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EXECUTIVE SUMMARY

Naval Fuel Depot (NFD) Point Molate is located on the San Pablo Peninsula approximately 1.5 miles north of
the Richmond-San Rafael Bridge in Richmond, California. NFD Point Molate covers approximately 412 acres
in the Potrero Hills, along the northeastern shore of San Francisco Bay. The San Pablo Peninsula is the
dividing point between San Pablo Bay and San Francisco Bay (see Figure 1-1). The depot occupies
approximately 1.6 miles of shoreline, and its property extends into adjacent hillsides characterized by steeply

eroded ravines.

NFD Point Molate is a former bulk fuel storage and transfer facility that was capable of storing more than 40
million gallons of fuel. Fuel was transferred to and from the facility by off- and on-loading ships and barges
at the depot fuel pier as well as through the Santa Fe Pacific Pipeline Transfer Station. Fuel storage and
transfer operations at the facility ceased in May 1995, and NFD Point Molate became a closing base under
the Base Realignment and Closure (BRAC) IV program on September 30, 1995. The base officially closed
on September 30, 1998.

NFD Point Molate was included in the Installation Restoration (IR) Program in September 1987. By 1994,

four IR sites had been recognized. These four sites are:

. IR Site 1, the Waste Disposal Area

. IR Site 2, the Sandblast Grit Disposal Areas

. IR Site 3, the Treatment Ponds Area

. IR Site 4, Drum Lot No. 1 and the Shoreline Areas

The four IR sites have been investigated both individually or in combination by several characterization
efforts. Most of the basic characterization investigation was performed prior to 1995. From 1995 to the

present, the site efforts have been focused on removal and interim actions.

The Phase II RI was scoped to update the understanding of the nature and extent of contamination, especially
in groundwater. Additional data collection was focused on providing better baseline data for screening
remedial options, searching for evidence of potential sources of contamination, performing a human health
risk assessment for an area of shoreline currently open to the public, and performing an offshore ecological

risk assessment.
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This Final Phase II RI Report presents the results of the on-shore portion of the Phase II RI field activities.
This report documents the current site status and nature and extent of contamination at each of these IR sites.

Investigation activities completed at each of these sites is addressed in this report as follows:

. IR Site 1, the former Waste Disposal Area - The Navy is proceeding with a removal action at
IR Site 1, the Waste Disposal Area, under U.S. Environmental Protection Agency (EPA)
landfill presumptive remedy guidance (EPA 1993c, EPA 1993d, EPA 1996¢, and EPA
1997b) and under the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) (EPA 1990d). Data collected previously and during the Phase II RI were used to
evaluate options in an engineering evaluation and cost analysis (EE/CA). The proposed
options evaluated were: capping under a presumptive remedy or removal under a removal
action; and evaluation for no further action. The Draft Site 1 EE/CA was submitted to the
BCT in October 1999 (TtEMI 1999¢). A presumptive remedy was selected that consisted of
a single-layer soil cap, drainage controls, and monitoring. Comments on the draft Site 1
EE/CA were received and a final Site 1 EE/CA is being prepared.

. IR Site 2, Sandblast Grit Disposal Areas - A removal action has been completed and EPA
Region 9 has approved the Sandblast Grit Areas (Site 2) Removal Action Final Completion
Report (TtEMI 1998). A Proposed Plan for Site 2 that selects the no-further-action
alternative was released April 30, 1999. The 30-day public comment period for the
proposed plan was held from May 5, 1999 to June 5, 1999, and a public meeting to discuss
the proposed plan was held on May 19, 1999. No comments were received from the public
on the proposed plan and the Draft Record of Decision (ROD) for IR Site 2 was sent to the
regulatory agencies June 25, 1999. A Final ROD was issued on December 30, 1999 (TtEMI
1999f). The Final ROD for IR Site 2 awaits the agency’s final approval at the time of this
Final Phase II RI.

. IR Site 3, Treatment Ponds Area - A pilot test was conducted for petroleum product removal
and limited investigations were completed to support these tests and to evaluate remedial
options in an EE/CA. A bench-scale test was conducted in July 1999 to further evaluate the
potential use of thermal desorption and extraction of viscous fuels from IR Site 3 soils.
Pipcline removals were conducted through IR Site 3 from 1998 to present. A Draft EE/CA
for IR Site 3 is being prepared and will be submitted in 2000. The EE/CA includes a
screening level risk assessment.

. IR Site 4, Drum Lot 1 and the Shoreline Areas - Sampling at the NFD Point Molate Public
Beach was performed to support a human health risk assessment. Sediment, bioassay, and
toxicity testing in the offshore areas of the shoreline were performed to support an ecological
risk assessment (this proposed work was detailed in a separate work plan, the Final
Ecological Risk Assessment Addendum to the Phase I Remedial Investigation Field Work
Plan [TtEMI 1998i]). The results of the offshore ecological risk assessment have been
presented in a separate document (Entrix, Inc. and TtEMI 1999b). Preferential migration
pathways for hydrocarbons along the shoreline were investigated. The interior area of Drum
Lot No. 1 was also explored for sources of hydrocarbons. Pipeline removal was performed
along the South Shoreline during 1999 and 2000 in the Drum Lot Number 1 area from 1998
to 1999, and in the North Shoreline Area from 1999 to 2000. An HHRA and an Ecological
Risk Assessment (ERA) are being scoped for IR Site 4. The field work for the HHRA and
ERA are scheduled for the second quarter of 2001.
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Investigation results for this Final Phase II Rl report are described in eight sections plus references. The

Phase II RI investigations have supplemented earlier work, and the findings of this report are summarized as

follows:

. The investigations met or exceeded the scope of the Final RI Field Work Plan. Data Quality
Objectives (DQO) presented in the Final RI Field Work Plan were met. Discrepancies
between proposed and actual field activities are listed in Section 2.7 of this report.

. The geologic information gathered confirmed the geologic portion of the conceptual site
model for NFD Point Molate, and an expanded discussion of geology is provided as EPA
requested during the RI Work Plan scoping. Results of aquifer testing indicated limited
permeability in fractured bedrock. Water levels in well pairs indicate an upward
groundwater gradient in all three IR sites.

. The nature and extent of contamination results are as follows:

IR Site 1, the Waste Disposal Area. The volume of fill material in IR Site 1 is less than
previously estimated. Wastes are generally inert, consisting of construction or
demolition type debris except for lenses of weathered petroleum hydrocarbon saturated
soil. Petroleum hydrocarbon saturated materials constitute approximately 30 to 40
percent of the fill. Sources of petroleum hydrocarbons within the Waste Disposal Area
fill causing groundwater impacts are weathered and depleted of highly mobile petroleum
compounds. Bedrock wells up- and downgradient do not indicate significant
contamination in bedrock groundwater.

IR Site 3, the Treatment Ponds Area. The occurrence of free product has diminished
over time and through removal actions. Product has been successfully contained by the
Site 3 containment wall and extraction trench. The overall impacts to groundwater
appear to be decreasing.

Bedrock well BR11-96 had a total petroleum hydrocarbon (TPH) detection of

0.19 milligrams per liter (mg/L) as gasoline range organics. Chloroform (0.6
micrograms per liter [pg/L]), vinyl chloride (3 pg/L), and total xylene (1 pug/L) were
also detected in samples from well BR11-96. This indicates some impact to the
bedrock.

IR Site 4, The Shoreline Areas. The Final Offshore Ecological Risk Assessment
(Entrix, Inc. and TtEMI 1999b), indicates no negative impacts to offshore biological
receptors. The Onshore Human Health Risk Assessment for the Point Molate Public
Beach found no risk to recreational users of the Point Molate Public Beach area. The
investigations for the remainder of the South Shoreline found no new sources and
substantiated that TPH concentrations were decreasing in the shoreline monitoring
wells. The Drum Lot No. 1 investigation confirmed petroleum hydrocarbon impacts to
groundwater and soil including gasoline and methy! tertiary butyl ether (MTBE).
Samples from bedrock well BR11-90 had minor indications of TPH groundwater
contamination. Diesel-range TPH was detected at 0.22 mg/L. Gasoline-range TPH was
detected at 0.13 mg/L, and all benzene, toluene, ethylbenzene and xylene (BTEX)
compounds were detected. However, no primary source of any of the petroleum was
found and the source of modem gasoline (identified by MTBE) is still unknown. The
North Shoreline was not investigated further under this investigation.
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. Background polycyclic aromatic compounds (PAH) analysis detected few PAH compounds;
most data were nondetect.

. Based on the results of the HHRA, no cleanup action is necessary at the IR Site Public
Beach area. There is also no significant risk from ingestion of shellfish collected along the
NFD Point Molate shoreline. This is because cancer risk estimates and hazard indices were
less than or at the lower end of EPA’s risk management level for protection of human health.

The conclusions and recommendations for the Final Phase II RI are as follows:

o IR Site 1, the Waste Disposal Area. A removal action under an EE/CA is currently
proceeding.

. IR Site 2, the Sandblast Grit Disposal Areas. The Final ROD for no further action at IR Site
2 was submitted for regulatory review December 30, 1999, and the Navy is awaiting agency
approval.

) IR Site 3, the Treatment Ponds Area. Proceed with a removal action option screening under
an EE/CA. A limited bench-scale test of soil heating and product recovery was conducted
under this Phase II RI to support an EE/CA. The EE/CA for IR Site 3 is scheduled for 2000.
The EE/CA will include screening level risk assessment.

) IR Site 4, the Shoreline Areas. Possibly include the North Shoreline Area in the EE/CA for

IR Site 3. An HHRA and terrestrial ERA are being scoped. A Draft Work Plan will be
submitted the last quarter of 2000. Field work is scheduled for the second quarter of 2001.
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1.0 INTRODUCTION

Naval Fuel Depot Point Molate is a former bulk fuel storage and transfer facility operated by the United
States Navy. The facility was built in 1942 during World War II and operationally functional from 1943 until

May 1995 when operations ceased. The facility was capable of storing more than 40 million gallons of fuel.

During the 1980s the facility was reviewed for potential environmental problems. The Navy initiated
remedial measures to remove floating petroleum hydrocarbons from the groundwater in the Treatment Ponds
Area. Other environmental investigatioﬁs were conducted during the late 1980s and extensive investigations
were conducted during the 1990s (see Table 1-1).

The Phase II Remedial Investigation (RI) was scoped to: (1) update groundwater information; (2) obtain
current data and fill data gaps to support the Engineering Evaluation and Cost Analysis at Installation
Restoration (IR) Sites 1, the Waste Disposal Area and 3, the Treatment Ponds Area; (3) perform a human
health risk assessment focused on the Public Beach Area; and (4) perform an offshore Ecological Risk
Assessment. This Phase II RI Report describes the site investigations and the findings from the field
investigations. Data from the field investigation and the three semiannual groundwater sampling events are
presented and integrated with the previously generated data for IR Site 1, IR Site 3, and IR Site 4. This Final
Phase II RI Report updates the status of these sites and refines the previously presented conceptual models
(TtEMI 1998k).

The Final Phase II RI Report provides interpretations and conclusions based upon recent Phase II RI field
data as well as historical IR data. All analytical data generated during IR investigations are presented in
Appendix A2. These data are arranged by the respective IR Site 1, 3, or 4. These data are further subdivided
by matrix and analyte. Detections are in bold font. These data are also included in statistical summary tables
in Section 4.0, and divided by IR site. The other appendices supply supporting data and are included for
completeness. Not all these data are referenced in this report, but the intent is to provide a single compilation
to support future actions and base transfer. New appendices in this Final Phase II RI Report include well

construction summary tables, and comprehensive water-level and product thickness measurement tables.

Plates provided with this report show the geography and distribution of sample points and analytical
detections within each IR site. All historical and recent data are posted for these sample points. Extensive
data sets required posting only detections on most maps. In some cases, nondetects are shown to substantiate
decreasing contaminants after previous detections of indicator analytes, such as total petroleum hydrocarbons
as petroleum-extractable (TPH-e) and total petroleum hydrocarbons as petroleum-purgeable (TPH-p). Some
areas with extensive data, like the Drum Lot No. 1 area required posting historical data on one plate and
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recent data on another plate. Review of these plates is necessary in interpreting the spacial and temporal
distribution of data at Point Molate.

1.1 PURPOSE OF THIS RI REPORT

This section presents the purpose of this report and introduces the strategies for each IR site as scoped by the
Base Closure Team (BCT). This section also gives a site historical background and a summary of previous

investigations.

Cleanup and closure work at NFD Point Molate is carried out under two primary programs. The first is the
compliance program, which addresses cleanup and closure of the former fuel system (underground storage
tanks [USTs] and pipelines), buildings containing asbestos, and electrical systems with outdated
transformers. The second is the Installation Restoration Program (IRP), which addresses sites that have been
identified under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).
Four sites have been identified through the IRP: Site 1 - the former Waste Disposal Area; Site 2 - Sandblast
Grit Disposal Areas; Site 3 - the Treatment Ponds Area; and Site 4 - Drum Lot 1 and the Shoreline Areas.
Site 2 was remediated through a removal action in 1997 and a Final Record of Decision (ROD) was
submitted for agency approval December 30, 1999. This site will not be further evaluated in this report. The
remaining sites are the focus of this Final Phase II RI Report. All IR sites are shown on Plate 1.

On June 8 and 9, 1998, the Navy held strategy meetings with the BCT to develop overall site objectives and
expedite early actions at each of the four IR sites. The meetings resulted in refocused investigation and
cleanup efforts. The following bullets summarize the revised approach to the Phase II RI process and site
strategies discussed during the meetings and incorporated into the Phase II RI process. Beneficial use of

groundwater issues will be addressed during the Corrective Action Plan (CAP) for the UST sites.

. Site 1- Former Waste Disposal Area. In order to expedite closure and as a result of the Navy
June meetings, the Navy proposed collection of data sufficient to evaluate the site for a U.S.
Environmental Protection Agency (EPA) landfill presumptive remedy. Presumptive
remedies fall into two categories, removal or capping/control. (A no-action alternative is
always considered.) Rather than collect extensive chemical characterization data and
conduct detailed human-health and ecological risk assessments at the site, the Navy has
evaluated closure alternatives (such as capping or removal) that eliminate all potential
contaminant pathways. The Navy prepared a streamlined EE/CA to identify and evaluate
these potential presumptive remedies. The preferred alternative identified in the EE/CA will
be implemented as a removal action to expedite construction. Once the action has been
completed, a proposed plan (PP) and ROD will be prepared to document the action and
specify any remaining regulatory requirements at the site (such as long-term monitoring).
Data were generated during the Phase II RI field work to support evaluation of potential
presumptive remedies in the EE/CA. Chemical data was collected for basic waste
characterization for comparison to previous data; to provide a baseline for further reference;
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and to provide data for evaluating disposal alternatives. This report summarizes all these
data for IR Site 1 and presents an updated interpretation of the area.

Typically, a risk assessment is not prepared for a removal action, although risks are
discussed in the context of identifying the need for the removal action and establishing
removal action objectives. The EE/CA for IR Site 1 includes an exposure pathway
assessment that uses a conceptual-site-model approach to identify sources, release and
transport mechanisms, affected media, exposure routes, and potential receptors. A Final
EE/CA for IR Site 1 is in preparation. Capping is the selected remedy. Streamlined risk
assessments will be prepared consistent with EPA guidance on presumptive remedies for
landfill sites (EPA 1993b and 1996¢). Streamlined risk assessments are target specific
exposure pathways based on projected future land-use scenarios provided in the planning
documents (City of Richmond 1997). Applicable or relevant and appropriate requirements
(ARARSs) will be addressed during preparation of the remedial documents.

Site 2 - Former Sandblast Grit Disposal Areas. This site underwent a removal action during
1997. The Removal Action Final Completion Report (TtEMI 19981) documents the action
and results. Recommendations are for no further action since all of the sandblast grit was
removed and there are no significant health risks remaining. No additional data collection
was necessary during the Phase II RI and no additional risk assessments will be conducted.
The Final Record of Decision (ROD) for IR Site 2 was submitted to the regulatory agencies
on December 30, 1999, and is awaiting regulatory approval. Upon approval of the Final
ROD, IR Site 2 will have achieved a final no further action conclusion. This report does not
provide data for IR Site 2.

Site 3 - Treatments Ponds Area. Site 3 has undergone several investigations, as well as

a removal action to prevent free product from migrating toward San Francisco Bay. A pilot
test was conducted to evaluate techniques for enhancing product removal. Additionally,
several closure actions have been or will be performed so this site may be closed. Three
ponds have been used to treat stormwater from the oily-water recovery system (ORS) and
must be closed; numerous pipelines in the area must be removed for closure; and free
product is currently being removed from the subsurface. These actions have and will result
in extensive disturbance of surface soil across the entire site and will change the nature and
extent of any potential contamination that remains. A removal action under an EE/CA is
being scoped and will be implemented in 2000 through 2001. Therefore, the Navy is
proposing to defer evaluation of human and terrestrial ecological risks until after the actions
have occurred. This timing will allow for more accurate evaluations of potential risks from
the site to potential receptors. In general, there are sufficient data to support closure.
Additional data may be collected, if needed, during the closure actions; therefore minimal
data were collected during the Phase II RI. Data collection was limited to four borings, one
to evaluate bedrock under the site, two borings to evaluate conditions close to the ponds, and
one upgradient boring to examine potential for other sources of petroleum hydrocarbons.

Site 4 - Drum Lot No. 1 and Shoreline Area. Numerous pipelines that run along the
Shoreline Area have been or will be removed by the Navy. Removal of the pipelines will
cause extensive disturbance of surface soil along the shoreline area and will change the
characteristics of any potential contamination that remains. Therefore, the Navy deferred
cvaluation of human and terrestrial ecological risks until after the pipelines have been
removed. This delay will allow for more accurate evaluation of potential risks from the site
to potential receptors. Therefore, during the Phase II RI, the ecological risk assessment at
Site 4 only focused on aquatic receptors. Results of this ecological risk assessment work is
described in the Final Ecological Risk Assessment Report (Entrix, Inc. and TtEMI 1999a).
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A human health risk was conducted for the NFD Point Molate Public Beach area. An
HHRA and a terrestrial ERA will be performed in IR Site 4. These risk assessments will be
scoped and work plans will be developed in summer and fall of 2000. The field work is
scheduled for spring 2001.

1.2 REPORT ORGANIZATION

This Final Phase I RI Report contains nine sections. The introduction in Section 1.0 describes the site, the
site history, and previous investigations. Section 2.0 chronicles the field work performed during Phase II.
Section 3.0 provides the physical and natural history characteristics of Point Molate. Section 4.0 describes
the nature and extent of contamination for the three IR sites, and is the synthesis of the investigative findings
of current studies. Contaminant fate and transport is described in Section 5.0 and is focused on petroleum
hydrocarbon characteristics. Section 6.0 is the Baseline HHRA for the Point Molate Public Beach. The
background soil investigation for PAHs is presented in Section 7.0. Section 8.0 presents the summary and

conclusions of the Phase II RI. References are listed in Section 9.0.

Tables and figures follow each respective section. The reader should note the tables in Section 6.0 supporting
the HHRA follow the most recent EPA guidance (EPA 1998a). The plates provided give detailed plan maps
and cross sections of the IR sites, and present current data as well as historical data. The plates are critical to
understanding the spatial relationships of contaminant distribution. Note that the plates are grouped
sequentially by IR Site, not in order of text reference. Therefore, references to plates in the text are not
numerically sequential in all cases. Appendix Al contains the Data Quality Assessment (DQA) and data
validation summaries. Appendix A2 includes the database tables of all analytical data generated for IR Sites
1,3, and 4. These data are arranged by IR site and matrix. The borelogs and monitoring well completion

forms are also arranged by IR site. Other supporting data are also included in the appendices.
1.3 BACKGROUND

This section describes the facility background, IR site designations, environmental settings and resources, the
history of IR sites being investigated under the IRP, and a summary of previous and current investigations
under the Comprehensive Long-term Environmental Action Navy (CLEAN) I and II programs.

1.3.1 Site Description and Regulatory Stakeholders

This report presents the results of remedial investigations at three IR sites at NFD Point Molate. NFD Point
Molate is located on the San Pablo Peninsula, in Contra Costa County, approximately 1.5 miles north of the
Richmond-San Rafael Bridge (Figure 1). The facility covers approximately 412 acres in the Potrero Hills,
along the northeastern shore of San Francisco Bay.
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NFD Point Molate is a former bulk storage and transfer facility capable of storing more than 40 million
gallons of fuel in 24 large-capacity USTs. Fuel was delivered to and from the facility by off- and on-loading
ships and barges at the depot fuel pier and through the Santa Fe Pacific Pipeline Transfer Station. Fuel
storage and transfer operations at the facility ceased in May 1995, and NFD Point Molate became a closing
base under the Base Realignment and Closure (BRAC) IV program in September 1995, and officially closed
on September 30, 1998.

Remedial investigation and design, removal actions, and closure activities under the IR program at NFD Point
Molate are being conducted under the CERCLA. Development of a base closure team (BCT) for NFD Point
Molate has been a component of IR activities. The BCT, consisting of representatives from the Navy, EPA,
and the California Regional Water Quality Control Board, San Francisco Bay Region (RWQCB), and the
City of Richmond, is the decision making body for IR activities. The Navy is the lead agency for the
CERCLA cleanup process. The RWQCSB is the lead regulatory agency for the oversight of IR activities.
RWQCB issued Board Order 97-124 specifying site cleanup requirements and Board Order 97-125
specifying the cleanup schedule. The BCT management support team includes the city, the Restoration
Advisory Board (RAB), other regulatory agencies, and the Navy's consultants. The BCT has been the
primary mechanism for scoping the investigations for the site.

During the May 5, 1998 BCT meeting, several potential actions at the IR sites were discussed that changed
the scope of the Phase I RI. The BCT identified the necessity of performing a future removal action at Site 1
to mitigate potential off-site releases from the area. Additional plans for pipeline removal for Site 4 were
presented, and the Navy’s desire to expedite a final cleanup remedy for Site 3 was reiterated. These potential
future removal actions marked a revision in the scope and focus of the proposed RI work. The focus shifted
from a conventional CERCLA RI and Feasibility Study (FS) path to a expedited path of removal actions and
presumptive remedies. The work performed under the Phase II RI was designed to support this updated
approach. ’

1.3.2 Site History

Prior to becoming a naval fuel depot, the Point Molate lands were first used by early Native Americans, then
were a part of a Mexican land grant, a Chinese fishing camp, and a winery.

Native Americans inhabiting the San Francisco Bay Area and the coast as far south as Monterey were
historically referred to as Costanoans. The term Ohlone is generally preferred by contemporary Native
Americans. Radio carbon dating of material from nearby archeological sites indicates that prehistoric
occupation of this area may have begun as early as 8000 B.C. and become widespread by 2000 B.C. Native
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inhabitants of these sites were hunters and gatherers who relied on the abundant natural resources of the area
for survival. Settlement of the Bay Area by the Spanish in the late 18" century resulted in the decimation of
Native American populations due to their lack of immunity to introduced diseases and crowded living
conditions in the missions (PRC 1996c¢).

NFD Pt. Molate was once part of a 17,983-acre Mexican land grant known as Rancho San Pablo. In 1817,
Francisco Maria Castro petitioned for a large tract of land which included the study area. However, the area
was claimed by the Franciscan Fathers of Mission San Francisco de Assisi and his petition was denied until
the mission relinquished the land. Although he petitioned again in 1823 and the grant was approved by the
governor of Alta California, Francisco Castro died prior to issuance of the title. His estate divided the
Rancho, leaving one-half to his wife and the other to his children. Disagreements among family members,
problems with securing the title after the Mexican War, and land sales by family members complicated
property ownership until 1894. In 1894, the Superior Court of San Francisco partitioned Rancho San Pablo
into 285 parcels among numerous litigants. Anthony Maraschi, Richard O’Neill, and E.S. Tewksbury were
among those receiving title to land in the northern Potrero Hills (PRC 1996c¢.)

A Chinese shrimp fishing village was present at what is now Point Molate Beach Park from the late 1860s to
approximately 1912. The Chinese shrimp fishermen trawled the waters of San Francisco Bay for native
shrimp to sell in local markets. Increasing pollution of the bay and legislation restricting net fishing led to the
village’s abandonment between 1912 and 1915 (PRC 1996¢.)

Examination of early maps of the United States Geological Survey indicated a quarry was in operation on
Point Molate itself in 1899 (Lawson 1914). The quarry symbol still appeared on the 1915 topographic map
and the elevations on the point appeared reduced, although the scale of the map makes definitive
measurements of the topography difficult. Quarrying operations are not otherwise documented, but they
appear to have greatly reduced the topography in the area of Drum Lot No. 1 (see Plate 1).

In 1906, the California Wine Association purchased 48 acres between Molate Point and San Pablo Point and
constructed a winery. Winehaven was described in 1908 as “the largest winery in the world.” The complex
of buildings, constructed between 1907 and 1919, included a winery, distillery, bottling facilities, housing for
the workers, a hotel, and an 1,800-foot wharf. The winery benefited from available transportation systems,
the ships on San Francisco Bay, and the Belt Line Railroad, which provided direct access from Winehaven to
the larger railroad systems of the state. Once the Volstead Act passed in 1919, production at the winery was
limited to grape juice, sacramental wine for churches, and prescription wine for drugstores. However, the
demand for grape juice was not great and Winehaven could not effectively complete with the smaller
wineries. Production ceased shortly thereafter (PRC 1996c¢.)
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The property was subsequently leased to the Healy-Tibbets Company for quarrying, which took place
northeast of the Drum Lot No. 1 quarry. Other rock quarry operations included those of the San Pablo
Quarries Company, which purchased the property south of Point Molate where the Chinese shrimp fishing
village was once located. The quarry on the promontory of Point Molate was further developed between
1924 and 1939. The Winchaven lands were acquired by Santa Cruz Oil Company in October 1941, for the
intention of warehousing; however, the Navy acquired the land only eight months after Santa Cruz Oil
Company (PRC 1996c).

Point Molate was acquired by the Navy by an order for immediate possession on June 25, 1942, for fuel
storage and transfer operations. Most of the existing buildings on the site were put to immediate use and the
fuel pier was immediately constructed. NFD Point Molate was commissioned on April 12, 1943 (WESTDIV
1988).

Four underground steel tanks were built in 1942 (Tanks 21 through 24) on lands leased by the Navy from the
Chevron U.S.A. Richmond Refinery (Chevron). In 1943, 22 underground concrete tanks were built (Tanks 1
through 20, B, and C). Five underground welded steel tanks were added in 1951 (Tanks DFP 1 through 5),
along with four above-ground welded steel tanks in later years (two in 1956 and two in 1979 - Tanks D, E, F,
and G) (WESTDIV 1988).

NFD Point Molate was used from 1943 until May 1995 as a fuel storage and transfer facility that was
capable of storing more than 40 million gallons of jet petroleum fuel (JP-5) and marine diesel fuel (F-76).
Other fuels have historically been stored at the depot as well, including bunker fuel, gasoline, and aviation
gasoline. NFD Point Molate officially closed September 30, 1998 and the Navy and the City of Richmond

have a cooperative agreement for caretaker services. The base is currently awaiting transfer.
1.3.3 Chronology of Previous Investigations

The following sections summarize IR investigations completed under the Navy CLEAN I and II programs. It
also describes current investigations and non-IR investigations conducted by ERM-West, the Basewide
Environmental Baseline Survey (EBS) investigations and a Site Characterization and Analysis Penetrometer
System (SCAPS) investigation by the Navy Public Works Center, Environmental Department. All
investigations (previous and current) and the resulting reports are identified in Table 1-1. Data for all IR
investigations of IR Sites 1, 3, and 4 are in Appendix A2.
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1.3.3.1 Chevron Richmond Investigations (1989-present)

Chevron has conducted several hydrogeologic investigations of its Richmond, California, refinery and
associated tank farms. This work was conducted in accordance with work plans submitted to the California
RWQCB, San Francisco Bay Region; reports of the findings are on file in the RWQCB library. The Chevron

facility borders NFD Point Molate except on the western side facing San Francisco Bay.

Bechtel Environmental, Inc. and Dames and Moore (BEDM) conducted several of these investigations, which
included review of pre-existing data, aerial photo review, geologic mapping, seep sampling, drilling
(including bedrock coring and packer testing), monitoring well installation, groundwater and soil sampling,
slug testing wells, and surveying. Geologic mapping and lithologic descriptions from the drilling program are
consistent with previous data collected at NFD Point Molate. BEDM reports (BEDM 1991, BEDM 1992,
BEDM 1993) identify the same sedimentary lithologies as previously found at NFD Point Molate. Minor
amounts of hydrocarbons were found in the bedrock at the Chevron facility during sampling in 1991 (BEDM
1991).

Bedrock data were collected at the Chevron refinery in areas where extensive exposed bedrock was present.
These areas included the S.P. Hill Tank field and Quarry Tank field. Information on the lithologic and
structural characteristics of the Chevron bedrock data were incorporated in Section 3.0 of this Phase II RI.

1.3.3.2 ERM-West Soil Investigation (1990)

ERM-West investigated soils in the vicinity of valve boxes (VB), known pipeline leaks, or within known spill
areas. No ERM-West soil borings were installed in the Treatment Ponds Area. Targeted analytes for ERM-
West borings were limited to total petroleum hydrocarbons - extractable (TPH-¢), or in some cases benzene,
toluene, ethylbenzene, and xylene (BTEX).

The site-specific stratigraphy and structure were described within the ERM-West (1990) report with the use
of several geologic cross sections. Generally, the stratigraphic profile above bedrock consists of clays, sands,
and gravels, with occasional peaty lenses. These sediments, interpreted to be alluvial/ colluvial in nature,
thicken downslope. This interpretation is applicable to the hillside areas at NFD Point Molate, where the
majority of ERM’s study was conducted. Alluvial and colluvial sediments were also encountered within the
Treatment Ponds Area, as was artificial fill.

ERM-West groundwater sampling was limited to the three monitoring wells installed during its investigation.

Only JP-5, F-76, and volatile aromatic hydrocarbons were targeted analytes in groundwater samples
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collected from these wells. Samples from ERM-West well MW-3, located north of the Treatment Ponds Area
along the shoreline, contained BTEX; only the concentration of benzene, 62 micrograms per liter (ug/L),
exceeded the existing California Department of Health Services (DHS) action level of 1 ug/L for this

compound.

Soil sampling results at several locations investigated by ERM-West indicated TPH-¢ contamination,
although the extent was not defined laterally or vertically in some cases. Vertical characterization of
petroleum contamination was limited to colluvial or alluvial materials existing above bedrock. TPH-¢ was
present in concentrations above reporting limits in soil samples from 37 borings, and was detected

in concentrations greater than 1,000 milligrams per kilogram (mg/kg) in soil samples from 25 of these
borings. According to ERM-West (1990), further investigation of 19 of these boring locations was not
warranted because TPH-¢ concentrations were found to decrease with depth to below 1,000 mg/kg. Of these,
TPH-e¢ concentrations decreased to below laboratory detection limits in samples from nine borings. BTEX
was detected in samples from five borings. According to ERM-West (1990), exact fuel types contained in
soil samples could not be identified bécause of the diversity of fuel types historically stored at the site, as well
as degradation of these fuels with time. Additionally, laboratory analyses were conducted for volatile
aromatic hydrocarbons (EPA Method 8020) in JP-5 and F-76 fuel samples. According to ERM-West, the
analysis indicated that volatile aromatic hydrocarbon concentrations were low enough that they should not

pose a risk to field personnel or be a significant problem in soils on site.

1.3.3.3  Site Inspection (1990)

The site inspection (SI) completed under contract task order (CTO) 0010 was tailored to areas of concern
identified in the preliminary assessment (PA). The following section summarizes the SI findings and
characterization efforts.

Soil samples were obtained from three of five soil borings at IR Site 1, the Waste Disposal Area. Grab
samples of groundwater were obtained from two augered borings. Two hand auger soil borings were

performed and one sampled. Seepage-related sediment was also sampled.

Analytical results from the SI in IR Site 1 indicated that JP-5, BTEX, and polycyclic aromatic hydrocarbon

(PAH) contaminants were present in both soil and groundwater.
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Soil and groundwater samples collected in Site 3, the Treatment Ponds Area were analyzed for volatile
organic compounds (VOCs) and semivolatile organic compounds (SVOCs); inorganic compounds;
pesticides; polychlorinated biphenyls (PCBs); BTEX; and TPH. The results of soil samples and for
groundwater samples are in Appendix A2. TPH-extractable (TPH-¢) concentrations in soil in the diesel
range (F-76) were reported as high as 3,630 mg/kg, with associated values in groundwater of 2.4 milligrams
per liter (mg/L). Numerous SVOCs, indicative of heavier oils, were detected in some Treatment Ponds soil
samples; however, these compoun_ds were not detected in associated groundwater samples. The
concentrations of benzene detected in the groundwater sample from monitoring well PRC No. 3 exceeded
both the maximum contaminated level (MCL) for this compound and the DHS action level. Also apparent,
after monitoring well PRC No. 2 was installed, was the presence of floating hydrocarbons (bunker fuel)
directly downgradient of existing Navy extraction wells.

As aresult of the SI, the Treatment Ponds Area was recognized as having an impact on groundwater and
possibly on San Francisco Bay. Two samples obtained in beach and tidal flats sediments near the Treatment
Ponds Area contained TPH-¢ in the diesel (F-76) and motor oil ranges at concentrations ranging from 129
mg/kg to 4,710 mg/kg. Toluene, ethylbenzene, and xylene were detected in these sediment samples at
concentrations below water quality criteria for the protection of saltwater aquatic life or California Applied
Action Levels (AALs) in water for saltwater species, with the exception of toluene in one sample. The extent
and concentration of hydrocarbon constituents within the tidal flats sediments were not determined as a result

of this investigation. The sample results are presented in Appendix A2.
1.3.3.4 IR Site 3 Treatment Ponds Site Characterization (1992)

The Treatment Ponds Area characterization completed under CTO 0143 included the following:

° The drilling of 65 soil borings from which 102 discrete soil samples were obtained and
analyzed for chemical constituents

) The analysis of 12 soil samples for physical and hydraulic properties

) The analysis of 16 soil samples for biochemical properties

. The installation of 42 monitoring wells and 10 piezometers from which 35 groundwater
samples were obtained

. The installation of seven coreholes and the performance of in situ permeability (packer) tests
in these corcholes

. The performance of five aquifer (pumping) tests

. The collection of 19 near-shore beach sediment samples
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) The monitoring of water levels and hydrocarbon thickness on four occasions between May
1992 and September 1993

. The performance of independent tidal surveys, including 11 different monitoring wells with
simultaneous monitoring at the NFD Point Molate fuel pier.

The investigation was targeted at (1) assessing the nature and extent of hydrocarbons and other potential
contaminants within the Treatment Ponds Area, (2) assessing the potential impact of these contaminants to
San Francisco Bay, (3) assessing hydraulic and hydrogeologic parameters in both unconsolidated sediments
within the water table aquifer and in underlying native materials including bedrock, and (4) evaluating interim

remedial actions appropriate to the Treatment Ponds Area.

The contaminants within the Treatment Ponds Area are predominantly fuels, constituents of these fuels, and
some chlorinated solvents. Solvents detected at one discrete location included trichloroethene (TCE),
tetrachloroethene (PCE), and 1,2-dichloroethene (1,2-DCE). Fuel types found present in soil, groundwater,
or near-shore sediments were bunker fuel, motor oil, diesel (F-76), JP-5, and some gasoline. Constituents of
these fuels, including volatile components such as BTEX, and semivolatile components such as 2-
methylnaphthalene, pyrene, chrysene, and phenanthrene, were also detected in soil, sediment, and
groundwater samples. Sources of these fuels are primarily related to the former sump pond, which was
located beneath the current Treatment Ponds Area. An unexpected discovery during the course of this
investigation was the detection of JP-5 and lighter fuel constituents (BTEX) in a separate source area south of
the Treatment Ponds Area, within Drum Lot No. 1. Diesel and JP-5 were detected as floating product at
monitoring well MW 11-22 within Drum Lot No. 1. Other sources of fuels at IR Site 3 include residual
hydrocarbons in soil upgradient of the shoreline at locations of historical spills or leaks.

As a result of the Treatment Ponds Area characterization, the significance of areas contaminated with bunker
fuel and diesel mixtures (along Diesel Road and at the southern end of the Treatment Ponds Area), and other
areas exhibiting contamination from lighter fuels, such as JP-5 (Drum Lot No. 1), were emphasized. The
impact to groundwater in the vicinity of these fuel plumes resulted in the additional characterization and the

interim remedial design (source control measures) included in CTO 0248.

1.3.3.5 IR Sites 1 and 4 Shoreline and Landfill Investigations and Quarterly Groundwater
Sampling (1994)

This investigation, completed under CTO 248, was titled Shoreline and Landfill Investigations and Quarterly
Groundwater Sampling according to the Navy’s scope of work, but included several other design and
construction components listed below. This CTO was conducted between 1993 and 1997. This CTO served
as follow up to the prioritized investigation (site characterization) of the Treatment Ponds Area (Site 3) under
CTO 143.
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A final field work plan (FWP) sampling and analysis plan (SAP) was released on January 27, 1994. The
FWP and SAP targeted the Phase I RI of Site 1 (Waste Disposal Area) as a follow up to the original
investigation in 1990 under CTO 010. The FWP and SAP also included Site 4 (Shoreline Areas), the area
immediately south of the Treatment Ponds Area and the facility’s entire south shoreline. The shoreline
investigation encompassed both on- and off-shore components, including quarterly groundwater sampling in
existing and new near-shore monitoring wells, and collection of 76 sediment samples along 13 sediment
transects up to 400 feet offshore. Sediment results are presented in Appendix A2.

At Site 1, seven new soil borings were drilled (SB02-01 through SB02-07), four of which were completed as
monitoring wells (MW02-1, MW02-04, MW02-06, and MW02-07). Analytical results for the soil samples
collected from Site 1 borings and groundwater samples collected from new Site 1 monitoring wells (and one
existing well, ERM-EW?2) are presented in Appendix A2, and presented on Plates 11 and 12.

After six new soil borings/monitoring wells in Drum Lot No. 1 (MW11-54 through MW11-57 and SB11-58)
and 16 new soil borings/monitoring wells in the south shoreline (MW10-02 through MW10-16) were
installed, quarterly groundwater sampling was conducted in March, June, September, and December 1994 at
a selected series of 22 to 26 near-shore monitoring wells. The results of quarterly groundwater sampling are
presented in Appendix A2.

In January 1995, PRC assisted NFD Point Molate in investigation of a fuel seep occurring near Tank E
within Site 3. PRC collected sediment chemistry and bioassay samples within tidal flats sediment directly
downgradient of the fuel seep. These samples were collected at increasing distances from the shoreline, and
two reference locations away from facility property were also chosen. Results from the chemistry analysis
indicated a poorly-developed SVOC concentration gradient with increasing distance from the shoreline.
Concentrations did not correlate well with the toxicity exhibited in the bioassays. This investigation was
reported in the January 1995 Fuel Seepage Response and Assessment (PRC 1995b).

Design and specifications were also prepared in late 1994 and 1995 fcr the Treatment Ponds Area extraction
trench and containment wall. Installation of the Site 3 containment wall proceeded through the later part of
1995 and was completed in January 1996. In April 1996, PRC prepared a performance evaluation report for
the Site 3 extraction trench and containment wall (PRC 1996b). As part of the evaluation, two new
piezometers were installed downgradient of the containment wall to monitor residual occurrence of floating

product.

Also included under CTO 248 was design and construction of a Site 3 groundwater treatment plant. This
plant was designed to treat effluent water from the Site 3 extraction trench. It is currently operating.
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1.3.3.6 IR Sites 1, 3, and 4 SCAPS Investigation (1995)

A preliminary site characterization using the Site Characterization and Analysis Penetrometer System
(SCAPS) was conducted in October and November 1995 by Navy Public Works Center, Environmental
Department, Underground Storage Tank Removal and Site Assessment and Remediation Division. SCAPS
investigations were completed in 41 locations, including Site 3 and the adjacent Site 4 Drum Lot No. 1, Site 4
south shoreline locations, Site 1 downgradient of the Waste Disposal Area, and at several locations within the
hillside or industrial areas of NFD Point Molate. Data were collected by a hydraulically-pushed probe that
uses an ultraviolet light source on a modified cone penetrometer system to measure in situ hydrocarbon
fluorescence. This work was a field test, and no interpretive report of this investigation was produced.
(calibration curves were not provided). Data were mostly generated in areas already known to have
hydrocarbon contamination and the penetration logs generally confirm some nonquantifiable petroleum
hydrocarbon staining at the capillary fringe. Previous and subsequent soil borings, groundwater analyses, and
free-product measurements have provided a more reliable quantification for the nature and extent of

petroleum hydrocarbon contamination at the IR sites.
1.3.3.7 Basewide Environmental Baseline Survey (1996)

Pursuant to the Base Closure and Realignment (BRAC) Acts of 1995, planning and implementation of
environmental restoration is being performed at NFD Point Molate. The goal of the BRAC program is to
transfer the property and facilities of the closing installations to the community as expeditiously as possible.
To facilitate BRAC, the Navy has initiated the Environmental Baseline Survey (EBS) process at NFD Point
Molate to assess environmental concerns. The purpose of the EBS is to determine the environmental
condition of property (ECP) categories for the EBS parcels and to identify Community Environmental
Response and Facilitation Act (CERFA) clean parcels at NFD Point Molate. The basewide EBS was
conducted from March through June 1996. Relevant and available documents were reviewed at the facility,
Fleet Industrial Supply Center Oakland (FISCO), and EFA West. A visual site inspection was performed and
past and current employees of the base were interviewed to gather information for use in determining the

environmental condition of the property.

The facility was divided into 37 environmental parcels. Originally 17 parcels at NFD Point Molate received
ECP Category 7, areas that require further evaluation. Category 7 was assigned to 17 parcels because the
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potential for releases and migration of fuel products from underground tanks and pipelines had not been

completely evaluated.

The IR sites are included in either part or all of the EBS parcels. IR Site 1 is within Parcel 7. IR Site 3
approximately coincides with Parcel 25. IR Site 4 is within several parcels; 33 and 20 at the North Shoreline,
Parcel 32 in Drum Lot Number 1, and Parcels 28 and 31 in the South Shoreline. Parcel 30, containing
Building 87, is adjacent to the Point Molate Public Beach and South Shoreline. These parcels are shown on
Figure 1-3. '

The basewide Environmental Baseline Survey Final Report, (PRC and MK 1996.), provided a comprehensive
review of the environmental conditions basewide. All parcels were given environmental categories and
general recommendations for further sampling needs at all parcels were identified. Recommended response
actions included UST closure, addressing free-product removal, sand blast grit, and the Waste Disposal Area
tasks in the RWQCB Order 95-235.

1.3.3.8 IR Site 4 Shoreline Areas Removal Action (1996-1998)

Predesign field activities were conducted under CTO 039 in October 1996 to support the time-critical
removal action at Site 4, specifically within Drum Lot No. 1. The purpose of the action was to contain and
remove free product on the water table. The investigations were scoped to define the hydraulic effects from
pumping groundwater in this area, including groundwater chemistry changes, free product manipulation,
hydraulic conductivity, salt water intrusion, and gradient changes. New piezometers were installed in nine
borings. No soil samples were collected from these borings. These piezometers, PZ-11-70 through PZ-11-
79, were monitored during pumping tests. Pumping tests were conducted at three wells, MW11-57, MW11-
19, and MW11-20. Pumping test results showed variable hydraulic conductivity in the area and indicated
that pumping caused salt water intrusion from gradient reversal. These data are in Appendix G.

New groundwater quality samples and water level measurements were collected from Drum Lot No. 1
monitoring wells and from some of the newly installed piezometers. These data indicated the continued

presence of hydrocarbon contamination, including a previously defined BTEX plume.

The Site 4 removal action consisted of an extension of the existing Site 3 containment wall. Its purpose is to
prevent floating product in the vicinity of monitoring well MW11-54 from migrating to San Francisco Bay,

particularly during seasonal high rainfall periods when several feet of product have typically accumulated in
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this location. Sheet piling was attached to the south end of the Site 3 containment wall and extended parallel
to the shoreline 140 feet before turning inland along an 80-foot wing wall. A product removal system was
installed in monitoring well MW11-54. Approximately 20 gallons of product had been removed from
monitoring well MW 11-54 as of December 1999. Construction activities for the containment wall and

product removal systems were completed in June 1998.

Measurements of water levels and free product both upgradient and downgradient of the containment wall
extension indicates the wall is funbtioning as designed. Free product has not been measured in monitoring

well MW11-22 since 1992 indicating that the LNAPL has been effectively contained by the wing wall

extension.
1.3.3.9 IR Site 2 Sandblast Grit Removal Action (1996-1998)

CTO 040 field investigations supported the Site 2 sandblast grit removal action, completed in 1997. A total
of 14 soil samples were collected to confirm removal of the sandblast grit. These samples were analyzed for
indicator metals only. The Sandblast Grit Areas (Site 2) Removal Action Final Project Completion Report
(TtEMI 19981) has been approved by RWQCB and USEPA. A proposed plan was issued in May 1999. The
Final Record of Decision (ROD) for IR Site 2 is expected to be signed and final during the year 2000.

1.3.3.10 IR Sites 1, 3, and 4 Phase II RI Semi-annual Groundwater Sampling (1997-1999)

Semi-annual groundwater sampling of 22 wells at Site 1, Site 3, and Site 4 was conducted in October
and November 1997 (Event No. 1); a second event was completed in April 1998, and a third was completed
in January 1999. Data are presented in Appendix A2 for all events. Product thickness and water level

measurements were also taken at all NFD Point Molate monitoring wells that were accessible.
1.3.3.11 Rational National Standards Initiative—An Evaluation of Preexisting Data (1997)

The Rational National Standards Initiative (RNSI) (Radian International LLC 1997) was prepared as a

prototype risk management tool. This evaluation of pre-existing NFD Point Molate data was intended to:

. Evaluate current land use and future reuse options for IR sites

. Develop conceptual site models (CSM) for IR sites that define on- and off-site exposure
pathways for various land uses

. Select exposure equations and default assumptions for each pathway based on land use
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. Calculate screening levels based on equations and default exposure assumptions selected

. Identify chemicals of potential concem (COPC) that may drive risks at IR sites where
analytical data exist

. Evaluate and select potential remedial technologies to establish risk-based screening levels

) Estimate costs to remediate each IR site for each probable land use

This document summarized data collected under early investigations, formulated CSMs, and applied a risk
analysis for human health and ecological risk under various land use scenarios. The risk analysis used

various state and federal risk-based standards, default parameters, and algorithms.

Other U.S. Department of Defense (DoD) and U.S. Department of Energy (DOE) guidance was used as well.
COPCs were screened for all four IR sites. Preliminary remedial options were selected and costs were

estimated.

One of the remedial options proposed in the RNSI report was the option the Navy selected for IR Site 2. This
option has been implemented, and a project completion report was submitted. IR Site 2 awaits regulatory

sign-off on the Final ROD. No other recommendations from this report have been implemented.
1.3.3.12 Facility-wide Environmental Baseline Survey Sampling (1998)

Field investigations for CTO 148, the Phase I EBS, were performed in May and June 1998. This field work
investigated potential contaminant source areas in five parcels. These investigations were adjacent to or

upgradient from the four existing IR sites.

Soil gas screening samples, soil samples, and groundwater samples have been collected from approximately
48 locations. These data will be used for human health and ecological risk assessments, if relevant and

applicable.

Of the parcels investigated, Parcel 30 has been of particular interest because it is adjacent to IR Site 4 the
South Shoreline and the Public Beach. TPHs, VOCs, SVOCs, and pesticides were detected in groundwater
and soil in Parcel 30. Several of the contaminants detected exceeded residential PRGs for soil or tap water.
These detections are associated with the drain in the building, the pesticide rinse area, the septic tank, and
maintenance activities that have contaminated groundwater in the northeastern portion of the parcel. These
sources were recommended for further sampling to evaluate the vertical and horizontal extent of

contamination. A Phase Il EBS investigation was conducted in late 1999 at Parcel 30. The findings will be
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presented in the Draft Phase II EBS Field Summary Report (TtEMI 2000c). Data for the Phase I EBS

investigation are presented on Plate 27C.

1.3.3.13 UST Characterization Phase I and Phase II and ORS Closure (1999-Present)

The underground storage tanks and pipelines have been investigated in two phases from 1998 to the present.
The Phase I UST investigation was conducted November 1998 to May 1999, nearly concurrent with the
Phase IT RI investigations. The Phase II program was conducted in November 1999. Data collected from
December 1998 through August 1999 were evaluated and reviewed in the Phase I Interim Summary
Memorandum (September 1999); the scope of work for Phase II activities was also developed in this

document. The Phase I and II activities are summarized as follows:

. A Phase I drilling program was conducted, including 78 soil borings (three at the perimeter
~ of each UST) and installation of 21 groundwater monitoring wells adjacent to USTs where
groundwater was encountered, drilling 10 soil borings, and installation of six monitoring
wells in drainage areas downgradient of the USTs.

. Surface water was sampled at nine seeps in February 1999 and seven seeps in
February 2000; these seeps were located in drainage ravines or at the bottoms of
slopes where ephemeral seepage was observed.

. Groundwater sampling was conducted initially during drilling of specific soil borings and
subsequently over three sampling events (March and September 1999 and February 2000);
these events included sampling at UST perimeter wells, drainage area wells (located
downgradient of the USTSs), and specific wells, also located in drainage areas, installed under
the Phase I or II Remedial Investigation (RI).

. Fuel pipelines and valve boxes were investigated in March and April 1999, which involved
excavating 77 trenches adjacent to these structures; also completed in March and April was
collection of 26 surface soil samples (0 to 2 feet) in areas of historical fuel releases and at
seep locations.

. Groundwater level and product thickness monitoring and product removal were initiated
monthly beginning in August 1999 at all UST wells, drainage area wells, and at specific
Phase I or II RI wells; routine product removal was completed at seven UST wells initially
and two additional UST wells were added to the removal program more recently.

. Additional subsurface investigation was conducted under Phase II activities at five USTs
where consistent product recharge was observed; additional trenching was conducted
adjacent to fuel pipelines and valve boxes and additional surface soil locations were
sampled.

. Monthly monitoring (water level and product thickness measurements) has been completed
to date at all UST wells, drainage area wells, and specific RI wells; monthly product removal

has also been completed to date at nine UST wells and at seven RI wells; another wet-season
groundwater sampling event is planned at specific UST and drainage area wells.

The Phase I1 UST draft report was released May 1, 2000 (TtEMI 2000b).
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The ORS system was also closed under CTO 212. The perimeter drains at tank skim pits were plugged as
were the valve box drains. This work was performed in October and November 1999. Evaluation of the
effects of these closures are being monitored. An ORS Closure Interior Summary Report was released in
March 2000 (TtEMI 2000a).
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TABLE 1-1
NFD POINT MOLATE
FINAL PHASE II RI REPORT
SUMMARY OF PREVIOUS INVESTIGATIONS
CTO [ - i e o """ DATEOF e ey f o
NO..| | NAME OF INVESTIGATION (IR SITE) INVESTIGATION L REPORT TITLE (DATE) . - MEDIA =
NA ERM-West UST Shallow Soil Investigation 1989-1990 ERM-West Shallow Soil Investigation Report (September 1990 Soil
(Facility Wide) Groundwater
10 Site Inspection (Sites 1, 2, 3) 1990 Site Inspection Final Summary Report (August 26, 1992) Soil
Groundwater
Sediment
80 UST Removal and Preliminary Investigation 1990 Draft Underground Storage Tank Removal Summary Report Soil
(November 16, 1990)
143 Treatment Ponds Area Characterization (Site 3) 1992 Treatment Ponds Area Final Site Characterization Report Soil
(July 29, 1994) Groundwater
Sediment
248 | Shoreline/Landfill Investigations and Quarterly 1994 Shoreline Investigation Soil and Phase I Sediment Data Summary Soil
Groundwater Sampling (Sites 1, 4) (August 15, 1994) Sediment
Waste Disposal Area Phase I RI 1994 Waste Disposal Area Draft Phase I RI Report Soil
(October 7, 1994) Groundwater
Quarterly Groundwater Sampling 1994 March 1994 Quarterly Report (June 24, 1994) Groundwater
June 1994 Quarterly Report (September 27, 1994)
September 1994 Quarterly Report (December 19, 1994)
December 1994 Quarterly Report (March 14, 1995)
Emergency Fuel Seepage Response 1995 January 1995 Fuel Seepage Response And Assessment Sediment
(April 21, 1995) Bioassays
Biopad Baseline Monitoring 1995 Reported via letter summary (late 1995) Groundwater
Transmittal of Biopad Baseline Soil Samples Letter (November 18, 1995) Soil
NA Preliminary Site Characterization 1995 Results of Preliminary SCAPS Investigation at Naval Fuel Depot Soil
Using the SCAPS Point Molate
39 Shoreline Areas Removal Action (Site 4) 1996 Final Time-Critical Removal Action Memorandum (April 14, 1997) Groundwater
40 Sandblast Grit Removal Action (Site 2) 1998 Sandblast Grit Areas (Site 2) Removal Action Soil
Final Completion Report (November)
112 | Phase Il Remedial Investigation (Sites 1, 2, 3, 4) 1997 Semiannual Groundwater Sampling Event No. 1 Data Summary (March 1998) | Groundwater
1998 Semiannual Groundwater Sampling Event No. 2 Data Summary (July 1998)
1999 Semiannual Groundwater Sampling Event No. 3 Data Summary (July 1999)
148 Facility-Wide EBS Sampling 1998 Draft Phase I Environmental Baseline Survey, Soil
Field Summary Report (December 1998) Groundwater
Soil Gas
Notes:

NA : Work was not completed by PRC Environmental Management, Inc. (Tetra Tech EM Inc.) under the CLEAN I or II contract.
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2.0 STUDY AREA INVESTIGATION

The following subsections describe the Phase II RI study tasks and the field methods or procedures
implemented to complete each task. Field procedures included utilities survey and clearance; soil sampling;
groundwater monitoring well installation, development, and sampling; water level measurement; aquifer
testing; and investigation derived waste (IDW) disposal. The field procedures were based on Tetra Tech EM
Inc. (TtEMI) standard operating procedures (SOPs) as modified for site-specific conditions at NFA Point
Molate. In addition, deviations from the Final Phase Il RI FWP (TtEMI 1998k) are identified and discussed.

