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Executive Summary

...Between 1993 and 2008, thousands of samples have been collected from areas within
Group 3 at the Santa Susana Field Laboratory (SSFL). After an extensive evaluation of the
data and an assessment of the risk to humans and ecological receptors, the findings show
that elevated risks occur only in localized areas in Group 3. After the Group 3 Remedial
Investigation (RI) Report is reviewed and approved by the California Department of Toxic
Substances Control (DTSC), the Feasibility Study [FS (that addresses the possible cleanup
actions to be taken)] will be developed.

SSFL is located approximately 29 miles northwest of downtown Los Angeles, California, in
the southeastern corner of Ventura County. SSFL occupies approximately 2,850 acres of
hilly terrain and is owned in part by The Boeing Company (Boeing) and in part by the
National Aeronautics and Space Administration (NASA). The land ownership is designated
by Administrative Areas-Area II and part of Area I are owned by NASA. The remaining
part of Area I, along with Areas IIl and IV and the Undeveloped Land, are owned by
Boeing.

Cleanup of the site is governed by DTSC pursuant to the cleanup provisions of the
California State Superfund Program (Superfund). For investigation and reporting purposes,
the SSFL sites are considered by geographic locale and similar historical use rather than by
ownership. These areas of similarity are referred to as Groups. A Group may have sites
that are owned and operated by NASA and Boeing. This RI Report presents the results and
recommendations for the investigation conducted within Group 3. Group 3 contains six
distinct sites, and of those, five are owned by NASA: the Building 204 Underground
Storage Tanks (USTs), the Storable Propellant Area (SPA), the Alfa/Bravo Fuel Farm
(ABFF), the Bravo Area (including the test stands), and the Alfa Area (including the test
stands). There is one additional site located in Group 3 that is owned by Boeing: Waste
Coolant Tank (WCT). One additional area within Group 3 is included in this RI report that
was investigated by NASA and has been designated as Skyline Road. After the Group 3 RI
Report is reviewed and approved by DTSC, the Feasibility Study [FS (which will address
the possible cleanup actions to be taken)] will be developed.

Initially, the land at SSFL was used for ranching. Most of the land at SSFL was acquired
with the purchase of the Silvernale property in 1954. Area II (currently NASA property)
was not used for industrial activities before 1954, when most of the land was purchased by
North American Aviation (NAA). NAA owned the land from 1954 to 1958; it was then
deeded to the U.S. Air Force (USAF). In the 1970s, the property transferred ownership from
the USAF to NASA, which currently owns the property.

Primary NASA activities at SSFL since 1948 have included research, development, and
testing of liquid-fueled rocket engines and associated components (pumps, valves, etc.).
Rocket engine testing frequency decreased during the 1980s and 1990s and ceased in 2005.
Engine testing at SSFL primarily used petroleum-based compounds as the fuel and liquid
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EXECUTIVE SUMMARY

oxygen (LOX) as the oxidizer. Trichloroethene (also known as trichloroethylene) (TCE) was
the primary solvent used for cleaning rocket engine components and other cleaning
purposes.

Extensive sampling of the soil, soil gas, and groundwater at the five Group 3 sites (the
Building 204 USTs, the SPA, the ABFF, the Bravo Area, the Alfa Area, and the WCT) and the
Skyline Road area has been conducted and is described in this report, along with an
assessment of the risks posed to both human and ecological receptors. On the basis of the
results of this sampling effort, some additional sampling is recommended for four Group 3
sites and the Skyline Road area to further evaluate the extent of the contamination. The
chemicals at the sites are known, and for the most part, the extent of these chemicals has
been evaluated. There are a few areas where additional sampling to identify the bounds of
the chemical locations is still needed. Most of this sampling is recommended for the
subsurface soils, although some sampling of surface soil and soil gas also is recommended.

At DTSC’s request, additional sampling of the interior building features and subsurface
sewer within Group 3 has been completed. A gridded walkover for debris areas has been
completed. The sampling data from the building and sewer sampling, along with the
findings from the debris area walkover activities, currently are being evaluated. The RI
results are summarized below.

Building 204 USTs. Of the chemicals detected at Building 204, human health risks were
identified for dioxins/furans in soil. It is recommended that the localized extent of
dioxins/furans in soil be further evaluated. After the further evaluation of the extent of
contamination, removal of soils with elevated dioxin/furan concentrations is recommended
at this location to reduce human health risks. Elevated human health risks were estimated
for the plant consumption pathway for soil. It is recommended that the plant consumption
pathway be further evaluated with the agricultural residential exposure scenario once the
protocol for evaluating this exposure has been established in consultation with DTSC.

On the basis of the ecological risk assessment (ERA) results, additional investigation and
evaluation of dioxin/furan congeners is recommended at the Building 204 Area.

SPA. Potential human health risks were identified for formaldehyde, benzo(a)pyrene (BaP),
benzo(a)anthracene (BAA), and methylene chloride in soil for the plant consumption
pathway. Additionally, one volatile organic compound [VOC (TCE)] in soil gas contributed
to the elevated human health risks. The extraction of soil gases in areas that have elevated
TCE concentrations is recommended to reduce the human health risks. It is recommended
that the plant consumption pathway be further evaluated with the agricultural-based
residential exposure scenario. The agricultural-based residential exposure scenario will be
evaluated once the protocol for evaluating this exposure has been established in
consultation with DTSC.

On the basis of the ERA results, no additional investigation or evaluation of soil or soil gas
analytes is recommended in the FS.

ABFF. On the basis of the total petroleum hydrocarbon sample results in soil, additional
samples are warranted to evaluate the extent in surface and subsurface soil.
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Potential human health risks were identified for arsenic in soil. Arsenic was detected at
concentrations slightly above the SSFL background level at several sample locations across
the ABFF. The maximum detected concentrations of arsenic in soil at 0 to 2 feet (ft) below
ground surface (bgs) and 0 to 10 ft bgs were 6.1 milligrams per kilogram (mg/kg) and

7.9 mg/kg, respectively, compared to a mean background value of 4.5 mg/kg. The slightly
elevated concentrations of arsenic at the ABFF may be naturally occurring. It is
recommended that the presence of arsenic at the ABFF be further evaluated following
DTSC’s revision of the SSFL background data set.

Arsenic in soil (0 to 2 ft bgs) also contributed to elevated human health risks for the plant
consumption exposure pathway for a potential future residential scenario. It is
recommended that the plant consumption pathway be further evaluated with the
agricultural-based residential exposure scenario. The agricultural-based residential
exposure scenario will be evaluated once the protocol for evaluating this exposure has been
established in consultation with DTSC.

On the basis of the ERA results, no additional investigation at the ABFF is recommended in
the FS.

Bravo Area. To complete the nature and extent evaluation in the Bravo Area, additional
surface soil samples for dioxins, Aroclor-1254, and VOCs are recommended. In the
subsurface soil media, additional investigation for the extent of Aroclor-1254 and petroleum
aromatic hydrocarbons is recommended. It also is recommended that additional TCE soil
gas samples be collected to further evaluate the extent of contamination in the soil gas at the
Bravo Area.

Potential human health risks were identified for PCBs in soil. Additionally, three VOCs
(naphthalene, carbon tetrachloride, and tetrachloroethene) in soil gas contributed to
elevated human health risks. Elevated human health risks for the residential plant
consumption pathway were primarily due to PCBs, BaP, cadmium, and TCE in soil. It is
recommended that the localized extent of PCBs in soil be further evaluated. It is
recommended that the plant consumption pathway be further evaluated with the
agricultural-based residential exposure scenario. The agricultural-based residential
exposure scenario will be evaluated once the protocol for evaluating this exposure has been
established in consultation with DTSC.

On the basis of the ERA results, two analytes in soil gas (1,1-dichloroethene [DCE] and TCE)
were considered to pose potential risks and are recommended for further evaluation in the
FS, based on the elevated concentrations detected in shallow soil gas. No soil analytes were
warranted additional evaluation.

Alfa Area. To complete the nature and extent evaluation in the Alfa Area, additional
surface soil samples for dioxins and four metals (lead, nickel, silver, and zinc) are
recommended. In the subsurface soil media, additional investigation for the extent of
chromium, diesel range organics (hydrocarbon chains found in diesel fuel), and TCE is
recommended. It also is recommended that additional TCE soil gas samples be collected to
further evaluate its extent in a westerly direction.

Potential human health risks were identified for arsenic in soil for direct exposure
pathways. Human health risks also were identified for TCE and cis-1,2-DCE in soil gas. It
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is recommended that the presence of arsenic at the Alfa Area be further evaluated following
the revision of the SSFL background data set. The extraction of soil gases in areas that have
elevated TCE and cis-1,2-DCE concentrations are recommended at the Alfa Area to reduce
human health risks.

