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ABBREVIATIONS AND ACRONYMS

png/L micrograms per liter

BCT Base Realignment and Closure Cleanup Team

bgs below ground surface

BHHRA baseline human health risk assessment

BSU Bay Sediment Unit

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations

COC chemical of concern

COPC chemical of potential concern

CSM conceptual site model

DON Department of the Navy

DTSC (California) Department of Toxic Substances Control

EPA U.S. Environmental Protection Agency

EPC exposure point concentration

FISCA Fleet and Industrial Supply Center Oakland, Alameda Facility/Alameda Annex
FS feasibility study

FWBZ first water-bearing zone

HI hazard index

ILCR incremental lifetime cancer risk

IR Installation Restoration

J&E Johnson and Ettinger

MCL maximum contaminant level

mg/L milligrams per liter

ou Operable Unit

PRG Preliminary Remediation Goal

RAO Remedial Action Objective

RAWP Remedial Action Work Plan

RD remedial design
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ABBREVIATIONS AND ACRONYMS

(Continued)
RG remedial goals
RI remedial investigation
RME reasonable maximum exposure
ROD Record of Decision
SWBZ second water-bearing zone
SWRCB (California) State Water Resources Control Board
TDS total dissolved solids
TPH total petroleum hydrocarbons

Water Board California Regional Water Quality Control
USCG United States Coast Guard
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1.0 INTRODUCTION

This Technical Memorandum presents a focused evaluation of groundwater quality and potential
human health risks associated with groundwater underlying Alameda Point Operable Unit
(OU)-5 (Installation Restoration [IR] Sites 25, 30, and 31)/Fleet and Industrial Supply Center
Oakland, Alameda Facility/Alameda Annex (FISCA) IR-02, in Alameda, California. OU-5/FISCA
IR-02 is referred to as “the site” in this Technical Memorandum. The Record of Decision (ROD)
(DON 2007) for the site was issued in 2007, and construction of the remedial system was completed
in October 2009. The chemicals of concern (COCs) for the site are dissolved-phase benzene and
naphthalene in the groundwater.

1.1  Scope and Purpose

The purpose of this Technical Memorandum is to provide technical support for moving toward a
ROD amendment. Accordingly, this Technical Memorandum reviews the conceptual site model
(CSM) in light of the additional data collected since the issuance of the ROD. Specifically, this
Technical Memorandum summarizes the technical evaluations and conclusions presented in
previous documents (such as the risk assessment results and conclusions presented in the Final
Remedial Investigation/Feasibility Study [RI/FS] Report and the post-ROD predesign
groundwater and soil stratigraphy investigation results presented in the Final Remedial
Design/Remedial Action Work Plan [RD/RAWP]). This Technical Memorandum presents an
evaluation of the full body of site characterization data and land-use information to assess the
potential for vapor intrusion at the site.

A comprehensive review of the groundwater data collected since issuance of the ROD (DON
2007) was performed to evaluate how these new data affect the need for continued remediation
at the site, particularly as these data relate to the CSM and potential risks to people resulting
from direct and indirect exposure to the COCs in the groundwater (i.e., benzene and
naphthalene). This Technical Memorandum was designed to assemble and present the
information needed to establish an effective path forward for the groundwater at the site that is
protective of human health and the environment. The groundwater data evaluation was
structured to answer the following groundwater management questions and reduce or eliminate
uncertainties regarding the site:

e What do these additional groundwater data tell us about the potential beneficial uses of
the local groundwater?

e What do these additional data tell us about the potential direct exposures to groundwater
in the first water-bearing zone (FWBZ) that would be associated with those beneficial
uses?

e What do these additional data tell us about the CSM and the resulting vertical distribution
of site COCs, as documented in the ROD?
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e What do these additional data tell us about potential indirect exposures to COCs in the
FWBZ as a result of vapor intrusion?

e What are the “next steps” to ensure protectiveness of human health regarding the shallow
groundwater contamination at the site?

1.2 Organization of Technical Memorandum

Information and evaluations related to the purpose and questions in Section 1.1 are presented in
Sections 2.0 through 5.0, and answers to those questions are provided in Section 6.0.

Section 2.0 of this Technical Memorandum provides background information including the site
location, land use, geology, hydrogeology, the existing groundwater classification, CSM, ROD
summary, and brief chronology of the key remedial activities. This information was used
collectively to verify the site CSM, presented in the ROD, of the highest COC concentrations at
depth and refine that CSM based on the post-ROD data evaluated in the Final RD/RAWP and
also in this Memorandum.

Section 3.0 summarizes the groundwater quality data that have been collected at this site since
the ROD was issued. These data are reviewed in the context of potential beneficial uses of the
groundwater in the FWBZ.

Section 4.0 presents a reevaluation of the potential beneficial uses of the groundwater in the
FWBZ based on the post-ROD groundwater quality data presented in Section 3.0.

Section 5.0 presents a summary of the prior baseline human health risk assessment (BHHRA) for
OU-5 (focusing on the projected risks associated with both direct and indirect exposure to the
FWBZ groundwater), establishing the completeness or incompleteness of the direct and indirect
groundwater exposure pathways for the site, and establishing potential vapor intrusion as the
appropriate focus for FWBZ groundwater. Section 5.0 also contains a summary of the prior
investigations and assessments of the potential exposure to COCs in groundwater via vapor
migration, and presents and summarizes the multiple lines of evidence used to evaluate the
significance of this exposure pathway for the site under current and reasonably anticipated future
scenarios. Section 5.0 also presents an analysis of the potential vapor intrusion risks using the
currently available data and current assessment protocols and toxicity values to evaluate whether
the previous RI/FS conclusions relative to vapor intrusion remain valid.

Section 6.0 summarizes the findings of the recent groundwater data evaluation and provides
answers to the groundwater management questions posed in Section 1.1 and addresses many of
the prior uncertainties associated with the CSM. Section 6.0 also presents recommendations for
future steps to ensure protectiveness of human health in relation to shallow groundwater
contamination at the site.

Section 7.0 lists the references cited in this Technical Memorandum.
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Figures 1 through 16, except for Figure 13, in this Technical Memorandum are figures from
previously issued OU-5/FISCA IR-02 groundwater documents. Therefore, the original
documented figure numbers are retained for reference.

Appendix A provides background information from previous reports related to the target
remediation zone (CD only).

Appendix B presents background information related to soil gas sampling.
Appendix C provides analysis of potential risks associated with the vapor intrusion pathway.

Appendix D presents responses to agency comments on the Draft Technical Memorandum.

13 Summary

Additional groundwater data were collected post-ROD as part of the predesign investigation to
fill data gaps as well as support the remedial design. Both the pre- and post-ROD data are
evaluated in this Technical Memorandum. The FWBZ at the site is not a source of potable water
nor is it a plausible source for agricultural or industrial supply, independent of the presence of
dissolved benzene and naphthalene. The overall low quality of the groundwater in the FWBZ
with respect to total dissolved solids (TDS), iron, sulfates, and alkalinity causes the groundwater
to be undesirable for use in even the potential nonpotable applications that were evaluated in the
RI/FS risk assessment. Consequently, given this post-ROD data for the FWBZ groundwater, the
only exposure pathway remaining is the potential indirect inhalation exposure to COCs in
groundwater due to vapor intrusion.

The Final RIFS risk assessment (ERRG 2004) and prior focused risk assessment of potential
vapor intrusion at the U.S. Coast Guard Housing indicated that this potential exposure pathway
was not significant and did not result in residential indoor air inhalation risks exceeding the risk
management range. The Final RI/FS Report (ERRG 2004) concluded, “Additionally, potential
inhalation of VOCs in indoor air by residential and school receptors does not pose an
unacceptable risk.”

Post-ROD predesign investigation results identified natural barriers (clay) to upward vapor
intrusion. Therefore, the vapor intrusion pathway may not be complete in these areas, and does
not contribute significantly to potential indoor air inhalation risk where the pathway exists. This
Technical Memorandum includes assessments of potential vapor intrusion and verifies that the
previous results are still conservative and technically valid.

There have been no updates to the U.S. Environmental Protection Agency (EPA) Integrated Risk
Information System toxicity values for either benzene or naphthalene since these assessments.
However, as of 2004, the State of California considers naphthalene to possibly be carcinogenic to
humans. The potential vapor intrusion exposure pathway was again found to not be significant
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and to not result in residential indoor air inhalation risks exceeding the risk management range
even with these more stringent DTSC toxicological assumptions and the updated vapor intrusion
assessment protocols. Using the more recent DTSC approach and the soil gas data, vapor
intrusion evaluations estimated the RME ILCRs for benzene and naphthalene to still be within
the risk management range across the site.

A significant and consistent body of evidence has been developed for this site, which supports
the conclusion that volatiles from the dissolved plume of benzene and naphthalene in the FWBZ
are not migrating upward into potentially or currently occupied structures sufficiently to create
indoor air concentrations that pose a carcinogenic or noncarcinogenic risk higher than the
regulatory benchmarks and thresholds that define the risk management range (i.e., an ILCR
between 10 and 10°). This evidence includes a combination of the following:

A. Direct measurements from the sampling of soil gas, groundwater, crawl space air, indoor
air, and outdoor ambient air in relation to the site’s residential areas

B. Results of modeling the migration of volatiles released from the groundwater or in the
overlying soil gas up through the soil column into a residential building and assessment
of the risk implications of the projected indoor air concentrations of the volatiles

C. Results of additional characterization of the physical features and stratigraphy of the site
relative to the factors that are known to either enhance or diminish potential vapor
intrusion

More specifically, these lines of evidence (presented in more detail in subsequent sections of
this Technical Memorandum and in Appendix C) include: (1) direct measurements of soil gas
crawl space air, indoor air and outdoor ambient air that in combination indicated that there is
not a significant contribution to indoor air COC levels from a subsurface source; (2) numerous
borings with associated analytical sampling at different depths that have demonstrated that there
are extensive, layered clay deposits at the site that are blocking the upward migration of volatile
COC:s in the soil gas; (3) soil characterization in the vadose zone that showed that the conditions
that are conducive to biodegradation of COCs like benzene and naphthalene are likely to be
present across much of the site; (4) analytical results for multi-depth groundwater sampling
performed in the absence of hydraulic pumping and mixing showed a natural vertical
stratification of COC concentrations with the highest concentrations at depth at the Marsh
Crust; (5) site-specific vapor intrusion modeling performed in accordance with recent studies
and vapor intrusion guidance projected indoor air concentrations not indicative of significant
vapor migration; (6) RUFS risk assessment results showed RME ILCRs of 1 x 10°to 5 x 107
for residents based on use of soil gas data; and (7) the results of vapor intrusion evaluations
using current DTSC criteria and the soil gas measurements from across the site (i.e.,
the projected benzene indoor air inhalation RME ILCRs ranged from 4.8 x 10 to 4.8 x 107,
and the projected naphthalene indoor air inhalation RME ILCRs ranged from 5.6 x 10™ to
5.0 x 10°).
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All the above evidence was reviewed and critically evaluated for this Technical Memorandum to
assess whether the dissolved benzene and naphthalene in the FWBZ groundwater currently pose
an indoor air inhalation risk to residents or a potential risk to future residents, children, or
students who may routinely occupy buildings at the site. These results and further summary-
level information focused on the questions in Section 1.1 are presented in Section 6.0.

20 SITE BACKGROUND

The following sections describe the site location, land use, geology, hydrogeology, existing
groundwater classification for groundwater in the FWBZ, and the CSM. In addition, the ROD is
summarized, and the key remedial activities that have been implemented since the issuance of
the ROD are noted.

2.1 Site Location

The site location is shown on Figure 1 (Figure 1-2 from the Interim Remedial Action Completion
Report OU-5/FISCA IR-02 Groundwater). Figure 1 also identifies the IR sites and the current
site features. The OU-5/FISCA IR-02 groundwater plume, as delineated in the Remedial Design
(RD)/Remedial Action Work Plan (RAWP) (TtEC 2010) and shown on Figure 1, is about 60
acres in extent. The EPA Comprehensive Environmental Response, Compensation, and Liability
Information System identification number for the site, as certified in the ROD, is
CA2170023236.

2.2 Land Use

The primary land use for OU-5 is residential, while land use at FISCA is mixed. OU-5 includes
the following:

e [R-25: A 42-acre site, consisting of the currently unoccupied North Village Housing and
the U.S. Coast Guard (USCG) Housing Maintenance Office. Future land use is expected
to remain residential (DON 2007).

e [R-30: An approximately 6-acre site, consisting of the currently unoccupied Island High
School and the Woodstock Child Development Center. If the future land use in this area
does not return to education, it would be expected to be residential (DON 2007).

e [R-31: An approximately 24-acre site, consisting of USCG Marina Village Housing Area.
Future land use is expected to remain residential (DON 2007).

FISCA includes the following:

e [R-01 is a former warechouse area located south of Site 31 on the southwest side of
FISCA. Bayport Housing has since been constructed at IR-01.

e [R-02 is located on the south central side of FISCA. The Defense Logistics Agency
Defense Reutilization and Marketing Office operated a screening lot and scrap yard at

IR-02 until 1997. The western portion of IR-02 was used as a screening lot and for
temporary equipment storage. The eastern portion of IR-02 was used as a scrap yard and
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for temporary storage of discarded automobiles, stockpiled scrap metal, and surplus
equipment. The Shinsei Garden Housing Development, a multi-family residential
project, has been constructed on the western portion of IR-02.

e [R-03 is located in the west central portion of FISCA. It formerly consisted of an
automotive drive-up maintenance rack over an asphalt-paved area. The area remains
undeveloped.

IR-25, excluding the USCG housing office, and IR-30 are currently Navy property. The USCG
housing office and IR-31 are USCG property. FISCA is City of Alameda property.

2.3  Geology

Surface and near-surface soil at the site consists of artificial fill placed during the historical
filling of the tidal marshlands, which occurred from approximately 1900 to 1930. The artificial
fill materials are believed to be dredging spoils from the surrounding San Francisco Bay and the
Oakland Inner Harbor. The average fill thickness at OU-5/FISCA IR-02 is approximately 17
feet based on continuous soil cores collected during the RD/RAWP (TtEC 2010).

The following sedimentary units were identified throughout the site from the ground surface to
approximately 20 feet below ground surface (bgs):

e Sand, silty sand (or gravel and cobbles in the west)

e (lay (with the clay layer being thicker to the south and west)

¢ Fine sand (FWBZ) (sand diminishes to the west and southwest)
e Marsh Crust (a thin layer of highly contaminated sediments)

e Top of the Bay Sediment Unit (BSU)

These sedimentary units were previously characterized by constructing a number of near-surface
geological cross sections. These cross sections, labeled as AA’ through HH', are reproduced as
Figures 2 through 9. These figures are Figures 4-3, 4-4, 4-5, 4-13, 4-14, 4-15, 4-16, and 4-17 of
the RD/RAWP, respectively. Figures 10 and 11 (Figures 4-2 and 4-12 of the RD/RAWP) show
the locations of these cross sections.

The BSU underlying the artificial fill material ranges in thickness from 25 to 100 feet (PRC and
Versar 1996), and consists of recent sediment deposited in an estuarine environment. The BSU
generally consists of gray to black, high plasticity clay with occasional abundant organic
material. Post-ROD drilling and coring activities were terminated once the top of the BSU was
encountered.

2.4  Hydrogeology

The uppermost permeable unit at Alameda Point is referred to as the FWBZ. The FWBZ beneath
OU-5 occurs in the artificial fill. The saturated thickness of the FWBZ is approximately 8 feet in

ECSD-3211-0007-0018 Fnl GW Eval Tech Memo 6 Final Technical Memorandum
OU-5/FISCA IR-02 Groundwater Data Evaluation

Alameda Point and FISCA

DCN: ECSD-3211-0007-0018

CTO No. 0007



the eastern portion of OU-5 and 2 feet in the western portion of OU-5. FWBZ groundwater
depth ranges from 5 to 9 feet bgs (TtEC 2010). The groundwater has a lateral flow direction that
is variable, but is generally north to northwest toward Oakland’s Inner Harbor as shown on
Figure 12 (Figure 3-1 of the RD/RAWP). Groundwater contour maps generated during basewide
sampling events indicate a high level of local variability. This local variation likely results
primarily from the permeability variability of the shallow aquifer fill material (ERRG 2004).

The BSU forms an aquitard between the FWBZ and second water-bearing zone (SWBZ), the
deeper, confined aquifer beneath the site (PRC and Versar 1996). BSU thicknesses of 25 to 100
feet were reported beneath the site (PRC and Versar 1996).

