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Executive Summary

This Corrective Action Plan (CAP) was prepared for the U.S. Army Corp of Engineers,
Sacramento District, to address the former 850,000-gallon (gal) aboveground storage tank
(AST-2) located on the Petroleum, Oil, and Lubricant (POL) Hill Outparcel at Hamilton
Army Airfield (HAAF) in Novato, California. 

This CAP presents the results of previous environmental investigations and characterizes
environmental conditions at the POL Hill AST-2 Area. This information is used to identify
the chemicals of concern, develop corrective action objectives, identify appropriate
corrective action technologies, and develop corrective action alternatives. The CAP also
recommends and justifies the preferred corrective action alternative that will take the site to
regulatory closure. 

The POL Hill Outparcel operated as the Base fuel-storage center from 1942 until prior to May
1986, when the storage tanks were removed. AST-2 stood on the hillside bench within the
POL Hill Outparcel and supplied jet propellant fuel (i.e., jet-propellant 4 [JP-4]) for aircraft
operations to the former tank-farm area by gravity feed through a pipeline. Discharges of
unknown quantities of jet fuel over the years of operation have impacted the soil and
groundwater beneath the former AST-2. 

When the tank was removed in 1986, the soils containing petroleum hydrocarbons in excess
of 1,000 milligrams per kilogram (mg/kg) on the AST-2 hillside bench area were excavated
and replaced with clean backfill. In 1990, the pipeline that supplied the lower tank farm was
removed. At this time, further soil removal (to 100 mg/kg) and replacement with clean fill
was conducted (IT, 1991). These remedial activities addressed all the impacted soils that
could be practically removed beneath AST-2. 

During the tank and soil excavation activities, a rock outcrop, which surrounds the southern
area immediately behind the former AST-2 location, had an area of visible staining. A
composite sample of the rock outcrop was collected and analyzed. It was determined that
the outcrop staining did not represent a significant environmental concern and that there
were no associated assumed human health or ecological risks (IT, 1999).

The remedial investigation (RI) activities established that petroleum hydrocarbons were the
sole chemicals of concern for the POL Hill AST-2 Area (IT, 1999). Groundwater samples
were collected beneath the former POL Hill AST-2 Area in March 1994, February 1997,
March/April 1998, June/July 1998, August/September 1998, January 1999, September 2001,
February 2002, and August 2002 to characterize the environmental impacts. Among
constituents detected in groundwater samples from the POL Hill AST-2 Area, only total
petroleum hydrocarbon (TPH) concentration measured as gasoline (purgeable) and TPH
measured as diesel (extractable) exceeded General Services Administration (GSA) Phase 1
residential cleanup goals (RCGs).

The results of the historical investigations indicate that petroleum-hydrocarbon
contamination is present in groundwater within discontinuous bedrock fractures beneath
the location of former AST-2, but that the extent of impact appears to be limited to the
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vicinity of former AST-2 as shown on Figures 2-1 through 2-4. Monitoring well PL-MW-101,
constructed immediately east of the former tank location, accounted for the maximum
concentrations of TPH among the AST-2 area monitoring wells. 

The highest concentration of TPH measured as diesel (9,800 µg/L) and TPH measured as
gasoline (6,200 µg/L) was detected in groundwater samples from monitoring well
PL-MW-101 during the February 2002 sample round. This well also exhibited the only
benzene concentrations in the former POL Hill AST-2 Area; however, benzene was not
detected in any samples collected after August 1992 . The detections of TPH measured
as diesel and gasoline are consistent with the expected nature of the
petroleum-hydrocarbon chemical constituents in this area, since AST-2 was known to be
a JP-4 storage tank.

Analyses of groundwater samples from AST-2 Area wells between March 1994 and January
1999 have shown a consistent pattern of decrease in all wells except PL-MW-101. TPH
concentrations in well PL-MW-101 have fluctuated somewhat during this period with
concentration spikes observed in February 1997 and February 2002. Overall, these data still
support the conclusion that the hydrocarbon-contaminated groundwater in bedrock is
stable and shrinking. Other groundwater-monitoring results indicate that natural
attenuation has been occurring at the site (IT, 1999; SOTA, 2002). 

The results of previous environmental investigations and evaluation of remedial
alternatives for the POL Hill AST-2 Area were presented in a meeting on May 2, 2001
between California Regional Water Quality Control Board (RWQCB) regulators and U.S.
Army Corps of Engineers (USACE). It was decided at that meeting that monitored natural
attenuation (MNA) was an appropriate remedial alternative for contaminated groundwater at
the POL Hill AST-2 Area and that three semi-annual rounds of groundwater analysis would
be collected to confirm the viability of MNA as the chosen remedial alternative. 

Since that meeting, three additional rounds of groundwater sampling have been conducted
between September 2001 and August 2002 in the AST-2 Area. The results of that groundwater
sampling program are provided in Appendix I (SOTA, 2002) and summarized in Table 4-1 of
this report. In general, the results support the argument that MNA is a viable remedial
alternative for the site. The results of the recent sampling provide the basis for further
discussions with regulators on the viability of MNA as the remedial option for this site and
the implications for long-term monitoring and ultimate closure of this site.

An interim monitoring program is proposed for existing groundwater wells. This CAP
also proposes a decision rationale for evaluating the ongoing groundwater-monitoring
data to determine when the site is ready for closure. Basically, the site will be considered
ready for closure once the interim groundwater-monitoring data indicate that residual
petroleum-hydrocarbon contamination in groundwater has been reduced to levels below
the RCGs and that rebound of the contaminant concentrations will not occur. The historical
and interim groundwater-sampling data will then be integrated into a POL Hill AST-2
Area closure report for review and acceptance by regulatory authorities.
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SECTION 1

Introduction

This CAP was prepared for the former AST-2 located on the POL Hill Outparcel at HAAF,
Novato, California (Figure 1-1). This CAP was prepared for the U.S. Army through the
USACE, Sacramento District and accomplishes the following:

• Presents the results of an RI conducted for AST-2 within the POL Hill Outparcel from
1996 to 1997

• Evaluates the findings of the recent RI, along with results of previous soil and
groundwater characterization activities at the POL Hill AST-2 Area 

• Develops corrective actions capable of obtaining site closure for the POL Hill AST-2 Area

• Evaluates these corrective actions to identify the preferred remedy

The POL Hill Outparcel is located within the HAAF Base Realignment and Closure (BRAC)
property (Figure 1-2) in Novato, California. Features of the POL Hill Outparcel include the
location of the former AST-2 on the north end of Reservoir Hill and a former below ground
tank farm on the lowlands adjacent to Reservoir Hill (Figure 1-3). This CAP addresses only
the former POL Hill AST-2 Area. The former tank farm area is addressed separately in the
Closure Report—POL Hill Outparcel—Tank Farm (CH2M HILL).

For purposes of this CAP evaluation, the POL Hill AST-2 Area was divided into two media
of interest, soil and groundwater, in the vicinity of the former AST-2. Petroleum
hydrocarbons are present in the soil and groundwater, and are associated with site use and
storage of the fuel JP-4. Through individual analyses of both media, a preferred corrective
action is selected that collectively addresses the physical and environmental impacts to both
the soil and groundwater at the site.

1.1 Site History and Problem Statement 
The POL Hill Outparcel is separated from the Main BRAC Property by approximately
200 feet (ft) and is surrounded by the GSA Phase II Sale Area (Figure 1-2). The POL Hill
Outparcel contained two main features:

• The site of a former large aboveground storage tank and associated piping (AST-2) 
• The site of a former underground tank farm 

As previously mentioned, this CAP only addresses the POL Hill AST-2 Area. 