TCE and arsenic in soil (0 to 2 ft bgs) also contributed to the elevated human health risks for
the plant consumption exposure pathway for a potential future residential scenario. It is
recommended that the plant consumption pathway be further evaluated with the
agricultural-based residential exposure scenario. The agricultural-based residential
exposure scenario will be evaluated once the protocol for evaluating this exposure has been
established in consultation with DTSC.

On the basis of the ERA, PCBs and chromium in soil were found to pose risks to the deer
mouse and hermit thrush, respectively, while 2 analytes in soil gas were found to pose
potential risks to the deer mouse. On the basis of the isolated hot spots, the presence of the
legacy data, and the predicted risks, PCBs and chromium in soil and cis-1,2-DCE and TCE in
soil gas are recommended for evaluation in the FS. Additional surface soil sampling to
further evaluate the extent of contamination for lead, nickel, silver, and zinc may be
recommended for the FS. In addition, subsurface soil samples for chromium, TCE, and
diesel range organics, along with TCE soil gas samples, are recommended to further
evaluate the extent of contamination at this site.

Skyline Road. To complete the nature and extent evaluation in the Skyline Road Area, it is
recommended that additional samples be collected for dioxin analysis in both the surface
and subsurface soil media.

Potential human health risks were identified for dioxins for the plant consumption exposure
pathway. Itis recommended that the agricultural-based residential exposure scenario be
evaluated further evaluate the human health risks from plant consumption.

On the basis of the results of the ERA, additional investigation within the Skyline Road Area
is not recommended in the FS.

Waste Coolant Tank. There were no human health risks above regulatory thresholds for
direct exposure to soil at the WCT. No action currently is recommended based on the results
of the risk assessment for the plant consumption pathway. It is recommended that the plant
consumption pathway be further evaluated with the agricultural-based residential exposure
scenario once the protocol for evaluating this exposure has been established in consultation
with DTSC.

On the basis of the results of the ERA, no additional investigation is recommended in the FS.

Surficial Media Operable Unit (SMOU) Groundwater. Near-surface groundwater
(NSGW) migrating to the deeper Chatsworth Formation Operable Unit (CFOU)
groundwater in the Group 3 area has been confirmed at one location and probably is
occurring at two others. Contaminant mass was verified in both the SMOU and the CFOU
in the vicinity of the spillway as a large input area at the Alfa Test Area. Contaminant mass
at the Alfa Test Area exists beneath the water table to approximately 375 ft bgs, which
provides evidence of cross media transfer in this area. Cross media transfer of VOCs in the
vicinity of the spillway and catch pond system also is possible at the Bravo Test Area, based
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on increasing downward soil concentrations, along with soil gas flux and groundwater
results in both the SMOU and CFOU. The elevated total petroleum hydrocarbon (TPH)
concentrations detected in the weathered bedrock downgradient of the ABFF suggest that
cross media transfer may be possible; however, the contamination is localized and the
occurrence of NSGW at the SWMU has not yet been verified. The migration of constituents
downward to the CFOU is possible via the subsurface interconnected fracture network,
even though the CFOU water table is nearly 200 ft bgs throughout most of the Group 3 area.
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1. Introduction and Methodology

This Remedial Investigation (RI) Report presents the results and recommendations for the
investigation conducted within the Group 3 Reporting Area in the northern portion of

Area II at the Santa Susana Field Laboratory (SSFL). The Remedial Action Program is being
conducted at SSFL under the oversight of the California Environmental Protection Agency
(Cal/EPA), Department of Toxic Substances Control (DTSC). As discussed in Section 1.1.2,
remedial actions at SSFL started under the Resource Conservation and Recovery Act
(RCRA) Corrective Action program, but have recently transitioned to the State Superfund
program. The RI is being conducted at former operational areas called “RI Sites,” (formerly
called RCRA Facility Investigation [RFI] sites under the RCRA Corrective Action program).
The Group 3 Reporting Area includes six Rl sites: the Building 204 Area, the Storable
Propellant Area (SPA), the Alpha Area, and the Bravo Area (which includes the Alfa/Bravo
Skim Pond), and the Hazardous Waste Coolant Tank (WCT). The area adjacent to Skyline
Road also will be included in the Group 3 Reporting Area.

For consistency of presentation, general information concerning SSFL and the RFI program
has been taken directly from the Group 4 RFI report prepared by MWH (MWH, 2007a).

1.1 SSFL Description and Background

1.1.1 SSFL Facility Information

SSFL is located approximately 29 miles northwest of downtown Los Angeles, California, in
the southeastern corner of Ventura County. SSFL occupies approximately 2,850 acres of
hilly terrain, with approximately 1,100 feet (ft) of topographic relief near the crest of the Simi
Hills. Figure 1.1-1 shows the geographic location and property boundaries of the site, as
well as surrounding communities. The following subsections describe the site use, history,
land ownership, surrounding land use, and environmental programs at SSFL. Additional
SSFL facility information is provided in the RFI Program Report (MWH Americas, Inc.
[MWH], 2004).

1.1.1.1 SSFL Ownership and History

SSFL is owned jointly by The Boeing Company (Boeing) and the National Aeronautics and
Space Administration (NASA), and is operated by Boeing. The site is divided into four
administrative areas (Areas I, I, III, and IV) and undeveloped land areas to both the north
and south (Figure 1.1-2). Areas I, III, and IV are owned by Boeing. Area II is owned by
NASA. Ninety acres of Area IV were leased to the U.S. Department of Energy (DOE). The
northern and southern undeveloped lands of SSFL were not used for industrial activities
and are owned by Boeing. The Group 3 Reporting Area primarily is located in the central
portion of administrative Area II.

Before development, the land at SSFL was used for ranching. In 1948, North American
Aviation (NAA), a predecessor company to Boeing, began using (by lease) what is now
known as the northeastern portion, or administrative Area I, of SSFL. Most of SSFL was
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acquired with the purchase of the Silvernale property in 1954, and development of the
western portion of SSFL began soon after. Area II was inactive before 1954, when the land
was purchased by NAA. NAA owned the land from 1954 to 1958. In December 1958, the
property was deeded from Rocketdyne to the U.S. Air Force (USAF) and was operated as
USAF Plant 57. In 1973, the property transferred ownership from the USAF to NASA,
which currently owns the property. Undeveloped land parcels to the south of SSFL were
acquired by Boeing during 1968 and 1976 and to the north during 1998. No site-related
operations were conducted in these undeveloped portions of SSFL.

The primary site activities at SSFL since 1948 have included research, development, and
testing of liquid-fueled rocket engines and associated components (pumps, valves, etc.)
(Science Applications International Corporation [SAIC], 1994). Since 1996, operations at
SSFL have been conducted by Boeing. Predecessor companies to Boeing have included the
Rocketdyne Propulsion and Power Division (Rocketdyne) of NAA and of the Rockwell
Corporation. The vast majority of rocket engine testing and ancillary support operations
occurred from the 1950s through the early 1970s; these operations were conducted by
Rocketdyne in Areas I and III in support of various government space programs and in
Area II on behalf of NASA. Rocket engine testing frequency decreased during the 1980s and
1990s and ceased in 2005. Currently, no rocket engine test areas are in operation. Engine
testing at SSFL primarily used petroleum-based compounds as the “fuel” and liquid oxygen
(LOX) as the “oxidizer.” Trichloroethene (TCE) was the primary solvent used for cleaning
rocket engine components and other cleaning purposes. Solid propellant testing was not
conducted at the large rocket engine test stands, but was used in small rocket motor testing
and various research and development (R&D) programs. Primarily solid propellants,
including perchlorate compounds, were used, stored, and tested within Area I.

In addition to the primary facility operation of rocket engine testing, SSFL was used for
research, development, and testing of water jet pumps, lasers, liquid metal heat exchanger
components, nuclear energy research, and related technologies. Nuclear energy research,
testing, and support facilities were located within the 90-acre portion of Area IV that was
leased to the DOE and designated as the Energy Technology and Engineering Center
(ETEC). Operations were conducted by Atomics International (Al), a division of NAA, and
Rocketdyne on behalf of the DOE, with operations primarily occurring from the 1950s
through the early 1980s.

1.1.1.2 Surrounding Land Use

Land surrounding SSFL generally is open space or rural residential, although other uses are
present. The current land uses of each of the offsite adjacent properties are described briefly
below (MWH, 2004). Adjacent land use is shown in Figure 1.1-1.

