
_ Avalability of Expertsand| 5 o9, 10 10 10 10 10 10 10 10 10
Administrative Technology
Implementabilit ini
P Y Obtaining Other 7.8% 0 0 75 5.0 5.0 25 5.0 5.0 3
Approvals
Capital Cost - 8.8% 10 10 75 25 5.0 2.5 0.0 0 0
Cost
OM&M Cost - 8.8% 10 10 5.0 25 25 25 0 25 0
Energy Use - 5.9% 10 10 75 5.0 5.0 5.0 0 2.5 0
Environmental Air Impacts - 3.9% 10 10 75 75 5.0 5.0 25 25 25
Water Resource Impacts - 2.0% 0 0 25 25 25 2.5 25 2.5 25
Score: 4.7 5.0 7.2 6.4 6.2 5.9 5.2 5.3 5.0
Notes:

Shading indicates alternative was screened out.

GW: Groundwater

OM&M: Operation, maintenance, and monitoring
P&T: Pump and Treat
RAOS: Remedia Action Objectives

STBC: southern Test Bay Canyon
WDA: Waste Discharge Area
-2 no subfactors used in evaluation
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Section 6 Figures
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Section 7

Detailed and Comparative Analysis
of Remedial Alternatives

This section presents a detailed evauation of the remedia alternatives retained from the
preliminary screening performed in Section 6 with respect to the criteria set forth in the United
States Environmental Protection Agency (USEPA) National Oil and Hazardous Substances
Pollution Contingency Plan [40 CFR, Part 300]. These criteria and their relative importance are
described below.

e Overall protection of human health and the environment (threshold criteria):
Remedia alternatives must be assessed for adequate protection of human health and the
environment, in both the short- and long-term, from unacceptabl e risks posed by hazardous
substances or contaminants at the site. This is accomplished by eliminating, reducing, or
controlling exposure to contaminant levels exceeding preliminary remediation goals
(PRGs), and is generally accomplished through treatment or engineering/institutional
controls.

e Compliance with applicable or relevant and appropriate requirements (threshold
criteria): Alternatives must be assessed to determine whether applicable or relevant and
appropriate requirements (ARARS) under federal environmenta laws and state
environmental or facility siting laws (see Section 2.3.2) are attained, or whether awaiver is
warranted. In addition, all federal, state, and local permits must be obtained.

e Long-term effectiveness and per manence (balancing criteria): Long-term effectiveness
and permanence are evaluated in terms of the magnitude of residual risk and the adequacy
and reliability of controls used to manage remaining waste (untreated waste and treatment
residuals) over the long term. Alternatives that afford the highest degrees of long-term
effectiveness and permanence leave little or no waste at the site, such that long-term
maintenance and monitoring are unnecessary and reliance on ingtitutional controls is
minimized.

e Reduction of toxicity, mobility, or volume through treatment (balancing criteria): The
evaluation of alternatives regarding reduction of toxicity, mobility, or volume (TMV)
through treatment addresses the anticipated performance of the treatment technologies used
in a remedy. This evauation relates to the statutory preference for selecting a remedia
action that employs treatment to reduce the TMV of hazardous substances. Aspects of this
criterion include the amount of waste treated or destroyed; the reduction in TMV; the
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irreversibility of the treatment process; and the type and quantity of residuals resulting
from any treatment process.

e Short-term effectiveness (balancing criteria): Evauation of aternatives with respect to
short-term effectiveness takes into account protection of workers and the community
during the remedia action, environmental impacts from implementing the action, and the
time required to achieve cleanup goals.

e |Implementability (balancing criteria): Under the analysis of implementability, each
aternative is evaluated for technical and administrative feasibility of implementation and
the availability of necessary goods and services. This criterion includes items such as the
ability to construct and operate components of the alternatives; the ability to obtain
services, capacities, equipment, and speciadists; the ability to monitor the performance and
effectiveness of technologies, and the ability to obtain necessary approvals from other
agencies.

e Cost (balancing criteria): Capital costs (remedia design, remedial implementation,
project management), including both direct and indirect costs, annual operations,
maintenance, and monitoring (OM&M) costs incurred over the life of the remedial action;
and project closure costs incurred at the end of the project, are calculated for each
aternative. The net present value (NPV) of the capital and OM&M costs, based on a
maximum 50-year operating period, is used to provide an economic comparison of the
aternatives. The NPV is obtained assuming a 7% discount rate, as per guidance from the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA) (USEPA, 1988). The cost estimate accuracy range is within the -30% to +50%
order-of-magnitude guideline range (USEPA, 1988).

e State acceptance (modifying criteria): The state acceptance criterion incorporates input
from state agencies regarding the alternative selection process and final selected remedy.
Regulator concerns that must be assessed include the position and key concerns of the
USEPA and the state relative to the preferred and other aternatives, and USEPA and state
comments on ARARs or the proposed use of waivers. These concerns cannot be evaluated
until the agencies have reviewed and commented on the feasibility study (FS).

e Community acceptance (modifying criteria): The FS, which includes the recommended
remedial alternative, is made available to the public for review and comment. This
criterion consists of community responses to the selected remedy. Comments from the
public on the selected remedy will be assessed at the conclusion of the public comment
period.

The two threshold criteria must be satisfied for an alternative to be eligible for selection, while the
five balancing criteria are used to weigh the relative merits of the alternatives being evaluated. The
modifying criteriamust be considered during remedy selection, and are evaluated only after the FS
has been reviewed by the Department of Toxic Substances Control (DTSC) and an alternative has
been selected and public comments considered. Therefore, the modifying criteria are not addressed

in this report.
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One non-CERCLA criterion, sustainability, is also evaluated in this FS. Sustainability is an
important consideration for both Lockheed Martin Corporation and DTSC, and is evaluated to
minimize the environmental footprint of the remedial action, while still protecting human health

and the environment.