2.1 UTILITIES SURVEY AND CLEARANCE

Several methods were used to determine the presence of utility lines and other subsurface structures at
proposed soil boring or monitoring well locations. These include reviews of existing utilities distribution
maps, performance of an electromagnetic survey and associated pipeline survey, and hand augering at specific

locations. Ultility surveys were completed prior to initiation of subsurface characterization activities.

Utilities Distribution Maps

Several active and inactive utilities within IR Sites 1, 3, and 4 required identification and clearance. These
included water distribution piping, hot water and return lines (abandoned in place), telecommunications lines,
steam and condensate lines (abandoned in place), storm sewer lines, sanitary sewer lines, gas lines, fire lines,
fuel product lines, and electrical lines. Utility systems maps obtained from NFD Point Molate provided the
most complete source of utilities information. Updated utilities maps or as-built information have not been

located and it is assumed they are not available.

Electrical Conductivity

This method employed electromagnetic identification of buried ferrous metallic objects. A direct reading was
provided at the instrument while sweeping the area of concern with several passes above or at the ground
surface (along a grid). Electromagnetic fields were induced into the ground surface via a transmitter and
detected by an aboveground receiver. Generally, conductive underground materials such as metal pipelines
will generate localized magnetic fields. These field readings are typically proportional to the depth and size
of the subsurface anomaly. Several sample locations identified in the work plan were moved in response to

the utility survey.
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Hand Augering

In areas where subsurface features were suspected or where extensive subsurface utility lines are located, the
survey could not resolve a clear area for drilling. In these areas, hand augering was used to clear soil boring

or well locations.

2.2 SOIL SAMPLING

Soil samples were collected from both surface locations and subsurface soil borings. The following

subsections describe sampling methods and analytical parameters for soil.

221 Grab Soil Sampling

Surface soil samples were collected from the 0.0 to 1.0-foot interval as part of soil sampling for TPH-¢ and
low level PAHs at the Point Molate Public Beach and for background PAH sampling. Before each sample
was collected, all vegetation was removed. Samples were collected with stainless steel spoons. Soil was
collected from the entire 1-foot interval, if possible. Much of the soil encountered was extremely stony and
required much effort to reach the 1-foot depth with hand trowels. All tools that came into direct contact with
soil used for the sample were decontaminated according to procedures detailed in the FWP. Samples were
placed directly in clean 8-ounce sample jars provided by the laboratory, packaged, and shipped according to
the procedures detailed in the FWP.

222 Hollow Stem Auger Borehole Soil Sampling

Soil borings were drilled at the IR sites to assess the vertical and horizontal extent of hydrocarbon
contamination in soil or fill material, to install monitoring wells, and to proviaz data on the thickness of fill in
the Waste Disposal Area. Table 2-1 provides a detailed summary of information on the drilling program.
Table 2-2 indicates which borings had monitoring wells installed, their screened intervals and the purge
volumes. Note that some wells were screened in more than one geologic unit. A summary table of well
construction is presented in Appendix E. Table 2-3 is a summary of soil samples taken and the analyses
performed in the drilling program. Specific locations were chosen in the field following the utility surveys
based on access restraints. Where visible evidence or field screening methods indicated contamination within
specific horizons, samples were collected. Many areas showed only limited horizons with potential petroleum
hydrocarbon contamination. Generally, these were the only horizons sampled to provide optimal information

the contaminant concentrations present, and reduce the number of nondetect sample results.
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These borings were drilled with hollow stem auger (HSA) drilling methods. Most soil borings were

drilled approximately 15 to 30 feet below ground surface (bgs) or to refusal. Soil borings were drilled with a
track-mounted central mine equipment (CME) 850 HSA drill rig using 4-1/4-inch inside diameter (ID) by 7-
7/8-inch outside diameter (OD) auger flights. Soil samples in unconsolidated materials were collected in a 3-
inch ID by 5-foot long CME split spoon barrel that was advanced with the lead auger. The CME sampler
was locked into position several inches ahead of the lead auger to allow collection of representative
(undisturbed) soil samples. Generally, the HSA was advanced until refusal was encountered. This was done
to define the depth to bedrock surface at each location, if possible. Samples were collected where field
screening methods (described below) indicated contaminated intervals within the 5-foot CME samples. In the
absence of visible and detectable indications of contamination, samples were generally not taken, thereby
reducing the number of nondetections and reserving the analytical budget for analysis of the most
contaminated materials. Each boring was logged by a TtEMI geologist. A Geological Society of America

(GSA) soil color chart was used to describe soil color.

Field screening was conducted as follows. Upon opening the split spoon or after the sample was extruded
from a core barrel, the material was immediately screened with a photoionization detector (PID) and visually
examined for hydrocarbon staining. Material exhibiting elevated PID readings or obvious staining was
quickly transferred to wide-mouth sample bottles with minimum agitation. Where PID readings were not
elevated or soil staining was not evident, a sample was not collected. Material collected from the CME
sampler was selected to avoid slough or other nonrepresentative materials within the sampler. Much of the

RI field work was carried out during the rainy season and the moisture caused the PID to malfunction much of

the time. Therefore, PID readings were only available when the instrument was working.

The sample collection methods used were designed to minimize the loss of volatile components. This method
may risk a slight loss of volatile organic compounds, but it is also designed to select sample aliquots that
exhibit elevated PID readings or visual presence of hydrocarbon staining. Consequently, this sampling
protocol will tend to collect the sample aliquots biased toward higher contaminant concentrations. Future
groundwater sampling in the boreholes converted to monitoring wells will yield amore representative
indication of VOC content. Selected soil samples were designated and prepared for laboratory analysis as
described in the FWP and SAP. Many boreholes were converted to monitoring wells after soil samples were

collected.

Boreholes that were not completed as monitoring wells were backfilled after samples were collected. Backfill
material consisted of either bentonite slurry, or grout composed of cement mixed with approximately 5

percent powdered bentonite.

2'3 Q00EY-1 P Y phaek N Emal e final phase i rpt.des'6-3-00¥hr




223 Mud Rotary Borings

Mud rotary methods were used to core bedrock at six sites to characterize bedrock lithology, assess the
presence and migration of contaminants within bedrock, and perform in situ permeability testing to determine
hydraulic conductivity. In addition, groundwater monitoring wells were installed in these coreholes to
evaluate the presence of groundwater, and to monitor groundwater quality within bedrock.

Before bedrock coring operations began, drilling of unconsolidated overburden was conducted using a HSA
(8” diameter) advanced from the ground surface into competent bedrock. The augers were left in place to

temporarily seal off the overburden. The mud rotary core bit and sampler were advanced inside the augers.

Coreholes were advanced into bedrock with a CME 850 track-mounted rig equipped with a 3 7/8-inch OD
standard drill rod size (HQ) diamond impregnated core bit. The core samples were retrieved using a wireline
system attached to the core barrel. Each corehole was advanced 10 to 15 feet into bedrock. Water was
pumped through the drill string during core drilling to lubricate and cool the core bit. A minor amount of
polymer mud additive was used to enhance removal of cuttings. This material did not contain any
hydrocarbon products. The coreholes were flushed with clean water to remove the drilling fluids. The coring

equipment was steam cleaned before drilling and between each corehole.

Detailed field logs of bedrock encountercd in each corehole were prepared by TtEMI geologists. The logs
include sample depth, percent of core recovered, fracture attitude, visual classification, and a detailed
description of the bedrock. A summary of this information is presented in Section 3.6. The field borelogs are
presented in Appendix B.

224 Trenching

Trenching was conducted at IR Site 1, the Waste Disposal Area, December 7 through 9, 1998. A Case 580
extendahoe was used to excavate 11 trenches. The trench locations are shown on Plate 4 and logs of the
trenches are presented on Plates 5 and 6. The trenches were approximately 36 inches wide and excavation
reached a maximum depth of approximately 11 feet bgs. Bedrock was encountered at shallow depths in
several places and hampered excavation. Trenches ranged from about seven feet to 60 feet in length. Most
trenches began at the slope change at the edge of the ravine containing the Waste Disposal Area. The
trenching proceeded toward the center of the Waste Disposal Area to determine the contact between native
material and fill. In most cases, this was visually discernible. In one trench at the upgradient end of the area,
trench TR1-4, native soil had apparently been bulldozed into the ravine, and possibly mixed with clean fill. A
definitive contact between soil and fill was difficult to discern in trench TR1-4.
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All trenches were logged and measurements taken with a tape from the surface. No one entered the
excavation due to the possibility of trench collapse. When materials were encountered that indicated any
waste other than debris such as wood or pipe, a sample was taken. Samples were taken from the backhoe
bucket and chosen to represent the most potentially contaminated interval. The samples were immediately
bottled and handled in accordance with the RI FWP and SAP.

All trenches were backfilled with their respective excavated material. The backhoe bucket and wheels were
used to compact the backfilled material. All trenching was completed according to the RI FWP and SAP.

23 GROUNDWATER MONITORING WELL INSTALLATION, DEVELOPMENT AND
SAMPLING

The following sections discuss methods used to install, develop, and sample groundwater monitoring wells

base wide.

23.1 Monitoring Well Installation

Groundwater monitoring wells were installed along the shoreline, in IR Site 3 the Treatment Ponds Area, at
the Drum Lot Number 1, and at the Waste Disposal Area during this field effort. Table 2-2 provides a
detailed summary of monitoring well screened intervals, development and recharge characteristics, and

sampling dates. The following sections discuss field methods employed for monitoring well installation.

Monitoring Well Installation in Unconsolidated Material

New monitoring wells were installed along the shoreline to monitor the presence of floating hydrocarbons,
aqueous phase (dissolved) constituents, and general water quality and hydrologic conditions. Since the
majority of the contaminants previously detected were hydrocarbons, the well screens were positioned to
permit light non-aqueous phase liquids (LNAPL) (also called free product) to enter the casing and the
thickness of the LNAPL hydrocarbons to be measured. Product migration can be detected and predicted by
monitoring changes in product thickness over a period of time. The exact placement of the screen above the

top of the water table depended on expected product thickness and historical water level fluctuations.

Variations in the water table were expected adjacent to the shoreline in direct response to tidal fluctuations.
Monitoring wells near shoreline areas were installed so that screened intervals bracket tidal variations of the
water table. Water level measurements collected at the shoreline monitoring wells have previously indicated
vertical changes up to 0.5 feet throughout a 24-hour period.
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Well screens are generally limited to 10-foot lengths to allow representative sampling at discrete intervals. .
This design permits monitoring of the ertire floating product thickness and groundwater in the contaminated L
interval directly beneath it. The on-site geologist selected the appropriate screen length based on information

obtained during the drilling of each boring and following subsequent observation of water levels within each

boring or at adjacent monitoring wells.

Groundwater monitoring wells were con;tructed with 4-inch diameter screen and blank casing with threaded

and flush joints. The screen and blank-casing material are polyvinyl chloride (PVC).

The monitoring wells were installed in waconsolidated alluvium, fill material, and marine sediments using
HSA drilling methods. Wells were installed in boreholes used as soil borings and were reamed to a larger

diameter (at least 10-inches) prior to the installation of the monitoring wells.

All wells were installed with the top of the screen placed no less than 1 foot but no more than 2.5 feet above
the static water level. All casing and down hole materials were steam cleaned prior to installation. Casing
lengths were measured to the nearest 0.05 foot prior to installation. Screen slot size was selected in the field
and based on the observed size and grading of formation material adjacent to the monitored interval.
Similarly, the filter pack (sand pack) was placed throughout the screened interval and sized appropriately for
both the adjacent formation and the slot size chosen. The filter pack extends approximately 2 feet above the
top of the screen. A seal of bentonite pe lets, between 1.5 to 2 feet thick, was placed above the filter pack and
then hydrated. The remaining annular space was filled with a cement grout containing 5 percent powdered
bentonite or with a bentonite slurry. A tremie pipe was used to place the filter pack or grout where caving or
sloughing of formation materials was anticipated. The depths from ground surface to the top of the filter

pack and the top of the bentonite seal were verified with a weighted measuring tape.

The wells were completed above ground where possible or flush mount with traffic rated well boxes where
vehicular traffic was anticipated. For above-ground completions, 8-inch diameter surface casing was
installed at least 24 inches below ground surface and anchored with aggregate concrete. The concrete was
finished so that it slopes away from the surface casing for a minimum distance of 2 feet with the exception of
se.veral wells in Drum Lot No. 1 which are truly flush. The surface casing extends approximately 24 to 36
inches above ground surface, was painted, and completed with weep holes (water drainage holes) near the
base. Bollards were installed around the surface casing where necessary to protect the wellheads from

vehicular damage. .
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Flush mounted boxes were anchored in aggregate concrete and with stickup approximately 1 inch above
ground surface. The concrete slopes away from the top surface of the box lid. Grout was added inside the
box to assure the well annular space is sealed from the surface contamination. Above ground wells were
secured with locking caps. The wells installed in flush mounted boxes were secured with a water tight
(expanding) locking cap. All construction details for each monitoring well were documented on a monitoring

well installation record (see Appendix C).

Bedrock Monitoring Wells

Following performance of bedrock permeability tests, PVC monitoring wells were installed at each bedrock
monitoring well location. Surface casing, or temporary HSA was drilled to bedrock prior to well installation.
Two-inch diameter PVC well casing and screen were installed in the coreholes. Sandpack was placed around
well screens during installation. Screen slot size used was 0.010 inches (10-slot). Blank casing extends
approximately 2 feet above the ground surface, and was completed as an above-ground installation. Total
lengths of screen, end cap, and casing were measured during installation, and the top of PVC casing was

surveyed for vertical reference.

2.3.2 Monitoring Well Development

The monitor wells installed under this investigation were developed to maximize the flow of formation water into
the well casing; to remove any fluids introduced during drilling; to allow the groundwater and potential
contaminants to equilibrate following the disturbance during drilling; and to create representative aquifer
conditions near the monitoring well prior to sampling. Various established development techniques were utilized

including bailing, surging, and pumping,

Groundwater within bedrock monitoring wells was developed and sampled using normal protocol for
unconsolidated monitoring wells. All bedrock wells sustained recharge sufficient for development, purging,

and sampling.

Initially, the wells were developed using a large capacity bailer supplied by the drilling contractor. Development
began no sooner than 24 hours after well installation was complete. The pH, temperature, electrical conductivity,
and nephelometric turbidity units (NTU) of the development water were monitored at an approximate rate of one
measurement of each parameter for each five gallons of water removed. These measurements were used as
indications of formation groundwater stability. Where these measurements did not stabilize (to within 10 percent
after several readings), development continued until readings stabilized. Where formations were not capable of

yielding sufficient water volumes, the well was developed until the casing was dewatered. If recharge required
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many hours, the well was left to recharg: overnight, and dewatered again the following day. Where recharge was
extremely slow, and a well needed more than one day to recharge, one casing volume was considered adequate

for development purposes. Well develooment data sheets are presented in Appendix D.

233 Groundwater Sampling

This section describes groundwater sampling procedures implemented during both baseline groundwater
sampling for the new Phase II RI monitcring wells and semi-annual groundwater sampling at 20 monitoring

wells previously sampled as requested by RWQCB.

Groundwater samples were obtained for all newly installed monitoring wells except monitoring well MW02-
15, which was purged dry and did not recharge sufficiently to provide enough water to sample. The sampling
sheet for monitoring well MW02-15 is included in Appendix D. The parameters analyzed are detailed for
each respective well in Table 2.5 along with all parameters analyzed in each well during the three semiannual
groundwater monitoring events. All nevr wells were analyzed for TPH -p, TPH-¢, SVOCs, and total
dissolved solids (TDS). Additionally, four new wells in IR Site 1, the Waste Disposal Area, and one well in
IR Site 4, the South Shoreline Area, were sampled for both total and dissolved (filtered) metals. Sample
results are discussed in Section 4.0, shown on plates for each respective IR site, and presented in Appendix

A2. The sampling data sheets (same as the development sheets for many wells) are in Appendix D.

All newly-installed monitoring wells were developed. Groundwater samples were collected from all new wells
(except MW02-15 which did not recharge) no sooner than 48 hours after development. All existing monitoring
wells sampled during Semiannual Grourdwater Sampling Event Number 1 were aggressively purged because
most of the wells had not been sampled since 1994. This redevelopment was performed by a submersible pump
when a given well produced adequate recharge. For monitoring wells with slow recharge, a stainless steel bailer
or peristaltic pump was used. Information on these wells and the field sampling data sheets are compiled in the

Semiannual Groundwater Sampling Event Number 1 Data Summary (TtEMI 1998a).

The presence of LNAPLs in wells was nionitored with an interface probe. If an immiscible phase was present,
the thickness of the product was measurcd using the interface probe. The water level and total depth within the
well casing were measured, and casing volume was calculated. Information including water levels, PID readings
at the well head, purge volumes, groundwater quality, and well construction information were recorded in the

groundwater sampling forms (presented in TtEMI 1999a).
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If an immiscible phase was not detected, water in the well was purged to obtain a representative water sample.
The casing volume of the well was calculated using the water level and total depth measurements (cross-sectional
area times h, where h equals the total depth of the well minus the depth to water). All the wells were purged with
a bailer or submersible pump. A bailer was used to remove the first portion of purge water. In all wells where
floating hydrocarbons were not detected, the water sample was collected from the top of the water column. The
water in the bailer was visually inspected for any oily sheen or oil globules. Prior to sample collection, three
casing volumes of water was purged from the well. The pH, conductivity, temperature, and turbidity of the
purged water were measured and recorded regularly throughout the purging process. If, after removing three
casing volumes, these parameters did not stabilize, purging continued until stabilization. The pH, conductivity,

temperature, and turbidity were measured a final time when the sample was taken.

Prior to purging a well that had LNAPL present, a sample of the hydrocarbons was obtained using a bottom
filling Teflon or stainless-steel bailer. To sample the groundwater beneath the hydrocarbon layer, attempts
were made to evacuate the hydrocarbon layer using a bailer. An interface probe was used to detect any

recharge of the hydrocarbon layer. None of the wells displayed a significant hydrocarbon recharge.

The bottles used to hold samples for analysis of BTEX, VOCs, and SVOCs were filled first. The sample
bottles were maintained in a cool environment prior to sample collection to minimize the loss of volatile
components. After sealing the bottle with a Teflon-lined cap, the bottle was inverted and tapped lightly, and
the absence of air bubbles was visually confirmed. If any headspace was present, the bottles were topped off
and tested again for head space. If the head space was still present, this sample container was discarded and a
new sample container used to collect the sample. Containers for TPH-e and total petroleum hydrocarbons -
purgeable (TPH-p) analyses were then filled. A small amount of air-filled head space was allowed for TPH-¢

samples. The sample bottles for other analytes and general water quality parameters were filled last.

All sampling was consistent with the field protocols used during previous sampling efforts and followed the
basewide quality assurance project plan (QAPP) (TtEMI 1998m), FWP, SAP, and SOPs.

24 WATER LEVEL MEASUREMENT

Before groundwater samples were collected, water level and product thickness (when present) were measured
at all facility monitoring wells. Site 3 monitoring wells MW11-38 and PZ11-38A were obstructed by a
Baker tank and measurements could not be taken; Site 3 monitoring well MW11-16 could not be located due
to construction in the area. An Qil Recovery Systems and Solinst Model 121 interface probe were used to
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measure both depth to product and depth to groundwater. All measurements were referenced to the top of
each well casing for vertical control. Table 2-4 shows the results of April 1999 facility-wide water level and
product thickness measurements, and provides the water or top of product elevation along with notes on
product type, product removal, or other features for all accessible wells at the IR sites. Plate 3 shows water
level contours of the entire facility basecl on the January 1999 (before the April data was available) data.
Plate 22 shows detailed water level contours in Site 3, the Treatment Ponds Area.

25 AQUIFER TESTING

Six bedrock coreholes drilled and tested for hydraulic conductivity (K). They are identified and located as

follows:

IR SITE 1: WASTE DISPOSAL AREA AND DOWNGRADIENT DRAINAGE AREA

. BR02-18 Located upgradient of the Waste Disposal Area
o BRO2-19 Located dovmngradient of the Waste Disposal Area
. BR02-20 Located downgradient of the Waste Disposal Area near Catchment Basin 2

IR SITE 3: TREATMENT PONDS AREA

0 BR11-96 Located in tke Treatment Ponds Area

IR SITE 4. SHORELINE AREAS

. BR11-90 Located in Drum Lot No. 1
° BR 10-19 Located along the South Shoreline

In situ permeability testing was conducted at each corehole location to estimate permeability of the bedrock.
Following coring of the bedrock, an inflztable packer assembly was inserted into the corehole to selectively
isolate intervals of bedrock for testing. At each corehole location, a single inflatable packer was set directly
above the interval tested. The top of the packer and the pipe sections were attached with national pipe thread
(NPT) joints. The piping was connected to a water swivel located above the ground surface. Water was
pumped through 1-inch steel piping into the isolated test interval between the bottom of the corehole and the

packer. An in-line flow meter was used ‘o measure input flow and an in-line pressure gauge monitored input
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pressure. Input pressure, or head, was maintained at a constant level for each time interval, then stepped up
in increments. Measurements taken at 1- to 3-minute increments during the test included injection flow rate,
length of test interval, input pressure, packer pressure, and height of the water swivel above the ground

surface. These measurements are used to calculate an estimated K.

The depth to water in the corehole was monitored throughout the test to establish whether the packer was
forming an adequate seal against the corchole sidewalls. A rise in the water level indicated that the packer
was leaking. If so, the packer pressure was increased. In some cases, it was necessary to move the packer

assembly upward or downward (modify the test interval) to obtain an adequate seal.

The packer test parameters, interval depths, and estimated K values for each corehole are presented in

Appendix G (Table G-1). Calculations of K for each interval tested are also attached in Appendix G.

2.6 INVESTIGATION DERIVED WASTE DISPOSAL

This section describes the disposal of IDW generated during field investigations.

2.6.1 Disposal of IDW Liquids

IDW liquids included development water, purge water, and decontamination water. Purge water was
temporarily contained during well development and sampling in a 500-gallon container. The container was
then periodically emptied into the wastewater treatment system at IR Site 3. All decontamination water was

directly placed into the system.

2.6.2 Disposal of IDW Solids

Potentially contaminated soils were segregated and drummed until analytical results are reviewed. If the
drummed soil exceeds the removal levels used for disposal of the soil removed during pipeline excavation, the
soil will be disposed of with the removed pipeline soil. Clean soils from drilling were incorporated into the
backfill soils for the pipeline removal in Drum Lot No. 1. Soil excavated during IR Site 1 trenching was
replaced in the respective trench and compacted with the backhoe. All disposable equipment was

decontaminated before disposal.
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2.7 DEVIATIONS FROM THIE FIELD WORK PLAN

Very few deviations from the FWP (TtEMI 1997k) were made. None of the deviations are considered
significant and the data gaps and Data Quality Objectives (DQOs) were fully addressed. Some drilling
locations were modified in response to underground or aboveground utilities or field conditions such as
hampered access. Plate 2 shows all new soil boring and monitoring well locations. Table 2-6 provides a
comparison of investigation actions proyosed in the FWP to actual investigation actions. The following

bullets indicate changes and the reasons for the changes.

. Trenching in IR Site 1, the Waste Disposal Area, was expanded to better delineate wastes
encountered and evaluzte the extent of fill. Linear footage of trenching increased from the
proposed 160 maximwn to 406 linear feet. Actual trench locations are shown on Plate 4.

. Physical property samyples of the fill materials at IR Site 1 were not obtained. The
determination was made that the parameters potentially needed were not well defined and
analysis should be deferred to the EE/CA.

o Samples for total and dissolved (filtered) metals analyses were added to four IR Site 1 wells
to better characterize current conditions in the Waste Disposal area.

) An opportunity grab szmple was obtained from within the augers while drilling SB 02-09.
This soil boring was not scoped for a water sample or well installation. The sample results
are for screening-level use only.

. MWO02-14 (changed to a stilling well made of slotted PVC in a gravel pack to address the
groundwater table being at the ground surface) was not installed due to heavy rains which
made it impossible to access the site with the backhoe.

. One location in the IR Site 3, the Treatment Ponds Area, was converted from the originally
scoped soil boring to monitoring well MW11-94.

o An additional well as added to the north side of the IR Site 4 containment wing wall near
P211-78 (Plate 2).

. One of the three monitoring wells at the foot of the pier was not installed due to difficult
drilling and shallow rock or riprap encountered in SB11-87.

. Five wells were scoped for the interior of Drum Lot No. 1. Only four wells were installed.
However, three soil borings were drilled without wells which equals seven borings total
rather than the five originally proposed.
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Pore water samples were not obtained at the Public Beach. The sediment obtained was so
well drained that water was not present in the upper one foot of sediment scoped for
sampling.

Two additional soil samples were analyzed for pesticides at the Public Beach area. These
samples were an original sample and a duplicate taken halfway between the Disease Vector
Control Center (DVCC) building and the shoreline. These data will be used to support the
Phase II EBS investigation at the DVCC building,

The nomenclature for designating the monitoring wells and soil borings presented in the
FWP was revised to reflect and continue the previously used protocols for designation at
NFD Point Molate. Plate 2 shows the new borings, wells, and designations.

The concrete at several Drum Lot No. 1 wells were not finished to slope away from the
surface casing for a minimum distance of 2 fect. These wells are completely flush with the
ground surface.
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N TABLE 2-1

NFD POINT MOLATE
» FINAL PHASE II RI REPORT
JANUARY/FEBRUARY 1999 DRILLING SUMMARY
(Page 1of 2)
2 e I - | FEET [ AUGER [ SPLIT | T T

L BOREHOLE D'RILL DRILLED SAMPLED| wiTHOUT| SPOON FEET . FEET ~WELL | ‘TES] LO \

‘DATE | NO.| . NO. | RIG | DEPTH | (CME) SAMPLES FOOTAGE | CORED | GROUTED|FOOTAGE| (HOUF es 3 and 4 for descriptions) |
S R e e b : .Waste Disposal Area ‘. G BLTLE L o)
1/20/99 | 1 SB02-08 |CME 850 27 27 0 0 NA NA NA  |Waste Disp. Area (WDA) - Bottom End
1/21/99 | 1 SB02-09 |CME 850 25 23 2 0 NA 20 NA NA  [Waste Disp. Area - Flank

1/21/99 1 SB02-10 |CME 850 25.3 23.8 2 0.3 NA 21 NA NA  |Waste Disp. Area - Flank

1/21/99 1 SB02-11 | CME 850 28 24 1 3 NA 23 NA NA  |Waste Disp. Area - Upper End

2399 | 1 SB02-12 |CME 850] 13 13 0 0 0.0 12 0.0 NA  [Between CB #2 and Burma Rd.

1/26/99 1 SB02-13 | CME 850 20 20 0 0 NA 11.5 19.8 NA  |Directly Downgradient of WDA
1271199 | 1 SB02-16 |CME 850 24 24 0 0 NA 3.5 17.5 NA  |Between Retention Ponds

2/3/99 | 1 SB02-17 |CME 850] 325 32.5 0.0 0 0.0 10.9 30.4 NA  [Downgradient of Catch Basin #2
1/23/99 | 1 SB02-18 |CME 850] NA NA NA NA 22.8 20.0 1.00 |WDA - Directly Upgradient

1 SB02-19 |CME 850] 34.8 20.4 0 0 14.4 15 31.4 1.50 |WDA - Directly Downgradient

1/28/99 | 1 SB02-20 |CME 850] 443 27.7 0 2.5 14.1 33.5 45.0 2.50  [Catch Basin #2

1/22/99 | 1 PZ02-01 |CME850] 24.8 0 25 0 NA 9 24.8 Waste Disp. Area - Bottom Flank
1/22/99 | 1 PZ02-02 |CME 850] 40 0 40 0 NA 11 25.0 Waste Disp. Area - Top Flank

1/22/99 | 1 PZ02-03 |CME 850] 21.4 0 21 0 11.0 NA 11.0 Waste Disp. Area - Upgradient End
112599 | 1 | Pz02-04A |CME 850] 33 0 33 0 NA 24 33.0 Waste Disp. Area - Top Flank

1/23/99 | 1 PZ02-05 |CME850] 25 0 25 0 NA 23.9 Waste Disp. Area - Bottom Flank
e S et U Diesel Road/Tanks B & C Area 2 .
211/99 | 3 | sB03-02 |CME8s0] 25 | 25 | 0 | 0 | o | |Top end of Dlesel Rd near Gate # 6

CTréatment Ponds‘Area

2/12/99 3

_SBI 1-94 | CME 850 20 0 0 Treatment Ponds Area - north end
2/7/99 3 SB11-95 |CME 850 30 0 0 NA NA  |Treatment Ponds Area - south end
2/9/99 3 SB11-96 | CME 850 35 0 14.5 Treatment Ponds Area
B e Drum Lot No. 1 Area’ -

2/16/99 3 SB11-97 | CME 850 36 0 0 0 36 NA NA  |Drum Lot No. 1

2/15/99 3 SB11-98 |CME 850 47.5 0 47.5 47.5 0 47.5 NA NA  |Drum Lot No. 1

2/5/99 4 SB11-80 | CME 850 19.8 19.8 0 0 0 8 23.0 Drum Lot No. 1 - East Side

2/4/99 4 SB11-81 | CME 850 20 20 0 0 0 5.8 20.4 NA  |Drum Lot No. 1 - Near MW11-19

2/5/99 4 SB11-82 | CME 850 20 20 0 0 0 9 22.0 NA  |Drum Lot No. 1 - East Side

2/5/99 4 SB11-83 | CME 850 14 14 0 0 0 3 13.0 NA  |Drum Lot No. 1 - East Side

2/5/99 4 SB11-84 | CME 850 9.5 5 0 0 0 9.5 NA NA  |DrumLot No. 1 - East of MW11-57

2/11/99 4 SB11-85 | CME 850 0 Fuel Pier - Near Bldg 70
2/11/99 4 SB11-86 | CME 850 0 Fuel Pier - Just North of Pier
2/12/99 4 SB11-87 | CME 850 0 Fuel Pier - East of Pier

2/7/99 4 SB11-88 | CME 850 0 Drum Lot No. 1 Cutoff Wall - S. Side

2/7/99 4 SB11-89 |CME 850] 20.5 0 0.0 0 0.0 8.2 22.5 NA  |Drum Lot No. 1 Cutoff Wall - N. Side It
2/6/99 4 SB11-90 {CME 850 68.7 35 25.0 0 9.0 58 70.0 3.00 |Drum Lot No. 1 - Near MW11-19 ||
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TABLE 2-1
NFD POINT MOLATE
FINAL PHASE II RI REPORT
JANUARY/FEBRUARY 1999 DRILLING SUMMARY
(Page 2 of 2)
e e . "FEET | AUGER [ SPLIT ~ | [PACKER]
BOREHOLE DRILL DRILLED SAMPLED WITHOUT SPOON i FEET . <FEET _ ‘,UWEL“[,-'S JTEST |
NO.: | ‘rRIG | DEPTH * (CME) . SAMPLES FOOTAGE | CORED | GROUTED|{FOOTAGE] (HOURS) \1‘ See 2 es3 and4fordescr1 nons’
ST SR ’ wiin - South Shoreline Area o S o ST
2/10/99 4 SB10-17 | CME 850 ~ 21 NA NA NA NA NA NA NA 35 north of MW10-03
2/10/99 4 SB10-18 | CME 850 NA NA NA NA NA NA NA NA 17' south of 'MW10-03
2/3/99 4 SB10-19 JCME 850] 23.5 11 0.0 0 12.5 14 25.0 2.50 |S. Shoreline - Site | Drainage Area
2/4/99 4 SB10-20 |} CME 850 20 20 0 0 0 20 NA NA S. Shoreline - S. edge Burma Road
et
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SOIL BORINGS/MONITORING WELLS

TABLE 2-2

NFD POINT MOLATE
FINAL PHASE I1 RI REPORT

DEVELOPMENT AND SAMPLING DATA

(Page 1 of 2)
T Toewmd [0 [ Reued | Dot [
‘:Monlto‘rlvng 'vWell e va:g!e Interval |- Geologlc Unit - - P_urge Volume l:ur'ge Yolume | - Recharges - |- v D'a_tes‘; e g
2o Soll Boring: i ] Installed .| (feet bgs) i | Sereened - | (gallons) . (gallons) - Yes/No 2] Developed :: ‘Commenfs

K IR SITE 1 - WASTE DISPOSAL AREA 3 ' S :

1 PZ02-01 1/22/99 14.2 - 23.9 | colluvium/bedrock 17.0 19.0 YES 2/22-24/99 NA WDA - bottom right side

2 PZ02-02 1/21/99 142-24.2 bedrock DRY DRY NO DRY NA WDA - upper right side

3 PZ02-03 1/22/99 15.3-20.5 bedrock 22,0 37.0 YES 2/22/99 NA WDA - top end

4 PZ02-04 1/21/99 7-9.8 colluvium DRY DRY NO DRY NA WDA - upper left side

5 PZ02-04 A 1/25/99 28-32 bedrock 20.0 20.0 YES 2/22-23/99 NA WDA - upper left side

6 PZ02-05 1/23/99 19.2-23.9 bedrock 21.0 8.0 NO 2/24/99 NA WDA - lower left side

* SB02-08 1/20/99 - - - - - - - WDA - bottom end

* SB02-09 1/21/99 - - - - - - - WDA - middle right

» SB02-10 1/21/99 - - - - - - - WDA - middle center

* SB02-11 1/21/99 - - - - - - - WDA - upper center

. SB02-12 2/3/99 - - - - - - - Near Garden Rd.

7 MW02-13 1/26/99 14.8-19 bedrock 63.0 63.0 YES 2/22-24/99 2/24/99 Directly downgradient of WDA

8 MW02-14 Too muddy N/A N/A N/A N/A N/A N/A Surface water well in seep below WDA

9 MW02-15 2/2/99 14-19 colluvium 44.0 13.0 NO 2/22-24/99 NA Downgradien of WDA I
10 MW02-16 1/27/99 7.6 - 16.6 | colluviumvbedrock 39.0 55.0 YES 2/24-25/99 2/25/99 Between retention ponds
1 MW02-17 2/3/99 15.1-25.1 colluvium 81.0 135.0 YES 2/17-23/99 2/23/99 Near Garden Rd. ||
12 BRO02-18 1/23/99 15-19 bedrock 20.1 34.0 YES 2/18-25/99 2/25/99 2" bedrock well upgradient of WDA
13 BR02-19 1/26/99 26.4 -30.4 bedrock 30.8 52.0 YES 2/22-23/99 2/23/99 2" bedrock well downgradient of WDA
14 BR02-20 2/2/99 382-432 bedrock 33.0 55.0 YES 2/23-24/99 2/24/99 2" bedrock well near Catch Basin #2
15 MW03-02 2/11/99 10.3 - 20.5 | colluvium/bedrock 60.0 90.0 YES 2/23-24/99 2/24/99 Inside Gate # 6
16 MW11-94 2/12/99 fill/colluvium 34.0 34.0 YES 2/18-19/99 2/19/99 4" well - N. end of ponds (expect product)

. SB11-95 27195 - - - - - - - South end of ponds |
17 BR11-96 2/10/99 38-49 bedrock 42 70 YES 2/18-25/99 2/25/99 2" bedrock well near MW11-93 Il
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TABLE 2-2

NFD POINT MOLATE
FINAL PHASE II R REPORT
SOIL BORINGS/MONITORING WELLS
DEVELOPMENT AND SAMPLING DATA

(Page 2 of 2)
e o o | Required | Deveoped |
~Monitoring Well - | - Date. o} Geologie Unit. - |- Purge Volume | Purge Volume | - Recharges. -
o Soft Boring::: | - Installed: ifi00 Sereened - (gallons) .- (gallons) ;7|1 Yes/No " Comments
. S IRSITE4-DRUMLOT1 . = o s
18 MW11-80 2/5/99 11.8- 19.8 fill 30.0 50.0 YES 2/24/99 2/24/99 Drum Lot No. 1, east of MW11-19
19 MWI11-81 2/4/99 9.7-19.7 fill 43.0 45.0 YES 2/26/99 2/26/99 Drum Lot No. I, closer to Bldg. 89
20 MWI11-82 2/5/99 12.5-20 fill 45.0 45.0 YES 3/4-7/99 3/9/99 Middie of Drum Lot No. 1
21 MWI11-83 2/5/99 53-133 fill 24.0 40.0 YES 3/4/99 3/4/99 Middle of Drum Lot No. 1
* S5B11-64 2/5/55 - - - - - - - NW of Butiding 132
22 MW11-85 2/11/99 7-17 fill 263 40.00 YES 2/17-19/99 2/19/99 Fuel pier, near Bldg. 70
23 MW11-86 2/11/99 10-17 fill 320 45.0 YES 2/17-19/99 2/19/99 Fuel pier, just north of pier
* SB11-87 2/12/99 - - - - - - - Due east of fuel pier
24 MW11-88 2/7/99 11.4-204 fill 30 35 YES 2/24-25/99 - Cutoff wall - south side
25 MW11-89 2/7/99 13-205 fill 45 50 YES 2/24-25/99 2/25/99 Cutoff wall - north side
26 BR11-90 2/6/99 63.4 - 63.4 bedrock 45 45 YES 3/4-3/7/99 3/7/99 2" bedrock well near MW11-19
* SB11.97 2/15/99 - - - - - - - Middle of Drum Lot No. 1; tag bedrock
b SB11-98 2/15/99 7 - - - - - - Middle of Drum Lot No. 1; tag bedrock
SITE 4- SOUTH SHORELINE AR
27 MW10-17 2/10/99 colluvium/bedrock 234 29.0 YES 2/17-23/99 2/23/99 35' north of MW10-03
28 MW10-18 2/10/99 15-20 bedrock 20.0 26.0 YES 2/17-23/99 2/23/99 17" south of MW 10-03
29 BR10-19 2/4/99 18.2-23.2 bedrock 20.0 17.0 YES 2/17-25/99 2/25/99 2" bedrock well near ERM10-2
* SB10-20 2/4/99 1 - - - - - - - Near ERM10-1 (no borelog)
Notes:
PZ designates piezometers that are to be developed, but have not been sampled for chemical analysis NA Not applicable
"-"  Soil boring, no water sampled WDA Waste Disposal Area
* Areas are soil borings where no monitoring well was installed SB Soil boring
lMonitoring well MW02-14 was not installed because muddy ground prevented drilling rig access
N, TN -
) )
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TABLE 23 |

NFD POINT MOLATE
FINAL PHASE II RI REPORT
ANALYSES PERFORMED FOR SOIL SAMPLES AT NEW RI WELLS
(PHASE II RI SOIL BORINGS)
.+ SampleID ooc I ate Analyses .
.} % (depthinfeetbgs) | Submitted H-E: |- VOC

IR Site 1 SB02-08 (18.7-19.2) 1720799 X X
IR Site 1 SB02-09 (20.6-30.1) 1/21/99 X X X X
IR Site 1 WB02-09 1/21/99 X X X X
IR Site 1 SB02-11 (18.8-19.1) 1/21/99 X X X X
IR Site 1 SB02-12 (7.0-8.0) 2/3/99 X X X X
IR Site 1 SB02-13 (8.5-9.4) 1/26/99 X X X X
IR Site 1 SB02-15 (12.5-13.5) 2/2/99 X X X X
IR Site 1 SB02-16 (11.0-11.7) 1/27/99 X X X X
IR Site 1 SB02-16 (11.7-12.8) 1/27/99 X X X X
IR Site 1 SB02-17 (14.0-15.0) 2/3/99 X X X X
IR Site 1 SB02-19 (12.0-13.0) 1/25/99 X X X X
IR Site 1 SB02-19 (24.0-25.0) 1/25/99 X X X X
IR Site 1 SB02-20 (15.5-17.6) 1/27/99 X X X X
Diesel Road SB03-02 (13.5-14) 2/11/99 X X X X
South Shore Line SB10-17 (19.5-20) 2/10/99 X X X X
South Shore Line SB10-18 (18.5-19) 2/10/99 X X X X
South Shore Line BR10-19 (9.0-10.0) 2/3/99 X X X X
South Shore Line SB10-20(10.0-11.0) 2/4/99 X X X X
South Shore Line SB10-20 (16.5-17.5) 2/4/99 X X X X
South Shore Line SB10-20 (18.0-18.5) 2/4/99 X X X X
Drum Lot 1 SB11-80 (16.0-17.0) 2/5/99 X X X X
Drum Lot 1 SB11-82 (11.0-12.0) 2/5/99 X X X X
Drum Lot 1 SB11-82 (14.0-15.0) 2/5/99 X X X X
Drum Lot 1 SB11-83 (7.0-8.0) 2/5/99 X X X X
Drum Lot 1 SB11-83 (11.5-12.5) 2/5/99 X X X X
Drum Lot 1 SB11-85 (13.5-14) 2/11/99 X X X X
Drum Lot 1 SB11-86 (14.5-15) 2/11/99 X X X X
Drum Lot 1 WB11-87 (12.0) 2/12/99 X X X X
Drum Lot 1 BR11-90 (14-15) 2/6/99 X X X X
Drum Lot 1 BR11-90 (22.5-23.5) 2/6/99 X X X X
Drum Lot 1 BR11-90 (14) 2/6/99 X X X X
IR Site 3 SB11-94 (10-11.5) 2/12/99 X X X X
IR Site 3 SB11-94 (14.5-15.0) 2/12/99 X X X X
IR Site 3 SB11-95 (10.0-11.0) 2/7/99 X X X X
IR Site 3 SB11-95 (11.5-12.5) 2/7/99 X X X X
IR Site 3 SB11-95 (21.0-22.5) 2/7/99 X X X X
1R Site 3 SB11-95 (5) 2/7/99 X X X X
IR Site 3 SB11-96 (14.5-15) 2/9/99 X X X X
IR Site 3 SB11-96 (17.5-18) 2/9/99 X X X X
IR Site 3 SB11-96 (31.-31.3) 2/9/99 X X X X

Notes: Bold indicates that water samples were taken during drilling

! For metals analyses, indicate Total or Dissolved with "T" or "D"

bgs
PAH
TPH-P
TPH-E
voC

below ground surface

Polycyclic aromatic hydrocarbons
Total petroleum hydrocarbons-purgeable
Total petroleum hydrocarbons-extractable

Volatile organic compound

Ausnavy\p
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TABLE 24

NAVAL FUEL DEPOT POINT MOLATE
BASE WIDE WATER LEVELS AND PRODUCT THICKNESS

MEASURED IN APRIL 1999
(Page 1 of 5)
to | Depthto |
1ct ,::_"Wate_r:r; te
| (feet below Elevations
TOC) | (feetabovemsh | = (feet
[0 NORTHSHORELINEMONITORINGWELLS . .
ERM-03 24.5 17.32 7.18 TOC elevation is estimated
MW11-02 24.3 17.63 6.67
MW11-04 23.47 14.92 8.55
MW11-05 2291 16.44 6.47
MW11-06 22.6 16.43 6.17
MW11-07 204 15.9 45
MW11-08 Removed | Removed | Removed Removed Removed Removed in 1995
e S - TREATMENT PONDS AREA MONITORING WELLS

PZ11-01 31.52 11.82 19.7

PZ11-02 23.52 5.59 17.93

MW11-09 17.55 17.89 -0.34

MW11-10 17.28 17.75 -0.47

MW11-11 17.45 17.96 18.1 -0.51 0.14
PZ11-11A 17.85 18.39 18.42 -0.54 0.03

MWI11-12 17.6 17.19 0.41

MWI11-13 17.52 14.89 2.63

MW11-14 18.05 18.05
MW11-15 Removed | Removed | Removed Removed Removed Removed in 1995
MW11-16 Removed | Removed | Removed Removed Removed Removed in 1998
MW11-25 21.19 17.82 3.37

MW11-26 16.43 9.93 6.5

MW11-27 16.57 14.31 2.26
PZ11-27A 16.92 14.6 15.44 2.32 0.84

PZ11-27B 16.61 13.79 2.82

MW11-28 16.57 12.7 13.19 3.87 0.49

MW11-29 19.12 7.2 11.92

MW11-30 16.41 8.75 7.66

MW11-31 17.05 13.78 3.27

PZ11-31A 16.97 13.62 149 3.35 1.28

PZ11-35 19.04 5.51 13.53

MWI11-32 17.12 10.85 10.85 6.27 : Could not read water level, heavy bunker fuel
PZ11-34 19.17 4.85 4.86 14.32 0.01

MW11-33 17.55 5.62 11.93

PZ11-33A 17.79 12.4 12.42 5.39 0.02

MWI11-36 17.43 9.95 7.48 Skimmer would not allow DTW measurement
MW11-37 18.02 10.6 11.36 7.42 0.76
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TABLE 2-4

NAVAL FUEL DEPOT POINT MOLATE
BASE WIDE WATER LEVELS AND PRODUCT THICKNESS

MEASURED IN APRIL 1999
(Page 2 of 5)
| Depthto | Depthto | 0
Product “Water | - Water/Produ
(feet below | (feet below| = Elevation
“2TOC) | TOC) .|  (feet above msl) * (feet
» ... TREATMENT PONDS AREA MONITORING WELLS (Continued)
PZ11-37A 18.24 10.78 11.44 7.46 0.66
PZ11-37B 18.16 10.69 11.26 | 7.47 0.57
MW11-38 18.65 Covered by Baker tank
PZ11-38A 18.74 Covered by Baker tank
MW11-40 22.88 9.2 9.25 13.68
MWwWI1141 2247 8.34 14.13
MW11-43 22.05 7.06 14.99
MW11-44 21.28 6.07 15.21
MW11-45 19.85 4.87 5.02 14.98 0.15
MW11-46 23.16 10.08 13.08
MW11-47 229 7.49 15.41
MW11-49 20.98 31 17.88
MWI11-51 25.78 5.76 20.02
MW11-52 18.11 14.92 14.93 3.19 0.01
MWI11-53 19.76 17.81 1.95
MW11-91 40.18 14.22 25.96
MW11-92 17.69 17.76 -0.07
MW11-93 17.66 14.59 3.07
MW11-94 17.2 9.9 7.3
BR11-96 18.19 13.29 4.9
M L DRUM LOT NO.1 MONITORING WELLS (MEASURED 3/3198) =
MWI11-19 20.31 16.24 4.07
MW11-20 19.06 14.83 4.23
MW11-21 20.45 16.25 42
MW11-22 21.74 13.34 84
MW11-23 22.02 16.67 535
MWI11-54 17.42 NM Skimmer in well
MW11-55 16.21 12.22 5.35
MW11-56 15.04 11.54 5.35
MW11-57 17.74 13.85 31.89
PZ11-70 17.29 13.23 4.06
PZ11-71 17.92 13.74 4.18
PZ11-72 15.75 11.7 4.05
PZ11-73 17.76 13.86 3.9
PZ11-74 14.99 11.16 3.83
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TABLE 24

NAVAL FUEL DEPOT POINT MOLATE
BASE WIDE WATER LEVELS AND PRODUCT THICKNESS
MEASURED IN APRIL 1999

(Page 3 of 5)

- Depth to { Depth to
Product : ‘Water ‘
(feet below |-
: TOC) msl) ;
= . DRUM LOT NO.1 MONITORING WELLS (MEASURED 3/31/98) (Contintied) -

PZ11-75 12.3 5.49

PZ11-76 13.43 3.89

PZ11-77 15.16 4.23

PZ11-78 16.11 4.24

PZ11-79 16.5 421

MW11-80 18.25 14.34 3.91

MW11-81 22 11.83 10.17

MW11-82 18.49 14.6 3.89

MW11-83 18.58 8.5 10.08

MW11-85 16.23 11.45 4.78

MW11-86 16.76 11.95 4.81

MW11-88 20.31 15.1 5.21

MW11-89 21.17 15.66 5.51

BR11-90 17.93 NM

8 e SOUTH SHORELINE MONITORING WELLS =

MW10-02 22.34 931 13.03

MW10-03 21.61 NM Skimmer
MW10-04 21.43 16.14 5.29

MW10-05 21.79 16.5 5.29

MW10-08 21.65 9.81 11.84

MW10-09 22.38 8.1 14.28

MW10-10 20.56 5.4 15.16 .

MW10-11 19.41 6.08 13.33

MW10-12 16.9 2.28 14.62

MW10-14 19.61 5.79 13.82

MW10-15 42.82 14.06 28.76

MW10-16 16.24 10.31 5.93

MW10-17 21.61 15.01 6.6

MW10-18 21.52 14.76 6.76

BR10-19 21.85 13.93 7.92
ERM10-01 22.69 15.98 6.71
ERM10-02 | 22.62 14.74 7.88
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TABLE 2-4

NAVAL FUEL DEPOT POINT MOLATE

\i BASE WIDE WATER LEVELS AND PRODUCT THICKNESS
- MEASURED IN APRIL 1999
(Page 4 of 5)

Depthto | Depthto |
- Product - | - Water | - Water/Produc
(feet below | (feet below|.. - Elevations
TOC) | TOC) | (feetabovemsl) | - (feel) =
= . _DISPOSAL AREA MONITORING WELLS . = =
MW02-01 137.14 19.17 117.97
MW02-04 49.7 2548 | 24.22
MW02-06 114.33 17.57 96.76
MW02-07 50.89 17.52 17.54 33.37 0.02
MW02-13 88.05 0 88.05 Artesian
MW02-15 84.53 7.96 76.57
MW02-16 73.84 10.64 63.2
MW02-17 29.62 6.96 22.66
BR02-18 160.09 9.62 150.47
BR02-19 91.56 0.33 91.23
BR02-20 51.79 10.91 40.88
PZ02-01 112.23 13.63 98.6
PZ02-02 DRY All mud, no product detected
PZ02-03 149.87 14.08 135.79
PZ02-04A 136.17 22.71 113.46
PZ02-05 123.74 18.24 105.5
ERM-EW1 106.29 6.14 6.83 100.15 0.69
ERM-EW2 63.1 4.38 58.72
. OTHER FACILITY MONITORING WELLS - L -
BLDG 6 EW1 Not measured
MW04-02 55.98 15.73 40.25
MW04-03 56.09 11.58 44.51
MW04-04 73.8 19.53 54.27
P86-1/2 NODATA NM NM
P86-9/10 NODATA 16.75 17.45
P86-11/12 | NODATA 18.83 Belt skimmer in place
P86-13/14 | NODATA 16.61 16.61 0
P86-15/16 | NODATA 14.03
e EXTRACTION TRENCH WELLS
EW-A 21.34 18.15 3.19
EW-B 21.51 19.25 2.26
EW-C 20.44 21.26 21.26 -0.82 0 Probe fouled, Heavy Bunker fuel
EW-D 20.41 21.09 -0.68
MW-1 19.68 15.67 15.68 4.01 0.01
MW-2 19.55 DRY Dry
MW-3 19.92 NM
Mw-4 21.39 15.38 6.01
MW13+27 19.64 17.06 2.58
MW16+25 20.8 21.39 -0.59
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TABLE 2-4

NAVAL FUEL DEPOT POINT MOLATE
BASE WIDE WATER LEVELS AND PRODUCT THICKNESS
MEASURED IN APRIL 1999
(Page 5 of 5)

| Depthto | Depthto |
. . Product Water - | .- Water/Produ
(feet below | (feet below| . Elevation
TOOC) TOC) | =:(feet above msl)

MWT03-01 136.99 22.71 114.28

MWT03-02 145.57 31.89 | 113.68

MWT02-01 131.12 17.05 114.07

MWT02-03 140.63 245 116.13

MWTC-01 57.71 11.75 45.96

MWTB-01 68.66 21.69 46.97

MWTB-02 75.74 9.66 66.08
S gt e : " Drainage Area Wells - .

MW03-03 104.02 8.53 95.49

MWO01-02 60.36 8.37 51.99

MW01-01 48.3 0 48.3 Artesian

MW03-01 41.51 16.7 24.81

MW03-02 75.53 12.07 63.46 Sheen, strong hydrocarbon odor
Notes:

Elevations are referenced to top of water or top of product (if present).