2.5 Existing Groundwater Classification

The 2000 beneficial use evaluation report stated that the FWBZ in the central region of Alameda
Point beneath OU-5 is considered a Class II aquifer based on federal total dissolved solids (TDS)
and aquifer yield criteria, and the SWBZ in this area is considered a Class III aquifer because
TDS concentrations in this unit exceeded 10,000 milligrams per liter (mg/L) (TtEMI 2000). The
beneficial use evaluation report also stated that the Class II groundwater in the central region
(i.e., the area including OU-5 and FISCA) should not be considered a potential drinking water
source for the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) cleanup decisions because:

e The safe yield and maximum pumping rate for the FWBZ are inadequate to support the
possible common uses of water or multiple domestic users.

e Saltwater intrusion is occurring at the base of the FWBZ and would be accelerated by
groundwater extraction.

e No supply wells currently exist within or downgradient of contaminated groundwater.

e There is an inability to meet state and county requirements for well construction because
of a thin, shallow aquifer.

The 2000 beneficial use evaluation report identified other potential beneficial uses (including
those represented in Table 1) for the groundwater beneath the central region of Alameda Point
that includes OU-5.

In consideration of mitigating factors and property reuse, the Base Realignment and Closure
Cleanup Team (BCT) concluded that groundwater beneath OU-5 is unlikely to be used as a
drinking water source (TtEMI 2000). However, contaminant mass reduction was believed to be
required to facilitate long-term contaminant attenuation and allow for other beneficial uses of
groundwater (TtEMI 2000). Furthermore, the BCT concurred with setting cleanup levels at
concentrations higher than drinking water standards for the central region on the condition that
any contaminated groundwater beneath OU-5 would be remediated to levels such that the
potential threats posed by inhalation (e.g., groundwater vapors migrating into buildings), dermal
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contact, and those associated with irrigation use are eliminated, and any significant further
degradation of the groundwater from contaminant migration would be prevented (TtEMI 2000).

In June 1999, the San Francisco Bay Regional Water Quality Control Board (Water Board)
concurred that shallow groundwater at FISCA met the conditions for an exemption from the
domestic water supply designation in State Water Resources Control Board Source of Drinking
Water Policy Resolution 83-63. The Water Board exemption letter cited TDS in excess of 3,000
mg/L due to naturally occurring salt water intrusion (with an average TDS in area wells of
12,100 mg/L) as the reason for the exemption. Figure 1 shows that FISCA surrounds OU-5 on
all but the west side.

There are no drinking water wells installed within the OU-5/FISCA IR-02 plume area. Water
service is provided by the East Bay Municipal Utility District from a separate source outside the
area, and all residences, schools, and commercial institutions are required to be connected to this

supply.
2.6 Conceptual Site Model/Source of Contamination

The Final RI/FS and ROD both document the vertical stratification of COCs at the site, with the
highest COC concentrations at depth. The ROD states “benzene concentrations have been found
to increase with depth to the top of the Marsh Crust, with the highest concentrations detected in
HydroPunch samples collected from approximately 16 to 20 feet bgs.” The sources of the
groundwater contamination in the FWBZ were originally believed to primarily be past point-
source discharges and the contaminated fill that was used to create Alameda Point and FISCA.
An objective of the predesign investigation was to verify the CSM’s vertical stratification of
COCs cited in the ROD, including the location and nature of the contaminant source. Based on
the results of predesign continuous soil coring, additional multi-depth soil and groundwater
sampling, and isotopic analysis of soil and groundwater at several locations, the RD/RAWP
determined that the source of the benzene and naphthalene in the groundwater of the FWBZ is
the Marsh Crust, a 0.5- to 1.0-inch thick layer of contaminated sediment located at the BSU
contact. Specifically, based on extensive sampling at the site, multiple lines of evidence that
verify and explain the COC concentrations increasing with depth to the top of the Marsh Crust,
with the highest concentrations detected in HydroPunch samples collected from approximately
16 to 20 feet bgs, as stated in the ROD, include the following:

e Predesign hydrocarbon fingerprint and stable isotope ratio analysis results showed one
common source for Marsh Crust soil and groundwater contamination and a coal-based,
not petroleum-based, source for site contamination (see Final RD/RAWP, Appendices F
and G). Local history confirms a nearby manufactured gas plant where coal was used.
The coal carbonization process produces benzene- and naphthalene-rich waste products
typically (historically) disposed of into the environment.
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e Results of multi-depth soil samples collected during the predesign investigation showed
that benzene and naphthalene in most soil samples collected below the water table, but
above the Marsh Crust, were below detection limits and low concentrations in all
samples. The results for Marsh Crust samples were one to six orders of magnitude higher
than soil samples collected below the water table but above the Marsh Crust.

e Results of continuous coring geologic logging: If there were a surface or near-surface
spill/source (such as a petroleum spill or a fire pit), evidence of contamination (e.g.,
smear zone) would be at the top of the water table since site contaminants are lighter than
water. No evidence of a smear zone was observed in any continuous cores.

e The Marsh Crust is observed as a thin (approximately 0.5 to 1 inch) layer of
contamination at the base of the artificial fill directly on top of the Bay Mud formation
(rich in plant material). The highest contaminant concentrations in groundwater were at
the Marsh Crust (see Figure 14 [Figure 3-6 of the RD/RAWP]). Therefore, the predesign
HydroPunch sample results confirmed RI/FS data cited in the ROD, showing that the
groundwater contamination increases with depth to the top of the Marsh Crust
(Figure 14).
This determination, documented in the Final RD/RAWP, is consistent with previous multi-depth
groundwater data evaluated in the RI/FS and summarized in the ROD. The Marsh Crust layer is
encountered at an average depth of 17 feet bgs within the OU-5/FISCA IR-02 plume area based
on the continuous core samples collected during the RD/RAWP (TtEC 2010). A more complete
and detailed evaluation of the Marsh Crust and the origin of site contamination, including other
sites with similar manufactured gas plant wastes, is presented in Appendices F and G of the
RD/RAWP (TtEC 2010) and Appendix A of the Interim Remedial Action Completion Report
(TtEC 2012). For completeness, these background data are included in Appendix A of this
Technical Memorandum.

Figure 13 presents the CSM, which shows the contamination at the Marsh Crust depth, and
reflects the refined understanding of the source of the benzene and naphthalene. The CSM is not
reflective of any particular location. It is a general representation of the conditions encounted
along cross-section E-E’ on Figure 6. Potential exposure-related implications of this CSM are
discussed later in Section 5.0.

2.7 ROD Summary
The ROD declaration states:

“The DON, in coordination with the regulatory agencies, has made a risk management decision
that remedial action is warranted for shallow groundwater to protect public health and the
environment based on the following:

e Site histories

e Field investigations
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e Laboratory analytical results
e Evaluation of potential ecological and human health risks

e Current and reasonable anticipated future land use

Results of previous investigations indicate that benzene and naphthalene in shallow groundwater
at OU-5/IR-02 pose a potential risk to human health based on current and reasonably anticipated
future land uses. For the current and future residential use for most of this site, the carcinogenic
risk without using the groundwater for drinking water is within the risk management range.
Carcinogenic and non-carcinogenic risks if the groundwater were used for drinking water exceed
the risk management range. The ecological risk assessment concluded that there are no
unacceptable ecological risks at the site. Additionally, the ecological risk assessment concluded
that the site supports only limited habitat, the presence of terrestrial receptors is limited, and
future land uses would not create additional ecological habitat.”

The ROD defines benzene and naphthalene as the COCs for the site. RAOs for OU-5/FISCA
IR-02 were developed to guide the identification and evaluation of remedial alternatives for the
groundwater plume. The DON has taken actions to reduce contaminant concentrations in the
groundwater and potential exposure media as a risk management decision that was made in
coordination with the regulatory agencies. As stated in the ROD, the RAOs for groundwater are
to protect human health by preventing exposure of potential residents and occupational workers
to benzene and naphthalene present within the groundwater at OU-5/FISCA IR-02.

The remedial goals (RGs) are risk-based chemical concentration limits established to achieve this
objective. The risk-based groundwater RGs, as presented in the ROD are:

e Benzene: 1.0 microgram per liter (ug/L)

e Naphthalene: 100 pg/L

These risk-based RGs are conservative in that they provide for unrestricted groundwater use,
including the highly unlikely scenario of using the groundwater as a domestic drinking water

supply.

In accordance with the RI/FS and ROD, the selected remedy is: biosparging in the plume
centers, with soil vapor extraction and nutrient/microorganism enhancement as required;
monitored natural attenuation for the remaining plume (and within the plume centers following
completion of the active remediation); and institutional controls while the remediation is in
progress.

2.8  Chronology of Key Remedial Activities

The Final ROD was issued in August 2007. Predesign investigation was conducted after the
issuance of the ROD and included installation of additional plume perimeter monitoring wells,
followed by the preparation of the RD/RAWP. The RD/RAWP specified the wells to be
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monitored within the plume and at the plume perimeters, as well as the monitoring for the
biosparging of the plume centers. The groundwater treatment system was installed between
October 2008 and October 2009. Biosparging and groundwater monitoring were initiated in
March 2009, and are continuing as of the writing of this Technical Memorandum.
Approximately 4.33 kilograms (9.55 pounds) of benzene and 39.04 kilograms (86.07 pounds) of
naphthalene have been removed. The calculations are included in Attachment 1. Semiannual
biosparge area groundwater monitoring results are included in Attachment 2.

3.0 GROUNDWATER QUALITY

Groundwater samples were collected from HydroPunch and monitoring well locations along the
plume center and along the plume boundary in 2007 and 2008 as part of a predesign
investigation and as described in the RD/RAWP (TtEC 2010). The groundwater quality data
generated by this sampling are discussed below.

3.1 Benzene and Naphthalene

Benzene and naphthalene analyses were conducted on HydroPunch and monitoring well
groundwater samples (Tables 2 and 3). HydroPunch locations with benzene and naphthalene
concentrations are shown on Figures 14 and 15 respectively (Figures 3-6 and 3-7 of the
RD/RAWP). Samples from 48 and 45 percent of OU-5 groundwater sampling locations had
benzene or naphthalene concentrations, respectively, exceeding their ROD criteria. The typical
HydroPunch included a 3-foot-long well screen. The typical monitoring well was constructed
with a 10-foot screen interval. Plume boundary monitoring well locations with benzene and
naphthalene concentrations are shown on Figure 16 (Figure 3-12 of the RD/RAWP). Annual
plume boundary monitoring well results from 2009 to 2012 are included in Attachment 2.

Pursuant to the remedial design, plume center groundwater sampling also was conducted to
evaluate the vertical distribution or gradients of benzene and naphthalene concentrations across
the FWBZ. Multi-depth HydroPunch groundwater samples were collected from seven locations
(see Table 4). At each of the seven locations, the groundwater sample spanning the Marsh Crust
had benzene and naphthalene concentrations one to four orders of magnitude greater than
samples collected above the Marsh Crust. These post-ROD multi-depth groundwater sampling
results correlated well with the multi-depth soil sampling results and confirm the pre-ROD
investigation results that groundwater contamination increases with depth and proximity to the
Marsh Crust. COC concentrations at the top of the FWBZ at the time of this sampling were near
or below the respective reporting limits for benzene and naphthalene at 6 of 7 multi-depth
sampling locations (see Table 4).

3.2 Total Dissolved Solids Distribution

The TDS analytical method measures the total amount of dissolved minerals in water. The solids
are typically iron, chlorides, sulfates, calcium, or other minerals. The dissolved minerals can
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produce an unpleasant taste or appearance and can contribute to scale deposits on pipe walls
TDS levels over 1,500 mg/L are considered to be undesirable for most uses. Guidelines for TDS
in irrigation water indicate that water with a TDS concentration greater than 2,000 mg/L is
severely limited relative to practical uses for irrigation (Miller and Gardiner 2001). It is difficult
and expensive to treat water on a scale associated with domestic or industrial use to reduce TDS
levels.

OU-5 area groundwater samples were analyzed for TDS to evaluate whether the FWBZ
groundwater met municipal or domestic supply criteria. The federal standard of 10,000 mg/L in
the Safe Drinking Water Act of 1974 applies for making this determination. California State
Water Resources Control Board (SWRCB) Resolution No. 88-63 (Sources of Drinking Water)
states that groundwater is considered to be suitable, or potentially suitable, for municipal or
domestic water supply with the exception of groundwater where TDS exceeds 3,000 mg/L
(among other thresholds and restrictions) (SWRCB 1988).

Insufficient data had been collected during pre-ROD investigations to evaluate TDS
concentrations in the OU-5 area FWBZ groundwater. TDS analysis was, therefore, conducted on
HydroPunch and monitoring well samples during the predesign investigation. Table 2 provides
TDS data for HydroPunch locations and Table 3 provides the data for the monitoring wells.
HydroPunch and monitoring well locations are shown on Figures 14 and 16 respectively. The
average TDS concentration was 16,075 mg/L in the FWBZ.

TDS concentrations above 3,000 mg/L were reported in samples collected from:

e 13 of 16 plume center HydroPunch locations (or 19 of 22 samples) with concentrations
ranging from 435 to 36,300 mg/L

e 14 of 18 OU-5 area monitoring well locations (or 14 of 19 samples) with concentrations
ranging from 650 to 38,300 mg/L

Samples from 80 percent of the OU-5 area groundwater sampling locations had TDS
concentrations exceeding the 3,000-mg/L criterion with an average concentration across the site
of 16,075 mg/L. For HydroPunch data from samples collected deeper than 15 feet bgs using
shorter screen intervals, 100 percent of samples exceeded the 3,000 mg/L criterion (see Table 2).

Samples from 61 percent of OU-5 area groundwater sampling locations had TDS concentrations
exceeding the federal criterion of 10,000 mg/L. For HydroPunch samples deeper than 15 feet
bgs, only two samples (9,760 and 4,350 mg/L) did not exceed the criterion of 10,000 mg/L. In
addition, the overall average concentration of 16,075 mg/L in the FWBZ exceeds the federal
TDS criterion of 10,000 mg/L for Class III groundwater.
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3.3  Comparison to Other Groundwater Quality Criteria

In addition to TDS, several other water quality parameters for the FWBZ groundwater exceed
drinking water or domestic water supply suitability criteria, including sulfates, iron, and
alkalinity.

3.3.1 Sulfates

Sulfates in groundwater are caused by natural deposits of magnesium sulfate, calcium sulfate, or
sodium sulfate. Concentrations should be below 250 mg/L for most practical applications.
Higher concentrations are undesirable for consumptive uses because of their laxative effect on
people. Sulfates cannot be economically removed from drinking water. Sulfate concentrations
above 250 mg/L were reported in:

e 4 of 47 plume center HydroPunch samples with concentrations as high as 736 mg/L (see
Table 2)

e 8 of 24 samples from OU-5 area monitoring wells with concentrations as high as 2,780
mg/L (see Table 3)

Samples from 11 percent of the OU-5 area groundwater sampling locations had sulfate
concentrations exceeding the 250 mg/L criterion, and the average sulfate concentration in the
FWBZ groundwater was 133 mg/L.

3.3.2 lron

Iron in domestic water can be objectionable because it can give a rusty color to laundered clothes
and may affect taste. Frequently found in water due to large deposits in the earth’s surface, iron
also can be introduced into drinking water from iron pipes in the water distribution system. In
the presence of hydrogen sulfide, iron causes a sediment to form that may give the water a
blackish color. An iron concentration less than 0.3 mg/L is considered to be acceptable for
domestic use, while concentrations greater than 1.0 mg/L are considered to be unsuitable for use.

Iron concentrations above 0.3 mg/L were reported in:

e 31 of 31 plume center HydroPunch samples with concentrations ranging from 0.6 to 10
mg/L (see Table 2)

e 85 of 92 samples from OU-5 area monitoring wells with concentrations as high as 10
mg/L (see Table 3)

Samples from 94 percent of the OU-5 area groundwater sampling locations had iron
concentrations exceeding the 0.3 mg/L criterion, and the average iron concentration in the
FWBZ groundwater was 3 mg/L.
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3.3.3 Alkalinity

Alkalinity is a measure of the presence of bicarbonate, carbonate, or hydroxide compounds in the
groundwater. Concentrations less than 100 mg/L are desirable for domestic water supplies. The
recommended range for alkalinity in drinking water supplies is 30 to 400 mg/L. High alkalinity
(above 500 mg/L) is usually associated with high pH values, hardness, and high dissolved solids.
High alkalinity has adverse effects on plumbing systems, especially on hot water systems (e.g.,
water heaters, boilers, heat exchangers) where excessive scale reduces the transfer of heat to the
water. This results in greater power consumption, increased costs, and more frequent
replacement.