Each dternative retained for detailed analysis is individually evaluated against the two threshold
criteria, five balancing criteria, and sustainability in the detailed analysis. A comparative analysis
is then performed, which compares the alternatives against each other to weigh their specific
strengths and weaknesses with respect to each of the evaluation criteria. Based on the results of the
detailed analysis and the comparative analysis, a preferred remedial aternative is selected for
recommended implementation.

Prior to conducting the detailed analysis, the aternatives retained from the preliminary screening
process were advanced from the conceptual descriptions in Section 6 to a more complete design.
The detailed analysis of alternatives is provided in Section 7.1, and the comparative analysis of
aternatives is provided in Section 7.2. Based on the results of the detailed and comparative
analyses, the aternatives are scored using a methodology similar to that presented in Section 6.3.
The aternative scoring methodology and results are presented in Section 7.3. The remedia
aternatives advanced for detailed analysisinclude:

e Alternative 0—No Action
e Alternative 3A—Shallow Soil Removal, Plume Containment, and Institutional Controls

e Alternative 5SA—Source Area Mass Removal (Soil and Groundwater in southern Test Bay
Canyon [STBC]), Shallow Soil Removal, Plume Containment, and Institutional Controls

e Alternative 5B—Source Area Mass Removal (Groundwater Only in STBC), Shallow Soil
Removal, Plume Containment, and Institutional Controls

7.1 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

As discussed above, each remedial alternative was evaluated based on the CERCLA threshold
criteria, balancing criteria, and sustainability. Cost estimates were based on the alternative
descriptions provided in Section 6. The estimates include both capital and OM&M costs incurred
over a maximum 50-year operating period. The NPV costs were calculated assuming a 7%
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discount rate, per CERCLA guidance (USEPA, 1988). The cost estimates are considered to have
an accuracy of -30% to +50%. Copies of the cost estimates are provided in Appendix E.

For the detailed evaluation, sustainability was evaluated using the SteWise™ software tool, which
guantitatively estimates a number of sustainability metrics, including energy consumption,
greenhouse gas (GHG) emissions, criteria air pollutant emissions, water consumption, worker
safety, resource consumption, and the cost of footprint reduction for each remedia alternative
based on site-specific data and knowledge of the qualitative metrics (ecological and community

impacts). The results of the SteWise™ analysis of the alternatives are provided in Appendix F.

7.1.1 Alternative 0—No Action

The detailed analysis of Alternative O is presented in the following sections.

7111 Threshold Criteria

Overall protection of human health and the environment: The No Action alternative provides
a baseline for comparing other aternatives. Long-term human health and environmental risks for
the site essentialy would be the same as were identified in the human health and ecological risk
assessment (Tetra Tech, 2012b), because no remedial activities would be implemented with the
No Action alternative. No control of exposure to contaminated soil and/or groundwater would be

provided; therefore, there would be no reduction in risk to human health or ecological receptors.

Compliance with ARARs and other guidance: The No Action aternative would not meet
chemical-specific ARARs for groundwater, because it does not address migration of contaminants
beyond the southern boundary of the property or potentia threats to beneficia uses of

groundwater in the San Jacinto Groundwater Basin.

7.1.1.2 Balancing Criteria
Long-term effectiveness and permanence: This aternative would not provide long-term
effectiveness and permanence. All current and potential future risks would remain under this

aternative, and no controls would be implemented for managing exposure or remaining waste.

Reduction of toxicity, mobility, or volume through treatment: This aternative would not

reduce TMV of the contaminated soil and groundwater through removal or treatment.
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Short-term effectiveness: No additional risks would be posed to the community, workers, or the

environment as aresult of implementation of this aternative.
I mplementability: Thisalternative is highly implementable since no action would be taken.
Cost: The NPV cost would be zero since no action would be taken.

7.1.1.3 Sustainability

Sustainability: Alternative O is highly sustainable, since no action would be taken. No energy or
resources would be consumed, no GHG would be generated, and no waste would be generated.

7.1.2 Alternative 3A—Limited Soil Removal, Plume Containment, and
Institutional Controls

Detailed analysis of Alternative 3A is presented in the following sections. Figures 7-1 through 7-3

show the excavation locations, potentia treatment cell locations, the layout for the biobarrier in

south Laborde Canyon and for the groundwater extraction and treatment system.

7.12.1 Threshold Criteria

Overall protection of human health and the environment: Alternative 3A will protect human
health and the environment. Potential exposure to shallow perchlorate-contaminated soil that
exceeds the PRG of 1,700 microgramsg/kilogram (ug/kg) in STBC would be eiminated by
excavation and ex situ biotreatment. Potential exposure to shallow metals-impacted soil that
exceeds PRGs in the Waste Discharge Area (WDA) would be eliminated by excavation and off-
site disposal.

Potential human exposure to groundwater on the property would be eiminated through
ingtitutional controls that prohibit the installation of groundwater wells and the use of
groundwater. Potential human exposure to impacted groundwater south of the property boundary
would be eliminated by the installation of a biobarrier in south Laborde Canyon, near the southern
property boundary, which would prevent perchlorate contamination from migrating off-property.
The small quantity (roughly one pound) of perchlorate that has already migrated off-property
would be alowed to dissipate through natural attenuation within the off-property riparian corridor.
Potential human exposure to 1,4-dioxane in off-property groundwater in the future would be
addressed by including a contingency to switch from a biobarrier to hydraulic containment and ex
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situ treatment if concentrations eventually exceed Drinking Water Notification Levels (DWNLYS)
or other applicable drinking water criteria.