NM Not measured
TOC Top of casing
msl Mean sea level
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TABLE 2-5

NFD POINT MOLATE
FINAL PHASE II RI REPORT
GROUNDWATER CHEMICAL ANALYSES PERFORMED DURING SEMIANNUAL
GROUNDWATER SAMPLING EVENTS AND IN NEW PHASE II RI WELLS
(Page 1 of 2)

T EVENT1 | EVENTZ
‘OCT/NOV 1997  APRIL 1998
3 2
el el el a2, 2302, 2|3
2132 SNEf= SEhgl= 8118z 1%
5| & 2IElE|5 I AEIEI KL 3|2
HEAEHHH BBEREHHHEEREHHHHEEREHEHE
wevo |EIE|S|E|Z|AIEIE|CIZ|E[Z|E(EIS|2 2|2 E[E(E|S|EI2(4|2
i i NORTH SHORELINE MONITORINGWELLS = -~
mMwitos |- -1 -j-J-[-[-{-Tx[-T-T-T-T-Tx[-T- X[-1-1-
MWIL-I3 [ X[ X[ X] X] - -1 -1-
MWII93 EX | X[ X[ X | - - -[-
MWI194 (=] <[ -| - | - - -[x
BRIIO6 || — | - | -] - | - — - X
MWL XX [ XX =T -IXIXIXTXIXXIXTXI X[ -J-(-Ix0-1-1-1<-T-1-1-
MWH20 IEX [ XTI XX - [ [[X X[ X[ X[ -] X[ x[x{X{ -] Ix -1 -1-1<1-1=1|-
Mwil2l IxXIxIXIx -] -IIxIxIxPx] = =IxTxIxIx{=V-[xf--T=-1<1-1<-1-
Mwitsd IxTxIx]xl - -IxIxIxIxl==fxTxIx{x[-l-[x-1-1<1<1-1<1-
MWII-55 || X | X | X[ X | - ~ U X | XTI X XTI XIXH = <1<t 1 <1 <1<l =1=04-=-1=-1=-1-1<
MWI1-56 | X [ XU X X1 < | - XTI X X| << -0 <1l <-01=F-01<-0=T-1T=-T-T-1T=-1-
Mwits? I xXIxix x| - -IIxTx]xxxIxfxIxIx|Ix]-I-Ix{-|-T-1<|-1<1-
Pz11-70 [~ J -] =[=-T=1=f=1=-1=1=-1=-T=-=0-0T-0T=-1-0=-1T-=1T=1T=1<1=1<1=
PZILTL X UX | X[ X[ - -Ix[ XX =1 -IxXI{xT-l-{-J-Ixf{=[-1T-1<1-1<1-
PZI-T2 [ X[ X[ X[ X] |~ [ X[ X X I X[ X[ Xl -J -1 -0 -J-T-H-1-f<1<1-1<]<
pz1l.3 - -1 =1 -T=1-[=1 =T ===t =-T=T=-T=-0=1=-l=1=1=-1=1=1=1-=
Pz11.74 T -T -1 -T-T-]-Ix]xIxl=-{=t=0xIx[=-T-1T=-t=-Ix-1T-1T=f<1=-1<1I-
Pz1175s EX P XXXt ~IxIxIxXIxXl = -=1<-1-1<-1<1-N=1<t1-=1<1<1=-1<
PZ11-76 X[ X | X[ X| = |~ xX{xX{ XX - [-0=0-1-T-d-1-t-l=-1=V1=1<1=1<1-
Pz11-77_ W~ - T - === ===l =T=-0=-T-T-V-I=1T=T<0=-1T=1<1<fT=-I<=1I=
pzil7s IxIx|x{xT-[-fxIxIxIx{-T=IxIx{x-T-T-IxN-{-f-1<-[<[=[<-
MWIL80 [ = [ = [l = [~ == =T =TT ===l =-IxIxIx[x|=|-1x
MWIBL [ = | = [ = [ = <[~ =] <=l -l -xIx{x|x]|-|-[x
Mwilg2 - | - == == === == === - -IxIxIx[xl|=-1-]x
MWL T = = = - = === -]l =-T=-1<1-1=-IIxIxIxI x| =|-1x
MWILSBS 1= [ = [ =1 = | <[~ -l -l -] W=l -J<[<T-Ix[xIxIxl=-1-1x
MWIL86 fl = | = [ = [ =1 - | < =] <1<l -{-d =10 A=<t -1 -WxXIxIx|xl=-1-1x
MWIT88 || — | = - [l =~ =l (= -~ -J -] -1l -fixIxIxIx]-]-1x
MWI1-89 - | - | -t - {-|~-lt=-]~-1-]-]-1-0-1-=-1-1-1-1-1-Ix1x|x|x]-}-]x
BR11.OO || - T - [ -] - T-T-W-T=1=1T=1T=-T-4-T-1T=-T-T=0l=1-IxIx{xIx|-]=-1x
T SOUTH SHORELINE MONITORING
MWI0-05 | - | - | - T - T - T IXTxIXT=JT=-T-T-T-ITxXT-T<T-IxT-1<1<-1=-1-1-1-
Mwio-08 IIXT XXX - -IxIx|Ix]=-]T-T=-IxIxTxIx|-J-|xW=-1<-I<-J-<1<|<]-
Mwi0-09 X x| X x| - - IxIxIxIxlT=F=IxTxIx{x{-d<-{xl=-f<1<01-1<1-1-<
Mwio-lo EX I x [ x| x ] - T-x | xIxxl{=1T=-IxIxIxIx{=-T-Ix1-1<1-1<<1-
MWIQ-17 f - | - - | - -{-I-f-T-f-1-1-lI-[-1-1-FI-1-1-IxIxIx|xIx|x!lXx
MWIO-18 | -] - - -1-1-1--t=-1-=-1~-]-0-T-1-1-1-1-1-Ix!Ix|x|xl-]-1x
BR10-19 - l-t-t-1-]-ff=-]-=-1-1-1-1-i-1-1-1-1-{-1-UxIxIxlx]-1-1x
ERMI0-01 [ X | X | X | X | - | X[ X I X X ]~ | QX1 X] -1 XTI xX=1=1=1=1=1=-1=




TABLE 2-5

NFD POINT MOLATE
FINAL PHASE II RI REPORT
GROUNDWATER CHEMICAL ANALYSES PERFORMED DURING SEMIANNUAL

GROUNDWATER SAMPLING EVENTS AND IN NEW PHASE II RI WELLS

(Page 2 of 2)
EVENT2 | NEW WELLS
CI/NOV 1997 APRIL 1998 | FEBRUARY 1999
3 3
= 20 = 20 = ] i = =2 f
Y] [ © L= [
AR R ELE: NEELE R ELE: |32
2|8 A s|=] &8 a[=|sl&]8 s|=|¢
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TABLE 2-6

NFD POINT MOLATE

FINAL PHASE II RI REPORT
COMPARISON OF PROPOSED ACTIONS VERSUS ACTUAL ACTIONS

'Pr_oposedeil i+ Actual Soil - - e+ cirlie o SRR s lv’ropose‘dbz CActual: o |:6pose rnali bt
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Piezometers, | . Piezometers, Proposed Actual . Background ' | Background . ‘Human ‘Human “ Human. - R
- . : N Human Human : g : i Health Pore
Monitoring Monitoring Trenches | Trenches Surface Soil | Surface Soil K L Health Health Health Pore e
) ; Health Soil | Health Soil | ; : Water:":
- Wells, and Wells; and Samples . Samples. - P o es Sediment ;|- Sediment | :Water: Saminles
: ‘| Bedrock Wells | Bedrock Wells S amples ‘"?"’_9 | samples | Samples | Samples. | b
IR SITE. 14 o i = :
SITE I-WASTE DISPOSAL AREA 18 18 8 10 0 0 0 0 0 0 0 0
SITE 2-SANDBLAST AREA 0 0 0 0 0 0 0 0 0 0 0 0
SIRE 3-TREATMENT POND AREA 4 4 0 0 0 0 0 0 0 0 0 0
SITE 4-SHORELINE AREAS 14 14 0 0 0 0 8 8 6 6 6 0
BACKGROUND AREAS 2 2 0 0 14-21 16 0 0 0 0 0 0
TOTAL 38 38 8 10 14-21 16 8 8 6 6 6 0
Notes:

'Proposed was 120-160 linear feet of trenching, actual linear footage was 406 linear feet within the Waste Disposal Area
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

Section 3.0 discusses the environmental and physical characteristics including site surface features,
hydrology, geology, and hydrogeology at NFD Point Molate. For further natural and human history
information please see the FWP (TtEMI 1998k). The FWP provides extensive discussion of the cultural

resources and ecology of NFD Point Molate.
3.1 SURFACE FEATURES

NFD Point Molate covers approximately 425.8 acres, which includes 412.7 acres owned by the Navy, 10.4
acres leased from Chevron, and a fuel pier consisting of 2.7 acres. NFD Point Molate is in Richmond,
California, along the northeastern shore of San Francisco Bay on the San Pablo Peninsula. NFD Point
Molate is located approximately 1.5 miles north of the Richmond-San Rafael Bridge in the City of Richmond
(Figure 1-1). The facility is bordered to the north, south, and east by Chevron, and to the west by San
Francisco Bay. The majority of land surrounding NFD Point Molate is used by Chevron for oil refining and

storage.

Topography ranges from flat filled areas (reclaimed tidal flats) near the bay to steep dissected slopes of
nearly 500 feet elevation in the San Pablo Hills. Plate 1 shows the topographic relief of NFD Point Molate.
The ridge of the San Pablo Hills runs generally northwest to southeast. Steep dissected slopes are generally

perpendicular to the ridge axis (northeast or southwest).

Within NFD Point Molate, the dissected slopes form six ravines oriented perpendicular to the ridge, that drain
water toward the bay. These six ravines are referred to as legs by facility personnel. Drainage in each of
these ravines is intercepted by catchment basins (numbered 1 through 6 from south to north), as shown on
Plate 1. These ravines can be considered surface water and groundwater recharge areas, where rainwater
entering the separate ravines drains and follows the topography until it reaches a catchment basin (if surface
water) or the flat areas adjacent to the bay. The ravines, lower slopes, and beach areas are under water table

conditions. This water table changes seasonally, responding to periods of wet and dry weather.
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3.2 METEOROLOGY

The climate of Point Molate is subjected to a strong marine influence characterized by frequent morning and
evening fog during the summer and prevailing winds through the topographic gap between the Presidio on the
south and the Marin highlands on the north known as the Golden Gate. Precipitation falls primarily between
the months of October and April, and the average annual rainfall is 14 to 24 inches (USDA 1977). The
average daily temperature is 59 degrees Fahrenheit (F), and the average annual frost-free period is 250 to 300
days. Relative humidity is lowest in the fall and ranges from 50 percent during the day to 70 percent during
the night (DON 1986). The prevailing wind direction is from the northwest. Wind speed is less than 6 miles
per hour more than 50 percent of the time and exceeds 12 miles per hour only 10 percent of the time (DON
1986). The strongest winds are generally associated with winter storms.

3.3 SURFACE WATER HYDEOLOGY

NFD Point Molate is located in the northeastern portion of San Francisco Bay on the central coast of
California. San Francisco Bay can be divided into two major circulatory systems: the South Bay and the
North Bay. The North Bay is comprisec! of Suisun Bay, San Pablo Bay, and Central Bay.

Tidal action greatly influences water exchange within the San Francisco Bay; up to 24 percent of the bay’s
water volume is exchanged in a single tidal cycle. The tides are mixed semidiurnal, with two lows and two
highs approximately every 24 hours. San Francisco Bay is an estuary receiving a significant amount of
freshwater input, primarily from the Sacramento River, which affects currents and water quality parameters
such as salinity. Salinity ranges from less than 2 parts per thousand (ppt) during the winter in the eastern end
of the San Pablo Bay to approximately 30 ppt and above in the Central Bay during summer (RWQCB 1994).
During the winter months, salinity can cecrease to less than 18 ppt in the Central Bay.

The San Francisco Bay area provides habitats for diverse ecological communities including uplands,
grasslands, wetlands, mudflats, shoals, and deep water habitats. The bay is one of the most important staging
and wintering areas for migratory waterfowl and shorebird populations on the western coasts of North and
South America. Nearly one million waterfowl and shorebirds utilize the San Francisco Bay’s open water and
wetland habitats.

On-shore surface water is sparse and largely ephemeral at NFD Point Molate. The man-made Treatment
Ponds are the only large body of standiny; water. Several small areas of delineated wetlands occur within the
ravine containing IR Site 1 and the Wastz Disposal Area, and along the shorelines. These may have small
amounts of standing water. Additionally, there are several small surface seeps that daylight along the
facilities hillsides. These appear to be controlled by the geology and are usually active mainly during the

rainy winter season.
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Several catchment basins are present at NFD Point Molate. These are connected to stormwater outfalls along

the shoreline. The basins collect stormwater and discharge it through the outfalls.

34 GEOLOGY

This section provides the regional geologic setting including the stratigraphy and structure. Details of the site
specific geology at NFD Point Molate are also presented.

34.1 Regional Geology

The bedrock along San Pablo Ridge is composed primarily of sedimentary rocks of the late Jurassic and
Cretaceous-aged Franciscan Formation. Regionally, the Franciscan Formation is a heterogeneous assemblage
consisting of sequences of graywacke (sandstone), shale, and lesser amounts of mafic volcanic rocks, thin
bedded chert, and rare limestone (Irwin 1990). The Franciscan Formation was deposited along the deep
ocean trench or arc-trench gap that existed during the late Mesozoic as a result of subduction (Blake and
others 1974). During the late Cretaceous, subduction-related thrust faults transported Franciscan rocks
eastward and upward beneath the Great Valley Sequence, presently located to the east of the San Francisco
Bay Region (McLaughlin and others 1982). When subduction ceased, the convergent tectonic system
changed to a transform system, initiating the large-scale strike-slip San Andreas fault system that exists today
(Atwater 1970) and which exposed the Franciscan Formation rocks at the surface.

A geologic map prepared by Blake and others (1974) shows the occurrence of the Franciscan Formation
throughout the entire peninsula. The Franciscan Formation is described as sandstone and interbedded shale,
with minor amounts of conglomerate. Blake and others (1984) further subdivided this formation into 12
separate terranes, and show the Late Cretaceous Novato Quarry terrane occurring throughout the Point
Molate area. Blake and others (1984) also imply that the depositional environment for this terrane is the

fringe of a submarine suprafan.

The Franciscan bedrock underlying San Pablo Ridge is part of a northwest-southeast trending belt of rocks
bounded on the west by the San Andreas fault and on the east by the Hayward fault. Preliminary geologic
maps show that San Pablo Ridge (Potrero Hills peninsula) is bounded on the northeast by the San Pablo fault
and possibly by a fault to the southwest (Blake and others 1974). Although the character of these faults is
uncertain, the San Pablo fault is considered to be either a high angle oblique slip fault or a thrust fault. Both

faults are considered to be inactive.
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The subunit lithologies of the Franciscar: Formation exposed on the summit of the San Pablo peninsula trend
northwest under the waters of San Pablo Strait, and are well exposed in large quarries at Point San Pedro.
These rocks occur in alternating sequences of medium- to very-thick sandstone beds with minor interbedded
shale and predominantly shale beds with interbedded thin to medium sandstone beds. The rocks are locally
severely sheared or brecciated, but withcut tectonic inclusions of other rock types commonly found in the
melange unit of the Franciscan Formation. The thicker sandstone beds tend to be medium- to coarse-grained
arkose commonly containing 2 to 5 percent detrital potassium feldspar (Blake and others 1974). Thinner
sandstone beds are fine-grained, quartz sand with less than 2 percent detrital potassium feldspar. The
sandstone is light gray on fresh surfaces, but weathers to a buff or yellowish brown. Shales and mudstones
are commonly a dark gray. Calcite and secondary iron oxides occur as fracture fillings or veins in the rocks.
This unit of the Franciscan Formation is resistant to weathering and forms the elevated topography found on

the San Pablo peninsula.

The regional geology of San Francisco Bay also includes a young, unconsolidated sedimentary sequence.
These sediments have been described by several workers in the bay. The following units were described in an
article summarizing several previous authors’ works (Goldman 1969). The units in the San Pablo peninsula
area overlying the Franciscan Formation bedrock are the Older Bay Mud, sand deposits (correlative to the
Merritt Sand of the East Bay Area), and the Younger Bay Mud.

The Older Bay Mud is described as gencrally firm, dark greenish-gray, silty clay with varying amounts of
sand and fine gravel. The unit locally ccntains lenses of clayey sand, pebbly sand, or sandy clay from 5 to 50
feet thick. The unit blankets and fills old stream channels cut in the bedrock surface. This unit is overlain by
cither a sand deposit, or the Younger Bay Mud.

The sand deposits are recognized as a distinctive unit that overlies and interfingers with the Older Bay Mud.
The unit was recognized at Point Richmond by Trask and Rolston (1951). The unit is described as a fine
sand 50 to 60 feet thick. The unit is dissected by mud filled channels and is overlain by 0 to 35 feet of
Younger Bay Mud.

The Younger Bay Mud is the youngest sedimentary unit in San Francisco Bay. The unit covers most of the
bay bottom. It is described as a soft, un:form, gray, silty clay containing 45 to 95 percent clay-sized particles,
silt, minor fine sand, and fragments of shells. The unit tends to be firmer and contain less water with depth.
The mineralized composition is similar to the Older Bay Mud, containing mica, montmorillonite, chlorite,
kaolinite, quartz, and feldspar (Goldmar 1969). The clay is soft and plastic when wet and tends to harden
and shrink upon drying. Engineering studies (Treasher 1963) have divided the Younger Bay into two

members. The lower member is semiconsolidated and the upper member is referred to as the soft member.
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The Younger Bay Mud was deposited upon an erosional surface cut to depths as great as 200 feet below
present sea level into the Older Bay Mud. The Younger Bay Mud attains a thickness of up to 130 feet. The
thickness of the Younger Bay Mud along the southwest shore of the San Pablo peninsula at NFD Point
Molate is mapped as zero to approximately 40 feet thick offshore (Goldman 1969).

34.2 Point Molate Geology

The geology at NFD Point Molate includes sedimentary and slightly metamorphosed rocks of the Cretaceous-
aged Franciscan Formation bedrock and quaternary unconsolidated colluvial and alluvial deposits, Bay Mud,
and emplaced fill. Geology and the physical characteristics of the bedrock and unconsolidated deposits are
described below. The geology was determined by a combination of information gathered during the visual
site inspection (VSI), document reviews, former investigations, and inference from adjacent areas of the San
Pablo Peninsula.

The Franciscan Formation is characterized by complex highly-faulted sediments and metasediments that
include subduction or collision complexes. As described by Blake and others (1974), the Franciscan
Formation consists of sandstone and interbedded shale with minor amounts of conglomerate. Outcropping
beds of the Franciscan Formation with shale interbeds are prominent in the hillsides of NFD Point Molate.
Interbedded shales are fissile where exposed in outcrops near the Waste Disposal Area and at other locations
within the hillsides. Extensive geologic mapping was conducted on the adjacent Chevron refinery property in
November, 1989 and March, 1992 (BEDM 1992). This property completely surrounds the landward side of
NFD Point Molate. Therefore the geology mapped probably correlates with the geologic units at NFD Point
Molate. The geology was mapped in the Poleyard, Asphalt, and Point Orient Tankfields areas of the Chevron
property. The bedrock exposed on the Chevron property is more extensive than the exposures at NFD Point
Molate. Removal of overburden and rock has taken place as part of ongoing quarrying operations and to
create platforms for storage tanks. These excavations have created exposures of fresh rock surfaces that are
readily mapped. The hillsides at NFD Point Molate are heavily vegetated and there have been no recent
excavations to expose fresh bedrock surfaces. Therefore bedrock at NFD Point Molate has been correlated to
the Chevron mapping based on a few weathered outcrops and on bedrock cores. A preliminary bedrock
geologic map has been prepared since the Draft Phase I RI was submitted. This map is presented as Plate
29. The geologic units used were the same lithologies used by BEDM in the mapping of the Chevron
property. Two of the geologic units described in the following paragraph were recognized on NFD Point

Molate property. Because of the lack of exposures in many areas, the map is an interpretation by best
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professional judgment and will be subjec: to further refinement as new data or interpretation is integrated
with the existing data.

Based on Chevron data obtained during surficial geologic mapping and from the subsurface exploration
program, bedrock beneath the tankfields consists of three primary lithologic units. The term “unit” is used
here in reference to primary lithologies and is not meant to imply distinct formations. A general description
of these three units (as mapped by BEDM), as they appear in the Poleyard, Asphalt, and Point Orient
Tankfields, follows:

° Massive, very fine-to-fine grained, brown to gray sandstone (KJms).

. Thinly- to thickly-bedded very fine to fine-grained, brown to gray sandstone interbedded

with thinly-bedded, finely-laminated to shaley, brownish-gray to dark gray mudstone, and
less commonly, siltstone: (KJss)

. Thinly-bedded, finely-laminated to shaley, brownish-gray to dark gray mudstone, and less
commonly, siltstone with occasional thin interbeds of sandstone (KJsh)

There appear to be two primary types of bedding in the tankfields: thin, interbedded units, as in the KJss and
KJsh units, and thick, massive bedding, as in the KJms unit. Individual sandstone beds in the KJss unit are
predominantly 0.5 to 2 feet thick with occasional massive interbeds as thick as 30 feet. Mudstones and shales
that separate the thinly-bedded sandstones are predominately 2 to 8 inches thick.

Thick beds of sandstone or shaley mudstone as thick as 15 to 20 feet are encountered in the KJss unit. The
KJsh unit is only observed at the very western edge of the Point Orient Tankfield. Mapping the KJsh unit
separately is questionable because it may be a fine-grained interbed within the KJss unit. The brown
sandstones and mudstones occurring in the upper 20 to 55 feet reflect a slight degree of weathering, but no

apparent loss in rock strength. The color grades to brownish gray at depth.

Although three distinct units were identified and mapped, the Point Orient Tankfield is underlain by KJms
and KlJss, while the Poleyard and Asphali Tankfields are predominantly underlain by KJss.

Preliminary mapping at NFD Point Molate, based upon bedrock lithologies encountered in boreholes and
outcrop observations, indicate that both the Kims and KJss units (as defined by BEDM) are present on site
(see Plate 29). The KlJss unit is the most extensive, underlying the upland hillsides. The KJms unit appears
to be present in the old quarry that occupied Drum Lot No. 1, and underlying much of the Treatment Ponds
Area. The more massive sandstone of the unit also outcrops along several hundred feet of the south shoreline

and an outlying outcrop at the southern end of the Public Beach.
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The massive sandstone of the KJms unit (of BEDM 1992) was probably the material quarried on Point
Molate (Drum Lot No. 1 and the pier constitute the geographic Point Molate). The earliest topographic map
found for Point Molate (Lawson 1914) shows a quarry on the point before the Winehaven buildings were
present. A later topographic map (Lawson 1914) still shows a symbol for a quarry, but the topography is
altered. This would indicate expanded removal of rock during this period. The apparent altered shoreline
seems to indicate the rock was possibly used to fill and expand dry land in Drum Lot No. 1 and the Treatment
Ponds Area.

343 Bedrock Structure

As previously described, the Franciscan Complex has undergone a complicated sequence of tectonic events.
These various tectonic events resulted in a complex set of geologic structures. The primary structural
elements observed in the Chevron tankfields and at NFD Point Molate are bedding planes, faults, fractures,

and small-scale folds.

The orientation of bedding planes, observed at Chevron’s Point Orient Tankfield, ranged from a strike of
N18°W dipping 68°W, to a strike of N51°W dipping 53°SW. The bedding strike and dip within the Poleyard
Tankfield ranged from N56°W, 59°SW to N89°W, 52°S. The only outcrop observed in the Asphalt
Tankfield was an intensely sheared body of what appeared to be KJss that included well-developed, low-angle
fracture cleavage and highly deformed bedding.

Bedding planes observed at NFD Pt. Molate generally agree with these orientations. Strike and dip was
measured at 5 locations along the south shoreline in December 1998. Strike varied from N 25° E to N 20°
W. Dips were 43° SE, 79°E, 78° E, 75° SW, and 78° NE. Structure appears to be very complex with both
large- and small-scale folding. Several strongly sheared zones were observed in both shale and sandstone
lithologies. One fault was observed near MW10-05. Orientation was difficult to discern, but the fault
appeared to trend northeast. Shear zones appeared to trend north. Further mapping in April 2000
substantiated these structural observations. These data are compiled on Plate 29.

Interbedded mudstone and shale were encountered uphill from the South Shoreline at IR Site 1 trench TR 1-4.
These gave a strike of N38° W and a dip of 84° SW. Trench TR1-6 encountered sandstone beds striking
N85° E and dipping 69-79° SSE. Trench TR1-3 also encountered sandstone striking N15° E to N15° W and
dipping 54-57° SE to NE. The rocks appeared to have a small amplitude fold.
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Fracture characteristics are of importance because of their potential effect on groundwater flow within
bedrock. Thus, fracture orientations, frecuency, length, and aperture are discussed in more detail in the
following paragraphs. The fractures tend to be planar to subplanar with relatively smooth surfaces.
Occasional nonplanar, curing fractures ware also observed. Fractures typically contain yellow to reddish
brown oxidation products and occasionally quartz and pyrite. Veins of quartz, calcite, or intergrown quartz
and calcite are abundant at depths greater than 40 to 50 feet bgs in fresh, relatively unweathered bedrock, and
are present occasionally above those depths in the weathered zone (BEDM 1992, 1993).

Fractures are common in the bedrock and their orientations are highly variable. However, based on the
geometric analysis of the orientations measured in the field, fractures generally occur in sets of two or three
orientations within an outcrop (BEDM 1992). The apparent fracture orientations commonly occur at a high
angle (60 to 90 degrees) to the bedding and only occasionally are the fractures oriented at low angles to
bedding.

Based on bedrock cores from the borings in the Chevron tankfields, the frequency of fracturing is typically 3
to 15 fractures per foot alternating with occasional highly-fractured zones (30 to 50 per foot). The highly-
fractured zones may be associated with faulting and are more common in the KJss unit. Within the Poleyard
Tankfield, which is predominantly underlain by the KJss unit, these highly-fractured zones are typically
spaced 15 to 40 fect apart. Highly-fractured zones were not observed as frequently in the massive sandstone
units, which make up a large portion of the subsurface within the Point Orient Tankfield.

Chevron’s field mapping indicates that the continuity and length of fractures appear to be predominantly
lithologically controlled. Fractures observed in the KJss unit were relatively short in length (less than 5 feet)
because they were not continuous across hedding planes. However, within the massive KJms units, fractures
were observed to vary in length from 0.5 to at least 25 feet. In general, the longer fractures were not
observable for their entire length due to colluvial cover, and may be longer than 25 feet (BEDM 1992, 1993).

Based on Chevron and NFD Point Molatc bedrock cores, the aperture (width of opening) of fractures was
evaluated. The aperture of fractures within cores was predominaﬁtly less than 1/16 inch, and occasional

fractures appeared to be as wide as 1/8 inch. In many cases, fractures contained clay- and silt-sized particles.
In other cases, fractures appeared to be free of fine-grained sediments.

Thirteen coreholes were drilled throughout the site to assess in situ hydraulic characteristics and to provide a
description of the bedrock lithology. Seven were drilled during the Treatment Ponds Area site
characterization in 1992 and six additional bedrock holes were drilled during the Phase Il RI. Descriptions of
bedrock cores are presented in Appendix B. Since the Phase IT RI investigations, further coring has been
performed as part of the UST characterization.
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The bedrock generally consists of arkosic and greywacke sandstone, quartzite, or siltstone with interbedded
mudstone or shale. Interbedding of mudstone within sandstone or quartzite beds was common. The bedrock
is broken or regularly fractured in consistent fracture planes. The majority of the fractures are closed or
healed with quartz and oxidation products (limonite and manganese). Geologists logging the bedrock cores
estimated 90 to 95 percent of the fractures are filled with secondary minerals, clay, and silt. The extent of
closure of these fractures in situ is impossible to estimate because drilling and coring stresses and circulating
and drilling fluids tend to open these fractures by breaking the mineralization and hydraulic flushing. Some
fractures contain greenish-white clay. Slickensides are present on many fracture surfaces. Sedimentary
structures are evident and consist of relict bedding, broken or brecciated clasts of sandstone or mudstone, and
soft sediment deformation. These features are characteristic of a submarine fan/turbidite sequence. Soft
sediment deformation was also evident as flame structures, or load casting apparently due to overburden

pressure and squeezing the clay and silt into a sand matrix.

During their baseline geologic study at Chevron, BEDM identified a large northwest trending shear zone on
the eastern edge of San Pablo Ridge that has been interpreted to be the surface expression of the San Pablo
Fault. During BEDM’s March 1992 surface mapping, an outcrop of highly deformed interbedded sandstone
and mudstone was observed in the Asphalt Tankfield, and may be part of this shear zone. The shear zone
may have a significant impact on the flow of groundwater within the bedrock in the Poleyard and Asphalt
Tankfields. Large map-scale faults perpendicular to the general trend of San Pablo Ridge are believed to
exist because of the existence of deeply-incised, northeast-, and southwest-trending valleys and ridges.
Numerous small-scale faults were observed in the Poleyard and Point Orient Tankfields both in outcrop and
in the bedrock cores. Small-scale faults have also been observed at NFD Point Molate, but extensive cover of

bedrock by colluvium and vegetation make observation difficult.

344 Unconsolidated Deposits

The contact between bedrock and overlying (colluvial) deposits in most areas of NFD Point Molate is
transitional. This transition zone grades upwards from fresh bedrock to moderately weathered bedrock
composed of broken and weathered bedrock fragments to highly weathered clay-rich zones containing
oxidized, friable clasts or fragments of bedrock.

The full range of unconsolidated deposits are only found in IR Site 3, the Treatment Ponds Area. A
generalized depositional sequence for IR Site 3 is shown in Figure 3-1. The alluvium, Bay Mud, and
intertidal sediments are generally lacking at other NFD Point Molate areas.

Colluvium at NFD Point Molate usually overlies bedrock or weathered bedrock. Colluvium is predominantly

clayey and silty sand with weathered bedrock fragments. Colluvium is found on slopes and at the base of
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slopes, filling many of the ravines throughout NFD Point Molate. The thickness of colluvium varies from a
veneer of weathered bedrock fragments on the slopes to accumulations up to 25 feet thick within ravines.
The colluvium, olive gray to yellowish brown, often displays a mottled texture. These deposits are generally
poorly sorted and often contain up to 50 percent bedrock fragments. Despite the poor sorting and numerous
bedrock fragments, the colluvium’s clayzy matrix makes it dense, having little or no apparent permeability.

The reworked intertidal deposits consist mainly of greenish-gray (glauconitic) silty sand and sandy silt with
numerous small shell fragments. Also common are pebbles or rock fragments consisting of subrounded
quartzite and angular to subrounded siltstone and sandstone. Glauconitic sandstone pebbles are common.
The sediments contained in the intertidal deposit are generally very well sorted for each size range
encountered. The rounding of the sedim:nts is, in general, indicative of reworked beach or near-shore
deposits. Bedrock rubble and rock fragments within a wet clayey matrix also make up a portion of the

reworked intertidal deposits.

Bay Mud was encountered in borings beneath emplaced fill or alluvium in the Treatment Ponds Area and
adjacent shoreline areas. In these areas, Bay Mud overlies bedrock and may vary in thickness between 5 and
30 feet, depending on distance from the shoreline. Bay Mud is a very dark brown to black clayey or sandy silt
or silty sand. The formation is typically soft, plastic, and moist or saturated, but contains sufficient clay or

silt to serve as an aquitard.

Material interpreted to be alluvium is present in more gently inclined areas, particularly in the vicinity of the
Treatment Ponds and adjacent nearshore areas. Alluvium consists of moderately sorted, fine-to-medium
grained, unconsolidated sand. In general, grain size increases with depth and coarse intervals containing

granules or pebbles become more prevalent with depth.

Emplaced fill at the facility was transported from other areas at NFD Point Molate. The fill is composed of
highly variable materials generally consisting of poorly sorted gravel, silt, sandy silt, and sandy clay, and
angular bedrock fragments. The fill often contains areas (or pockets) of disturbed colluvium, but in general is
unconsolidated and very heterogeneous, znd creates unpredictable preferential flow pathways for groundwater

and contaminant migration.
3.5 SOILS

The surficial deposits at Point Molate corsist of a combination of natural and artificial materials. These
deposits include rock outcrops, colluvium, disturbed colluvium, loam soils, and artificial fills. The actual

distribution of these materials is only partially mapped. Extensive excavation and earth moving took place
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during construction of the main tanks, pipelines, and service roads. Aerial photos from the time the
construction was being completed show the native surface materials were extensively disturbed across the
site. The soils were excavated, covered with fill in places, and spilled down hillsides covering the natural
surface with disturbed material. Subsequent erosion further redistributed these materials creating a complex
pattern of deposits. Today the extensive, thick vegetation effectively prevents accurate mapping of these
deposits in detail without a very intensive effort. These different materials are described below. The physical
properties for surficial materials is summarized in Table 3-1. The native bedrock is discussed in Section 3.4,

Geology.

The colluvium consists mainly of clayey and silty sand with weathered (oxidized) bedrock fragments. The
colluvium, olive gray to yellowish brown, often displays a mottled texture. These deposits are generally
poorly sorted and often contain up to 50 percent weathered bedrock fragments. The grain size distribution
curve, from the sample collected from boring SB02-01 at 24.0 to 24.5 feet, shows the wide range of particle
sizes present in colluvium (Appendix H). Colluvium is transported to the point of deposition as a gravity
deposit collecting at the base of steep slopes or by sheet wash or downslope creep processes. The topography
within the steep-sided ravine of the Waste Disposal Area results in colluvium being thickest in downslope
areas (in particular, the axis of the ravine). Hilltops in the area are exposed bedrock with a shallow cover of

weathered bedrock fragments.

The soil series mapped for Point Molate is the Millsholm series (USDA 1977). The Millsholm series
consists of well-drained soils that formed from interbedded shale and fine-grained sandstone. These soils are
on uplands. Slopes are 15 to 75 percent. These soils are generally moist throughout from mid-December to
May and are dry from June to November. Vegetation consists of annual grasses, forbs, and scattered oaks.
Thick stands of coyote bush are present in some areas.

In a representative profile, the surface layer is grayish-brown, medium-acid loam about 4 inches thick. The
subsoil is also grayish-brown, medium-acid loam. It is underlain at a depth of about 12 inches by sandstone
or colluvium. Permeability is moderate, and the available water capacity is 2 to 4 inches. Roots can penetrate
to a depth of 10 to 20 inches. Millsholm soils are used for range, wildlife habitat, and watershed.

The representative profile of Millsholm loam is found on Qursan Ridge in Contra Costa County at NW4
SWYW% NWhisec. 6, T.1N,R. 3 W.

) A—0 to 4 inches, grayish-brown (10YR 5/2) loam, dark grayish brown (10YR 4/2) when
moist; massive; hard friable, sticky and slightly plastic; many very fine roots; few, very fine,
tubular pores; medium acid; clear, smooth boundary
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o B2—4 to 12 inches, grayish-brown (10YR 5/2) loam, dark grayish brown (10YR 4/2) when
moist; weak, fine, subangular blocky structure; hard, friable, sticky and slightly plastic,
many very fine roots; common, very fine, tubular pores; medium acid; abrupt, smooth
boundary

o R—12 to 20 inches, fractured, fine-grained, light yellowish-brown (10YR 6/4) and strong-
brown (7.5YR 5/6) sanistone; very dark brown (10YR 2/2) stains along fracture planes

These soils form where the depth to bedrock ranges from 10 to 20 inches. The parent rock is shale,
sandstone, or interbedded sandstone and shale. Hardness of the parent rock is 3 to 4 on the Mohs scale.
The ridges at NFD Point Molate are mapiped as MeG Millsholm loam, on 50 to 75 percent slopes. This soil
is on very steep uplands. Included with the Millsholm loam are areas of soils that are similar to Millsholm
loam, but that have softer bedrock. Runoff is rapid, and the hazard of erosion is very high where the soil is

bare.

Artificial fill at Point Molate consists of regraded on-site materials, primarily colluvium, and possibly some
locally derived imported materials. Colluvium and rock excavated at the site has been regraded in the main
building area, the Treatment Ponds Area, the North and South shoreline areas, Drum Lots Number 1 and

Number 2, and other areas such as roadvrays.

The excavated cliff face at Drum Lot No. 1 was likely used to provide fill in the Drum Lot No. 1 Area. Large
rocks and cobbles of sandstone have been encountered in some borings at Drum Lot No. 1. Several borings
also encountered large voids in the fill. This probably indicates that a large amount of coarse rip rap was

placed as a base for the fill in the area.

Various borelogs at the site depict the prasence of other rock types indicative of fill material imported from
off site. (Occasional occurrence of serpentine, unique quartzites, phyllites, and diorite.) These rock types
occur in the local area of San Francisco Bay, but are probably not tectonic inclusions within the Novato
Quarry terrane (Blake and others 1974). The amount of fill imported from off site is unknown, but is

probably minor compared to on-site derived fill material.

Several geologic characteristics of the surficial deposits present are relevant to land use and potentially to
remedial options. The colluvial deposits are easily eroded when free of vegetation. They are probably prone
to compaction under loading, and may display accelerated downslope movement (creep), particularly on the
steeper slopes. Excavation and grading may accelerate the rate of downslope movement and produce

landslide deposits, especially when steeper slopes are created or the toe of saturated slopes is cut away.
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The colluvium may be water bearing and small seeps are present. Pore pressures are likely to vary
seasonally, and the rainy season would tend to produce a greater likelihood of generating landslides.

Landslide deposits have been mapped by the U.S. Geological Survey all along the San Pablo peninsula and at
NFD Point Molate (Nilsen 1973). The hillside on the north side of IR Site 1, the Waste Disposal Area, is
mapped as a landslide deposit. This area is mapped as a deposit having a longest dimension of 200 to 500

feet and a downslope movement toward IR Site 1 (Nilsen 1973).

During the Phase II RI, visual evidence of slumping was tentatively identified on the hillside between trenches
TR1-5 and TR1-6. The visual indications were of hummocky terrain. The area is well vegetated and healed,

but geomorphic evidence suggests a small area of old movement.

These landslide deposits may or may not be continuously or intermittently moving at the present time.
Potential for movement varies greatly and depends on many factors. Changes to slope angles, moisture
contents, and surcharging may activate movements, especially in previous landslide deposits. Detailed
ground studies are required for predicting the future behavior of landslide deposits under changing conditions
and are beyond the scope of the Phase II RI.

Another type of geologic hazard present at a very localized area of NFD Point Molate is rockfall. This may
present a hazard in Drum Lot Number 1 at the foot of the quarry headwall due to the sheared and fractured

rock.

Seismic hazards at NFD Point Molate were not investigated for this report. As stated previously, the San
Pablo fault is considered inactive. However, a seismic evaluation and evaluation of ground acceleration

should be considered for some designs, especially on artificial fills or over Bay Mud deposits, if appropriate.
3.6 HYDROGEOLOGY

This section discusses the presence of groundwater at NFD Point Molate and the hydrogeologic properties of
the geologic materials discussed above. The presence and movement of groundwater at NFD Point Molate
are controlled by topography, geology, and seasonal trends, which are highly variable even within individual
areas of the site. Groundwater movement generally occurs within preferential flow pathways, including
pipeline bedding, alluvial materials, unconsolidated emplaced fill, relatively porous horizons within
colluvium, or fractured and fissile bedrock zones. The hydrogeology at NFD Point Molate has been evaluated
using a existing site-specific data and by review and incorporation of data from the adjacent Chevron refinery
(BEDM 1991, 1992, 1993).
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Groundwater at NFD Point Molate is present in limited quantities in the upland areas and more prevalent
along the near-shore areas of lesser relief. Groundwater forms a highly variable water table that is in
hydraulic communication with San Francisco Bay. The groundwater system at NFD Point Molate constitutes
a poor-quality aquifer that is unlikely to be used as a future source of potable water. No historical evidence
has been found that groundwater was ever used as a drinking water source at Point Molate. Areas of Point
Molate adjacent to the bay are either currently affected by salt water or, as shown in studies for the design of
the containment wall (PRC 1997b), pumping of groundwater in the shoreline areas will cause salt water
intrusion. Upland areas and ravines generally have exhibited low well yields and low storativity. The
presence of groundwater is directly related to seasonal infiltration, runoff from the hillsides, and hydraulic
communication with the bay. Areas of Point Molate where the groundwater table may be expected within 10
feet of the surface, at least during the wet season, are shown on Figure 3-2. Some ravines that receive steady
(but seasonally dependent) surface water recharge also contain groundwater within unconsolidated material
and, in some cases, within permeable horizons at the base of colluvium and within fissile or fractured
bedrock. For example, groundwater is present within the unconsolidated disposed material and within
transitional weathered bedrock and fissile shale horizons within IR Site 1, the Waste Disposal Area.

Bedrock is generally found at shallow depths at NFD Point Molate. Locally, bedrock of a lower permeability
than the overlying fill or naturally occurring sediments may serve as a groundwater divide or to refract
groundwater flow patterns. Site-specific data are sparse on the interaction of bedrock and overlying fill in
areas like the interior of Drum Lot No. 1, therefore detailed gradients cannot be presented for areas such as
these.

Plate 1 shows the location of all monitoring wells at NFD Point Molate installed to date under the CLEAN I
and II, and other programs. These wells are all screened in unconsolidated materials above bedrock with the
exceptions of monitoring wells MW02-07 and MW04-02 and six bedrock wells installed during the Phase II
RI. Monitoring well MW02-07 (IR Site 1) is partially screened within weathered bedrock, and monitoring
well MW04-02 is wholly screened within weathered bedrock. The new bedrock wells will be further

discussed below.

The steep topography at NFD Point Molate controls surface water and groundwater flow from higher
elevations toward the bay. Distinct mourding of groundwater and preferential flow pathways are present.
Groundwater mounding is observed at the Treatment Ponds, resulting from recharge to groundwater from the
unlined ponds combined with the presence of a subsurface cutoff wall. A preferential flow pathway is
observed just north of outcropping bedro:k along Diesel Road and by Tank G, providing flow toward the bay
along the south end of the Treatment Ponds; this flow path is influenced by (directed toward) extraction
trench wells EW-B and EW-C (PRC 1996b). A suspected bedrock ridge extending toward the bay south of
this preferential flow pathway may deflect flow or form a groundwater divide (Plate 16).
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Bedrock coring and in situ permeability tests were conducted at the Treatment Ponds Area (PRC 1994d).
Bedrock cores were taken from consolidated rock beneath unconsolidated fill, colluvium, or weathered
bedrock. The subcropping bedrock lithology in the Treatment Ponds Area is different than that observed in
outcropping bedrock at other areas of the facility. In the bedrock cores, no fissile shales were observed, and
bedrock consisted primarily of quartzite with lesser amounts of interbedded siltstone and mudstone (with
some visually-indicated low-grade metamorphism). This is unlike the interbedded sandstone and fissile shale
observed as outcrops in the hillsides. Results of this investigation indicated very little primary (matrix)
porosity within bedrock, but the presence of abundant and consistent fractures observed at NFD Point Molate
and at Chevron should provide secondary (fracture) porosity. The majority of fractures observed were healed
or contained oxidation products (limonite and pyrolusite). Some fractures contained clay which, in addition
to the healed fractures, decreases secondary porosity and permeability of the formation. The in situ
permeability tests indicate a range of hydraulic conductivities from 2 x10” to 1.5 x10™® centimeters per
second (cm/s). These values for K were considered unrepresentatively high for tight, competent bedrock
(PRC 1994d). During permeability testing, secondary porosity may have been artificially increased when
fractures in bedrock were hydraulically opened (hydrofractured) by the increased water injection pressure.
Bedrock coring may have also induced additional local fracturing within the test interval. Artificially
increased secondary porosity was discussed in the evaluation of these data (PRC 1994d). Even though
bedrock is fractured, most fractures are filled or healed, and these data were interpreted that the bedrock

serves as a low hydraulic conductivity boundary.

Packer tests were conducted on six new bedrock coreholes during the Phase I RI. The coreholes are
identified (see Plate 2) and located as follows:

IR SITE 1: WASTE DISPOSAL AREA AND DOWNGRADIENT DRAINAGE AREA

) BRO02-18 Located upgradient of the Waste Disposal Area
. BRO2-19 Located downgradient of the Waste Disposal Area
) BR02-20 Located downgradient of the Waste Disposal Area near Catchment Basin 2

IR SITE 3: TREATMENT PONDS AREA

. BR11-96 Located in the Treatment Ponds Area

IR SITE 4: SHORELINE AREAS

. BR11-90 Located in Drum Lot No. 1
. BR 10-19 Located in the South Shoreline Area downgradient of Site 1
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3.6.1 Bedrock Lithology and Permeability Test Results

Detailed corelogs for each bedrock corehole are presented in Appendix B. The bedrock lithology and

permeability test results for each corehole are summarized as follows:

BR02-18

The original borelog for BR02-18 described the 3 foot to 17 foot interval as a conglomerate. The core was
reexamined April 4, 2000 and relogged as a colluvium deposit that is cemented by a hardened clay. The
colluvium may also be partially cemented by calcium carbonate. The colluvium consists primarily of
subangular sandstone and minor mudstcne fragments in a well indurated clayey matrix from 3 feet to 17 feet
bgs. Gray mudstone was encountered at approximately 17 feet bgs, exhibiting nearly vertical (80° - 90°)
fracture orientation. Fracture planes are prominent, occasionally resulting in limited core recovery. The

fractures are frequently healed with quartz or contain oxidation products or clay filling.

Permeability testing was conducted at the 17.2 to 21.5-feet interval. Calculated K values range from 1.6 x
10° to 6.5 x 10™* cm/sec, with an averag: of 1.2 x 10? cm/sec.

BR02-19

Competent mudstone was encountered at approximately 21 feet bgs, and was generally uniform to the total
cored depth of 35 feet bgs. Prominent 80° - 90° fracture orientation was evident, with quartz and some clay
fracture filling also present.

Permeability testing was conducted at the 28.8 to 34.0-feet interval. Calculated K values range from 4.7 x
10 to 1.8 x 10™ cm/sec, with an average of 3.5 x 10 cm/sec.

BRO2 -20

Competent sandstone bedrock with mincr interbedded mudstone was encountered at approximately 30 feet
bgs. Finely laminated mudstone interbeds increase in thickness with depth, and at 36 feet bgs comprised
more than 50 percent of the sequence lithology. Sandstone and mudstone interbeds are oriented near vertical
(80° - 90°), and generally parallel to fracture orientation. Sandstone interbeds are observed to be less durable

than the mudstone and oceur as weak zones along the fracture planes.

Permeability testing was conducted at ths 39.5 - 43.3-feet interval. Calculated K values range from 4.0 x 10°
t0 2.7 x 10”° cm/sec, with an average of 3.4 x 10 cm/sec.
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BR11-96

Competent sandstone bedrock was encountered at approximately 35 feet bgs. The cored sequence primarily
consisted of sandstone with clay partings present along 10° - 50° fracture planes. Interbedded mudstone was
encountered at 37 feet bgs and increased in thickness with depth to approximately 45 feet bgs. The

orientation of sandstone and mudstone interbeds generally parallels fracture planes.

Permeability testing was conducted at the 36.0 to 49.5-feet interval. Calculated K values range from 1.4 x
10 to 3.0 x 10 cm/sec, with an average of 1.0 x 10 cm/sec.

BR11-90

Competent mudstone bedrock was encountered at approximately 60 feet bgs, underlain by interbedded
sandstone and mudstone from approximately 62 to 69 feet bgs. Clay partings are evident along fracture
planes, primarily oriented at approximately 60°. Oxidation products (iron staining) are abundant along

fracture planes.

Permeability testing was conducted from 65.6 to 69.0-feet and 67.0 to 69.0-feet intervals. Calculated K values

range from 2.2 x 10 to 1.3 x 10“*cm/sec, with an average of 1.8 x 10 cm/sec.

BR10-19

Competent metamorphosed sandstone (possibly quartzite) was encountered at approximately 10 feet bgs.
Clay occurs along fracture planes, with prominent oxidation products present. From 13.5 to 23.5 feet,
durable quartzite was encountered with 60° to 120° fracture orientation prominent. Fractures are healed with
quartz from 20 to 23 feet bgs.

Permeability testing was conducted at the 19.5 to 23.5-feet interval. The calculated K value is 1.0 x 10

cm/sec.
3.6.2 Conclusions of Bedrock Permeability Testing at NFD Point Molate

Bedrock coreholes drilled in the proximity of the hillside areas consist primarily of sandstone and mudstone
subjected to stress and tectonic forces. Secondary porosity is attributed to fractures observed in core samples
from BR02-18 and BR02-19, where the estimated permeability values are relatively high for tight, competent
bedrock. The results of in situ tests performed in fractured rock reflect secondary permeability which would
not represent primary conductivity of the intact rock mass (USBR 1989).
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Coreholes BR02-18 and BR02-19 were subjected to multiple pressure tests, where increasing pressure was
applied in approximately equal steps for specified time periods. On completion of the highest pressure
interval, the process was reversed and measurements were recorded at decreasing pressure intervals. Plots of
water intake versus pressure for the multiple pressure tests conducted at these coreholes indicate relatively
high permeability, with fracture filling material (such as clay) that washes out, increasing permeability with
time (USBR 1989). Washing of the fracture fill could have been initiated during the actual coring of the
bedrock prior to permeability testing. The plots of water intake versus pressure for coreholes BR02-18 and
BR02-19 are shown in Appendix G. The graphs illustrate increasing permeability with time that may be
caused by washing of the clay fracture fill.

Bedrock coreholes BR02-20, BR11-96, BR11-90 and BR10-19 were drilled in low-lying areas downgradient
of the hillsides and along the shoreline. The general lithology of these coreholes was predominantly
sandstone or interbedded sandstone and mudstone. The sandstone, interbedded mudstone and occasional
quartzite observed in the treatment ponds and shoreline area corcholes suggest very little primary porosity
(matrix porosity) within bedrock, but the presence of fractures provides some secondary porosity. However,
the observed fracture healing with quart:: or oxidation products would decrease the secondary porosity of the
formation.

These data indicate a moderate K in the bedrock at NFD Point Molate created by secondary porosity. Other
lithologies may also transmit groundwater. Interbeds of highly fissile shale apparently allow groundwater
(and contaminant) movement. For example, the shale that outcrops near Tank 19 adjacent to the Waste
Disposal Area (Parcels 7 and 10) may have served as the migration pathway for JP-5 observed in monitoring
well MW02-07. The 14- to 20-foot bgs screened interval of monitoring well MW02-07 was completed in
fractured bedrock; it is described on the boring log as weathered sandstone or mudstone, but can be correlated
to shale outcrops near Tank 19. As result of the June 1994 Tank 19 overfill, product thickness in monitoring
well MW02-07 varied significantly in a short period of time. Monitoring well MW02-07 was installed in
July 1994; product thickness was about 2.5 feet at that time. In September 1994, during a quarterly sampling
event, product thickness increased to more than 5 feet. Product thickness by December 1994 decreased to
only 0.11 feet. Migration of JP-5 is suspected to have occurred within the fissile shale (beneath colluvium),
demonstrating the potential migration pathway that subcropping shale interbeds can serve.

Specific interbeds within the Franciscan Formation, such as fissile shales, weathered sandstones, and faulted
or fractured intervals, may contain and provide pathways for groundwater migration. However, the extent of
the potential pathways in subcrops is unknown and is likely highly variable. As noted in Section 3.4.3
formation of the prominent ravines at Point Molate may be attributable to underlying weakened and erodable
bedrock zones. These could be caused by more highly-fractured or faulted bedrock (see Plate 29). Therefore,
the ravines may serve as collection points for surface drainage and provide permeable unconsolidated
sediments as well as weathered and fractured bedrock to conduct groundwater downgradient.
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3.6.3 Results of Chevron’s Hydraulic Testing

In order to measure Ks of soil and rock within the tankfields, BEDM performed in situ packer tests in 8
bedrock borings. Rising- and falling-head (slug) tests were performed in 11 wells for which packer data were
not collected, and in 2 wells to calibrate or confirm the results of packer testing (BEDM 1991 and 1992).

Based on packer test data, unsaturated bedrock Ks range from less than 5 x 10 cn/sec (based on the flow
meters approximate lower limit of measurable flow using packer tests) to about 1 x 10* cm/sec, but are
typically less than 5 x 10”° cm/sec. Saturated zone conductivities range from less than 5 x 10°to 6 x 10™
cm/sec. These values represent average conductivities of 5- to 10-foot intervals of bedrock. Packer and slug
testing were conducted by BEDM on bedrock boreholes to estimate hydraulic conductivity. Unsaturated Ks
ranged from 5 x 10 cm/s to 1 x 10° meters per second (m/sec). However, Ks in the area of the Quarry
Tankfield were as high as 3 x 10° m/sec. Fracture-controlled groundwater was found in several areas in the
bedrock and was considered to be perched on unweathered bedrock in some areas or unconfined where the
potentiometric surface was lower than the top of bedrock surface. Darcy velocity for groundwater was

calculated for several areas ranging from 2.6 feet per year (ft/yr) to 70 ft/yr.

Average Ks measured by slug tests in two wells on Point Orient directly north of NFD Point Molate were 2.4
x 10° and 7.8 x 10-° cm/sec. Both of these wells are screened in colluvial/alluvial soils.
Slug test data from a Poleyard Tankfield well screened in fill soil, indicated a K of 7.7 x 107 em/sec. Wells

that are screened in the upper colluvium/alluvium at the facility have an average K of 3.9 x 107 cm/sec.

The K data from Chevron shows values comparable to NFD Point Molate. The hydrogeology along the San

Pablo peninsula appears to have uniform characteristics per given geologic materials.

3.6.4 Hydrogeologic Properties of Unconsolidated Material

Colluvium generally serves as an impediment to vertical or horizontal groundwater movement despite its
coarse fraction of weathered bedrock fragments. A clay matrix around the bedrock fragments inhibits

groundwater movement. Physical analysis of colluvium resulted in K values ranging from 107 to 10 cm/s
(PRC 1994f).
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Bay Mud, being fine grained and plastic, is generally a low-permeability unit. The unit is saturated, however,
and may be capable of conducting some water. Laboratory-derived K ranged from 1.5 x 107 cm/sec to 5.3 x
10*® in six samples (PRC 1992b).

Alluvium at NFD Point Molate has beer. identified as a preferential flow pathway. It is believed to be the
primary flow path for groundwater migrating near Tank B along Diesel Road toward the treatment ponds and
ultimately to the bay (prior to construction and operation of the extraction trench at the treatment ponds).
Alluvium was present in soil borings throughout the Treatment Ponds Area and provides a potential
migration pathway. There are no K data for the alluvium, but based upon lithology, it would likely be
moderately high.

Fill material, containing abundant reworked colluvium and bedrock fragments, is not uniform or cohesive and
exhibits highly variable permeability. Physical samples of fill from the Treatment Ponds Area yielded an
average K of 1x10 cm/s (PRC 1994b), although examination of excavated fill during extraction trench
construction indicate much greater perm:ability should be expected. Void spaces in the fill, particularly in
the old quarry area of Drum Lot No. 1, create localized high permeability.

3.6.5 Hydraulic Gradients and Velocities

Hydraulic gradients at NFD Point Molats vary seasonally in response to rainy and dry seasons. Changes in
gradients therefore change the groundwater velocity seasonally. Rapid increases in water levels in monitoring

wells and product thickness increases attest to these fluctuations.

Hydraulic gradients calculated from January 1999 water levels were 0.085 for the IR Site 1 area, 0.15 for the
IR Site 3 area, 0.139 for the North Shoreline, 0.005 for the Drum Lot No. 1 area, and 0.29 for the South
Shoreline. These values were calculated from the steepest gradients exhibited on the water table maps in each
respective area. The steepest gradient was chosen to be conservative and to calculate the highest Darcy
velocity of groundwater flow. A range of gradients could be calculated for each site, but these are considered

representative.