A former 850,000-gal AST (AST-2) was located at POL Hill. AST-2 previously stood on a
graded bench on the north side of Reservoir Hill and supplied the lower tank farm by
gravity feed through a pipeline system. AST-2 stored JP-4 for aircraft operations and was
removed in 1986.
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Over the years, unknown amounts of JP-4 fuel were released from AST-2 and piping
appurtenances and contaminated the surrounding soils and underlying groundwater.
During removal of AST-2, known and suspected impacted soils were excavated if TPH
concentrations exceeded 1,000 mg/kg. Following excavation and removal activities, soil
sampling was conducted along the periphery of the excavation to confirm contaminant
removal (IT, 1987). Subsequent excavation activities were conducted to remove, to the extent
possible (i.e., down to bedrock), impacted soils where TPH concentrations exceeded 100
mg/kg (IT, 1991). The excavation area was backfilled with clean material. Groundwater
samples were collected beneath the former AST-2 Area in March 1994, February 1997,
March/April 1998, June/July 1998, August/September 1998, January 1999, September 2001,
February 2002, and August 2002 to characterize the environmental impacts. These data
support the conclusion that that the hydrocarbon-contaminated groundwater in the bedrock
fissures is stable and shrinking. Other groundwater monitoring results indicate that natural
attenuation has been occurring at the site (IT, 1999; SOTA, 2002). 

During the tank and soil excavation activities, a rock outcrop, which surrounds the southern
area immediately behind the former AST-2 location, had an area of visible staining. A
composite sample of the rock outcrop was collected and analyzed to assess the staining. The
rock staining is not considered to be environmentally significant and there are no associated
assumed human health or ecological risks (IT, 1999).

1.2 Purpose and Objective 
The purpose of this CAP is to plan and document corrective actions for groundwater
contamination at the POL Hill AST-2 Area. The objectives of the CAP process are: to provide
documentation of releases of petroleum or hazardous substances at the site; to delineate the
general extent of any known contamination; to identify potential corrective actions; to
provide rationale for the selection of a recommended corrective action; and to propose a
rationale for determining when the POL Hill AST-2 Area is ready for closure. This effort is
based on process knowledge and investigative activities conducted by the U.S. Army.

To accomplish the purpose and objectives, the scope of work associated with this effort and
documented in this CAP includes:

• Review and discussion of the current condition of the POL Hill AST-2 Area
• Identification of chemicals of concern
• Development of corrective action objectives
• Identification of appropriate corrective action technologies
• Development of corrective action alternatives
• Recommendation and justification of a preferred corrective action alternative.

The results of these tasks are presented in this document as discussed in Section 1.4.
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1.3 Regulatory Authority, Guidance, and Current Regulatory Status 

The U.S. Army is the lead agency involved in the BRAC Closure process at HAAF. The RWQCB
is the lead regulatory agency for the POL Hill Outparcel. The RWQCB’s status as the lead
regulatory agency is formally documented in a letter from the Department of Toxic Substances
Control (DTSC) to the Army which indicates that petroleum hydrocarbons are not regulated as
hazardous substances in the California Health and Safety Code (DSTC, July 3, 1998).

In addition, the U.S. Environmental Protection Agency (EPA) is an oversight agency for
closure of sites within the POL Hill Outparcel.

The work described in this report was performed pursuant to the Comprehensive
Remedial Investigation/Feasibility Study Work Plan (IT, 1997a) and the Contractor Quality
Control/Sampling and Analysis Plan (CQC/SAP) (IT, 1997b), which was approved by the
regulatory agencies. Additionally, the remedial investigation activities were conducted in
accordance with the statutory requirements defined in the California Code of Regulations
Title 23, Division 3, Chapter 16, Article 11 (Underground Storage Tanks) (1994). The recent
groundwater monitoring activities (i.e., after January 1999) were completed in accordance
with the approved workplan dated October 31, 2001 (SOTA, 2001).

Other guidance documents used in preparation of this closure report include the
Tri-Regional Board Staff Recommendations for Preliminary Evaluation and Investigation of
Underground Storage Tank Sites (TRWQCB, 1990), the Supplemental Instructions to State Water
Board, December 8, 1995, Interim Guidance on Required Cleanup at Low Risk Fuel Sites (RWQCB,
1996), the risk-based corrective action approach documented in the American Society of
Testing and Materials (ASTM) Standard Guide for Risk Based Corrective Action Applied at
Petroleum Release Sites (1995), and ASTM Standard Guidance for Remediation of Groundwater by
Natural Attenuation at Petroleum Release Sites (1998).

These regulatory requirements not only drive the generation of this CAP but are also considered
in the identification of corrective action objectives and in the evaluation and analysis of
corrective action alternatives (both of which are discussed in subsequent sections of the text).

The results of previous environmental investigations and evaluation of remedial alternatives
for the POL Hill AST-2 Area were presented in a meeting on May 2, 2001 between RWQCB
regulators and USACE personnel. It was decided at that meeting that monitored natural
attenuation (MNA) is a potentially appropriate remedial alternative for contaminated
groundwater at the POL Hill AST-2 Area pending the acquisition of additional data. It was
agreed to collect an additional three rounds of groundwater samples to confirm the viability
of MNA as the chosen remedial alternative. Following the three rounds of sampling to
support the MNA alternative, talks with the RWQCB would be held to discuss the results of
the MNA analytical testing and the implications for long-term monitoring and ultimate
closure of the site.

This CAP documents the data that were collected prior to the May 2, 2001 meeting and the
subsequent three rounds of groundwater sampling and analysis by SOTA (2002). It also
identifies a decision rationale for evaluating the ongoing groundwater monitoring data to
determine when the site is ready for closure. The results of the MNA analytical testing prior
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to May 2, 2001 are provided in Appendix H. Results from additional MNA analytical testing
are included in the report by SOTA (2002) included in Appendix I. 

1.4 Report Organization
This CAP has been divided into the following sections:

• Section 1—Introduction
Summarizes the objectives/scope, site history, and regulatory authority for
development of this CAP

• Section 2—Description of Current Conditions
Provides a brief summary of the results of the previous and recent
investigative activities conducted at the POL Hill AST-2 area

• Section 3—Corrective Action Objective Development
Documents the steps taken in identifying corrective action technologies and developing
corrective action alternatives

• Section 4—Identification of Corrective Action Technologies 
Presents corrective action technologies applicable to site-specific conditions and the
media and contaminants present at the site

• Section 5—Development of Corrective Action Alternatives 
Presents corrective action alternatives developed from the applicable technologies which
will achieve the stated corrective action objectives

• Section 6—Recommended Corrective Action Alternative 
Presents the preferred corrective action alternative and the rationale for its selection

• Section 7—Proposed Interim Monitoring and Site Closure Plan 
Presents a plan for interim monitoring and determining when the site can be closed

• Section 8—References 
Presents a list of all referenced documents and figures

• Appendix A—Recent Remedial Investigation Results 
Presents the results of the 1996-1997 remedial investigation activities at the POL Hill
AST-2 Area; these activities included: installing and sampling additional groundwater
monitoring wells, conducting specific capacity and slug testing to evaluate stability of
the contaminants in the groundwater within bedrock fractures, and assessing the
presence or absence of soil and groundwater contamination near the groundwater
treatment facility

• Appendix B—Boring Logs and Well Construction Diagrams 
Presents boring logs for the recently drilled soil borings and groundwater-monitoring
wells; also presents construction details and diagrams of the groundwater-monitoring
wells

• Appendix C—Well Development and Well Survey Data 
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Presents well development data for the groundwater monitoring wells associated with
AST-2, as well as location survey data for those wells

• Appendix D—Field Documentation 
Presents sample collection logs and analytical request/chain of custody forms for the
soil and groundwater samples