Groundwater within Laborde Canyon is not considered to be a potentia source of drinking water
because estimated average well yields are well under the 200 gallons per day threshold
promulgated in State Water Resources Control Board Resolution No. 88-63 (Sources of Drinking
Water Policy). Beneficial uses of groundwater resources in the San Jacinto Groundwater Basin
will be protected by containing contamination at the property boundary, as discussed above, and

through long-term monitoring of guard wells located upgradient of the basin.

Compliance with ARARs and other guidance: Alternative 3A will comply with all applicable
ARARSs presented in Section 3. Most of the identified chemical-specific ARARs and to be
considered (TBC) criteria are either water quality standards for drinking water or documents
specifying beneficial uses of groundwater resources. These standards do not apply to on-property
groundwater because drinking water supply is not considered to be a beneficial use (as discussed
above and in Section 4.3.2.2), and because the use of on-property groundwater for drinking water
supply purposes is prohibited by existing land use covenants (LUCs). Compliance with chemical-
specific ARARs in groundwater south of the property boundary would be achieved by
containment of groundwater contamination at the southern boundary of the property with a
biobarrier and hydraulic containment system, if necessary.

Compliance with location-specific ARARs would be accomplished through Endangered Species
Act (ESA) and California Endangered Species Act permitting with the United States Fish and
Wildlife Service (USFWS) and the California Department of Fish and Game (CDFG),
respectively; and by obtaining all necessary federal and state permits required for dredge-and-fill
within the Laborde Canyon drainage channel. Compliance with other location-specific ARARS
would be evaluated in more detail during the California Environmental Quality Act (CEQA)

permitting process.

Compliance with action-specific ARARs would be achieved by obtaining all required permits and
permissions, including Waste Discharge Requirements, for general construction activities, for the
injection of an electron donor into groundwater, for discharge of treated groundwater to the

subsurface, and for discharge of treated soil to land.
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7.1.2.2 Balancing Criteria

L ong-term effectiveness and per manence: Alternative 3A provides a high level of effectiveness
and permanence since al shallow contaminated soil that exceeds PRGs would be either treated or
removed from the site. Additionally, contaminants would be permanently removed from
groundwater at the southern boundary of the property by the biobarrier or hydraulic containment
system. Existing LUCs will effectively prevent use of groundwater on the property for drinking
water supply purposes. The overall reliability of the controlsis considered to be excellent.

Reduction of toxicity, mobility, or volume through treatment: Alternative 3A achieves
protectiveness through the reduction of TMV of site contaminants, as well as through the
implementation of LUCs. Treatment of soil at STBC would reduce the mass of perchlorate in soil,
although the small quantity of metals-impacted soil at the WDA would be transported to an off-
site landfill. The biobarrier and pump and treat (P&T) system in south Laborde Canyon would
provide containment through the treatment of contaminants. All of the proposed treatment

processes areirreversible.

Although Alternative 3A uses reduction of TMV as a strategy for achieving protectiveness, the
total mass of contaminants to be removed or destroyed is relatively small: approximately 20
pounds of perchlorate from soil treatment in STBC, and less than one pound of perchlorate per
year (under present conditions) at the southern property boundary, athough this could increase to
as much as 10 pounds of perchlorate per year once the higher concentration portion of the plume
migrates to the property boundary.

Short-term effectiveness: Alternative 3A may temporarily increase exposure to dust due to soil
excavation, treatment, and backfill activities. Dust generation would be minimized through
engineering controls implemented by the contractor and specified in the work plan. There would
be a nominal increase in transportation-related risks in the short term due to trucking required for
hauling contaminated soil from the WDA to off-site disposal facilities, and importing clean soil
and/or crushed rock to the site. Workers and ecological receptors could be exposed to site
contaminants and construction-related risks during implementation of this aternative. Risks to
workers would be minimized by compliance with requirements of the federal Occupational Safety
and Health Administration and California Occupational Safety and Health Administration,
including wearing appropriate personal protective equipment, adhering to site-specific health and

Tetra TecheLaborde Canyon Feasibility Study Page 7-7



safety procedures, and complying with general construction requirements. Risks to wildlife would
be minimized by compliance with the requirements of ESA permits with the USFWS and CDFG.

During longer-term operation of the south Laborde Canyon plume containment system (biobarrier
and P&T system), there would be nominal risks to the surrounding community from transportation
of treatment chemicals to the site and transportation of spent ion exchange resin for off-site
disposal. Transportation risks would be limited through compliance with United States
Department of Transportation regulations.

Implementability: Alternative 3A is readily implementable. Shallow soil excavation is
straightforward at STBC and the WDA, since contaminants targeted for removal are located in
shallow soil and the soil can be excavated easily with standard, readily available equipment.
Transportation and off-site disposal of soil from the WDA is readily managed through local
transportation firms, and appropriate landfills are available that can accept the excavated soil.
Treatment of the shallow soil from the STBC presents more complexity due to construction of the
aboveground treatment cells for anaerobic treatment; however, qualified contractors are available
to perform the work. Additional effort may be required in STBC for trapping and relocating SKR
prior to construction. Implementation of this alternative would require trapping on an estimated

0.5to 1 acre. Qualified personnel arelocally available to perform this trapping.

Qualified contractors and required equipment are readily available for the installation of wells and
piping for the south Laborde Canyon biobarrier and groundwater extraction system. Appropriate
package treatment systems are available from a number of vendors. Power would need to be
installed and extended to the South Boundary Areato operate the ex situ treatment systems. Power
could be connected at Highway 60, and a number of qualified local electrical contractors are
available to perform this work.

The resources, equipment, and materials required for sampling and maintenance of monitoring
wells and remediation systems are readily available. Finally, Alternative 3A is feasible
administratively with respect to obtaining approvals and/or necessary permits from local, state,
and federal agencies.