Based upon the Ks presented, and the calculated gradients for January 1999, Darcy flow velocities have been
calculated for several areas. These results are presented in Table 3-2. Calculated velocities at IR Site 1 show
arange from 0.024 feet per year in colluvium underlying the Waste Disposal Area to 528 feet per year in the

fractured bedrock of BR02-18. The IR Site 3 data showed values from 0.057 feet per year in colluvium to
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1,512 feet per year in fractured bedrock. These values are all extreme, and based on conservative, high
gradient values as well as limited K data. A mid-range value would be more representative of actual

groundwater velocitics.

Data on water levels from the IR Site 1 and IR Site 3 bedrock wells, compared to adjacent shallow monitoring
wells, indicate upward-directed vertical gradients. These data were collected in March 1999 during the well
development and sampling event, and again in April 1999. These data from April are compiled in Table 3-3
and vertical gradients were calculated for four bedrock and unconsolidated material monitoring well pairs.
The other two new bedrock wells were not included in Table 3-3. Bedrock well BR02-18 is upgradient of the
Waste Disposal Area. There is no paired monitoring well with BR02-18. Bedrock well BR11-90 was

inadvertently not included in the water level measurements during April and no data is available.

The well pairs downgradient of IR Site 1 are BR02-19 and MW02-13 at the foot of the Waste Disposal Area,
and BR02-20 and MW02-07 further downgradient. These well pairs had upward gradients of 0.28 and 0.31
respectively. The interpretation is that coarse colluvium and weathered bedrock high on the ridge above IR
Site 1 allows recharge to the bedrock fracture systems. Steep gradients probably prevail in these ravine areas
and the hydraulic heads are correspondingly high in the bedrock. This explains the stronger upward gradient
in the steeper areas of the site and the decrease in the upward gradients in flatter areas near the shoreline.
Well pairs BR10-19/ERM10-02 (gradient 0.0095); and BR11-96/ MW11-52 (gradient 0.059) illustrate this
decrease. The first pair is located in a low relief area along the South Shoreline and the second pair is located
in the flat area of IR Site 3 adjacent to the shoreline. The upward gradients help keep contaminants,
especially LNAPLs from circulating deeply into the bedrock groundwater.

Data indicate the bedrock is saturated, under water table (and locally confined) conditions, and exhibits an
upward-directed vertical gradient at lower elevations. As Section 3.6 indicates, the bedrock and overlying
geologic materials in hyd-aulic connection with the bedrock constitute a poor-quality, low-yield aquifer,
unlikely to be used as a potable water supply.

3.7 PREFERENTIAL MIGRATION PATHWAYS

The presence of preferential pathways for the migration of both groundwater and free product at Point Molate
has been noted during various investigations and in field observations. Observations have included (1) direct
observation of residual fuel migrating along pipeline bedding material; (2) observed subsurface groundwater
pathways during drilling; (3) preferred migration of fuel from tank overfills through ravines (controlled by
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topography); (4) geologic evidence of paleochannels from borehole data; (5) observation of distinct
subsurface fuel plumes in the Treatment Ponds Area; (6) seasonal trends resulting in the migration and
accumulation of fuel in specific areas during the rainy season; and (7) discharge of fuel to the near-shore

environment along very defined areas during the rainy season.

The Treatment Ponds Area characterization conducted in 1992 (PRC 1994d) noted several sources of
residual fuel in the subsurface, particularly related to bunker fuel once placed in the former sump pond.
Particularly noteworthy was the peculiar trend of floating product observed in several monitoring wells placed
in the Treatment Ponds Area. Inches or feet of fuel observed in several monitoring wells were not observed in
adjacent monitoring wells, some within feet of each other. This observation led to the concept of extreme

heterogeneity coupled with preferred migration pathways within subsurface materials at Site 3.

Additionally, abundant diesel and bunker fuel was encountered along Diesel Road directly south of the
Treatment Ponds, and not (necessarily) related to the former sump pond. This fuel was attributed primarily to
migration from upgradient sources, whers the material surrounding the pipelines along Diesel Road provided
the conduit (preferential pathway) for mcvement. This was evident at an excavation completed for
investigating possible damage to an underground pipe adjacent to a soil boring at the south end of Building 6.
After excavating, multiple underground pipelines converging in this area were exposed, providing clear
evidence of pipe bedding saturated with fuels. Photographs of this excavation and the resulting fuel
accumulating in it are provided in the 1994 Treatment Ponds Area Final Site Characterization Report (PRC
1994d). This area was determined to be a historical pathway for migration of fuels from upgradient sources.
In addition to historical evidence of fuel rigrating along Diesel Road was geologic evidence of a
paleochannel in the subsurface along the Jower portion of Diesel Road. The paleochannel was interpreted
from borehole logs indicating consistent ceposition of relatively uniform sands forming what appeared to be
at least one distinct splay from a main channel. The trend of this paleochannel was directed toward the
former sandbags area, where the Navy previously attempted to contain chronic seepage of fuel into San

Francisco Bay.

Further evidence of historical migration of fuel from upgradient of Diesel Road is the Navy’s installation of a
large diameter extraction well at the south end of Building 6. Sources of the fuel in this area were attributed
to historical fuel spills or leaks traveling tarough the prominent upgradient drainage area. Additional
(historical) evidence of fuel migration from upgradient of Building 6 was extensive residual soil
contamination encountered during the 1950 to 1991 replacement of Tank 6 lines between the tank and Valve
Box 14D. These pipelines were apparently replaced due to damage to the lines.

3"22 Q006y-11 de Yk U fimal phse § U d00¥6-3- 00k




In January 1995, TtEMI was contacted by NFD Point Molate to assist in investigation of a fuel seep (see
Figure 2-1) which was occurring at the shoreline by Tank E within the Treatment Ponds Area (PRC 1995b).
The source of fuel resulting in the shoreline seep was initially attributed to leakage in the general vicinity of
Tanks B and C, but upon further investigation was attributed to rainwater runoff entering tanks, filling the
tanks, and causing the product in the tanks to be flushed out. Confusing this issue was the pathway that fuel
followed, resulting in the shoreline seep. It was assumed that in this case, fuel followed a complex system of
pipeline conduits (between Tanks B/C and Tank E) and subsurface storm drains, one of which discharges to
the bay adjacent to the fuel seep location.

At monitoring well MW 11-54, consistent seasonal trends have been observed in the accumulation and
migration of product in the immediate vicinity of this well. Product accumulation occurs (up to seven feet
was observed in the spring of 1998) in direct correlation to heavy rain events. The apparent flushing
mechanism during rain events is not fully understood, but the migration of product from the source area

appears to follow a preferred pathway because nearby monitoring wells do not exhibit this trend.

The Tank 19 overfill, occurring in June 1994, resulted in a surface flow that directly followed topography and
migrated to the center of the ravine downgradient of Site 1. Evidence of migration into the ravine was
obvious from surface staining. Further evidence of preferred migration following topography was the
occurrence of several feet of JP-5 in monitoring well MW02-07, located near the center of the ravine.
Monitoring well MW02-04 is hydraulically downgradient of Tank 19 and did not have a product occurrence.
This suggests the topography carried the fuel away from this well. Anectodal information from site personnel
suggests that most of the release at Tank 19 traveled as surface flow. Phase I UST investigations in the
vicinity of Tank 19 substantiate that hydrocarbon staining downgradient of the tank was encountered only in
soil from 0.3 to 2.0 feet below ground surface (bgs) in fill and colluvial materials. Recent results from Phase
1T of the UST field program revealed no hydrocarbon staining below 0.75 feet bgs in a trench downgradient of
Tank 19 near the confluence of “C” and “D” roads (John DeAngelis, Tetra Tech EM Inc. personal

communication, December 6, 1999).

It appears the release was carried off rapidly by the roadside drainage ditches and steep topography, and
migrated primarily on the surface until it spread out on lower-gradient soils near Catch Basin 2. A large

amount of product was captured in Catch Basin 2 and recovered. There is no record of the volume captured.

These observations indicate the general trend for fuel migration from historical tank overfills, pipeline leaks,
or valve box releases at NFD Point Molate. Surface releases are controlled by topography, and, having
migrated to the subsurface, will continue along lines of least resistance such as pipeline or utility conduits.
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As observed in Site 3 and at monitoring well MW 11-54, fuel migrating in areas lacking subsurface conduits
are still apparently controlled by preferential pathways.

Bedrock features such as bedding planes, fractures, and faults serve as groundwater flow paths. These
features may serve as potential contaminant migration pathways. However the relatively low volume of
secondary permeability, and especially cffective secondary permeability, makes bedrock pathways unlikely
paths for the majority of contaminant transport. The definition of preferential pathways is focused on routes
of transport for the bulk of petroleum hydrocarbons, and routes that pose the greatest threat of spreading
contamination. The bedrock, posing a lzsser risk of spreading contamination than the preferential pathways
described above, is discussed in Section 3.8, in reference to the effect of bedrock geology on groundwater and

contaminant flow.

3.8 EFFECTS OF BEDROCK GEOLOGY ON GROUNDWATER FLOW

This section is an interpretation of bedrock groundwater flow based on available information from this
investigation, previous investigations at NFD Point Molate, and data from the adjacent Chevron refinery. A

preliminary bedrock geologic map has been compiled for the Final Phase II RI Report (see Plate 29).

Geologic features that influence groundwater flow within bedrock include the hydraulic conductivity of
various rock units, hydraulic gradient, bzdding plane orientations, fracture density and orientations, and fault
zones. Primary intergranular porosity his been significantly reduced or eliminated in the well-cemented and
partially-metamorphosed rocks of the Franciscan Formation; therefore, groundwater probably flows along
fractures, bedding planes, and fault zones (areas of secondary porosity). Hydraulic conductivities are effected
by (1) fine-grained sediment or secondary crystallization filling in the fractures, (2) the discontinuous nature
of fractures of the interbedded units, ancl (3) small apertures along fractures (BEDM 1993).

Based on borehole logging and packer test observations, the bedrock is fractured, but most of the fractures
are filled. The mechanical tress and water flushing occurring during coring tends to open the fractures.
Packer testing data indicates the increasing water pressure of the testing further flushes the fractures of clay
and other mineral fillings. Plots of the increasing pressure and decreasing pressure curve at the end of the
tests substantiate this interpretation. Plots for BR02-18 and BR02-19 are presented in Appendix G. These
data are interpreted by the methods in Groundwater Manual (USBR 1981), which substantiate this
interpretation. The bedrock generally possesses low secondary hydraulic conductivity that is enhanced by
coring and hydraulic packer testing.

3'24 Q0069-11 Y 2w Gmal phinss & rpt doe'$-3-00vkr




\\—(‘j‘

Groundwater flow directions may be influenced by stress fractures that are discontinuous in interbedded units
(KJss) and continuous in massive units (KJms). Groundwater flowing through KJss units may preferentially
flow parallel to bedding fractures, at least locally. In the massive KJms units, groundwater flows along the
stress fractures due to the lack of bedding fractures.

The high-angle relationship between the orientation of fractures and bedding and the discontinuous nature of
fractures in the interbedded units suggests that flow along fractures probably tends to be discontinuous and
disrupted by the bedding planes within the KJss unit. Within the KJms unit, groundwater flow along
fractures may occur continuously over larger distances because of the lack of bedding planes. The
discontinuous nature of groundwater flow along fractures within the KJss suggests that groundwater will tend
to flow parallel to bedding planes, faults and shear zones, and along more continuous fracture zones. Faults
and some fracture zones contain a high percentage of clays and probably act as partial hydraulic barriers.
Blocks of bedrock separated by these fault/fracture zones may be distinct hydrologic units with different
potentiometric surfaces and local hydraulic gradients (BEDM 1992). At NFD Point Molate, data have not
indicated the existence of distinctly different, compartmentalized groundwater regimes in the bedrock.
Further data collected during the UST characterization program may refine the Point Molate bedrock
groundwater regime in the future.

The bedrock groundwater flow system constitutes a possible migration pathway for contaminants. The
secondary permeability of bedding planes, fractures and faults may all serve as migration pathways. The
bedrock flow system is not interpreted to be a preferred or significant migration pathway based on empirical
evidence. The fracture filling of secondary minerals, the upward gradients exhibited, the fact the primary
contaminants are LNAPLs, and the fact that no free product has been found in bedrock wells, and only minor,
low-level detections of dissolved petroleum hydrocarbon constituents in bedrock wells indicate the bedrock

pathway is less significant than other pathways discussed in Section 3.7.
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TREATMENT PONDS AND WASTE DISPOSAL AREAS

TABLE 3-1

NFD POINT MOLATE
FINAL PHASE II RI REPORT

SUMMARY OF PHYSICAL ANALYSES RESULTS FOR SOIL

Laboratory Sample Material Saturated Initial Moisture Content Density Calculated Particle Size Characteristics Moisture Total Organic
Number Hydraulic Gravimetric Volumetric (g/em®) Porosity dy, dyo dgo C, C. Content** Carbon
Conductivity (% glg) (% cm®) (%) (%, cm®) (%)
(cm/s)
SB11-10(25.5-26.0) Bay Mud 7.7 x 10*® 45.7 56.8 1.24 53.0 * 0.050 0.060 - -- 53.6-37.9 1.18
SB11-10(26.0-26.5) Bay Mud 9.4 x 10% 42.5 54.6 1.29 51.3 * 0.050 0.060 - - 51.1-42.7
SB11-10(42.8-43.3) Colluvium 7.1 x 10° 14.6 28.0 1.91 27.8 * 0.048 0.072 -- - 30.3-25.3
SB11-14(31.0-31.5) Bay Mud 3.5x 107 32.9 48.5 1.47 44.4 * 0.10 0.16 - - 45.5-32.6
SB11-31(10.0-10.5) Fill Material (Sandy 8.1x10°% 22.5 37.0 1.65 37.8 0.0016 0.065 0.11 69 0.091 37.0-25.3 2.75
Silt With Minor Clay)
SB11-37B(20.5-21.0) Bay Mud 6.2 x 107 40.75 53.35 1.31 50.60 * 0.045 0.051 - -- 52.44-35.59
SB11-37B(27.0-27.5) Colluvium 9.3x 10% 18.21 32.98 1.8t 31.67 0.0021 0.090 0.30 143 2.5 32.52-24.12
SB11-42(21.5-22.0) Colluvium 9.1x 10? 18.03 32.92 1.83 31.12 * 0.076 0.29 -- -- 35.90-27.57
SB11-44(20.0-20.5) Bay Mud 5.3x 10% 43.93 55.06 1.25 52.71 * 0.034 0.042 - -- 54.24-35.54
SB11-46(11.0-11.5) Fill Material (Silty 2.1x10°¢ 20.05 34.97 1.74 34.18 0.027 0.48 0.92 34 1.03 28.08-12.17
Sand)

SBI1-51(11.5-12.0) Colluvium 8.2x 10° 17.68 32.36 1.83 30.93 * 0.023 0.038 - -- 33.57-28.66
SB11-53(24.0-24.5) Bay Mud 1.5 x 107 44 .82 54.33 1.21 54.26 * 0.40 0.48 - -- 51.17-32.82
SB02-01 (24-24.5") Colluvium 6.8 x 10°® 17.4 31.9 1.84 30.7 0.5

Notes:

® d,, not reached with test specified

** Range displayed at 0 to 15,500 pressure head (cm water)

Refer to Appendix D for incremental readings at increasing pressure

- Value dependent upon d

dg, Median particle diameter

glg Grams per gram

cm? Cubic centimeters

cm/s Centimeters per sccond

g/em’ Grams per cubic centimeters

2
C.= (d) :dm
c n
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TABLE 3-2
NFD POINT MOLATE
FINAL PHASE II RI REPORT
HYDRAULIC PARAMETERS
‘Geologic Un /= :
Chevron Bedrock' 5x 105 cm/s 0.10 0.20 2.5x10% cm/s (26 ft/year)
Gravel Soil' 3x10° cm/s 0.03 0.30 3x10* cm/s (300 fi/year)
IR Site 1- Waste Disposal Area | Bedrock? BR02-18 0.085 0.20 5.1x 10%cm/s (528 ft/year) -
1.2x 10% cm/s
BR02-19 0.085 0.20 15x10* cm/s (164 ft/year)
3.5x 10* cm/s
Colluvium® SB02-01 24’ -24.5° 0.085 0.25 23x10%cm/s | (0.0239 ft/year)
laboratory
6.8x10°%
IR Site 3 - Treatment Ponds Bedrock* CH11-03 0.15 0.20 1.5x 10° cn/s (1,512 ft/year)
Area 2.0x 10 cm/s
CH11-07 0.15 0.20 33x10%cm/s (3.4 f/year)
- 4.4 x10%cm/s
Fill* SB11-46 0.15 0.25 1.3x 10% co/s (1.35 ft/year)
laboratory
2.1 x10° cm/s
Bay Mud* SB11-53 0.15 0.25 9.0 x10% cm/s (0.093 ft/year) -
laboratory
1.5x 107 cm/s
Colluvium* SB11-37B 0.15 0.25 56x10%cm/s | (0.057 ft/year)
laboratory :
9.3 x 10 cm/s
Data From: Notes:
'BEDM. 1992. cm/s Centimeters per second
2Phase II RI packer tests i Hydraulic gradient calculated from water levels measured January through March 1999
SPRC. 1994g. K Hydraulic conductivity
“PRC. 1994d. :laboratory Measured ex-situ by laboratory analysis
n Effective porosity (Freeze and Cherry. 1979)
\% Darcy Flow Velocity
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TABLE 3-3
FINAL PHASE II RI REPORT
VERTICAL GRADIENTS BETWEEN BEDROCK AND UNCONSOLIDATED MATERIALS

,El‘é'\'r;ﬁon d Intery
Vell Pai nfectabove sealevel) || Gnfesthey) 1 Differenc
BR02-19 91.23° 264’ - 304 24.4° 3.18
MWO02-13 88.05° 14.8’ -'19.0° 16.9°
BRO02-20 40.88’ 38.2°-43.2 40.7° 7.51° 24.10° 7.51
_ . . 24.1 = 0.31
MW02-07 33.37 11.6’ - 21.60° 16.6’
BR10-19 7.92’ 18.2’-23.2 20.7 0.04° 42’ 0.04
) _ ' 4.2 = 0.0095

ERM10-02 7.88° 14.0° - 19.0° 16.5°
BR11-96 490’ 38.0’ - 48.0° 43.0° W N 28.75’ 1.n

' : ‘ 28.75 = 0.059
MW11-52 3.19 9.0°-19.5° 14.25°
Notes:

All water levels measured April 26-28, 1999.

“BR” designated wells are bedrock wells.

A positive number for the gradient indicates an upward gradient _

Bedrock well BR02-18 was not included because there is no paired shallow well.

Bedrock well BR11-90 was not included because the field crew inadvertently did not measure the water level during April 26-28, 1999.
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40 NATURE AND EXTENT OF CONTAMINATION

Section 4.0 describes the findings from the Phase II RI field investigation and the three semiannual
groundwater sampling events. These data are presented and integrated with the previously generated data for
IR Site 1, the Waste Disposal Area, IR Site 3, the Treatment Ponds Area, and IR Site 4, the Shoreline Areas.
The recent data updates the status of these sites and refines the previously presented conceptual models
(TtEMI 1998k).

Section 4.0 also provides interpretations based upon recent Phase II RI field data as well as historical IR data.
All analytical data generated during IR investigations are provided in Appendix A2. These data are arranged
by the respective IR Site 1, 3, or 4. These data are further subdivided by matrix, and each matrix for each IR

site by analyte. Detections are in bold font.

Other appendices supply supporting data used for this RI. These data are included for completeness, and to
provide a full set of IR data in one place. Not all of these data are referenced in this report, but the intent is to

provide a single, stand alone compilation to support the remedial actions, final ROD, and base transfer.

Plates provided with this report show the geography and distribution of sample points and analytical
detections within each IR site. All historical and recent data are posted for these sample points. Extensive
data sets required posting only detections on most maps. Some areas with extensive data, like the Drum Lot
No. 1 area, required posting historical data on one plate and recent data on another plate. Review of these

plates is necessary in interpreting the spacial and temporal distribution of data at Point Molate.

Tables 4-1 through 4-10 show the total number of analyses for each analyte, number of detections for each
analyte, percent frequency of detection, maximum detection, mean, standard deviation, preliminary remedial
goal (PRQ), if available for an analyte, and the number of samples exceeding the PRG. The PRGs are U.S.
EPA Region 9 preliminary remediation goals for residential soils. These values have been used in the
summary tables as a quick screening method. For some chemicals, the non-detects exceed the PRGs, even
though the laboratory detection levels are generally less than the PRGs. During future HHRA evaluations,
compounds that show non-detections exceeding PRGs will be reviewed against site history and the expected
contaminants predicted from the historic site releases. Associated compounds will be compared, for example
all PAH compounds will be reviewed as a check if one PAH compound exceeds the PRG. If necessary,

additional samples may be obtained for low detection level analysis to verify the previous results. The
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normal practice of using one half the detection level for non-detects used in an HHRA also provides another

conservative check on non-detections that exceed a PRG.

The NFD Point Molate QAPP provides the contract required quantitation limits (TtEMI 1998n). The
minimum detections are not shown on these tables because, in most cases, they represent detection limits for

organics, and have limited usefulness.

For samples with multiple results per chemical compound (for example, if a sample was analyzed from VOCs
and TPH-p, there could be two benzene results), only one of the results was included in the statistical
calculations. The highest detected value was chosen or, if nothing was detected, the result with the lowest

detection limit was chosen to be included in the statistical analysis.

The summary tables 4-1 through 4-10 provide a condensed reference for data assessment. They provide a
summary of vast amounts of data without extensive text description that may be tedious and confusing to

read. The tables also allow the reader to interpret data quickly and exercise their own interpretations.

Figures 4-1 through 4-3 provide a pictorial site conceptual model for each IR site. These may be helpful in
understanding releases and distribution of contaminants.

A series of scatterplots are also provided (Figures 4-4 through 4-26). These are plots of soil concentrations
of various petroleum hydrocarbon ranges detected against depths below ground surface. These provide a
quick way to assess the vertical distribution of samples for petroleum hydrocarbons in each area. The
samples were originally collected for their indication of contamination, and this is reflected in the higher
concentrations shown on each plot. This is meaningful because the highest concentrations are the most likely
to need remediation. This is discussed further in Section 4.1.3.

Figures 4-28 through 4-34 graph the concentrations of several petroleum hydrocarbon compounds over time
for IR Site 1 wells and apply linear regression analysis as a screen for long-term trends. Another set of
graphs (figures 4-35 through 4-43) shows thickness of LNAPL as free product in various monitoring wells
over time. These data focus on IR Site 3, the Treatment Ponds Area, that has historically had widely
distributed measurable free product in monitoring wells. Data were graphed for wells with four or more
measurements to provide a meaningful plot and linear regression analysis was applied to screen data for long-

term trends.

4-2 00e-1 v hs 1129 Sonal phase i 1t doe'6-3.00Ar




4.1 IR SITE 1 - WASTE DISPOSAL AREA SITE CHARACTERIZATION

IR Site 1 (Plate 1) is the Waste Disposal Area located in a steep-sided ravine near the center of the facility.
The site also includes areas that have been contaminated by fuel releases from tanks, pipelines, and value
boxes (VBs). Figure 4-1 depicts the conceptual site model for IR Site 1. This area has been investigated
during the SI (PRC 1992a) and RI (PRC 1994¢). Samples were collected in the vicinity of the site during the
shallow soil investigation (ERM-West 1990).

41.1 Site History and Previous Investigations

Waste disposed of in the waste disposal area reportedly consisted primarily of construction debris and brush.
Additionally, residual oil, fuel, and tank-bottom sludge were encountered in 1990 soil borings drilled in Site
1. Drums containing unknown liquids, possibly surfactants and oily waste, were also observed at the site
during the 1990 investigation (PRC 1992a). The area of disposed material is approximately 400 feet long
and varies from 50 to 200 feet wide. The thickness of fill in the Waste Disposal Area varies from a few feet
to a maximum depth of approximately 35 feet towards the downslope end. Review of aerial photographs
indicated disposal was first visible in a 1957 photograph, but was not apparent in the previous facility aerial
photograph in 1953. Acrial photographs show that disposal ceased by 1979, but the area appeared active in
the previous facility aerial photograph in 1975 (PRC 1996¢). After 1979, some debris and green waste were
dumped on the surface of the disposal area. The exact amount of waste disposed of and fuel spilled or leaked
at Site 1 is not known. Interviews with facility personnel and soil borings taken from the site did not indicate
the past disposal of any municipal wastes.

The boundary for IR Site 1 is indicated on Plate 1. The site consists of the IR Site 1 Waste Disposal Area
proper, the area where debris was disposed, and the area downgradient of the fill area, which was investigated
along with the fill area because of impacted groundwater. In the past, the precise boundaries of IR Site 1
were inconclusive. The whole ravine containing the Waste Disposal Area was investigated during the CTO
248 investigations, (which were reported as the Phase I RI). The ravine was portrayed on maps as the area of
CTO 248 investigation. The Basewide Environmental Baseline Survey (EBS) (PRC and Morrison Knudsen
1996) presented the only variation in the true boundary of IR Site 1. The EBS boundary was a direct, and
incorrect, carryover of the CTO 248 area of investigation boundary that had investigated potential UST and
IR site releases. Plate 1 delineates the area of IR Site 1 as it applies to the current IR Program and the area to
be addressed under an EE/CA for Site 1. The Navy clarified this boundary in the June 1998 Phase I RI
scoping meetings with the BCT.
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Plate 4 illustrates the outline of the area, locations of all borings, wells and trenches, lines of cross section,
and approximate topography from an old, unvalidated map source. Topography should be considered to be
approximate due to poor survey control on surroundings areas. The exception are the monitoring well

location elevations which were recently surveyed and are accurate.

Fuel distribution tanks 14, 15, 18, 19, and 20 and associated VBs and pipelines are located adjacent to the
Waste Disposal Area. Leaks and spills associated with the fuel distribution system have contaminated
groundwater at monitoring wells in Site 1. A release near VB 9, discovered in 1978, saturated the waste
disposal area with F-76. Pipeline leaks near Tank 19 have also released F-76 to soil and groundwater.
Releases of ballast water from Tank 20 and JP-5 from Tank 19 have also affected soil and groundwater at
Site 1. Although some of these releases involved diesel, soil and groundwater analytical results indicate the

presence only of JP-5. Many of these fuel releases are conceptually depicted in Figure 4-1.

During the Phase I investigation soil from six borings, one surface soil grab sample, and groundwater
samples from five monitoring wells were submitted for chemical analysis during the Waste Disposal Area Rl
(PRC 1994g). Analytical results indicated that TPH-e (primarily JP-5) and PAHs were present in soil and
groundwater. Free product was also identified on the groundwater table within the downgradient area. The
Waste Disposal Area Rl report (PRC 1994g) provides details on these previous investigation sampling
activities. Tables 4-1 and 4-2 summarize these data. Plates 5 through 12 show the spatial distribution of
data at IR Site 1.

The Phase II Rl included extensive field investigations at IR Site 1. A total of 18 soil borings were drilled in
and downgradient of the area. Three new shallow monitoring wells, and three bedrock wells were installed.
The bedrock wells were packer tested to assess K (see Section 3.6.3). Five piezometers were installed to
assess water levels within and adjacent to the filled area. Eleven trenches were excavated and six soil
samples for TPH-e, 5 for SVOCs, and 2 for toxic characteristic leaching procedure (TCLP) analysis for
metals and VOCs and were submitted to the laboratory. Trench logs and sample results are on Plates 5 and
6. A total of 12 other soil boring samples were submitted for TPH-p, TPH-¢, VOC, and PAH analysis.
These results are all presented in Appendix A2. Cross sections with soil data are presented on Plates 5, 6,
7A, and 7B and the spacial plot of these data (all detections) is on Plate 11. One water sample was taken
from the augers during drilling SB02-09. Nine wells were sampled in January and February 1999. Table 4-2
gives the analyses for samples from these wells. Appendix A2 presents all analytical data.

4-4 006911 ’ yphmeiatsiote-112vi Sl phaos 5 19 doe'6.3.0'vkr




41.2 Sources

Three potential sources of hydrocarbons in soil and groundwater in the Waste Disposal Area have

been identified (see Plate 13). The first source is the sludges and hydrocarbon contaminant materials directly
deposited in the Waste Disposal Area as waste. These wastes are exemplified by the hydrocarbon-stained
and altered, grayish-green to greenish-black wastes found in trenches, TR1-6 and TR1-7 (sec Plates 5 and 6)
and borings SB02-09 and SB02-11. These wastes are weathered and contain mostly SVOC compounds at
low levels. They are not interpreted to be a significant source for future groundwater contamination because
the petroleum components detected are nearly all very low solubility PAHs, well below their solubility
constant (see Fetter 1993, Contaminant Hydrogeology, Chapter 7 and Figure 7.2). Additionally monitoring
well MWO02-06 is directly downgradient (within 40 feet) of trench TR1-7, where waste materials were found.

Only low levels of TPH and associated compounds have been detected in samples from this well.

The second source is the F-76 diesel and JP-5 fuels released upgradient at Tank 14 and VB 9. These fuels
migrated down the head of the steep ravine that the Waste Disposal Area occupies. The fuels apparently
migrated both as surface sheet flow and as subsurface flow in the colluvium and possibly the bedrock.
Staining of bedrock was found in the upgradient boring BR02-18, but no detections of hydrocarbons were
found in the groundwater sample. Monitoring well MW02-01 in the upper end of the area had detections of
diesel range TPH-¢ at 1.5 mg/L and gasoline range at .56 mg/L. This may indicate continued migration from
this upgradient source or remaining product still in the Waste Disposal Area itself. This upgradient source is

interpreted to be dissipating and contributing reducing amounts of petroleum hydrocarbons to groundwater.

The third and last potential source of petroleum hydrocarbon contamination in this area consists of dissolved
fuels migrating in groundwater from the east side of the Waste Disposal Area along D Road. This source
may be partly from the former release from the pipelines paralleling D Road. However, this release was
reported to be F-76 and the TPH-e found during the Phase II RI was primarily JP-5. Recent data from the
Phase I and I1 UST characterization have found a significant source of JP-5 associated with Tank 18, Valve
box 7, and the associated pipeline backfills. This source is being investigated through the UST program and
a full description of this source is in the Phase II Characterization Report (TtEMI, 2000a). The Tank 18 and
Valve box 7 source is responsible for the free product observed in monitoring well ERM-EW1. This
petroleum hydrocarbon contamination has been moving downgradient into the fill. The source appeared to be
relatively fresh based on the pattern observed in the chemical analysis chromatogram. It is notable

that samples from the new monitoring wells directly downgradient of the Waste Disposal Area did not
contain significant concentrations of petroleum hydrocarbons. This possibly indicates that petroleum
hydrocarbons from the D Road area source are sorbing to fill materials within the Waste Disposal Area or

that there is no longer a large mass of this fuel in the groundwater. The contaminant concentration is being
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monitored further as part of the EE/CA and UST Program. More recent data are included on Plate 12 of this
RI and in the EE/CA.

4.1.3 Soeil

During the 1990 SI, shallow soil borings were analyzed for TPH-e quantified as JP-5, marine diesel (F-76),
and other diesel ranges. The Phase I RI for the site included analytical results for VOCs, SVOCs, BTEX,
TPH-e, pesticides/PCBs, and metals in soils. JP-5 was prevalent throughout area soil, originating mainly
from leaks at VBs 7, 8, 9, and an overfill of Tank 19 to the east. All BTEX compounds, except ethylbenzene,
were detected in soil samples. The VOCs chloromethane, 2-butanone, total BTEX, benzene, 4-methyl-2-
pentanone, and toluene were detected sporadically, primarily within and downgradient of the disposed
material. Most SVOCs detected, including PAHs, were identified as fuel constituents. The infrequent
pesticide detections appeared to be from brush deposited in the fill area and not from the direct disposal of
pesticide wastes. Localized areas of metals, including copper, zinc, and lead detected above reference levels
(background), most likely indicate the presence of disposed sludge and not fuel, since areas with the highest
levels of JP-5 had below-average metals detections. All waste materials identified as “sludge” (a terminology
originating in the Phase I RI for IR Site 1) are petroleum hydrocarbon-saturated soil wastes thought to be
from the demolition and excavation of the former wooden valve boxes. Trenching during the Phase II RI
revealed these wastes were mixed with large amounts of 2-inch by 6-inch redwood planking. The original
boxes were known to have been demolished and replaced with the concrete valve boxes still present.
Additionally, some material generated during tank cleaning (tank bottoms) may also be present. The disposal

of these materials was never documented.

The Phase II RI investigation confirmed the existence of sludge-like material buried in the center of the Waste
Disposal Area. Five trench samples of these wastes were submitted for analysis. These petroleum
hydrocarbon wastes contained two detections of TPH-p as gasoline at 2 and 50 mg/kg, two detections

of TPH-e as JP-5 at 550 and 850 mg/kg, and five detections of TPH-e as motor oil ranging from 37 to 280
mg/kg. Soil borings SB02-08, SB02-09, SB02-11, and DA-5 also encountered similar materials and had
similar detections. Plates 5 and 6 have detailed logs of the trenches (these are similar to boring logs, but are

included on plates rather than in Appendix B).

Plates 5 and 6 graphically show the dimensions of the trenches, type of soil materials and debris encountered,
groundwater conditions, and the chemistry of waste samples taken. The trenching investigation found the
area of fill to be somewhat different than previously mapped, being narrower and extending further up and
down the ravine. Clean, sandy to clayey fill overlain debris ranging from 0 to 7 feet thick. Wastes observed

largely consisted of railroad ties, wood, some burned building demolition debris, railroad rail, concrete,
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stumps, logs, pilings, small diameter pipe, metal strapping, and some minor paper. One old, rusted empty

drum was encountered. It appeared to be a barrel used for burning.

Petroleum hydrocarbon-saturated wastes were obvious visually and from their odor. Clay, sandy clay, and
some gravelly clay were stained grayiéh green to dark gray, and saturated with fuels. Most of this material
contained abundant wood of sizes ranging from planking to fragments. This material is probably debris from
the demolition of the old wooden valve boxes. Only trench TR1-1 showed altered gray colluvium with
inflowing groundwater that contained dissolved fuel. No other trench encountered free product or petroleum-

contaminated groundwater. Most trenches were dry.

Data from these trenches were combined with new data from Phase I borings and previous borings to create
new detailed cross sections of the Waste Disposal Area. Plates 7A, 7B, 8, and 9 present these sections and

post all new and old detected chemical data.

These cross sections show that the fill overlies 3 to 20 feet of colluvium that, in turn, overlies steeply dipping,
fractured sandstone and mudstone. The maximum fill thickness is approximately 35 feet. The fill lies along
and is thickest in the axis of the preexisting ravine. The upper end of the fill area was dry. At MW02-01,
groundwater was only measured in the bottom several feet of the fill. At the lower end of the area, the water
table saturated approximately the lower half of the fill. Petroleum hydrocarbon-saturated wastes were
apparently placed along the deeper axis of the ravine and therefore are partially below the water table. Cross
sections 7a, 7b, 8, and 9 show the petroleum hydrocarbon wastes and the recent water levels. During periods
of extremely high water table, the extent of the waste area are extrapolated between control points and the
depth of wastes below the water table is estimated to be from zero feet at the head of the fill to a maximum of
20 feet in the deeper, downgradient fill area. The water table is known to fluctuate seasonally so this
condition is subject to change. The largest fluctuation in well MW02-06 was measured between September
1994 (93.97 feet above mean sea level [AMSL]) and December 1994 (increasing to 98.17 feect ASML).
Monitoring well MW02-01 had a water level increase in the same period of 7.94 feet.

Plate 10 is a contour of the fill thickness. This isopach map was contoured from all available subsurface
data. The calculated footprint area of the fill within the Waste Disposal Area is 1.019 acres. Calculated fill
volume is 21,423 cubic yards. The contours and volumes were computer calculated with Surfer software.
Subjectivity inherent in contouring make these numbers only as accurate as the contouring, but they are likely
within plus or minus 10 percent accuracy. Mapping of debris at the lower end of the area will be refined by
further field observations during the IR Site 1 EE/CA. It is estimated the petroleum saturated wastes may

comprise 30 to 40 percent of the fill material.
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Scatterplots, Figures 4-4 through 4-7, for the Waste Disposal Area plot concentrations of different TPH
ranges versus depth below ground level. The gasoline, JP-5, and “other” light hydrocarbons cluster at
approximately 7 to 22 feet below ground surface, although one detection is as deep as 27 feet. Sampling was
biased towards selecting the samples appearing to be most contaminated. Data are skewed towards the
highest concentrations, which is the material most likely to need remediation. Therefore, this gives a depth of
distribution of the primary contaminated materials. Note that the concentrations are clustered at the higher
end of the logarithmic scale. This is because more contaminated materials were selected during the field work
to define the apparent worst-case scenario. Undoubtedly, more points would appear in the mid to lower range

of the scale if a nonjudgmental sampling approach, such as systematic or random sampling, were employed.

During a site visit to IR Site 1 in early spring of 1999, EPA and the City of Richmond representatives
observed a 55-gallon drum labeled Malathion downgradient of the toe of the landfill. They reported this
finding to the BCT. The Navy recovered the drum, found it empty of residue, and deemed it Resource
Conservation and Recovery Act (RCRA) clean. The drum was properly disposed of in May 1999 by the
waste disposal personnel at FISCO.

4,14 Groundwater

Groundwater flow follows the topography of the site and surrounding area, flowing west-southwest to San
Francisco Bay. Groundwater samples have been analyzed for BTEX, SVOCs, VOCs, total organic carbon
(TOC), metals, and pesticides and PCBs. Fuels and fuel constituents originating from former facility
operations were the most widely encountered groundwater contaminants in the area. Historically, floating
hydrocarbons have been encountered in two downgradient Waste Disposal Area monitoring wells, ERM-
EW2 and MW02-07, and cross-gradient well ERM-EW1. However, recent water level measurements
obtaired in April 1998 found only 0.01 feet in ERM-EW2, 0.07 in ERM-EW1, and none in MW02-07. The
LNAPL was predominantly JP-5.

Semiannual Event 3, which took place in January 1999, added additional groundwater data for IR Site 1.
Subsequent samples have been taken as part of the UST Characterization activities. Plate 12 presents these
and all other groundwater analytical data for IR Site 1. This plate gives the spatial distribution of all samples.
Table 4-2 gives a statistical summary of these data. The most frequently detected TPH range is light “other”
components at 83 percent detection, and has a high value of 72 mg/L. The highest TPH-e detection was JP-5
at 400 mg/L in a sample from downgradient monitoring well MW02-07, taken August 1994 after the JP-5 D

4-8 @0es-1 yiptmaata\ete-117% repertifinalmen final phase & rpt. doe6-3 O0\ckr




Road release. The downgradient wells have shown higher concentrations of TPH than the wells within the fill
area. The highest detection within the fill area wells was “other” heavy components at 7.1 mg/L in MW02-
06, obtained in August 1994. Figures 4-28 through 4-34 are trend plots of petroleum-related compounds
detected in two wells, MW02-07 and MW02-06, in the Waste Disposal Area. Decreases of these indicator
compounds were marked between August 1994 and October 1997. Three subsequent semiannual sampling
events confirm that concentrations of these compounds are nearly at the detection limit and seem to be

decreasing.

Based on these data and the near absence of measurable product (only 1 in 18 monitoring wells or
piezometers had measurable product during Event 3 in January 1999; ERM-EW1 had 0.48 feet downgradient
of Valve Box 7) the groundwater contamination within the Landfill footprint at IR Site 1 is currently being
attenuated by natural processes. The UST Characterization work has discovered a major source of free
product at Tank 18 and the associated downgradient areas at Valve Box 7. The product observed at ERM-
EW1 is attributed to this source. Some additional fuel may be sourced from D Road and possibly Tank 15.
The Tank 18 source is undergoing product removal (2,800 gallons have been recovered as of June 1, 2000)
and this area will be further characterized under the UST Characterization program.

The groundwater velocity at IR Site 1 has been calculated for both colluvium and bedrock (see Table 3-2).
Maximum flow rate using K data from bedrock well BR02-18, and a January 1999 gradient of 0.085, is 5.1 x
10™ cm/sec (about 528 fi/year) (see Table 3-2). The minimum flow rate using a laboratory K value for
colluvium in SB02-01 (24 feet through 24.5 feet) is 2.4 x 10°* cm/sec or about 0.024 ft/year. Because of
heterogeneity, the physical properties of most of the fill material will vary widely.

This is a large range in travel times. The average rate of flow is probably toward the higher velocity rather
than the lower. Also, the laboratory test was for vertical permeability which is usually in the range of one
tenth the horizontal K (Freeze and Cherry 1979).

There has been a steady decline in free product measured, detections and concentrations of groundwater
contaminants, and diminishing sources of these contaminants within the fill itself. Adjacent sources such as
Tank 18, Valve Box 7, and the D Road area are ongoing sources that are undergoing active product removal,
and will receive further action under the UST program. The Site 1 EE/CA (TtEMI 1999¢) contains an
exposure pathway assessment. Further HHRA evaluation may be undertaken as part of the EE/CA or the
Corrective Action Plan (CAP).
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4.1.5 Surface Water

Surface water ephemerally collects at three locations downgradient of IR Site 1. Characteristics of these three
areas are common to coastal freshwater marshes, as described in an assessment of wetland resources at Point
Molate (Tetra Tech Inc. 1996). These characteristics include the presence of hydrophytic vegetation, hydric
soils, and a hydrologic regime that includes periodic soil saturation for some period during the growing
season. Hydrophytic vegetation observed in the three areas includes arroyo willows (salix lasiolepsis) with
sedges (Cyperus eragrostis, Scirprus spp.) and rushes (Juncus spp.) in the understory (Tetra Tech Inc.
1996).

Even though characteristics of these three areas are common to freshwater marshes, these three low-lying
areas were specifically developed as collection ponds during the 1970s. The low-lying, manmade areas tend
to accumulate water, particularly after rain, from natural seeps associated with the ravine. Petroleum
products associated with past UST, pipeline, and valve box releases have affected groundwater and surface
water (as seeps) that eventually may drain into these three areas. The area at the toe of the landfill is
indicated on Plate 4 for IR Site 1. Surface water seep SW02-04 exists immediately downgradient of Site 1;
although this seep typically only has water flowing from it during the rainy season, wet soil conditions and
puddle water was observed at this location throughout 1999.

In February 1999 and 2000, surface water seeps were sampled in the drainage where Site 1 is located as part
of the UST investigation. These seeps are typically present only after rain events; with the exception of the
seep below Site 1 (noted above). Two seep samples were collected above Site 1 (SW02-05 and SW02-06),
and one sample was collected immediately below Site 1 (SW02-04). Plate 12 shows the locations of samples
SW02-04 and SW02-05; the location of sample SW02-06 is off the Plate, approximately 125 feet northeast
of sample SW02-05. All samples were analyzed for TPH products and related constituents (specifically
benzene, toluene, ethylbenzene, and xylene [BTEXs] and polynuclear aromatic hydrocarbons [PAHs]}.
Above Site 1, no compounds were detected except for minor detections of gasoline-range, motor oil range,
and diesel range TPH never exceeded a combined total concentration of 0.6 mg/L. At surface seep sample
location SW02-04 collected in February 1999, immediately below Site 1, gasoline range TPH (1.5 mg/L) and
JP5 range TPH (1.5 mg/L) were detected along with a few PAHs: naphthalane (7 pg/L), 1-methylnaphthalene
(44 pg/L), 2-methylnaphthalene (12 pg/L), acenaphthene (37 pg/L) and acenephthelene (4 ug/L). At surface
seep sample location SW02-04 collected in February 2000, gasoline range TPH (1.74 mg/L) diesel range
TPH (1.3 mg/L), and xylene (1.4 pg/L) were detected along with 1-methylnaphthalene (10 pug/L). The TPH
results between February 1999 and 2000 are consistent, whereas the detections of PAHs were much less
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frequent. It is difficult to discern whether the source of contaminants detected in samples collected below Site
1 is the site, the Valve Box 7 area, or both.

A comparison with ambient water quality control criteria (AWQC) suggests that non of these concentrations
are of concern, particularly given the conservative nature of these criteria. No site concentrations exceeded
ecologically based ambient water quality criteria. AWQCs do not exist for TPH. A comparison of TPH
concentrations to a range acceptable by RWQCB for TPH in groundwater near the bay is made to provide for
some level of comparison. Although groundwater and surface water acceptable ranges may not be

comparable for risk evaluation purposes, no other criteria currently exists.

Water with a hydrocarbon sheen has been observed in the downgradient storm drain outfall, which feeds
directly into San Francisco Bay. Hydrocarbon contamination in the Site 1 ravine is suspected to be the source
of fuel in the storm drain system. Surface water samples were collected in January 1998 both at the outfall to
San Francisco Bay and downgradient of Site 1. The concentration of TPH as diesel in the outfall sample was

280 png/L. No other surface water is present or has been characterized as part of IR Site 1.

4.2 IR SITE 3 - TREATMENT PONDS AREA SITE CHARACTERIZATION

IR Site 3 is the Treatment Ponds Area (Plate 1). This area currently comprises three biological treatment
ponds and a 200-gallon-per minute (gpm) groundwater treatment plant, a former fuel reclamation facility
(including oil/water separators, associated piping and storage, and an above-ground fractionation tank), a
former sewage treatment plant, and a groundwater extraction system and containment wall. The treatment
ponds system treats storm water and water generated from the ORS system. The extraction system removes
groundwater upgradient of the containment wall. This water is treated in the groundwater treatment plant.

Figure 4-2 depicts the conceptual site model for IR Site 3.

42.1 Site History and Investigations

The Treatment Ponds Area is located on a flat, filled area adjacent to the bay and consists of three unlined, 6-
feet deep aeration ponds built over a former sump pond. The sump pond, constructed in the 1940s, was used
to contain contaminated fuels, tank-bottom sludges, bunker fuel, leaking drums, and possibly other liquid
wastes. Other materials, including used batteries, were also disposed of in the sump pond (PRC 1990). A
sheet piling cutoff wall associated with the sump pond was installed in the late 1940s. It was installed to

impede the migration of oil within the sump pond toward San Francisco Bay. The cutoff wall extended from
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4.5 to 24 feet bgs. It was only moderately effective in its purpose, and residual hydrocarbon contamination
has migrated toward the shoreline since excavation and backfilling of the sump pond in 1974. The site also

has a wastewater treatment plant, fuel reclamation facility, and a domestic sewage treatment plant.

The entire area is constructed on filled land over former tidal flats. When the installation was active, the
treatment facilities (the ponds, plant, and reclamation facility) were part of an oil/water separation system for
mixtures generated both at NFD Point Molate and at other area Naval installations. The sewage treatment

plant supported a small group of homes for base personnel.

Liquids in the sump pond were pumped out and sent to the neighboring Chevron refinery for reprocessing.
Some of the sludge and waste, including the batteries, were removed before the pond was closed and filled
with soil and rock excavated from Drum Lot No. 2 (PRC 1990). Residual sludge remaining in the former
sump pond was tilled with the fill material. In 1986, the Navy installed five extraction wells along the
shoreline in an effort to capture floating hydrocarbons (primarily bunker fuel) originating from the former
sump pond. These extraction wells have not been effectively or consistently operated since they were

installed, and floating product currently exists within the Treatment Ponds Area.

Investigations at Site 3 have included an SI (PRC 1992a), a Phase I RI (site characterization) PRC 1994g),
and four quarterly groundwater monitoring events (PRC 1994c, 1994f, 1994h, and 1995a). During these
mnvestigations TPH, SVOCs, BTEX, and (sporadically) low-level chlorinated VOCs have been detected in
soil and groundwater samples. The presence of floating fuel products (diesel and bunker fuel) was also
monitored during these investigations. Semiannual sampling was completed in this area during late October
and early November 1997. A report on this sampling was submitted in March 1998 (TtEMI 1998a). The
second semiannual sampling event was completed in April 1998, and a report on the results was prepared
(TtEMI 1998h). A third semiannual sampling event was requested by RWQCB and this sampling was
conducted during January and February 1999. The results from this sampling event are incorporated into this
Phase II RI and a separate report was issued in July of 1999,

Bunker fuel was the most predominant contaminant detected in all media in the Phase I RI. It was detected in
the northernmost soil boring, more than 800 feet north of the former sump pond, and about the same distance
south of the former sump pond. It was also detected in beach sediment samples collected more than 900 feet
north of the former sump pond. The bunker fuel became less viscous after mixing with lighter fuels and
historically migrated as far south as well MW11-19, about 800 feet south of the former sump pond. Since
1994, bunker fuel has only been found in minor localized areas south of the Treatment Ponds.
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Diesel was the second-most widely distributed and concentrated fuel detected within the Treatment Ponds
Area during the Phase I RI. It was distributed mainly south of the Treatment Ponds Area, however, and
occurred only as an isolated detection in samples from monitoring well, MW11-40, just outside the
northeastern edge of the former sump pond. The distribution of diesel in groundwater suggested a primary
source area to the south, probably originating in Drum Lot No. 1, and a secondary source along Diesel Road,
probably within pipeline bedding located beneath this road.

The distribution of gasoline in groundwater was the third-most widespread fuel, and was similar to the
distribution of BTEX in groundwater. All BTEX constituents were predominantly distributed between wells
MW11-19 and well MW11-21, with the highest concentrations being detected in samples from well MW11-
21. This distribution pattern suggested a source of BTEX very close to, and perhaps just upgradient or cross
gradient of well MW11-21. An LNAPL phase, containing 55 percent JP-5 and 45 percent diesel, was
detected at well MW11-22. LNAPL was detected one time in samples from well MW11-22 in July 1992.
The well had been sampled once previously, on May 29, 1992, and contained no LNAPL. The LNAPL may
have been induced to enter the well after extensive well development (250 gallons removed) and purging (80
gallons removed during purging for the May 1992 sampling). The Treatment Ponds Final Site
Characterization Report (PRC 1994) contains further information on this event. No LNAPL has been
detected again in samples from this well during or since the May 1994 quarterly sampling program. This
well was completed in an area of high K values based on rapid recharge of the well during pumping. It was
interpreted that the migration of constituents detected in groundwater at this location was affecting
groundwater quality in the Drum Lot No. 1 area. Groundwater analyses since 1997 indicate that hydrocarbon

concentrations are decreasing.

The distribution and concentration of aqueous phase constituents, including benzene and other VOCs and
SVOCs, was limited to near or directly downgradient of the treatment ponds and former sump pond.
Groundwater sampled beneath a 0.66-foot immiscible phase of bunker fuel at well MW11-92 did not contain
detectable concentrations of BTEX (detection level 2 pg/L) or SVOCs (detection level 10 pg/L) (PRC
19944).

Analysis of aquifer tests in the water table aquifer indicated widely-ranging values of K. Hydraulic
conductivity values were generally much greater than expected for subsurface materials exhibiting such
varying grain-size ranges. Short-term sustainable pump rates within the artificial fill varied from 1.25 to
almost 7 gallons per minute (gpm) (PRC 1994d).
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Aquifer tests (limited pumping tests) were performed to estimate potential sustainable pumping rates for the
extraction trench wells, the potential radius of influence for extraction wells, and the potential for salt water
intrusion caused by pumping. Analysis of data from these tests was limited to these specific objectives. Data
from these tests are included in Appendix G

Although many wells are tidally influenced from San Francisco Bay, enhanced salt water intrusion due to
pumping was not evident, even after discharging approximately 10,000 gallons of groundwater from well
MW11-27, located 175 feet from the bay. Sodium (Na) and chloride (CI') concentrations measured in
groundwater samples did, however, increase proportionally with proximity to the bay, particularly within 200
feet of the bay. However, not all monitoring wells exhibiting the greatest tidal influence also exhibited the
highest salinity or Na and CI concentrations. Preferential flow pathways within the heterogeneous fill

material may be responsible for this discrepancy.

The Phase II RI field investigation of IR Site 3 was limited to evaluating a possible migration path through
bedrock and data collected to support pilot testing. Four soil borings were drilled. Three of these borings
were converted to monitoring wells, one being a bedrock well and two completed in unconsolidated materials.
All four borings were located as indicated in the FWP. Only two wells were to be installed; however, the soil
boring north of the Treatment Ponds was converted to a monitoring well to further characterize any petroleum

hydrocarbons encountered, and to provide data on water levels and for pilot testing.

An extraction trench was installed as a removal action to capture and remove floating fuel and contaminated
groundwater for treatment (PRC 1996a). Plate 1 shows the location of the containment wall and associated
extraction trench. The extraction trench is 1,100 feet long and 19 to 26 feet deep (keyed to Bay Mud). It has
four, 12-inch diameter stainless-steel extraction wells, and four, 6-inch diameter stainless-steel monitoring
wells. It provides containment of groundwater migrating toward the bay via a continuous high density

polyethylene (HDPE) liner installed on the downgradient side of the extraction trench.

The trench has been effectively capturing contaminated groundwater (PRC 1996b). The effectiveness of the
containment wall and extraction trench in controlling migration of free product has been based on technical

data gathered and compared through many investigations from 1990 until the present. These data include:

) The decrease in water levels along the trench alignment (see plates 15-18).

) The elimination of shoreface seepage of petroleum hydrocarbons.
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. The results presented in the Treatment Ponds Area Extraction Trench Performance
Evaluation Report (PRC 1996c), which showed the system was performing as designed.

. Results of the Final Offshore Ecological Risk Assessment Report (Entrix and TtEML.
1999b), which showed no observable ecological effects in this area of shoreline.

A 200-gpm capacity groundwater treatment plant was designed to treat all groundwater extracted at the
facility during part of removal and remedial actions. Removal of free product has been conducted during the
Phase I pilot test conducted as part of this Phase IT RI. A report on the pilot test was submitted September 25,
1998, and is included as Appendix J of this RI report. Remediation of soil and groundwater in Site 3 will be
evaluated following removal actions planned for Site 3, including closure of the ORS, and the treatment

ponds, and pipeline removals.

Figure 4-44 shows the cumulative mass (in pounds) of hydrocarbons removed by all methods from June 1997
to October 16, 1998. This total excéeds 2,300 pounds. Pounds have been used as units because the removals
also included vapor-phase hydrocarbons. This equals approximately 336 gallons, assuming an average
specific gravity of 0.82 for unweathered JP-5 fuel.