• Appendix E—Validated Analytical Data 
Presents validated analytical data for the analyzed soil and groundwater samples

• Appendix F—Aquifer Test Data 
Presents the results of the slug and pump tests conducted on the recently installed
groundwater-monitoring wells

• Appendix G—Cost Estimates 
Presents detailed and present-worth calculations for each of the corrective action
alternatives

• Appendix H—Monitored Natural Attenuation Summary 
Provides background information on MNA and summarizes site-specific information

• Appendix I—Groundwater Monitoring Report
Text, tables, and figures from Draft report by SOTA Environmental Technology, Inc.
dated August 2002.
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SECTION 2

Description of Site Conditions

The following section discusses the results of previous investigations and the recent
remedial investigation conducted at the POL Hill AST-2 Area. This information forms the
baseline from which the corrective action alternatives were developed and evaluated in
subsequent sections of the text. This section provides descriptions of conditions and
physical characteristics of the POL Hill AST-2 Area, including:

• HAAF background and history
• POL Hill AST-2 Area description
• Geology and hydrogeology
• Field investigations and environmental studies prior to the RI
• Remedial investigations and actions
• Nature and extent of contamination
• Data comparability

2.1 HAAF Background and History 
HAAF was a 1,600-acre military installation located approximately 22 miles north of San
Francisco on San Pablo Bay in Marin County, California (see Figure 1-1). The military
installation  was bounded on the north by the North Antenna Field (a formerly-used
defense site), private agricultural lands, and a private residential community (Bel Marin
Keys); on the east by state-owned land and San Pablo Bay; on the south by private
agricultural fields; and on the west by Nave Drive, which parallels State Highway 101.

HAAF was constructed on reclaimed tidal mud flats by the Army Air Corps in 1932. The
site, previously known as Marin Meadows, had been used as ranch and farm land since the
Mexican Land Grant (USACE, undated). Military operations began in December 1932, first
as a Base for bombers, and later as a Base for transport and fighter aircraft. The Base played
a major role during World War II as a training field and staging area for Pacific operations.
During the war (i.e., early- and mid-1940s), the Base hospital served as an acute-care and
rehabilitation facility for thousands of war casualties per month.

The Base was renamed Hamilton Air Force Base in 1947 when it was transferred to the
newly created U.S. Air Force (USAF). The USAF used the Base primarily as a training and
fighter installation until 1975. In 1976, the USAF ended military operations at the Base and
the U.S. Department of the Army (Army) began aircraft operations at the airfield and
supporting facilities with permission from the USAF (Hamilton Field Association, Inc.,
1988). In 1984, the airfield property was officially transferred back to the Army and renamed
Hamilton Army Airfield. The Base was declared surplus under the Base Realignment and
Closure Act of 1988. The Army continued to use the airfield primarily for Army Reserve
aircraft operations until March 1994. The BRAC Property is currently managed by the
Department of the Army, I Corps, at Fort Lewis, Washington.
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The Main BRAC Property encompasses approximately 644 acres located primarily within
the northeastern portion of the HAAF. The Main BRAC Property is bounded on the
southwest by the GSA Phase II Sale Area and U.S. Coast Guard-administered military
housing, both of which are located within the current Base limits. The 7.84-acre POL Hill
Outparcel has been addressed by the Army together with other BRAC sites; however, the
outparcel is separate from the contiguous Main BRAC Property (see Figure 1-2). The POL
Hill Outparcel is located on the north side of a ridge known as Reservoir Hill, and the
adjacent lowlands southwest of West Boundary Road. The Outparcel is bounded by the
GSA Phase II Sale Area (see Figure 1-3). The POL Hill AST-2 is located in the south-central
portion of the POL Hill Outparcel. 

2.2 POL Hill AST-2 Area Description 
The POL Hill Outparcel lies within the upland portion of HAAF, on the north side of a
ridge known as Reservoir Hill and southwest of West Boundary Road (see Figure 1-3). The POL
Hill Outparcel operated as the Base fuel-storage center from 1942 until prior to May 1986, when
the storage tanks were removed. AST-2 stood on the hillside bench and supplied JP-4 for aircraft
operations to the former tank-farm area by gravity feed through a pipeline. Discharges of jet
fuel have impacted the soil and groundwater beneath the former AST-2. Since AST-2 was
removed in 1986, the following wells have been used to assess environmental conditions in this
area: PL-MW-101 (D) and MW-POLA-121(S) in the source area and PL-MW-103, PL-MW-104,
PL-MW-114, PL-MW-115, PL-MW-116, and MW-POLA-120 in downgradient areas around
former AST-2 (see Figure 1-3). Another well, PL-MW-106, was used to assess conditions
associated with the AST-2 in the March 1994 sample round but was non-detect for petroleum
hydrocarbons and so was not included in subsequent sample rounds. Monitoring well
PL-MW-107 was sampled for BTEX and TPH between February 1997 and September 1998
and for TPH between September 2001 and August 2002.  All of the above-listed wells were also
sampled for geochemical parameters to support the natural attenuation study between
September 2001 and August 2002 (SOTA, 2002).

The POL Hill Outparcel formerly contained a variety of fuel-storage facilities, including
several ASTs, underground storage tanks (USTs), and associated fuel lines and pumping
systems which were removed between 1986 and 1990. In 1986, AST-2 and the twenty USTs,
associated with the former underground tank-farm area, were removed. At this time, the soils
containing petroleum hydrocarbons in excess of 1,000 mg/kg were excavated and replaced
with clean backfill including the soil from the AST-2 hillside bench area. In 1990, the pipeline
that supplied the lower tank farm was removed, along with additional items from the lower
tank farm. At this time, there was further removal of soils with concentrations above
100 mg/kg and the excavated soils were replaced with clean fill. 

2.3 Geology and Hydrogeology
Reservoir Hill lies within the San Francisco-Marin structural block of the Northern Coast
Range geomorphic province of California. The higher-relief areas to the west and south of
HAAF are generally underlain by serpentine and sandstone bedrock from the Franciscan
Complex of Jurassic to Cretaceous age. The bedrock is locally overlain by Tertiary alluvium
and colluvium deposits.
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Five distinct geologic units were identified in the POL Hill Area from well-boring logs: two
bedrock units, Bay Mud, and two artificial-fill units (ESI, 1993). The lower bedrock unit is a
gray, highly indurated, fractured Franciscan sandstone that was encountered to the total
depth of the borings. The upper bedrock unit is described as friable, yellow-to-buff colored,
interbedded sandstone, siltstone, and shale. In areas not disturbed by excavation and fill
activities, a thin layer of Bay Mud overlies the upper-bedrock unit along the northeastern
perimeter of the site. An older fill unit of pebbly, sandy clay is present to a depth of
approximately 7 ft below ground surface (bgs) along the northern boundary of the POL Hill
Area (WCC, 1987). A younger fill, typically less than 10 ft thick, consisting of clayey, sandy
gravel is present in the former tank-farm area and at the bench where AST-2 was located.

Groundwater occurs in the weathered bedrock along the flanks of Reservoir Hill. Recharge
occurs from rainfall on the top and slopes of the hill, with groundwater percolating into the
weathered material and fractures in the bedrock. Flow within the bedrock is controlled by
fractures and also follows topography. A representative groundwater-elevation contour
map is provided in Figure A-7 of the POL Hill Outparcel RI (IT, 1999), included in
Appendix A of this CAP.

Groundwater in the vicinity of the former AST-2 occurs in the bedrock at approximately
15 to 25 ft bgs and in the fill material at increasingly shallower depths away from the hill
(Figure 2-2). Groundwater data near the drainage ditch suggest that an upward hydraulic
gradient exists between the shallow and deeper units of the area (ESI, 1993).