Cost: Detailed cost estimates for Alternative 3A are included in Appendix E. A summary of the
estimated costs for Alternative 3A is provided in the table below.
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ALTERNATIVE 3A
Current Value Net Present Value
Capital Cost
(Implementation and $4,720,000 $2,610,000
Closure costs)
OM&M Cost $31,030,000 $7,460,000
Total 50-year Cost $35,740,000 $10,070,000

7.1.2.3 Sustainability

Alternative 3A is moderately sustainable since it will pose some short-term and long-term impacts
from emissions (GHG, nitrogen oxides [NOXx], sulphur oxides [SOx], and particulate matter less
than 10 microns in diameter [PMg]), energy use, and water consumed. Greenhouse gas, NOx, and
SOx emissions and energy consumption impacts would be greatest during long-term OM&M due
to vehicular trips for system inspections. Chemical consumption (e.g., electron donor, ion
exchange resin, and hydrogen peroxide) would be the highest during the OM&M period. PM g
impacts would be greatest during the remedial action construction phase, primarily due to
earthwork activities including excavation, construction of treatment cells, and soil transport to and

from the treatment area.

If aP&T system isinstaled at the southern property boundary, it is estimated that it would use as
much as 200,000 kilowatt hours of electrical power annualy, although this rate would vary as
groundwater quality changes over time. Treatment, and thus energy use, could be expected to
continue for greater than 100 years. The electrical energy use of the system may indirectly lead to
GHG generation if that power is generated from fossil fuels. Renewable energy sources could be
investigated during the system design phase. Production of chemicals used in treatment would also
contribute to energy use and GHG production. The P& T system would also consume hydrogen
peroxide and generate spent ion exchange resin. Disposal of spent ion exchange resin is expected
to occur as frequently as once every 5 years. Note that the P&T system is a contingency (but
included in the costs presented for the alternative); a focused feasibility study will be conducted to

evaluate potential alternativesif 1,4-dioxane treatment becomes necessary in the future.
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7.1.3 Alternative 5A—Source Area Mass Removal (Bioflushing and Pump
and Treat in Southern Test Bay Canyon), Shallow Soil Removal,
Plume Containment, and Institutional Controls

The detailed analysis of Alternative 5A is presented in the following sections. Figures 7-1 through

7-3 show the excavation locations, potential treatment cell location, the layout for the biobarrier in

south Laborde Canyon and for the groundwater extraction and treatment system. Figure 7-4 shows

the layout of the groundwater extraction and bioflushing system.

7.13.1 Threshold Criteria

Overall protection of human health and the environment: Alternative 5A includes all of the
elements of Alternative 3A, and will therefore similarly protect human health and the
environment. Remova of perchlorate mass from deep soil in STBC will not increase the
protectiveness of Alternative 5A, because potential human and ecological receptors would not be
exposed to deep soil. Although removal of perchlorate mass from deep soil and groundwater in
STBC is likely to reduce the overall time for groundwater restoration, these actions are not
expected to reduce the restoration time frame to less than 100 years (and probably far longer), and
do not address removal of perchlorate, 1,4-dioxane, and volatile organic compound mass in the
WDA.

Compliance with ARARs and other guidance: Alternative 5A includes al of the elements of
Alternative 3A, and will similarly meet all applicable ARARS, as discussed in Section 7.1.2.1.

7.1.3.2 Balancing Criteria
Long-term effectiveness and permanence: Alternative 5A includes al of the elements of
Alternative 3A, and the common elements are considered to provide a similar level of long-term

effectiveness and permanence.

Alternative 5A also includes in situ bioflushing of deep soils and extraction and ex situ treatment
of groundwater to reduce the mass of perchlorate within the STBC source area. These
technologies are both considered effective. The overal reliability of the controls is considered to

be excellent.

Reduction of toxicity, mobility, or volume through treatment: Alternative 5A includes all of

the elements of Alternative 3A, and the common elements are considered to provide asimilar level
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of TMV reduction. Alternative 5A aso includes in situ bioflushing of deep soils and extraction
and ex situ treatment of groundwater to reduce the mass of perchlorate within the STBC source
area, which is the largest source area at the site. The inclusion of these elements provides a higher
level of TMV reduction compared with Alternative 3A alone.

Short-term effectiveness: Alternative 5A includes al of the elements of Alternative 3A, and the
common elements are considered to have similar short-term effects on the community, workers,
and the environment. The additional elementsin Alternative 5A may result in temporary increases
in dust exposure and transportation risks to the community, increased risk to workers, and
increased risk to wildlife during construction and OM&M of the bioflushing and P& T system.
These risks would be mitigated as described in Section 7.1.2.2.

Implementability: Alternative 5A includes all of the elements of Alternative 3A, and the
common elements are considered to be similarly implementable. The addition of the bioflushing
and P& T system causes additional construction and operational complexity, additional permitting
requirements for the discharge of treated groundwater, and additional complexity in modifying the
system, which relies on maintaining a balance between groundwater production from the
extraction system (which is of uncertain reliability) and groundwater discharge to the infiltration
gdleries. Thereiability of bioflushing and groundwater extraction for reducing contaminant mass
is also uncertain, because of the heterogeneity of the San Timoteo formation (STF).

Cost: Detailed cost estimates for Alternative 5A are included in Appendix E. A summary of the
estimated costs for Alternative 5A is provided in the table below.