422 Sources

Waste materials were removed from the former sump pond, but residual hydrocarbons remain as free product,
sorbed hydrocarbons on soils, dissolved phase hydrocarbons, and as minor amounts (based upon fuel types
present) of vapor phase hydrocarbons in the vadose zone. The hydrocarbons present include residual fuel oils
such as bunker fuel, distillate fuel oils, jet fuels and gasoline, as well as complex mixtures of these fuels. The
major mass of hydrocarbons at the Treatment Ponds Area include TPH-¢ in the bunker and diesel fuel
composition range. Intermixing of these various hydrocarbons and weathering through water washing,
oxidation, and biological processes has created a con:plex distribution of hydrocarbons of varying
composition and states of degradation. Continuing processes such as migration with groundwater flow and

biological activity continue to modify the distribution and chemical state of these hydrocarbons.

The 1995 closure of NFD Point Molate has assured the end of the introduction of any new hydrocarbons to
the soils or groundwater at Site 3. Therefore, the Treatment Ponds Area will function as a source of finite
mass of hydrocarbon acted upon by natural and anthropogenic controls. Anthropogenic controls include
continued operation of the Treatment Ponds themselves which creates a groundwater mound (Plate 22). This
mound may have hydraulic effects on the soil and groundwater contamination such as redistribution and
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mixing of fuel types or phases. A detailed study of these possible effects will not be performed as the
Treatment Ponds are currently scheduled for closure in 2002.

Although there are no continuing sources of hydrocarbons at the Treatment Ponds, there remains the potential
for hydrocarbons to migrate down Diesel Road from upgradient sources at Tanks B and C. The geology of
the area near Tanks B and C is characterized by thick colluvial deposits. The colluvium is flanked on the
west side by the bedrock ridge that includes Tanks 1, 2, and 3. The contact of the colluvium and bedrock is
generally parallel to Diesel Road, beneath the toe of the slope leading from Tanks 1, 2, and 3.

The investigative trenches excavated during the UST characterization work indicate that fuel constituents
migrated in the past along the contact of the colluvium and bedrock below Diesel Road. The three
investigative trenches excavated near the intersection of Main Road and Diesel Road are characterized by
similar subsurface conditions. The detailcd characteristics are described in the Characterization of USTs and
Fuel Pipelines Draft Report (TtEMI 2000b).

Hydrocarbon contamination in the area of Tanks B and C exists in thick colluvium deposits. Free product
occurs in discrete subsurface intervals (approximately 0.5 foot-thick) at the perimeter of Tank B. Directly
adjacent to Tanks B and C, the depth of the 0.5 foot-thick interval is approximately 25 feet bgs. Beyond the
perimeter of Tank B, contamination is limited to relict hydrocarbon staining within 10 feet of the ground
surface. Specific findings are reported in the Characterization of USTs and Fuel Pipeline Draft Report
(TtEMI 2000b).

No perimeter drains were located in the Tanks B and C skim pits during the initial inspection. These skim
pits, however, continually fill with seeping groundwater, which was observed during inspection. Monitoring
wells MW03-03 and MW03-02 were installed to assess the location of the most prominent groundwater
migration pathway near Tanks B and C. Both wells are low yielding, and little change in water level elevation
was observed until significant rain in February 2000. Apparently, the most prominent groundwater flow near
Tanks B and C is directly around the upper perimeter of Tank B and around Tank C. Water level
measurements at Tank B well MWTB-01 (and in well MWTC-01) demonstrate steadily increasing response
(10 to 11 feet of change in each) starting in November 1999.

The significance of these data are being evaluated in the Phase I UST characterization investigation. A more
thorough presentation of these sources upgradient of IR Site 3 will be presented in the Characterization of
USTs and Fuel Pipelines Draft Report (TtEMI 2000b).
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Measurements of the physical properties of non-aqueous phase liquids (NAPL) in the Treatment Ponds area
were conducted during the Phase I pilot test. At 59 Fahrenheit (°F), viscosity was 208.24 centistokes (cSt)
and 2244 .36 ¢St (in the two samples measured at the 59 °F temperature); density (as a specific gravity
relative to water) varied from 0.9417 to 0.9942 in three samples measured (see Figure 2 in Appendix J).
Upon heating the samples to about 149 °F the viscosity decreased more than an order of magnitude. The unit
of kinematic viscosity, centistokes, used for these tests is a ratio of a liquid’s viscosity to its density. The
viscosity is a measure of the fluid’s resistance to motion expressed by force times time divided by length
squared. As shown in the Appendix J plots, the fuels at IR Site 3 may be quite viscous. These were typical
samples of product encountered in the Treatment Ponds Area. Fresh, pure product standards tend to bracket
these measurements from the Phase I pilot test; hydrocarbons in the groundwater and soils of the Treatment
Pond Area would also be found in localized geographic distributions with higher or lower viscosities or

densities than these samples.

Soil borings at the Treatment Ponds Area seldom encountered only one type of hydrocarbon product.
Groundwater samples usually contain mixtures of dissolved hydrocarbons. Over time, the hydrocarbon
products are also weathered and degraded. Mixing, weathering, and degradation result in qualified validated
data that does not match analytical standards or data reported as TPH “other” detections.

In 1986, fuel storage and transfer operations at NFD Point Molate incorporated a spill prevention control and
countermeasures (SPCC) system, of which the Oil Recovery System (ORS) is a component. The ORS has
continued operating since 1995; however, its continued operation is not necessary after the basewide pipeline
removal and UST closure currently under way. Its closure will help eliminate a component of effluent to San
Francisco Bay that requires National Pollutant Discharge Elimination System (NPDES) permitting. The
ORS contains both passive and active components, some of which will require continued operation during the
current base-wide pipeline removal. Evaluation of ORS system closure is ongoing and will identify

requirements for future system closure or monitoring.

Primary objectives for the ORS closure were to stop influent to a series of oil-water separators and three
treatment ponds from ORS sources. The treatment ponds are unlined settling and aeration basins designed to
biodegrade, filter, chlorinate, and dechlorinate fuel-contaminated influent with a process that lasts
approximately 45 days prior to discharge to San Francisco Bay under an NPDES permit. As part of the ORS
closure process, sources of oily water were evaluated. These sources are primarily associated with the USTs

and consist of a subsurface perimeter drain system at each tank, which was modified as part of the SPCC.
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ORS closure activities have included physical closure of sources, sample collection, and sample monitoring,
and overlap with UST characterization activities because of the physical presence of ORS components at
USTs. ORS closure is being evaluated primarily through observation of pre- and post-closure water level or
product thickness data. ORS closure is also being evaluated by monitoring potential changes in groundwater
chemistry at USTs (sources) and in predicted migration pathways from USTs. The Draft Oil Recovery
System Closure Interim Summary was released to the BCT in April 2000 (TtEMI 2000a).

423 Soil

The majority of the data for Treatment Pond Area soils were generated during the site characterization
investigation of the Treatment Ponds Area. This field work was performed between August 1991 and July
1992. A draft report was submitted October 1992 and a final report was submitted in July of 1994 (PRC
1994d). Interim corrective actions for known sources of petroleum hydrocarbons were evaluated and a report
was submitted October 1992 (PRC 1992b).

The cross sections and soil data presented in this Phase II RI are primarily from these earlier studies.
Characterization of this area during the intervening years has been mostly limited to geotechnical studies to
support the design and emplacement of the cut-off wall and trench. Therefore, it must be noted that soil
chemical results presented here reflect the status of the Treatment Ponds Area in 1992, and may be somewhat
different in 1999. Because of the closure of NFD Point Molate in 1995 as an active base, and the removal of
potential sources of petroleum at the site, the concentrations present in 1999 are likely to be less than those
present in 1992. However, distribution and intermingling of fuels are likely to be more widespread than in
1992.

Sixty-five soil borings were drilled during the Treatment Ponds Area characterization to obtain soil samples,
install monitoring wells or piezometers, and to investigate bedrock characteristics. A totl of 102 soil
samples were collected from 48 soil borings. All soil samples were analyzed for TPH-e (JP-5, diesel, bunker
fuel, and motor oil ranges) and TPH-p (gasoline, benzene, toluene, ethylbenzene, and total xylene ranges),
except samples SB11-20 (16.0 - 17.0), SB11-37B (23.5 - 24.0), and SB11-44 (17.1 - 17.3). Some of the
soil samples were also analyzed for VOCs, SVOCs, metals (including organic lead), pH, and TOC (PRC
1994d). The analytical results of all soil samples are presented in Appendix A of this report and are

summarized in Table 4-3.

Plates 15 through 18 are a series of cross sections from the Treatment Ponds Area characterization report that
have been revised to refine the distribution of hydrocarbon contamination in the Treatment Ponds Area.
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These sections were originally presented to depict the geologic relationships in the Treatment Ponds Area.
They have been modified to include all soil analytical results and to illustrate the extent of hydrocarbons

present in soils at the time of the 1994 report. Plate 14 provides the locations of these cross sections.

The cross sections have been shaded in two colors of green to depict two levels of hydrocarbon
contamination. The dark green on the cross sections indicates what is being called primary hydrocarbon

occurrence. The lighter green is being designated total hydrocarbon occurrence. These categories are defined

as follows:

o Primary hydrocarbon occurrence is the interpreted extent of TPH-e and TPH-p
contamination exceeding 100 mg/kg based on laboratory analytical results or direct
borehole logging observation of free product

o Total maximum hydrocarbon occurrence is the interpreted total additional extent of

soils impacted by hydrocarbon contamination based on borehole logging
observations including PID readings, odor, stained appearance, and laboratory
results less than 100 mg/kg TPH-e and TPH-p.

The cross sections are shaded to indicate these categories. Contaminated soil thickness has been calculated
and transferred to two planimetric maps, Plate 19 and Plate 20. These maps are contoured to indicate the
isopach thickness of contaminated soils in both the primary hydrocarbon and total hydrocarbon categories.

The contour interval is five feet and each interval reflects the distribution of the respective thickness.

This method of analysis is potentially subject to several sources of inaccuracy but is believed to represent a

defensible approach to estimating the volume of contaminated soil.

Plate 19, Primary Hydrocarbon Occurrence, shows the calculated areas and volumes of petroleum
hydrocarbon-impacted soils with greater than 100 mg/kg concentrations or observed to contain free product.
These calculations were performed by Surfer Software and subjected to several iterations to confirm the

calculated volumes. Accuracy is believed to be acceptable; however, there is some margin of error.

It should also be noted that the overburden varies in thickness on the cross sections. The isopach maps are

only of the interval interpreted to be impacted and does not account for overlying soils.
Plate 20, Total Maximum Hydrocarbon Occurrence, contours the total, impacted thickness of soil in the area.
This presents an extremely conservative scenario, and is presented for completeness. The volume of this

area has not been calculated because it is unlikely these soils would exceed clean-up goals.
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The cross section show the majority of the Treatment Ponds Area is constructed on artificial fill. Colluvial
and alluvial fan deposits are shown on the map of surficial deposits by Nilsen (1973) along slopes and
ravines in the area above the Treatment Ponds Area. Some upper slopes also show landslide deposits. A
geologic map by Blake and others (1974) shows marine and marsh deposits overlain by artificial fill along the

southwestern Treatment Ponds Area shoreline.

Bedrock outcrops and subcrops are present directly south of the Treatment Ponds Area. These outcrops
consist predominantly of sandstones and lesser amounts of interbedded shales characteristic of the Franciscan
terrain described in Section 3.0. Eight coreholes have been drilled in the Treatment Ponds Area to assess in
situ hydraulic characteristics and to provide a description of the bedrock lithology. Descriptions of bedrock

encountered at specific corehole locations are presented in the borelogs in Appendix B.

The seven geologic cross sections (Plates 15-18) were constructed from soil boring logs generated during the
Treatment Ponds Area characterization Phase I RIin 1991 and 1992. Cross sections were drawn parallel to
the shoreline as well as transverse to the shoreline within the Treatment Ponds Area. Several features
pertaining to the distribution of petroleum hydrocarbons are evident on the sections. First is the extensive
distribution of high contaminant levels below the water table. On cross-section A-A’ most of the
hydrocarbons were below the 1993 water table at the time the field investigations were conducted. This may
be attributed to several factors. Dry years in the early 1990s may have lowered the water table and caused
greater smearing of product through the deeper horizons. The dredging of the sump pond, operation of the
Navy extraction wells, or hydraulic effects of the old containment wall may also have affected this smearing,
as well. Bunker fuel, which has a specific gravity close to that of water (>0.99), could also move downward
with the presence of a thick “pancake” of fuel on the water table. Regardless of the mechanism, deep

distribution of petroleum hydrocarbons below the water table is evident.

Another factor of note is the presence of petroleum distributed through nearly all geologic units, especially on
cross-section A-A’. Along this line of section, higher contaminant concentrations have permeated fill,
alluvium, Bay Mud, and colluvium. The Bay Mud has not acted as a low permeability barrier to downward
migration. Borings SB11-09, SB11-12, and SB11-14, show especially deep distribution of petroleum
hydrocarbons. The shoreline ends of sections E-E’, F-F’, and G-G’ also show this thickening of hydrocarbon
contamination at the shoreline. The landward eastern ends of these sections shows the higher concentrations
of petroleum hydrocarbons overlying Bay Mud or colluvium progressively landward along the line of section.
Another feature is the thicker secondary, maximum “total hydrocarbon” occurrence (see Plate 20) at the ends
of sections closest to the shoreline. This is probably the result of the complex transport of these
hydrocarbons by advection and diffusion, and the effects of transport in the tidally-influenced zone near the
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shoreline. Since these soil data were collected, the containment wall and extraction trench have been installed

and operated for four years.

The following text describes the geologic conditions shown on these plates. This may affect potential
remedial options such as excavation, water extraction, or circulation of fluids or air in the subsurface. A
detailed analysis of effects will be deferred to the IR Site 3 EE/CA. However, factors such as dewatering,
treatment and disposal of groundwater from dewatering, enhancement of salt water intrusion, excavation and
geotechnical slope stability, and possible effects of variable soil types on excavation, treatment, and disposal,

need analysis for some remedial or removal options.

Four cross sections (Sections A-A', B-B', C-C', and D-D') were drawn parallel to the shoreline generally
trending northeast to southwest. Three cross sections were drawn transverse to the shoreline generally
trending east to west (Sections E-E', F-F', and G-G'). Geologic cross-section locations are shown on Plate 14.
Together, cross sections A-A' and B-B' extend along the entire length of the shoreline investigated during the
Treatment Pond Area characterization. These sections overlap both IR Site 3 and IR Site 4 Drum Lot No. 1.
The discussion presented here includes a portion of the Drum Lot because the continuity of the geologic
deposits and soil contamination make a combined analysis of these areas a practical way to describe the areas.
Soil borings along the shoreline were generally drilled to auger refusal so depth to bedrock could be
determined. In addition to presenting geologic information, the cross sections present TPH concentrations

detected in soil samples collected from each soil boring.

Cross-section A-A' illustrates the depth to bedrock and the general depositional sequence of unconsolidated
sediments in the Treatment Ponds Area. A generalized sequence of unconsolidated deposits overlying
bedrock is shown in Figure 3-1. The bedrock surface profile is shown as a trough toward the middle of this
section, with highs on the north and south ends. The transgression of San Francisco Bay is illustrated by the
Bay Mud overlying colluvial deposits. Reworked intertidal deposits overlie the colluvial deposits in several
borings, especially in the area of the southern bedrock high (SB11-14, SB11-52, SB11-15, and SB1-16). A
bedrock low is indicated in borings SB11-8 through SB11-14. Thick alluvial deposits are shown in borings
SB11-13, SB11-14, SB11-52, SB-11-15, and SB11-16. The interfingering of the alluvial deposits with the
Bay Mud (SB11-12) may indicate fluctuations in the level of the bay or an alluvial channel inlet to the bay at

this location.

Cross-section B-B', which is a southern extension of A-A', shows continuation of possible alluvial deposits
overlying Bay Mud. The continuation of these deposits may indicate reworking and transport along the
shoreline. It is also possible that these deposits, interpreted as alluvial, are actually beach sands, reworked or

transported into this area of Drum Lot No. 1. It is also possible the materials interpreted as alluvium are

4-21 0069-11200 doct9Pmanery'y 112%i repertimatoeee Snad phise i ept. doc'6-3-00vkr




actually fill materials, possibly dredged sand emplaced hydraulically. Hydraulic placement could cause the
observed fining upwards sequences. However, no record of such filling operations exist. Anecdotal
information on possible dredged fill is also lacking (Robertson 1999).

Cross-section C-C', which is approximately 100 feet inland of the current shoreline and parallel to A-A',
exhibits a similar depositional sequence. Colluvium, reworked intertidal deposits, Bay Mud, and alluvium are
present. The depth to bedrock was not investigated at all soil boring locations along cross-section C-C'. The

bedrock profile, however, is believed to be similar to A-A".

The thickness of the sediments overlying bedrock decreases inland in comparing cross-sections A-A', C-C,
and D-D' (moving east across the former sump pond). The depth to bedrock is believed to decrease inland, as
well. In cross-section D-D', alluvial materials are absent from the borings, except in boring SB11-29 and
SB11-44. Cross-section E-E' (perpendicular to the shoreline) illustrates the continuation and thinning of the
alluvial deposits inland (SB11-14, SB11-26, SB11-28, SB11-29).

424 Groundwater

Groundwater flows generally to the west-southwest, following surface topography toward San Francisco Bay.
Groundwater elevations indicate a mounding effect from surface water infiltration at the Treatment Ponds
(see Plate 22). The mounding causes localized reversals of gradient at IR Site 3. In the past, groundwater
samples have been analyzed for metals, TPH-e and TPH-p, VOCs, SVOCs, organic lead, and major anions.
Bunker fuel (the most common TPH-e detected), JP-5, diesel, gasoline, and motor oil have all been detected
at varying concentrations throughout the Treatment Ponds Area. Free product measured in April 1999
ranged in thickness from 0.01 to 1.28 feet in PZ11-31A. Measurements in April 1999 showed 12 wells with
measurable LNAPL (see Plate 22, LNAPL inred). A plume of bunker fuel, diesel, or a mixture of both exists
at the site, with preferential flow in pockets or channels within the fill material. Unknown hydrocarbons
detected in TPH analysis most likely are weathered fuels. Historically, benzene, toluene, xylene, 1,2-DCE,
chlorobenzene, and chloroform were the most commonly detected VOCs in groundwater (see Plate 21B).
More recent data from the three semiannual monitoring events has shown declining concentrations of these

compounds in the monitoring wells sampled.

Four monitoring wells in the Treatment Ponds Area have been sampled in all three semiannual events. These
wells, MW11-13, MW11-54, MW11-93, and PZ11-78, have only shown low levels of TPH-¢ as bunker fuel,
gasoline, and diesel. The highest bunker fuel detection 1997 to present was 19.0 mg/L in MW11-54.
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BTEX compounds are persisting although they also appear to be declining in concentration. SVOCs are
present a low levels, especially 2-methylnapthalene. Plate 21A presents all IR Site 3 groundwater analytical
data since 1997. These data are contoured for gasoline and diesel to provide representative evaluation of the

current extent of groundwater plumes.

4.2.5 Surface Water

The only surface water in the Treatment Ponds Area are the Treatment Ponds themselves. Concentrations of
petroleum hydrocarbons in the pond water vary seasonally and in response to precipitation events. Data on
TPH concentrations in the Treatment Ponds were not evaluated as part of this Phase I RI. The Treatment

Ponds are scheduled for closure in the near future.

4.3 IR SITE 4 - THE SHORELINE AREAS AND DRUM LOT NO. 1

IR Site 4, the Shoreline Areas and Drum Lot No. 1, includes the entire perimeter of NFD Point Molate’s
shoreline on San Francisco Bay (Plate 1). Conceptual site models for IR Site 4 and Drum Lot No. 1 are
shown in Figure 4-1 and Figure 4-3, respectively. The investigative focus for IR Site 4 has traditionally been

the shoreline where the pathway to receptors is potentially completed.
The Phase II RI was scoped through the DQO process to:
. Evaluate potential human health risks for recreational users of the Point Molate Public

Beach area by performing an HHRA (see Section 6.0 this RI Report)

o Evaluate risk to ecological receptors by performing an off-shore ecological risk assessment.
These results are presented in a separate document (Entrix, Inc. and TtEMI 1999).

) Generate a complete definition and assessment of migration pathways in bedrock, and
possible preferential pathways for groundwater transport

. Assess groundwater quality in the interior of Drum Lot No. 1, along with potential for
sources and their removal options

43.1 Site History and Investigations

Site 4 includes the entire perimeter along San Francisco Bay (Plate 1). This site was included as an IR site

because of concerns over historical fuel spills and leaks observed in the near-shore environment which may
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have contaminated bay waters and sediment. Previous investigations at Site 4 include soil and groundwater
sampling along the shoreline (PRC 1992a, 1994e¢, 1994f, 1995a, 1995b).

Site 4 soil samples were collected during the SI (PRC 1992a) and the shoreline investigation (PRC 1994e).
Chemical analytical results indicated the presence of TPH, BTEX, and PAHs in Site 4 soils.

Groundwater samples were collected from shoreline wells during the four 1994 quarterly groundwater
sampling events. TPH, BTEX, and chlorinated VOCs were the most commonly detected contaminants in Site
4 groundwater, Groundwater samples taken in 1994 within Site 4 consistently contained these contaminants.
Detections in groundwater at the southernmost shoreline area, along the NFD Point Molate Public Beach,
were at low levels and sporadic; it is unclear whether these detections were indicative of contamination from
facility sources. The Phase I EBS sample results for BRAC Parcel 30, the Building 87 area detected TPH,
VOCs, SVOCs, and pesticides in soil and groundwater (see Plate 27C).

Several of the contaminants exceeded PRGs. These detections appear to be related to Building 87 activities
and possibly releases from Drum Lot Number 2 (Parcel 29). The Phase I EBS summary report (TtEMI
1999a) discusses these findings in detail. The Phase Il EBS investigation has further characterized this area
and these data will be used to screen removal options (TtEMI 2000c). Free product has also been identified
in wells within Drum Lot No. 1 and the south shoreline; however, 1998 removal actions have included

additional containment and product recovery systems at these locations.

Semiannual groundwater sampling was initiated in October 1997 for 21 selected monitoring wells. These
included 12 wells in Drum Lot No. 1 and four wells along the South Shoreline. Wells sampled during all
three semiannual events and the analyses performed are shown in Table 4-2. All data from the three
semiannual events are included in the summary tables, Appendix A2, and on the IR Site 4 Plates 24A, 24B,
25,27A, and 27B. Full reports on each sampling event are presented in the Data Summaries for each
respective event (TtEMI 1998a, TtEMI 1998h, and TtEMI 1999).

During the on-shore Phase II RI field investigation, the drilling activity focused on Drum Lot No. 1. Eight
new shallow monitoring wells were installed in the fill material of the Drum Lot. One bedrock well was
installed. Four other soil borings were drilled without installing a well. Analyses performed on the soil
samples are listed in Section 2.0, Table 2-3 and analyses for groundwater in Section 2.0, Table 2-4. The full
list of the results are in Appendix A2. These recent data are displayed on Plates 23 for soil sample data for
Drum Lot No. 1, 24A for recent groundwater data (1997-1999), 24B for previous groundwater data (1992-
1996). Plate 25 for North Shoreline groundwater data, and Plate 26 for South Shoreline soil data.
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The on-shore Site 4 Phase II also included drilling four soil borings along the South Shoreline, installing
monitoring wells in three of these, one of which was a bedrock well, and obtaining eight surface soil and six
sediment samples at the Point Molate Public Beach for an HHRA.

Other samples were taken off shore for the offshore ecological risk assessment. These samples of sediment,
tissue, and invertebrates for bioassay testing are discussed in the Draft Offshore Ecological Risk Assessment
Report (Entrix, Inc. and TtEMI 1999), and are not presented in this document. No samples or other field
investigations were conducted at the North Shoreline, other than sampling monitoring well MW11-05 for

VOCs during semiannual groundwater monitoring events 2 and 3.
4.3.2 Sources

Sources for IR Site 4 contaminants include releases from pipelines located along the North Shoreline,
although the source of low levels of 1,2-DCE (total) and TCE in samples from monitoring well MW11-05 are
unknown. The Drum Lot No. 1 releases are also primarily from pipelines, although releases at the drum
filling facility from stored drums also occurred. Petroleum hydrocarbons along the South Shoreline are from
pipeline leaks, contaminated groundwater transported downgradient from IR Site 1, and potentially from
other releases migrating downgradient from tanks and VBs. The volumes and distribution of releases are

poorly documented and the mass of these sources is unknown.
4.3.3 Soil

In previous studies, soil samples were collected and analyzed for TPH-e and TPH-p, VOCs, SVOCs,
pesticides/PCBs, metals, and TOC. JP-5, diesel, bunker fuel, and hydrocarbon weathering byproducts were
detected in the majority of samples, with some of the soil borings exhibiting strong hydrocarbon odors,
staining, or free product. VOC detection was infrequent and in isolated areas. SVOCs detected were mainly
PAHs associated with diesel and bunker fuel. In addition, 4,4’-DDT was detected in both soil and sediment;
PCBs were not detected. Organic lead was not detected at the site. TOC levels were generally higher in

organic-rich soil.

Soil was not sampled in the North Shoreline during the Phase II RI. Pre-existing data were evaluated along
with the IR Site 3 Treatment Ponds data. A statistical summary of soil data is presented in Table 4-5.

This evaluation is illustrated in cross section A-A’ on Plate 15 and the corresponding isopach maps shown on

Plates 19A, 19B, and 20. Volume estimates were provided for North Shoreline soil contamination. The
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estimate for the primary hydrocarbon (>100 mg/kg or free product) TPH-impacted area is 1.62 acres and
approximately 9,815 cubic yards (Plate 19). Figure 4-16 indicates that North Shoreline soils containing
elevated TPH concentrations are approximately 15 to 24 feet below ground surface. It is recommended the
North Shoreline area be included in scoping for any actions applicable to the contiguous IR Site 3 Treatment
Ponds.

Soil was sampled in Drum Lot No. 1 during the Phase II field investigation. Gasoline range organics were
detected in four soil samples, ranging from 5 to 9,900 mg/kg TPH-p as gasoline. The highest values were in
soil borings SB11-85 and SB11-86. JP-5 was found in two samples in these same borings, at 9,600 mg/kg
and 9,300 mg/kg, respectively. TPH-e as motor oil was identified at two depths in samples from boring
BR11-90 at 150 mg/kg and 51 mg/kg. TPH-¢ as F-76 diesel was detected in a sample from BR11-90 at the
14-15-foot depth at a concentration of 760 mg/kg.

Various BTEX and SVOCs were also detected in these samples. Plate 23A shows these results and all other
soil detections.. Plate 24B shows the previous soil sampling results. The TPH detections in samples from
SB11-85 and SB11-86 probably are from pipeline releases at the shore end of the pier where many pipelines
converge. The area of these borings was excavated to the depth of the pipelines (approximately 6 to 7 feet)

during removal. Any contaminated soils were removed and disposed off site.

Table 4-7 provides a statistical summary of all Drum Lot No. 1 soil data for all previous and current samples,
and all analytes. A portion of Drum Lot No. 1 was evaluated along with the Treatment Ponds Area. This
part of the Drum Lot is shown on Plate 16, cross section B-B’. Up to 20 feet of soils containing TPH in
excess of 100 mg/kg occur in soils over an estimated arca of 4.27 acres (Plate 19). An estimated 47,000
cubic yards of soil may be impacted. Figures 4-17 to 4-22 indicate TPH concentrations as shallow as 2 feet
below ground level, but most elevated concentrations occur in the 10- to 20-feet bgs interval. Recent soil
borings drilled at the foot of the pier were not included in reviewing the previous contamination. This area

appears to be a localized area of elevated TPH concentrations in soil.

The distribution of TPH in soil within the Drum Lot No. 1 interior is not completely defined, but the only
transport mechanism would appear to be via groundwater. Therefore, groundwater monitoring around the

shoreline is the most effective way to determine if receptors could be affected.

The South Shoreline was investigated during the Phase IT RI with six soil borings. Three of these had shallow
monitoring wells installed, and one had a bedrock well installed. Plate 26 is a longitudinal cross section of
the South Shoreline presenting the geology and the soil analytical results. There were minor TPH detections
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in new boring SB10-20, the highest being TPH-¢ (diesel range) at 410 mg/kg, TPH-¢ (motor oil range) at 270
mg/kg, and TPH-p as gasoline at 91 mg/kg. Table 4-9 gives a complete statistical summary of all previous
and new soil data for the South Shoreline. Figures 4-23 through 4-26, show a scatter of detections from
about 3 to 20 feet below ground surface, however, depth data are too sparse to be conclusive. The general
trend of data on Plate 26 indicates most soil contamination is on the north end of the shoreline, consistent

with these locations of known and suspected pipeline releases.

Future planned pipeline removals will further examine and appropriately address the South Shoreline soil

contamination as needed. The pipelines will be removed and a risk screening will be performed.

4.3.4 Groundwater

Groundwater flow is west-southwest, and generally follows the surface topography toward San Francisco
Bay. Groundwater samples were collected at the IR Site 4 monitoring wells on a quarterly basis during 1994,
Data from monitoring well samples collected along the shoreline reflected contamination from upgradient
activity and historical spills and leaks. Samples were analyzed for VOCs, SVOCs, TPH-e and TPH-p,
BTEX, total and dissolved metals, organic lead, pesticides/PCBs, TOC, anions, nitrate/nitrite, and biological
oxygen demand (BOD). Organic chemicals detected in groundwater were primarily fuel-related constituents,
with isolated but consistent occurrences of chlorinated VOCs at the North Shoreline. Plates 24, 25, and 27

show IR Site 4 groundwater sampling resuits.

Samples from monitoring wells MW11-19 and MW11-21 in Drum Lot No. 1 have historically shown the
highest concentrations of TPH and BTEX constituents. Semiannual groundwater monitoring in November
1997 and April 1998 indicate seasonal variation of TPH and fuel constituents over time, with increased

concentrations during rainy seasons.

Groundwater collected from monitoring well MS11-5 in the North Shoreline area has been analyzed for VOC
concentrations during semiannual events 2 and 3. Detections of 1,2-DCE were 3.0 and 2.0 pg/L for each
respective event. No source is known or suspected. All groundwater data for the North Shoreline is

statistically summarized in Table 4-6.

Groundwater in Drum Lot No. 1 was sampled during semiannual events 1, 2, and 3. New Phase II RI wells
were also installed and sampled in February and March of 1999. Low-level detections of TPH as gasoline,
diesel, bunker fuel, and motor oil are wide spread. BTEX compounds are also widely detected. Plates 24A
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(recent results) and 24B (previous results) present these data spatially and temporally. Table 4-8 provides a
statistical summary of all Drum Lot No. 1 groundwater results. Appendix A2 contains all data for Drum Lot
No. 1.

Samples from new bedrock well BR11-90 had TPH detections of diesel (0.22 mg/L), gasoline (0.13 mg/L),
and BTEX (total) (0.0042 mg/L). This well had a water level (compared to adjacent shallow monitoring
wells) indicating an upward-directed vertical gradient during sampling. This upward gradient was verified by
water levels measured in late April 1999. These data are tabulated in Table 2-4.

The Drum Lot continues to exhibit widespread, low levels of TPH compounds in groundwater. No wells had
measurable free product during semiannual event 3. The low gradient and tidal interaction is believed to keep
the dissolved TPH constituents from migrating swiftly to the bay. Advection and diffusion are believed to
have uniformly spread the TPH constituents from past releases across Drum Lot No. 1. No concentrated
source has been found, and none is believed to currently exist. The “plume” is diffuse and wide, and should

continue to decrease in size and contaminant concentrations.

The South Shoreline was sampled during semiannual events 1, 2, and 3, and the new well was sampled during
the Phase II RI. The highest detections in 1999 were 5.62 mg/L TPH-¢ as diesel in ERM 10-01, 3.57 TPH-¢
as diesel in MW10-17, and 2.48 mg/L TPH-p as gasoline in MW10-18. Minor BTEX was also detected.
New bedrock well BR10-19 had detections of TPH-¢ as diesel at 0.08 mg/L and TPH-p as gasoline at 0.03

mg/L.

This well showed an upward-directed vertical gradient compared to adjacent shallow monitoring welis, but
this observation will be verified in May 1999. Table 4-10 statistically summarizes all South Shoreline
groundwater data. Plate 27A shows recent South Shoreline groundwater data. Plate 27B shows previous
South Shoreline groundwater data. Only one monitoring well on the South Shoreline had measurable floating
product during semiannual event 3. MW10-03 had 0.02 feet of suspected diesel fuel. The thickness of
floating product and dissolved TPH constituents concentrations have continued to decrease in IR Site 4 South

Shoreline monitoring wells.

The Phase 1 EBS investigation of BRAC Parcel 30, the Building 87 area, found TPH-p, TPH-¢, and
chlorinated VOCs in groundwater (see Plate 27C). These detections spurred further investigation in a Phase
II study that further characterized these contaminants and their distribution (TtEMI 2000c). These data will
be used to assess removal or remedial options under the EBS Program and Parcel 30 will not be included in

the IR Program.
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No new contaminant sources have been found, however, new wells MW10-17 and MW10-18 might indicate
another upgradient source other than a local pipeline release. The possibility of other, upgradient sources

rnay be resolved during the South Shoreline pipeline removals.

Information from new well BR10-19 apparently indicates that some of the previous upgradient releases from

IR Site 1 may have caused minor amounts of constituents to move through the fractured bedrock.

All contaminants appear to be attenuating naturally and a program for further monitoring is being scoped
with the BCT under the UST program to substantiate attenuation. A human health and a terrestrial ecological
risk assessment are being scoped with the BCT during 2000 and field work will be conducted during spring
of 2001 along the full IR Site 4 shoreline.

4.3.5 Surface Water

Surface water flows down ravines towards San Francisco Bay during rain storms. Storm water outfalls,
which may contain fuels and fuel-contaminated water, discharge directly into San Francisco Bay; an
absorbent boom has been placed around specific outfall areas during past rain storms when product sheens
were observed in near-shore water. Surface water at the outfall downgradient of Site 1 was sampled in
January 1998, resulting in the detection of 280 ug/L. TPH-¢ as diesel. The Phase II RI did not include
sampling outfall discharge. Limited sediments were collected as part of the HHRA at the Point Molate Public

Beach, and samples were collected as part of the ecological risk assessment.
4.3.6 Sediment

Sediment samples have been analyzed during early studies (PRC 1994¢ and PRC 1995b) for TPH-e, total
recoverable petroleum hydrocarbons (TRPH), VOCs, SVOCs, pesticides/PCBs, metals, and TOC. High
levels of hydrocarbon components, most likely weathered fuel constituents, were detected in nearly all
samples; one sample collected in near-shore sediment contained observable free product. In general, TPH
concentrations were found to decrease with distance from the shoreline and were lower in the South Shoreline
area. VOC detections were infrequent and in isolated locations, and was generally not expected in intertidal
sediment. SVOCs were predominantly PAHs, and showed a poorly developed concentration gradient with
distance from shoreline. SVOCs were generally detected more frequently and at higher concentrations near
the shoreline. Near-shore PAH detections were most likely attributable to NFD Point Molate sources,

whereas distal detections were potentially associated with regional sources. All metals concentrations except
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cadmium were within the values detected during the RWQCB San Francisco Bay Pilot Regional Monitoring
Program (PRC 1994e). Locations and data for the previous sediment sampling are presented in the Shoreline
Investigation Soil and Sediment Data Summary (PRC 1994¢) and the Draft Final Ecological Risk
Assessment Addendum to the Phase II Remedial Investigation Field Work Plan. All Phase II RI data are
included in the offshore ecological risk assessment report (Entrix, Inc. and TtEMI 1999).
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LINEAR REGRESSION PLOT OF TPH WITH TIME
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LINEAR REGRESSION PLOT OF TPH WITH TIME
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PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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FIGURE 4-38
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FIGURE 4-39
NFD POINT MOLATE
FINAL PHASE IT RI REPORT
PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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FIGURE 4-40
NFD POINT MOLATE
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PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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FIGURE 4-41
NFD POINT MOLATE
FINAL PHASE II RI REPORT
PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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FIGURE 4-42
NFD POINT MOLATE
FINAL PHASE II RI REPORT

PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANAYLSIS

SITE 3 WELL MW11-92
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FIGURE 4-43
NFD POINT MOLATE
, FINAL PHASE II RI REPORT
PRODUCT THICKNESS VERSUS TIME - LINEAR REGRESSION ANALYSIS
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FIGURE 4-44
NFD POINT MOLATE
FINAL PHASE II RI REPORT
CUMULATIVE TOTALS OF FREE PRODUCT REMOVED
AT IR SITE 3 AND 4 UNDER VARIOUS PROGRAMS

(LBS) (LBS) (LBS) (LBS) (LBS)

Jun-97 46 46
Jul-97 106 106
Aug-97 _ 180 180
Sep-97 261 261
Oct-97 303 303
Nov-97 303 303
Dec-97 394 394
Jan-98 487 487
Feb-98 532 532
Mar-98 624 624
Apr-98 675 675
May-98 396 142 254 764 1,556
Jun-98 606 170 294 794 1,864
Jul-98 606 823 1,893
Aug-98 920 2,207
Sep-98 924 2,211
Oct-98 089 _ 76 2,351
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NFD Point Molate IR Sites 3 and 4
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Note:

GWTP Groundwater Treatment Plant
SVE Soil Vapor Extraction
TPH Total Petroleum Hydrocarbons
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TABLE 4-1

NFD POINT MOLATE
FINAL PHASE H RI REPORT
IR SITE 1 - WASTE DISPOSAL AREA
SOIL DATA SUMMARY (mg/kg)
(Page 1 of 3)

IIDIESEL RANGE ORGANICS 3 18 910 270 — None
{IGASOLINE RANGE ORGANICS 30 14 47 12,400 2,195 4,100 - None
{7P-5 RANGE ORGANICS 31 20 65 41,000 3,757 7,647 — None
[IMOTOR OIL RANGE ORGANICS 17 7 41 1,400 287 357 - None
IOTHER HEAVY TPH COMPONENTS 14 5 36 520 98 159 - None
| THER LIGHT TPH COMPONENTS 14 il 79 2,300 680 784 None
OLATILE ORGANIC COMPOUNDS © 1 e e . a
J2-BUTANONE 21 4 19 0.190 0.41 1.74 0 6.9E+03
IIAZ-HEXANONE 21 1 5 0.004 0.40 1.74 - None
-METHYL-2-PENTANONE 21 4 19 0.016 0.40 1.74 0 7.5E+02
IACETONE 21 9 43 11.000 0.62 2.38 0 1.4E+03
IBENZENE 25 1 4 0.012 0.06 0.14 0 6.2E-01
ICARBON DISULFIDE - 21 2 10 1.200 0.07 0.26 0 3.5E+02
[ICHLOROMETHANE 21 1 5 0.005 0.40 1.74 0 1.2E+00
lIETHYLBENZENE 25 4 16 10.000 0.74 2.44 0 2.3E+02
|IMETHYL-T-BUTYL ETHER 11 1 9 5.500 18.25 26.98 - None
STYRENE 21 2 10 0.006 0.40 1.74 0 1.7E+03
OLUENE 25 5 20 6.400 0.29 1.27 0 5.2E+02
LENE (TOTAL) ' 25 6 24 93.000 4.76 18.99 - None
EMIVOLATILE ORGANIC. commms ; &
1-METHYLNAPHTHALENE 10 9 90 27.400 10.12 9.71 - None
2-METHYLNAPHTHALENE 24 12 50 39.600 7.20 12.23 - None
HACENAPHTHENE 23 4 17 1.200 0.69 1.07 0 2.6E+03
“‘QCENAPHTHYLENE 23 4 17 3.200 0.61 0.84 - None
NTHRACENE 23 7 30 18.600 1.21 3.84 0 1.4E+04
[IBENZO(A)ANTHRACENE 23 10 43 3.100 0.56 0.81 2 5.6E-01
IBENZO(B)FLUORANTHENE 23 4 17 1.000 0.36 0.56 1 5.6E-01
[IBENZO(K)FLUORANTHENE 23 3 13 0.450 0.37 0.60 0 6.1E-01
lIBENZO(G,H,HPERYLENE 23 1 4 2.100 0.45 0.70 - None
[IBENZO(A)PYRENE 23 4 17 0.620 0.39 0.60 4 5.6E-02
l IS(2-ETHYLHEXYL)PHTHALATE 13 1 8 0.040 0.34 0.29 0 3.2E+01
UTYLBENZYLPHTHALATE 14 7 50 0.061 0.46 0.75 0 9.3E+02
G0069-112B04 112\r report\Table 4-1 to 4-15\6/1/00\rkr




TABLE 4-1

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 1 - WASTE DISPOSAL AREA
SOIL DATA SUMMARY (mg/kg)
(Page 20f3)

EMIVOLATILE ORGANIC COMPOUNDS (CONTINUED):: v L
[ICHRYSENE 24 8 33 1.900 0.48 0.66 0 6.1E+00
[{DIBENZO(A, HJANTHRACENE 23 2 9 0.500 0.40 0.59 2 5.6E-02
[IDIBENZOFURAN 15 6 40 2.400 0.67 0.78 0 2.1E+02
[IDI-N-BUTYLPHTHALATE 14 4 29 0.036 0.53 0.73 0 5.5E+03
HFLUORENE 24 5 2t 18.000 1.19 3.63 0 1.8E+03
IFLUORANTHENE 26 12 46 22.000 1.26 4.32 0 2.0E+03
JINDENO(1,2,3-CD)PYRENE 23 1 4 1.800 0.43 0.67 1 5.6E-01 ||
INAPHTHALENE 24 4 17 43.000 3.12 9.17 0 5.5E+01 ||
[IN-NITROSODIPHENYLAMINE (1) 13 1 8 I . 0.74 0 9.1E+01 ||
IPHENANTHRENE 25 18 72 . . 9.75 - None ||

0

| 26

laaDDE 11 1.7E+00

2 18 0.010 0.00 0.00 0
|l4,4'-DDD 11 3 27 0.028 0.01 0.01 0 2.4E+00
l4,4-DDT 11 3 27 0.047 0.01 0.01 0 1.7E+00
HALPHA-CHLORDANE 11 1 9 0.006 0.00 0.00 - None

1 ] 0

1.6E+00

7.5E+04

18300.000 14007.69 2291.09 0

JJANTIMONY 13 6 46 16.500 6.83 4.13 0 3.0E+01
[IARSENIC 13 9 69 8.500 4.96 2.25 9 3.8E-01
lIBARIUM 13 13 100 325.000 210.46 65.81 0 5.2E+03
[IBERYLLIUM 13 4 31 0.920 0.33 0.36 0 1.5E+02
[lcADMIUM 13 1 8 1.000 0.24 0.29 0 9.0E+00
ICALCIUM 13 13 100 13900.000 4673.08 2975.71 - None
JICHROMIUM 13 13 100 35.600 25.10 5.53 0 2.1E+02 ||
lICOBALT 13 10 77 29.500 10.92 7.65 0 3.3E+03 ||
[}COPPER 13 13 100 229.000 39.88 57.42 0 2.8E+03
[lRON 13 13 100 27200.000 18469.23 4483.93 3 2.2E+04
[ILEAD 13 13 100 240.000 39.29 61.47 1 1.3E+02

AGNESIUM 13 13 100 7880.000 5200.77 1281.09 - None
I ANGANESE 13 13 100 730.000 340.31 167.04 0 | 31E+03

B G0069-112B0404\s\wpdocs99usnavy\ptmolate\ 'l_2\rirepon\'l'uble4-l t0 4-15\6/1/00\rkr
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TABLE 4-1

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 1 - WASTE DISPOSAL AREA
SOIL DATA SUMMARY (mg/kg)

(Page 3 of 3)

 Percent [

Analyte

[METALS (CONTINUED) - 2

{IMERCURY 0.14 2.2E+01

{INICKEL 13 13 100 47.700 31.12 8.29 0 1.5E+02

|[POTASSIUM 13 12 92 3330.000 2436.54 724.66 - None -

llsoDIUM 13 12 92 488.000 350.58 115.14 — None

[[VANADIUM 13 13 100 41.500 35.15 447 0 5.2E+02 ||
448.000 __119.88 | 122, 2.2E+04

OTAL ORGANIC CARBON
Notes:
- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

mg/kg Milligrams per kilogram

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.
Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary statistics
tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-detect, the lowest
non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.

G0069-112B0404\s\wpdocs99iusnavy\ptmolate\cto-112\ri report\Table 4-1 to 4-15V6/1/00\kr




TABLE 4-2

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 1 - WASTE DISPOSAL AREA
GROUNDWATER DATA SUMMARY (pg/L)

TOTAL PETROLEUM HYDROCARBONS' - =0 o

~

VOLATILE ORGANIC. COMPOUNDS

i

|IDIESEL RANGE ORGANICS 3750.88 | 12210.43
IGASOLINE RANGE ORGANICS 23 14 61 10800 830.43 2221.84
JPS RANGE ORGANICS 21 7 33 400000 23043.88 | 86857.18
IMOTOR OIL RANGE ORGANICS 16 2 13 660 351.88 548.71
{[OTHER HEAVY TPH COMPONENTS 6 2 33 7100 1543.58 | 2768.99
{lOTHER LIGHT TPH COMPONENTS 6 5 83 72000 14347.5 | 28384.08
ITPH - BUNKER FUEL (C10-C28) 20 1 5 4460 1032.5 2870.87
[TPH - WEATHERED DIESEL(C8-C26) 1 17 15000 2725.2 33.29

2-BUTANONE 16 2 13 3.13 3.09 0 1904.3478

ACETONE 23 3 19 4.4 5.4 0 6.1E+02

|IBENZENE ” 23 3 13 0.6 1.41 2 0.3864136

{{CHLOROFORM 10 1 6 3.3 3.1 1 1.6E-01

IETHYLBENZENE 23 5 22 3.82 11.68 0 1339.8734

IMETHYL-T-BUTYL ETHER 10 2 20 3.6 3.13

STYRENE 16 1 6 0.4 3.28 3.14 0 1641.0853

TOLUENE 23 4 17 120 5.69 24.93 0 723.42342

VINYL CHLORIDE 16 2 13 0.7 2.43 3.2 2 0.0197747

XYLENE (TOTAL) 23 5 490

ISEMIVOLATILE ORGANIC COMPOUNDS.

1-METHYLNAPHTHALENE 9 3 33 100 16.89 33.43

2,4-DIMETHYLPHENOL 16 2 13 12 6.45 7.32 0 730
2-METHYLNAPHTHALENE 22 12 55 1800 106.64 380.89

4 6-DINITRO-2-METHYLPHENOL 16 2 13 25 16.06 17.95

4-METHYLPHENOL 16 1 6 4 5.94 7.2 0 182.5

4-NITROPHENOL 16 2 13 25 16.06 17.95 0 2263

IACENAPHTHENE 21 5 24 66 8.76 14.32 0 365
NTHRACENE 21 4 19 1.8 4.39 6.82 0 1825

IBENZO(A)ANTHRACENE 21 3 14 0.72 4.33 6.84 3 0.092098

G0069-112B P 99\usnavy' 112\ri report\Table 4-1 1o 4-15\6/1/00\ckr
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TABLE 4-2

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 1 - WASTE DISPOSAL AREA
GROUNDWATER DATA SUMMARY (pg/L)
(Page 2 of 4)

FREQUE
~Total: |
: | Samples | D tect

SEMIVOLATILE ORGANIC COMPOUNDS (CONTINUED) = -
ENZO(A)PYRENE 21 1 5 0.2 429 6.87 1 0.0015
{IBENZO(B)FLUORANTHENE 21 1 5 0.2 4.29 6.87 1 0.092098
{IBENZO(K)FLUORANTHENE 21 1 5 0.1 428 6.88 0 0.9209799
HBIS(2-ETHYLHEXYL)PHTHALATE 16 1 6 3 4.37 4.83 0 4.8022525
{BUTYLBENZYLPHTHALATE 16 1 6 0.9 5.74 7.3 0 7300
{CARBAZOLE 16 3 19 6 6.22 7.07 1 3.3615767
JICHRYSENE 21 2 10 0.73 431 6.86 0 9.2097992
IIDIBENZOFURAN 17 8 47 71 11.04 18.23 2 24.333333
{DIETHYLPHTHALATE 16 1 6 0.9 5.99 7.19 0 29200
{[DI-N-BUTYLPHTHALATE 16 2 13 0.7 6.0 7.2 0 3.7E+03
[FLUORANTHENE 21 5 24 6 4.76 6.73 0 1460
IIFLUORENE 4 21 5 24 44 7.42 10.67 0 243.33333 ‘
IHEXACHLOROCYCLOPENTADIENE 16 2 13 10 6.38 7.21 0 255.5 :
INAPHTHALENE 22 9 41 720 60.61 160.06 8 6.2025408
|IN-NITROSODIPHENYLAMINE (1) 17 1 10.88 21.3 1 13.720721
[lPHENANTHRENE 21 5 7.14 9.32
|IPHENOL 16 1 5.73 7.31 0 21900 ||

21 5 0 182.5

9 9 6856.67 | 6714.23 0 36500

9 2 22 29 7.49 7.08 0 14.6 |

9 7 78 20.2 9.97 7.89 7 0.044821 ||

9 9 100 567 187.3 153.9 0 2555 |l
IBERYLLIUM 9 1 11 11.9 1.49 3.91 0 73 I
{[CADMIUM 9 2 22 12.4 1.97 3.99 0 18.25
[ICALCIUM 9 9 100 96300 43855.56 | 27454.33 Il
JICHROMIUM 9 9 100 56.2 16.56 15.9 |
[[COBALT 9 6 67 39.6 8.57 12.86 0 2190 ||
[[COPPER 9 2 22 53 11.46 16.35 0 1355.7143

G0069- 1 12B0404\s\wpdocs99\usnavy\ptmolate\cto-112\ri report\Table 4-1 to 4-156/1/00\kr




TABLE 4-2

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 1- WASTE DISPOSAL AREA
GROUNDWATER DATA SUMMARY (pg/L)

(Page 3 of 4)
Percent
lotal | Erequency
Analyte mples. | De Detection.
ITOTAL METALS (CONTINUED) e o . .
[IRON 9 9 100 39300 15063.33 | 13176.66 4 10950
[[LEAD 9 7 78 85.7 20.18 27.21 7 4
IIMAGNESIUM 9 9 100 59200 32022.22 | 14824.62
IIMANGANESE 9 9 100 5350 2163.98 | 2085.96 4 1703.09
[MERCURY 9 3 33 0.52 0.15 0.2 0 10.95
(MOLYBDENUM 5 2 40 5.8 1.87 2.39 0 182.5
[INICKEL 9 7 78 76.7 17.9 23.13 0 730
|IPOTASSIUM 9 7 78 9170 3311.11 | 2367.74
SELENIUM 7 3 43 15 4.43 5.2 0 182.5
SODIUM 9 9 100 193000 | 60577.78 | 52252
THALLIUM 9 2 22 6.2 1.67 1.82
'VANADIUM g 9 9 100 56.2 17.98 15.92 0 2555 |l
9 8 89 10950
I . f;; [ 3 39 g SO By S i St
fALUMINUM 9 3 0 36500
[[ANTIMONY 9 1 11 1.6 7.13 7.39 0 14.6 |
{[ARSENIC 9 3 33 9.9 34 3.61 3 0.0448214'
[IBARITUM 9 9 100 185 93.84 54.09 0 2555
[[CALCIUM 9 9 100 87900 41655.56 | 25493.58 "
[[CHROMIUM 9 4 44 6.1 1.81 1.74
[[COBALT 9 4 44 18 3.45 5.72 0 2190 ||
|ICOPPER 9 2 22 2 1.45 0.67 0 1355.7143 |
[IRON 9 8 89 10100 2596.99 | 3555.11 0 10950 ||
[[LEAD 9 2 22 1.7 1.36 0.83 0 4
IMAGNESIUM 9 9 100 51800 29177.78 | 12749
([MANGANESE 9 9 100 4810 1951.39 | 1879.91 4 1703.09
|IMERCURY 9 1 11 0.11 0.06 0.02 0 10.95
[MOLYBDENUM 5 2 40 6 1.91 247 0 182.5
[INICKEL 9 3 33 12.2 3.77 3.89 0 730
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NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 1 - WASTE DISPOSAL AREA
GROUNDWATER DATA SUMMARY (ug/L)

age 4 of 4)
S Frequency
L Analyte Dets
(IDISSOLVED METALS (CONTINUED)
OTASSIUM 9 7 78 4590 2005.33 1368
SELENIUM 7 3 43 4 2.14 1.21 0 182.5
SILVER 9 1 11 1.1 0.68 0.42 0 182.5
SODIUM 9 9 100 181000 59888.89 | 47993.34 -
THALLIUM 9 1 11 48 1.33
'VANADIUM 9 5 56 3 2.48 0 255.5
ZINC 9 7 78 43.8 19.39
IGENERAL CHEMISTRY o .
TOTAL DISSOLVED SOLIDS 9 9 100 739000 | 396222.221] 180910.74 - None ||
OTAL ORGANIC CARBON 2 2 100 18000 10400 | 10748.02 - None ||
Notes: g ‘1
- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

pg/L  Micrograms per liter

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.

Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary
statistics tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-
detect, the lowest non-detect is used. If a detected value is available, the highest detect is used. ’

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.

Extraction wells and soil boring water samples were not included in the frequency of detection or summary statistic calculations. These data are considered field
screening level data because purging and sample collection protocols are not consistent with other monitoring well samples.