Groundwater at the POL Hill Outparcel and GSA Properties was determined to occur
in a low-flow fractured-bedrock layer and to have low aquifer production rates. The
RWQCB is responsible for enforcement of State Water Resource Control Board Policy
88-63 (RWQCB, 1992), which specifies several criteria for determining whether groundwater
is suitable for municipal or domestic water supply (i.e., drinking water). One of the criteria
for suitability is recovery rate. During the investigation, the groundwater within the POL Hill
Outparcel was recovered at an average of approximately 5 gal per day, which is below the
minimum recovery rate for beneficial-use designation for drinking water of 200 gal per day.

Given the low groundwater yield based on testing (see Appendix F), the primary use of the
groundwater (i.e., recharge to San Francisco Bay) from the POL Hill Outparcel is the same as
the GSA properties, and suggests that GSA Phase I residential cleanup goals (RCGs) for
groundwater also apply at the POL Hill AST-2 Area.

The only perennial surface-water feature in the area is a drainage ditch that lies outside the
northern boundary of the POL Hill Outparcel (Figure 2-1). It originates east of the POL Hill
AST-2 Area and drains westward under Aberdeen Road.

2.4 Field Investigations and Environmental Studies Prior to the RI
The Army conducted several field investigations and environmental studies for the POL Hill
Outparcel between 1986 and 1994, prior to the RI that was initiated in 1996 and completed in
February 1999 (IT, 1999). Earlier remedial activities conducted during the investigations and
studies included AST and UST decommissioning and removal, contaminated-soil removal,
contaminated-soil aeration, and investigations of soil and groundwater to identify the nature
and extent of contamination resulting from site activities. Most of the previous studies
evaluated both the AST-2 and Tank Farm areas of the POL Hill Outparcel. 
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Descriptions of site histories, test boring logs, subsurface characterizations, and analytical
results from previous investigations for the POL Hill AST-2 Area were used to provide
background information for this CAP and are listed below:

• In 1986, IT removed and disposed of fuel-storage tanks and associated equipment at HAAF,
including AST-2 and the tank farm at the POL Hill Outparcel. Sampling and analysis of soil
and water were performed beneath and around the former tank locations as documented in
their Hamilton Air Force Base-Storage Tank Removal Project report (IT, 1987).

• An enhanced Preliminary Assessment of the BRAC Property was conducted by
Roy F. Weston, Inc. (Weston) in 1990. This investigation included reconnaissance-level
site assessments. The investigation identified locations of known and suspected USTs
(Weston, 1990).

• A Remedial Action Plan prepared by IT in 1990 provided information regarding
remediation of contaminated soil at three sites at HAAF, including the POL Hill
Outparcel within the BRAC Property. The plan outlined proposed cleanup levels and
remedial options (IT, 1990). The remedial work, which included removal of fuel
pipelines and excavation and treatment of contaminated soils, was performed the
following year (IT, 1991).

• Engineering-Science, Inc. (ESI) conducted an environmental investigation (EI) for the
BRAC Property at HAAF in 1993. The investigation defined the distribution, type, and
concentrations of contaminants at the base, and provided a risk assessment of those
contaminants (ESI, 1993).

• In 1994, a supplementary environmental report by the Army provided additional
information in preparation for remedial activities at HAAF. The scope of the
investigation included the collection and analysis of soil, sediment, and groundwater
samples from six areas within the BRAC Property, including the POL Hill Outparcel that
required additional investigation (USACE, 1994).

The summary provided below focuses on the portions of investigation and results for the
POL Hill AST-2 Area. Results of the previous investigations confirmed or suggested the
presence of petroleum hydrocarbons in the soil and groundwater at the POL Hill AST-2
Area. This information was used to scope the remedial investigation activities summarized
in Section 3.0 and detailed in Appendix A. Details of the individual work efforts and
investigations that were conducted at the POL Hill AST-2 Area prior to the RI (IT, 1999) and
the results of each are summarized in Table 2-1.

2.4.1 Excavation and Sampling
The 850,000-gal AST-2 and associated piping was removed by IT in 1986 (IT, 1987). Prior to
excavation activities, the valves and equipment associated with the tanks were demolished
and removed. Following the tank removal, IT excavated the soil beneath the tank until the
level of the original grade was reached. Additionally, soils samples were collected from
beneath the removed tank and from trenches in and around the tank-removal area.
Groundwater samples were collected from 11 monitoring wells, which were previously
installed by Woodward Clyde in 1985, located downgradient of the investigative area. Both
soil- and groundwater-sample analytical results indicated elevated levels of volatile-fuel 
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TABLE 2-1
Previous Field Investigations and Engineering Studies Related to POL Hill AST-2

Source
Soil Investigation and Significant

Analytical Results
Groundwater Investigation and Significant

Analytical Results Remedial Activities References

Hamiliton AFBa Storage
Tank Removal Project—
IT Corporation

None None Removed one 850,000-gallon
ASTb (AST-2) and associated
fuel lines and pumping
systems. 

Excavated soil with TPHc

concentrations greater than
1,000 milligrams per kilogram
(mg/kg) from the area around
the removed tank and piping
system.

IT, 1987d

Final Engineering
Report, Miscellaneous
Contaminated Sites—
IT Corporation

None None Additional investigation of soil
from the tank/piping system
area resulted in the removal of
contaminated soil exceeding
TPH concentrations of 100
mg/kg.

IT, 1991e

Final Investigation
Report—
Engineering Science,
Inc.

Phase I: Thirteen composite soil samples
were collected from the drill cuttings during
construction of 13 of 15 monitoring wells.
Concentrations
of contaminants detected include:

bis(2-ethylhexyl)phthalate
(7 detects ranging from 0.82-3.02 mg/kg)

2-methylnaphthalene
(1 detect at 0.3 mg/kg)

lead
(13 detects ranging 5.94-15.2 mg/kg)

Phase I: Fifteen groundwater samples and 3
duplicates were collected from 15 monitoring
wells. Monitoring well PL-MW-101 was the only
well with consistent contaminant detections:
benzene (9.69 µg/L), ethylbenzene (210 µg/L),
xylene (371 µg/L), 1,3-dimethylbenzene (479
µg/L), bis(2-ethylhexyl)phthalate (14.7 µg/L),
and 2-methylnapthalene (89 µg/L).
Bis(2-ethylhexyl)phthalate was also detected in
well PL-MW-103 at 29.3 µg/L. 

None ESI, 1993g
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TABLE 2-1
Previous Field Investigations and Engineering Studies Related to POL Hill AST-2

Source
Soil Investigation and Significant

Analytical Results
Groundwater Investigation and Significant

Analytical Results Remedial Activities References

Final Investigation
Report—
Engineering Science,
Inc.

Phase II: Two composite soil samples
were collected from the drill cuttings of two
additional monitoring wells. Lead was
detected at 8.7 and 16 mg/kg. BTEXf was
analyzed for but not detected.

Thirty soil borings and 1 duplicate were
collected from 16 shallow auger borings.
No contaminants were detected.

Phase II: Seventeen groundwater samples were
collected from 17 monitoring wells during
2 sampling rounds. Monitoring well PL-MW-101
was the only well with consistent contaminant
detection during both rounds with maximum
detections: benzene (6.05 µg/L), toluene
(10.0 µg/L), ethylbenzene (110 µg/L), xylenes
(290 µg/L), and 1,3-dimethylbenzene (280 µg/L).
During Round 1, no other wells detected
contaminants. However, lead was detected in
Round 2 in two wells (6.4 µg/L in PL-MW-114
and 6.13 µg/L in PL-MW-115).

None ESI, 1993g

Supplement to the Final
Environmental
Investigation Report—
USACE

Two soil samples were collected during
drilling of monitoring well PL-MW-116 to
determine if the contaminants had
migrated downgradient of former AST-2.
No contaminants were detected.