ALTERNATIVE 5A
Current Value Net Present Value
Capital Cost
(Implementation and $5,560,000 $3,640,000
Closure)
OM&M Cost $31,840,000 $8,090,000
Total 50-year Cost $37,400,000 $11,720,000

7.1.3.3 Sustainability

Alternative 5A includes all of the elements of Alternative 3A, and the common e ements are

considered to have similar energy use, air emissions, and water resources impacts. Energy use and
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air emissions would increase due to construction and OM&M of the STBC bioflushing and P& T
system. The bioflushing system would have negligible impacts to water resources because it
would use treated groundwater as a water source. Impacts due to the use of manufactured ion

exchange resin are nominal, due to the small amounts of resin used.

7.1.4 Alternative 5B—Source Area Mass Removal (In Situ Bioremediation
of Groundwater in Southern Test Bay Canyon), Shallow Soil
Removal, Plume Containment, and Institutional Controls
The detailed analysis of Alternative 5B is presented in the following sections. Figures 7-1 through
7-3 show the excavation locations, potential treatment cell locations, the layout for the biobarrier
in south Laborde Canyon and for the contingency groundwater extraction and treatment system.

Figure 7-5 shows the layout of the in situ biotreatment system layout.

7.14.1 Threshold Criteria

Overall protection of human health and the environment: Alternative 5B includes al of the
elements of Alternative 3A, and will therefore similarly protect human health and the
environment. Removal of contaminant mass from groundwater at STBC will not increase the
protectiveness of Alternative 5B, because potential human and ecological receptors will not be
exposed to groundwater. Although removal of contaminant mass from groundwater in STBC will
reduce the overall time for groundwater restoration, these actions are not expected to reduce the
restoration time frame to less than 100 years.

Compliance with ARARs and other guidance: Alternative 5B includes all of the elements of
Alternative 3A and will similarly meet all applicable ARARS, as discussed in Section 7.1.2.1.

7.1.4.2 Balancing Criteria
Long-term effectiveness and permanence: Alternative 5B includes all of the elements of
Alternative 3A, and the common elements are considered to provide a similar level of long-term

effectiveness and permanence.

Alternative 5B aso includes in situ bioremediation of groundwater to reduce the mass of
perchlorate within the STBC source area. This technology isin common use, and is considered to
be effective. The overal reliability of the controlsis considered to be excellent.
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Reduction of toxicity, mobility, or volume through treatment: Alternative 5B includes al of
the elements of Alternative 3A, and the common elements are considered to provide asimilar level
of TMV reduction. Alternative 5B also includes in situ bioremediation of groundwater to reduce
the mass of perchlorate within the STBC source area. The inclusion of this element provides a
higher level of TMV reduction compared with Alternative 3A aone.

Short-term effectiveness: Alternative 5B includes all of the elements of Alternative 3A, and the
common elements are considered to have similar short-term effects on the community, workers,
and the environment. The additional elementsin Alternative 5B may result in temporary increases
in dust exposure and transportation risks to the community, increased risk to workers, and
increased risk to wildlife during construction and OM&M of the in situ bioremediation system.
These risks would be mitigated as described in Section 7.1.2.2.

I mplementability: Alternative 5B includes all of the elements of Alternative 3A, and the common
elements are considered to be similarly implementable. The addition of the in situ bioremediation
element causes additional construction and operational complexity and additional permitting
requirements for the injection of electron donor into groundwater. Modifying the in situ
bioremediation system to encompass a larger or smaller area is straightforward; however,
modifications to increase treatment efficiency in heterogeneous aquifer materials would increase
the complexity of this aternative. The reliability of in situ bioremediation for reducing
contaminant mass is uncertain due to the heterogeneous nature of the aquifer and the presence of

fine-grained materials in the subsurface.

Cost: Detailed cost estimates for Alternative 5B are included in Appendix E. A summary of the
estimated costs for Alternative 5B is provided in the table below.

ALTERNATIVE 5B
Current Value Net Present Value
Capital Cost
(Implementation and $5,750,000 $3,900,000
Closure)
OM&M Cost $31,520,000 $7,830,000
Total 50-year Cost $37,270,000 $11,720,000
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7.1.4.3 Sustainability

Alternative 5B includes all of the elements of Alternative 3A, and the common elements are
considered to have similar energy use, air emissions, and water resources impacts. Energy use, air
emissions, and water resource impacts would increase during construction and OM&M of the in

situ bioremediation system.

7.2 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

In the comparative analysis, the remedial alternatives are evaluated in relation to one another to
identify the relative advantages and disadvantages of each with respect to the CERCLA evauation

criteria

7.2.1 Overall Protection of Human Health and the Environment

Alternative O would not protect human health and the environment, because contaminants in soil
that currently exceed human health and ecologica PRGs would not be addressed, institutional
controls would not be enforced, and contaminated groundwater would be allowed to continue to

migrate off-property.

Alternatives 3A, 5A, and 5B equally protect human health and the environment through the

following actions:

e Addressing risks to ecological receptors by excavation and ex situ treatment of shallow
perchlorate-contaminated soil that exceeds the PRG of 1,700 pg/kgin STBC

e Addressing risks to human and ecological receptors by excavation and off-site disposal of
shallow metals-impacted soil that exceeds PRGs in the WDA

e Addressing human exposure to contaminants in on-property groundwater by implementing
LUCs that prohibit the installation of groundwater wells and the use of groundwater

e Addressing potential human exposure to contaminants in off-property groundwater and
protecting beneficial uses of groundwater resources in the San Jacinto Groundwater Basin
by: instaling a biobarrier near the southern property boundary, which would prevent
perchlorate contamination from migrating off-property, and by including a contingency to
switch from a biobarrier to a hydraulic containment and ex situ treatment system if 1,4-
dioxane concentrations eventually exceeded ARARS. The small quantity (roughly one
pound) of perchlorate that has already migrated off-property will be allowed to dissipate
through natural attenuation within the riparian corridor south of the property boundary.
Long-term monitoring of guard wells located upgradient of the San Jacinto Groundwater
Basin will further protect the beneficial uses of groundwater resources.
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Alternatives 5A and 5B aso include treatment to reduce the mass of perchlorate in deep soil
and/or groundwater in STBC. Deep soil treatment does not increase protectiveness of Alternative
5A because potential human and ecological receptors would not be exposed to deep soil.
Groundwater and deep soil treatment that reduces contaminant mass would aso reduce the overall
time for groundwater restoration, but these actions are not expected to reduce the restoration time
frame to less than 100 years. These additiona measures are therefore not considered to

significantly increase the protectiveness of Alternatives 5A and 5B, relative to Alternative 3A.