Northern Adjacent Properties-The adjacent property to the northwest is occupied by the
Brandeis-Bardin Institute (BBI) and the adjacent property to the northeast is occupied by the
Mountains Recreation Conservancy Authority (MRCA). The BBI is zoned as rural
agricultural on Ventura County zoning maps. This designation permits a wide range of
agricultural uses. The specific land use permit conditions for the BBI indicate that this
property contains religious, teaching, and camping facilities. The MCRA property, which is
zoned as open space, currently operates as Sage Ranch Park, a County of Ventura Park, and
has a house where the park ranger resides.
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Eastern Adjacent Properties-The properties situated immediately adjacent to the east of
SSFL are zoned light agricultural, with variances that permit higher-density use (such as
mobile home parks). There is a residential community approximately Ys-mile east of SSFL's
boundary in Woolsey Canyon. A new residential community is under development Y2-mile
southeast of SSFL’s boundary near Dayton Canyon.

Southern Adjacent Properties-The properties situated adjacent to the south of SSFL are used
for residential purposes (Bell Canyon). Dense residential development begins in the San
Fernando Valley about 5 miles southeast of SSFL.

Western Adjacent Properties-Most of the properties situated adjacent to the west of SSFL
are designated by Ventura County as open space. This land has been and currently is used
for cattle grazing. Recently, a portion of Runkle Canyon in this area has been proposed for
development.

1.1.2 SSFL Environmental Programs

1.1.2.1 Remedial Action

Remedial actions at SSFL began under the RCRA Corrective Action program, implemented
by DTSC pursuant to the corrective action provisions of the California Hazardous Waste
Control Law (California Health and Safety Code [CHSC], Division 20, Chapter 6.5). The
RCRA Corrective Action program is used at sites that hold a RCRA permit for onsite
treatment, storage or disposal of hazardous waste. Senate Bill (SB) 990, which became
effective on January 1, 2008, requires that a response action taken or approved at SSFL be
carried out in accordance with the provisions of CHSC Division 20, Chapter 6.8, the
Carpenter-Presley-Tanner Hazardous Substance Account Act, commonly referred to as the
State Superfund program. This requirement is being incorporated into the revised Consent
Order for Remedial Action governing the remedial action program at SSFL, which is
expected to be finalized by the time this report is published.

State Superfund actions must be based on the requirements of the Federal Comprehensive
Environmental Response, Compensation and Liability Act's (CERCLA) National
Contingency Plan (NCP), and on other requirements. The RCRA Corrective Action and
State Superfund processes are generally similar, but use different terminology for similar
activities. Both processes use a five-phase approach that includes an initial site assessment,
detailed site investigation, evaluation of remedial alternatives, selection of the final remedy,
and implementation of the remedy. The terminology used to describe each phase is listed
below:

RCRA CORRECTIVE ACTION AND STATE SUPERFUND TERMINOLOGY

Activity RCRA Corrective Action State Superfund
Initial Site Assessment RCRA Facility Assessment (RFA) Preliminary Endangerment
Assessment (PEA)
Site Investigation RCRA Facility Investigation (RFI) Remedial Investigation (RI)
Remedial Alternative Evaluation Corrective Measures Study (CMS) Feasibility Study (FS)
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RCRA CORRECTIVE ACTION AND STATE SUPERFUND TERMINOLOGY

Activity RCRA Corrective Action State Superfund
Remedy Selection Statement of Basis Remedial Action Plan (RAP)
Remedy Implementation Corrective Measures Remedial Design/Remedial Action
Implementation (CMI) (RD/RA)

To comply with SB 990 requirements, State Superfund terminology is used to describe the
activities performed for Group 3 that are described in this report. Because the technical
requirements for performing an RFI and an RI are the same, changing from the RCRA
Corrective Action to the State Superfund process does not affect work performed
previously. RCRA Corrective Action terminology will still be used to describe activities
performed prior to the Group 3 RI because that was the program in place at that time. In
addition, the remedial action site designations used under the RCRA Corrective Action
program (for example, solid waste management unit [SWMUJ] and area of concern [AOC])
will be retained to avoid confusion.

The first phase of the remedial action process was performed to identify SWMUs and AOCs,
which are units that have used, stored, or handled hazardous materials or hazardous
wastes. The RFA for SSFL was completed in 1994 (SAIC, 1994).

The remedial action program is currently in the RI (formerly RFI) phase. During the RI,
additional AOCs (beyond those listed in the RFA) have been identified and investigated at
SSFL (MWH, 2004). A total of 135 SWMUSs and AOCs have been identified at SSFL, and
those undergoing closure as part of the RI Program have been grouped by location for
purposes of investigation and are called “RI sites” (formerly called “RFI sites”). Rl sites
have been grouped for reporting as described in Section 1.1.2.3. The RFI Program Report
(MWH,, 2004) listed 51 RFI sites (now called RI sites). Further evaluation has resulted in a
new total of 57 Rl sites. Four sites were added to include land surrounding the permitted
facilities (Area I Burn Pit, Radioactive Materials Handling Facility [RMHF], Building 133,
and Building 029). Two sites were added when leach fields were regrouped to allow for
planned reporting. The 57 RI sites identified for investigation at SSFL are shown in
Figure 1.1-3. For ease of presentation in Figure 1.1-3, and as reported in previous
documents (MWH, 2004), the Boeing and DOE leach fields not associated with an existing
RI site have been grouped together (a DOE group and a Boeing group) and listed as
additional RI sites.

The RI includes characterization of relevant environmental media present at SSFL.
Investigations of environmental media have been conducted following DTSC-approved
work plans (ICF Kaiser Engineers [ICF], 1993; Groundwater Resources Consultants, Inc.
[GRC], 1995a, 1995b; Ogden Environmental and Energy Services Company, Inc. [Ogden],
1996, 2000a, 2000b; Montgomery Watson, 2000b; MWH, 2001, 2003e, 2003f, 2005c). The
scope and extent of previous sampling at SSFL are described in the RFI Program Report
(MWH, 2004).

The objectives of the RI are to characterize the nature and extent of chemical contamination
in environmental media, to evaluate risks to potential receptors, to gather data for the FS,
and to identify areas for additional work (DTSC, 1995). Site action recommendations
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resulting from the RI are categorized into: 1) further evaluation in the FS; 2) no further
action (NFA); 3) interim source area stabilization measures to control contaminant migration
(Stabilization Areas) while cleanup plans are prepared; and 4) data gap (DG) areas for
further evaluation. Stabilization Areas may be included within FS Areas.

The FS (formerly CMS) phase of the remedial action program is an evaluation of remedial
alternatives for areas identified for further evaluation during the RI. The FS also may
include further evaluation of uncertainties identified in the RI related to risk assessment,
delineation of chemicals requiring cleanup, or characterization of new chemical source areas
identified during the preparation of the Group 3 RI Report. FS plans are prepared for DTSC
review and the findings are published in a final FS report for DTSC approval. During the
RD/RA (formerly CMI), the remedial action program moves from cleanup planning to
cleanup implementation and confirmation and monitoring sampling. The complete SSFL
cleanup plan will be evaluated in an environmental impact report (EIR) before
implementation. Public review and comment will be included during several steps in this
process before the selection and implementation of cleanup activities.

1.1.2.2 RCRA Programs

Following transition of the remedial action program from RCRA Corrective Action to State
Superfund, the following RCRA-related activities continue under the oversight and
jurisdiction of the DTSC: closure of inactive RCRA units, and compliance and permitting of
operating RCRA units. In some instances, these programs overlap with the remedial action
program (for example, closed RCRA units within RI sites that are investigated as part of a
corrective action). These programs are described in more detail in the RFI Program Report
(MWH, 2004).

1.1.2.3 Other Environmental Programs

In addition to the remedial action and RCRA programs, other federal, state, and county
environmental programs are being conducted at SSFL, including permitting for air
emissions, surface water discharges, and other site investigation and closure activities.
Information regarding environmental programs conducted at SSFL is provided in the RFI
Program Report (MWH, 2004). Because these other environmental programs overlap and
occur within some of the Rl sites, they are described briefly below:

e Waste discharge permits (WDPs) have been issued to SSFL by the Regional Water
Quality Control Board (RWQCB) since 1958. Currently, surface water discharges from
SSFL are regulated under a National Pollutant Discharge Elimination System (NPDES)
permit issued by the RWQCB, beginning in 1984. Surface water discharges are
monitored regularly at 18 NPDES locations, as shown in Figure 1.1-2.

e Fuel storage tanks at the site are now included in the remedial action program under
DTSC oversight. Historically, underground storage tanks (USTs) were regulated by the
Ventura County Environmental Health Division (VCEHD). Aboveground storage tanks
(ASTs) were regulated by the RWQCB.

e Closure of nuclear testing and research facilities in Area IV is being performed under the
DOF's jurisdiction. The California Department of Health Services-Radiologic Health
Branch (DHS-RHB) oversees the Boeing-owned Radioactive Materials License, conducts

MGM09-SSFL/GROUP3_RI/SECTION1.DOC DRAFT 15



1. INTRODUCTION AND METHODOLOGY

facility verification surveys, evaluates the radioactive facility cleanup, and conducts
environmental monitoring.