Alkalinity concentrations above 500 mg/L were reported in:

e 43 of 46 plume center HydroPunch samples with concentrations as high as 4,550 mg/L
(see Table 2)

e 40 of 50 samples from OU-5 area monitoring wells with concentrations as high as 4,250
mg/L (see Table 3)

Samples from 86 percent of the OU-5 area groundwater sampling locations had alkalinity
concentrations exceeding 500 mg/L, and the average alkalinity concentration in the FWBZ
groundwater was 2,111 mg/L.

3.4 Saline Water Intrusion and Yield

The site groundwater typically contains moderate to high concentrations of TDS as a result of
saltwater intrusion from the Oakland Inner Harbor. While the shallow aquifer may be capable of
maintaining a sustained yield of 200 gallons per day in the eastern portion of OU-5 where the
FWBZ aquifer averages a thickness of 6 feet, pumping-induced intrusion of saltwater would
further degrade water quality (Water Board 1999). A yield of 200 gallons per day may not be
possible or sustainable in the western portion of OU-5 where the FWBZ is composed of silty
sand approximately 2 feet thick. Wells in these areas have very slow recharge.

3.5  Well Construction Requirements

The California Department of Water Resources has developed standard well construction
requirements to prevent contamination of water supply wells by chemicals and biologic hazards
related to point and non-point sources (DWR 1991). These standards require that annular
sanitary seals must extend at least 50 feet bgs for community and industrial water supply wells
and at least 20 feet bgs for domestic, agricultural, and other types of water supply wells. Given
that the maximum artificial fill thickness (i.e., the thickness of the FWBZ) at OU-5 is 20 feet,
water supply well construction requirements would result in the mandated sanitary seal
extending all the way through the FWBZ and into the SWBZ. The SWBZ has already been
classified as a Class III aquifer due to high TDS/saline content which makes it unsuitable for
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domestic, agricultural, industrial, or municipal beneficial uses. Accordingly, a compliant well
could not be installed that could be used to extract water from the FWBZ.

3.6  Potential for Off-Site Plume Migration

No off-site FWBZ groundwater production wells have been identified in the vicinity of OU-5.
Off-site migration of groundwater is via the regional groundwater flow toward the nearby
Oakland Inner Harbor.

3.7 Groundwater Quality Summary

Groundwater quality in the FWBZ does not meet drinking water/domestic supply criteria. In
addition to the presence of benzene and naphthalene contamination associated with the Marsh
Crust, there are other constituents present due to saltwater intrusion and other phenomena that
have resulted in poor water quality relative to the levels of TDS, sulfates, iron, and alkalinity.
Groundwater quality parameters and aquifer characteristics incompatible with drinking
water/domestic supply include:

e The overall average concentration of 16,075 mg/L in the FWBZ exceeds the federal TDS
criterion of 10,000 mg/L for Class III groundwater.

e 11 percent of the OU-5 area groundwater sampling locations had sulfate concentrations
exceeding the 250 mg/L criterion.

e 94 percent of the OU-5 area groundwater sampling locations had iron concentrations
exceeding the 0.3 mg/L criterion, and the average iron concentration was 3 mg/L.

e 86 percent of the OU-5 area groundwater sampling locations had alkalinity
concentrations exceeding 500 mg/L.

e Pumping-induced intrusion of saltwater would further degrade water quality.

e Sustained yields of 200 gallons per day may not be possible in the western portion of
OuU-5.

e Given that the maximum thickness of the FWBZ at OU-5 is approximately 9 feet, water
supply well construction requirements would result in the required sanitary seals
extending all the way through the FWBZ into the SWBZ (precluding groundwater
extraction form the FWBZ). The SWBZ has already been classified as a Class III aquifer
due to high TDS/saline content which makes it unsuitable for domestic, agricultural,
industrial, or municipal beneficial uses.

40 GROUNDWATER BENEFICIAL USE EVALUATION

Currently, the FWBZ in the central region of Alameda Point beneath OU-5 is considered to be a
Class II aquifer based on federal TDS and yield criteria. The SWBZ in this area is considered to
be a Class III aquifer because TDS concentrations exceeded 10,000 mg/L (TtEMI 2000).
Additional groundwater data collected since the ROD was issued were compiled and evaluated.
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This analysis indicates that the FWBZ does not meet the Class II aquifer criteria because of high
TDS and high, undesirable levels of other groundwater quality parameters.

In addition to the federal and state criteria, the following criteria also were considered in
evaluating the potential future use of the FWBZ groundwater:

e The geology and hydrogeology in the vicinity of OU-5

e State of California production well construction requirements regarding the length of the
sanitary seal for municipal, industrial, and domestic production wells

e The current and anticipated future municipal or domestic water supply to OU-5

4.1 EPA Groundwater Classification

According to the preamble of the National Oil and Hazardous Substances Pollution Contingency
Plan, site-specific factors can be evaluated to determine whether groundwater should be
considered to be a potential drinking water source for CERCLA cleanup decisions. If
groundwater within a region or a specific site has little or no potential as a source of drinking
water, then alternate cleanup goals can be considered under CERCLA. According to EPA’s
Guidelines for Ground-Water Classification under the EPA Ground-Water Protection Strategy
(EPA 1986), Class III groundwater includes groundwater that is saline, or otherwise
contaminated beyond levels that would allow its use for drinking or other beneficial purposes.
These include groundwater with a TDS concentration over 10,000 mg/L or groundwater that is
contaminated by naturally occurring conditions or by the effects of broad-scale human activity
such that it cannot be cleaned up using treatment methods reasonably employed in public water-
supply systems.

4.2 State Water Board Beneficial Use Classifications
4.2.1 Municipal Use

Unless otherwise designated by the SWRCB, all groundwater is considered suitable, or
potentially suitable, for municipal or domestic water supply (MUN). In making any exceptions,
the Water Board must consider the exemption criteria referenced in State Water Board
Resolution No. 88-63 and SWRCB Resolution No. 89-39, “Sources of Drinking Water”:

Surface and groundwater where:

a. The total dissolved solids (TDS) exceed 3,000 mg/L (5,000 microSiemens per
centimeter, uS/cm, electrical conductivity) and it is not reasonably expected by
Regional Boards to supply a public water system, or

b. There is contamination, either by natural processes or by human activity (unrelated
to the specific pollution incident), that cannot reasonably be treated for domestic use
using either Best Management Practices or best economically achievable treatment
practices, or
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c. The water source does not provide sufficient water to supply a single well capable of
producing an average, sustained yield of 200 gallons per day.

Groundwater where:

The aquifer is regulated as a geothermal energy producing source or has been exempted
administratively pursuant to 40 Code of Federal Regulations (CFR), Section 146.4 for
the purpose of underground injection of fluids associated with the production of
hydrocarbon or geothermal energy, provided that these fluids do not constitute a
hazardous waste under 40 CFR, Section 261.3.

4.2.2 Agricultural Supply

Agricultural supply (AGR) includes uses of water for farming, horticulture, or ranching,
including, but not limited to, irrigation, stock watering, or support of vegetation for range
grazing.

The criteria discussed under MUN also effectively protect farmstead uses. To establish water
quality criteria for livestock water supply, the SWRCB must consider the relationship of water to
the total diet, including water freely drunk, moisture content of feed, and interactions between
irrigation water quality and feed quality. The University of California Cooperative Extension
has developed threshold and limiting concentrations for livestock and irrigation water.
Continued irrigation with water from poor supplies often leads to one or more of the following
hazards:

e Soluble salt accumulations

e (Chemical changes in the soil

e Toxicity to crops

e Potential disease transmission to humans through reclaimed water use

Irrigation water classification systems, arable soil classification systems, and public health
criteria related to reuse of wastewater have been developed with consideration given to these
hazards.

4.2.3 Industrial Service Supply

Uses of water for industrial activities (IND) that do not depend primarily on water quality,
including, but not limited to, mining, cooling water supply, hydraulic conveyance, gravel
washing, fire protection, and oil well repressurization. Many industrial service supplies have
essentially no water quality limitations except for gross constraints, such as freedom from
unusual debris. Other applications, such as for wash water, heat transfer fluid, and landscaping
irrigation, have practical limitations due to the potential effect of the water on the systems
conveying or applying the water or the objects or plants to which the water is applied (see
Section 3.0).
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4.3 Evaluation of Groundwater Classification for the FWBZ

The current classification of the FWBZ in the OU-5 area as a potential source of drinking water
(Class II or MUN) was based on a limited or incomplete evaluation of groundwater quality
parameters. Data collected during the predesign investigation indicate that groundwater quality
is not adequate for potable use due to average TDS concentrations in excess of both the state
(3,000 mg/L) and federal (10,000 mg/L) thresholds. In addition, several other groundwater
quality parameters are incompatible with domestic use, including sulfate, iron, and alkalinity (see
Section 3.7). The presence of these groundwater contaminants is due in part to salt water
intrusion and is not associated with any identified contaminant source. Neither TDS nor sulfate
can be economically removed from domestic drinking water or small to medium-sized industrial
water supplies using conventional techniques.

Agricultural supply (AGR) use was identified as a potential use for the central region
groundwater (TtEMI 2000). Use of groundwater for crop irrigation or landscape watering was
determined not to be feasible because of the TDS concentration. Livestock water was considered
to be an improbable use, based on the assumption that TDS was less than 5,000 mg/L
(TtEMI 2000). This use is also not likely to be associated with the reasonably anticipated future
use of this site. Acceptable TDS concentrations for turf grass irrigation range from 200 to 500
mg/L. TDS concentrations higher than 2,000 mg/L can damage turf grasses (PennState 2012).
As the average TDS concentration in the groundwater (16,075 mg/L) significantly exceeds
acceptable levels for crop irrigation or livestock watering (i.e., below 5,000 mg/L) or landscape
watering (i.e., below 2,000 mg/L), agricultural supply is not a potential beneficial use of the
FWBZ groundwater.

Industrial supply (IND) was determined to not be a potential beneficial use of the FWBZ
groundwater due to TDS concentrations greater than 1,000 mg/L and insufficient sustainable
yield (TtEMI 2000).

Based on an evaluation of the groundwater quality information presented in Section 3.0 in the
context of the federal and state beneficial use criteria, the FWBZ at this site is not a potential
source of drinking water and, therefore, should be considered Class III groundwater instead of
Class II groundwater. This evaluation also found that the FWBZ groundwater was not suitable
for uses like wash water for a car wash or water for irrigating crops or landscaping on a routine
basis.

50 RISK ASSESSMENT SUMMARY AND UPDATE
51  Summary of 2004 BHHRA

The RI BHHRA for OU-5/FISCA IR-02 evaluated potential risks from direct and indirect
exposures to chemicals in groundwater associated with potential future beneficial uses that
involve bringing groundwater to the surface and using it in commercial and/or industrial
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activities. The BHHRA identified potential beneficial uses of groundwater based on the 1995
Basin Plan for the San Francisco Bay Region (Water Board 1995), which identified beneficial
water uses for the aquifer that included irrigation water, commercial water, and industrial service
supply water. Additionally, the BHHRA quantitatively assessed potential health risks associated
with the migration of dissolved groundwater and soil gas constituents into indoor air at a current
or future school that would be located at the site.

The BHHRA considered several hypothetically possible direct exposure scenarios associated
with groundwater use, including:

e Exposure to workers and the public associated with groundwater use at a commercial car
wash

e Exposure to workers associated with groundwater use for industrial cooling or process
cooling

e Exposure to workers using groundwater for an industrial emergency shower
e Exposure to workers using groundwater for janitorial activities

e Exposure to workers and the public using groundwater for irrigation purposes (lawn,
landscaping, or vegetation)

e Exposure to workers and residents associated with future hypothetical use of the
groundwater beneath the property as a potable water supply

These hypothetical receptors were identified through the performance of a qualitative human
health evaluation conducted as part of the BHHRA (NewFields 2000). Of these various
hypothetical beneficial groundwater use scenarios, the following two were quantitatively
assessed in the BHHRA:

e A worker theoretically exposed to chemicals of potential concern (COPCs) in
groundwater during the operation of a commercial car wash

e A worker hypothetically exposed to COPCs in the groundwater through landscaping
irrigation activities
The BHHRA also considered indirect exposures to COPCs in the FWBZ groundwater due to
potential vapor intrusion:

e A school exposure scenario (school children and adult workers) was evaluated based on
the assumption of theoretical exposure to volatile COPCs migrating upward from the
groundwater into the indoor air of an existing or future school.

e Vapor intrusion into occupied or potentially occupied residential buildings at the site also
was evaluated.

For the hypothetical worker beneficial groundwater use exposure scenarios, the potential
inhalation of COPCs volatilized from groundwater brought to the surface and released during the
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operation of spray jets and sprinklers and the dermal absorption of COPCs during contact with
this water were assessed. Use of groundwater as a potable water supply also was assessed. For
the school scenario, theoretical inhalation of adult workers and children resulting from vapor
migration from groundwater into the indoor school air was estimated using the Johnson and
Ettinger (J&E) vapor migration model (EPA 2000). Lastly, for the residential scenario,
theoretical inhalation exposures resulting from vapor migration from groundwater into the indoor
air and exposures associated with use of groundwater as a potable water supply were evaluated.

The BHHRA conservatively used the maximum detected concentration in groundwater for all
COPCs as the exposure point concentrations (EPCs) for both its Tier 1 and Tier 2 risk
evaluations, except for benzene and naphthalene. Tier 2 EPCs for benzene and naphthalene were
calculated from kriged groundwater concentrations for a 500-foot and 725-foot radius around the
monitoring well with the highest detected concentration of benzene. The RI/FS risk assessment
(Final RI/FS Report, Section 6, page 6-1) included use of HydroPunch data from samples
collected at approximately 20 feet bgs (ERRG 2004). The Final RI/FS Report further
documented (Section 6.4, page 6-6) that in both Tier 1 and Tier 2 analysis, exposure point
concentration data included data from all depths at both Alameda Point and FISCA.

Two different approaches were used to calculate EPCs for vapor intrusion, one based on
groundwater monitoring results and one based on soil gas measurements. The first approach
used the Tier 2 groundwater EPCs as input to the J&E vapor migration modeling. The second
approach used the measured soil gas concentrations as the driver inputs to the J&E modeling.
For soil gas, four exposure areas were defined based on current land use. They were the OU-5 —
IR-25, IR-30, IR-31, and FISCA. FISCA was not used for residential purposes at the time the
BHHRA was prepared, but the IR-02 area is currently occupied by the Shinsei Garden Housing
Development, which was constructed with sub-slab depressurization and vapor barriers. Land
use controls dictate that any other new construction in FISCA IR-02 must include engineering
controls similar to those now in place. OU-5 IR-31 is currently used for residential housing
(USCG Marina Village Housing). IR-30 includes a school that is no longer in use and the
Woodstock Child Development Center. IR-25 is abandoned USCG housing. The maximum
benzene soil gas concentrations were used as the Tier 2 EPCs for each of these four locations.
The Tier 2 evaluation included both Central Tendency and Reasonable Maximum Exposure
(RME) factors. The RME noncarcinogenic Hazard Indices (HIs) based on the soil gas data
ranged from 0.0076 to 0.0092 across all locations. These values were all well below the
acceptable HI threshold of 1.0. The RME results for the incremental lifetime cancer
(carcinogenic) risk (ILCR) based on the soil gas data ranged from 5 x 10™® to 1 x 10°. Table 6-2
of the Final RI/FS is included in Appendix C.

The results of this BHHRA demonstrate that for non-potable water beneficial use scenarios
involving the FWBZ groundwater, the projected upper-bound Incremental Lifetime Cancer Risks
(ILCRs) did not exceed a probability of 1 X 10 (1 in 10,000) for any current or future receptors.
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Use of the multi-depth groundwater data yielded slightly higher risk than the risk using the soil
gas data summarized above, but risks were still in the risk management range. The RME ILCR
without potable water usage ranges from 107 to 10" for workers, residents, and school children
(ERRG 2004). In addition, projected non-cancer Hazard Indices (HIs) were below 1.0 for all
receptors. The calculated HI and ILCR for the RME case for each receptor group are
summarized in Table 5. The 725-foot kriged radius results are not presented as these HIs and
ILCRs were consistently lower than the results based on the 500-foot kriged radius. Therefore,
the BHHRA non-consumptive uses of the FWBZ groundwater associated with the commercial
worker scenarios were projected to have risks within the risk management range.

The hypothetical use of the FWBZ groundwater as a potable water supply also was evaluated.
The BHHRA noted that groundwater at the site is currently not used as a potable water supply.
The calculated HI and ILCR for the RME case for each receptor group are summarized in Table
6. These results are seen to be higher than the risk management range, reflecting potentially
unacceptable risks for drinking the groundwater.