7.2.2 Compliance with Applicable or Relevant and Appropriate
Requirements

All of the alternatives, except Alternative O (No Action), will comply with ARARSs.

Most of the identified chemical-specific ARARs and TBC criteria are either water quality
standards for drinking water or documents specifying beneficial uses of groundwater resources.
These standards do not apply to groundwater beneath the property because drinking water supply
is not considered to be a beneficia use (as discussed above and in Section 4.3.2.2), and because
access to and use of groundwater beneath the property for drinking water supply purposes is
prohibited by existing LUCs. Alternatives 3A, 5A, and 5B will comply with chemical-specific
ARARSs in groundwater south of the property boundary through containment of groundwater
contamination at the southern boundary of the property with a biobarrier and hydraulic

containment system.

Alternatives 3A, 5A, and 5B will comply with location-specific ARARs through Endangered
Species Act and California Endangered Species Act permitting with the USFWS and the CDFG,
respectively; and by obtaining all necessary federal and state permits required for dredge-and-fill
within the Laborde Canyon drainage channel. Compliance with other location-specific ARARS
will be evaluated in more detail during the CEQA permitting process.

Alternatives 3A, 5A, and 5B will comply with action-specific ARARS by obtaining all required
permits and permissions, including Waste Discharge Requirements for the injection of electron
donor into groundwater, discharge of treated groundwater to the subsurface, and discharge of
treated soil to land.
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7.2.3 Long-Term Effectiveness and Permanence

Alternative O does not provide long-term effectiveness or permanence because no actions would
be taken to address contamination in soil and groundwater, institutional controls would not be
enforced, and contaminated groundwater would be alowed to continue to migrate south of the

property boundary.

Alternatives 3A, 5A, and 5B provide a similar degree of protection against residua risk, and the

reliability of controlsis considered to be very similar.

7.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative O provides no reduction in TMV of the contaminants through treatment. Alternative
3A provides a small reduction in perchlorate mass in soil (roughly 20 pounds) through ex situ
treatment of soil in STBC, and a small reduction in perchlorate mass in groundwater (<1 pound
per year under current conditions, and approximately 10 pounds per year once the high
concentration portion of the groundwater plume migrates to the property boundary) through the
biobarrier in south Laborde Canyon.

Alternative 5A provides a larger reduction of TMV by addressing perchlorate mass in both deep
soil and groundwater in STBC by bioflushing and groundwater extraction. Alternative 5B reduces
TMV by addressing perchlorate mass in groundwater through in situ bioremediation. Although
both alternatives reduce the source area contaminant massin STBC, Alternative 5A has the greater
potential for reducing TMV because it would reduce the contaminant mass in soil as well as

groundwater, and thus reduce the long-term contaminant-mass flux from soil to groundwater.

7.2.5 Short-Term Effectiveness

Alternative O has no short-term impacts to the community, workers, or the environment because
no actions would be taken. However, this aternative will not achieve the RAOs, and risks to

human health and the environment will remain as they are currently.

Alternatives 3A, 5A, and 5B have similar impacts to the community and the environment.
However, risks to workers are considered to be greater for Alternatives 5A and 5B relative to

Alternative 3A, due to the greater amount of construction and OM&M associated with these
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aternatives and the higher potential for exposure to highly-contaminated soil and groundwater.
Alternatives 3A, 5A, and 5B will achieve the RAOs over asimilar time frame.

7.2.6 Implementability

Alternative O requires no action and is therefore readily implementable. Alternatives 3A, 5A, and
5B have similar implementability in terms of availability of technology and effectiveness of
monitoring, but Alternatives 5A and 5B entail increased complexity and permitting, and are less
adaptable than Alternative 3A. In addition, the reliability of bioflushing and groundwater
extraction, or in situ bioremediation, for reducing contaminant mass is dependent on subsurface
conditions. The STF is very heterogeneous and contains fine-grained materials, which reduce the
reliability of Alternatives 5A and 5B compared with Alternative 3A. Of the three alternative that
involve remedial actions, Alternative 3A is considered to the most implementable, followed by

Alternatives 5A and 5B, which are considered equally implementable.

7.2.7 Cost

Capital and total NPV costs of each alternative are summarized below.

COST COMPARISON
Alternative Current Value Net Present Value
(Unescalated) (Unescalated)
Alternative O $0 $0
Alternative 3A $ 35,740,000 $ 10,070,000
Alternative 5A $ 37,400,000 $ 11,720,000
Alternative 5B $ 37,270,000 $ 11,720,000

Alternative 0 has no associated costs. Both current value and NPV costs for Alternative 3A are
somewhat lower than costs for Alternatives 5A and 5B. Detailed cost estimates are included in
Appendix E.

7.2.8 Sustainability

Alternative 0 is highly sustainable, since no action would occur. No energy or resources would be
consumed, no GHG would be generated, and no waste would be generated. Alternative 3A
consumes energy and generates air emissions due to construction and operation of treatment

systems. This alternative would also consume manufactured chemicals (i.e., electron donor, ion
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exchange resin, and/or hydrogen peroxide) used to treat perchlorate contamination at the south
Laborde Canyon biobarrier, and potentialy to treat 1,4-dioxane contamination if concentrations

eventually exceed MCLs at the southern property boundary.