1.1.2.2 Operable Units at SSFL

Since the early 1980s, SSFL site characterization has proceeded along two parallel paths:

one for groundwater and the other for soil and related surficial media. In 1999, DTSC
formalized this approach by identifying two operable units (OUs) (DTSC, 1999). As defined
by the U.S. Environmental Protection Agency (EPA), an OU is a discrete entity that may be
composed of various attributes, including the characteristics of the affected media,
geographical location, vertical and aerial considerations, specific site problems, and
potential exposure pathways. The OUs identified at SSFL are consistent with this definition
and incorporate different geographical portions of the site, project phases, and exposure
pathways. Two OUs have been identified at SSFL through discussion with the DTSC based
on an understanding of where chemicals are present today, where they may migrate in the
future, and how either human or ecological receptors may be exposed to those chemicals
(DTSC, 1999). The OUs at SSFL are as follows:

e The Surficial Media OU (SMOU), comprised of saturated and unsaturated soil,
sediment, surface water, near-surface groundwater (NSGW), air, biota, and weathered
bedrock. NSGW occurs within alluvium or weathered bedrock.

e The Chatsworth Formation OU (CFOU), comprised of the Chatsworth formation
groundwater and both saturated and unsaturated unweathered (competent) bedrock.

The Surficial OU consists primarily of soil, sediment, and surface water, which potentially
are affected by spills. Also included in this OU are NSGW, air, biota, and the upper
weathered portion of the bedrock. These additional media have been included in the
Surficial OU because chemicals released into soil, sediment, or surface water could directly
contact, or potentially be transferred to, NSGW, surface seeps or springs, air, biota, and
weathered bedrock. Direct exposure to surficial media by receptors is possible, although the
type of exposure may vary based on location (steep drainage terrain versus flat upland
terrain). These potential surficial media exposures in Group 3 are evaluated in the risk
assessments completed for the RI sites within this group.

The CFOU consists of groundwater and associated unweathered, competent bedrock of the
Chatsworth formation, which is comprised of thickly bedded sandstone with interbeds of
siltstone and shale. This unit has been affected by the downward migration of chlorinated
solvents (primarily TCE) from surficial spills and/or by dissolved phase contaminants
transported to and within Chatsworth formation groundwater. In contrast to surficial
media, because of its nature and depth (typically more than 70 ft below ground surface
[bgs]), it is that unlikely human or ecological receptors would be exposed directly to
chemicals in the unweathered, deeper bedrock. Direct exposures to Chatsworth formation
groundwater only could occur through the installation of a drinking water well, or at a
surface seep or spring supplied by Chatsworth formation groundwater. Indirect exposures
to chemicals in Chatsworth formation media (bedrock or groundwater) also are considered
as part of the Rl site risk assessments. These potential direct and indirect groundwater
exposures in Group 3 are evaluated in the risk assessments completed for the RI sites within
this group. As stated above, a goal of the RI Program is to characterize chemical impacts in
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all relevant environmental media at SSFL. This goal is achieved by combining and
integrating site data from the characterization programs for both OUs. Similarly, the goal of
the Rl risk assessment is to evaluate risks from all relevant environmental media. This goal
is accomplished by combining the estimated risk associated with exposure pathways for
both OUs. Several possible pathways of chemical migration across or between OUs have
been identified. Each of these potential pathways is included in the risk evaluations of the
Surficial OU and the CFOU, as described further in Section 1.5.

1.1.2.3 RI Program and Reporting Approach

As described in the RFI Program Report (MWH, 2004), the data quality objective (DQO)
process (EPA, 1994, 2000) was used to guide the SSFL RI. The problem statement developed
for the Surficial OU RI (termed RFI in that document) is as follows:

“Comply with requlatory requirements by characterizing the nature and extent of contamination
in surficial media (soil matrix, soil vapor, sediment, surface water, near surface groundwater, air,
biota, and weathered bedrock).”

Five decision questions were identified during the DQO development and have been used
to guide the data collection and evaluation process for the Surficial OU R, as listed below:

1. Has historical information regarding chemical use areas and chemical releases been used
to identify potential source areas?

2. Have source area sampling and analysis plans been developed to characterize the nature
and extent of contamination?

3. Is the nature and extent of contamination at potential source areas in RI sites
characterized sufficiently for risk assessment?

4. Have potential human health and ecological impacts been assessed?

5. Have characterization and risk assessment results been used to make site action
recommendations for the FS?

Although developed for the Surficial OU, these five questions are relevant for the overall RI
Program at SSFL. The RI reporting approach has been designed to answer these questions
in a comprehensive, integrated manner for large areas of the site. On the basis of input from
the DTSC, SSFL has been divided into 10 Group Reporting Areas, as shown in Figure 1.1.-4.
The Group Reporting Areas have been established to accomplish the goal of providing a
comprehensive, integrated description of site data from all media across large, interrelated
areas of the site. As such, the Group RI Reports include the evaluation of data from both
OUs to determine characterization completeness, transport and fate of contaminants, and
assessment of potential risks to receptors. As necessary, offsite areas will be included in the
RI evaluation of SSFL-related impacts. Group Reporting Areas generally were identified
based on natural topographic constraints at SSFL, but groundwater plume extents, RI site
responsibility, and operational boundaries also were considered. The Group Reporting
Areas shown in Figure 1.1-4 serve to facilitate the evaluation of all migration pathways, and
therefore, capture the appropriate site data for risk assessment.

The focus and objective of the Group Reports is to provide DTSC with sufficient information
so that site action decisions regarding Surficial Media can be made and FS evaluation areas
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determined. Because the CFOU investigation is ongoing while the Group Reports are being
prepared, FS recommendations regarding groundwater will be provided in a final Sitewide
Groundwater Report, which will be submitted at the completion of the CFOU investigation.
However, groundwater-related risks are presented in the risk assessments and considered
with the Surficial OU risks in making FS recommendations.

Two aspects of the Surficial Media RI will be addressed after all Group RI Reports are
prepared. In both of these cases, some Surficial Media recommendations will be in addition
to those presented in the Group Reports. The first involves the completion of the CFOU
investigation described above. Because all media are being assessed for potential risks to
receptors in the current Group RI Reports, new data resulting from the ongoing CFOU
investigation must be reassessed for contribution to Surficial Media risks and, if necessary,
additional areas recommended for FS evaluation. This assessment of subsequent CFOU
data will be included in the Sitewide Groundwater Report.

The second aspect that affects the Surficial Media site action recommendations for the FS is a
sitewide evaluation for large-home-range receptors (mule deer and hawk). An assessment
of potential risks to these receptors will be performed once sufficiently large areas of SSFL
have been evaluated and presented in the Group RI Reports. Estimated large-home-range
receptor risks will be reported in a Sitewide Large-Home-Range Risk Assessment Report,
which also will identify any additional areas that should be considered for FS evaluation
resulting from that assessment.

These two additional aspects of RI reporting will serve to confirm and finalize the areas to
be evaluated in the FS as described in this (and other) Group RI Reports. The areas
recommended for further evaluation in this report can confidently be carried forward into
the FS, because it is believed that additional, not fewer, areas will be identified by
subsequent sitewide RI evaluations.

Previous RFI reports submitted to the DTSC for review include Groups 2, 4, 6, and 8.

1.1.3 Scope and Objectives of the Group 3 RI Report

The Group 3 RI Report presents RI findings and FS recommendations for the central portion
of Area II. The scope and objectives of the Group 3 Report are described below, as well as
the content and format of this report.

1.1.3.1 Scope

The Group 3 Reporting Area consists of approximately 188 acres within the central portion
and expanding to the northern portion of Area Il (Figure 1.1-4). Adjacent areas to the
Group 3 Reporting Area include the RFI Group 2 and Boeing-owned undeveloped land and
offsite areas to the north, Group 4 and offsite areas to the south, Group 1b and offsite areas
to the east, and Groups 6 and 9 to the west. Reporting Group 3 consists of NASA RI sites;
other areas belong to Boeing.
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The following seven Rl sites are included in the Group 3 Reporting Area:

¢ Building 204 (Plant Services) AOC-includes former waste oil UST (UT-50);
Buildings 223, 796, and 760; and areas of former USTs UT-48 and UT-49.

e SPA includes the Surface Impoundment-1 and drainage (SWMU 5.16), and the Surface
Impoundment-2 and drainage (SWMU 5.17).

e Alfa/Bravo Fuel Farm (ABFF) AOC includes the storm water basin and a former UST
(UT-52) across from the fuel farm.

e Bravo includes the inactive Alfa/Bravo Skim Pond (SWMU 5.12), the test area
(SWMU 5.13), the test stand waste tank (SWMU 5.14), the former skim pond and
drainage (SWMU 5.15), and the Area II Air Stripping Tower (SWMU 5.27).
Buildings 213 (Control Center) and 217 (Pretest Building) also are included as AOCs
because of their leachfields.

e Alfa includes the test area (SWMU 5.9), the test area tanks (SWMU 5.10), and the former
skim and retention ponds (SWMU 5.11). Buildings 208 (Control Center) and 212 (Pretest
Building) also are included as AOCs because of their leachfields.