Investigations included installation of monitoring
well PL-MW-116 and collection of groundwater
samples from the new well in addition to wells
PL-MW-101, -103, -104, -114, and -115.
Detections in wells included PL-MW-101 (TPH
measured as diesel 5,350 µg/L, ethylbenzene
129 µg/L, and xylenes 405 µg/L), while TPH
measured as diesel was the only contaminant
detected in PL-MW-103 (417 µg/L), PL-MW-104
(464 µg/L), PL-MW-114 (355 µg/L), and PL-MW-
115 (803 µg/L).

None USACE, 1994h

Source: IT, 1997c.
a Air Force Base
b Aboveground storage tank.
c Total petroleum hydrocarbons
d IT Corporation (IT), 1987. Hamilton AFB Storage Tank Removal Project, Martinez, CA.
e IT, 1991. Final Engineering Report, Miscellaneous Contaminated Sites, Hamilton Army Airfield, Novato, CA, Martinez, CA.
f Benzene, toluene, ethylbenzene, and xylenes
g Engineering Science, Inc. (ESI), 1993. Final Environmental Investigation Report, Hamilton Army Airfield, Volumes I and II, Alameda, CA.
h USACE, 1994. Supplement to the Final Environmental Investigation Report, Hamilton Army Airfield, CA, Sacramento, CA.
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hydrocarbon. Soil with TPH concentrations greater than 1,000 mg/kg were removed from
the area around the tank. Excavation activities were conducted by IT in 1990 to further
remove the impacted soils with TPH concentrations greater than 100 mg/kg. Following
removal of impacted soil, the excavations were backfilled with clean fill. As a result of the
1986 activities, over 13,000 cubic yards of impacted soil from the POL Hill Outparcel was
disposed off-site at a Class I landfill (IT, 1987), while approximately 4,000 cubic yards of
material was aerated and reused as non-contaminated backfill. This amount includes soils
from the former UST areas as well as the AST-2 Area.

2.4.2 Phase I and II Environmental Investigations
From 1990 to 1992, ESI conducted a Phase I and Phase II EI (ESI, 1993). The investigation
included the installation and sampling of 14 shallow (PL-MW-101, PL-MW-103 through
-110, -111 A, -112A, -113A, -114, and -115) and 3 deeper (PL-MW-101, -112B, and -113C)
groundwater-monitoring wells and the sampling of 16 shallow-soil borings. Results of the
investigation indicated that groundwater in the former location of AST-2 had TPH
concentrations up to 14,000 µg/L and benzene concentrations up to 9.7 µg/L. Additionally,
concentrations greater than 100 mg/kg were detected in the soil and rock in the vicinity of
former AST-2 and its associated piping. However, all soil and groundwater samples in these
investigations were analyzed for TPH by EPA Method 418. 1. The documentation of
validation has not been found for ESI data and the data are of unknown quality.

2.4.3 Supplemental Investigation
In 1994, the Army conducted a supplemental investigation to determine whether
groundwater contaminants had migrated downgradient from the hillside bench where
AST-2 was located (USACE, 1994). The investigation included the installation of a new
monitoring well (PL-MW-116), and the collection of groundwater samples from the new
well and six existing wells (PL-MW-101, -103, -104, -106, -114, and -115). Groundwater
samples were analyzed for both TPH measured as gasoline/diesel/JP-4 by modified EPA
Method 8015 and total recoverable petroleum hydrocarbons (TRPH) by EPA Method 418. 1.
The results of the USACE investigation are summarized as follows:

• Potential hydrocarbon contamination was detected in soil samples from PL-MW-116
(2.5 and 7.5 feet bgs) at concentrations of 24 and 33 mg/kg, respectively. No
hydrocarbon contamination was detected in groundwater from this well.

• TPH measured as JP-4, ethylbenzene, and xylenes were detected in well PL-MW-101 at
concentrations of 5,350 µg/L, 129 µg/L, and 405 µg/L, respectively.

• TPH measured as diesel was detected in wells PL-MW-103, -104, -114, and -115 at
concentrations ranging from 355 to 803 µg/L.

In summary, the results of the investigations prior to the RI indicated that residual
petroleum hydrocarbons were present in the unsaturated rock and groundwater in the
vicinity of the former location of AST-2. The extent of impact appeared to be limited to the
vicinity of former AST-2. There was no evidence of contamination along the former AST-2
fuel-supply lines. The highest concentrations in groundwater (TPH measured as diesel at
6,600 µg/L) were reported in samples collected from monitoring well PL-MW-101, located
immediately adjacent to the former location of AST-2. This well also exhibited the highest
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benzene (9.7 µg/L) detection in the former AST-2 Area. The detection of JP-4 is consistent
with the expected nature of the petroleum hydrocarbon chemical constituents in this area,
given that AST-2 was known to be a JP-4 storage tank. The source of the diesel detections
reported in wells downgradient of PL-MW-101 is not known; however, it may represent
weathered JP-4.

2.5 Remedial Investigations and Actions
The following subsections describe and summarize the results of the remedial investigation
activities conducted at the POL Hill Outparcel. For detailed results of these activities, refer
to the Remedial Investigation Report for the POL Hill Outparcel, which is included as
Appendix A of this document. The following summary focuses on investigation activities
and results related to AST-2.

On behalf of the USACE, IT conducted remedial investigation activities at the POL Hill
Outparcel commencing in the winter of 1996. The activities were conducted per the
Remedial Investigation/Feasibility Study Work Plan (IT, 1997a) and the CQC/SAP
(IT, 1997b). The objectives of the investigative activities related to AST-2 included:

• Improve groundwater-monitoring coverage

• Perform groundwater monitoring, sampling, and slug or specific capacity testing to
evaluate stability of groundwater contaminants in the bedrock fissures and the potential
for migration

• Perform groundwater sampling to evaluate evidence of natural attenuation

• Determine the extent of TPH impact at the rock outcrop located on Reservoir Hill.

In order to achieve the objectives, the following tasks for AST-2 were completed during the
field activities:

• Drilling two new borings and installing monitoring wells at MW-POLA-120 and -121

• Identifying the extent of Potential Contaminants of Concern (PCOCs)

• Collecting groundwater samples from the newly installed and existing wells to evaluate
the extent of PCOCs

• Collecting groundwater samples from the newly installed and existing wells to evaluate
if natural attenuation is occurring

• Measuring water levels in the monitoring wells to evaluate groundwater-flow patterns
and rates

• Collecting samples of the rock outcrop surrounding the AST-2 Area to evaluate the
absence or presence of petroleum-hydrocarbon contamination

A summary of the results of the remedial investigation activities pertaining to AST-2 is
presented below. Details regarding the investigation activities and analytical results used to
identify the PCOCs are presented in Appendix A. Additional discussions and summaries of
groundwater monitoring and natural attenuation sampling are presented in Appendix H. 
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During the RI (IT, 1999), a composite-rock sample was collected from the area of visible
staining of the rock outcrop near the former location of AST-2. The sample was analyzed for
TPH, polynuclear aromatic hydrocarbons (PNAs), and polychlorinated biphenyls (PCBs).
Only chrysene (960 µg/kg) and TPH measured as diesel (1,800 mg/kg) were detected.
Additionally, the rock outcrop was visually inspected to evaluate the extent of
TPH-impacted rock, the extent of impact was mapped, and a rough volume of
TPH-impacted rock was estimated at 65 cubic yards.