Alternative 5A includes all of the sustainability issues noted for Alternative 3A, plus additiona
energy use and air emissions from construction of the bioflushing and groundwater P& T systems
in STBC, with associated OM&M. Construction of the infiltration galleries would involve
transportation of crushed rock to the site and consumption of manufactured materials, such as
polyvinyl chloride (PVC) piping. Treated groundwater would be used as the source of water for
infiltration, thus reducing water consumption. This alternative would al'so consume manufactured
chemicals (electron donor and ion exchange resin) used to treat perchlorate contamination in deep

soil and groundwater.

Alternative 5B includes al of the sustainability issues of Alternative 3A, plus additional energy
use for the installation of injection wells, which includes transportation for drilling activities and
OM&M, as well as consumption of additional manufactured materials, such as PVC piping.
Additionally, this alternative would consume manufactured chemicals (electron donor) used to

treat perchlorate contamination present in groundwater.

Overdl, Alternative 3A poses fewer impacts affecting sustainability than Alternatives 5A and 5B,
although the differences between the alternatives are generally small.

7.3 SELECTION OF REMEDIAL ALTERNATIVE

7.3.1 Selection Criteria

The remedia alternatives were evaluated using the general methodology described in Section 6.3
for the preliminary aternative screening. Criteria used for alternative selection include the
CERCLA baancing criteria (long-term effectiveness and permanence, reduction of TMV through
treatment, short-term effectiveness, implementability, and cost), plus the sustainability criterion.
The two threshold criteria (overall protection of human health and the environment, and
compliance with ARARS) were not included in the evaluation because al alternatives considered
in the detailed analysis (except for the No Action alternative) must satisfy these criteria to be
eligible for selection. For each of the selection criteria, specific evauation factors and subfactors

were developed based on the narrative descriptions provided in the USEPA guidance. The
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evaluation factors and subfactors considered for each of the CERCLA criteria are summarized in
Table 7-1.

The selection criteria, evaluation factors, and evaluation subfactors were each assigned weights
based on their importance relative to other criteria within the same group in the hierarchy. For
example, the selection criteria of long-term effectiveness and implementablity were each assigned
arelative weight of 100, cost was assigned a relative weight of 75, and reduction of TMV through
treatment, short-term effectiveness, and sustainability were all assigned relative weights of 50. The
various evauation factors and subfactors were also assigned weights to reflect their relative
importance within each subgroup. The relative weights were then used to calculate an overall
weight for each factor considered in the evaluation. The weighting scheme and overall weights for

each evaluation factor or subfactor are also summarized in Table 7-1.

To conduct the selection analysis, each alternative was scored on a scale of 0 to 10 for each of the
evauation factors or subfactors, using the numerical scoring template provided in Appendix D.
When scoring was completed, the individual scores for each factor or subfactor were multiplied by
the corresponding overall weight. These results were then summed to obtain a fina weighted
score, which also ranged from 0 to 10. Comparison of the numerical scores was used as the basis

for selection of the preferred remedial aternative.

7.3.2 Alternative Selection Results

The results of the remedia alternative selection are summarized in Table 7-1. Alternative 3A
(limited soil removal, plume containment, and institutional controls) was selected as the preferred
remedy for the site. Areas where Alternative 3A scored higher than the other alternatives include
the following:

e Short-term effectiveness: Alternative 3A scored slightly higher than Alternatives 5A and
5B for protection of construction workers, because Alternative 3A involves less
construction and the construction does not involve exposure to highly contaminated
materials.

e |Implementability: Alternative 3A scored slightly higher than Alternatives 5A and 5B for
obtaining other approvals, constructability, technology reliability, and adaptability to
modification. A dlightly higher score was assigned to Alternative 3A for obtaining other
approvals because Alternatives 5A and 5B would require obtaining additional Waste
Discharge Requirements (a relatively complicated process) from the Santa Ana Regional
Water Quality Control Board. The higher score for constructability was based on the lower
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complexity of Alternative 3A compared with Alternatives 5A and 5B. The higher score for
technology reliability reflects the uncertainty as to whether the in situ and P&T
technologies included in Alternatives 5A and 5B can successfully reduce mass in
groundwater (and soil for Alternative 5A). The higher score for adaptability to
modification was assigned to Alternative 3A because the in situ and P&T technologies
included in Alternatives 5A and 5B may be very difficult to successfully modify if, during
implementation, problems are encountered rel ated to subsurface heterogeneity.

e Cost: Alternative 3A scored higher than Alternatives 5A and 5B based on the lower
estimated capital cost. OM&M costs for al of the alternatives are driven mainly by plume
containment, so all of the alternatives were assigned identical scoresfor OM&M costs.

Alternative 3A scored significantly lower than Alternatives 5A and 5B for one selection criterion:
reduction of TMV through treatment. Alternative 3A was given a score of 1.25 for destruction of
hazardous constituents, because the RAOs are primarily met by measures that reduce contaminant
mass, even though the absolute amount of mass removed is relatively small. Alternatives 5A and
5B were assigned scores of 7.5 and 5, respectively, for this factor, based on the larger masses
removed, and Alternative 5A scored higher than Alternative 5B because mass reduction in both
soil and groundwater is addressed by Alternative 5A.