52  RAOs and Exposure Pathways
The ROD states:

“RAOs for OU-5/IR-02 were developed to guide the development and evaluation of remedial
alternatives for the groundwater plume. The DON proposes to reduce contaminant
concentrations as a risk management decision, which was made in coordination with the
regulatory agencies (DON 2006). The RAOs for groundwater are to protect human health by
preventing exposure of potential residents and occupational workers to benzene and naphthalene
present within groundwater at OU-5/IR-02.”

The ROD RAO of ensuring “to protect human health by preventing exposure of potential
residents and occupational workers to benzene and naphthalene present within groundwater at
OU-5/IR-02” 1is still intact given the evaluation of the post-ROD data herein. In light of the
additional post-ROD groundwater quality data described in the RD/RAWP and as detailed in
Sections 3.0 and 4.0 of this Technical Memorandum, the FWBZ is not a potential source of
potable water nor is it a plausible source for agricultural or industrial supply, independent of the
presence of dissolved benzene and naphthalene. As discussed above, the overall low quality of
the groundwater in the FWBZ with respect to TDS, iron, sulfates, and alkalinity causes the
groundwater in the FWBZ to be undesirable for use in even these nonpotable applications that
were evaluated in the BHHRA. This is especially true for the use of the groundwater at a car
wash where the high dissolved solids, sulfates, and iron contents would likely lead to the water
causing significant staining and spotting of the vehicles being washed (Water Laundry News
2009). The quality of the groundwater also would practically limit if and when it could be used
for irrigation or watering lawns (Miller and Gardiner 2001).
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Consequently, the only exposure pathway remaining for the FWBZ groundwater is the potential
indirect inhalation exposure to COCs in groundwater due to vapor intrusion. The vapor intrusion
pathway in the context of the FWBZ groundwater is discussed in more detail in Section 5.2.1.

5.2.1 Vapor Intrusion
5.2.1.1 Features and Characteristics of the Site Relevant to Potential VVapor Intrusion

Possible vapor intrusion into a residence, school, or day care has been a focus for this site for
over a decade. This is due to the presence of a number of residential housing and public
buildings overlying the groundwater plume that contains dissolved benzene and naphthalene.
These structures include (see Figure 1):

e The unoccupied North Village Housing Area (including the Kollman Circle Housing
Area) — A set of formerly used housing units with crawl spaces

e The USCG Marina Village Housing Area — A set of slab-on-grade housing units that is
still in use and occupied

e The Shinsei Gardens Housing Development — A new apartment complex that was
constructed with a vapor barrier and sub-slab depressurization (Note: Land use controls
that have already been implemented require any new construction in IR-02 to include
similar engineering controls.)

e The Island High School — A former high school and elementary school that is no longer
in use

e The Woodstock Child Development Center — An active slab-on-grade child day-care
center

Vapor intrusion of subsurface contamination into the breathing spaces of houses and occupied
public structures can occur as a result of the release of volatile constituents that are dissolved in
the shallow groundwater and their migration up through the soil column by diffusion and
convection. Once at the building foundation or flooring of the structure, the volatile constituents
can be drawn into the structure through cracks and openings and mixed with the indoor air. This
upward migration of volatiles from the groundwater is most significantly affected by:

e The length of the soil column between the bottom of the foundation or the floor of the
occupied structure and the surface of the groundwater table

e The type(s) of soil making up this soil column and their properties (e.g., density, porosity,
moisture content, soil vapor permeability)

e The thicknesses and juxtaposition of the soil layers in the vadose zone between the
groundwater table and the building foundation or floor of the structure

e The degree to which conditions in the soil column either promote or limit biodegradation
of the volatile organic contaminants
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5.2.1.2 Evidence Regarding the Completeness and Significance of the Vapor Intrusion
Exposure Pathway

A significant and consistent body of evidence supports the conclusion that volatiles from the
dissolved plume of benzene and naphthalene in the FWBZ are not migrating upward into
potentially or currently occupied structures sufficiently to create indoor air concentrations that
pose a carcinogenic or noncarcinogenic risk higher than the regulatory benchmarks and
thresholds that define the risk management range (i.e., an ILCR between 10™ and 10). This
evidence includes a combination of the following:

A. Direct measurements from the sampling of soil gas, groundwater, crawl space air, indoor
air, and outdoor ambient air in relation to the site’s residential areas

B. Results of modeling the migration of volatiles released from the groundwater or in the
overlying soil gas up through the soil column into a residential building and assessment
of the risk implications of the projected indoor air concentrations of the volatiles

C. Results of additional characterization of the physical features and stratigraphy of the site
relative to the factors that are known to either enhance or diminish potential vapor
intrusion

More specifically, these lines of evidence (presented in more detail below) include: (1) direct
measurements of soil gas crawl space air, indoor air and outdoor ambient air that in combination
indicated that there is not a significant contribution to indoor air COC levels from a subsurface
source; (2) numerous borings with associated analytical sampling at different depths that have
demonstrated that there are extensive, layered clay deposits at the site that are blocking the
upward migration of volatile COCs in the soil gas; (3) soil characterization in the vadose zone
that showed that the conditions that are conducive to biodegradation of COCs like benzene and
naphthalene are likely to be present across much of the site; (4) analytical results for multi-depth
groundwater sampling performed in the absence of hydraulic pumping and mixing showed a
natural vertical stratification of COC concentrations with the highest concentrations at depth at
the Marsh Crust; (5) site-specific vapor intrusion modeling performed in accordance with recent
studies and vapor intrusion guidance projected indoor air concentrations not indicative of
significant vapor migration; (6) RI/FS risk assessment results showed RME ILCRs of 1 x 10 to
5 x 10™ for residents based on use of soil gas data; and (7) the results of additional vapor
intrusion evaluations using current DTSC criteria that were recently performed and added as
Appendix C of this Technical Memorandum. The additional evaluations were performed using
the soil gas measurements from across the site, and the RME results for the projected benzene
indoor air inhalation ILCRs ranged from 4.8 x 10® to 4.8 x 10”. The RME results from the
additional evaluations had projected naphthalene indoor air inhalation ILCRs ranging from
5.6 x10%t0 5.0 x 10°.

All the above evidence was reviewed to assess whether the dissolved benzene and naphthalene in
the FWBZ groundwater currently pose an indoor air inhalation risk to residents or a potential risk
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to future residents, children, or students who may routinely occupy buildings at the site. A more
detailed summary of this evidence is presented below.

52121

Evidence Based on Direct Soil Gas, Groundwater, and Air Sampling

Three lines of direct evidence relative to the potential completeness and significance of the vapor
intrusion pathway at the site are associated with the results of the sampling of the site soil gas,
groundwater, and air (including indoor, outdoor, and crawl space air).

A-1.

A-2.

A-3.

Soil gas measurements (active and passive) have been taken multiple times across the
study area. Sampling has typically been performed at locations above the
groundwater plume and above and below the clay layer. The results of this sampling
showed that the soil gas has consistently had relatively low concentrations of benzene
and naphthalene even at locations directly above where the highest groundwater
concentrations of these constituents were measured. These measurements indicate
that the upward migration of volatiles through the soil column is being limited or
restricted. An examination of the site conditions (see Section 5.2.1.2.3) suggests that
soil gas migration is being limited by the clay layer, which is acting as a relatively
effective barrier to upward vapor diffusion and the occurrence of some amount of
natural biodegradation of benzene and naphthalene in the vadose zone. In
combination, these mechanisms appear to be acting to prevent the benzene and
naphthalene soil gas concentrations near the ground surface from becoming
measurably elevated. (Further information on the soil gas sampling performed at the
site is presented in Appendix B, Section B-1.)

Indoor air sampling was performed at a number of unoccupied and occupied
residential structures of different design and construction styles, in combination with
colocated ambient air and/or crawl space air sampling. The results indicated that the
concentrations of benzene, naphthalene, and other volatile in the crawl space air (at
the houses with crawl spaces) did not differ from their concentrations in the indoor
(or outdoor) air. In addition, the measurements showed that the indoor air volatiles
concentrations were generally very comparable to the outdoor ambient air
concentrations. Together, these findings support the conclusion that there was no
significant contribution of volatiles to the crawl space or indoor air from a subsurface
source. (Further information on the air sampling performed at the site is presented in
Appendix B, Section B-2.)

An evaluation of the pre-operations soil gas and groundwater data compared to the
conservative default screening levels presented in the 2002 EPA Draft Guidance for
Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils
(Subsurface Vapor Intrusion Guidance) (EPA 2002) suggested that subsurface
volatile contamination could potentially pose an indoor air inhalation risk relative to
the threshold carcinogenic and noncarcinogenic risk levels of 1 x 10° and 1,
respectively, when the maximum detected study areawide concentrations were used
in the screening. However, most of the comparisons showed that the measured pre-
operations soil gas and groundwater concentrations did not exceed these default
screening levels for risk goals within the risk management range. (Further
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information on the comparison of the site data to the default EPA vapor intrusion
screening levels is presented in Appendix B, Section B-3.)

Therefore, the best predictor of potential indoor air impacts (i.e., properly placed soil gas
measurements) indicated that potential inhalation risks were within the risk management range.
Second, direct air measurements did not indicate that a subsurface source of volatiles
contamination was contributing detectably to the concentrations of these constituents in indoor
air or crawl space air. Third, only a very conservative screening level analysis of the maximum
measured soil gas and groundwater concentrations assuming minimal resistance to upward vapor
migration and no biodegradation gave an indication that there was the potential for vapor
intrusion. This indication was associated with potential projected inhalation risk at the most
stringent end of the risk management range.

521.2.2 Evidence Based on Vapor Intrusion Modeling and Risk Assessment

Two indirect lines of evidence relative to the potential completeness and significance of the
vapor intrusion pathway involve analyses to project indoor air concentrations by modeling vapor
migration from measured subsurface conditions and comparing the projected indoor air
concentrations to risk-based thresholds.

B-1. Soil gas to indoor air modeling performed as part of the BHHRA using both the
“EPA Methodology” (i.e., modeling vapor intrusion using the VLEACH model and a
box model for air mixing inside the residence) and the “Cal/EPA Methodology” (i.e.,
simulating the vapor migration and indoor air mixing using the DTSC-modified J&E
vapor intrusion model) projected indoor air concentrations of the site volatiles that
were associated with potential indoor air inhalation carcinogenic and noncarcinogenic
risks that were within the risk management range. These analyses of potential
residential exposures used conservative pretreatment operations soil gas
concentrations and conservative modeling inputs relative to the site vadose zone and
representative residential structure design parameters. Similar J&E modeling
performed for the USCG Alameda Housing Indoor Air Assessment using the soil gas
measurements as the driver reached the same conclusion that the projected indoor air
inhalation risks from vapor intrusion were within the risk management range.

B-2. Two designs of groundwater to indoor air modeling were developed for the USCG
Alameda Housing Indoor Air Assessment using the J&E vapor intrusion model. The
first design used the groundwater quality measured in a series of HydroPunch borings
of the shallow groundwater extracted from just below the groundwater table. The
second design used the groundwater quality measured in a series of monitoring wells
that were screened across the width of the FWBZ and in contact with the Marsh
Crust. The projected indoor air concentrations from the first design (using the
contaminant concentrations measured near the groundwater table) were lower than
were predicted using the monitoring well data with higher concentrations. The
projected indoor air concentrations for all modeled volatiles using the HydroPunch
data were below their respective EPA ambient air PRGs (risk-based thresholds
associated with a contaminant-specific residential inhalation cancer risk level of
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1 x 107 or a noncarcinogenic HI of 1). The projected indoor air concentrations for all
modeled volatiles except benzene using the monitoring well data were below their
respective EPA ambient air PRGs. The projected benzene indoor air concentration
was associated with a potential inhalation cancer risk of approximately 3.8 x 10,
which is within the risk management range. This vapor migration modeling also
conservatively used the pretreatment operations groundwater concentrations from the
HydroPunch borings and the monitoring wells, conservative site characteristic
modeling inputs, and residential exposure assumptions.

Projections of the potential indoor air concentrations of the site-related volatiles due to vapor
intrusion and their associated inhalation risks were developed for multiple scenarios using
mechanistic vapor migration modeling. As was noted, the soil types and soil column
characteristics were conservatively selected such that minimal resistance to upward vapor
migration was assumed. In addition, but no less significant, is that the modeling was driven by
soil gas and groundwater measurements made prior to the start of the biosparging treatment
operations. These pre-operations concentrations reflect the highest levels of these volatiles
detected in these media. The vapor intrusion modeling and indoor air risk assessments that have
been performed indicate that the vapor intrusion to indoor air exposure pathway is not likely to
become significant at this site unless the dissolved groundwater concentrations near the
groundwater table would increase to levels 1 to 2 orders of magnitude higher than they were in
the pre-operations baseline HydroPunch and monitoring well measurements.

5.2.1.2.3 Evidence Associated with Better Defined Site Characteristics that Affect
Vapor Migration

A considerable amount of additional site characterization has been performed since the OU-5
BHHRA and the follow-up vapor intrusion assessments at the site.  This additional
characterization work was performed primarily as part of the remedial design of the biosparging
treatment system. The sampling, coring, and other characterization activity have produced a
more complete description of the subsurface conditions at the site and have allowed the CSM to
be refined. Some of this newer information relates to conditions or features that would be
expected to have a direct effect on the volatilization of benzene and naphthalene from the
groundwater or their migration up through the soil column to the area beneath a possible house
or public building.

C-1. There is a competent, fairly continuous clay layer in the vadose zone across the site at
or above the groundwater table that has been shown through soil gas measurements
above and below the layer to be effectively limiting the upward migration of benzene
and naphthalene volatilized out of the groundwater into the soil gas. The clay layer
typically is just over 2 feet thick but is considerably thinner in some portions of the
site (see the geologic cross sections presented in Figures 2 through 9). The
migration-limiting effect of this clay layer was not accounted for in any of the prior
conservative vapor migration modeling performed using the DTSC-modified J&E or
VLEACH models. Had the presence of this clay layer been reflected in the modeling,
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C-2.

C-3.

even lower benzene and naphthalene indoor air concentrations and associated
potential inhalation risks would have been projected than were previously reported.
(Further information on the characteristics of the clay layer and the associated
stratigraphy is presented in Appendix B, Section B-4.)

Benzene and naphthalene are known to naturally biodegrade in the environment
under the right conditions. Sand and sandy soil in the vadose zone can create
conditions that are very conducive to biodegradation and constituent attenuation.
This is due, in part, to the combination of the ability of the sand to allow oxygen to
penetrate deeper into the soil column and the sand providing a suitable matrix on
which microbes can grow. The rate of biodegradation is typically greatest for
compounds like benzene and naphthalene under aerobic conditions in the soil column
(i.e., in the presence of oxygen). Under these conditions, biodegradation can be an
effective mechanism for benzene and naphthalene elimination in the vadose zone and
can lead to reductions of concentrations of up to two orders of magnitude
(Davis 2010). No direct measurements have been made of the degree to which
biodegradation was occurring or would be occurring naturally at the site in the
absence of the biosparging. However, the near surface vadose zone soil types and
stratigraphy (being largely associated with poorly graded sand, silty sand, and some
gravel) promote the penetration of oxygen deeper into the soil column. The presence
of oxygen that has penetrated deeper into the soil allows biodegradation to occur over
a larger fraction of the vapor migration path and residence time.

When the FWBZ is not disturbed by groundwater pumping or air injection, the
concentrations of benzene and naphthalene have tended to stratify with the
concentrations of the dissolved constituents two to four orders of magnitude higher
near the bottom of the water column nearer the Marsh Crust and concentrations below
or near detection limits near the surface of the groundwater table. As volatilization
and upward vapor migration is driven by the dissolved concentrations of benzene and
naphthalene present at the surface of the groundwater table, this stratification leads to
reduced soil gas concentrations of these constituents above the groundwater table.
Lower soil gas concentrations at the bottom of the soil column would then be
associated with lower indoor air concentrations in structures located above. (Further
information on the potential stratification of the dissolved groundwater concentrations
in the FWBZ is presented in Appendix B, Section B-5.)