The Skyline Road Area does not include a listed SWMU or AOC, but samples were
collected near a set of ASTs used to hold potable process water and also adjacent to a power
pole holding a set of elevated transformers. The WCT Area includes SWMU 5.7 and is
owned and operated by Boeing. Adjacent to the WCT is the Hazardous Waste Storage Area
(HWSA), which also is owned and operated by Boeing. The DTSC currently is conducting
oversight for the remedial action for this RI site. The HWSA Container Storage Area
(SWMU 5.8) was operated jointly by NASA and Boeing and received regulatory closure
status by the DTSC in 1998.

It should be noted that the RI site boundaries shown in the maps and figures in this report
are not meant as administrative boundaries, but rather serve as outlines that encompass the
primary operational activities at a site. As described in Sections 2 through 8, RI sampling
extended outside of these boundaries, as necessary, to evaluate the nature and extent of
potential contamination and to assess potential migration pathways.

1.1.3.2 Objectives
This report has the following objectives:

e To present characterization results in the Group 3 Reporting Area and to identify the
nature and extent of chemical contamination in environmental media.

e To present human health risk assessment (HHRA) and ecological risk assessment (ERA)
results based on chemicals present in the Group 3 Reporting Area.

e To present risk-based recommendations for site actions, including NFA areas, areas
recommended for further evaluation in the FS, and areas recommended for source
stabilization.

As stated above, the Surficial Media areas recommended for further FS evaluation are
considered to be defined sufficiently for FS planning, although supplemental areas or
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volumes may be added following the completion of the Sitewide Groundwater Report
and/or the Sitewide Large-Home-Range Risk Assessment Report.

1.1.3.3 Content and Format

This report is organized as follows:

Section 1 presents an overview of the SSFL site as a whole, the methodology for the Group 3
RI, and the organization of this report.

Sections 2 through 8 present the Rl results for the Building 204 Area, SPA, ABFF, Bravo
Area, Alfa Area, Skyline Road Area, and WCT Area, respectively. Each section presents the
following information:

e Background and history

e Rl characterization activities

e Rl characterization results

e Nature and extent of contamination

e Conceptual site exposure model

e Fate and transport analysis for chemicals detected in surface media
e HHRA

e ERA

e Summary of findings and recommendations

Section 9 presents recommendations for consideration during the FS, including a summary
of findings for Group 3, a summary of human health and ecological risks, a discussion of
cross-media transfer of contaminants of concern (COCs), and recommendations for areas to
be carried forward into the FS.

Section 10 provides the references used in preparing this report.
The appendixes are as follows:

e Appendix A-Ecological Surveys Conducted in April 2008, Santa Susana Field
Laboratory, Ventura County, California

e Appendix B-Building 204 Area, SWMU 5.5

e Appendix C-Storable Propellant Area

e Appendix D-Alfa/Bravo Fuel Farm

e Appendix E-Bravo Area, SWMUs 5.12, 5.13, and 5.14

e Appendix F-Alfa Area, SWMUs 5.9, 5.10, and 5.11

e Appendix G-Skyline Road Area

e Appendix H-Hazardous Waste Coolant Tank, SWMU 5.7
e Appendix I-Groundwater Laboratory Data

e Appendix J-Building Feature Documentation Logs

1-10 DRAFT MGMO09-SSFL/GROUP3_RI/SECTION1.DOC



1. INTRODUCTION AND METHODOLOGY

1.2 Physical Setting of the Reporting Area

1.2.1 Climate and Meteorology

For consistency of presentation, general information concerning climate and meteorology at
SSFL was taken directly from the Group 4 RFI report prepared by MWH (2007).

Climate and meteorological data have been collected for SSFL since the 1960s. The climate
falls within the Mediterranean sub-classification, and monthly mean temperatures range
from 50 degrees Fahrenheit (°F) during the winter months to 70°F during the summer
months (SAIC, 1994). During the summer months (April through October), an onshore
wind pattern occurs because of the proximity of the adjacent Pacific Ocean; during the
winter months, this wind pattern is interrupted by weather fronts (SAIC, 1994). Wind
measurements have been collected at SSFL in Area IV west of the Group 4 Reporting Area.
A wind rose diagram from January to December 2001 is presented in Figure 1.2-1 and
indicates that the prevailing wind pattern is northwest-southeast (Sonoma Technology, Inc.
[STT], 2003). This wind rose pattern is consistent with the historical data collected both in
the 1960s and in the 1990s.

Precipitation at SSFL is normally in the form of rain, although snow occasionally has fallen
during the winter months. Precipitation at the site has averaged approximately 18 inches
per year between 1960 and 2007, as shown in Figure 1.2-2. The annual precipitation has
ranged from a low of 5.7 inches in 2002 to a maximum of 41.2 inches in 1998. Precipitation
has been measured at SSFL daily during rainstorms at two onsite stations. The monthly
precipitation for the 6-year period from October 2000 through June 2008 is presented in
Figure 1.2-3. Most of the annual precipitation at SSFL occurs between November and
March, consistent with the regional precipitation pattern of southern California.

1.2.2 Physiography

SSFL is located within the Pacific Mountain System, Pacific Border Province, Los Angeles
Ranges (also know as the Transverse Ranges) physiographic region. Generally, the
Transverse Ranges represent a complex of tectonic forces resulting from the interaction of
the Pacific and the North American plates along the San Andreas Fault. The Transverse
ranges are oriented predominantly east-west. The Transverse Ranges include the Santa
Ynez Mountains, the San Rafael Mountains, the Sierra Madre Mountains, the Topatopa
Mountains, the Santa Susana Mountains, the Simi Hills, the Santa Monica Mountains, the
San Gabriel Mountains, the Puente Hills, the Chino Hills, and the San Bernardino
Mountains.

The Transverse Ranges are characterized by extreme differences in geologic age and
composition, varying from sedimentary rocks in the western Santa Ynez and Santa Monica
mountains to primarily granitic and metamorphic rock in the eastern regions, where they
terminate abruptly in the San Gabriel and San Bernardino mountains.

Located in the Simi Hills, SSFL occupies approximately 2,850 acres of hilly terrain that
expresses approximately 1,100 ft of topographic relief (Figure 1.2-4). The highest surface
elevation at SSFL occurs near the center of the site at an approximate elevation of 2,245 ft
above mean sea level (msl). The highest surface elevations at SSFL occur in two general
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bands that strike along a northeast-southwest trend, consistent with the geology of area.
The lowest elevation occurs at the eastern property boundary and has an elevation of
approximately 1,1,75 ft above msl. The lower elevations at SSFL occur primarily along the
eastern, southern, and north-central to northwestern perimeters of the property. A broad,
relatively flat area of topography exists in the northwestern portion of SSFL that is referred
to as the Burro Flats area ( MWH, 2003f).

Group 3 Rl sites range in elevation from approximately 1,800 ft above msl at the western
area (SPA RI) of the group to approximately 1,950 ft above msl at the eastern boundary (Alfa
RI). The area is dissected by several perennial drainages.

1.2.3 General Geology and Hydrogeology at the Santa Susana Field Laboratory

The regional geology and hydrogeology have been reported extensively in previous
documents submitted to the DTSC. Brief summaries are provided below. Detailed
information regarding the geology and hydrogeology is provided in the site-specific
sections (Sections 2 through 8).