Two additional monitoring wells (MW-POLA-120 and -121) were installed in the POL Hill
AST-2 Area and six rounds of groundwater sampling were conducted (February 1997,
March 1997, March/April 1998, June/July 1988, September/October 1998, and January
1999). Wells PL-MW-101 and MW-POLA-121 (both located near former AST-2) were the
only wells with consistent contaminant detections during all rounds. Additionally,
groundwater samples were collected in March/April 1998 and September/October 1998
and analyzed for hydrogeologic chemical indicators of biodegradation of petroleum
hydrocarbons. A summary of the results of the groundwater chemical and natural
attenuation monitoring program are presented in Appendix H.

Slug tests were performed in wells MW-POLA-121 and PL-MW-101, -103, -104, -106 to
provide estimates of hydraulic conductivity and a better understanding of the
hydrogeologic system for the POL Hill AST-2 Area. Specific capacity and single-well
pumping tests were performed in well MW-POLA-120. Hydraulic conductivity at the site
was estimated at 7.4x 10-4 ft/day in MW-POLA-121. The highest estimate of hydraulic
conductivity in the POL Hill Outparcel was 5.3 ft/day in well PL-MW-108. Details of aquifer
test results are presented in Appendix F.

After the May 2, 2001 meeting, an additional three rounds of groundwater sampling and
analysis were completed by SOTA as documented in their report (SOTA, 2002) included in
Appendix I. Groundwater samples were collected from AST-2 area wells in September 2001,
February 2002, and August 2002 and were analyzed for TPH-purgeable and TPH-extractable.
In addition, various geochemical parameters were also quantified for the groundwater by
analytical testing or field measurements to develop additional information about the site’s
ability to support the MNA remedial alternative. The geochemical parameters for MNA
included dissolved oxygen, redox, ferrous iron, methane, sulfate, total sulfide, nitrate, total
alkalinity as CaCO3, pH, turbidity, and temperature.

The SOTA (2002) report concluded that the decreases of extractable and purgeable TPH
concentrations in groundwater correlated directly with the decrease in groundwater
elevations at the site and with the indicators of natural attenuation. Their results suggest that
a decrease in residual soil contamination dissolution near the capillary fringe resulting from
the drop in the water table and/or the degrading of dissolved TPH in groundwater through
natural attenuation processes is occurring during the dry season. SOTA also concluded that
the TPH-contaminated groundwater appears to be relatively stable within bedrock fractures
in the area of the former AST-2. 
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2.6 Nature and Extent of Contamination 
The following subsections describe the PCOCs associated with POL Hill AST-2 area and
their extent at the site. 

2.6.1 Evaluation of Potential Chemicals of Concern
Because TPH measured as diesel and gasoline was the only PCOC suspected to be present at
elevated levels at the POL Hill AST-2 Area, the following discussion focuses on the derivation
of the RCGs for TPH. In 1995, Woodward-Clyde Federal Services established cleanup goals
for TPH contaminants in soil and groundwater at HAAF GSA Phase I Sale Property
(WCFS, 1995a). The GSA Phase I RCGs for each medium (i.e., soil and groundwater) were
developed based upon site conditions and suspected analytes to be encountered in the
comprehensive remedial investigation. The POL Hill AST 2 Area is planned to be used for
recreational open space in the future. The use of the GSA Phase I RCGs (see Table 2-2) is
conservative for the site because these goals are based on residential reuse. 

Typically, cleanup levels are derived from an appropriate risk-based method. However,
contaminant cleanup levels were already identified for unrestricted land use within the GSA
Phase I Sale Area (WCFS, 1995b). Because these cleanup criteria (i.e., GSA RCGs) were
previously developed and used for evaluation of other nearby portions of the HAAF with
similar site conditions, these levels are being used as the basis for all closure evaluations and
the POL Hill AST-2 Area.

TABLE 2-2
GSA Phase I Residential Cleanup Goals for Analytes Detected in Groundwater beneath AST-2 Area

Analyte
Maximum Contaminant

Concentration (µg/L)
GSA Phase I Residential

Cleanup Goal(µg/L)

Benzene 9.69a 350

Toluene 10.0a 835,000

Ethylbenzene 210a 1,924,000

Xylenes 405b 20,299,000

Lead (total) 6.4a 2,300

Bis (2-ethylhexyl) phthalate 14.7a not available

2-methylnaphthalene 89a not available

TPH as gasoline (purgeable) 4,800c 600

TPH as diesel (extractable) 6,600c 1,200

Notes: 
All the maximum detected concentrations (except for lead) reported in this table were collected from well PL-MW-101.
The reported maximum value for lead was collected from PL-MW-114.
a Source: ESI, 1993.
b Source: USACE, 1994.
c Source: IT, 1999.
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The GSA Phase I Sale Area RCGs were developed using a series of risk-based assessments
and risk-management evaluations (WCFS, 1995b). The RCG selection process included the
following steps:

• Quantitative human-health-risk assessments and ecological risk assessments were
performed in which uncertainty in each step of the evaluation process (i.e., selection of
PCOCs, exposure assumptions, toxicity assessment, and risk characterization) was
addressed by assuming the most conservative “worst case” situation.

• Results of the human-health-risk assessments and ecological-risk assessments were used
to generate risk-based remedial action objectives (RAOs) for both the residential and
commercial land-use scenarios. Assuming that the conservative assumptions made
during the risk assessments were valid, the RAO was the concentration of a chemical
that could be present at a site and not pose an unacceptable risk to receptors.

• Unless an RAO was greater than a chemical's background concentration, or significantly
different from a benchmark, the background concentration was adopted as the RCG
since it would be impractical to remediate a site to below background concentrations.

• Analyte background concentrations, analytical method practical quantification limits,
and other benchmarks were compared to each RAO to assess the viability of the RAO.
A benchmark is a promulgated regulatory standard, such as acceptable TPH
concentration based on Marin County UST regulations, or a toxicity-based screening
value, such as EPA Region IX Preliminary Remediation Goals.

The remainder of this discussion focuses on the derivation of the RCG for TPH measured as
diesel and gasoline because they were the only PCOCs suspected to be present at elevated
levels at the former AST-2 site. In 1995, Woodward-Clyde Federal Services reviewed the
established limits for diesel constituents to determine applicable TPH cleanup levels for the
GSA Property. The results of this study are presented in Groundwater TPH Cleanup Levels
for GSA Sale Property (WCFS, 1995c). This study established cleanup levels for TPH in the
groundwater for the GSA Phase I Sale Property.

As part of this study, each of the diesel constituents was evaluated with respect to chemical
risk and percent of diesel composition. PNAs were determined to be the primary risk
drivers for diesel fuel. Typical diesel fuel contains between 0.7- and 2-percent total PNAs.
Using the conservative estimate of 2-percent total PNAs in diesel and an aquatic
maximum-contaminant level of 50 µg/L, a cleanup level for diesel of 2,500 µg/L was
established for groundwater. However, during GSA RCG negotiations with the regulatory
agencies, an additional degree of conservatism was introduced by reducing the RCG for
TPH measured as diesel from the calculated value of 2,500 µg/L to 1,200 µg/L. The GSA
RCG of 1,200 µg/L will be used in evaluation of the groundwater results in this CAP to
determine if remedial action needs to be implemented.

While gasoline was not stored in AST-2 (or other POL Hill Outparcel storage facilities), this
parameter was measured in groundwater samples to assess potential volatile organic
compounds (VOCs) such as benzene, toluene, ethylbenzene, and xylenes (collectively
referred to as BTEX compounds) that could be present in JP-4. The GSA RCG for TPH
measured as gasoline in groundwater is 600 µg/L (WCFS, 1995c).
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The soil GSA RCG is 200 mg/kg for TPH measured as diesel and is 100 mg/kg for TPH
measured as gasoline. Previous soil remedial activities have already removed the soils
beneath AST-2 that were above 100 mg/kg and were feasible to remove, therefore the RCGs
for soil have been met for the POL Hill AST-2 Area. All excavated soils beneath AST-2 were
replaced with clean fill.