Several recent studies indicate that vapor intrusion of petroleum hydrocarbons
(including benzene) is much less significant than previously thought
(CSWRCB 2010). The main reason for this is that benzene and other petroleum
hydrocarbons readily degrade in the vadose zone, and the models historically used to
evaluate this pathway (including the models used at OU-5) did not account for this
degradation. Using sets of colocated and contemporaneous groundwater, soil gas,
indoor air, and outdoor air measurements from a large number of petroleum
contamination sites across the country with different soil stratigraphies and building
construction styles, certain combinations of site characteristics were identified where
subsurface volatile contamination did not result in significant vapor intrusion or
projected indoor air inhalation risks. These conditions described a site that was
characterized as a “low strength dissolved groundwater source” of volatiles
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contamination (CSWRCB 2010, API 2009, Davis 2010). The combination of
characteristics that in general never produced vapor intrusion concerns was: 1) there
were only dissolved constituents in groundwater (i.e., no free product or LNAPL); 2)
the concentrations reflected <1,000 pg/L of benzene and <10,000 pg/L of TPH; and
3) the impacted groundwater is overlain by 5 feet of clean soil in the vadose zone.
The California State Water Resources Control Board has included this finding in its
current Draft Leaking Underground Fuel Tank Guidance manual, (SWRCB 2010) as
a vapor intrusion risk screening tool for quickly identifying sites that “present no
unacceptable risk for vapor intrusion.” Upon comparison of these specifications to
the site conditions and the pre-operations groundwater data, these specifications were
seen to be met. This similarity would lead to the expectation that this site would not
create vapor intrusion concerns because these conditions did not create vapor
intrusion concerns when they were found to exist at other similar sites. (Further
information on the “rule of thumb” for screening potential vapor intrusion sites with
petroleum-related contaminants is presented in Appendix B, Section B-6.)

Analyses of potential vapor intrusion that were performed nearly a decade ago made very
conservative assumptions about the site that did not address site features that may effectively
limit or mitigate upward vapor migration. The modeling analyses performed did not account for
the presence of the clay layer in the vadose zone and the natural biodegradation that is likely to
be occurring to some degree. In addition, the vapor migration modeling analyses were generally
performed using the maximum detected groundwater concentrations from monitoring well data
collected across the FWBZ and not the groundwater concentrations near the groundwater table
(which are typically two to four orders of magnitude lower than the concentrations found near
the Marsh Crust source). Even though the prior analyses concluded that vapor intrusion was not
creating conditions that were outside the risk management range, the refined site characterization
would suggest that these modeling results were even more conservative than was possibly first
thought. The recently derived “low strength source” paradigm would indicate that the modeling
and measurement evidence for this site is what should be anticipated for a site with these known
characteristics and features.

52124 Summary of Verification Evaluation of the Potential for Vapor Intrusion
with Better Defined Site Characteristics and RI/FS Risk Assessment Results

Evaluation of the potential for vapor intrusion was performed using the data collected to date in
combination with current DTSC and EPA vapor intrusion assessment methodologies and toxicity
criteria. All results are less than or within the risk management range. The details of this
evaluation and the RI/FS risk evaluations can be found in Appendix C. Key results are
summarized below.

The RI/FS risk assessment evaluated multiple pathways, including vapor intrusion, using
groundwater data from multiple depths down to 20 feet bgs and soil gas data (ERRG 2004).
All HQs were less than 1 for all evaluations. Using soil gas data, the RI/FS vapor intrusion risk
assessment estimated RME ILCRs ranging from 5 x 10® to 1 x 10 for residents and from
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5 x 10 to 8 x 107 for school receptors. Using groundwater data from all depths, the RI/FS
RME ILCR results were in the risk management range. The Final RI/FS Report (ERRG 2004)
concluded “Additionally, potential inhalation of VOCs in indoor air by residential and school
receptors does not pose an unacceptable risk.”

The findings of the RI/FS risk assessment of potential vapor intrusion are supported by
subsequent evaluations performed using the current DTSC approach and the collected crawl
space air and soil gas data from multiple depths over a widespread area. Using the more recent
DTSC approach and the soil gas data, subsequent vapor intrusion evaluations presented in
Appendix C estimated the RME ILCR for benzene to range from 4.8 x 10™ to 4.8 x 107 and for
naphthalene to range from 5.6 x 10™ to 5.0 x 10 across the site.

Additional evaluations presented in Appendix C were performed using groundwater data
collected near the water table, which is recommended for use in vapor intrusion evaluations by
current guidance. The groundwater at these depths shows much lower benzene and naphthalene
concentrations than the data used in the RI/FS vapor intrusion risk assessment that were from
depths considerably below the water table. Benzene and naphthalene were both detected at only
7 of 37 locations in the more recent water table data. Four of these locations were chosen for
further vapor intrusion evaluation because they had the characteristics most likely to promote
vapor migration and higher potential indoor air concentrations. Using IRIS toxicity criteria, the
projected RME ILCRs for benzene at these locations were 107 except at one location, where the
ILCR was 1.6 x 10, Using DTSC toxicity criteria, the projected RME ILCRs for benzene at
these individual locations ranged from 6.9 x 107 to 6.0 x 10°. Using DTSC toxicity criteria, the
projected RME ILCRs for naphthalene at these individual locations ranged from 7.9 x 10™® to a
maximum of 3.6 x 10°. All HQs were less than 1 for all evaluations based on groundwater.
These results serve as another line of evidence for verifying the RI/FS risk assessment results.

Therefore, in summary, these additional analyses of the pretreatment subsurface conditions at the
site provide additional support for the conclusion that there are no unacceptable potential risks to
the residents, school workers, or students at the site as the result of vapor intrusion.

52.1.25 Findings Relative to the Vapor Intrusion Exposure Pathway

In consideration of the series of direct measurements, modeling analyses, and risk assessments
conducted with an explicit focus on the potential vapor intrusion pathway relative to the
dissolved benzene and naphthalene contamination plume in the FWBZ, the weight of evidence
supports the finding that vapor intrusion and subsequent indoor air inhalation exposure to
volatiles released from the groundwater do not currently pose a risk to members of the public in
exceedance of the risk management range and are not likely to pose an inhalation risk in
exceedance of the risk management range in the future:
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1. There is a consistent body of evidence that supports the conclusion that
volatiles from the FWBZ are not migrating upward into potentially or
currently occupied structures sufficiently to create indoor air concentrations
posing a carcinogenic or noncarcinogenic risk level in exceedance of the risk
management range.

This evidence includes the inhalation risk assessments performed for the OU-5 RI, the
Residential Risk Evaluation for the USCG Housing, and the BHHRA conducted for residences
and the school as part of the Groundwater RI/FS. These assessments were performed using
conservative source term concentrations (typically the maximum detected pre-biosparging
system operation groundwater and soil gas concentrations); conservative exposure parameters
(typically residential or unrestricted access exposure parameters applicable to the most sensitive
potential receptor — a child); and vapor migration modeling using conservative default site
parameters (typically permeable sand or silty sand making up the entire vadose zone soil column
and taking no credit for the presence of the competent clay layer as an impediment to upward
migration or for biodegradation of the benzene or naphthalene during migration). The only
indoor air modeling results that indicated a potential inhalation risk were those using the full
water column groundwater quality as the modeling source term, and no results using the
measured soil gas concentrations as the modeling driver. Modeling indoor air concentrations all
the way from groundwater concentrations using the J&E model does not account for any
biodegradation during the upward migration process. Modeling indoor air concentrations from
soil gas measurements made above the clay layer would be expected to provide a more realistic
estimate of vapor migration that is less prone to uncertainties or inaccuracies as less of the
overall migration path must be modeled (i.e., part of the migration and environmental chemistry
is captured empirically) and the effect of the clay layer and part of any biodegradation that will
occur has already taken place and affected the soil gas composition. In addition, the
groundwater concentrations that actually drive or affect the vapor migration process are at the
top of the groundwater table, not the well-mixed dissolved groundwater concentrations or the
higher groundwater concentrations that existed pre-operations deeper in the aquifer due to
stratification.

The vapor migration modeling and risk estimates developed from crawl space and soil gas
measurements have consistently indicated no significant risks from vapor intrusion, even when
the maximum detected preoperations soil gas concentrations were used to drive the modeling.
An evaluation of the potential for vapor intrusion that was performed using the data collected to
date, in combination with current DTSC and EPA vapor intrusion assessment methodologies and
toxicity criteria presented in Appendix C, also supports this finding. The passive soil gas survey
and baseline soil gas sampling performed as part of the design of the biosparging system
provided further evidence that soil gas concentrations are much lower above the clay layer than
below it. The site characterization data show that this clay layer is over 2 feet thick throughout
the area of interest and indicated that this clay layer is acting as an effective barrier to upward
vapor migration.
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2. Measurements of the indoor air concentrations in residences and structures with
potentially sensitive receptors taken to address uncertainties associated with the
vapor migration modeling revealed that benzene and naphthalene were not present
in the indoor air at concentrations that were demonstrably higher than in the
colocated ambient air.

This appears to be, in part, because the dissolved concentrations of benzene and naphthalene in
the shallow groundwater have not been extraordinarily high, which limits the amount of volatile
contaminant being released into the soil column. The shallow groundwater was not seen to be
grossly contaminated with dissolved volatiles, even before operation of the biosparging system
began. Again, it should be emphasized that the findings of no projected potential indoor air
inhalation risk in exceedance of the risk management range noted in the assessments above were
obtained assuming the groundwater and soil gas contaminant concentrations associated with pre-
operation conditions.

Recent published results of extensive data analyses for sites with respect to natural attenuation of
subsurface petroleum hydrocarbons and their potential to create vapor intrusion concerns have
indicated that vapor intrusion is very unlikely to be a complete pathway given a certain set of
conditions (Davis 2010). An extensive Petroleum Vapor Database of paired groundwater and
soil gas sampling results for over 100 locations (focusing primarily on benzene and TPH
constituents like naphthalene) was analyzed to identify trends in the empirical attenuation of
these constituents during upward migration under different conditions. A “low strength source”
scenario (as described in Section 5.2.1.2.3 bullet C-4) was defined in which the vapor intrusion
pathway for these constituents was empirically determined to not be complete (Davis 2010,
CSWRCB 2010). This case reflects a source that is dissolved constituents in groundwater with
<1,000 micrograms per liter (ug/L) of benzene and <10,000 pg/L of TPH that is overlain by
5 feet of clean soil in the vadose zone.

A detailed evaluation was made of data for sites with buildings with slab-on-grade construction
and sites where sampling was performed very near and adjacent to the structures. The results
showed that sand in the vadose zone created the good conditions for biodegradation and
constituent attenuation, followed by silt and silty clay in the vadose zone. This is due, in part, to
the combination of the ability of the sand to allow oxygen to penetrate deeper into the soil
column and the sand providing a suitable matrix on which microbes can grow. Significant
biodegradation rates for benzene in the soil column were seen from the data (leading to
attenuation by approximately two orders of magnitude). Pre-operational conditions at OU-5
match the conditions specified for a “low strength dissolved groundwater source” at almost all
locations, which would suggest that the vapor intrusion pathway for benzene and naphthalene
would not be complete for the majority of the site. Those locations that would not meet the “low
strength dissolved groundwater source” definition based on the pre-operations characterization
data are clustered in the area of the Shinsei Gardens Housing Development, which was
constructed with a vapor barrier and sub-slab depressurization foundation design. As such, the
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recently published research on vapor intrusion pathway completeness appears to be borne out by
the characterizations and assessments performed for this site.

3. The vapor intrusion exposure pathway is not significant at this site.

The Residential Risk Evaluation for the USCG Housing projected that an increase in the
dissolved groundwater concentrations of benzene and naphthalene of one or two orders of
magnitude above the maximum preoperational levels considered in those indoor air inhalation
risk assessments would be required for vapor intrusion to contribute enough contaminant to the
indoor air for a change relative to ambient conditions to be noticeable. An increase in benzene
and naphthalene to such levels is highly unlikely. In addition, predesign investigation results
identified natural barriers (clay) to upward vapor intrusion. Therefore, the vapor intrusion
pathway may not be complete in these areas, and does not contribute significantly to potential
indoor air inhalation risk where the pathway exists. Biosparging has been actively remediating
the site for over 3 years. During this time, an increase in the dissolved oxygen content of FWBZ
groundwater has resulted in the destruction of approximately 4.33 kilograms (9.55 pounds) of
benzene and 39.04 kilograms (86.07 pounds) of naphthalene.

6.0 FINDINGS AND RECOMMENDATIONS

As outlined in Section 1.1, this groundwater data evaluation was designed to answer a number of
basic groundwater management questions. The answers to these questions were addressed in
some detail in the body of this report and are summarized below:

e What do these additional groundwater data tell us about the potential beneficial
uses of the local groundwater? The analysis of the groundwater quality measurements
made over time at the site indicates that the FWBZ does not meet the specifications of a
potential source of drinking water (Class II or MUN). The level of TDS in the FWBZ
was the primary factor in this determination. However, several other groundwater quality
parameters also were found to be incompatible with domestic use, including the
characteristic levels of sulfate, iron, and alkalinity. Neither TDS nor sulfate can be
economically removed from domestic water supplies using conventional techniques.
Further evaluation of the FWBZ groundwater characteristics revealed that the
groundwater in the FWBZ is sufficiently impaired relative to multiple quality parameters
(including TDS) that even the nonpotable beneficial uses evaluated in the BHHRA (i.e.,
as a water supply for a car wash or for landscaping or irrigation) are not likely to be
realistic given operational and aesthetic constraints to using the groundwater. In addition,
the California well standards require that annular sanitary seals extend at least 50 feet bgs
for community and industrial water supply wells and at least 20 feet bgs for domestic,
agricultural, and other types of water supply wells. Given that the maximum artificial fill
thickness that defines the bottom of the FWBZ at OU-5 is approximately 20 feet, water
supply well construction requirements would preclude the installation of water supply
wells in the FWBZ. As such, no practical beneficial uses of the groundwater in the
FWBZ (consumptive or nonconsumptive) were identified.
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e What do these additional data tell us about the potential direct exposures to
groundwater in the FWBZ that would be associated with those beneficial uses?
Based on the analysis of this data, no direct exposure pathways relative to this
groundwater (i.e., ingestion/drinking, incidental ingestion, dermal absorption or
inhalation of volatiles released during use) were identified to be complete.

e What do these additional data tell us about the CSM and the resulting vertical
distribution of site COCs, as documented in the ROD? Based on borings and
groundwater sampling from different depth horizons in the FWBZ, the highest
groundwater COC concentrations are confirmed at the Marsh Crust depth, which along
with other multiple lines of evidence indicates the source of the benzene and naphthalene
dissolved in the groundwater is the Marsh Crust, a thin layer underlying the FWBZ. This
conclusion is supported by multiple lines of evidence including continuous soil coring,
additional soil and groundwater sampling, and isotopic analysis. The additional data are
described in detail in Appendix A. An examination of the pre-operations groundwater
data (i.e., data collected prior to the start of biopsarging) collected at multiple depth
intervals shows clear concentration gradients for these constituents upward in the
direction away from the Marsh Crust layer. The concentrations of dissolved benzene and
naphthalene are two to four orders of magnitude higher near the bottom of the water
column nearer the Marsh Crust and below or near analytical detection limits near the
surface of the groundwater table. In a few cases where multiple depth groundwater
samples were collected below the apparent Marsh Crust layer, concentrations of the
contaminants were seen to decrease at the deeper samples (i.e., further from the Marsh
Crust layer). The clearer role of the concentration gradient has been reflected in the
refined CSM.

¢ What do these additional data tell us about potential indirect exposures to COCs in
the FWBZ as a result of vapor intrusion? A systematic review of the compiled data
and the findings of the sequence of analyses performed to assess the potential for vapor
intrusion at the site revealed that vapor intrusion is not currently and is not projected to be
an indirect exposure pathway that could lead to potential indoor air inhalation risks in the
future that would exceed the risk management range. This conclusion was supported
using multiple lines of evidence that included: 1) the results of the direct sampling of soil
gas, groundwater, and air at the site; 2) conservative modeling of the potential migration
of volatiles from the groundwater and soil gas into residential structures and assessments
of the risk implications of their projected concentrations in the indoor air; 3) a
verification that there has been no change in the EPA Integrated Waste Management
System toxicity values for benzene and naphthalene since the prior risk assessments;
4) the further characterization of the site and the updated CSM that identified features and
conditions that would naturally act as barriers to vapor migration and natural processes
that would mitigate the amount of vapor intrusion that could occur; and further evaluation
using recent DTSC criteria that show potential risk to be less than or within the risk
management range. These data and their analysis support the conclusion that the indirect
vapor intrusion/indoor air inhalation exposure pathway is not significant at this site.
Previous assessments indicate that this pathway would not potentially become significant
unless the dissolved groundwater concentrations of benzene and naphthalene were to
increase to levels one to two orders of magnitude higher than they were at the pre-

ECSD-3211-0007-0018 Fnl GW Eval Tech Memo 33 Final Technical Memorandum
OU-5/FISCA IR-02 Groundwater Data Evaluation

Alameda Point and FISCA

DCN: ECSD-3211-0007-0018

CTO No. 0007



operations levels. Since the source of the contamination has been in place for
approximately 100 years, biosparging has been actively remediating the site for over 3
years, and approximately 12,000 pounds of benzene and 335,000 pounds of naphthalene
have been destroyed, such an increase is highly unlikely.

e What are the “next steps” to ensure protectiveness of human health in relation to
the shallow groundwater contamination at the site? Based on the evaluation
presented in this Technical Memorandum, the questions and answers presented above
frame a series of “next steps” to ensure protectiveness of human health in relation to the
groundwater in the FWBZ:

1. Document that the actual groundwater uses appropriate for the FWBZ do not include
the occupational nonpotable groundwater uses or potable groundwater use evaluated
in previous risk assessments. The uses of the shallow groundwater for car washing or
landscaping/irrigation were shown in this Technical Memorandum to be very unlikely
because of the impaired quality of the FWBZ groundwater relative to a number of
parameters (i.e., not just its concentrations of dissolved benzene and naphthalene).
Elimination of these potential groundwater beneficial uses leaves no practical
groundwater uses and no corresponding potential for direct exposure of people to the
FWBZ groundwater contaminants. This leaves only vapor intrusion into indoor air
with subsequent potential inhalation exposure as a potential pathway for
consideration.