G0069-112B0404\s\wpdocs9F\usnavy\ptmolateicto-112\ri report\Table 4-1 to 4-15\6/1/00\rkr




TABLE 4-3

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 3 - TREATMENT PONDS AREA
SOIL DATA SUMMARY (mg/kg)
(Page 1 of 3)
T Percent |
| Frequency| Maxin
| Detection | Detec

sy lan el s

i -Analyte il
TOTAL PETROLEUM HYDROCARBO

DIESEL RANGE ORGANICS 30

[[GASOLINE RANGE ORGANICS 12 17,000 430 2,460 - None
|bP-5 RANGE ORGANICS 9 15,000 351 1,745 — None
[MOTOR OIL RANGE ORGANICS 52 19,000 2,458 4,678 ~ None
{OTHER HEAVY TPH COMPONENTS 44 25,000 933 3,142 —~ None

{lOTHER LIGHT TPH COMPONENTS
TPH - BUNKER FUEL (C10-C28)
TPH - DIESEL F-76 (C8-C28)
VOLATILE ORGANIC COMPOUNDS

2-BUTANONE 22 2 9 0.017 0.84 1.78 0 6.9E+03
ACETONE - 22 10 45 7.900 0.99 2.05 0 1.4E+03
WBENZENE 86 6 7 0.690 0.11 0.70 1 6.2E-01
{ETHYLBENZENE 86 18 21 7.300 0.25 1.13 0 2.3E+02
(METHYLENE CHLORIDE 22 7 32 0.023 0.85 1.79 0 8.5E+00
[TETRACHLOROETHENE 22 1 5 0.006 0.85 1.78 0 4.7E+00
[TOLUENE 86 22 26 9.900 0.37 1.44 0 5.2E+02
E_\@ENE (TOTAL) 86 44 51 29.000 - None
1-METHYLNAPHTHALENE 8 6 75 34.000 12.52 14.20 - None
2-METHYLNAPHTHALENE 20 11 55 52.000 12.32 17.87 — None
IACENAPHTHENE 20 1 5 0.290 5.69 7.92 0 2.6E+03
ACENAPHTHYLENE 20 1 5 1.700 5.65 7.95 - None
ANTHRACENE 20 5 25 1.000 5.61 7.97 0 1.4E+04
IBENZO(A)ANTHRACENE 20 8 40 9.210 6.62 7.63 6 5.6E-01
[IBENZO(B)FLUORANTHENE 20 1 5 2.200 5.58 8.00 1 5.6E-01
lCHRYSENE 20 9 45 1.300 3.61 6.72 0 6.1E+00
IFLUORANTHENE 20 3 15 1.900 5.28 8.10 0 2.0E+03

G0069-112B0404\s\project\ptmolate\t 12\phase ii ri report\Table 4-1 !2_&-1 5\6/1/00\rkr
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TABLE 4-3
NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 3 - TREATMENT PONDS AREA
SOIL DATA SUMMARY (mg/kg)
(Page 2 of 3)

(SEMIVOLATILE ORGANIC COMPOUNDS (conmrman) e e e T
FLUORENE 20 5 25 6.8 ) 2.9 0 1.8E+03 ||
[[PHENANTHRENE 20 17 85 25.0 ] 6.3 - None ||
{IPYRENE 20 11 55 9.2 0 1.5E+03 ||
fALUMINUM 14 14 100 20,800 14,803 3,366 0 7.5E+04
{lARSENIC 14 14 100 15.2 43 4.5 14 3.8E-01 ||
([BARTUM 14 14 100 235 113 60 0 5.2E+03 ||
|IBERYLLIUM 14 8 57 1.1 0.6 0.3 0 1.5E+02 |
flcADMIUM 14 3 21 1.9 0.6 0.5 0 9,0E+00
llcALcruM 14 14 100 18,500 8,304 3,996 — None
{lcCHROMIUM 1 14 14 100 70.6 22.1 16.8 0 2.1E+02
[coBALT 14 13 93 17.2 8.4 3.6 0 3.3E+03
[coPPER 14 8 57 155 27 38 0 2.8E+03
fIRON 14 14 100 31,000 18,686 5,574 4 2.2E+04
{lLEAD 19 18 95 37.9 12.2 8.4 0 1.3E+02
([LEAD, ORGANIC 16 3 19 5.3 0.7 1.3 3 5.5E-03
IIMAGNESIUM 14 14 100 10,700 4,910 1,973 — None
[IMANGANESE 14 14 100 510 284 93 0 3.1E+03
[[MERCURY 12 4 33 0.2 0.1 0.1 0 2.2E+01 ||
INICKEL 14 14 100 81.3 28.3 16.9 0 1.5E+02
POTASSIUM 14 11 79 3,870 2,774 826 - None
SELENIUM 14 2 14 0.5 0.3 0.1 0 3.7E+02
SILVER 12 1 8 1.1 0.4 0.2 0 3.7E+02
SODIUM 14 4 29 2,590 733 929 - None
VANADIUM 14 14 100 69.3 31.9 13.9 0 5.2E+02
ZINC 14 14 100 191 67 42 0 2.2E+04

G0069-112B0404\s\project\ptmolate\] 12\phase i ri report\Table 4-1 to 4-15\6/1/00\vkr



TABLE 4-3

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 3 - TREATMENT PONDS AREA
SOIL DATA SUMMARY (mg/kg)
(Page 3 0f3)

IIBIOCHEMICAL OXYGEN DEMAND
{ITOTAL ORGANIC CARBON

Notes:

- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

mg/kg Milligrams per kilogram

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

100 24,000 12,075 9,216 = None ||

Analytes not detected in-any laboratory analysis are not presented in this table.
Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary
statistics tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-
detect, the lowest non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated-into the calculation of the mean for each analyte using a value of one-half the detection limit.
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TABLE 44

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 3 - TREATMENT PONDS AREA
GROUNDWATER DATA SUMMARY (ng/L)
(Page 1 of 3)

- Percent
[Frequency
. s o | Detection’
OTAL PETROLEUM HYDROCARBONS L ahe
[IDIESEL RANGE ORGANICS 56 18
IIGASOLINE RANGE ORGANICS 84 41
JP-5 RANGE ORGANICS 77 4
IMOTOR OIL RANGE ORGANICS 56 7
JJIOTHER HEAVY TPH COMPONENTS 58 13
[OTHER LIGHT TPH COMPONENTS 58 58 100
TPH - BUNKER FUEL (C10-C28) 77 53 69
TPH - DIESEL F-76 (C8-C28) 45 3 7 -
VOLATILE ORGANIC COMPOUNDS” | oz |
1,1-DICHLOROETHENE 75 1 1 1 9.12 57.55 1 4.6E-02
1,2-DICHLOROETHANE 75 1 1 0.4 8.84 57.58 1 1.2E-01
1,2-DICHLOROETHENE (TOTAL) 75 5 7 710 18.65 99.28 - None
1,3-DICHLOROBENZENE 58 2 3 1 14.93 65.35 0 1.7E+01
1,4-DICHLOROBENZENE 58 6 10 5 15.01 65.33 6 4.7E-01
2-BUTANONE 75 11 15 41 11.76 57.96 0 1.9E+03
2-HEXANONE 75 2 3 29 10.3 57.8 — None ||
-METHYL-2-PENTANONE 75 1 1 19 10.2 57.8 0 1.6E+02
ACETONE 75 10 13 32 11.5 57.8 0 6.1E+02
BENZENE 84 43 51 62 4.8 9.4 41 3.9E-01
ROMODICHLOROMETHANE 75 1 1 2 9.1 57.5 1 1.8E-01
{{CARBON DISULFIDE 75 2 3 0.6 9.1 57.5 0 1.0E+03
[ICHLOROBENZENE 75 14 19 180 17.0 64.0 5 3.9E+01
[[CHLOROFORM 75 15 20 19 9.6 57.5 15 1.6E-01
{ICHLOROMETHANE 75 1 1 3 9.1 57.5 1 1.5E+00
[ETHYLBENZENE 84 27 32 29 1.6 4.4 0 1.3E+03
M,P-XYLENE 2 2 100 49 25.0 33.9 - None
IMETHYLENE CHLORIDE 75 1 1 1 9.3 57.6 0 4,3E+00
IMETHYL-T-BUTYL ETHER 11 7 64 84 16.0 24.3 - None
[lO-XYLENE 5 1 20 10.3 4.9 6.0 0 1.4E+03
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TABLE 4-4

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 3 - TREATMENT PONDS AREA
GROUNDWATER DATA SUMMARY (ng/L)

(Page 2 of 3)
Percent
VOLATILE ORGANIC COMPOUNDS (CONTINUED) e S a
TETRACHLOROETHENE 75 1 1 13 93 57.5 1 1.1E+00
TOLUENE 84 35 42 38.5 3.8 7.7 0 7.2E+02
CHLOROETHENE : 75 7 9 52 9.8 57.8 2 1.6E+00

'VINYL CHLORIDE 75 2 3 260 12.3 64.5 2 2.0E-02
XYLENE (TOTAL _ 84 45 54 83 7.7 14.8 None
ISEMIVOLATILE ORGANIC COMPOUNDS. e E

1-METHYLNAPHTHALENE ) 2.5 ) None
2,4-DIMETHYLPHENOL 2 4 0.5 15.4 66.5 0 7.3E+02
D -METHYLNAPHTHALENE 35 57 210 15.3 30.7 - None

,6-DINITRO-2-METHYLPHENOL 3 5 3 38.4 167.6 - None
4-BROMOPHENYL-PHENYLETHER 1 2 1 15.4 65.3 - None
4-.METHYLPHENOL 7 13 6 14.8 66.5 0 1.8E+02
4-NITROPHENOL 6 11 3 389 166.1 0 2.3E+03 ||
ACENAPHTHENE 22 36 7 13.4 63.7 0 3.7E+02 ||
ANTHRACENE 2 3 1 14.6 63.8 0 1.8E+03 |l
BENZO(A)ANTHRACENE 2 3 0.4 14.6 63.8 2 9.2E-02 |f

ENZO(A)PYRENE 1 2 0.3 15.0 64.8 1 1.5E-03

IS(2-ETHYLHEXYL)PHTHALATE 7 12 140 10.2 20.7 3 4.8E+00
[BUTYLBENZYLPHTHALATE 6 10 0.7 15.2 65.4 0 7.3E+03
[CHRYSENE 2 3 1 14.3 63.8 0 9.2E+00
{IDIBENZOFURAN 15 26 3 27.8 163.5 0 2.4E+01
[[DIETHYLPHTHALATE 2 3 12 15.6 65.3 0 2.9E+04
[DI-N-BUTYLPHTHALATE 7 12 1 15.3 65.3 0 3.7E+03 |
IFLUORANTHENE 4 7 0.9 14.2 63.8 0 1.5E+03 ||
[FLUORENE 26 43 13 13.9 63.8 0 2.4E+02 ||
[[HEXACHLOROCYCLOPENTADENE 6 10 1 15.5 65.3 0 2.6E+02 |f
INAPHTHALENE 3 5 4 14.5 64.3 0 6.2E+00 |
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TABLE 4-4

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 3 - TREATMENT PONDS AREA
GROUNDWATER DATA SUMMARY (pg/L)
(Page 3of 3)

SEMIVOLATILE ORGANIC. COMPOUNDS {CONTINUED) " ciov v vin e il o s e i e i —F
IN-NITROSODIPHENYLAMINE (1) 58 5 9 580 17 76 2 1.4E+01
PENTACHLOROPHENOL 55 2 4 3 384 167.6 2 5.6E-01
PHENANTHRENE 61 13 21 24 15.0 63.8 - None
IPHENOL 35 1 2 04 153 67.1 0 2.2E+04

61 0 1.8E+02 4

BIOLOGICAL OXY GEN DEMAND 85,000 35,4-60 28,325 None
((CHLORIDE 29 29 100 5,000,000 523,231 1,010,113 — None
IFLUORIDE 29 29 100 1,200 709 193 0 2.2E+03
[INITRATE 29 3 10 5,700 405 1,215 0 1.0E+04
[lORTHOPHOSPHATE 29 9 31 2,500 262 458 — None
[[SULFATE 29 15 52 14,000,000 511,624 2,595,472 — None
HTOTAL DISSOLVED SOLIDS 16 16 100 12,500,000 1,772,438 3,153,354 — None
JIJTOTAL ORGANIC CARBON 11 11 100 25,000 18,418 6,252 — None

Notes: .

- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

pg/L  Micrograms per liter
PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.

Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary statistics
tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-detect, the lowest
non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.

Extraction wells and soil boring water samples were not included in the frequency of detection or summary statistic calculations. These data are considered field screening
level data because purging and sample collection protocols are not consistent with other monitoring well samples.
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TABLE 4-5

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - NORTH SHORELINE
SOIL DATA SUMMARY (mg/kg)
(Page1o0of1)

. FREQUENCY | Percent
Tota

amp

Detected | Frequenc

[TOTAL PETROLEUM HYDROCARBONS

| Detection | Detection

2.100

603

{OTHER HEAVY TPH COMPONENTS 7
[[OTHER LIGHT TPH COMPONENTS 7 92 - 30
[[TPH - BUNKER FUEL (C10-C28) 7 9,000 2,535

Notes:
- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

mg/kg  Milligrams per kilogram
PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil

TPH Total petroleum hydrocarbons

Analytes not detected in any lat oratory analysis are not presented in this table.

Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary
statistics tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are
non-detect, the lowest non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.
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TABLE 4-6

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - NORTH SHORELINE
GROUNDWATER DATA SUMMARY (pg/L)
(Page 1 of 3)

‘OTAL PETROLEUM HYDROCARBONS.
lOTHER HEAVY TPH COMPONENTS
OTHER LIGHT TPH COMPONENTS 10

’OLATILE ORGANIC COMPOUNDS_ \
fl1,1-DICHLOROETHENE 12 2 17 0.4 1.9 2 4.6E-02
[l1,2-DICHLOROETHENE (TOTAL) 12 7 58 5 1.7 - None
((BENZENE 12 1 8 0.2 1.4 0 3.9E-01
[[CARBON DISULFIDE 12 5 42 1 1.7 0 1.0E+03
[TRICHLOROETHENE 12 5 42 3 1.5 4 1.6E+00

12 1 8 0.3 1.4 N

I EMIVOLATILE ORGANIC COMFOUND:

[BIS(2-ETHYLHEXYL)PHTHALATE 5 1 20 2 6.4 5.0 0 4.8E+00 |l
IBUTYLBENZYLPHTHALATE 5 2 40 0.7 3.4 2.5 0 7.3E+03 ||
[DI-N-BUTYLPHTHALATE 5 1 20 0.8 43 1.9 0 3.7E+03
IF; ENOL 5 1 0 2.2E+04
{ALUMINUM 8 8 100 17,300 4,937 6,153 0 3.7E+04
(IARSENIC 8 2 25 5.4 2.3 1.5 2 4.5E-02 |
IBARTUM 8 8 100 227 104 63 0 2.6E+03
flcALcruM 8 8 100 11,700 9,121 2,227 - None
lcErROMIUM 8 5 63 44 13.8 15.1 - None
fCOBALT 8 4 50 12.6 3.9 39 0 2.2E+03 l
lCOPPER 8 2 25 18.3 5.0 6.9 0 1.4E+03
firRON 8 8 100 14,500 4,291 4,862 1 1.1E+04 ||
ILEAD 8 5 63 7.6 1.9 23 1 4.0E+00
IMAGNESTUM 8 8 100 21,400 16,630 | 4,295 - NochJ
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TABLE 4-6

NFD POINT MOLATE
FINAL PHASE I RI REPORT
IR SITE 4 - NORTH SHORELINE

GROUNDWATER DATA SUMMARY (png/L)

(Page 2 of 3)
| , i
[TOTAL METALS (CONTINUED)
((MANGANESE 8 8 100 569 292 154 0 1.7E+03
IIMERCURY 8 1 13 0.18 0.09 0.04 0 1.1E+01
[INICKEL 8 6 75 33.4 13.5 10.1 0 7.3E+02
[[POTASSIUM 8 6 75 4,540 2,121 1,387 None
SILVER 6 2 13 3 1.7 1.0 0 1.8E+02
SODIUM 8 8 100 217,000 157,300 | 52,464 - None
THALLIUM 8 2 25 3 3.9 3.9 - None
VANADIUM 8 5 63 35.1 9.3 12.7 0 2.6E+02
ZINC 8 1 13 7.2 114 12.0 0 1.1E+04
S RCTRWA T TTE
LUMINUM 6 1 3.7E+04
([BARTUM 6 6 100 927 61.2 23.2 0 2.6E+03 ||
llcALCIUM 6 6 100 11,500 9,163 1,655 - None
{CHROMIUM 6 1 17 10.4 3.0 3.7 — None
[[COBALT 6 1 17 44 1.7 1.3 0 2.2E+03
|lcoPPER 6 1 17 7.8 2.2 2.8 0 1.4E+03
[RON 6 4 67 1,690 383 654 0 1.1E+04
{ILEAD 6 2 33 1.8 0.8 0.6 0 4.0E+00
GNESIUM 6 6 100 18,600 16,500 2,373 - None
NGANESE 6 6 100 383 159 111 0 1.7E+03
INICKEL 6 6 100 9.9 6.9 2.9 0 7.3E+02
[POTASSIUM 6 5 83 2,170 1,150 604 - None
SELENIUM 6 1 17 15.5 3.5 5.9 0 1.8E+02
SODIUM 6 6 100 217,000 170,250 | 53,580 None
[VANADIUM 6 2 33 5 1.6 1.7 0 2.6E+02
ZINC 6 3 50 13 5.7 4.4 0 1.1IE+04
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TABLE 4-6
NEFD POINT MOLATE
FINAL PHASE II RI REPORT

IR SITE 4 - NORTH SHORELINE
GROUNDWATER DATA SUMMARY (ug/L)

(Page 3 of 3)
Détectéd ¢

||BIOCHEMICAL OXYGEN DEMAND 1 B 100 26,000 26,000 0 - None
[[CHLORIDE 3 3 100 250,000 183,333 | 76,376 ~ None
llFLUORIDE 3 3 100 840 570 376 0 2.2E+03
NITRATE 3 2 67 400 158 210 0 1.0E+04
{ORTHOPHOSPHATE 3 1 33 290 163 110 - None
(SULFATE 3 3 100 23,000 20,667 2,082 -~ None
TOTAL DISSOLVED SOLIDS 1 1 100 200,000 200,000 0 - None
JITOTAL ORGANIC CARBON 2 2 100 2,700 2,100 849 —~ None
Notes: -

- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

pg/lL  Micrograms per liter
PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil

TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.

Field duplicate samples were not included in frequency of detection or summary statistical calculations.
Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary statistics
tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-detect, the

lowest non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.

Extraction wells and soil boring water samples were not included in the frequency of detection or summary statistic calculations. These data are considered ficld

screening level data because purging and sample collection protocols are not consistent with other monitoring well samples.
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TABLE 4-7

NFD POINT MOLATE
FINAL PHASE II RTI REPORT
IR SITE 4 - DRUM LOT NO. 1

SOIL DATA SUMMARY (mg/kg)
(Page 1 of 3)

" FREQUENCY_ | Percent |

TOTAL PETROLEUM HYDROCARBO L e
IDIESEL RANGE ORGANICS 4 17 767 3,128 - None
GASOLINE RANGE ORGANICS 5 15 592 2,234 — None
-5 RANGE ORGANICS 8 24 785 2,323 - None
IMOTOR OIL RANGE ORGANICS 5 56 175 289 — None
|[OTHER HEAVY TPH COMPONENTS 7 29 220 599 - None
{{OTHER LIGHT TPH COMPONENTS 14 58 277 505 - None

H - BUNKER FUEL (C10-C28) 9 1,684 — None
[TPH - DIESEL F-76 (C8-C28) 1 217 R None

VOLATILE ORGANIC COMPOUNDS

2-HEXANONE 15 1 7 None
IACETONE 15 9 60 0.10 0.23 0 1.4E+03
[BENZENE 35 1 3 0.02 0.03 0 6.2E-01
ICARBON DISULFIDE 15 4 27 0.01 0.02 0 3.5E+02
{ETHYLBENZENE 35 3 9 0.13 0.66 0 2.3E+02
IMETHYLENE CHLORIDE 15 6 40 0.02 0.02 0 8.5E+00
TOLUENE 35 6 17 0.03 0.03 0 5.2E+02
XYLENE (TOTAL) 35 14 None
SEMIVOLATILE ORGANIC COMPOUNDS: - ’
1-METHYLNAPHTHALENE 9 2 22 0.99 2.27 - None
2-METHYLNAPHTHALENE 15 3 20 0.85 1.69 - None
ACENAPHTHYLENE 15 1 7 0.18 0.20 - None
ANTHRACENE 15 2 13 0.14 0.20 0 1.4E+04
ENZO(A)ANTHRACENE 15 5 33 0.18 0.32 1 5.6E-01
ENZO(B)FLUORANTHENE 15 1 7 0.14 0.20 0 5.6E-01
BENZO(K)FLUORANTHENE 15 1 7 0.18 0.24 1 6.1E-01
BUTYLBENZYLPHTHALATE 6 2 33 0.26 0.26 0 9.3E+02
[CHRYSENE 15 5 33 0.12 0.19 0 6.1E+00
|IDIBENZO(A , HJANTHRACENE 15 1 7 0.18 0.23 1 5.6E-02
[[FLUORANTHENE 15 5 33 0.15 0.21 0 2.0E+03
G0069-112B0404\s\wpdocs99\usnavy\ptmolate\cto-112\ri report\Table A—I:o 4-15\6/1/00\rkr
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TABLE 4-7
NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - DRUM LOT NO. 1
SOIL DATA SUMMARY (mg/kg)
SEMIVOLATILE ORGANIC COMPOUNDS (CON T sy
FLUORENE 15 2 0.150 1.8E+03
INAPHTHALENE 15 2 13 0.880 0.25 0.26 5.5E+01
[N-NITROSODIPHENYLAMINE (1) 6 1 17 0.260 0.26 0.06 9.1E+01
[PHENANTHRENE 15 4 27 1.100 0.23 None
15 4 1.5E+03

IALUMINUM 7 7 100 22,400 | 17,086 3,982 0 7.5E+04
[[ANTIMONY 7 1 14 9.2 4.7 2.1 0 3.0E+01
H{ARSENIC 7 6 86 14.5 6.9 4.9 6 3.8E-01
{(BARIUM 7 7 100 96.2 63.6 25.4 0 5.2E+03
IIBERYLLIUM 7 6 86 0.8 0.6 0.2 0 1.5E+02
[ICADMIUM 7 1 14 1.2 0.6 0.3 0 9,0E+00
flcALCTUM 7 7 100 7,650 6,084 1,217 - None
{{CHROMIUM 7 7 100 67 41.1 23.9 0 2.1E+02
{[COBALT 7 5 71 10.8 8.2 2.0 0 3.3E+03
{[COPPER 7 6 86 35.6 23.8 12.0 0 2.8E+03
JIRON 7 7 100 30,000 22,900 7,769 5 2.2E+04
ILEAD 7 7 100 59.7 17.9 18.7 0 1.3E+02 |
{ILEAD, ORGANIC 6 1 17 0.62 0.35 0.13 1 5.5E-03
{IMAGNESIUM 7 7 100 11,900 7,130 3,545 - None
[IMANGANESE 7 7 100 303 265 48 0 3.1E+03
IMERCURY 6 3 50 2.1 0.8 0.9 0 2.2E+01
IINICKEL 7 7 100 72.7 45.3 22.6 0 1.5E+02
{lPOTASSTUM 7 5 71 3,770 2,914 906 — None
SELENIUM 7 1 14 0.66 0.46 0.18 0 3.7E+02
SILVER 7 1 14 0.71 0.34 0.17 0 3.7E+02
SODIUM 7 6 86 4,170 2,724 1,774 - None
VANADIUM 7 7 100 68.2 43.6 18.8 0 5.2E+02
ZINC 7 7 100 122 64 29 0 2.2E+04 ||
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TABLE 4-7

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - DRUM LOT NO. 1

SOIL DATA SUMMARY (mg/kg)
(Page 3of3)

[GENERAL CHEMISTRY
IBIOCHEMICAL OXYGEN DEMAND | 1

Notes:

- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

mg/kg  Milligrams per kilogram

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.

Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary
statistics tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. 1f muitiple results are non-
detect, the lowest non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.
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TABLE 4-8

NFD POINT MOLATE

FINAL PHASE II RI REPORT
IR SITE 4 - DRUM LOT NO. 1

GROUNDWATER DATA SUMMARY (ng/L)

(Page 1 of 5)

Percent

TOTAL PETROLEUM HYDROCARBONS

‘| Detection |

56

1 800 000

42,694

274,373

None

[DIESEL RANGE ORGANICS e —~
IGASOLINE RANGE ORGANICS 64 24 38 3,000 250 558 - None
[7P-4 RANGE ORGANICS 30 3 10 3,000 640 975 - None
{iP-5 RANGE ORGANICS 59 3 5 2,100,000 35,906 273,361 - None
{MOTOR OIL RANGE ORGANICS 43 5 12 460 4,900 30,463 - None
[OTHER HEAVY TPH COMPONENTS 33 11 33 3,900 415 786 - None
{OTHER LIGHT TPH COMPONENTS 24 20 83 7,700 850 1,649 - None
[[TPH - BUNKER FUEL (C10-C28) 59 19 32 28,000 2,896 6,149 - None
""r’m WEATHERED DIESEL (C8-C26) 19 1 530 57 117 None

LATILE ORGANIC COMPOUNDS. = i L G
1,1-DICHLOROETHENE 59 1 2 ] 2.2 2.3 1 4.6E-02
1,2-DICHLOROBENZENE 50 1 2 0.55 2.8 3.8 0 3.7E+02
1,2-DICHLOROETHENE (TOTAL) 59 15 25 11 2.4 2.6 — None
1,3-DICHLOROBENZENE 50 1 2 0.52 2.8 3.8 0 1.7E+01
1,4-DICHLOROBENZENE 50 1 2 0.51 2.8 3.8 1 4.7E-01
2-BUTANONE 59 3 5 13 3.8 8.3 0 1.9E+03
4-METHYL-2-PENTANONE 59 4 7 18 4.0 8.5 0 1.6E+02
ACETONE 59 7 12 13 4.2 8.4 0 6.1E+02

ENZENE 64 25 39 73 3.7 10.4 22 3.9E-01
ROMODICHLOROMETHANE 59 1 2 1.2 2.2 2.2 1 1.8E-01
ROMOFORM 57 1 2 3.3 2.3 2.3 0 8.5E+00
CARBON DISULFIDE 59 8 14 2.7 2.1 2.2 0 1.0E+03
[[CARBON TETRACHLORIDE 59 2 3 17 1.9 3.0 2 1.7E-01
[CHLOROFORM 59 4 7 9.9 2.2 2.5 4 1.6E-01
[[CHLOROMETHANE 59 3 5 4 2.1 2.2 1 1.5E+00
[(C1S-1,2-DICHLOROETHENE 10 1 10 1 2.2 3.9 0 6.1E+01
[[DIBROMOCHLOROMETHANE 59 1 2 1.4 2.2 2.2 1 1.0E+00
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TABLE 4-8

NFD POINT MOLATE

FINAL PHASE II RI REPORT

IR SITE 4 - DRUM LOT NO. 1
GROUNDWATER DATA SUMMARY (ug/L)

/OLATILE ORGANIC COMPOUNDS (CON ).

IETHYLBENZENE 64 26 41 65 2.2 8.3 0 1.3E+03
[IM,P-XYLENE 3 1 33 13 . 4.7 7.2 - None
[IMETHYLENE CHLORIDE 59 1 2 1 2.4 3.6 0 4.3E+00
[[METHYL-T-BUTYL ETHER 13 6 46 18 5.3 4.8 — None
[l0O-XYLENE 13 1 8 3.2 1.9 3.5 0 1.4E+03
TETRACHLOROETHENE 59 2 3 1.9 2.2 2.3 1 1.1E+00
TOLUENE 64 27 42 17.5 1.9 3.4 0 7.2E+02
CHLOROETHENE 59 7 12 6 2.1 2.3 2 1.6E+00
VINYL CHLORIDE 59 7 12 19 2.3 34 7 2.0E-02
[XYLENE (TOTAL 64 20 31 84 - None

|SEMIVOLATILE GRGANIC COMPOU?

13 17 2.6 5.8 - None

1-METHYLNAPHTHALENE 8 1
2,4-DIMETHYLPHENOL 49 1 2 0.07 3.1 3.8 0 7.3E+02
2-METHYLNAPHTHALENE 52 7 13 13 2.9 4.0 - None
4,6-DINITRO-2-METHYLPHENOL 49 3 6 3 8.8 9.0 - None
4-METHYLPHENOL 49 2 4 12 3.3 4.0 0 1.8E+02
-NITROANILINE , 50 1 2 0.2 8.8 9.0 — None
4-NITROPHENOL 49 5 10 3 8.9 8.9 0 2.3E+03
CENAPHTHENE 52 3 6 0.3 3.1 3.7 0 3.7E+02
BENZO(A)PYRENE 51 1 2 0.1 3.0 3.8 1 1.5E-03
(BENZO(K)FLUORANTHENE 51 1 2 0.1 3.0 3.8 0 9.2E-01
{BIS(2-ETHYLHEXYL)PHTHALATE 50 8 16 26 3.7 5.1 4 4.8E+00
[[BUTYLBENZYLPHTHALATE 50 4 8 2 3.0 3.7 0 7.3E+03
[|[CHRYSENE 52 1 2 0.3 3.0 3.8 0 9.2E+00
[[DIBENZO(A , H)ANTHRACENE 51 1 2 0.5 3.0 3.8 1 9.2E-03
{IDIETHYLPHTHALATE 50 4 8 2 3.2 3.7 0 2.9E+04
lIDI-N-BUTYLPHTHALATE 50 11 22 2 3.2 3.7 0 3.7E+03
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TABLE 4-8

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - DRUM LOT NO. 1
GROUNDWATER DATA SUMMARY (pg/L)

[IDI-N-OCTYLPHTHALATE 49 1 2 0.08 32 3.8 0 7.3E+02
|[FLUORANTHENE 52 4 8 2.4 2.8 3.7 0 1.5E+03
[FLUORENE 52 10 19 7 2.8 3.7 0 2.4E+02
[[HEXACHLOROCYCLOPENTADIENE 50 8 16 1 3.3 3.7 0 2.6E+02
[PENTACHLOROPHENOL 49 2 4 3 8.8 9.0 2 5.6E-01
[PHENANTHRENE 52 2 4 2 3.0 3.7 —~ None
{PHENOL 49 1 2 0.2 3.1 3.8 0 2.2E+04
l YRENE 5 0 1.8E+02
OTALMETALS ‘
[[ALUMINUM 16 15 94 50,500 14,172 16,299 3 3.7E+04
HANTIMONY - 16 2 13 54 11.3 5.6 0 1.5E+01
[[ARSENIC 16 8 50 24.1 9.6 7.2 8 4.5E-02
[BARTUM 16 16 100 684 220 185 0 2.6E+03
ERYLLIUM 16 3 19 2.7 0.5 0.6 0 7.3E+01
{CADMIUM 16 1 6 10.7 1.5 2.6 0 1.8E+01
llcaLctuM 16 16 100 121,000 53,338 29,789 ~ None
[[CHROMIUM 16 12 75 77.9 24.8 28.6 -~ None
[[COBALT 16 10 63 53.1 12.0 15.1 0 2.2E+03
[lcoPPER 16 8 50 90.4 24.1 29.3 0 1.4E+03
{IRON 16 16 100 51,300 17,349 15,279 9 1.1E+04
{ILEAD 16 14 38 150.0 42.7 51.3 12 4.0E+00
[IMAGNESIUM 16 16 100 334,000 68,313 80,148 —~ None
IMANGANESE 16 16 100 4,040 1,923 1,178 8 1.7E+03
{MERCURY 16 6 38 3.0 0.5 0.8 0 1.1E+01
[NICKEL 16 11 69 98.2 30.9 32.6 0 7.3E+02
IPOTASSTUM 16 16 100 131,000 34911 33,814 — None
ISELENIUM 13 3 23 28.8 5.6 9.1 0 1.8E-+02
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TABLE 4-8

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - DRUM LOT NO. 1
GROUNDWATER DATA SUMMARY (ug/L)

SILVER 14 2 14| 3 1.0 0.9 0 1.8E+02
SODIUM 16 16 100 3,640,000 737,694 885,243 - None
THALLIUM 16 2 13 3 3.5 3.9 — None
VANADIUM 16 12 75 116 33.4 38.2 0 2.6E+02
ZINC 16 9 56 195 | 572 65.4 0 1.1E+04
[IDISSOLVED METALS* o e w L
ALUMINUM 5 36 174 315 0 3.7E+04
[ARSENIC 5 36 6.6 2.9 1.9 5 4.5E-02
IBARIUM 14 14 100 212 99.4 72.6 0 2.6E+03
licALCcIUM , 14 14 100 113,000 47,557 28,725 — None
{lcHrROMIUM 14 2 14 2.6 1.2 0.6 - None
[coPPER 14 3 21 8.9 3.1 3.8 0 1.4E+03
[IRON 14 13 93 2,560 1,080 857 0 1.1E+04
{LEAD 14 7 50 4.6 1.7 1.4 1 4.0E+00
IIMAGNESIUM 14 14 100 314,000 67,171 78,306 - None
[[MANGANESE 14 13 93 3,800 1,297 1,092 4 1.7E+03
[IMERCURY 14 1 7 0.095 0.05 0.01 0 1.1E+01
{MOLYBDENUM 4 1 25 4.8 2.0 2.0 0 1.8E+02
CKEL 14 3 21 9 2.7 2.5 0 7.3E+02
POTASSIUM 14 14 100 122,000 32,043 31,728 - None
SELENIUM 12 1 8 2.7 2.0 2.0 0 1.8E+02
SODIUM 14 14 100 3,570,000 790,071 876,135 None
THALLIUM 14 1 7 2.8 3.1 3.8 - None
VANADIUM 14 6 43 8.5 5.5 8.5 0 2.6E+02
ZINC 14 1 7 40.6 5.6 10.6 0 1.1E+04
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TABLE 4-8

NFD POINT MOLATE
FINAL PHASE IT RI REPORT
IR SITE 4 - DRUM LOT NO. 1
GROUNDWATER DATA SUMMARY (pg/L)

O

(Page 5 of 5)
- Percent
, Frequency - Maximur
: etected | Detection | - Detectio)
IIBIOCHEMICAL OXYGEN DEMAND 4 4 24,000 14,750 6,292 - None
|ICHLORIDE 11 11 1,600,000 433,000 466,598 - None
IIFLUORIDE 11 11 1,100 751 160 0 2.2E+03
INITRATE 12 4 640 129 180 0 1.0E+04
(INITRITE 12 1 60 48.8 64.5 0 1.0E+03
{{ORTHOPHOSPHATE 12 8 1,100 380 355 - None
JISULFATE i1 11 1,300,000 148,936 383,226 - None
[[TOTAL DISSOLVED SOLIDS 20 20 23,400,000 | 3,808,700 6,761,389 - None .
[ITOTAL ORGANIC CARBON 5 5 12,000 8,860 1,928 Z None .
Notes: B i
- Not Applicable .

BTEX Benzene, toluene, ethylbenzene, and xylene

pg/L  Micrograms per liter

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.
Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary statistics
tables. Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-detect, the lowest
non-detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.

Extraction wells and soil boring water samples were not included in the frequency of detection or summary statistic calculations. These data are considered field screening
level data because purging and sample collection protocols are not consistent with other monitoring well samples.
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TABLE 4-9

NFD POINT MOLATE
FINAL PHASE IT Rl REPORT
IR SITE 4 - SOUTH SHORELINE
SOIL DATA SUMMARY (mg/kg)

Freau

OTAL: PETROLEUM HYDROCARBONS " =

| Detection

S
e AR

|IDIESEL RANGE ORGANICS 13 63 125 - None
IGASOLINE RANGE ORGANICS 32 1 3 91 7 17 - None

-5 RANGE ORGANICS 24 8 210 18 46 - None
[MOTOR OIL-RANGE ORGANICS 13 11 85 427 150 -152 - None
([OTHER HEAVY TPH COMPONENTS 19 5 26 3,300 438 1,006 - None

[IOTHER LIGHT TPH COMPONENTS

l H - WEATHERED DIESEL (C8-C26)
R'jon

ATILE ORGANIC COMPOUNDS 2|
{ACETONE 13 5 38 0.140 0.02 0.04 0 1.4E+03
{ETHYLBENZENE 24 1 4 0.280 0.03 0.06 0 2.3E+02
(METHYLENE CHLORIDE 13 3 23 0.013 0.01 0.00 0 8.SE+00
IMETHYL-T-BUTYL ETHER 5 1 20 3.100 0.63 1.38 - None
[[TOLUENE 24 2 8 0.017 0.03 0.04 0 5.2E+02

24 2 8 | 1.000 0.06 0.20 None

l ENE (TOTAL

MIVOLATILE ORGANIC COMPOUNDS

049

None

D-METHYLNAPHTHALENE 21 2 -
4-METHYLPHENOL 16 2 13 0.056 0.24 0.27 0 2.7E+02
JACENAPHTHENE 21 1 5 0.960 0.18 0.20 0 2.6E+03
ANTHRACENE 21 4 19 0.020 0.08 0.09 0 1.4E+04
IBENZO(A)ANTHRACENE 21 10 43 0.270 0.10 0.10 0 5.6E-01
[IBENZO(A)PYRENE 21 8 38 0.380 0.11 0.11 4 5.6E-02
IIBENZO(B)FLUORANTHENE 21 9 43 0.320 0.10 0.10 0 5.6E-01
IBENZO(G,H,)PERYLENE 21 7 33 0.190 0.10 0.09 - None
|IBENZO(K)FLUORANTHENE 21 7 33 0.069 0.08 0.09 0 6.1E-01
UTYLBENZYLPHTHALATE 16 1 6 0.012 0.23 0.27 0 9.3E+02
IICARBAZOLE 16 2 13 0.084 0.25 0.26 0 2.2E+01
{{CHRYSENE 21 10 48 0.370 0.11 0.12 0 6.1E+00
|IDIBENZO(A, H)ANTHRACENE 21 3 14 0.043 0.08 0.09 0 5.6E-02
[[FLUORANTHENE 21 9 43 0.290 0.11 0.10 0 2.0E+03
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TABLE 4-9

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE
SOIL DATA SUMMARY (mg/kg)

(Pag

1.8E+03

IFLUORENE 21 1 1.000 0.12 0.22 0
JINDENO(1,2,3-CD)PYRENE 21 7 33 0.110 0.08 0.09 0 5.6E-01
[IN-NITROSODIPHENYLAMINE (1) 16 1 6 0.034 0.24 0.27 0 9.1E+01
{lPENTACHLOROPHENOL 16 1 6 0.081 0.59 0.66 0 2.5E+00
{[PHENANTHRENE 21 9 43 3.500 0.26 - None
IPYRENE 21 0 | 1.5E+03
PESTICIDES/PCBs iy
4,4-DDD 7 1 14 0 2.4E+00
4.4'-DDT 7 2 29 ] . ) 0 1.7E+00 i ..
IALPHA-CHLORDANE 7 1 14 0.005 0.00 0.00 —~ None
IELDRIN 7 1 14 0.006 0.00 0.00 0 2.8E-02
IGAMMA-CHLORDANE 7 1 0
EPTACHLOR 7 1 0
{{ALUMINUM 11 11 100 22,600 16,591 3,006 0 7.5E+04
[[ANTIMONY 11 3 27 12.6 5.5 3.2 0 3.0E+01
HARSENIC 11 4 36 8.4 4.0 2.7 4 3.8E-01
IIBARTUM 11 11 100 535 204 124 0 5.2E+03
IIBERYLLIUM 11 9 82 1.3 0.7 0.3 0 1.5E+02
[[CALCTUM 11 11 100 18,300 4,214 5,192 — None
{[CHROMIUM 11 11 100 38 27.4 6.1 0 2.1E+02
ICOBALT 11 5 45 16 6.0 5.4 0 3.3E+03
[lCOPPER 11 11 100 37 24.6 6.7 0 2.8E+03
(IRON 11 11 100 33,200 24,364 5,348 6 2.2E+04
{[LEAD 11 11 100 22.3 12.6 4.1 0 1.3E+02
((MAGNESIUM 11 11 100 6,060 4,938 1,006 - None
IMANGANESE 11 10 91 1,090 318 278 0 3.1E+03
IMERCURY 11 6 55 1.6 0.5 0.4 0 2.2E+01
[INICKEL _ 11 10 91 34.4 24.5 7.0 0 1.5E+02
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TABLE 4-9

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE
SOIL DATA SUMMARY (mg/kg)
(Page 3of 3)

IMETALS (CONTINUED)' - .

IlPOTASSIUM 11 11 100 4,070 2,265 772 - None
[[SODIUM 11 8 73 972 323 274 — None i
[IVANADIUM 11 11 100 52.1 40.4 6.9 0 5.2E+02 |I
III‘OTAL ORGANIC CARBON | 4 | | 100 | 8500 | 4325 | | — | Nome ||
Notes:

- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

mg/kg Milligrams per kilggram

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

Analytes not detected in any laboratory analysis are not presented in this table.
Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary statistics tables.
Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-detect, the lowest non-
detect is used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into *he calculation of the mean for each analyte using a value of one-half the detection limit.
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TABLE 4-10

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE
GROUNDWATER DATA SUMMARY (pg/L)
(Page 1 of 6)

Percent |
Frequency

: | Detection:

[fOTAL PETROLEUM HYDROCARBONS i -
[[DIESEL RANGE ORGANICS 16 6 38 1385.21
lIGASOLINE RANGE ORGANICS 52 5 10 33.71
[bP5 RANGE ORGANICS 49 1 2 49.37
IMOTOR OIL RANGE ORGANICS 16 3 19 146.92
[lOTHER HEAVY TPH COMPONENTS 36 13 36 668.7

|OTHER LIGHT TPH COMPONENTS 36 7 19 218.08

TPH - BUNKER FUEL (C10-C28) 47 4 9 555.75

TPH - DIESEL F-76 (C8-C28) 47 1 2 229.22

TPH - WEATHERED DIESEL(C8-C26) 35 1 I 215.49

OLATILE ORGANIC COMPOUNDS | i

1,1-DICHLOROETHANE 54 8 15 39 3.51 8.06 0 | siLiiinne
1,1-DICHLOROETHENE 54 5 9 9 1.54 1.62 5 0.04558284
1,1,1-TRICHLOROETHANE 54 5 9 7 1.55 1.47 0 792.248062 *
1,2-DICHLOROBENZENE 44 1 2 1 4.28 3.05 0 370.140845
1,3-DICHLOROBENZENE 44 1 2 1 4.28 3.05 0 16.5364412
1,4-DICHLOROBENZENE 44 1 2 1 4.28 3.05 1 0.46691637
>-BUTANONE 54 1 2 39 2.24 5.26 0 1904.34783
p-HEXANONE 54 1 2 1.46 1.18

[ACETONE 54 3 6 2 1.61 1.23 0 608.333333
IIBENZENE 58 6 10 0.5 0.38 0.65 1 0.38641355
{IBROMODICHLOROMETHANE 54 3 6 0.9 1.27 111 3 0.18074182
IlBROMOFORM 46 1 2 0.5 1.42 1.3 0 8.5103208
{ICARBON DISULFIDE 54 6 11 0.6 1.21 1.14 0 1042.85714
[[CARBON TETRACHLORIDE 54 2 4 0.8 1.22 1.28 2 0.17129958

[ICHLOROETHANE 54 2 4 7 1.51 1.44 0 8588.23529

[[CHLOROFORM 54 4 7 7 1.48 1.41 4 0.164554
{{DIBROMOCHLOROMETHANE 54 1 2 0.4 1.35 1.21 0 1.01388889
l[ETHYLBENZENE 58 3 5 1.2 0.44 0.71 0 1339.87342
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TABLE 4-10

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE
GROUNDWATER DATA SUMMARY (ug/L)

(Page 2 of 6)

[VOLATILE ORGANIC COMPOUNDS (CONTINUED) = S , ]
[[METHYLENE CHLORIDE 54 2 4 0.7 1.33 1.22 0 4.7563183
IMETHYL-T-BUTYL ETHER 10 2 20 6 27 1.34

TRICHLOROETHENE 54 4 7 4 1.37 1.26 1 1.63988824
TOLUENE 58 1 2 0.2 0.42 0.7 0 723.423423
VINYL CHLORIDE 54 2 4 2 1.25 1.29 2 0.01977467
XYLENE (TOTAL 58 6

ISEMIVOLATILE GRGANIC COMPOUND:

I-METHYLNAPHTHALENE 1 8 . . - None
1,2,4-TRICHLOROBENZENE 44 1 2 1 491 571 0 194.439252
2-CHLORONAPHTHALENE 44 1 2 1 4.91 5.71 0 486.666667
2-METHYLNAPHTHALENE 46 6 13 5 4.54 5.68

2-METHYLPHENOL 44 1 2 1 4.91 5.71 0 1825
2-NITROANILINE 44 1 2 3 12.38 14.24 1 2.19
2-NITROPHENOL 44 1 2 1 4.91 5.71
2,2-OXYBIS(1-CHLOROPROPANE) 44 1 2 1 491 5.71 1 0.96045049
2,4-DICHLOROPHENOL 44 1 2 1 491 571 0 109.5
2,4-DIMETHYLPHENOL 44 1 2 1 4.91 5.71 0 730
2,4-DINITROTOLUENE 44 1 2 1 4.91 5.71 0 73
2,4,5-TRICHLOROPHENOL 44 1 2 3 12.38 14.24 0 3650

4,6-TRICHLOROPHENOL 44 1 2 1 4.91 5.71 0 6.11195767

2,6-DINITROTOLUENE 44 1 2 1 491 571 0 36.5
3-NITROANILINE 44 1 2 3 12.38 14.24

,3-DICHLOROBENZIDINE 44 1 2 1 491 5.71 1 0.14940341
4-BROMOPHENY L-PHENYLETHER 44 1 2 1 4.91 5.71

-CHLOROANILINE 44 1 2 1 4.91 5.71 0 146

4-CHLOROPHENYL-PHENYLETHER a4 1 2 1 4.91 5.71
U-CHLORO-3-METHYLPHENOL 44 1 2 1 491 5.71

A-METHYLPHENOL 44 5 11 230 9.93 34.43 1 182.5

O

O
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TABLE 4-10

NFD POINT MOLATE
FINAL PHASE II Rl REPORT
IR SITE 4 - SOUTH SHORELINE
GROUNDWATER DATA SUMMARY (ng/L)

. FREQUENCY.

Total
Lo | Samples |
SEMIVOLATILE ORGANIC COMPOUNDS (CONTINUED) . - oy
4-NITROANILINE 44 1 2 3 12.49 14.96
4-NITROPHENOL 44 3 7 3 12.44 14.19 0 2263
4,6-DINITRO-2-METHYLPHENOL 44 4 9 3 12.48 14.16
IACENAPHTHENE 46 5 11 3 4.68 5.64 0 365
ACENAPHTHYLENE 46 1 2 1 4.74 5.64
ANTHRACENE 46 1 2 1 4.69 5.68 0 1825
[IBENZO(A)ANTHRACENE 46 1 2 1 4.69 5.68 1 0.09209799
liBIS(2-CHLOROETHYL)ETHER 44 1 2 1 4.91 5.71 i 0.00977978
{BIS(2-CHLOROETHOXY)METHANE 44 1 2 1 4.91 5.71
lBISQ-ETHYLHEXYL)PHTHALATE 44 5 11 63 6.17 9.92 2 4.80225245
IBUTYLBENZYLPHTHALATE 44 4 9 1 4.59 5.83 0 7300 -
IICARBAZOLE . 44 1 2 1 4.91 5.71 0 3.36157672"
JICHRYSENE 46 1 2 1 4.69 5.68 0 9.20979923 *
JIDIBENZOFURAN 44 2 5 1 4.81 5.75 0 24.3333333
IDIETHYLPHTHALATE 44 3 7 1 4.89 5.73 0 29200
IDIMETHYLPHTHALATE 44 1 2 1 4.91 5.71 0 365000
{IDI-N-BUTYLPHTHALATE 44 8 18 0.9 4.46 5.88 0 3650
|IDI-N-OCTYLPHTHALATE 42 1 2 0.3 5 5.82 0 730
[IFLUORENE 46 5 11 2 4.57 5.69 0 243.333333
{IFLUORANTHENE 46 1 2 1 4.69 5.68 0 1460
IHEXACHLOROBENZENE 44 1 2 1 4.91 5.71 1 0.04201971
[[HEXACHLOROBUTADIENE 44 1 2 1 4.91 5.71 1 0.86194275
[[HEXACHLOROCYCLOPENTADIENE 44 4 9 1 4.94 5.69 0 255.5
[HEXACHLOROETHANE 44 1 2 1 4.91 5.71 0 4.80225245
{{ISOPHORONE 44 1 2 1 4.91 5.71 0 70.7700362
INAPHTHALENE 46 4 9 1 4.7 5.65 0 6.2029408
INITROBENZENE 44 1 2 1 4.91 5.71 0 3.39534884
|IN-NITROSO-DI-N-PROPYLAMINE - 44 2 5 1 4.92 5.7 2 0.0096045
IN-NITROSODIPHENYLAMINE (1) 44 2 5 3 4.86 5.72 0 13.7207213
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TABLE 4-10

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE
GROUNDWATER DATA SUMMARY (ng/L)

[SEMIVOLATILE ORGANIC COMPOUNDS (CONTINUED) = .

[iPENTACHLOROPHENOL 44 4 3 14.16 4 0.56026279 ||
[lPHENOL 44 2 2 4.84 5.73 0 21900 M
[lPHENANTHRENE 46 2 2 4.65 5.67 il
[PYRENE 46 2 1 182.5
TOTALMETALS 5 e

ALUMINUM 26 25 96 68800 11902.71 15359.08 2 36500
ANTIMONY 26 1 4 29.1 14.81 4.05 1 146 |
ARSENIC 26 8 31 24.5 3.98 4.57 8 0.04482102 ||
(BARIUM 26 26 100 761 188.54 177.34 0 2555 "
{BERYLLIUM 26 8 31 2.5 0.56 0.52 0 73
llcADMIUM 26 1 4 18 1.73 3.44 0 18.25
ffcaLciumM - - 26 26 100 250000 73440.77 58430.95

[[CHROMIUM 26 17 65 130 21.81 28.63

HCOBALT 26 14 54 38.1 6.7 10.02 0 2190
{lcoPPER 26 15 58 106 13.59 22.46 0 1355.71429
[iRON 26 26 100 80900 14128.85 18732.85 9 10950
([LEAD 26 14 54 48.2 8.96 11.73 12 4
[IMAGNESIUM 26 26 100 987000 106651.92 | 209169.96

{IMANGANESE 26 26 100 2280 672.94 579.48 2 1703.09
IMERCURY 26 7 27 0.66 0.15 0.19 0 10.95
[[MOLYBDENUM 1 1 100 1.1 1.1 0.0 0 1.8E+02
IINICKEL 26 21 81 117 24.49 26.87 0 730
[lPOTASSIUM 26 19 73 480000 47693.19 . | 112122.18

SELENIUM 24 5 21 25.7 4.29 5.59 0 182.5
SILVER 20 2 10 45.8 3.28 10.01 0 182.5
SODIUM 26 26 100 8120000 974800 2123038.59

THALLIUM 25 1 4 52.9 4.32 10.55

VANADIUM 26 19 73 179 27.77 38.14 0 255.5
ZINC 26 14 54 257 45.7 61.45 0 10950

{9
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TABLE 4-10

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE

GROUNDWATER DATA SUMMARY (ug/L)

(Page 5 of 6)

Percent

T 24317 |

{ALUMINUM 26 2 8 984 101.59 36500
{{ARSENIC 26 5 19 4.5 2.05 1.08 0.04482102
[BARIUM 26 26 100 232 69.11 46.18 2555
llcALcium 26 26 100 250000 70522.69 | 58725.99

(DISSOLVED METAL E o T T
fiCHROMIUM 26 10.9 1.8 1.92

[COBALT 26 3.9 1.3 0.71 0 2190
llcoPPER 26 104 8.6 20.36 0 1355.71429 ||
[irRON 26 19 73 2270 398.98 611.05 0 10950 ||
H{LEAD 26 5 19 11.3 1.59 2.28 2 4 i
{IMAGNESIUM 26 26 100 963000 101208.46 | 205860.45 It
[IMANGANESE 26 26 100 1430 434.13 449.63 0 1703.09 |
[[MERCURY 26 1 4 0.44 0.08 0.09 0 10.95 " &~
{IMOLYBDENUM 1 1 100 2 2.0 0.0 0 1.8E+02
[INICKEL 26 16 62 12 4.44 2.86 0 730 |
[POTASSIUM 26 17 65 460000 44280.65 109356.29 it
SELENIUM 24 3 13 2.9 2.63 2.67 0 182.5 |i
SODIUM 26 26 100 9960000 1032976.92 | 2377833.7 i
VANADIUM 26 8 31 5.7 1.46 1.18 0 255.5
ZINC 23.1 5.53 6.26 : 10950
IGENERAL CHEMISTRY.

JIBIOCHEMICAL OXYGEN DEMAND 3 67 14000 6833.33 6788.47

|[CHLORIDE 11 100 7400000 743363.64 | 2208717.15

[FLUORIDE 10 10 100 1900 731 469.19 0 2190
(NITRATE 11 4 36 960 320.45 367.66 0 10000 1|
[INITRITE 11 1 9 60 119.09 292.42 0 1000
[[ORTHOPHOSPHATE 10 5 50 2500 347 757.26 |

Taral
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TABLE 4-10

NFD POINT MOLATE
FINAL PHASE II RI REPORT
IR SITE 4 - SOUTH SHORELINE
_ GROUNDWATER DATA SUMMARY (ng/L)
' (Page 6 of 6)

lSULFATE 11 11 100 2300000 509663.64 | 886301.38
[TOTAL DISSOLVED SOLIDS 11 11 100 13000000 1693000 3754804.55
ITOTAL ORGANIC CARBON 7 7 100 6300 4400 1113.55
Notes: ‘
- Not Applicable

BTEX Benzene, toluene, ethylbenzene, and xylene

pg/L  Micrograms per liter

PAH Polycyclic aromatic hydrocarbons

PRG EPA Region 9 preliminary remediation goals for residential soil
TPH Total petroleum hydrocarbons

P

Analytes not detected in any laboratory analysis are not presented in this table.
Field duplicate samples were not included in frequency of detection or summary statistical calculations.