2.6.2 Extent of Contamination
The results of the historical investigations indicate that petroleum-hydrocarbon contaminants
in the groundwater within bedrock fractures beneath the location of former AST-2 but that
the extent of impact appears to be limited to the vicinity of former AST-2 (see Figures 2-1
through 2-4). The highest concentration of TPH measured as diesel (9,800 µg/L) and TPH
measured as gasoline at (6,200 µg/L) was detected in groundwater samples from
monitoring well PL-MW-101 during the February 2002 sample round. This well is located
immediately adjacent (east) of the former AST-2 location. This well also exhibited the
only benzene concentrations in the former AST-2 Area; however, benzene was not
detected in any samples collected after August 1992. The detections of TPH measured as
diesel and gasoline are consistent with the expected nature of the
petroleum-hydrocarbon chemical constituents in this area since AST-2 was known to be a
JP-4 storage tank.

The contamination identified in the soil and groundwater at the POL AST-2 Area consists of
light- and medium-weight hydrocarbons found in JP-4 and gasoline and their decomposition
products; however, the contaminated soil was removed to the bedrock surface and replaced
with clean-fill material during previous remedial activities. A composite sample of the rock
outcrop indicated that elevated concentrations of TPH measured as diesel were detected.
However, remediation of the rock outcrop is not proposed, since the asphaltic material which
covers the outcrop is bound within the bedrock fractures, is not mobile, and is bound in such
a manner that removal by hand is virtually impossible.

The extent of TPH contamination in groundwater associated with JP-4 releases from AST-2
was evaluated during ten separate sampling events between March 1994 and August 2002.
The contaminant isopleths indicating the location, concentration, and extent of the
groundwater contamination were completed for the March 1994, February 1997,
March/April 1998, and January 1999 sampling events and are presented along with
analytical results in Figures 2-1 through 2-4. The TPH values reported on these figures are
actually the sum of TPH as diesel and TPH as gasoline analytical results at each location.
The TPH values were reported in this way because of chemical interferences.

Additional testing of AST-2 area groundwater samples collected by SOTA in September
2001, February 2002, and August 2002 supports the conclusion that the TPH-contaminated
groundwater is relatively stable and that natural attenuation of the contaminants is
occurring. Data and graphical representations of the contaminant isopleths from these more
recent sampling rounds are included in Appendix I.
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2.7 Data Comparability 
Environmental investigations at HAAF have included both non-specific TPH analyses that
utilize infrared spectroscopy (IR), and partially-specific TPH analysis methods that utilize
gas chromatography (GC). Infrared Spectroscopy methods are subject to interference from
naturally-occurring organic matter (i.e., Bay Muds). EPA Method 418.1 (1995) is an IR
method that was used at the HAAF during the 1992 investigation to quantify TRPH.
Because of the problems with interferences, there is an uncertainty for using the TRPH data
as an indicator of “true” hydrocarbon contamination. For this reason, TRPH data will not be
used or referenced in this document. 

On the other hand, GC methods (modified EPA Method 8015) can be used to distinguish
between naturally occurring hydrocarbons and refined petroleum hydrocarbons, products
of contaminants. Two versions of modified EPA Method 8015, purgeable and extractable
TPH fractions, have been used to analyze samples collected at HAAF. In this document,
GC results are reported as specific TPH fractions (i.e., TPH measured as diesel,
TPH measured as JP-4, TPH measured as motor oil, and TPH measured as gasoline).

Although speciation of gasoline, diesel, and JP-4 is possible analytically, end users of the
data must recognize that chemical interferences and degradation phenomena will influence
quantities reported for each species. For example, higher levels of heavier petroleum
products such as diesel and JP-4 may contain some volatile components that produce a
response when measuring TPH as gasoline. Similarly, the heavy ends of gasoline and JP-4
chains may also produce a response when measuring TPH as diesel. Furthermore,
petroleum constituents may undergo varying degrees of weathering and degradation
during the period between release and sample collection. Consequently, chromatogram
signatures from investigative samples often do not match those associated with calibration
standards. When the sample chromatogram does not match that of the fuel standard used
for calibration, the contaminant is reported by the laboratory as “unknown hydrocarbon.”
When the unknown falls in the gasoline range (C7 to C12), the result will be quantitated
against the gasoline standard. When the unknown falls in the diesel (C10 to C24), JP-4 (C8 to
C13), or motor oil (C24 to C36) range, the result will be quantitated against the diesel standard.

Given data limitations associated with historic methods (EPA 418. 1) and speciation
uncertainties, this report presents the type and likely range of contaminant levels derived
from correlating the investigative results with process knowledge. For example, soil and
groundwater contamination attributed to releases from AST-2 and its appurtenances will be
evaluated as JP-4 (see Section 2.1), even though contaminant concentrations may have been
reported as TRPH or gasoline/diesel. 
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SECTION 3

Corrective Action Objective Developments

This section presents the development of the corrective action objectives for impacted soils and
groundwater beneath the POL Hill AST-2 Area. Within this section, chemicals of concern
(COCs) (petroleum hydrocarbon contamination related to past base operations) and applicable
regulations specific to the POL Hill AST-2 Area are identified. Subsequently, corrective action
objectives are derived, potential exposure pathways are identified, and cleanup criteria are
presented. Finally, areas and volumes of impacted media are estimated based upon the extent
of contamination exceeding the GSA Phase I residential cleanup goals (WCFS, 1995c).

Based on the corrective action development process, a baseline of proven, viable
corrective-action technologies are identified and assembled into corrective action alternatives
which are capable of meeting the stated objectives and achieving site closure. The corrective
action technologies are identified in Section 4 and are used to develop the corrective action
alternatives described in Section 5. The recommended corrective action alternative is discussed
in Section 6. The results of the natural attenuation monitoring are discussed in Appendix H.

3.1 COCs 
COCs for POL Hill AST-2 Area were identified by comparing the concentrations of detected
analytes against their cleanup levels in groundwater. As previously explained, contaminant
cleanup levels were already identified for the GSA Phase I Sale Area (WCFS, 1995c). Because
these cleanup levels (i.e., GSA RCGs) have previously been developed to be protective of
human receptors and used for evaluation of other nearby portions of the HAAF, these levels
were also used for an evaluation-basis in this CAP (see Section 2.6.1).

Comparing the unrestricted land-use GSA Phase I Sale Area RCGs to the analyte levels in
soil and groundwater investigation at the POL Hill AST-2 area, the following COCs were
identified:

• Soil—TPH measured as diesel
• Groundwater—TPH measured as JP-41

All impacted soil materials below and adjacent to the former AST-2 were previously
removed if they had TPH concentrations above 100 mg/kg. Excavated soils were replaced
with clean fill. Although a composite sample of the rock outcrop on POL Hill indicated that
TPH measured as diesel is a COC at concentrations exceeding the cleanup goal for soil, the
exposure pathway is not complete because the impacted materials are contained within the
bedrock fractures and are relatively immobile. All impacted soils that could be feasibly
removed by hand were removed from the top of the bedrock outcrop. For these reasons, no
further soil remediation activities are planned in the POL Hill AST-2 Area.

                                                     
1 Chemical interferences and degradation phenomena result in the quantitation of JP-4 against diesel and gasoline standards
(see Section 2.8). Process knowledge suggests JP-4 is the COC.
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3.2 Applicable Regulations
A review of federal, state, and local regulations was conducted to determine applicable
regulations for the POL Hill AST-2 area. Three types of regulation applicability were
evaluated: chemical-specific, location-specific, and action-specific. Accordingly, applicable
regulations for each of the three requirement types are presented in Sections 3.2.1 through
3.2.3, respectively.