2. Adopt the findings of the prior vapor intrusion investigations and risk assessments
that do not show unacceptable risk for residents and other potential receptors when
the groundwater is not used for drinking water. Site conditions without groundwater
treatment are protective of people living or working above the plume from the
potential intrusion of benzene and naphthalene vapors into their indoor air.

3. Shut down the biosparging operation. Turning off the biosparging system would
allow the subsurface environment to re-equilibrate without the unnatural injection of
oxygen/air, the artificial pressure gradients and forced vapor movement associated
with biosparging.
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Page 1 of 1

TABLE 1

OTHER POTENTIAL BENEFICIAL USES OF GROUNDWATER
AT ALAMEDA POINT

(Summarized from TTEMI 2000)

Non-Enforceable Criteria

Central Region

Livestock (TDS below 5,000 mg/L)

Yes, but low probability

Crop Irrigation (TDS: 700-2,000 mg/L)

No, pretreatment not economical

Ability to Meet Agricultural Yield Requirement

Yes

Retain Agricultural Supply Use?

Yes, but limited because of low probability of
use for livestock watering

Industrial Supply (TDS below 1,000 mg/L)

No, pretreatment not economical

Ability to meet Industrial Yield Requirements

No

Retain Industrial Supply Use?

No

Notes:
Bold text indicates decision summary.

Abbreviations and Acronyms:
mg/L — milligrams per liter
TDS - total dissolved solids
TTEMI — Tetra Tech EM, Inc.
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TABLE 2 Page 1 of 2
PLUME CENTER HYDROPUNCH GROUNDWATER SAMPLING RESULTS
EPA Method EPA Method EPA Method EPA Method EPA Method
Location Code |Start Depth|End Depth|Collected |Sample ID EPA Method 8260B 160.1 300 300 310.1 350.2 Field Parameters
BENZENE NAPHTHALENE |TDS NITRATE SULFATE ALKALINITY AMMONIA ASN |FE+2
(ft) (ft) pg/L pg/L mg/L pg/L pg/L mg/L mg/L mg/L

Screening Criteria 1{100 HA 3000 CalEPA/500 SMCL |10,000 MCL 250000 SMCL >500 "Hard water" |30 MCL 0.3 SMCL
PCl1-1 12 15 8/6/2007(11-3146 170 2800 15200 188 601 2300 20.4 4.8
PCI1-1 16 19 8/6/2007(11-3147 0.46J 6.8 26500 191 823 2250 26.8 5.3
PC1-2 11 14 8/1/2007(11-3130 82 4300 24600 200U 1090 3500 43.6 4.6
PCI1-3 12 15 7/31/2007|11-3124 540 5,100 J - 500U 5760 4450 72.4 -
PCI-3A 12 15 8/21/2007[11-3173 460 2000 -- - -- - -- -
PC1-3B 12 15 8/21/2007|11-3174 73 4300 - 500 UJ 17300 - 47.8 -
PC1-3C 12 15 8/21/2007|11-3175 150 330 -- - -- - -- -
PC1-3D 12 15 8/24/2007|11-3179 18 64 -- - -- - -- -
PC1-3E 12 15 8/29/2007|11-3182 0.217J 7.1 -- - -- - -- --
PC1-4 12 15 8/21/2007|11-3171 1000 3900 - 978 1 7500 3850 46 -
PCl1-4 15 18 8/21/2007|11-3172 700 3300 - 1,000 UJ 9140 4550 49.8 -
PC1-4A 12 15 9/11/2007(11-3216 200 2000 20200 500U 1,710] 2650 374 54
PCI1-4A 15 18 9/11/2007(11-3217 0457 13 22800 120 754 1700 22.6 5.8
PC1-4B 12 15 9/11/2007(11-3218 190 4300 25500 500U 1,4401] 3300 25.3 5
PC1-4B 15 18 9/11/2007(11-3219 39 490 - - - - -- 8
PC2-1 14.5 17.5 7/26/2007|11-3104 580 9600 11800 100 U 925 1620 18.9 4.3
PC2-1 6.5 9.5 7/31/2007|11-3121 1.7 1.2 435 126 84100 240 2.99 34
PC2-1 12 15 7/31/2007|11-3122 170 1,500 J 1950 64.2] 1190 695 0.925 2.2
PC2-2 15 18 7/26/2007[11-3105 180 5700 9760 105 4757 1420 15.4 4
PC2-2A 15 18 8/2/2007[11-3135 870 9500 4350 116 1390 1180 6.94 3.4
PC2-3 8 11 7/27/2007|11-3109 0.50U 0.64J 1420 89917 730000 408 1.81 3.6
PC2-3 11 14 7/27/2007|11-3110 1800 6,100 J 8770 100 U 1090 1460 19.3 4.6
PC2-4 12 15 8/31/2007|11-3186 0.50U 20U -- 109 603000 2500 14.1 0.8
PC2-4 16 19 8/31/2007]11-3188 160 1800 -- 100 U 736000 3200 33.2 10
PC2-5 18 21 7/30/2007|11-3118 2600 5500 36300 500U 172000 4450 63 7.6
PC2-5A 18 21 8/20/2007]11-3168 78 420 -- -- - -- - --
PC2-6 11.5 14.5 8/1/2007(11-3127 0.50U 2.3 11400 4927 76200 3250 13.5 -
PC2-6 15 18 8/1/2007(11-3129 490 4400 31800 200U 28800 4150 42.2 6.5
PC2-6A 4.5 17.5 8/29/2007|11-3184 300 5300 - 1340 17000 3050 25.1 10
PC2-7 14 17 7/30/2007(11-3114 740 5800 30400 100 U 2350 4000 45.2 8
PC2-7A 14 17 8/6/2007(11-3144 420 3500 30900 100 U 974 3550 48.3 -
PC2-8 16.5 19.5 7/30/2007{11-3115 680 4000 29200 100 U 814 3600 53.2 7.5
PC2-8 16.5 19.5 7/30/2007(11-3116 (FD) 680 5500 -- - -- - -- --
PC2-9 15 18 7/27/2007{11-3111 710 4,100 J 28400 100 U 826 3600 38.8 9.6
PC2-10 13 16 8/6/2007(11-3142 31 770 20600 138 11200 2030 233 4.4
PC3-1 18 21 7/19/2007[11-3074 4500 17000 -- 180 229000 3250 32.4 --
PC3-1A 18 21 7/24/2007[11-3088 1600 6200 - 176 683 1700 14.5 4.2
PC3-2 18 21 7/19/2007(11-3075 1300 5500 -- 204 1400 3450 46.8 --
PC3-2A 18 21 7/24/2007[11-3089 1200 3100 -- 200 U 1070 3600 39.2 5.6
PC3-3 17 20 7/19/2007[11-3076 1600 5300 -- 237 1640 2750 29 --
PC3-3A 17 20 7/24/2007{11-3090 1900 8400 -- 162 1040 1620 20.1 3.6
PC3-3B 17 20 8/24/2007[11-3180 10 1500 20500 337 6730 3000 34.4 --
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TABLE 2 Page 2 of 2
PLUME CENTER HYDROPUNCH GROUNDWATER SAMPLING RESULTS
EPA Method EPA Method EPA Method EPA Method EPA Method
Location Code |Start Depth|End Depth[Collected [Sample ID  |EPA Method 8260B 160.1 300 300 310.1 350.2 Field Parameters
BENZENE NAPHTHALENE |TDS NITRATE SULFATE ALKALINITY AMMONIA ASN |FE+2
(ft) (ft) pg/L pg/L mg/L pg/L pg/L mg/L mg/L mg/L

Screening Criteria 1{100 HA 3000 CalEPA/500 SMCL |10,000 MCL 250000 SMCL >500 "Hard water" |30 MCL 0.3 SMCL
PC3-4 12.5 13.5 7/20/2007{11-3079 0.50 U 0.687J -- 1,000 U 323000 1760 16.2 --
PC3-4 14.5 17.5 7/20/2007{11-3080 1300 5800 -- 1,000 U 86500 3000 29.8 --
PC3-4A 14.5 17.5 7/25/2007(11-3098 310 780 -- 100 U 52700 3050 38.1 --
PC3-5 16.5 19.5 7/20/2007|11-3081 400 12000 -- 1,000 U 7090 1910 26.9 -
PC3-5A 17 20 7/25/2007[11-3096 28 2100 -- 100 U 1060 3450 46.5 4.3
PC3-5A 17 20 7/25/2007(11-3097 (FD) 14 1600 -- -- -- -- -- --
PC3-6 17 19 7/23/2007(11-3083 15 3600 -- 100 U 1690 2020 23.1 --
PC3-6 17 19 7/23/2007(11-3084 (FD) 14 2200 -- -- -- -- -- --
PC3-7A 20 23 7/23/2007(11-3085 360 5100 -- 100 U 1410 3850 54.4 --
PC3-8 17 20 7/24/2007[11-3091 230 2700 -- 100 U 1070 3100 36.5 6.4
PC3-9 12 15 7/24/2007[11-3092 5.1 12 -- -- -- -- -- --
PC3-10 14 17 7/25/2007{11-3099 84 1600 -- 100 U 1290 3900 63.2 --
PC3-11 12 15 7/25/2007[11-3100 410 1300 -- -- -- -- -- --
PC3-12 13 16 8/2/2007(11-3134 34 33 -- -- -- -- -- --
PC3-13 12 15 8/3/2007(11-3137 8.1 660 -- 192] 73600 870 4.98 1.4
PC3-13 12 15 8/3/2007(11-3138 (FD) 6.7 500 -- -- -- -- -- --
PC3-13 15 18 8/3/2007(11-3139 730 7300 -- 200U 2150 2750 25.6 4.4
PC3-14 6 9 8/7/2007(11-3150 0.50 U 20U -- 290 48400 230 0.472 0.6
PC3-14 12.5 15.5 8/7/2007(11-3151 90 390 -- -- -- -- -- --
Notes:

Table summarized from Table 3-3 of RD/RAWP (TTEC 2010).
Bolded text indicates exceedance of criteria.

dash — not analyzed

Abbreviations and Acronyms:
pg/L — micrograms per liter
CalEPA — California Environmental Protection Agency

EPA — U.S. Environmental Protection Agency

FD — field duplicate
FE — ferrous iron
ft — feet

HA - U.S. Environmental Protection Agency Drinking Water Health Advisories

ID — identification
J — estimated value

MCL — maximum contamination level

mg/L — milligrams per liter

N — nitrogen

SMCL - secondary maximum contamination level
TDS - total dissolved solids
U — analyte not detected above project reporting limit
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TABLE 3 Page 1 of 3
2007 AND 2008 QUARTERLY GROUNDWATER MONITORING WELL SAMPLING RESULTS
Location Client Sample Field
Code Start Depth  [End Depth |Collected |ID EPA Method 8260B EPA Method 160.1 EPA Method 300 EPA Method 300 EPA Method 310.1 |EPA Method 350.2 |Parameters
BENZENE NAPHTHALENE |TDS NITRATE SULFATE ALKALINITY AMMONIAASN |FE+2

(ft) (ft) Mg/l ug/L mg/L Mg/l mg/L mg/L mg/L mg/L
Screening Criteria 11100 HA 3000 CaLEPA/500 SMCL |10,000 MCL 250000 SMCL >500 "Hard water" (30 MCL 0.3 SMCL
MO7A-10 5 10 9/14/2007 [11-3246 050U 20U - 183 34600 970 17.5 3.4
MO7A-10 5 10 12/11/2007 | 11-3307 050U 0.7317 - 185 11900 710 - 2.1
MO7A-10 5 10 12/11/2007 |11-3308 (FD) 0.50U 200 - 123 12100 640 - n/a
MO7A-10 5 10 3/11/2008 [11-3407 0.50U 200 - - - - - 3.3
MO7A-10 5 10 3/11/2008 [11-3408 (FD) 050U 20U - - - - - n/a
MO7A-10 5 10 6/17/2008 [11-3507 0.50U 200 - - - - - 2.4
MO7A-11 2.5 10.5 9/17/2007 [11-3252 0.50U 200 - 244 2780000 2000 27.3 5
MO7A-11 2.5 10.5 12/11/2007 | 11-3309 25U 547 - 204 2540 3300 - 2
MO7A-11 2.5 10.5 3/12/2008 [11-3409 0.50UJ 2.0UJ - - - - - 4
MO7A-11 2.5 10.5 6/17/2008 [11-3508 0.50U 200 - - - - - 3.6
MO7A-11 2.5 10.5 6/17/2008 [11-3509 (FD) 0.50U 200 - - - - - n/a
M25-01 10 20 9/13/2007 [11-3239 330J 4300 J 25400 548 ] 3200 3200 38.2 4.8
M25-01 10 20 12/12/2007 |11-3313 320 5500 - 144 780 7] 2900 - 2.6
M25-01 10 20 3/12/2008 [11-3413 320J 3100J - - - - - 4
M25-01 10 20 6/17/2008 [11-3513 410J 2200 J - - - - - 0.6
M25-02 10 20 9/11/2007 [11-3212 0.50U 0.837J 4760 114 62300 1090 6.02 1.1
M25-02 10 20 9/11/2007 [11-3207 (FD) 0.50U 0.847 - - - - - n/a
M25-02 10 20 12/10/2007 |11-3315 0.50U 147 - 110 9960 1020 - 0.7
M25-02 10 20 3/11/2008 [11-3415 0.50U 0911] - - - - - 1
M25-02 10 20 6/16/2008 [11-3515 0.50U 2617 - - - - - 1
M25-04 10.49 20.49 9/13/2007 [11-3234 0.50 UJ 2.0UJ 650 500 R 48700 218 0.74 3
M25-04 10.49 20.49 12/10/2007 | 11-3321 0.50U 0.897 - 141 48000 205 - 0.2
M25-04 10.49 20.49 3/11/2008 [11-3421 0.50U 20U - - - - - 1
M25-04 10.49 20.49 6/16/2008 [11-3521 0.50U 2.0UJ - - - - - 2.6
M25-05 10 20 9/14/2007 (11-3247 180 1200 - 232 1660 3500 50.7 5.8
M25-05 10 20 12/11/2007 |11-3324 140 810 - 1157 37800 3400 - 0.1
M25-05 10 20 3/12/2008 [11-3424 150 700 - - - - - 0.2
M25-05 10 20 6/17/2008 [11-3524 190 1500 - - - - - 1.2
M25-06 10 19.5 9/12/2007 [11-3226 11 137 38300 602 31100 3950 68.6 0.4
M25-06 10 19.5 12/12/2007 |11-3311 1.8 8.7 - 176 ] 5450 4250 - 0.6
M25-06 10 19.5 3/11/2008 [11-3411 0217 2.0UJ - - - - - 1
M25-07 10 19.5 9/12/2007 [11-3222 0307 200 20200 551 3240 2250 22 10
M25-07 10 19.5 12/12/2007 |11-3310 0317 1.17J - 94.517 13207 1750 - 1.7
M25-07 10 19.5 3/11/2008 [11-3410 0.50U 0877 - - - - - 4
M25-07 10 19.5 6/17/2008 [11-3510 050U 0.587 - - - - - 2
M25-08 10 19.5 9/11/2007 [11-3214 0.50U 20U 19700 500U 5550 2400 33.2 1.4
M25-08 10 19.5 12/10/2007 |11-3312 2.5U) 1ouJ - 200U 12700 2380 - 1.6
M25-08 10 19.5 3/11/2008 [11-3412 0.50U 20U0 - - - - - 3
M25-08 10 19.5 6/16/2008 [11-3512 050U 20U - - - - - 1.4
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TABLE 3 Page 2 of 3
2007 AND 2008 QUARTERLY GROUNDWATER MONITORING WELL SAMPLING RESULTS
Location Client Sample Field
Code Start Depth  [End Depth |Collected |ID EPA Method 8260B EPA Method 160.1 EPA Method 300 EPA Method 300 EPA Method 310.1 |EPA Method 350.2 |Parameters
BENZENE NAPHTHALENE |TDS NITRATE SULFATE ALKALINITY AMMONIAASN |FE+2