Compounds analyzed by multiple methods (for example, BTEX and PAH compounds) are summarized together in the frequency of detection and summary statistics tables.
Results for these multiple analyses have been grouped together for reporting purposes and to avoid double counting. If multiple results are non-detect, the lowest non-detect is
used. If a detected value is available, the highest detect is used.

Non-detect values are incorporated into the calculation of the mean for each analyte using a value of one-half the detection limit.

Extraction wells and soil boring water samples were not included in the frequency of detection or summary statistic calculations. These data are considered field screening level
data because purging and sample collection protocols are not consistent with other monitoring well samples.
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TABLE 4-11

NFD POINT MOLATE FINAL PHASE II RI REPORT
CTO 112 SEMIANNUAL GROUNDWATER SAMPLING EVENT NO. 3
JANUARY 1999 WATER LEVEL AND PRODUCT THICKNESS MEASUREMENTS

Page 1 of4
ERM-03 24.5 17.6 6.90 TOC elevation is estimated
MWI11-02 24.3 17.85 6.45
MW11-04 23.47 15.42 8.05
MW11-05 2291 16.63 6.28
MW11-06 22.6 17.33 5.27
MW11-07 20.4 17.24 3.16
MW11-08 Removed Removed Removed Removed Remg_ved Removed in 1995
o . TREATMENT PONDS AREA MONITORING WELLS : |
PZ11-01 31.52 13.11 18.41
PZ11-02 23.52 5.78 17.74
MW11-09 17.55 17.64 -0.09
MW11-10 17.28 16.15 1.13
MW11-11 17.45 16.18 16.18 1.27 0 Bunker fuel globules
PZ11-11A 17.85 16.36 1.49 Bunker fuel globules
MW11-12 17.6 15.86 1.74 Clear
MW11-13 17.52 14.86 14.87 2.66 0.01
MWI11-14 18.05 18.05 Could not be found
MW11-15 Removed Removed Removed Removed Removed Removed in 1995
MW11-16 Removed Removed Removed Removed Removed Removed in 1998
MW11-25 21.19 18.06 3.13
MW11-26 16.43 11.51 4.92 Fuel type unknown
MW11-27 16.57 14.08 14.1 2.49 0.02 Black diesel/bunker fuel
PZ11-27A 16.92 14.35 14.91 2.57 0.56 Black diesel/bunker fuel
PZ11-27B 16.61 13.78 2.83 Black diesel/bunker fuel
MW11-28 16.57 12.91 13.2 3.66 0.29 Black diesel/bunker fuel
MW11-29 19.12 8.3 10.82 Diesel fuel globules
MW11-30 16.41 9.8 6.61 Diesel sheen
MW11-31 17.05 14.56 2.49 Strong odor
PZ11-31A 16.97 13.8 15.15 3.17 1.35 Diesel fuel
PZ11-35 19.04 5.55 13.49
MW11-32 17.12 11.01 6.11 ? Could not read water level, heavy bunker fuel
PZ11-34 19.17 5.29 13.88
MW11.33 17.55 5.89 11.66
PZ11-33A 17.79 12.01 12.04 5.78 0.03
MW11-36 17.43 10.58 6.85 ? Skimmer would not allow DTW measurement
MW11-37 18.02 11.14 12.61 6.88 1.47 Medium/light bunker fuel
PZ11-37A 18.24 11.36 12.03 6.88 0.67 Light bunker fuel
PZ11-37B 18.16 11.28 12.16 6.88 0.88 Light bunker fuel
MW11-38 18.65 NM NM Covered by Baker tank
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TABLE 4-11

NFD POINT MOLATE FINAL PHASE IT RI REPORT
CTO 112 SEMIANNUAL GROUNDWATER SAMPLING EVENT NO. 3 O
JANUARY 1999 WATER LEVEL AND PRODUCT THICKNESS MEASUREMENTS
Page 2 of 4

« Depth to: { Depthto:
iProduct | . Water.-

(depth bes) | (depth bes) et am
.- “TREATMENT PONDS AREA'MONITORING) ¢
PZ11-38A 18.74 NM NM Covered by Baker tank
MW11-40 22.88 9.24 13.64
MW11-41 22.47 8.61 13.86 Slight odor
MW11-43 22.05 7.96 9.98 14.09 2.02 Fuel type ?
MW11-44 21.28 7.54 13.74
MWI11-45 19.85 6.18 6.48 13.67 0.3 Diesel fuel?
MW11-46 23.16 11.65 11.51 No petroleum detected
MW11-47 22.9 8.49 14.41 Sheen
MW11-49 20.98 3.31 3.34 17.67 0.03 Bunker fuel
MW11-51 25.78 7 18.78 No petroleum detected
MW11-52 18.11 15.07 15.08 3.04 0.01
MW11-53 19.76 17.87 1.89
MW11-91 40.18 19.28 20.9
MW11-92 17.69 16.34 16.36 1.35 0.02 Bunker fuel
MW11-93 17.66 14.68 14.69 2.98 0.01
MW11-94 8.98 Bunker fuel globules, heavy sheen
BR11-96 12.58 Slight petroleum odor O

S Ghy DRUM LOT NO.1 MONITORING WELLS (MEASURED 3/31/98)
MW11-19 20.31 16.26 4.05 TD=23.76

MW11-20 19.06 15.05 4.01
MW11-21 2045 16.45 4
MW11-22 21.74 16.18 5.56
MW11-23 22.02 17.3 4.72
MW11.54 17.42 13.09 433 Diesel/bunker fuel mix (was almost 7 fi. in Feb. 98)
MWI11-55 Removed Removed Removed Removed Removed Removed in 1998
MW11-56 Removed Removed Removed Removed Removed Removed in 1998
MW11-57 17.74 13.62 4.12 TD=23.03
PZ11-70 17.29 NM NM Not measured
PZ11-71 17.92 13.35 4.57 1/21/99
PZ11-72 Removed Removed Removed Removed Removed Removed in 1998
PZ11-73 17.76 13.71 4.05 TD=23.32
PZ11-74 14.99 10.42 4.57 TD=20.29
PZ11-75 Removed Removed Removed Removed Removed Removed in 1998
PZ11-76 Removed Removed Removed Removed Removed Removed in 1998
PZ11-77 19.39 15.4 3.99
PZ11-78 20.35 16.36 3.99
PZ11-79 20.71 16.75 3.96
MW11-80 13.38 Slight petroleum odor
MW11-81 11.2 Sheen, slight petroleum odor
MW11-85 9.98 Slight solvent or petroleum odor, slight sheen O
MW11-86 10.5 Solvent odor, sheen
MW11-88 14.35 Solvent odor, sheen
MW11-89 12.32 Solvent odor, slight sheen
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TABLE 4-11

NFD POINT MOLATE FINAL PHASE II RI REPORT
CTO 112 SEMIANNUAL GROUNDWATER SAMPLING EVENT NO. 3

JANUARY 1999 WATER LEVEL AND PRODUCT THICKNESS MEASUREMENTS

Page 3 of 4
:Depth to . {:. Depth to:
.- Product: -} Water_.
D | @eptiibes) | cdept bes)
R S SOUTH -
MW10-02 22.34 9.33 13.01 Broken well cap
MW10-03 21.61 19.01 19.03 2.6 0.02 Diesel fuel; TD=19.30
MW10-04 2143 16.17 5.26 TD=21.34
MW10-05 21.79 16.52 5.27 TD=19.70
MW10-08 21.65 11.14 10.51 TD=25.16
MW10-09 22.38 9.32 13.06 TD=19.97
MW10-10 20.56 11.93 8.63 TD=21.78
MW10-11 1941 7.01 12.4 TD=22.08
MW10-12 16.9 2 14.9 (19:17)
MWI10-14 19.61 10.43 9.18 (19:20)
MW10-15 42.82 42.82 Dry
MW10-16 16.24 10.62 5.62 (19:25)
MW10-17 14.76 0.0_? Sheen, slight petroleum odor
MW10-18 14.57 Sheen, slight petroleum odor
BR10-19 12.55 No petroleum detected
ERM10-01 22.69 16.8 5.89 Qily sheen, odor; TD=24.20
ERM10-02 22.62 15.17 7.45 TD=19.37
B R 'DISPOSAL AREA MOITORING WELLS
MW02-01 137.14 22.95 114.19
MW02-04 49.7 26.02 23.68
MW02-06 114.33 19.05 95.28 Qily sheen
MW02-07 50.89 18.61 32.28 No product detected; slight sheen
MW02-13 0 No product detected, water at top of casing
MWO02-15 11.43 No product detected
MWO02-16 10.27 Hydrocarbon odor, sheen
MW02-17 5.73 No product detected
BRO02-18 9.47 Slight hydrocarbon odor
BR02-19 0 No product detected, water at top of casing
BR02-20 10.15 Very slight sheen
PZ02-01 11.99 No product detected
PZ02-02 27.59 All mud, no product detected
PZ02-03 12.81 Hydrocarbon odor, slight sheen
PZ02-04 Dry Dry
PZ02-04A 224 Slight sheen
PZ02-05 17.31 No product detected
ERM-EW1 106.29 15.33 15.81 90.96 0.48 Diesel fuel/JP-5
ERM-EW2 63.1 44 58.7
; s * OTHERFACILITY MONITORING WELLS'
MW03-01 41.51 18.63 22.88
MW03-02 8.08 Sheen, slight hydrocarbon odor
BLDG 6 EW1 NM NM Not measured
MW04-02 55.98 17.85 38.13 Measured on 2/3/99
P86-1/2 12.15 -12.15 Could not read water level
P86-9/10 18.15 -18.15 Could not read water level
P86-11/12 NM NM 18.61 Belt skimmer in place
P86-13/14 15.88 15.94 -15.88 0.06 Light diesel fuel
P86-15/16 15.61 -15.61 No petroleum detected
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TABLE 4-11

NFD POINT MOLATE FINAL PHASE II RI REPORT
CTO 112 SEMIANNUAL GROUNDWATER SAMPLING EVENT NO. 3
JANUARY 1999 WATER LEVEL AND PRODUCT THICKNESS MEASUREMENTS
Page 4 of 4

;:Depth to: |+ Depth to
o Product | Water
/(depth bgs)-| (depth bgs)
EW-A 21.34 18.23 3.11 Petroleum odor
EW-B | 21.51 19.82 1.69 Sheen
EW-C 20.44 19.05 19.15 1.39 0.1 Heavy Bunker fuel
EW-D 20.41 21.88 -1.47 No petroleum detected/missing cap
MW-1 19.68 15.88 15.88 3.8 0 Diesel sheen
MW-2 19.55 17.62 1.93 No petroleum detected
MW-3 19.92 17.6 2.32 Qily Sheen
MwW-4 21.39 16.62 4.77
MW13+27 19.64 17.04 2.6 Diesel fuel
MW16+25 20.8 19.28 1.52 Bunker fuel globules
Notes: NM Not measured
TOC Top of casing
amsl above mean sea level
bgs below ground surface
Elevations are referenced to top of water or top of product (if present). O
) Empty cells indicate that no measurabie product was present
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TABLE 4-12

NFD POINT MOLATE
FINAL PHASE II RI REPORT

WATER LEVELS AND PRODUCT THICKNESS AT NEW RI WELLS
(Measured January/February 1999, except where indicated)

Page 1 of 2
"= | TOCElev. " |Depth to Product| Depth to Water | * Water/Product | Product Thickness |
' Well No. - (feetamsl): .. | - . (depth bgs)- (depth bgs) - | Elevation (feet amsl) (total feet) .
: o TREATMENT PONDS AREA MONITORING WELLS el UMD e e
MW11-94 17.2 8.98 8.22 Bunker fuel globules, heavy sheen
BR11-96 18.19 12.58 5.61 Slight petroleum odor
R SRR R . R DRUM LOT NO.1 MONITORING WELLS (MEASURED 3/31/98) > " 0 s nent
MW11-80 18.25 13.38 4.87 Slight petroleum odor
MWI11-81 22 11.2 10.8 Sheen, slight petroleum odor
MW11-82 18.49 18.49 Well development data sheet missing
MW11-83 18.58 18.58 Well development data sheet missing
MW11-85 16.23 9.98 6.25 Slight solvent or petroleum odor, slight sheen
MW11-86 16.76 10.5 6.26 Solvent odor, sheen
MW11-88 20.31 14.35 5.96 Solvent odor, sheen
MW11-89 21.17 12.32 8.85 Solvent odor, slight sheen
BR11-90 17.93 17.93 Well development data sheet missing
: OUTH SHORELINE MONITORING WELLS
MW10-17 21.61 14.76 6.85 Sheen, slight petroleum odor
MW10-18 21.52 14.57 6.95 Sheen, slight petroleum odor |
BR10-19 21.85 12.55 93 _ No petroleum detected
WASTE DISPOSAL AREA MONITORING WELLS
MWO02-13 88.05 0 88.05 No product detected, water at top of casing
MW02-15 84.53 11.43 73.1 No product detected
MWO02-16 73.84 10.27 63.57 Hydrocarbon odor, sheen
MWO02-17 29.62 5.73 23.89 No product detected
BR02-18 160.09 947 150.62 Slight hydrocarbon odor
BR02-19 91.56 0 91.56 Artesian
BR02-20 51.79 10.15 41.64 Very slight sheen
PZ02-01 112.23 11.99 100.24 No product detected
PZ02-02 Dry All mud, no product detected
PZ02-03 149.87 12.81 137.06 Hydrocarbon odor, slight sheen
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TABLE 4-12

NFD POINT MOLATE
FINAL PHASE II RI REPORT
WATER LEVELS AND PRODUCT THICKNESS AT NEW RI WELLS
(Measured January/February 1999, except where indicated)
Page 2 of 2

Depth to Product| Depth to Water Product Thickness roduct Type

s TOC Elev. ith to v ‘Water/Product - _ : Pr
Well No. - (feet amsl) - “(depth bgs) | - (depth bgs) | Elevation (feet amsl)|- = (total feet) - -|:"" i * Comments . -
PZ02-04 136.17 Dry Dry -
PZ02-05 123.74 17.31 106.43 No product detected
(TR o _ OTHER FACILITY MONITORING WELLS ST I R L S
MW03-02 75.53 8.08 67.45 Sheen, slight hydrocarbon odor
WL e R e TP T UST DRAINAGEAREAWELLS e R e
MWO01-01 48.3 1.31 46.99 Artesian
MW01-02 60.36 12.41 47.95
MWO03-03 104.02 6.48 97.54
MWO04-02 73.8 15.04 58.76
MW04-03 56.09 11.14 44.95
MW07-01 53.58 0 53.58 Artesian
Notes: NM Not measured
TOC Top of casing
amsl above mean sea level
bgs below ground surface

Elevations are referenced to top of water or top of product (if present).
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TABLE 4-13

NFD POINT MOLATE
FINAL PHASE II RI REPORT
HISTORIC PRODUCT THICKNESSES (IN FEET) AT IR SITE 3

_- s September. |/
: | May 1994 | July 1094 | - 1994 |-
MW11-11 0.36 0.3 0.02
PZ11-11A 0.42 ~ 0.54 0.23 0 ~ 0.03 ~
MW11-12 0.01 0.02 0.01 0.08 0 ~ ~ 0
MW11-13 0.08 0.06 0.1 0.01 0 NM 0 0.01 If
MWI11-25 | 0.1 0.01 ~ 0.01 0 0.01 0 0 |
MW11-26 0 0 0 0 0 0 0.01 0
MW11-27 0.32 0.07 Odor ~ 0 0.18 0.25 0.02
PZ11-27A 0 0 0 0 0 0.64 0.52 0.56
PZ11-27B 0.87 0.91 0.66 0.54 0 0.28 0.57 0
MWI11-28 | 09 0.9 0.03 0.84 1.13 0.56 0.38 02 |
MW11-29 0 0 0 0 0 0 ~ ~
MW11-30 0.01 0.03 0.12 0.2 0 0.05 ~ ~
PZ11-31A 3.27 ~ 4.04 3.6 2.93 0.13 0.32 1.35
MW11-32 0.01 0 0 Trace 0 0.005 * *
PZ11-33A 0.8 0.85 0.13 0.21 0 0.13 * 0.03 I.
PZ11-34 0.01 0.02 0.01 0 0.02 ~ 0 0
MW11-36 0.7 0.8 0.77 0.43 0.12 0.57 0.58 NM
MW11-37 Trace Trace 0.005 ~ 1.25 0.57 1.15 1.47
PZ11-37A 0.7 ~ 0.71 0.36 1.12 0.72 0.86 0.67
PZ11-37B 0 0 0 0 0 0.88 0.37 0.88
MW11-40 0.01 0.01 0.07 0.02 0 0.01 0 0
MW11-43 Trace Trace Trace 0.02 0 0 0.01 2.02
MW11-45 Trace Trace 0.005 0.02 0 0.16 0.17 0.3
MW11-47 QOdor Trace 0.005 0 0 0 0 ~
MW11-49 0 0 0 0 0 0.03 0.11 0.03
MW11-51 0 0 0 0 0 ~ 0 0
MW11-52 0 0 0 0 0 0.05 0 0.01
MW11-53 0 0 0 0 0 0 NM 0
MW11-92 0.19 0.34 0.35 0.66 0.37 0.06 0.03 0.02
MW11-93 1.49 0.59 0.3 3.74 4.31 0.16 0 0.01 ]I
MW13+27 0 0 0 0 0 0.17 1.05
P86-1/2 0 0 0 0 0 0.37 0.24 *
P86-9/10 0 0 0 0 0 0.19 *
I ps6-11/12 0 0 0 0 0 NM * ~
P86-13/14 0 0 0 0 0 0 0.97 0.06
EW-B 0 0 0 0 0 ~ 0 ~
EW-C 0 0 0 0 0 0.31 0.02 0.1
EW-D 0 0 0 0 0 0 0 0
MW-1 0 0 0 0 0 0 0.02 ~
MW-3 0 0 0 0 0 0 0 ~ ||
Notes:

NM Not Measured
*  Bunker fuel present but too viscous to be measured, interface probe fouled upon contact
~ Not enough product present yet accurately measure
Bolded wells are displayed on graphs
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50 CONTAMINANT FATE AND TRANSPORT

Beneath NFD Point Molate, soil and groundwater are contaminated with free-phase and dissolved-phase
petroleum products. Spilled petroleum products include bunker fuel oil, diesel fuel (F-76), jet fuel (JP-5), and
gasoline. The basic chemical and physical properties of petroleum that are relevant to fate and transport
properties are discussed in Section 5.1. Sections 5.1.1 through 5.1.3 discuss in detail the three primary
petroleum products released at the facility, bunker fuel oil, diesel fuel, and jet fuel. Section 5.2 discusses the
mobility of the fuel contaminants at the three IR sites. Finally, the fate of the fuel contamination is discussed
in Section 5.3.

5.1 PETROLEUM HYDROCARBONS

Petroleum hydrocarbons are complex mixtures of straight chain (alkanes), branched, cyclic, and aromatic
hydrocarbons as well as asphaltic compounds and nonhydrocarbons. Petroleum products include gasoline, jet
fuels, fuel oil, lubricating oils, and raw materials for manufacturing. In general, petroleum fuels are prepared
by a distillation process that separates the hydrocarbon mixture into fractions based on boiling point. For
example, the lower molecular weight fractions make up gasoline, generally from C, (4 carbon alkane, butane)
to Cyo (decane). In addition to the alkanes, gasoline contains numerous branched, cyclic, and aromatic
compounds, including BTEX. Figure 5-1 shows a gas chromatogram of Prudhoe Bay crude oil with

approximate hydrocarbon ranges for various fuels and oils.

Volatilization of fuel constituents is an important transport mechanism, particularly for the lighter fuels, but
less so for oils. The lighter fuels are characterized by high vapor pressures bounded by 430 millimeters of
mercury (mm Hg) for pentane (Cs) to 2.7 mm Hg for decane (C,o). Studies conducted on marine oil spills
suggest that the petroleum hydrocarbons with vapor pressures greater than that for octane will not persist in a
spill, while hydrocarbons with vapor pressures less than C,s do not evaporate appreciably (Clark and Brown
1977). Henry’s Law constants for many petroleum hydrocarbons are not overly high because aqueous

solubilities of these contaminants tend to be low.

Aqueous solubilities of petroleum hydrocarbons are variable, with the single and two-ring aromatics being
somewhat soluble, while the alkanes and three or more ring aromatics are characterized by low solubilities
(all less than 10 mg/L and many less than 1 mg/L). The aqueous solubility of decane is 3.7 pg/L, more than
400,000 times lower than the solubility of benzene (1,740 mg/L). As a result of the large differences in
solubility, petroleum spills in the subsurface that reach groundwater may have the lighter aromatic fraction
preferentially removed. Thus, fuels such as today’s automobile gasolines that have a high aromatic content

may be substantially altered if the gasoline is in contact with groundwater for an extended time. However, jet

5-1 0069-1 1200404\ \wpdecsiPcamevy\ptmelate\ets-1 17 repoctifinalew final phase § rpt doe'6-)-00vir



fuels such as JP-5 that are largely composed of alkanes with low aqueous solubilities may not be substantially

dissolved by contact with groundwater. '

Also, as a result of these low aqueous solubilities, fuels, and oils tend to migrate as a separate (nonaqueous)
phase in aquatic and groundwater systems. Most petroleum products are less dense than water and tend to
accumulate at the interface of the saturated and unsaturated zone in shallow aquifer systems such as the one
at NFD Point Molate. Typically, a NAPL released to the subsurface will migrate independently of water,
while a portion will become trapped in soil pores and rock fractures (API 1979). Product viscosity is one of
the important factors affecting partitioning between the free phase and the trapped or sorbed petroleum (API
1980). In general, more viscous hydrocarbon mixtures are not as mobile and tend to become stranded.
Petroleum product viscosity increases with increasing molecular weight of the hydrocarbons making up the
product. Thus, heavier petroleum products such as bunker fuel oil and lubricating oils tend to be the least

mobile fuels in the environment.

Sorption of petroleum is an important fate and transport process, particularly for fuels composed of low
aqueous solubility alkanes and larger multi-ring aromatic hydrocarbons. Most fuel oils and probably
lubricating oils would fall into this category. Organic carbon partition coefficients (K..) for the four- and
five-ring PAHs are quite high, indicative of the sorptive tendency of these contaminants, and range from
1E+06 to 1E+08 milliliters per gram (mL/g). K, values for alkanes tend to increase with increasing
molecular weight. For example, the K, value for n-pentane (Cs) is 568 mL/g, the value for n-hexane is 1,097
mL/g, and the value for n-heptane (C7) is 2,361 mL/g. In comparison, the more water-soluble, single-ring
aromatic hydrocarbons benzene (C¢) and o-xylene (Csg) have K, values of 50 and 255 mL/g, respectively.
The strong sorptive tendency of the larger alkanes, branched hydrocarbons, and PAHs may lead to product
fractionation in soils containing moderate amount of organic carbon (1 to 2 percent). Overall, the strong
tendency for many of the petroleum hydrocarbons to sorb to organic material suggests sorption will limit the
transport of petroleum products in the subsurface.

Because petroleum hydrocarbons are not thermodynamically stable in acrobic environments, many
microorganisms can use hydrocarbons as a cellular energy source. As a result, biodegradation is probably the
primary hydrocarbon removal mechanism in many aerobic soil and groundwater environments. In general,
the biodegradation of petroleum products appears to be a successive process, with microorganisms first using
the alkanes, followed by the branched and cyclic hydrocarbons, and then eventually by the small aromatic
compounds (Jordan and Payne 1980). The larger, four- and five-member aromatic hydrocarbons appear to be
biodegraded, but to much lesser extents (Jordan and Payne 1980), and some not at all.

Biodegradation of petroleum products under anaerobic conditions has been reported under denitrifying
(Hutchins and Wilson 1991) and sulfate reducing (Karrick 1977) conditions. However, the low levels of
nitrate in most nonagricultural environments and the observed persistence of hydrocarbons in natural
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anaerobic terrestrial environments suggest bioremediation under denitrifying conditions may be limited. In
some marine environments, anaerobic biodegradation (sulfate reduction) has been found to be more
significant than aerobic biodegradation (Karrick 1977).

5.1.1 Bunker Fuel

Bunker fuel is formulated from residual crude petroleum remaining from the distillation process. It has been
used to power steam boilers to produce electricity, heat large buildings, and to power marine vessels. As with
all petroleum products, the chemical composition of the fuel depends on the crude oil from which the fuel is
made. In general, bunker fuel is composed of hydrocarbons with more than 30 carbon atoms; of these, 15
percent are paraffins, 45 percent naphthenes, 25 percent aromatics, and 15 percent nonhydrocarbons
(National Academy of Sciences 1975). Table 5-1 shows the chemical and physical properties of bunker fuel.
As a residual product, bunker fuel is a viscous (approximately 1,000 centipoise [cP] at 38 °C) and has a
specific gravity of 0.950 (Rashid 1974). The aqueous solubility of bunker fuel is difficult to measure but has
been reported to be 6.3 mg/L in seawater (Anderson and others 1974).

The viscosity of bunker fuel at NFD point Molate varies from highly viscous clean bunker to less viscous
mixes of bunker, diesel, and JP-5 in varying proportions. Viscosity measured in a product sample from
monitoring well MW11-92 in March 1994 gave a kinematic viscosity of 66 centistokes (cST) at a
temperature of 60 degrees Fahrenheit (°F). The product was typed as mixture of diese! and bunker fuels.

A literature value for unweathered bunker fuel oil at 60 °F is listed as greater than 750 cST (Curl 1977).
Therefore the probable weathered condition of the Point Molate sample and the mixture with diesel fuel has
reduced the viscosity significantly. Fuels at Point Molate, especially in the IR Site 3 area are expected to

display a wide range of viscosities because of these factors.

The future significance of hydraulic flushing and other transport mechanisms on bunker fuel at IR Site 3 will
be evaluated during the EE/CA. The bunker fuel’s viscosity, soil sorption, and composition of predominantly
higher weight carbon molecules makes it less susceptible to hydraulic flushing effects than light fuels.

5.1.2 Diesel Fuel
Diesel fuels or No. 2 fuel oils are produced from the middle distillate of crude petroleum and contain

hydrocarbons ranging from Cyo to C. The specific gravity of diesel fuel ranges from 0.82 to 0.85 and the
viscosity is approximately 40 cP. A typical diesel fuel contains approximately 30 percent paraffins, 45
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percent naphthenes, and 25 percent aromatics (Clark and Brown 1977). Table 5-1 provides chemical and
physical characteristics of diesel fuel. The aqueous solubility of diesel fuel in seawater is reported to be 8.7
mg/L (Anderson and Others 1974).

5.1.3 Jet Fuel

Jet fuel is a light refined petroleum product with a carbon range from Cs to Cy;. The estimated composition
of jet fuel is 40 to 50 percent paraffins, 30 to 40 percent naphthenes and 10 to 20 percent aromatics
(estimated from Smith and Others 1981). The specific gravity of jet fuel is 0.81. Measured specific gravities
for jet fuel contamination at NFD Point Molate range from 0.822 to 0.842 (Battelle 1998). The measured
viscosity for jet fuel is approximately 10 cP (Smith and Others 1981). For the most part, the water soluble
portion of jet fuel is made of up aromatic and substituted aromatic compounds. Partitioning studies with jet
fuel found aqueous solubilities (in deionized water) lower than reported values ranging from 0.03 mg/L
(ethylbenzene) to 0.46 mg/L for naphthalene. Xylenes, 1,2,4-trimethylbenzene, n-decane, 2-
methylnaphthalene, and 1-methylnephthalene all have aqueous solubilities between 0.10 mg/L and 0.25

mg/L.
5.1.4 Benzene, Toluene, Ethylbenzene, and Xylene

BTEX is a common acronym for the monocyclic (single-ring) aromatic hydrocarbons benzene, toluene,
cthylbenzene, and the three xylene isomers (ortho, meta, and para). Benzene, structurally the most simple, is
composed of six carbons each bound to two others to form a ring and six hydrogen atoms. The structure
includes three double bonds each separated by a pair of single-bond carbons. Toluene, ethylbenzene, and the
xylenes are all substituted benzenes, incorporating the basic benzene structure and methy! or ethyl groups.
Xylenes consist of two methyl groups attached to the benzene ring that can be adjacent to each other (ortho),

separated by a single carbon (meta), or opposite each other (para).

BTEX constituents are derived from crude petroleum and are major components of present automobile and
aviation gasolines, as well as some jet fuels (see Figure 5-1). The principal fate and transport properties
affecting BTEX are volatilization, advective transport in groundwater, sorption to soil and aquifer materials,

and biodegradation.

Based on vapor pressure and Henry’s Law constant data, the volatilization of BTEX from soils and water is
an important transfer mechanism. The vapor pressure of benzene is 76 mm Hg, toluene is 22 mm Hg,

ethylbenzene is 7 mm Hg, and ortho(o)-xylene is 5 mm Hg (all at 20°C). These data suggest benzene will
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volatilize most rapidly from soils followed by toluene, ethylbenzene, and the xylenes. Volatilization of
BTEX from aqueous solutions does not greatly favor one compound over another. The Henry’s Law constant
for benzene is 0.005 atmospheres per cubic meter per mole (atm m*/mol), toluene is 0.006 atm m*/mol, and
ethylbenzene 0.007 atm m*/mol. Mackay and Leinonen (1975) estimated the half-life of benzene dissolved in
a 1-meter thick water column at 10°C to be 5 hours. The same study estimated the volatilization half-lives of

toluene and ethylbenzene under similar conditions to be between 5 and 6 hours.

Movement of dissolved BTEX by surface and groundwater is also an important transport mechanism.
Benzene, the most soluble compound, will be transported in the greatest quantities. The aqueous solubility of
benzene is 1,780 mg/L, toluene is 515 mg/L, ethylbenzene is 152 mg/L, and o-xylene is 175 mg/L.

The sorption of dissolved benzene to soils or aquifer materials is not expected to substantially impact its
transport; however, the stronger sorptive tendencies of toluene, ethylbenzene, and xylene may impact the
mobility of these chemicals. The logarithm of K, for benzene is 1.4 mL/g, toluene is 3.0 mL/g, ethylbenzene
is 2.8 mL/g, and o-xylene is 2.4 mL/g. These results indicate the tendency of toluene to sorb to soil organic

matter is 40 times that of benzene.

52 CONTAMINANT MIGRATION

The subsurface movement of LNAPL is generally a complex process driven by gravity and the surface
tension of water on which the petroleum floats (API 1979). At NFD Point Molate, observation of site
petroleum contaminants during field drilling and excavations suggest the primary factors affecting

the migration of fuels are fuel composition (Section 5.1), site hydrogeology, preferential pathways (natural
and man-made), and climatic factors. These factors and their impact on the LNAPL transport at NFD Point

Molate are discussed in the following sections.
5.2.1 Hydrogeology

Section 3.0 discusses the groundwater at NFD Point Molate and the hydrogeologic properties of the geologic
materials. Movement of groundwater at NFD Point Molate is controlled by topography, geology, and
seasonal rainfall which are highly variable even within individual parcels. Groundwater movement generally
occurs within higher permeability alluvial materials, unconsolidated emplaced fill, relatively loose horizons

within colluvium, or fractured and fissile bedrock zones.

The steep topography at NFD Point Molate controls surface water and groundwater flow from higher

clevations toward the bay. Mounding of groundwater and preferential flow pathways are present. Field
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investigation results suggest pathways affect the migration of both groundwater and free product at NFD
Point Molate. These pathways are discussed in Section 3.0. Groundwater mounding is observed at the
treatment ponds, resulting from recharge by the unlined ponds combined with the presence of a subsurface
cutoff wall. A preferential flow pathway is observed just north of outcropping bedrock along Diesel Road
and by Tank G, channeling flow toward the bay along the south end of the treatment ponds. The sources of
fuel in the preferential pathway are releases from Tanks B and C, as well as possible pipeline leaks along
Diesel Road. The preferential pathway is thought to be the pipeline bedding under Diesel Road.

The pipelines under Diesel Road were removed during early 2000 and data on contamination encountered is
being compiled. These data will be provided by the remedial contractor upon completion of the pipeline
removals. The Tank B and C area is currently being investigated under the UST characterization program
(TtEMI 2000D).

The bedrock and unconsolidated materials at NFD Point Molate have varying hydrogeologic properties.
Section 3.0 describes the variations in grain size and hydraulic conductivity permeability of various

lithologies. The effects on contaminant transport vary from area to area.

Fill material, containing abundant reworked colluvium and bedrock fragments, is not uniform or cohesive and
exhibits highly variable hydraulic conductivity permeability. Physical samples of fill from the Treatment
Ponds Area yielded an average K of 1x10°° em/s (PRC 1994b), although examination of excavated fill during

extraction trench construction indicate much greater permeability within fill.

At monitoring well MW 11-54, data indicate a seasonal accumulation of free product in the immediate vicinity
of this well. Product accumulation occurs (up to seven feet was observed in the spring of 1998) in direct
correlation with heavy rain events. The accumulation may result from a flushing mechanism by rainfall that
is not fully understood. The migration of product from the source area appears to follow a preferred pathway

as none of the nearby monitoring wells exhibit the same behavior.

These observations suggest fuel migration from tank overfills, pipeline leaks, or VB releases at NFD Point
Molate are controlled by topography, and having migrated to the subsurface, will continue along lines of least

resistance such as pipeline or utility conduits or permeable geological units.

5.2.2 Climatic Affects on Contaminant Transport

The climate at NFD Point Molate is typical of California coastal areas with extended periods of warm and dry

weather during the summer and fall, and cool, wet winters. Winter storms vary from long periods of steady
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rain to short heavy rainfall events. The combination of heavy rainfall during winter months with
accumulation and possible transport of fuels by preferential pathways suggest flushing by infiltrating water
may be an important transport process at NFD Point Molate.

The flushing mechanism may result from infiltrating precipitation and increased groundwater gradients in
areas of preferential flow that is saturated with fuels. In preferential flow channels containing large amounts
of fuel, infiltrating water may accumulate over the fuel. The accumulation of infiltration water may reach a
point that sufficient hydraulic pressure is created to induce movement of the fuel. In preferential pathways
containing residual fuel contamination, the flow of water may dislodge fuel stranded by topography, or
permeability barriers, dissolve soluble fuel constituents, or induce aerobic biodegradation of biodegradable

fuel compounds.

The appearance of increasing amounts of LNAPLSs in monitoring wells during the rainy season (in
conjunction with observations of fuel contamination entering the bay after rain events) is the best evidence
that hydraulic flushing occurs at the site. However, there has been little direct investigation of this migration
pathway due to its complexity. As a result, it is presently impossible to estimate the amount of fuel removed
from the site by this process or the future significance of this process to the removal of site fuel

contamination.

53 CONTAMINANT FATE

This section evaluates the fate of petroleum contamination at Sites 1, 3, and 4. Migration of the fuel offsite,
biodegradation, volatilization, and dissolution are the primary processes affecting contaminants at Sites 1, 3,
and 4. This section also evaluates the fate of site petroleum contamination (BTEX, bunker fuel, diesel fuel,

and jet fuel) in San Francisco Bay. The primary fate processes affecting petroleum contamination in the bay

are slick formation and dispersion, evaporation, dissolution, biodegradation.
5.3.1 Contaminant Fate at Sites 1, 3, and 4

The fate options for petroleum contamination at IR Sites 1, 3, and 4 are migration to San Francisco Bay,
biodegradation, dissolution to infiltrating water and, in turn, groundwater, and volatilization. The process of
volatilization is discussed in Section 5.1 and migration is discussed in Section 5.2. Many aerobic, as well as
some anaerobic bacteria, are capable of biodegrading petroleum hydrocarbons. However, not all petroleum
hydrocarbons are biodegradable at the same rate and some are not biodegraded to any measurable

extent. Initially, the straight-chain hydrocarbons are biodegraded followed by branched cyclic and finally the
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aromatic hydrocarbons (Jordan and Payne 1980). Thus, fuels that are composed of numerous straight and
branched alkane hydrocarbons, such as JP-5, are readily biodegraded. While bunker fuel with few straight or
branched hydrocarbons (paraffins) and many larger aromatic compounds cannot be biodegraded to a great

extent (only 10 to 15 percent).

Dissolution is the transfer of petroleum hydrocarbons from LNAPL form to the dissolved phase in underlying
groundwater. In general, aqueous solubilities of the petroleum hydrocarbons have been used to estimate the
extent of partitioning from the LNAPL to the groundwater. Typically, studies have found petroleum
hydrocarbon concentrations in groundwater below the LNAPL much lower than predicted by solubility data.
Again, some fuels such as JP-5 contain more soluble hydrocarbons including toluene and xylenes, while other

fuels, such as bunker fuel, contain relatively few soluble hydrocarbons.
53.1.1 Sitel

The waste disposal area contains diesel and jet fuel contamination from tank overflows and leaking pipes. As
discussed in Section 5.2, the diesel and jet fuel are migrating toward San Francisco Bay following the site
topography and preferential pathways. Fuels that have been released and move as surface flow will lose some
volatile hydrocarbons to the atmosphere at the time of the release. In addition, some biodegradation is
expected in the near surface soils. However, little biodegradation may occur afterward, as a result of oxygen
limitation. Thus, the jet fuel and diesel plumes are expected to migrate to San Francisco Bay with some loss

of volatiles and possible alkanes (biodegradation).
53.1.2 Site3

The Treatment Pond Area contains predominantly bunker fuel contamination with lesser amounts of diesel
fuel, gasoline, and JP-5. Data also suggest mixing of LNAPL bunker and diesel fuel have occurred at the
site. Bunker fuel was also detected in beach sediment samples suggesting it has migrated to, and is entering
the bay.

Bunker fuel at the site will continue to migrate to the bay. Eventually, migration will stop, leaving residual
bunker contamination in the subsurface. A finite mass of bunker fuel was left in soil and groundwater when
the sump pond was closed in 1975. No new fuel bunker sources have been available. Removal of bunker
fuel by the Navy and natural attenuation continue to reduce the finite mass of bunker fuel. Eventually, only
bunker fuel sorbed on soil as a residual phase will remain and no significant amount of the mobile phase will
be released without human physical intervention such as soil heating. However, the time required for

contamination to attenuate is likely to be long enough that remedial action will be necessary. The residual
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bunker fuel will not biodegrade or dissolve to any meaningful extent. Residual bunker fuel will likely remain
unaltered for some time in this environment. Over time, the rise and fall of the groundwater may lead to some
weathering and the formation of a tar-like material.

Diesel, jet fuel, and gasoline contamination méy be mobile. Residuals of these fuels can be biodegraded,
however, the rate of biodegradation may be limited by available oxygen. Some of the hydrocarbons,
including the BTEX compounds, are water soluble and will dissolve into groundwater. Dissolved

contaminants will eventually be transported to the bay.
5.3.1.3 Sited

Several areas of the shoreline are contaminated with fuel or degradation products. Free product has been

observed in some wells and in one sediment sample.

The shoreline is a much higher energy environment compared to groundwater. Waves, wind, and tidal action
will accelerate volatilization of fuel hydrocarbons. Volatilization can be a very rapid process for light

fuels such as gasoline or jet fuel. These light fuels may volatilize completely. Residual fuels such as bunker
fuel will not evaporate significantly. However, wave action may breakup the bunker fuel into small, one
micron (1 um), droplets that can be transported by water currents in the bay. At a bunker fuel spill

in Chedabucto, Nova Scotia, small droplets of bunker fuel were transported by currents 250 kilometer (km)
southwestward in a 25 km band offshore. The bunker fuel in Chedabucto sediments was also found

to be weathered with a pronounced loss of hydrocarbons. Weathering also resulted in an increase in specific
gravity from 0.95 to 0.96 (up to 0.98), and a viscosity increase up to 1,000,000 cP in a moderate energy
coastal environmental (Rashid 1974). The increase in specific gravity approaching the specific gravity of
water suggests that weathered bunker fuel transported through the intertidal zone may sink in the bay.

Residuals of light fuel may be present only in the lowest energy intertidal zones and unexposed areas.

53.2 Fate of Petroleum Products in San Francisco Bay

This section discusses the fate of the various petroleum products found at NFD Point Molate in

San Francisco Bay. The primary fate and transport processes affecting petroleum released to the bay are:
spreading, evaporation, dissolution, emulsification, and biodegradation. Figure 5-2 shows an overview of
these processes in an ocean environment. The following sections discuss these major processes and the fate
of the various products in San Francisco Bay. For the most part, the discussion is based on information from
Malins (1977) and Jordan and Payne (1980). The reader is referred to these references for additional
information regarding the fate of petroleum in marine environments.
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53.2.1 Spreading

On water, oil spreads to form a thin continuous layer. The force of gravity causes the oil to spread
horizontally on the surface of the water, and spreading is aided by the greater surface tension of water. Other
factors such as water currents, waves, and wind also increase fuel spreading. Spreading is retarded by inertia
and the viscosity of the fuel. Fuel viscosity may increase rapidly as the lower molecular weight components
of the fuel volatilize to the atmosphere. Complete volatilization of lower molecular weight components may
occur within hours of the fuel entering the water.

53.2.2 Evaporation

Evaporation is one of the most important factors affecting petroleum spills in water environments. Petroleum
hydrocarbons smaller than C,s (boiling point less than 250 °C) are volatilized to the atmosphere within 10
days (Clark and Brown 1977). Hydrocarbons ranging from C;s to Cps will volatilize to a lesser extent while
hydrocarbons above C,sdo not appreciably volatilize. Fuels composed of volatile constituents such as

gasoline and kerosene may volatilize completely.

Approximately, 75 percent of a No. 2 fuel oil and only 10 percent of a bunker fuel spill are expected to
volatilize (Clark and Brown 1977). An oil test spill conducted in ocean water at 5°C and a wind velocity of
17 to 22 kilometers per hour (km/hr) found the hydrocarbons less than C,; were reduced by 50 percent in 8

hours. Most of the reduction was attributed to evaporation.
5.3.2.3 Dissolution

For this discussion, dissolution refers to the solubility of fuel components in water, although dissolution could
also consider the break up of fuels into fine particles or emulsions. In general, only petroleum hydrocarbons
smaller than C; have appreciable solubilities (excluding the more soluble BTEX compounds). Branched
paraffins, olefins, and acetylenes tend to be more soluble than alkanes of equal carbon number., Naphthalene
and methy! substituted naphihalenes are the only PAHs with appreciable solubilities, and PAH solubility

rapidly decreases with increasing number of rings.

53.2.4 Emulsification

Emulsification is the dispersion of one liquid into a second immiscible phase. In the case of fuel spills, this
can be the dispersion of oil droplets into the water or the incorporation of water into the oil (mousse). Fuel in
water emulsion is not typically stable; however, it can be maintained with constant agitation. Without

agitation the fuel will return to the water surface and form a slick.
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Emulsification is an important transport mechanism for residual oils such as bunker fuel. Following the
Arrow marine spill, Bunker C from the spill was dispersed in Chedabucto Bay by surf and wave action. The
oil particles were approximately 1 millimeter (mm) in size. Two weeks later, oil particles in a 10 km band
were found 70 km to the east of Nova Scotia (Clark and Brown 1977).

Water in oil emulsions may also be important to the fate of Bunker C in bays and estuaries. The amount of

water taken up by oil varies and may be related to the amount of natural surfactants within the oil.
53.2.5 Biodegradation

Biodegradation may not be one of the most important fate processes for site contaminants entering the bay.
This opinion is based on the rapid volatilization of free phase light fuels that form sheens on the bay and the
somewhat recalcitrant nature expected of bunker fuel. Fuel contaminants dissolved in groundwater may be
biodegraded to a large extent in the nearshore sediments of the site as the groundwater enters the bay.
Sulfate-reducing bacteria are common in these environments and are capable of using alkanes (Karrick 1977).
Dissolved fuel products that enter the bay are not likely to be further biodegraded as contact with degrading

microorganisms is limited.

The lighter fuels (gasoline, jet fuel, and diesel) are all expected to rapidly volatilize, once they enter the
marine environment. Some biodegradation of diesel and jet fuel may occur in nearshore environments. The
extent of biodegradation will likely depend on the residence time of the fuel in the nearshore environment.

Fuels released during storm events may be rapidly transported through the nearshore environment to the bay.

Bunker fuel is sometimes affected by prolonged rainfall (rainy season) and appears to migrate into wells.
This process is not completely understood in terms of where and how much of the petroleum is moving
during these events. In fact, these changes may be attributable to capillary fringe effects on wells that cause
changes in apparent thickness of LNAPL (Fussell 1981). If this is the case, there may be little or no lateral
movement of bunker fuel.

The fate and transport of bunker fuel in the bay will depend on the extent of weathering of the fuel prior to
entering the bay. Bunker fuel that is released during storm events may be highly weathered by wave action in
the surf zone. The weathering process will increase the fuel’s viscosity and may also force water into the fuel
leading to the formation of mousse. Continued weathering (evaporation) of mousse in the bay may lead to the
formation of tar balls. Finally, the increase of product viscosity will also increase the chance the fuel will
become stranded in nearshore sands and sediment. The fate of bunker fuel released during calm periods is

probably similar; however, the process may be somewhat slower.
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TABLE 5-1

NFD POINT MOLATE
FINAL PHASE II RI REPORT
CHEMICAL AND PHYSICAL
CHARACTERISTICS OF DIESEL FUEL

API Gravity 31.6 7.3 42.6 27.8
Sulfur (wt. %) - 032 1.46 0.1 0.94
Nitrogen (wt. %) 0.024 .094 - 0.23
Nickel (mg/L) 0.5 89 - 10

Vanadium (mg/L) 15 73 - 20

Saturates (wt %) 61.8 21.1 - 144
n-paraffins 8.07 1.73 17.7 5.8

Cioand Cy, 1.26 0 4.74 0.12
Ci 0.84 0 3.94 0.25
Cis 0.96 0.07 345 0.42
Cus 1.03 0.11 2.72 0.50
Cis 1.13 0.12 1.67 0.44
Cis 1.05 0.14 1.07 0.50
Ciy 0.65 0.15 0.12 0.51
Cis 0.55 0.12 0 047
Cio 0.33 0.14 0 0.43
Cao 0.18 0.12 0 0.37
Ca 0.09 0.11 0 0.32
Cx 0 0.10 0 0.24
Cs 0 0.09 0 0.21
Cau 0 0.08 0 0.20
Cas 0 0.07 0 0.17
Css 0 0.05 0 0.15
Cy 0 0.04 0 0.10
Cus 0 0.05 0 0.09
Caw 0 0.04 0 0.08
Cso 0 0.04 0 0.08

Notes:
API American Petroleum Institute

Cio Carbon molecules
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TABLE 5-1 (Continued)

NFD POINT MOLATE
FINAL PHASE II RI REPORT
CHEMICAL AND PHYSICAL
CHARACTERISTICS OF DIESEL FUEL

Cs 0 0.04 0 0.08
Cs, 0 0.05 0 0.07
iso-paraffins 22.3 5.0 - -
1-ring cycloparaffins 17.5 3.9 - 9.9
2-ring cycloparaffins 9.4 34 - 7.7
3-ring cycloparaffins 4.5 2.9 - 5.5
4-ring cycloparaffins 0 2.7 - 5.4
5-ring cycloparaffins 0 1.9 - -
6-ring cycloparaffins 0 04 - -
Aromatics 38.2 34.2 16.1 (vol %) 25
Benzenes 10.3 1.9 - 7.0
Idenans and tetralins 7.3 2.1 - -
Dinaphtheno benzenes 4.6 2.0 - -
Naphthalene 0.2 - 0.57 9.9 total
Methylnaphthalene 2.1 2.6 2.8 -
Dimethylnaphthalene 3.2 - 1.6 -
Acenaphthene 3.8 3.1 - -
Acenaphthalenes 5.4 7.0 - -
Phenanthrenes 0 11.6 - 3.1
Pyrenes 0 1.7 0 -
Chrysenes 0 0 0 -
Benzothiophenes 0.9 1.5 - -
Dibenzothiophenes 0 0.7 - -
Polar materials 0 30.3 0 -
Insolubles 0 14.4 0 -

Notes:

- Not reported

API American Petroleum Institute

1 Malins 1997.
2 Srnith and Others 1981.
3 Jordan and Payne 1980.
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TABLE 5-2
NFD POINT MOLATE
FINAL PHASE II RI REPORT
1994 PRODUCT SAMPLES

PHYSICAL PROPERTIES AND CHEMICAL ANALYSES RESULTS"

- MW11-92°
. Treat. Ponds Area- e}
L e 3124794 3/16/94
Fuel Type Diesel & Bunker Diesel JP-5 (Diesel) JP-5 (Diesel)
Specific Gravity 0.9212 0.8733 0.8641 0.8225 0.8416
Viscosity (cSt) * 66 » 5.6 5.8 2.5 2.9
Diesel Range TPH (ppm) 3,100 " 4,200 4,600 6,700 11,000
Boiling Range n~C8 to n-C25 n-C8 to n-C30 n-C8 to n-C30 n-C7 to n-C20 n-C7 ton-C18
Max. Boiling Range n-C17 n-C18 n-C18 n-C12 n-Cl11
n-Alkanes Present no (weathered) no (weathered) no (weathered) yes (fresh) no (degraded)
BTEX (ppm):
Benzene <100 <400 <1000 <5 <1100
Toluene <50 <150 <400 <700 600 *
Ethylbenzene <60 <500 <1000 <100 480
m,p,0 Xylene <100 <100 <500 <2000 130
PAHs (ppm):
Naphthalene <30 <30 <30 <30 430
Acenaphthylene <30 <30 <30 <30 <30
Acenaphthene 68 97 61 <30 88
Fluorene 170 360 210 56 92
Phenanthrene 93 300 240 48 <30
Anthracene 84 100 80 <30 <30
Fluoranthene <30 <30 <30 <30 <30
Pyrene 74 65 47 <30 <30
Benzo[a]anthracene 61 38 <30 <30 <30
Chrysene 94 54 42 <30 <30
Benzo[b]fluoranthene <30 <30 <30 <30 <30
Benzo[k]fluoranthene <30 <30 <30 <30 <30
Benzo[a]pyrene 59 <30 <30 <30 <30
Dibenzo[ah]anthracene <30 <30 <30 <30 <30
Idenopyrene <30 <30 <30 <30 <30
Benzo[ghilperylene <30 <30 <30 <30 <30
Organic Lead (ppm) 15 42 300 <1 <1
Total Lead (ppm) 11 34 300 <2 <2
Notes:

1. Laboratory analyses performed by Friedman and Bruya, Inc., Seattle, Wa. (800-487-8231)

2. Product sample MW11-92 contained a second heavy boiling range from n-C25 to n-C32 with a maximum at n-C28.

3. Viscosity measured in centistokes (cSt); to convert centistokes to centipoise, multiply cSt by fluid density (at 60 degrees F).
4. Interferences were present in the BTEX analysis which interfered with the identification and quantification of values.
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TABLE 5-3

SITE 3 PILOT TEST

NFD POINT MOLATE FINAL PHASE II RI REPORT

1998 BATTELLE VISCOSITY RESULTS OF PRODUCT SAMPLES

Viscosity vs Temperature Results

MW11-36:

Temp(F) Visc(cSt) Density
59 20824 09417
104 4255 09251
149 1705 0.9085
203 7.53

Visc (cSt)

P86-1/2:

Temp (F) Visc(cSt) Density
59 224436 0.971
104 268.98 0.9543
149 59.57 0.9374
203 18.72

2500 e —r——
2000 btk 1o
1500 1 L
o LT

Viscosity

P86-11/12:

Temp (F) Visc(cSt) Density
59 NA 0.9942
104  4679.14 09817
149 61211  0.9585
203 11212

NA =not able to analyze
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6.0 BASELINE RISK ASSESSMENT FOR THE POINT MOLATE PUBLIC BEACH

This section presents the baseline HHRA for the IR Site 4 Public Beach area and an assessment of risks
associated with ingestion of shellfish collected along the NFD Point Molate shoreline. The methods applied in
this risk assessment are consistent with EPA and California Department of Toxic Substances Control (DTSC)
guidance provided in “Risk Assessment Guidance for Superfund, Part A” (RAGS Part A) (EPA 1989a); “Risk
Assessment Guidance for Superfund, Part D” (RAGS Part D) (EPA 1998a); and “Supplemental Guidance for
Human Health Multimedia Risk Assessments of Hazardous Waste Sites and Permitted Facilities” (DTSC 1992).

Methodologies presented in RAGS Part A and the DTSC guidance document were the basis for risk assessments
conducted at CERCLA sites in California over the past several years. These guidance documents provide a
standard four-step process for conducting an HHRA. To enhance the efficiency of risk assessment
implementation, EPA recently released RAGS Part D. The new guidance builds on RAGS Part A by providing
standardized approaches to risk assessment planning, reporting, and reviewing. Two elements of the RAGS

Part D guidance are particularly significant to the development of risk assessments for NFD Point Molate. The
first element is the use of “standard tables™ for presenting the risk assessment data, calculations, and conclusions.
Consistent with guidance, the IR Site 4 Public Beach area risk assessment has been prepared using the RAGS
Part D Standard Tables and these tables are presented in this section. Templates for these tables are provided by
EPA in an electronic format that includes a standard format for data presentation and standardized terms and
abbreviations. To maintain consistency with the table numbering conventions used in this RI report, as well as
the numbering conventions of EPA’s Standard Tables, each RAGS Part D table is numbered using both

conventions.

The second significant element of EPA’s RAGS Part D guidance is the provision for continuous involvement of
the EPA risk assessor to ensure that risk assessment issues are considered during each step of the CERCLA
RIFS process. EPA reviewed the draft RI and HHRA work plan (TtEMI 1998c), which identified the receptors
and exposure pathways for evaluation in the risk assessment and the exposure parameters for estimating chemical
intakes. EPA’s comments were addressed in the final RI and HHRA work plan (TtEMI 1998k).