1.2.3.1 Summary of Geology

SSFL is located in the Transverse Ranges of southern California, characterized by north-
south compression that has produced geologic structures such as faults, synclines, and
anticlines that are elongated in an east-west direction. Primary geologic units present at
SSFL are the Quaternary Alluvium and the Cretaceous Chatsworth formation. The
Chatsworth is overlain by the Simi Conglomerate Member of the Paleocene Santa Susana
formation in the northern part of the site, and is faulted against the Santa Susana formation
in the western part of the site. To the south, the Chatsworth is overlain by southward
dipping late Tertiary formations. Structurally, SSFL is located on the southern flank of an
east-west striking and westward plunging syncline that passes through the central part of
the Simi Valley (MWH, 2003f). The attitude of the stratigraphic sequence at SSFL reflects
the local structural setting, with bedding exhibiting a northeast/southwest strike and dips
ranging from 25° to 40° to the northwest. The regional geology is depicted in Figure 1.2-5.
A geologic map of the SSFL area is presented in Figure 1.2-6. These geologic formations are
described below:

Quaternary Alluvium/Colluvium-Alluvial soils are generally thin and typically 5 to 15 ft
thick at SSFL. The extent of alluvial soils at the SSFL is presented in Figure 1.2-7. Alluvial
soils usually occur in topographic lows and along stream drainages. Stream drainage
generally corresponds to troughs and depressions on the top of the Chatsworth formation,
which are thought to be related to zones of bedrock weakness characterized as areas of
greater fracture density and intensity and enhanced weathering a thin alluvial veneer covers
a broad expanse in the Burro Flats area. Disturbed soils also have been used as fill material
in developed portions of SSFL. Thick fill soils (up to 35 to 40 ft) have been identified in the
northeast and north-central sections of SSFL. The alluvium generally consists of weathered
Chatsworth formation sediments and is usually a fine-grained silty sand (MHW, 2003e).
Colluvium, consisting of sediment deposited or built up by gravity at the foot of steep
slopes, sometimes will be found in association with alluvial deposits.

Chatsworth Formation-Most of SSFL is underlain by the Cretaceous Chatsworth formation,
which consists of interbedded sandstone and shale deep-sea turbidite deposits. The
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Chatsworth formation has been divided into the lower Chatsworth formation and the upper
Chatsworth formation. The upper Chatsworth formation has been further subdivided into
the Sandstone 1 and Sandstone 2 units (Figure 1.2-7). Further subdivision of these
sandstone units has resulted in the naming of multiple members. A series of thin shale,
siltstone, and sandstone beds, known collectively as Shale 2, separate the older Sandstone 1
deposits from the overlying Sandstone 2 deposits. The Chatsworth formation is subject to
weathering (chemical and physical), both at the surface and within the subsurface.
Weathered Chatsworth formation rocks generally exhibit fracture traces that have been
oxidized and overall colors of various shades of yellow, brown and grey. Depths to
weathered Chatsworth formation rocks vary across the Group 3 study area. Weathered
bedrock thickness can be on the order of tens of feet thick and, in some areas, greater than
100 ft thick. Higher fracture density, both laterally and vertically, can contribute to wider
and deeper weathered bedrock sections.

Stratigraphy. SSFL Group 3 RI units are underlain by members of the Sandstone 1 and
Sandstone 2 units of the Chatsworth formation (MWH, 2007a). Thicknesses of Sandstone 1
and 2 at SSFL can reach 1,900 ft and 1,200 ft, respectively. The Shale 2 unit is situated
between the Sandstone 1 unit and the Sandstone 2 unit and transects the Group 3 study
area. The Shale 2 unit consists of upper and lower fine-grained sub-units separated by a
middle sandstone sub-unit. The thickness of the Shale 2 unit varies from 150 ft to
approximately 175 ft.

The northern section of the Group 3 RI study area is underlain by deposits of various
member of the Sandstone 2 unit (MWH, 2007a). These units, from oldest to youngest
(geographically from southeast to northwest), consist of the Silvernale member, the SPA
member, the Lower Burro Flats member, the Expendable Launch Vehicle (ELV) member,
and the Upper Burro Flats member.

Two lenticular fine-grained units with limited areal extent, Shales 1A and 1B, are defined
within Sandstone 1 (MWH, 2007a). The Happy Valley and Woolsley members are finer-
grained units of Sandstone 1 that are present in the subsurface in the Group 3RI study area.
The southeastern section of Group 3 is underlain by deposits of the Sandstone 1 Sage
Member, which consists predominantly of medium-grained sandstone with minor interbeds
of siltstone and shale.

Structure. Structural features and rock discontinuities are integral components of the
geologic setting at SSFL, both of which are numerous at SSFL and the surrounding area
(MWH], 2007a). Geologic structures at SSFL have been defined as three different categories-
faults and fault zones, deformation bands, and structures. With respect to groundwater,
rock discontinuities are the most significant structural features at the facility. Rock
discontinuities generally are defined as zones of weakness in a rock mass and also are
characterized as fractures, which include faults, partings along bedding planes, and near-
vertical joint sets. Collectively, these structural features make up the systematic
interconnected fracture network in the Chatsworth formation.

The North-, Middle-, and South Bravo deformation bands are present at the southwestern
boundary of the Group 3 RI. The North Bravo deformation band strikes approximately
N60'W and has been reported as dipping to the southwest approximately 70°.
Displacement at the scale of inches has been noted along two separate traces, one to the
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north and another to the south. The North Bravo deformation band expresses itself
geomorphically as a linear drainage that is locally defined by a 5- to 15-foot-deep and
relatively narrow slot in rock (MWH, October 2005). The Middle Bravo deformation band is
poorly exposed, but defined by a well-developed topographic lineament and deformation
bands found adjacent to the lineament. Where exposed, 2 to 3 ft of apparent down to the
south vertical separation is shown. A dip of more than 70° to the southwest and northeast
has been observed. The South Bravo deformation band is well exposed and easily identified
on aerial photographs. The strike is approximately N80°W and the dip is approximately 700
to the south. Displacement of less than one-half inch to the south has been observed.

The Coca Fault occurs to the south of the Bravo beds. The fault extends east to west across
nearly the entire SSFL boundary and is believed to merge with another major fault (the
Burro Flats fault) to the west. Displacement across the fault is difficult to ascertain. The
fault’s dip has been measured to be N76/W.

The North Fault lies north of the Group 3 study area. It traverses the SSFL’s northern
boundary from west to east. Its structure is described as complex, with different structural
styles depending on location. It has been divided into three distinct structural domains
(eastern, central, and western domains). The central domain bounds the Group 3 study area
to the north. In this area the fault exhibits several deformation bands and several faults with
significant apparent displacements. Dip angles of 60°to the south and north have been
observed. The trace of the fault in the central section is based primarily on a weakly
developed aerial photo lineament that is defined by small topographic benches and
variations in the density of outcrops.

A variety of ways to identify fractures and their characteristics has been used at SSFL,
including aerial photographs, outcrop inspections, rock cores, and borehole geophysics.
The major findings are summarized as follows:

e Aerial photos studies indicate that the fracture spacing north of the Shale 2 unit
(northern section of SSFL) is on the order of 100 ft and commonly exceeds 200 ft, while
the fracture density in the southern section of SSFL typically is less than 50 ft.

e Fractures identified from 11 core logs show average fracture spacing ranging from every
1 to2 ft, although fracture spacing was highly variable with depth and unfractured
intervals of 20 ft or more were common. The orientations of the fractures are
independent of the bedding and jointing features.

e Borehole geophysical logging at 26 locations indicated that the downhole fracture
spacing ranged between 1 and 2 ft, on average. Data evaluation has not revealed any
specific patterns in the spatial distribution of fractures in the subsurface.

e Stereonets, rose diagrams, and fracture dip diagrams do not reveal any particular
pattern in the fracture orientation; however, it can be generalized that most of the
fractures dip more than 40° and the majority of fractures are oriented northeast-
southwest (parallel to the strike of the Chatsworth formation) (MWH, October 2005).
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1.2.3.2 Summary of Hydrogeology

Since mid-2001, groundwater has been classified as either near-surface groundwater (that
water which is present in alluvium, colluvium, and/or weathered bedrock) or Chatsworth
formation groundwater (that which is found in unweathered bedrock beneath SSFL) (Haley
and Aldrich, 2007). This approach was approved by the DTSC (DTSC, 2007a) for the
purposes of HHRAs and ERAs, is consistent with the DTSC-approved OU approach, and is
adopted herein. The DTSC has requested that groundwater definitions be revised to reflect
continuity between groundwater that may be perched versus that which is vertically
continuous (DTSC, 2007b). In each Group 3 RI site-specific section, groundwater occurrence
is evaluated to determine whether perched water exists above the local water table or is
interconnected to the unweathered bedrock flow system of the Chatsworth formation.

First encountered groundwater typically exists under water table conditions and may be
encountered in alluvial and colluvial deposits, weathered bedrock, or unweathered
Chatsworth formation rocks. First-encountered groundwater can be found at depths as
shallow as approximately 4 ft bgs to depths greater than 500 ft bgs. Aquifer tests have
demonstrated that a well-interconnected fracture network (both vertically and horizontally)
extends throughout the subsurface.