(ft) (ft) Mg/l Mo/l mg/L Mg/l mg/L mg/L mg/L mg/L
Screening Criteria 11100 HA 3000 CaLEPA/500 SMCL |10,000 MCL 250000 SMCL >500 "Hard water" (30 MCL 0.3 SMCL
M25-09 10 19.5 9/13/2007 [11-3238 0.50 UJ 1.47 4300 499 7] 34500 960 11.4 7.8
M25-09 10 19.5 12/13/2007 |11-3314 0.50U 0.76 J - 164 112000 463 - 2.2
M25-09 10 19.5 3/12/2008 [11-3414 0.50U 20U - - - - - 4
M25-09 10 19.5 6/16/2008 [11-3514 0.50U 2.0UJ - - - - - 4
P181-MW45 16 18.5 9/10/2007 [11-3202 58 160 26100 93917 713 2280 41.7 3
P181-MW45 16 18.5 12/12/2007 |11-3316 59 520 J - 29517 15107 1210 - 3
P181-MW45 16 18.5 3/12/2008 [11-3416 94 J 880 J - - - - - 5
P181-MW45 16 18.5 6/17/2008 [11-3516 82 710 - - - - - 7.8
P181-MW45 16 18.5 6/17/2008 [11-3516A (FD) 66 230 - -- -- -- -- n/a
P181-MW46 9 19 9/10/2007 [11-3206 10 67 9570 180 51200 1270 19.3 1
P181-MW46 9 19 12/12/2007 [11-3317 5.1 120 -- 178 19200 900 - 1.6
P181-MW46 9 19 3/12/2008 [11-3417 30J 4407 - - - - - 13
P181-MW46 9 19 6/17/2008 [11-3517 25 370 - - - - - 3.6
P181-MW47 13.5 18.5 9/13/2007 [11-3232 260 J 830J 14800 543 ] 46100 2040 21.3 3.6
P181-MW47 13.5 18.5 12/10/2007 |11-3318 270 690 - 173 54300 1920 - 1
P181-MW47 13.5 18.5 12/10/2007 |11-3319 (FD) 240 1000 - 200U 52900 2040 - n/a
P181-MW47 13.5 18.5 3/12/2008 [11-3418 400 460 - - - - - 1.1
P181-MW47 13.5 18.5 3/12/2008 [11-3419 (FD) 400J 480 J - - - - - n/a
P181-MW47 13.5 18.5 6/17/2008 [11-3518 390 190 - - - - - 0.6
PMW1 9.1 19.1 9/10/2007 {11-3203 0.247] 3.5 2150 162 14300 560 3.32 3
PMW1 9.1 19.1 12/12/2007 |11-3300 0.63 167 - 153 22800 500 - 1
PMW1 9.1 19.1 3/11/2008 [11-3400 04317 7.5 - - - - - 2
PMW1 9.1 19.1 6/16/2008 [11-3500 0.71 9.0J - - - - - 2.4
PMW2 8.6 18.6 9/10/2007 [11-3205 0.50U 1.17J 2560 108 30900 730 5.36 1
PMW2 8.6 18.6 12/11/2007 [11-3301 0.50U 1.0J - 159 45900 600 - 1.9
PMW2 8.6 18.6 12/11/2007 |11-3302 (FD) 0.50U 0.997] - 149 46100 570 - n/a
PMW2 8.6 18.6 3/11/2008 [11-3401 0.50U 0.571] - - - - - 2
PMW2 8.6 18.6 3/11/2008 [11-3402 (FD) 0.50U 2.0UJ - - - - - n/a
PMW2 8.6 18.6 6/16/2008 [11-3501 0.50U 0.771 - - - - - 3.6
PMW3 6.6 16.6 9/14/2007 [11-3243 0.50U 20U - 100 U 720000 310 1.21 1.2
PMW3 6.6 16.6 12/11/2007 |11-3303 0.50U 20 - 104 668000 320 - 1
PMW3 6.6 16.6 3/12/2008 [11-3403 0.50U 11 - - - - - 0.1
PMW3 6.6 16.6 6/17/2008 [11-3502 10 71 - - - - - 1.2
PMW3 6.6 16.6 6/17/2008 [11-3503 (FD) 17 170 - - - - - n/a
PMW4 5.1 15.1 9/12/2007 |11-3223 1.8 0.76 J 26200 576 133000 2950 30.8 4.6
PMW4 5.1 15.1 12/12/2007 [11-3304 2.4 1.41] - 168 J 71500 1260 - 2.4
PMW4 5.1 15.1 3/11/2008 [11-3404 0.63 20U - - - - - 4
PMW4 5.1 15.1 6/17/2008 [11-3504 0497 0.657 - - - - - 3.8
PMW5 3.1 13.1 9/11/2007 [11-3213 0.50U 20U 1010 100 U 23800 630 1.47 0.8
PMW5 3.1 13.1 12/11/2007 |11-3305 0.50U 20U - 140 47700 550 - 0.3
PMW5 3.1 13.1 3/11/2008 [11-3405 0.50U 0.557] - - - - - 1
PMW5 3.1 13.1 6/16/2008 [11-3505 0.50U 20U - - - -- - 3
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TABLE 3 Page 3 of 3
2007 AND 2008 QUARTERLY GROUNDWATER MONITORING WELL SAMPLING RESULTS
Location Client Sample Field
Code Start Depth  [End Depth |Collected |ID EPA Method 8260B EPA Method 160.1 EPA Method 300 EPA Method 300 EPA Method 310.1 |EPA Method 350.2 |Parameters
BENZENE NAPHTHALENE |TDS NITRATE SULFATE ALKALINITY AMMONIAASN |FE+2

(ft) (ft) Mg/l ug/L mg/L Mg/l mg/L mg/L mg/L mg/L
Screening Criteria 11100 HA 3000 CaLEPA/500 SMCL |10,000 MCL 250000 SMCL >500 "Hard water" (30 MCL 0.3 SMCL
PMW6 8 18 9/14/2007 [11-3242 02717 20U 3760 99.6J 1560000 415 8.91 0
PMW6 8 18 12/13/2007 | 11-3306 0.237] 0947 - 159 1060000 365 - 2.2
PMW6 8 18 3/11/2008 [11-3406 0.50U 20U - - - - - 2.3
PMW6 8 18 6/16/2008 [11-3506 0.307J 20U - - - - - 3.8
PW-12 12 17 9/13/2007 [11-3236 2.2 0937 28700 55317 369000 3450 46.6 1
PW-12 12 17 9/13/2007 [11-3237 (FD) 2.3J 1.0J - - - - - n/a
PW-12 12 17 12/13/2007 | 11-3320 0.2717 2.2 - 100 U 588000 3600 - 0.5
PW-12 12 17 3/11/2008 [11-3420 050U 20U - - - - - 1
PW-12 12 17 6/16/2008 [11-3520 0.62 0.5217 - - - - - 0.6
S-16-R 9.11 20.07 9/14/2007 [11-3244 1.2 6.9 - 573 97100 3950 73.2 0.9
S-16-R 9.11 20.07 12/11/2007 | 11-3325 19 727 - 209 3000 2200 - 0.6
S-16-R 9.11 20.07 3/11/2008 |11-3425 0.53 3.4 - - - - - 0.4
S-16-R 9.11 20.07 6/17/2008 [11-3525 0.4017 137 - - - - - 0.8
S-35R 10 20 8/7/2007 [11-3153 0.50U 200 13400 100 U 51900 2270 13.1 5.6
S-35R 10 20 8/7/2007 [11-3154 (FD) 0.50U 200 - - - - - n/a
S-35R 10 20 9/10/2007 [11-3208 0.50U 20U 1650 109 243000 208 0.0879 U 3
S-35R 10 20 12/10/2007 |11-3322 0.50U 20U - 100 U 232000 220 - 0.7
S-35R 10 20 3/11/2008 [11-3422 0.50U 20U - - - - - 1
S-35R 10 20 6/16/2008 [11-3522 0.50U 20U - - - - - 1
S-35R-2 7.67 19.55 9/13/2007 |11-3233 6.9J 240J 3060 509 ] 6980 850 3.31 2.7
S-35R-2 7.67 19.55 12/10/2007 [11-3323 9.6 360 - 106 20600 700 -- 2.3
S-35R-2 7.67 19.55 3/11/2008 [11-3423 6.5 210 - - -- -- -- 0
S-35R-2 7.67 19.55 6/16/2008 [11-3523 1.7 45 - - - - - 1.6
Notes:

Table summarized from Table 3-5 of RD/RAWP (TTEC 2010).
Bolded text indicates exceedance of criteria.

dash — not analyzed

Abbreviations and Acronyms:

png/L — micrograms per liter MCL — maximum contamination level
CaEPA — California Environmental Protection Agency mg/L — milligrams per liter
EPA — U.S. Environmental Protection Agency N — nitrogen
FD — field duplicate

FE — ferrous iron

ft — feet

HA — U.S. Environmental Protection Agency Drinking Water Health Advisories
ID — identification

J — estimated value

n/a — not applicable

SMCL - secondary maximum contamination level
TDS — total dissolved solids

TKN — total Kjeldahl nitrogen

U — analyte not detected above project reporting limit
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TABLE 4

Page 1 of 1

VERTICAL GROUNDWATER CONTAMINATION DISTRIBUTIONS
AT THE HYDROPUNCH SAMPLING LOCATIONS

Soil Sample Soil Soil SV;/ r?1tSIre Water Water
Location Depth Benzene Naphthalene Depth Benzene Naphthalene
(ft bgs) (ng/kg) (ng/kg) (ft bgs) (ng/L) (ng/L)
PC2-1 8-8.5 55U 55U0J 6.5-9.5 1.7 1.2]
PC2-1 13-13.5 58U 11] 12—-15 170 1,500 J
PC2-1 15-15.5 1,300 640,000 14.5-17.5 580 9,600
PC2-3 9.5-10 57U 5.7U0J 811 0.50U 0.64]
PC2-3 13-13.5 4,600 J 830,000 11-14 1,800 6,100J
PC24 9.5-10 94U 94U 8-11 no water no water
PC2-4 13-13.5 58U 491] 12—-15 0.50U 20U
PC2-4 18.5-19 29,000 J 2,700,000 J 16-19 160 1,800
PC2-6 13-13.5 55U 55U 11.5-14.5 0.50U 2.3
PC2-6 16.5-17 15,000 5,100,000 15-18 490 4,400
PC3-4 13-13.5 54U 3.0J 12.5-13.5 0.50U 0.68J
PC3-4 16-16.5 1,000 120,000 14.5-17.5 1,300 5,800
PC3-10 7-7.5 7.1 U0 7.1 U0 (clay) no sample no sample
PC3-10 | 13.75-14.25 9.7U 9.7U (clay) no sample no sample
PC3-10 15-16 6107J 340,000 14-17 84 1,600
PC3-12 9.5-10 10U 10U (clay) no sample no sample
PC3-12 13-13.5 310J 42,000 (clay) no sample no sample
PC3-12 15-15.5 2,100 800,000 13-16 34 33
PC3-13 9.5-10 91U 91U 7.5-10.5 no water no water
PC3-13 13-13.5 79U 79U 12—-15 8.1 660
PC3-13 16.5-17 5,000 J 1,800,000 15-18 730 7,300
PC3-14 7.5-8 6.0U 6.0U 6-9 0.50U 20U
PC3-14 11-11.5 11U 11U (clay) no sample no sample
PC3-14 13.5-14 8.7 1,800 J 12.5-15.5 90 390
PC3-14 15.5-16 31,0001J 4,100,000 J | (silt and clay) | no sample no sample
Notes:

Highlighted cells show multi-depth groundwater sample locations and results

Abbreviations and Acronyms:

pg/kg — micrograms per kilogram

pg/L — micrograms per liter
bgs — below ground surface

Table 4

ft — feet

J — estimated value

U — analyte not detected above project reporting limit
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TABLE 5

Page 1 of 1

SUMMARY OF THE BHHRA TIER 2 RISK ASSESSMENT RESULTS FOR
NONPOTABLE GROUNDWATER USES

Receptor Exposure Pathway RME HI RME ILCR

Car Wash Worker Inhalation and dermal 0.99 2x10°
contact with water

Landscape (Irrigation) | Inhalation and dermal 0.98 3x107

Worker contact with water

Resident Inhalation (modeled from 0.29 1x10°
groundwater®)

School Worker Inhalation (modeled from 0.29 7% 10°°
groundwater”)

School Student Inhalation (modeled from 0.29 2x10°
groundwater”)

Resident Inhalation (modeled from 0.0076 5%x10°
soil gas; Sites IR-25,
IR-30, IR-31)

School Worker Inhalation (modeled from 0.0076 5%x10°
soil gas; Sites IR-25,
IR-30, IR-31)

School Student Inhalation (modeled from 0.0076 5x10%
soil gas; Sites IR-25,
IR-30, IR-31)

Notes:

a

These risk contributions calculated for the vapor intrusion pathway in the BHHRA were conservatively based on

the groundwater sampling results from all investigated depths, not just those near the water table.

Abbreviations and Acronyms:
BHHRA — Baseline Human Health Risk Assessment

HI — hazard index

IR — Installation Restoration (Program)
ILCR — incremental lifetime cancer risk
RME - reasonable maximum exposure
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TABLE 6

Page 1 of 1

SUMMARY OF THE BHHRA TIER 2 RISK ASSESSMENT RESULTS FOR POTABLE
GROUNDWATER USE

Receptor

Exposure Pathway

RME HI

RME ILCR

Car Wash Worker

Ingestion, inhalation
and dermal contact with
water

9.8

2x10°

Landscape (Irrigation)
Worker

Ingestion, inhalation
and dermal contact with
water

9.8

3x10°

Resident

Ingestion of
groundwater; inhalation
modeled from
groundwater

145

2 %102

Source: (ERRG 2004.) Final Groundwater Remedial Investigation/Feasibility Study, Alameda Point Site 25/
Alameda Annex IR-02. October.

Abbreviations and Acronyms:
BHHRA — Baseline Human Health Risk Assessment

HI — hazard index

ILCR - incremental lifetime cancer risk

RME - reasonable maximum exposure
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TARGET REMEDIATION ZONE - BACKGROUND INFORMATION

To understand the distribution of benzene and naphthalene in site groundwater, it is important to
understand the Marsh Crust. An analysis was performed in the final Remedial Design
(RD)/Remedial Action Work Plan (RAWP) (TtEC 2010) to answer the following questions
regarding the Marsh Crust at OU-5/FISCA IR-02 and the origin of site contamination:

e What is the Marsh Crust?

e Where did the Marsh Crust come from?

e How did the Marsh Crust get here?

e Why is the Marsh Crust not a continuous layer?

e Why is the contaminant distribution variable throughout the Marsh Crust?

The Marsh Crust was originally defined in 1969 by Lee and Praszker in the California Division
of Mines and Geology Special Report 97 (Lee and Praszker 1969) and in 1979 (Lee and Praszker
1979) when they performed a geotechnical investigation at Alameda. They defined the Marsh
Crust as the peat layer that was the historic marshlands. The marshlands were filled in with
dredge material between 1900 and 1940. By 2000, the definition of the Marsh Crust had changed
to a layer of refinery by-products and sludges deposited within tidal channels and up to the high
water mark on the tidal marsh (TtEMI 2000). A similar definition can be found in the Remedial
Investigation (RI)/Feasibility Study (FS) Report (ERRG 2004) as “A layer of petroleum-related
contamination on the historic shoreline, marshland and tidal channels underlying the Site,
referred to as the Marsh Crust.”