To investigate the robustness of the scoring, three sensitivity analyses were performed. In the first
sensitivity analysis, the scores for destruction of hazardous constituents were adjusted to see if the
relative rankings of the alternatives changed. No changes in the alternative rankings were
observed, even when Alternative 3A was assigned a score of 0 and Alternatives 5A and 5B were
each assigned scores of 10. The second sensitivity analysis involved adjusting the relative weight
assigned to reduction of TMV. There were no changes in the relative rankings of the aternatives
until the relative weight assigned to reduction of TMV was increased from 50 to 120, which is
20% higher than relative weights assigned to long-term effectiveness and implementability. In the
third sensitivity analysis, the relative weight assigned to cost was adjusted to see if the relative
rankings of the alternatives changed. No change in the relative rankings was observed, even when
the weight assigned to cost was set at 0 (i.e., when cost was not considered in the scoring). Based
on the results of these three sensitivity analyses, the selection of Alternative 3A is considered to be
robust.
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Detailed Analysis Scoring Results

Table7-1

Alternative 0 Alternative 3A Alternative 5A Alternative 5B
) ) ) Moder ate M ass Removal Moder ate Mass Removal (In
Evaluation Criteria Relgtlve Evaluation Factors Relgtlve Evaluation Subfactors Relgtlve Ove_:rall Limited Soil Removal, (Bioflush/P&T in STBC) Situ Bioremediation in
Weight Weight Weight Weight No Action Groundwater Containment, ) ’ STBC), Groundwater
I Groundwater Containment, . N
Institutional Controls L Containment, | nstitutional
Institutional Controls
Controls
Prevent Human Health Risks 100 - - 6.7% 333 8.3 83 83
Long-Term Effectiveness and Minimize Ecologic Risks 100 6.7% 0 8.3 8.3 8.3
100
Permanence . —
Residual Potential Risk 50 - - 3.4% 0 10 10 10
Reliability of Controls 100 - - 6.7% 0 10 10 10
Destruction of Hazardous Constituents 50 - - 5.9% 0 1.25 75 5.0
Reduction of TMV Through Treatment 50
Irreversibility of Treatment 50 - - 5.9% 0 75 75 75
Timeto Achieve RAOs 50 - - 4.7% 0 10 10 10
Protect Community 100 3.1% 10 75 7.5 7.5
Short-Term Effectiveness 50
Unmitigatable Adverse Impacts 75 Protect Construction Workers 75 2.4% 10 75 5.0 5.0
Minimize Environmental Impacts 50 1.6% 10 75 75 75
Constructability 75 - - 4.7% 10 75 6.25 6.25
Technology Reliability 75 - - 4.7% 0 75 5.0 5.0
Adaptability to Modify/Update 25 - - 1.6% 0 75 5.0 5.0
Implementability 100
Effectiveness of Monitoring 50 - - 3.1% 0 75 75 75
Obtaining Other Approvals 100 - - 6.3% 0 75 5.0 5.0
Availability of Experts and Technology 50 - - 3.1% 10 10 10 10
Capital 50 - - 8.8% 10 2 0 0
Costs 75
OM&M 50 - - 8.8% 10 0 0 0
Energy Use 75 - - 5.9% 10 0 0 0
GHG Emissions 50 1.0% 10 0 0 0
NOy Emisions 25 0.5% 10 0 0 0
Environmental 50 Air Emissions 50
SOy Emissions 75 1.5% 10 0 0 0
PM o Emissions 50 1.0% 10 25 25 0
Impact on Water Resources 25 - - 2.0% 10 0 0 0
Overall Score: 100.0% 4.66 5.69 5.45 5.28
Notes:

GHG: Greenhouse gases
NOy: Nitrogen oxides

OM&M: Operations, maintenance, and monitoring

P&T: Pump and Treat

PMq: Particulates less than 10 micronsin diameter

RAO: Remedial Action Objective
SOy: Sulfur oxides

STBC: Southern Test Bay Canyon
TMYV: Toxicity, mobility, or volume
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Section 8

Recommended Remedy

This section summarizes the recommended remedia aternative for Laborde Canyon based on the
analyses summarized in this report. These anayses included the development of remedial action
objectives, identification of applicable or relevant and appropriate requirements, identification and
screening of remedia technologies appropriate for each medium of concern at the site,
development and screening of sitewide remedia alternatives, and detailed analysis of the
remedia alternatives that survived screening. All of these analyses were performed in accordance
with prescribed feasibility study guidance (USEPA, 1988). The recommended remedy addresses
the risks to human and ecological receptors identified in the Human Health and Predictive
Ecologica Risk Assessment (Tetra Tech, 2012b ), and complies with applicable or relevant and

appropriate requirements.

The recommended remedy (Alternative 3A) consists of excavation and ex situ biotreatment of
approximately 1,490 cubic yards of shallow soil in which perchlorate concentrations exceed the
preliminary remediation goa of 1,700 micrograms/kilogram in southern Test Bay Canyon;
excavation and off-site disposal of approximately 60 cubic yards of shallow soil where metals
concentrations exceed preliminary remediation goas in the Waste Discharge Area; installation of
a biobarrier in south Laborde Canyon to prevent further migration of perchlorate-contaminated
groundwater south of the property boundary (with a contingency to switch from a biobarrier to a
hydraulic containment and ex situ treatment system to treat perchlorate, 1,4-dioxane, and volatile
organic compounds, if 1,4-dioxane concentrations at the property boundary eventually exceed
drinking water standards); and implementation of institutional controls to prevent the installation
of on-property water supply wells and to prevent access to and use of groundwater at the property

for drinking water purposes.

The recommended remedy does not consider in situ chemica oxidation for treatment of the 1,4-
dioxane groundwater plume. This process option will be further evaluated in a pilot study, which

is expected to be conducted during remedy implementation. If the pilot study results indicate that
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ISCO is a potentialy viable 1,4-dioxane treatment technology, a focused feasibility study would
be performed to evaluate additional remedial alternatives for the 1,4-dioxane plume.
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