The areal extent of NSGW (which was extensively mapped in February 2002) is shown in
Figure 1.2-8 (MWH, 2003d) and closely reflects the areal distribution of alluvial and
colluvial deposits, as shown in Figure 1.2-7. The occurrence of NSGW is variable-
ephemeral in some areas and perennial at others, particularly in weathered bedrock.
Groundwater monitoring wells completed in both alluvial and weathered bedrock will, on
occasion, be dry. The direction of NSGW flow varies spatially and generally depends on the
orientation of valleys and their slope. NSGW in Group 3, which occurs primarily at the Alfa
and Bravo sites, generally flows westward ( MWH, 2003f). Groundwater flow in the
unweathered bedrock flow system of the Chatsworth formation is variable and difficult to
define due to the complex flow paths that develop because of the interconnected fracture
network.

A conceptual model of NSGW occurrence and flow paths is provided in Figure 1.2-9. Linear
areas of low topographic expression that are aligned with stream drainage patterns typically
correspond to zones of bedrock weakness resulting from areas of high fracture density in
the Chatsworth formation. Bedrock weakness is characterized by troughs and depressions
that form wedges where relatively thick weathered bedrock sections are formed by
enhanced weathering. Subsequent deposition of colluvium and alluvium in the stream
drainage completes the NSGW hydrostratigraphic unit, where converging lines of flow from
infiltration, shallow groundwater flow, and bedrock flow concentrate pore water and create
preferential flow paths.

Groundwater springs and/or seeps have been found both in ephemeral drainages in the
southern section of SSFL and offsite to the north and east of SSFL ( MWH, 2003f), but none
has been found within the boundary of the Group 3 study area.

The fractured Chatsworth formation is the principal water bearing system at SSFL.
Chatsworth formation groundwater occurs regionally, rather than being localized in extent,
as with NSGW. Depths to water measured in Chatsworth formation wells (where
groundwater is not vertically continuous with NSGW) range between 60 and 300 ft bgs and
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can vary over short distances (MWH, 2004). Chatsworth groundwater occurs in secondary
porosity features (fractures, bedding planes, and joints) where most groundwater
movement occurs. Groundwater also occurs within the matrix of the sandstone (in between
fractures and bedding planes), but little to no movement of this water occurs within the rock
matrix. The matrix hydraulic conductivity is approximately an order-of-magnitude lower
than the bulk hydraulic conductivity of the Chatsworth formation, indicating that the
hydraulic conductivity of the formation is dominated by the fractures within the bedrock
(Montgomery Watson, 2000).

In this conceptual model, the rock matrix provides the storage volume, while the
interconnected fracture network dominates the bulk rock mass hydraulic conductivity. The
heterogeneity exhibited by the Chatsworth formation is more pronounced in areas adjacent
to faults and deformation bands.

From an analysis of hydrogeologic data, five groundwater units have been established at
SSFL (Montgomery Watson, 2000). Group 3 SWMU s are contained within Groundwater
Units 2 and 3. In the northern portion of Group 3 (Building 204 and SPA Areas), the
groundwater flow in Unit 3 is generally north and northwest. The estimated rate of
groundwater discharge along the northern boundary of the unit ranges from 5 to 10 gallons
per minute (gpm), based on gradient and bulk hydraulic conductivity observations
(Montgomery Watson, 2000).

The remaining SWMUs for Group 3 are within Groundwater Unit 2. The groundwater flow
in this unit is generally west to east in the Bravo Area and northwest to southeast in the Alfa
Area.

1.2.3.3 Hydrogeologic Properties

Hydraulic conductivities have been estimated from short-duration, single-well pumping
tests at some Chatsworth formation wells located near or in the Group 3 study area.
Summaries of these hydraulic conductivities are provided in Table 1.2-1.

Lateral near-surface groundwater gradients were calculated for the Alfa, Bravo, and SPA
sites for measurements taken in March 2001, November 2001, and May 2003. The results are
listed in Table 1.2-2.

Vertical hydraulic gradients were calculated for select wells at the SPA RI site on March 6,
2001. The results are summarized in Table 1.2-3. HAR-12 and HAR-14 are completed in
weathered bedrock of the Chatsworth formation and are considered NSGW monitoring
locations. PZ-057 is screened in weathered bedrock and HAR-05 is screened in
unweathered Chatsworth formation.

1.2.3.4 Recharge

A detailed analysis of groundwater recharge was conducted by MWH and reported in
December 2003 (Technical Memorandum, Analysis of Groundwater Recharge, Santa Susana Field
Laboratory, Ventura County, California, MWH, December 2003). Two quantitative techniques
(water balance method and chloride balance method) and one qualitative method
(characterizing the occurrence, relative concentration, and distribution of stable hydrogen
and oxygen isotopes) were used to estimate recharge at the SSFL. Quantitative estimates
based on data beginning in 1997 through 1999 show infiltration ranging from 23 to
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26 percent of precipitation or from 14 to 20 percent of total inflow to the SSFL drainage area
using the water balance method. These values should be regarded as upper limits to
estimates because of uncertainties surrounding measuring surface water runoff and
evapotranspiration. Varying evapotranspiration scenarios result in infiltration ranging from
11 percent to 44 percent of precipitation based on vegetative cover. The qualitative chloride
mass balance method provided an estimate of recharge of 6 percent of precipitation, and
when uncertainties were factored in, an estimate ranging from 1 to 12 percent of
precipitation resulted. Using an annual average of 20 inches of precipitation, recharge
estimates vary from an average of 0.2 inch to 8.8 inches annually.

The qualitative methods using stable hydrogen and oxygen isotopes were not used to
quantify recharge but to provide information regarding the nature of recharge. Some
previous investigators thought recharge might be rapid and occur in focused areas of SSFL.
The MWH study did not support that contention, and instead indicated that Chatsworth
formation groundwater has a narrow range and consistent ratio of hydrogen and oxygen
isotopes, thus indicating well-mixed groundwater.

The estimated recharge to the Chatsworth formation groundwater (using the chloride mass
balance technique) was refined in 2007 with the collection of site-specific data collected over
a 14-month period in 2006 and 2007 (MWH, 2007b). Two bulk deposition collectors were
installed at SSFL from which precipitation was collected and analyzed for chloride,
phosphate, conductivity, and density. Chloride concentrations in precipitation water were
compared with those in groundwater, and resulted in an estimate of recharge ranging from
2 to 7.2 percent of annual rainfall (0.4 to 1.3 inches per year based on an average of

18.6 inches rainfall per year) (MWH, 2007; SSFL Groundwater Advisory Panel, June 2008).

1.2.4 SSFL Surface Water Features

The occurrence of surface water at SSFL is intermittent. That which does not seep into the
ground is collected in one of four major drainages and conveyed offsite (Figure 1.2-10).
Most of the surface water from SSFL runs off the southern property boundary through Bell
Canyon and into Bell Creek, which subsequently discharges into the Los Angeles River. The
eastern portion of the facility drains through Dayton Canyon into Dayton Creek and joins
with Bell Creek to form the Los Angeles River. The northwestern perimeter drains
northward into Meier Canyon, which discharges into Arroyo Simi. The northeastern and
north-central portions of SSFL drain into the Northern Drainage, which connects to the
Meier Canyon drainage offsite to the north of SSFL on property owned by the BBI. NPDES
outfalls monitor discharges from these drainages. Other drainages where no operations
occur include the Runkle Canyon, Woolsey Canyon, and Eastern drainages ( MWH, 2003f).

The Group 3 Rl sites are located in the northern drainage and southern Bell Canyon
drainage. There probably are several ephemeral streams in the Group 3 study area.
Groundwater flows in the surficial media within the Alfa and Bravo Rl sites are generally
east to west, along the topographic lows associated with the stream drainage.

There are four perennial ponds or surface water bodies in SSFL. The ponds have been used
to collect storm water runoff, treated groundwater, and operational water. There are six
skim ponds or retention ponds (SWMU 5.11, 5.15, 5.12, 5.16, and 5.17) located in the Group 3
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study area. The skim and retention ponds received and stored waste generated from
activities conducted at the associated RI sites.

Numerous ephemeral and perennial springs and seeps, most of which occur in the area
surrounding SSFL, have been identified (Figure 1.2-11). Seeps are defined as any location
where water is observed discharging from the subsurface; this includes locations with
flowing water, ponded water, and wetness, but no observed ponding or active flow. The
definition includes features normally referred to as “springs.” No springs or seeps have
been identified within the boundaries of the Group 3 RI sites; however, several have been
identified in the drainage basin north of the Group 2 RI site and in the southern
undeveloped area of SSFL.

1.2.5 Habitat

A broad-scale evaluation of habitats present at SSFL was conducted, as reported in the
Biological Conditions Report (MWH, Appendix I, 2005e). This survey documented the
occurrence of 16 different habitat types within SSFL-freshwater marsh, open water,
unvegetated drainage channels, coast live oak woodland, southern coast live oak riparian
forest, southern willow scrub, mulefat scrub, baccharis scrub, Venturan coastal sage scrub,
chaparral, native grassland, nonnative grassland, ruderal, rock outcrop, eucalyptus
woodland, and developed. Habitat surveys specific to Group 3 were not reported in MWH
(2005e).