The remainder of this section defines the risk assessment scope, specifies objectives, and presents the HHRA for
the Public Beach area. The section is organized to reflect the four basic steps of the HHRA as defined in RAGS

Part A, as follows:

. Data evaluation and identification of COPCs

6'1 00069-11; “wpd Y late\ote-112'vi b final phass i rpt. dos\6-3-00ckr




d Exposure assessment

. Toxicity assessment
. Risk characterization
6.1 RISK ASSESSMENT SCOPE

As previously discussed in the introduction to this report, the Navy held strategy meetings with the BCT on June
8 and 9, 1998 that resulted in the significant redirection of the RI and cleanup efforts at IR Sites 1 through 4. The
framework for addressing each site is summarized below, and the timing and approach for conducting the HHRAs
in support of the proposed strategies is presented. For Site 2, where a risk assessment has already been

completed (TtEMI 19991), a summary of the risk assessment results is presented.
6.1.1 IR Site 1 — Former Waste Disposal Area

The Navy intends to proceed with a presumptive remedy to expedite closure of the landfill. In accordance with
EPA guidance (EPA 1993b, 1996¢), the presumptive remedy will entail containment or removal of the landfill
source, largely eliminating contaminant exposure pathways between the landfill and potential human receptors.
An exposure pathway assessment was conducted during development of the EE/CA (TtEMI 1999¢). Consistent
with EPA guidance (EPA 1993b, 1996¢), further risk evaluation of the landfill will be prepared after the remedy

is implemented, as needed.
6.1.2 IR Site 2 - Former Sandblast Grit Disposal Area

Site 2, the Sandblast Grit Areas, consists of five noncontiguous areas (Areas 2A, 2B, 2C, 2D, and 2E) associated
with historical sandblasting activities or sandblast grit disposal (Plate 1). Sandblasting was conducted at these
areas to prepare metal surfaces for painting; no sandblasting of painted surfaces was known to have occurred at

these locations so that the only expected contaminants are metals intrinsic to the sandblast grit material.

TtEMI conducted a time-critical removal action in June and July 1997 and August 1998 to remove sandblast (and
soil) materials at Site 2 Areas 2A, 2D, and 2E, and collected confirmation samples in the 0- to 0.5-foot depth
interval. Sandblast grit was not observed during Sls of Areas 2B and 2C and so a removal action was not
conducted at these locations. However, surface soil samples were collected at Areas 2B and 2C to confirm the

absence of elevated metal concentrations and to provide data for the risk assessment. The samples from the five ~ *
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areas were analyzed for nine indicator metals that had been previously determined to indicate sandblast grit
contamination (antimony, cadmium, chromium, cobalt, copper, lead, nickel, thallium, and zinc); some samples

were also analyzed for hexavalent chromium,

A risk-based screening evaluation using EPA Region 9 PRGs was conducted for each of the five areas to estimate
the potential cancer risks and noncancer hazard indices (HIs) associated with residential and occupational
exposure to soil. Cancer risks and noncancer HIs were estimated for residential and commercial/industrial land-
use scenarios based on the ratio of detected contaminant concentrations to the EPA Region 9 PRGs. The
complete risk assessment was presented in the “Sandblast Grit Areas (Site 2) Removal Action Final Completion
Report” (TtEMI 1998). The assessment was based on the post-removal site conditions, using the analytical data
from the confirmation samples. All of the metals detected in the confirmation samples were retained as COPCs
and quantitatively evaluated in the risk assessment. That is, no background screen or other selection process was

applied to the data for the purpose of selecting COPCs.

The results of the screening risk assessment are presented on Table 6-1. The estimated cancer risks for the five
areas ranged from 2 x 107 to 3 x 10 and the cumulative Hls were all well below one, the level of concern. For
lead, the estimates of blood-lead levels were below the level of concern (10 micrograms per deciliter [pg/dL]),
with one exception. At Area 2B, the blood-lead level of 10.8 pg/dL for the child slightly exceeded the level of

concern. Based on the risk assessment results, the Navy has recommended no further action at IR Site 2.
6.1.3 IR Site 3 — Treatment Ponds Area

The planned closure of operational systems at IR Site 3 include removal of the Treatment Ponds, pipelines, and
free product underlying the Treatment Ponds. These actions are likely to disturb surface and subsurface soil, such
that analytical data from soil samples collected previously would not represent post-removal site conditions. For
this reason, the site will be recharacterized after the removal action work is complete. A risk assessment will be

prepared based on the post-removal data set.
6.1.4 IR Site 4 — Drum Lot 1 and Shoreline Areas
The Navy is currently removing the pipelines that run along the shoreline area of IR Site 4. Given the lateral

extent of these pipelines, the removal is expected to result in extensive disturbance of surface and subsurface soil.

As aresult, site characterization data required to support an HHRA and terrestial ERA will be collected after the
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removal action is complete, and a risk assessment will be prepared based on that post-removal data set. The

HHRA is being scoped in the summer of 2000 and field work will occur during the second quarter of 2001.

Part of Site 4, the Public Beach area at the southernmost end of the site (see Plate 1), will not be affected by the
pipeline removal. Access to this area is unrestricted, and the public currently uses it for picnicking and other
recreational activities. An evaluation of the potential risks associated with exposures at this area was performed

and is presented in the following subsections.

An additional potential health concern associated with IR Site 4 is ingestion of shellfish collected along the NFD
Point Molate shoreline. Because offshore sediments will not be affected by the proposed removal action at IR
Site 4, an evaluation of the potential risks associated with this pathway was made and this evaluation is presented

in the following subsections.

In summary, this HHRA comprises an evaluation of potential risks associated with recreational use of the Public
Beach area at IR Site 4 and ingestion of shellfish collected along the entire NFD Point Molate shoreline. After the
planned removal actions at IR Site 3 and along the remaining shoreline areas of IR Site 4 are complete, a separate
HHRA work plan will be developed in conjunction with the sampling and analysis plans to characterize post-
removal conditions at those sites. For IR Site 1, a screening level assessment will be prepared in support of the

presumptive remedy.
6.2 RISK ASSESSMENT OBJECTIVES

A baseline HHRA is prepared to evaluate potential heath risks associated with a site under current and potential

future land use conditions. The specific objectives of the risk assessment for the IR Site 4 Public Beach area are

as follows:
. Estimate the magnitude of potential human health risk associated with current and future site
conditions at the Public Beach area
o Identify the environmental media and contaminants that pose the primary health concerns
. Identify the environmental media and contaminants that pose little or no threat to human health
) Provide a basis to support decisions regarding the need for removal or remedial action at the

Public Beach area
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In addition, this HHRA evaluates potential risks associated with ingestion of shellfish collected along the NFD
Point Molate shoreline. This assessment is not specific to the Public Beach area because under future conditions,

shelifish may be collected at any point along the shoreline.

6.3 DATA EVALUATION AND IDENTIFICATION OF CHEMICALS OF POTENTIAL
CONCERN

This section describes the process used to evaluate data quality and usability for the HHRA, followed by the

rationale for identification of COPCs used to estimate cancer risks and noncancer hazards.

6.3.1 Data Evaluation

The data used for the Public Beach area risk assessment includes results from the analysis of shoreline soil and
sediment samples that were collected as part of the Phase II RI, as described in Section 4.0. Samples were not

collected at the Public Beach area during any of the previous investigations at NFD Point Molate.

Asian clams were collected and analyzed for petroleum-related constituents as part of the Phase II offshore
ecological risk assessment (Entrix, Inc. and TtEMI 1999b). Shellfish sample locations were selected along the IR
Site 4 shoreline based on areas of historical spills, discharges, and former activities along the shoreline. The data
for the Asian clams were used to assess the shellfish ingestion pathway for the HHRA. As a bivalve, the Asian
clam does not support extensive PAH metabolism (mediated by a mixed function monooxygenase system) when
compared to other shellfish, and thus, is a conservative indicator of petroleum contamination in shellfish species
(Livingstone 1991). Asian clams were also collected at Paradise Cove, identified as the reference (background)
location for the offshore ecological risk assessment. The analytical data for shelifish collected at Paradise Cove

are evaluated separately in the HHRA.

A rigorous evaluation of the sampling and analysis methodology employed during the Phase II RI was conducted
to verify that the quality of the sampling data was acceptable for use in a quantitative risk assessment. As part of
the data validation process, the entire Phase IT RI data set was subject to a cursory review, and 10 percent of the
data was fully validated. The cursory review evaluated the effects on the data of critical quality assurance and
quality control (QA/QC) information, such as holding times, calibration requirements, and spiking accuracy. The
full review evaluated additional QA/QC criteria and included examination of raw data to check calculations and
analyte identifications. The overall objective of data validation was to ensure that the quality of the analytical

data was adequate for its intended purposes, as defined by the following parameters: precision, accuracy,
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representativeness, completeness, and comparability. At each stage of validation, qualifiers were assigned to the
results according to EPA guidelines (EPA 1991a, 1994d), the QAPP (TtEMI 1998b), and associated analytical

methods.

The data collected as part of the Phase II RI met all requirements of “definitive data” as described in “Data
Quality Objectives Process for Superfund” (EPA 1993a). Consistent with EPA guidance (EPA 1990b), all data
without qualifiers and all data qualified as estimated (J) are used in the risk assessment. In general, only data

qualified as rejected (R) was considered unusable for risk assessment purposes.

The Phase II RI sampling results include tentatively identified compounds (TIC). TICs are compounds (or classes
of compounds) the laboratory has attempted to identify using the gas chromatography/mass spectrometry
technique. Although this technique is qualitatively certain when compounds or classes of compounds are
detected, it is quantitatively uncertain. TICs were reviewed during the data validation process and evaluated for
co-occurrence with detected analytes. The majority of TICs are attributable to detected analytes (or analyte
groups). For example, many TICs are unknown hydrocarbons, branched alkanes, substituted alkenes, and
substituted aromatic compounds that occur in conjunction with detected petroleum hydrocarbons. Because TICs
were largely attributable to detected compounds whose analytical results have a high degree of certainty, only

positively identified analytes were included in the risk assessment data set.

Information on the occurrence and distribution of chemicals detected in each exposure medium at the Public
Beach area and in shellfish are presented in Tables 6-2A through 6-2D (RAGS Part D Tables 2.1 through 2.4).
Specifically, for each detected analyte the tables include the chemical abstract service (CAS) number, minimum
concentration and qualifier, maximum concentration and qualifier, sample location of the maximum detected
concentration, detection frequency, and range of detection limits. The use of this data for selecting COPCs for

evaluation in the HHRA is discussed in the following section.

6.3.2 Identification of Chemicals of Potential Concern

COPC:s are identified for three exposure media of concern identified in the exposure assessment: (1) soil and
sediment, (2) air, and (3) shellfish (see Section 6.4). Soil and sediment are being evaluated as a single exposure
medium because individuals would be similarly exposed to shoreline soil and sediment while engaged in
recreational activities at the public beach. For this reason, the data sets for soil and sediment were combined for
COPC selection.
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Although a multi-step selection process is usually applied to reduce the number of COPCs carried through a risk
assessment, the number of steps have been reduced for the Public Beach area assessment because the samples
collected for site characterization were not analyzed for a full suite of constituents, and the total number of
samples collected is relatively small. Specifically, the soil, sediment, and shellfish samples collected for risk
assessment purposes were not analyzed for metals because no source of metals is known to have been associated
with historical operations at NFD Point Molate (except metals in spent sandblast abrasive, as discussed in
Section 1.0). In the absence of metals data, no screening to eliminate background metals and essential nutrients

was needed.

Further, although background concentrations of PAHs in surface soil have been developed for NFD Point Molate
(see Section 7.0), a background screen was not used to eliminate PAHs. This approach is consistent with EPA
guidance (EPA 1989a), which indicates that a background screen is appropriate only for metals and that all
organic compounds must be carried through a risk assessment. However, the information on background
concentrations of organic compounds such as PAHs can be used to help interpret the risk assessment results for
these compounds. PAHs are ubiquitous in the environment, and information on background concentrations can
be used to distinguish site-related concentrations from concentrations associated with natural sources (for
example, forest fires) and anthropogenic sources (for example, motor vehicles and manufacturing facilities that

use fossil fuels).

Finally, because the number of samples collected at the area was less than 20, screening on the basis of detection
frequency was not appropriate; typically, at least 20 samples are required for that purpose. As a result, all

analytes detected in one or more site samples were chosen to be evaluated in the risk assessment.

The COPCs developed using the above screening process for the media of concern at the Public Beach area (soil
and sediment, air, and shellfish), are presented in Tables 6-2A through 6-2D (RAGS Part D Tables 2.1 through
2.4).

6.4 EXPOSURE ASSESSMENT

The purpose of the exposure assessment is to evaluate the nature and magnitude of potential exposures to COPCs
during recreational activities at the IR Site 4 Public Beach area and from collection and ingestion of shellfish
along the NFD Point Molate shoreline. The assessment includes a description of the exposure setting and land
use, identifies potential receptors and exposure pathways, estimates exposure point concentrations (EPC), and

estimates chemical intakes.
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6.4.1 Exposure Setting and Land Use

General information on the physical setting at NFD Point Molate, including the location, topography, geology,
hydrogeology, climate, and land-use history, is prbvided in Section 3.0 of this RI report.

The Public Beach area (referred to as the Shoreline Park in the Point Molate Reuse Plan) is a 1,500-foot-long by
500-foot-wide park at the southern end of IR Site 4, bounded by Western Drive and San Francisco Bay (see Plate
1). The area is open space with recreational facilities including play structures, picnic tables, and barbecue pits.
The Navy has leased the park to the City of Richmond for the past 20 years, and the lease is currently being
continued on 2 month-to-month basis. The city is responsible for maintenance of the park (City of Richmond
1997).

In March 1997, the City of Richmond completed a final reuse plan to describe the proposed future land uses of
NFD Point Molate (City of Richmond 1997). The plan provides for orderly and phased development of the NFD
Point Molate property for civilian use over the next 20 years. For purposes of the reuse plan, NFD Point Molate
was divided into six distinct land-use areas: the Core Historic District, Central Development Area, Northern

Development Area, Southern Development Area, Shoreline Park, and Hillside Open Space Areas.

The Public Beach area is within the proposed Shoreline Park, designated to run the entire length of the NFD Point
Molate waterfront. Existing recreational facilities would be repaired or replaced and a trail (the Bay Trail) would
run the length of the Shoreline Park. The park is to provide view opportunities and waterfront access, and could
serve as a trailhead for the Bay Trail and other planned trails extending into the hillside area. The reuse plan
reports that the beach area is currently underutilized; promotion of NFD Point Molate as a destination point for
the Bay Area community, in view of its shoreline, waterfront, scenic, historical, and cultural resources, has been
identified as a reuse goal (City of Richmond 1997). Thus, use of the park, including the IR Site 4 Public Beach

area and the shoreline where shellfish may be collected, is projected to increase over time.
6.4.2 Identification of Receptors and Exposure Pathways

Receptors and exposure pathways for the risk assessment for the Public Beach area and along the shoreline were

identified based on site conditions and current and projected land uses.
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6.4.2.1 Potential Receptors

Because land use in these areas is not expected to change in the future, the same receptors are identified under
both current and proposed future land-use scenarios. The potential receptors include recreational visitors (for
example, a child at the playground area and an individual fishing or collecting shellfish) and park maintenance
employees. In particular, two receptors that are assumed to have the greatest potential exposure were selected for
detailed evaluation in this HHRA: a child (4- to 16-year old) assumed to visit the beach area, and an adult who
collects shellfish for personal consumption. Children at the Public Beach area will have the greatest potential for
exposure to soil (as compared to an adult) because of the higher soil ingestion rates and lower body weights used
to estimate the potential risks for a child, and the greater potential for dermal contact with soil. It is possible that
a child could also ingest shellfish collected along the NFD Point Molate shoreline. In the assessment, risks for the
child recreational visitor are presented for the soil-related pathways (ingestion, dermal contact, and inhalation of
airborne particulates), the shellfish ingestion pathway, and the soil and shellfish pathways combined. Because an
adult is assumed to ingest larger quantities of shellfish and to be exposed over a greater number of years as
compared to a child, the risks to an adult from shellfish ingestion were also evaluated. The risks for the adult

shellfisher include exposure to soil and sediments while collecting shellfish and ingestion of shellfish.
6.4.2.2 Exposure Pathways

An exposure pathway analysis was conducted to identify all complete exposure pathways for the IR Site 4 Public
Beach area and shoreline. A complete exposure pathway has four fundamental components: (1) a source and
mechanism of chemical release, (2) an affected environmental medium and probable contaminant migration
process, (3) an exposure point, and (4) an exposure route that allows humans to come into direct contact with a

contaminant.

Potentially contaminated environmental media at the Public Beach area and along the shoreline include air, soil,
sediment, groundwater, and surface water. Of these media, air, soil, and sediment are identified as those with
complete exposure pathways that allow humans to potentially be exposed to site contaminants at the Public Beach
area. Accordingly, those media are considered in the risk assessment. The rationale for this determination, on a
medium-by-medium basis, is presented in the following subsections. Table 6-3 (RAGS Part D Table 1) presents
information concerning the exposure pathways that were examined and excluded, and identifies the pathways that
will be qualitatively and quantitatively evaluated in the HHRA. In addition, a site conceptual model, identifying
the complete exposure pathways for evaluation in the HHRA, is presented in Figure 6-1.
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Air

COPCs in soil may migrate to air through volatilization and resuspension of soil particles by wind. These
transfer mechanisms are applicable at the Public Beach area, where VOCs in exposed soil can migrate to air and
the exposed surface soil can be eroded and particles entrained in air. Individuals visiting the Public Beach area
may inhale these VOCs and particles and thus be exposed to site contaminants. This pathway was evaluated in

the risk assessment.
Soil

Individuals may ingest COPC:s in soil either inadvertently (for example, by transfer of soil on hands and fingers to
food) or intentionally (pica). This risk assessment evaluated inadvertent or incidental soil ingestion from
unintentional hand-to-mouth transfer. In addition, individuals may be exposed to COPCs through dermal contact

with soil, and this pathway is also evaluated.

Sediment

Individuals walking or engaging in recreational activities along the shoreline may come in contact with
contaminated sediment. The probability of significant exposure is believed to be limited by mixing of surface
water and sediment in the intertidal zone, and consequent dilution of contaminants. However, because potential
contaminants in sediment could be linked to sources at NFD Point Molate, exposure to sediment was evaluated in
the risk assessment. Because the potential for contact with sediment is similar to contact with soil, the risk

assessment includes an evaluation of incidental sediment ingestion and dermal contact with sediment.
Groundwater

The pathways for exposure to groundwater are considered to be incomplete due to two factors. First, no
groundwater wells are currently located at the Public Beach area so the ingestion of groundwater is an incomplete
pathway. Second, it is highly unlikely that wells would be installed at the Public Beach because the quantity and
quality of extractable groundwater at this area are poor. Groundwater quality (in particular, levels of TDS) and
production yields are to be evaluated for NFD Point Molate under the Corrective Action Plan (CAP), including IR
Site 4. Ifit is later concluded that groundwater at the Public Beach area is a potential source of drinking water,
the need to evaluate potential risks associated with this pathway will be considered.
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Surface Water

No freshwater bodies are present at the Public Beach area. The pathways for exposure to contaminants in San
Francisco Bay are considered to be potentially cdmplete, but insignificant relative to other pathways evaluated in
the HHRA due to two factors. First, any contaminants released from NFD Point Molate to San Francisco Bay
would disperse quickly through tidal action; during one tidal cycle, up to 24 percent of the water volume in the
bay can be exchanged (RWQCB 1994). Thus, it would be difficult to establish that contaminants detected in
surface water samples were attributable to activities or runoff from NFD Point Molate. Second, cold water and
strong currents are a strong deterrent from swimming in the bay, minimizing the potential for direct contact with
the surface water. Based on these considerations, exposure to surface water while swimming is not considered a
complete exposure pathway and is not evaluated in the HHRA. Although minor exposure to surface water could
occur while wading or collecting shellfish, exposure to contaminants in sediments is likely to result in greater
exposure than exposure to contaminants in surface water, so any potential concerns associated with activities
involving exposure to both surface water and sediment are addressed in the assessment of the sediment exposure

pathways.
Fish and Shellfish

Fish in San Francisco Bay have historically been caught and eaten by humans. Because fish caught in the bay are
typically migratory and do not live and feed exclusively in one area, contaminants detected in fish tissues would
be difficult to link to a discrete source or NFD Point Molate IR site. Furthermore, a study by the RWQCB
documented that ingesting fish caught in the San Francisco Bay area may result in adverse health effects
(California Environmental Protection Agency [Cal/EPA] 1995a). Moreover, the Cal/EPA Office of
Environmental Health Hazard Assessment (OEHHA) has published health advisories warning that high levels of
contaminants may be present in fish in San Francisco Bay (Cal/EPA 1995b). In view of these factors, fish
ingestion is assumed to induce a health risk, but one that cannot be readily related to activities at the NFD Point
Molate IR sites. Therefore, consumption of fish is not evaluated in the risk assessment. However, a summary of
the findings and recommendations of OEHHA and the RWQCB studies is presented in Appendix I of this report.

Several bivalve species are present in San Francisco Bay that are sometimes used for human consumption. These
species are the blue mussel (Mytilus edulis), native bent-nose clam (Macoma nasuta), edible soft shell clam (Mya
arenaria), Japanese littleneck clam (Venerupis phillipinarum, formerly known as Tapes japonica), native
littleneck clam (Protothaca staminea), Asian clam (Potamocorbula amurensis), Pacific oyster (Crassostrea
gigas), and native oyster (Ostrea lurida) (Herbold and others 1992). The bay shoreline at NFD Point Molate

consists of riprap around the pier areas and areas of mud flats. The blue mussel and the Asian clam are found in
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the intertidal area (Miles and Roster Undated; Entrix, Inc.; and TtEMI 1999) at NFD Point Molate, while other

bivalves may be found in the mud flats.

Although shellfish are known to be present at NFD Point Molate, information on whether edible species are
present in sufficient quantity to allow harvest and consumption is limited. Based on conversations with the
California Department of Fish and Game (TtEMI 1998g), commercial harvesting of clams or mussels does not
occur in San Francisco Bay. In general, tracking of mussel or clam consumption in San Francisco Bay is difficult
and there are no harvest records since 1948 (TtEMI 1998h; Cohen and Carlton 1995).

Personnel at the base have reportedly stated that, on occasion, individuals have been observed trying to collect
shellfish for personal consumption. However, because individuals collecting shellfish have been observed only
sporadically, information on the species collected and consumption rates is not available. Although considerable
uncertainty exists regarding the need to address this pathway, the HHRA includes an evaluation of the potential

risks associated with shellfish ingestion.

64.3 Estimation of Exposure Point Concentrations

Exposure points are defined as the location of potential human contact with a COPC within an environmental
medium (for example, soil and air), and an EPC is defined as the COPC concentration at the exposure point. The
derivation of EPCs for the exposure media identified in Section 6.4.2.2 (soil and sediment, air, and shellfish) is
described below.

6.4.3.1 Soil and Sediment

EPCs in shoreline soil and sediment are calculated using the combined analytical data set for these media obtained
during Phase II site characterization efforts. To derive these EPCs, a concentration term (also referred to as the
medium EPC) was calculated for each COPC detected in shoreline soil and sediment. Consistent with EPA
guidance (EPA 1989a), the concentration term is the 95 percent upper confidence limit on the arithmetic mean
(UCLys). However, if the UCLgs exceeded the maximum detected concentration, the maximum concentration was
used as the soil concentration term. The methods for calculating the concentration terms are described in
Appendix I. The estimated EPCs for soil and sediment are presented in Table 6-4A (RAGS Part D Table 3.1).

6.4.3.2 Air

The EPCs for VOCs and particles released from soil to air are estimated using methodology provided by EPA
Region 9 in its memorandum regarding the derivation of PRGs (EPA 1998b). To derive the EPC in air (also

6-12 pavonpey - 126 Snal phase 5 17t do06:3.00vky

.

~



referred to as the route EPC), the soil EPC (Table 6-4B (RAGS Part D Table 3.2) is multiplied by the reciprocal
of a chemical-specific volatilization factor (VF) or particulate emission factor (PEF). These factors, obtained
from the EPA PRG document, relate chemical concentrations in soil to airborne concentrations that may be
inhaled. Volatilization factors were applied to volatile chemicals, defined as chemicals having a Henry’s Law
constant greater than 10 atm m*/mol and a molecular weight less than 200 grams per mole. The chemical-
specific VFs are presented in the table below. The default PEF from EPA Region 9 of 1.316 x 10° cubic meters
per kilogram (m*/kg) was applied to all other chemicals (EPA 1998b). The calculated route EPCs for the air
pathway are presented in Tables 6-8C, 6-8D, 6-9C, and 6-9D (RAGS Part D Tables 7.3, 7.4, 8.3, and 8.4).

Acenaphthene 5.20E+04
Anthracene 5.30E+05
Chrysene 1.10E+07
Dibenzofuran 6.50E+05
Fluorene 2.70E+05
Pyrene 4.30E+06

6.4.3.3  Shellfish

Exposure point concentrations in shellfish (specifically, Asian clams) are calculated using analytical data obtained
during the Phase II site characterization efforts. As previously discussed in Section 6.3.1, Asian clams were
collected off the NFD Point Molate shoreline and analyzed for petroleum-related constituents, including PAHs.
The Asian clam is considered a conservative indicator species for estimating PAH tissue concentrations, so that
the EPCs estimated for this species are considered appropriate surrogates for other shellfish species that might be
ingested. The concentration term for shellfish was calculated using the same methodology as for shoreline soil
and sediment (Section 6.4.3.1), as described in Appendix I. However, because the concentrations in shelifish
were reported on a dry-weight basis and shellfish consumption rates are expressed on a wet-weight basis, dry-

weight concentrations were converted to wet weight concentrations as follows:
Wet-weight concentration = Dry-weight concentration x (1 - moisture content)

The moisture content of 82 percent reported in Table 10-80 of the Exposure Factors Handbook (EPA 1997d) for

raw mixed clam tissue was used for the dry-weight to wet-weight conversion.
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The shellfish site EPCs are presented in Table 6-4C (RAGS Part D Table 3.3). The shellfish background EPCs
are presented in Table 6-4D (RAGS Part D Table 3.4).

6.4.4 Estimation of Chemical Intakes
EPA-derived exposure algorithms are used to estimate the chemical intakes for each route of exposure evaluated

in the HHRA. The chemical intake is expressed as milligrams of chemical per kilogram body weight per day
(mg/kg-d). Equation 6-1 present§ a generic method for calculating chemical intake (EPA 1989a):

1 = C xCR x EF x ED
BW x AT (Equation 6-1)
where
I = Intake: the amount of chemical at the exchange boundary (that is, skin, lungs,
or gastrointestinal tract) (mg/kg-d)
C = Chemical concentration: the EPC (for example, mg/kg for soil)
CR = Contact rate: the amount of contaminated medium contacted per unit of time or

event and may be the ingestion rate, inhalation rate, or dermal contact rate (for
example, milligrams per day [mg/day] for the ingestion rate of soil)

EF = Exposure frequency: how often the exposure occurs (days per year)

ED = Exposure duration: the number of years that a receptor comes in contact with the
contaminated medium (years)

BW = Body weight: the average body weight of the receptor in kilograms (kg) over the
exposure period

AT = Averaging time: the period over which exposure is averaged (days); for

carcinogens, the averaging time is 25,550 days based on a lifetime exposure of
70 years (average life expectancy); for noncarcinogens, the averaging time is equal
to the exposure duration multiplied by the number of days in a year (365 days).

Typically, intake is evaluated for both a reasonable maximum exposure (RME) case and a central tendency
exposure (CTE) case (for example, the average case). The RME case represents the highest exposure reasonably
expected to occur at a site and is calculated using the UCLos value for the exposure medium concentration term
and RME exposure parameters. Because of the focused nature of the HHRA for the Public Beach area and the
lack of default exposure parameters for the receptors considered (that is, the child recreational visitor and

shellfisher), only the RME exposure case was evaluated.

6-14 J— 11 oG o s 3Vl




Pathway-specific variations of Equation 6-1 are used to calculate intakes of COPCs. These equations and the
exposure parameters for the pathways that are evaluated in the HHRA are presented in Tables 6-5A through 6-5F
(RAGS Part D Tables 4.1 through 4.6).

Neither EPA nor Cal/EPA have established standard exposure conditions for recreational and fish consumption
scenarios. Therefore, physiological exposure parameter values (for example breathing rate and body weight) used
in the intake equations are age-related values from EPA’s Exposure Factors Handbook (EPA 1997¢). Other
exposure parameter values, such as exposure time, frequency, and duration, and soil and shellfish ingestion rates,
are based on best professional judgment. Although no information exists on the number of hours per day and
days per year people spend at the IR Site 4 Public Beach area or the amount of shellfish collected from that area,
and no survey was conducted for the risk assessment, the parameter values chosen are believed to be reasonable
maximum estimates. How each exposure parameter value was derived is explained in the following sections. The
exposure parameters common to all equations are discussed in Section 6.4.4.1, and pathway-specific equations

and exposure parameters are discussed in Sections 6.4.4.2 through 6.4.4.5.

6.4.4.1  General Exposure Parameters

The exposure parameter values used in the intake equations are based on a series of reported and assumed factors
regarding current and potential land use patterns at the IR Site 4 Public Beach area. Exposure parameters also
account for a number of physiological factors such as daily breathing rate and surface area of exposed skin.
Exposure parameters common to all intake equations are the exposure frequency, exposure time, exposure

duration, body weight, and averaging time.

Exposure Time, Exposure Frequency, and Exposure Duration

The three parameters — exposure time, exposure frequency, and exposure duration — together define the total
extent of exposure of a receptor. The exposure time is the number of hours per day (h/day) (or hours per event)
that a receptor is present at a specific exposure point; the exposure frequency is the number of days per year (or
events per year) that exposure occurs; and the exposure duration is the total number of years over which exposure

occurs.

The child recreational visitor is assumed to visit the Public Beach area for 2 h/day, 64 days per year over 12

years. These values are based on best professional judgment, with the exposure frequency based on an
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assumption of four exposure events per week for 14 weeks during the summer months and one exposure event per
week for four weeks during both late spring and early fall. The exposure duration corresponds to the period when

the child recreational visitor, from ages 4 to 16, visits the area.

The adult shellfisher is assumed to be exposed to onsite soil and sediment 2 h/day for 26 days per year over

30 years while collecting shellfish. The exposure time (2 h/day) is based on best professional judgment of the
time spent collecting shellfish; the exposure frequency (26 days per year) assumes that the individual collects
shellfish along the NFD Point Molate shoreline an average of once every 2 weeks. The value for the exposure
duration is the national upper-bound value (90th percentile) for time spent at one residence (EPA 1989a), and is

considered a conservative estimate of the number of years during which an individual would be living in the area.

For the evaluation of the ingestion of shellfish pathway, the adult shellfisher is assumed to eat shellfish from the
site 350 days per year for 30 years, and the child is assumed to eat shellfish from the site 350 days per year for 12
years. Although it is unlikely that an individual would eat shellfish daily, the exposure frequency (350 days per
year) is selected to correspond to the shellfish ingestion rate, which is expressed as the average daily ingestion
rate rather than the average amount of shellfish ingested per meal. For example, consumption by an individual of
150 grams (g) of shellfish per meal, 3 days per week (for a total of 450 g per week), would correspond to an
average daily ingestion rate of about 64 grams per day (g/day). The actual ingestion rates used in this assessment

are discussed in Section 6.4.4.5.
Body Weight

In accordance with EPA guidance (EPA 1989a), the value for body weight is the average weight of the receptor
over the exposure period. An average value of 36 kg was calculated for the child recreational visitor (4 to 16
years of age), based on the mean body weight for boys and girls presented for 1-year incremental age groups in
Tehle 7-3 of the “Exposure Factors Handbook™ (EPA 1997¢). In accordance with EPA guidance (EPA 1989a,
1991d), a value of 70 kg was used as the average body weight for the adult shellfisher.

Averaging Time
Consistent with EPA guidance (EPA 1989a), the averaging time for the assessment of noncancer effects is equal

to the exposure duration times 365 days per year. The averaging time used for the assessment of carcinogenic

effects is the number of days in a 70-year lifetime, which is equal to 25,550 days. The averaging time for
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carcinogens is taken to be 70 years (regardless of the actual exposure duration) because the slope factors (SF)

used to estimate carcinogenic risks are based on an exposure period of 70 years (see Section 6.5.2).

6.4.4.2 Equation and Exposure Parameters for Ingestion of Soil and Sediment

Individuals may be exposed to COPCs in soil and sediment by inadvertently ingesting contaminated soil or
sediment. The intake (applied dose) is estimated as the amount of chemical at the exchange boundary
(gastrointestinal tract). The exposure parameters specific to the ingestion of soil (and sediment) pathway are the

soil ingestion rate and the fraction of ingested soil assumed to be contaminated.

EPA guidance for soil ingestion rates recommends the following values: 100 mg/day for adults and 200 mg/day
for children 1 to 6 years of age (EPA 1991d). However, these are the rates recommended for a resident, assuming
ingestion of both outdoor soil and indoor dust over a 24-hour period. Although not directly applicable to the
recreational scenario evaluated for the Public Beach area, the ingestion rate of 200 mg/day is assumed for both
the child recreational visitor and the adult shellfisher. This value is considered to represent a reasonable upper
bound estimate of the ingestion rate because the activities at the beach would be expected to involve greater soil
contact than activities typically associated with residential exposure. However, the assumed time of exposure

(2 hours per visit) is considerably shorter than the 24-hour exposure time assumed for a residential setting.
Similarly, because collection of shellfish involves direct contact with sediment, a higher ingestion rate than is
typically assumed for a resident adult was considered approprate.

The term “fraction ingested” is used to account for the fraction of soil and sediment contacted that is assumed to
be contaminated. For this HHRA, all soil and sediment contacted is conservatively assumed to be contaminated

(that is, the fraction ingested is equal to 1).

The intake equation and exposure parameters for the ingestion of soil and sediment pathway for the child and
adult are presented in Tables 6-5A and 6-5B (RAGS Part D Tables 4.1 and 4.2).

6.4.4.3 Equation and Exposure Parameters for Dermal Contact with Soil and Sediment

Individuals may be exposed to COPCs in soil and sediment by direct contact with the skin. For the dermal
pathway, the intake is estimated as an absorbed dose, which is the amount of chemical that crosses the skin, enters
the body, and passes into the bloodstream. (This absorbed dose is in contrast to an applied dose, which is used to
estimate intake for all other exposure routes.) The exposure parameters specific to the assessment of the dermal

pathway are the skin surface area (the amount of skin in contact with soil or sediment), the amount of soil
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adhering to the skin (adherence factor), and the chemical-specific absorption fraction (that is, the fraction of
chemical in contact with the skin that actually crosses the skin barrier).

A receptor-specific value for the exposed skin suffacc area of 7,600 square centimeters (cm”) was derived for the
child recreational visitor, assuming that the exposed skin surface includes the head, hands, arms, legs, and feet.
This value was based on information provided in Tables 6-6, 6-7, and 6-8 of the “Exposure Factors Handbook”
(EPA 1997c¢). The value is equivalent to 66 percent of the total body surface area for male and female children
aged 4 to 16 years where the value for the total body surface arca was taken to be 1.15 square meters (the

50th percentile of the distribution). For the adult shellfisher, a value of 10,000 cm? (the 50th percentile of the
distribution) was derived, assuming that the exposed skin surface includes the head, hands, arms, legs, and feet
(EPA 1997c). Although it is likely that during the cooler months the exposed skin surface would be less than the
area assumed in these calculations, the assumed area accounts for soil adherence under clothing. Recent studies
have shown that soil can get under clothing and be deposited on the skin (EPA 1997c). In addition, combining
conservative assumptions about the type of clothing wom with average estimates of the surface area of exposed

body parts is consistent with EPA guidance for estimating the RME (EPA 1992a).

The receptor-specific dermal adherence factors are 0.3 milligrams per square centimeter (mg/cm?) for the child
recreational visitor and 0.08 mg/cm?’ for the shellfisher. These values were taken from the EPA Region 9
memorandum on derivation of PRGs (EPA 1998b), which in turn, were based on recent EPA dermal risk
assessment guidance (EPA 1998c). The values are based on measured soil adherence factors of individuals
engaged in relatively high soil-contact activities; that is, the value for the child was based on children playing in

soil and that for the adult was based on an outdoor gardener.

A dermal absorption fraction of 0.15 was used for the PAHs and 0.1 for all other organic compounds (DTSC
1994), as listed below. The intake equation and exposure parameters for the dermal contact pathway for the child
and adult are presented on Tables 6-5A and 6-5B (RAGS Part D Tables 4.1 and 4.2).

Acenaphthene 0.15
Anthracene 0.15
Benzo(a)anthracene 0.15
Benzo(a)pyrene 0.15
Benzo(b)fluoranthene 0.15
Benzo(g,h,i)perylene 0.15
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Benzo(k)fluoranthene 0.15
Carbazole ' 0.1
Chrysene 0.15
Dibenz(a,h)anthracene 0.15
Dibenzofuran 0.03
Fluoranthene 0.15
Fluorene 0.15
Indeno(1,2,3-cd)pyrene 0.15
2-Methylnaphthalene 0.15
4-Methylphenol 0.1
Phenanthrene 0.15
Pyrene 0.15

6.4.4.4 Equation and Exposure Parameters for Inhalation of Airborne Particles and Volatile
' Organic Compounds Released from Soil

Individuals may be exposed to COPCs through inhalation of airborne particles released from contaminated soil.
Scenario-specific inhalation rates of 1.2 cubic meter per hour (m*/hr) and 1.6 m*/hr were used for the child
recreational visitor and adult shellfisher, respectively, for the 2 hours they are assumed to be present at the site.
These are the average inhalation rates for children and adults engaged in moderate-level activities, as given on
Table 5-23 of the “Exposure Factors Handbook™ (EPA 1997c).

The intake equation and exposure parameters for the inhalation pathway for the child and adult are presented on
Tables 6-5C and 6-5D (RAGS Part D Tables 4.3 and 4.4).

6.4.4.5 Equation and Exposure Parameters for Ingestion of Shellfish

Individuals may be exposed to COPCs in shellfish by ingesting potentially contaminated shellfish collected along
the NFD Point Molate shoreline. Exposure parameters specific to this pathway are the shellfish consumption rate
and the fraction of ingested shellfish collected at NFD Point Molate.

The California Environmental Protection Agency (Cal/EPA) recently published a comprehensive report on
national and local fish and shellfish consumption rates (Cal/EPA 1997). The report presents the results from a
large number of studies and discusses their applicability to California. The applicability of the per capita fish and
shellfish consumption rates recommended by EPA for use in risk assessments is also discussed. In particular, the

Cal/EPA report suggests that per-capita consumption rates derived for the general population (including
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nonconsumers) are not appropriate for determining potential health risks from consumption of contaminated fish
or shellfish by sport or subsistence fishers taking fish or shelifish from a local water body. Cal/EPA states that the
appropriate consumption rate is the rate for individuals who actually consume sport fish (or shellfish), rather than
per capita estimates. For application in a site-spéciﬁc risk assessment, the total consumption rates should then be
adjusted to account for the fraction of total fish and shellfish consumed that originate from the water body under

investigation.

Based on a review of all available studies, Cal/EPA concluded that the Santa Monica Bay Seafood Consumption
Study (SCCWRP and MBC 1994) provides the best available data set for estimating consumption of sport fish or
shellfish in California. The fish and shellfish consumption rate reported in this study for the 95th percentile of the
distribution was 161 g/day. This value represents the total fish and shellfish consumption rate from all sources
(that is, commercial and sport fishing), and was recommended for evaluation of subsistence fishers. Of the 161
g/day, 5.7 percent was shellfish, which equates to a shellfish consumption rate of 9.2 g/day for an adult.

Although the value of 9.2 g/day is the best available estimate of shellfish consumption rates from all sources,
little site-specific data exist to support the use of this value for NFD Point Molate. As previously discussed in
Section 6.4.2.2, individuals collecting shellfish were reportedly observed only sporadically and it is considered
unlikely that NFD Point Molate would be the only source of shellfish in an individual’s diet. .For this reason, the
total consumption rate is adjusted to account for the fraction of total shellfish consumed that originate from NFD
Point Molate. This fraction is assumed to be 0.20. That is, it is assumed that 20 percent of the shellfish ingested
by an individual are collected from along the NFD Point Molate shoreline, and 80 percent are collected at other
locations or purchased from commercial sources. Because of the uncertainty in this estimate, risk estimates are
also presented for the assumption that NFD Point Molate is the sole source of the shellfish consumed by the child
and adult receptors (that is, the fraction collected from the site is 1).

Because the child recreational visitor could also ingest shellfish collected at NFD Point Molate, a consumption
rate was derived for this receptor. A total shellfish ingestion rate of 5 g/day was calculated by multiplying the
adult ingestion rate by the ratio of the child to adult body weights (that is 38/70, or 54 percent). EPA (1994¢) has
used body weight ratios of children and adults to derive fish consumption rates of children based on fish
consumption rates of adults. In addition, the percentage (54 percent) used to estimate the child consumption rate
agrees with the dietary intake rates used by DTSC (1992) to assess risks associated consuming homegrown
produce. That is, the consumption rate for the child was 59 percent of that of adults, which agrees well with the
54 percent used in this HHRA to estimate the shellfish consumption rate of the child.
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The intake equation and exposure parameters for the shellfish ingestion pathway for the child and adult are
presented in Tables 6-5E and 6-5F, respectively (RAGS Part D Tables 4.5 and 4.6).

6.5 TOXICITY ASSESSMENT

A toxicity assessment typically includes two components: (1) a listing of reference doses (RfDs) and SFs used in
the risk assessment to characterize carcinogenic risk and noncancer Hls, and (2) brief descriptions of the major
toxicological effects associated with the COPCs identified for a site (toxicity profiles). The toxicity values that
will be used for the NFD Point Molate risk assessment are discussed in Sections 6.5.1 and 6.5.2. The toxicity
assessment of petroleum hydrocarbon mixtures is discussed in Section 6.5.3. The toxicity profiles for site

COPCs are presented in Appendix 1.

6.5.1 Toxicity Values for Noncarcinogens

The potential for noncancer health effects resulting from exposure to toxic chemicals is assessed by comparing an
exposure estimate (intake) to an RfD. The RfD represents an average daily intake, expressed in mg/kg-d, that is
expected to pose no appreciable risk of adverse health effects to humans (including sensitive populations) during

a lifetime of exposure.

An RfD is specific to the chemical and route of exposure (ingestion, inhalation, and dermal contact). Separate

RfDs are available to evaluate oral and inhalation exposures. For this assessment, oral RfDs were used to assess
dermal exposures in the absence of route-specific dermal RfDs. In addition, RfDs are specific to the duration of
exposure. For this assessment, in which exposures are assumed to occur over periods of more than 7 years, only

chronic RfDs were used.

Oral RfDs are derived by EPA work groups. Formerly, EPA also derived RfDs for the assessment of inhalation
exposures; however, reference concentrations (RfC), which are reported in milligrams per cubic meter (mg/m?),
are now derived instead. For the risk assessment calculations, the RfCs are converted to their corresponding
RfDs by dividing the RfC by 70 kg (an assumed body weight) and multiplying by 20 cubic meter per day (m’/d),
which is an assumed inhalation rate. Because RfCs are analogous to RfDs, the term RfD is used in the following
discussion to represent both the inhalation RfDs and RfCs.

EPA work groups review all relevant human and animal studies for each chemical and select the study (or studies)

pertinent to the derivation of the specific RfD. RfDs are often derived from a measured or estimated no observed
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adverse effect level NOAEL). The NOAEL corresponds to the dose, in mg/kg-d, that can be administered

without inducing observable adverse effects. If a NOAEL cannot be determined, the lowest observed adverse
effect level (LOAEL) is used. The LOAEL corresponds to the lowest daily dose administered that induces an
observable adverse effect. The toxic effect characterized by the LOAEL is referred to as the “critical effect.”

NOAELSs are most often based on data from experimental studies in animals. Both the experimental parameters
and the extrapolation of animal data to humans are potential sources of uncertainty. Hence, in deriving an RfD,
the NOAEL or LOAEL is divided by uncertainty factors to ensure that the RfD will be protective of human
health. The uncertainty factors usually occur in multiples of 10, and each factor represents a specific area of
uncertainty inherent in the extrapolation from available data. Uncertainty factors account for (1) extrapolation of
data from animals to humans (interspecies extrapolation), (2) variation in human sensitivity to the toxic effects of
a compound (intraspecies differences), (3) derivation of a chronic RfD based on a subchronic rather than a
chronic study, and (4) derivation of an RfD based on a LOAEL instead of a NOAEL. Modifying factors between
0 and 10 may also be applied to accommodate other factors or additional uncertainty associated with the data.

For most compounds, the modifying factor is 1.

For this assessment, the primary sources of the chronic RfDs for the oral and inhalation exposure routes were
EPA’s Integrated Risk Information System (IRIS), an on-line database that contains current health risk and
regulatory information on a large number of chemicals (EPA 1999), and EPA’s Health Effects Assessment
Summary Tables (HEAST) (EPA 1997a). Additionally, chronic RfDs listed in the EPA Region 9 table of PRGs
(EPA 1998b) were used in the absence of a value from IRIS or HEAST.

For some COPCs, an RfD was available for only the oral route of exposure. In this case, a route-to-route
extrapolation was made using the oral RfD to assess the inhalation route. The underlying assumption is that a
chemical that causes adverse systemic effects by one route of exposure causes the same or similar effects if it is
absorbed by another route of exposure to give an internal dose. This assumption is considered to be valid for
most organic chemicals, but not for inorganic constituents.

Finally, for COPCs for which an RfD was not available for either the oral or inhalation route, RfDs for chemicals
of similar structure (surrogates) were applied. Specifically, the RfDs for the following compounds were used:

CorC RID Used
Benzo(g,h,i)perylene Anthracene
2-Methylnaphthalene Naphthalene
Phenanthrene Pyrene
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Use of surrogates is consistent with “Risk Assessment Guidance for Superfund” (EPA 1989a), which states that
the known toxicologic activity of one compound may be used to estimate the toxicity of another structurally

related compound for which specific toxicity datais lacking.

The chronic oral, dermal, and inhalation RfDs used in the risk assessment are presented on Tables 6-6A and 6-6B
(RAGS Part D Tables 5.1 and 5.2). In addition to RfDs, the tables summarize the source, primary target organ,
and uncertainty factor for each COPC. The use of RfDs to characterize potential noncancer health effects is

described in Section 6.6.
6.5.2 Toxicity Values for Carcinogens

The toxicity information considered in the assessment of potential carcinogenic risks includes a weight-of-
evidence classification and an SF. The weight-of-evidence classification qualitatively describes the likelihood
that a chemical is a human carcinogen and is based on an evaluation of the available data from human and animal
studies. A chemical may be assigned to one of three groups to indicate its potential for carcinogenic effects:
Group A, a known human carcinogen; Group B1 or B2, a probable human carcinogen; and Group C, a possible
human carcinogen. Chemicals that cannot be classified as human carcinogens because of lack of data are
categorized in Group D, and chemicals for which there is evidence of noncarcinogenicity in humans are

categorized in Group E.

The SF is defined as the plausible upper-bound estimate of the probability of a response per unit intake .of a
chemical over a lifetime (EPA 1989a). It is used to calculate an upper-bound probability that an individual will
develop cancer as a result of a lifetime of exposure to a carcinogen. Slope factors are derived from studies of
carcinogenicity in humans or experimental animals and are typically calculated for chemicals in Groups A, B1,
and B2. As with RfDs, SFs are specific to a chemical and route of exposure and are available for both the oral
and inhalation routes. EPA typically lists oral SFs for the assessment of oral exposures and an inhalation unit
risk in units of 1/(micrograms per cubic meter [ug/m’]) for the assessment of inhalation exposures. The unit risk
can be converted to an inhalation SF by multiplying by 70 kg (an assumed body weight) and a unit conversion
factor of 1,000 micrograms per milligram (ug/mg), and dividing by 20 m*/day (an assumed inhalation rate). The

oral SFs are used to assess the dermal pathway in the absence of route-specific dermal SFs.
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For this assessment, the primary sources of the SFs for the oral and inhalation exposure routes were IRIS (EPA
1999) and Cal/EPA (1994). In cases where SFs were available from both IRIS and Cal/EPA, the IRIS value was
used. Additionally, SFs were taken from HEAST (EPA 1997a) and the EPA Region 9 table of PRGs (EPA
1998b) in the absence of values from IRIS or Cal/EPA.

The oral, dermal, and inhalation SFs used in the risk assessment are presented on Tables 6-7A and 6-7B (RAGS
Part D Tables 6.1 and 6.2). In addition to SFs, the tables summarize information on the SF source and weight-of-
evidence classification for each carcinogenic COPC. The use of SFs to characterize potential carcinogenic health

effects is described in Section 6.6.
6.5.3 Assessment of Total Petroleum Hydrocarbons

In contrast to metals and organic compounds, total petroleum hydrocarbons (TPH) are specifically excluded from
the CERCLA process. The sources of the compounds in TPH usually are petroleum-based fuels (such as gasoline
and diesel) and lubricants (such as motor oil). The most toxic compounds in these petroleum-based products are
BTEX and PAH compounds. Lighter range petroleum fractions, such as gasoline, contain a high percentage of
BTEX, whereas PAH compounds are present in heavier range fractions such as diesel fuel and motor oils.
According to Cal/EPA (1993), the American Society for Testing and Materials (ASTM 1995), and the Standard
Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites, risk estimates based on the most
toxic components of petroleum-based fuels and lubricants suffice when TPH is detected. PAHs were detected in
soil samples from the Point Molate Public Beach area and risk estimates for each of these compounds are
calculated. In general, lighter-end fuels and VOCs have not been detected in samples of sediment or surface soils
at Point Molate. No hydrocarbons, other than heavier-end fuels and their constituents, have been detected in

surface samples collected at the Public Beach area and no historical releases in this area have been documented.
6.6 RISK CHARACTERIZATION
The final step in the HHRA is the characterization of potential risks associated with exposure to site-specific

chemicals. Cancer risks and noncancer health hazards are characterized separately. The risk characterization

methodology is presented in Sections 6.6.1 and 6.6.2 and the risk results are presented in Section 6.6.3.
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6.6.1 Characterization of Noncancer Hazards

For COPCs that are not classified as carcinogens and for those carcinogens known to cause adverse health effects
other than cancer, the potential for exposure to result in noncancer health effects is evaluated by comparing the
intake with an RfD. When calculated for a single chemical, this comparison yields a ratio termed the hazard
quotient (HQ):

Hazard Quotient = Intake (mg/kg-d) + RfD (mg/kg-d) (Equation 6-2)

To evaluate the potential for noncancer adverse health effects from simultaneous exposure to multiple chemicals

for a single exposure pathway, the HQs for all chemicals are summed, yielding an HI as follows:
Pathway-Specific Hazard Index = z HQ (Equation 6-3)

Pathway-specific Hls are then summed to estimate a total HI for each receptor identified at a site. When the total
HI exceeds 1, further evaluation in the form of a segregation of HI analysis is conducted to determine whether
noncancer hazards are a concern at the site (EPA 1989a). This approach is used because the noncancer effects of
chemicals with different target organs are generally not additive. Because the HI did not exceed 1 for any of the

receptors evaluated in this HHRA, a segregation of HI was not performed in this risk assessment.
6.6.2 Characterization of Cancer Risks

Risks associated with exposure to COPCs classified as carcinogens are estimated as the incremental probability
that an individual will develop cancer over a lifetime as a direct result of an exposure (EPA 1989a). The

estimated risk is expressed as a unitless probability.

To aid in the interpretation of the risk assessment results, the National Oil and Hazardous Substances Pollution
Cohtingency Plan (NCP) and EPA guidance on exposure levels considered protective of human health is
presented. In the NCP, EPA defined general remedial action goals for sites on the National Priorities List (Title
40 Code of Federal Regulations Part 300.430). These goals include a range for residual carcinogenic risk, which
is “an excess upper bound lifetime cancer risk to an individual of between 10 and 10°,” or 1 in 10,000 to 1 in

1,000,000. The goals set out in the NCP are applied once a decision to remediate a site has been made. A more
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recent EPA directive (EPA 1991c) provides additional guidance on the role of the HHRA in supporting risk
management decisions, and in particular, determining whether remedial action is necessary at a site. Specifically,

the guidance states,

“Where cumulative carcinogenic site risk to an individual based on reasonable
maximum exposure for both current and future land use is less than 10, and
the noncarcinogenic hazard quotient is less than 1, action generally is not
warranted unless there are adverse environmental impacts.”

However, in comments to the Navy, EPA has stated that action may be taken to address risks between 10 and
10" and DTSC has stated that the agency considers 10 as the point of departure for risk management decisions.
For this reason, the range between 10 and 10 is referred to as the “risk management range” in this discussion,

and chemicals with a risk greater than 10 are identified.

For COPCs that are classified as carcinogens, the carcinogenic risks resulting from exposure to site COPCs are

estimated using the following three steps:

First, to derive a cancer risk estimate for a single chemical and pathway, the chemical intake is multiplied by the

chemical-specific SF. This calculation is based on the following relationship:
Chemical-Specific Cancer Risk = Intake (mg/kg-d) x SF (mg/kg-d)’ (Equation 6-4)

Second, to estimate the cancer risk associated with exposure to multiple carcinogens for a single exposure

pathway, the individual chemical cancer risks are assumed to be additive, as follows:

Pathway-Specific Cancer Risk = Z Chemical-Specific Cancer Risk (Equation 6-5)

Third, pathway-specific risks are then summed to estimate the total cancer risk.

6.6.3 Risk Characterization Results

Tables 6-8 through 6-10 (RAGS Part D Tables 7 through 9) present the pathway- and chemical-specific risks and
HQs for each receptor evaluated for the IR Site 4 Public Beach area, and an overall summary of the risk

characterization results is presented in Table 6-11.
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For the child recreational visitor, the estimated cancer risk associated with exposure to COPCs in soil, sediment,
and air is 5.8 x 107, less than EPA’s risk management range of 1 x 10 to 1 x 10°°. The cancer risk associated
with eating shellfish is 1.4 x 107. Because it is possible that a child who is exposed to soil and sediment while
playing at the Public Beach Area also eats shellfish, the risk from the soil-related pathways and shelifish ingestion
pathways were summed, giving a total risk for all pathways of 7.2 x 10”7 The HIs for the soil-related pathways
and the shellfish ingestion pathway are less than 1, as is the total HI for all pathways combined, 