The Marsh Crust beneath OU-5/IR-02 originated from residues associated with the Oakland Gas
Works, a manufactured gas plant (MGP) in Oakland that was active in the 1800s. The
hydrocarbon fingerprint and stable isotopic ratio analysis (see attached RD/RAWP, Appendix F,
TtEC 2010) determined that the Marsh Crust contaminants are consistent with MGP residues
from a coal carbonization process. No petroleum derived residues are present, confirming the
Marsh Crust contaminants are not from a more recent petroleum or fuel release. The Oakland
Gas Works was formerly located across San Antonio Creek at the present-day Jack London
Square, approximately 1 mile from the site (Figure A.1). This facility processed coal only from
1866 to 1904 (consistent with the isotope analysis).

Based on the MGP location, residuals were probably discharged to San Antonio Creek. Once
discharged into an estuarine environment, such as San Antonio Creek and adjacent
tidelands/marshes on Alameda, dissolved-phase coal tar residuals (primarily benzene, toluene,
ethylbenzene, xylenes [BTEX], and/or naphthalene), suspended microglobules of coal tar
polycyclic aromatic hydrocarbons (PAHs), and/or suspended sediment particulates with PAHs
adsorbed to their surface would migrate with the tidal currents and become adsorbed to the
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surface of the tidal marsh organic matter/sediment. This would typically be restricted to a thin
layer due to the highly adsorptive nature of the marshes/tidal flats organic peat and/or fine-
grained sediments. Once incorporated in the sediment, these contaminants will typically remain
there and serve as a localized source to adjacent surface water. If subsequently covered with fill,
the impacted sediment would occur as a relatively thin subsurface layer that serves as a localized
source to adjacent groundwater.

The Marsh Crust is not a uniform, continuous layer because natural estuarine processes as well
as construction/development activities were not static during its formation. Estuarine marshes
are dynamic landforms that are continually in a state of flux due to water-mediated sediment
transport, erosion/accretion, and/or other depositional events that constantly shape and reshape
tidally influenced wetland areas. Other major erosional and/or depositional events such as storms
or the differential filling (placement of dredge spoils) of the marsh over time also have a
significant impact on the reshaping of the tidally influenced wetland areas and the subsequent
distribution of impacted marshland sediments referred to as the Marsh Crust.

In addition to the Marsh Crust not being a uniform, continuous layer for reasons described
above, contaminants within the Marsh Crust also vary in concentration. For example, high
concentrations of benzene and naphthalene are collocated in some areas; however, there are other
areas with high naphthalene and low benzene. Three processes can contribute to this variability:

e The estuarine environment and related construction/development activities described
in the previous paragraph.

e The differences in the way benzene and naphthalene react when released into the
environment due to differing chemical characteristics. Differences in solubility,
adsorption, volatility, and other chemical characteristics may cause attenuation of one
compound but not another.

e The MGP coal carbonization process produces two different waste product streams:
coal tar, which includes naphthalene, and benzol, which consists primarily of
benzene. Manufacturing, by-product segregation, and disposal practices at the MGPs
typically resulted in differential distributions of different MGP wastes. For example,
the benzol may be discharged at different rates or different times than the coal tar,
which would affect the distribution of benzene and naphthalene.

Because of these processes, a uniform MGP residual (i.e., uniform Marsh Crust) does not exist
and thus uniform groundwater contamination does not exist. This type of contaminant variability
is routinely seen at other MGP sites (TtEC 2010).

Another important fact to consider when evaluating the origins of site contamination is the lack
of evidence of a source, or sources, other than the Marsh Crust. Had site contamination
originated from a surface or near surface release, a zone of contamination along the shallow clay
layer or a smear zone at the water table would be expected. Near-surface sourced hydrocarbons
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would migrate downward through the soil column until contacting an impermeable clay layer
(common throughout the site) or the water table. Such contamination would then migrate

horizontally along the clay contact or, in the case of the water table, create a smear zone as the
water table fluctuated between wet and dry months. Such conditions were not observed. Instead,
site characterization activities confirm increasing contamination with depth, and maximum

concentrations at the Marsh Crust.

Previous site characterization activities include

1 Appendix A.docx

Over 70 HydroPunch (2001 data) groundwater samples and 12 shallow
(approximately 10 to 20 feet bgs) groundwater monitoring wells (2003 data)
previously sampled to analyze contamination distribution (presented in 2004 RI/FS,
see attached RD/RAWP Figure 2-4 and RI/FS Figures 4-5, 4-6 and 4-8)

Contaminant concentrations are higher at deeper (16-20 ft) interval vs. shallower (12-
16 ft) interval at all 35 HydroPunch locations where contamination was detected and
where multi-depth samples were collected (Figures 4-5 and 4-6).

RI/FS data were used as starting point to further evaluate plume centers. The need for
further refinement was stated in the RI/FS and ROD and was accomplished in the
2007 pre-design investigation

2007 pre-design investigation included:

— 28 continuously cored soil sample locations —Marsh Crust observed as 0.5 to 1
inch layer of contamination at the base of the FWBZ (approximately 13 to 21 ft
throughout site) at 26 of 28 locations. Highest contamination concentrations were
at Marsh Crust (see RD/RAWP Figure 3-4).

— Multi-depth soil sample locations at 8 of 28 locations —Results for most soil
samples above the Marsh Crust were below detection limits; results for Marsh
Crust samples were one to 6 orders of magnitude higher than samples collected
above Marsh Crust

— HydroPunch groundwater samples collected adjacent to, and at the same depth as,
soil samples. Additional step-out HydroPunch samples (total of 46) were also
collected to establish 500 ug/L benzene isoconcentration contour. HydroPunch
sample results confirmed RI/FS data that the contamination increases with depth
(see RD/RAWP Figure 3-6). HydroPunch data were used to establish biosparge
treatment areas (see RD/RAWP Figure 3-8).

— Hydrocarbon fingerprint and stable isotope ratio analysis results showed one
common source for soil and groundwater contamination and a coal, not
petroleum, based source for site contamination (RD/RAWP Appendix F and G)

— Soil sampling to investigate “dark colored areas” (see RD/RAWP Figures 3-16
and 3-17). All benzene and naphthalene results were below detection limits.
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— 18 continuously cored wells and piezometer locations installed for the
biosparge/SVE pilot tests (including 9 locations drilled through the dark colored
areas observed on the 1968 aerial photograph shown on Figure A-2)

— 6 continuously cored plume boundary well locations (PMW1 through PMW6)
(The degree of observable contamination was much compared to plume center
locations. The Marsh Crust was often observed as only a slight staining or slight-
to-moderate hydrocarbon odor in sediments at the base of the FWBU)

— 7 continuously cored biosparge area monitoring wells (BZMW1 through
BZMW?7) where the Marsh crust was observed at the base of the FWBZ.

— Approximately 17 additional plume center step-out location and 31 additional
pilot test probe locations not included in the above totals that were hand augured
to 6 feet bgs. The cuttings were logged and, in most cases, field screened with a
PID. Field evidence of contaminated was not observed at any of these locates.

The site is well characterized. There are multiple lines of evidence that the Marsh Crust is the
only source of site contamination.

1 Appendix A.docx

If there were a surface or near surface spill/source (such as a fire pit, burn area,
pipeline, UST, AST, etc) signs of contamination (e.g. smear zone) would be at the top
of the water table since site contaminants are lighter than water. In the 60
continuously cored borings, there was no sign of contamination (e.g. smear zone) at
the top of the water table. In the 48 additional hand auger locations there was no sign
of contamination on top of the clay layer

Marsh Crust observed as a thin (approx. 0.5 to 1 inch) layer of contamination at the
base of the FWBZ directly on top of the plant material rich native Bay Mud formation

Soil and groundwater "fingerprint analysis" indicates one common source for soil and
groundwater.

Isotope ratio analysis indicates coal based, not petroleum based, hydrocarbon.

Coal carbonization process produces benzene and naphthalene rich waste products
typically (historically) disposed of into the environment.

Local history confirms nearby MGP where coal was used.

Differing distribution and concentrations of benzene and naphthalene are consistent
with dynamic costal environment, MGP waste disposal practices, and as seen at other
MGP sites

Soil sample results and continuous soil cores collected to the base of the FWBZ in the
"dark colored area" show no evidence of spill, burn pit, or any other contamination
source

Benzene and naphthalene are flammable and are not used in fire retardants

There is no history of any other source areas
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A detailed evaluation of Marsh Crust and the origin of site contamination, including other sites
with similar MGP wastes, were presented in Appendix F and G originally included in the
RD/RAWP (TtEC 2010). These two appendices are attached.
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APPENDIX F

HYDROCARBON FINGERPRINTS AND
STABLE ISOTOPE RATIO ANALYSIS

Contaminant source evaluation consisted of assessing expanded gas chromatograph (GC)/flame
ionization detector (FID) “fingerprints” and compound-specific stable isotope ratio data for
groundwater and soil samples. Stable isotope analysis is extremely useful in determining whether
polycyclic aromatic hydrocarbons (PAHs) and benzene in an environmental sample may have
originated from a single or multiple sources even when the patterns of individual compounds in a
GC/FID fingerprint in those samples are essentially the same or similar.

1.0 ANALYTICAL METHODS

Soil and groundwater samples from the site were received by the analytical laboratory in good
condition. Samples and extracts were stored at 4 °Celsius (C) £ 2 °C prior to extraction and
analysis. Soil and groundwater samples were extracted within 7 days of sample receipt, and the
extracts were analyzed within 40 days of sample preparation.

Soil samples were prepared by solvent extraction (U.S. Environmental Protection Agency [EPA]
Method 3570) using dichloromethane, and aqueous samples were prepared using EPA Method
3511 for fingerprinting. The extracts were spiked with internal standard and analyzed by GC/FID
(EPA Method 8100M) for fingerprinting of hexane (Cg) to tetracosane (Cap). A 5-liter (L) aliquot
of each aqueous sample was extracted using EPA Method 3510, and the extracts were combined
and reduced to a final volume of 1.0 milliliter (mL) for compound-specific stable isotope ratios
(CSIR) of volatile organic compounds. A portion of each fingerprinting soil extract was
submitted for PAH CSIR analysis. Compound specific stable isotope analysis consisted of
GClisotope ratio mass spectrometry (IRMS) for stable isotope ratios of carbon (*C/**C) and
hydrogen (*H/'H) using standard practice for these analyses. No deviations of quality control
(QC) parameters occurred during analysis to compromise the integrity of the reported values.

2.0 DATA INTERPRETATION
GC/FID Fingerprinting

Individual GC/FID chromatograms are presented in Attachment A. An interpretive
synopsis is provided below.

Groundwater Samples

See Work Plan Figures 3-6 and 3-7 for sample locations.
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PC3-1 — Volatile aromatic compounds and light-weight PAHs present with a
relatively high concentration of naphthalene compared to other compounds present in
the chromatogram.

PC3-2 — Volatile aromatic compounds and light-weight PAHs present similar to
PC3-1.

PC3-10 — A relatively high concentration of naphthalene with lower concentrations of
other light to mid-weight PAHs (methylnaphthalenes to phenanthrene) compared to
other compounds present in the chromatogram.

PC2-7 — Volatile aromatic compounds and light-weight PAHs present similar to
PC3-1 with relatively high concentrations of naphthalene compared to other
compounds present in the chromatogram.

PC2-5 — Volatile aromatic compounds and light-weight PAHs present similar to
PC3-1 with relatively high concentrations of naphthalene compared to other
compounds present in the chromatogram.

PC2-6 — Volatile aromatic compounds and light-weight PAHs present similar to
PC3-1.

Soil Samples

Appendix F.doc

See Work Plan Figures 3-4 and 3-5 for sample locations.

PC3-1 — Pyrogenic material with a wide range of PAHs from naphthalene to
benzo(g,h,i)perylene, with high concentrations of naphthalene and lower
concentrations of light-to-heavy PAHs. Fluoranthene-to-pyrene ratio approximately
0.85.

PC3-2 — Pyrogenic material similar to PC3-1 with naphthalene, phenanthrene,
fluoranthene, and pyrene present at similar concentrations indicating some
weathering. Fluoranthene-to-pyrene ratio approximately 0.85.

PC3-10 — Pyrogenic material similar to PC3-1, with the lower concentration of
naphthalene in the sample compared to that in PC3-1 indicating some weathering.
Fluoranthene-to-pyrene ratio approximately 0.90.

PC3-11 — Pyrogenic material with a wide range of PAHs at relatively low
concentrations, with naphthalene, phenanthrene, fluoranthene, and pyrene present at
similar concentrations indicating some weathering. Fluoranthene-to-pyrene ratio
approximately 0.85.

F-2 Draft Final Remedial Design/Remedial Action Work Plan
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PC2-7 — Pyrogenic material similar to PC3-2, with naphthalene, phenanthrene,
fluoranthene, and pyrene present at similar concentrations indicating some
weathering. Fluoranthene-to-pyrene ratio approximately 0.85.

PC2-6 — Pyrogenic material similar to PC3-1, with naphthalene and phenanthrene
present at similar concentrations indicating some weathering. Fluoranthene-to-pyrene
ratio approximately 0.90.

PC-12 — Pyrogenic material similar to PC3-1 with concentrations of light-weight and
heavy-weight PAHs similar to the mid-weight PAHs present at higher concentrations
indicating weathering. Fluoranthene-to-pyrene ratio approximately 0.95.

Discussion

Soil samples PC3-1, PC3-2, PC3-11, PC2-7, and PC2-6 (Work Plan Figures 3-4 and 3-5)
had relatively high concentrations of naphthalene and lower concentrations of heavier
PAHs through benzo(g,h,i)perylene with no or little aromatic volatile compounds present.

Soil samples PC3-10 and PC-12 had a wide range of PAHs, present with higher
concentrations of the mid-weight PAHs relative to the lighter and heavier-weight
compounds. No or little volatile aromatic compounds were present in the samples. The
materials in the samples appeared to be heavily weathered.

Soil sample PC2-5 had mid-weight PAHs present at relatively low concentrations.

Groundwater samples PC3-1, PC3-2, PC2-7, PC2-5 and PC2-6 (Work Plan Figures 3-6
and 3-7) had very high concentrations of naphthalene with low concentrations of
methylnaphthalenes and acenaphthylene. Volatile aromatic compounds were also present
at low concentrations relative to naphthalene.

Groundwater sample PC3-10 had high concentrations of naphthalene with lower
concentrations of mid-weight PAHs up to phenanthrene.

All samples have pyrogenic material present with varying degrees of some weathering
evident in the soil samples. The groundwater samples have the water soluble components
of the pyrogenic material present. The PAH pattern present is similar to that from an oil-
gas (i.e., manufactured gas plant [MGP]) process.

Compound Specific Isotope Ratio Results

Stable isotope results are presented in Attachment B, and PAH and stable isotope
concentrations and calculated ratios are provided in Table F-1 (attached). An interpretive
synopsis is provided below. See Work Plan Figures 3-4 and 3-5 for soil sample locations.
See Work Plan Figures 3-6 and 3-7 for groundwater sample locations.
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Discussion

Soil samples had average carbon isotope values of -21.9 %o to -23.0 %o for benzene,
toluene, ethylbenzene, and xylenes (BTEX) and -21.8 %o to -23.0 %o for PAH compounds
(Attachment B for isotope values). Groundwater samples had average carbon isotope
ratios for BTEX and PAHs from -21.9 %o to -22.7 %o and -21.7 %o to -22.4 %o,
respectively. Average hydrogen isotope values were between -62 %o and -101 %o for
benzene and between -44 %o and -82 %o for naphthalene. These values are typical for coal
(8"C of -23 %o to -25 %o; &°H of -60 to -120 %o) and MGP residuals from a coal
carbonization process, which typically exhibits 8"°C values between -21.0 %o and -
24.0 %o.

As the plots in Attachment B illustrate, stable isotope signatures (813C and 62H) for
benzene and naphthalene are all consistent and similar within and among groundwater
and soil across the site area sampled, indicating a common source material. Multiple
sources are not indicated (i.e., no separate, distinct clusters of isotope values are evident),
and isotopic enrichment was noted (i.e., more positive isotope values indicative of an
increase in the proportion of heavier isotopes as biodegradation enzyme systems

preferentially degrade the lighter isotopes), especially in the 813C isotope plots for

naphthalene and benzene across the site in soil and groundwater, and also for the 8 H
plots for naphthalene and benzene within groundwater and soil.

The stable isotope data (613C and 82H isotope enrichment) indicate that biodegradation of
benzene and naphthalene is occurring. The enrichment of the carbon stable isotopes along
a biodegradation kinetic isotope effect enrichment line and more enriched isotope value
in the water sample compared to its companion soil isotope ratio (see Attachment B)
indicate that biodegradation is occurring on a common source material. Also indicated is
that biodegradation is proceeding fairly uniformly (i.e., the biodegradation kinetic isotope
effect enrichment line is linear) across the site area sampled for each compound.
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