To characterize the presence and condition of the habitats in Group 3, site-specific field
surveys were conducted at each of the five Group 3 Rl sites in early April 2008. These
surveys identified the nature and spatial extent of the habitat and land cover types present
at each site, and reported whether there was evidence of stress among resident plants?.
Incidental observations of animals or animal signs also were recorded. Habitat and land
cover types in each of the Rl sites are summarized in Table 1.2-4 and shown in Figure 1.2-12.
Habitats at each RI site are described briefly below. The complete details of the field
surveys, including a checklist, photographs, and site-specific habitat maps for each Rl site,
are presented in Appendix A. The habitats are summarized below:

e Building 204 Area-The Building 204 Area is approximately 4.08 acres; of those, 37 percent
is developed (pavement, roads, or buildings). Ruderal vegetation, grassland, or rock
make up approximately 23, 7, and 2.5 percent of the site, respectively. Shrub/scrub
vegetation (mulefat, coast live oak, and laurel sumac) was observed to cover 2 percent of
the site. Multiple bird and mammal species (house finch, red-tailed hawk, western
scrub-jay, white-throated swift, California towhee, spotted towhee, gopher [burrows],
coyote [scat], and rodents [burrows]) were observed to use the site. The western fence
lizard also was observed at the site.

e SPA-The SPA Area is approximately 4.96 acres; of those, 36 percent is developed
(pavement, roads, or buildings). Dense shrub/scrub (coast live oak, yerba santa, coyote
brush, and milk thistle) covers 22.4 percent of the site. Woodland and ruderal
vegetation are the next most dominant habitat types, covering 16 and 10 percent of the
site, respectively. Stressed vegetation was observed over approximately 15 percent of

1 observations of stressed vegetation are a critical component of the qualitative assessment of risks to the plant community
and a prerequisite for a quantitative risk evaluation for plants [Section 1.5.4].
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the site. Multiple bird and mammal species (spotted towhee, western scrub-jay, house
finch, Anna’s hummingbird, yellow-rumped warbler, dark-eyed junco, American
goldfinch, Nuttall’'s woodpecker, house wren, California towhee, gopher [burrows],
kangaroo rat [burrows], deer [tracks], cottontail rabbit, ground squirrel, and coyote
[scat]) were observed to use the site. Additionally, the western fence lizard was
observed. Standing dead woody vegetation provides evidence that this site burned in
the 2005 Topanga Fire.

ABFF-The ABFF Area is approximately 1.62 acres; of this acreage, more than one third is
developed (paved, roadways, or buildings). Approximately 33 percent of the site is
dense shrub/scrub (yerba santa and deer weed), with ruderal vegetation (red-stemmed
tilaree, red brome, and short-pod mustard) covering approximately 23 percent of the
site. Woodland cover is limited to approximately 2.5 percent. Stressed vegetation was
observed over approximately 5.5 percent of the site. Multiple bird and mammal species
(house finch, spotted towhee, California towhee, house wren, Nuttall’'s woodpecker,
hooded oriole, song sparrow, red-tailed hawk, American crow, American goldfinch,
European starling, gopher [burrows], and California ground squirrel) were observed to
use the site. Additionally, the western fence lizard was observed.

Bravo-The Bravo Area is approximately 8.86 acres and is predominantly dense
shrub/scrub habitat (almost 40 percent), with coast live oak, yerba santa, coyote brush,
and laurel sumac that exceed 5 feet in height. Approximately 20 percent of the Bravo
area is open field, dense ruderal vegetation, generally 12 inches or less in height. Paved
or developed areas cover approximately 28 percent of the site. Multiple bird and
mammal species (Bewick’s wren, spotted towhee, dark-eyed junco, house finch,
California towhee, California quail, common raven, Anna’s hummingbird, gopher
[burrows], vole [runways], cottontail rabbit, and coyote [scat]) were observed to use the
site. Additionally, western fence lizards, grasshoppers, and crickets were observed.

Alfa-The Alfa Area is approximately 7.54 acres. Dominant land cover types include
ruderal vegetation (28 percent), riparian woodland (25 percent), and rock (15.5 percent).
Developed areas (pavement, roadways, and buildings) cover 3.7 percent of the area.
Stressed vegetation (a peach tree, laurel sumac, and dead and stressed vegetation in
drainage) was observed in the Alfa area and represents 24 percent of the land cover.
Some of the stressed vegetation along the drainage may be a result of herbicide spraying
along roads. Multiple bird and mammal species (spotted towhee, house finch, dark-
eyed junco, violet-green swallow, white-crowned sparrow, western scrub-jay, American
goldfinch, Anna’s hummingbird, red-tailed hawk, California quail, blue-gray
gnatcatcher [in riparian area], American kestrel, California ground squirrel, gopher
[burrows], coyote [scat], mule deer [tracks and scat], cottontail rabbit, bat [guano on
rocks], and fox [scat]) were observed to use the site. Additionally, western fence lizards,
grasshoppers, and crickets were observed.

Skyline-The Skyline Drive area, approximately 5.6 acres, contains a substantial number
of cleared areas, roadway corridors, and areas that currently support structures,
facilities, or other developments. The road, buildings, and associated developed areas
constitute about 23 percent of the land cover at this site. Although extensive woodland
does not occur within the site, several coast live oaks were documented along drainages
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away from the project area. This woodland habitat covers 1.5 percent of the site.
Venturan coastal sage scrub (29.3 percent), annual grassland (13.1 percent), and ruderal
vegetation (7.3 percent) are the most common vegetation types throughout the site. Bird
species observed during the site visit include American crow, Anna’s hummingbird,
black phoebe, bushtit, California quail, house finch, house and white-crowned sparrows,
Lesser goldfinch, mourning dove, red-tailed hawk, rock pigeon, spotted towhee, turkey
vulture, and western meadowlark. Mammals observed onsite include desert cottontail,
California ground squirrel, and coyote.

e WCT-The WCT Area is small, approximately 0.1 acre. The dominant land cover types
include ruderal vegetation (73 percent) and shrub/scrub (15.6 percent). Developed
areas (pavement, roadways, and buildings) cover 11 percent of the area. Although
stressed vegetation was observed immediately adjacent to the WCT, none was observed
within this site. Multiple bird and mammal species (California towhee, red-tailed hawk,
spotted towhee, American goldfinch, common raven, coyote [scat], cottontail rabbit,
western fence lizard) were observed to use the site.

1.3 Previous Investigations, Interim Actions, and Monitoring

The primary investigations and actions referenced for the Group 3 RI are summarized
below. These investigations and actions were driven by RCRA and state standards and
regulations, and were approved and overseen by various agencies.

Interim measures for groundwater contamination were initiated in the late 1980s under
RWQCB oversight. The ongoing groundwater pump and treatment systems, now under a
DTSC permit, are a continuation of this interim measure (MWH, 2004).

An RFA conducted for EPA in 1989 by SAIC identified 122 SWMUs and AOCs at SSFL.
These included units that have used, stored, or handled various hazardous materials. When
finalized in 1994, the RFA included 3 additional sites, for a total of 125 SWMUs and AOCs at
SSFL. During the subsequent phase of remedial action, 10 additional AOCs were identified
at SSFL (MWH, 2004).

A Current Conditions Report (CCR) was completed by ICF in 1993, describing existing site
conditions, history, operation, and previous sampling results for SWMUs and AOCs
identified in the RFA. As part of the CCR sampling event, accelerated cleanup actions were
conducted at three sites following approval by DTSC. The CCR included the original RFI
Work Plan, which proposed to investigate 21 SWMUs and AOCs that were grouped into 13
RFI sites (now called RI sites) (MWH, 2004).

Investigations conducted in 1983, 1987, and 1988 identified sediment effects at the Alfa/
Bravo Skim Pond (ABSP). Sediment was excavated to bedrock in 1988. As a result of the
excavation and confirmation sampling in 1993, closure was granted by DTSC in 1994. A
post-closure permit was issued by the DTSC in 1995 (NASA, 2008).

Concurrent investigations were initiated on the Alfa and Bravo skim ponds and drainages
in 1983. Soil, soil gas, and sediment samples were collected. Low TCE concentrations were
found during additional sampling activities conducted in 1993 (Ogden, 1996). The Alfa and
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Bravo skim ponds have not received closure and currently are in the RFI phase (MWH,
2004).

The SPA impoundments SPA-1 (SWMU 5.16) and SPA-2 (SWMU 5.17) initially were
sampled in 1987. The concrete liners and underlying soil were excavated in 1988.
Excavations were backfilled with clean soil from the Burro Flats are