3.2.1 Chemical-Specific Applicable Requirements
Chemical-specific applicable regulations are numerical standards that protect the
environment and human health. These requirements regulate releases or establish cleanup
standards for air, soil, and water quality. There are no sources of air contamination at the
POL Hill AST-2 Area; therefore, there are no chemical-specific applicable regulations for air.

Soil contamination was caused by releases of petroleum products during past site activities.
The contaminated soils were removed under previous remedial actions (see Section 2 and
Table 2-1) and clean fill material was used to backfill the excavated areas. TPHs measured as
diesel were identified as a COC. However, there are no chemical-specific applicable
regulations for TPH in soils.

Chemical-specific applicable regulations for water quality address surface water and
groundwater. There is no impacted surface water in the POL Hill AST-2 Area; therefore,
there are no chemical-specific applicable requirements for surface water. Groundwater
contaminants consist of TPH measured as JP-4; however, there are no chemical-specific
standards for TPH. In addition, the groundwater beneath this site is currently not
considered to be a source of drinking water because of its location in a low-flow fractured
bedrock layer and its low aquifer production rates. Other detected groundwater analytes
were not observed above the GSA Phase 1 RCGs (IT, 1997). 

3.2.2 Location-Specific Applicable Regulations
Location-specific applicable regulations address impacts to environmental resources
(e.g., floodplains, wetlands, historic places, and sensitive ecosystems or habitats). The POL
Hill AST-2 Area has no association with any of the mentioned environmental resources;
therefore, there are no location-specific applicable regulations.

3.2.3 Action-Specific Applicable Regulations
Action-specific applicable regulations evaluate the actions, technologies, and treatment
processes used to remediate any contamination at the site. This POL Hill AST-2 Area CAP
only addresses contaminated groundwater. Based on the information in the CAP, the
following action-specific applicable regulations should be considered:

Title 23, Division 3, Chapter 16—Underground Storage Tanks, Article 11—
Corrective Action Requirements (CCR, 1994): The regulations set the
requirements for the investigation and documents needed to ensure the
proper corrective action for a release from USTs. As listed in Section 1.4,
Section 2725 of Article 11 is being used to develop the CAP for the POL Hill
AST-2 Area.
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San Francisco Bay Basin Water Quality Control Plan (RWQCB, 1995): This
document is used to define any beneficial uses of the groundwater under the
POL Hill AST-2 Area. Potential beneficial uses of groundwater in the San
Francisco Bay Basin include municipal, industrial, and agricultural supplies;
therefore, the Water Quality Control Plan will be used to establish water-quality
objectives by providing two types of objectives: narrative and numerical.

There may be other regulations applicable to the POL Hill AST-2 Area; however, based on
information contained in this CAP, only the regulations listed in this section are considered
applicable at this time. Because the alternatives and cleanup processes developed in the
alternatives section do not impact air quality or surface water, do not generate any waste,
and do not physically treat the groundwater, there are no other action-specific applicable
regulations.

3.2.4 Other Guidance Documents
In addition to the applicable regulations, guidance documents are used to assist in the
development of remedial activities. The following guidance documents will be used to
support the remedial efforts at the POL Hill AST-2 Area:

Preliminary Endangerment Assessment Guidance Manual (DTSC, 1994), California State
Department of Toxic Substances Control. This guidance document covers the
development of the preliminary endangerment assessment report and assists in the
investigation, particularly in the human-health and ecological-screening evaluations.

California Well Standards (California Department of Water Resources Bulletin 74-90,
June 1991) requires the Department of Water Resources to establish standards for the
construction, operation, and abandonment of water wells, monitoring wells, and
cathodic protection wells.

3.3 Corrective Action Objective Development 
The identification of corrective action objectives is necessary for the development of
corrective action alternatives. Corrective action objectives are specific goals aimed to protect
human health and the environment and constitute the basis for developing corrective action
alternatives.

The objective of the corrective action is to provide a remedy that is technically sound and
permanent, cost-effective, and acceptable to the Army, the regulators, and the public.

Assuming unrestricted future land use (i.e., a residential scenario), the following corrective
action objectives are identified for the POL Hill AST-2 Area:

• Prevent human exposure through ingestion of impacted groundwater
• Prevent further migration of contaminants in the aquifer.
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3.3.1 Potential Exposure Pathways
An exposure pathway describes the course an analyte takes from the source to the receptor.
Sources identified at the POL Hill AST-2 Area consist of impacted soil and groundwater.
The contamination associated with the rock outcrop on Reservoir Hill is not considered a
source of contamination. Though analysis of the stained rock indicates contamination above
cleanup criteria, no apparent pathway exists, as even direct contact does not allow for
exposure.

Because of the low level of contamination present in the surface soil and inaccessibility of
the groundwater in the discontinuous bedrock fractures, no risks are anticipated for future
ecological receptors. Therefore, the only potential receptor identified for the POL Hill AST-2
Area is human contact through residential development of land or through groundwater
use; the site will not be used for residential or drinking water purposes, the planned reuse
for the site is recreational open space. The resulting potential exposure pathways for human
receptors are:

• Dermal contact with impacted soils 
• Ingestion of impacted soils 
• Ingestion of impacted groundwater

3.3.2 Cleanup Criteria
The RCG development process involved arraying a range of concentrations that could be
used as cleanup goals. For soils, these included unit risk concentrations (URCs) representing
a chemical concentration that will produce an excess cancer risk of one in a million (10-6) and
a hazard quotient equal to 1, background concentrations, and practical quantitation limits
(PQLs). For groundwater, the list of potential goals included URCs, PQLs, and levels
protective of aquatic receptors.

Once the range of concentrations was compiled for each medium, selection of cleanup goals
for a residential receptor was based on the most stringent goal for each medium (i.e., soil
and groundwater). The cleanup goals are 200 mg/kg (TPH measured as diesel) for soil and
1,200 µg/L (TPH measured as JP-42) and 600 µg/L (TPH measured as gasoline) for
groundwater.

3.3.3 Impacted Areas and Volumes
Calculation of impacted areas and volumes is an integral part in the development of
appropriate remedial alternative components and their respective costs. Impacted areas and
volumes were determined for the POL Hill AST-2 Area by comparing the results of field
investigations and applicable cleanup criteria. However, IR hydrocarbon analyses (denoted
as total recoverable petroleum hydrocarbons [TRPH] detections in this report) were used
during some of the previous POL Hill AST-2 Area investigations. As a result, these
investigations may not be representative of contamination because of the potential for
detection of naturally occurring hydrocarbons. Such detections would skew the sampling
results. Therefore, TRPH data were not used in the determination of impacted areas and
volumes in this document.

                                                     
2 Because no numerical value existed for TPH measured as JP-4, the cleanup goal for TPH measured as diesel was used.
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A definable area of contaminated groundwater in bedrock fractures was determined using
site groundwater-elevation contours (Figure 2-1 through 2-4) and groundwater-monitoring
data. Given the quantitation problems associated with TPH measured as JP-4, the
reported values for TPH measured as gasoline and diesel were totaled at each location to
conservatively estimate the extent and magnitude of TPH measured as JP-4 groundwater
contamination.

As previously stated, impacted media associated with the site are soil and groundwater.
Because COCs detected in the soil are not present in large volumes (i.e., detected in one
sample) and are not found at excessive concentrations (maximum concentration essentially
equivalent to the RCG)(IT, 1997c), impacted soil volumes are considered negligible at the
POL Hill AST-2 Area and are not defined in this report.
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SECTION 4

Identification of Corrective Action Technologies 

This section presents corrective action technologies identified to address groundwater
contamination for the POL Hill AST-2 Area. Only those technologies that are deemed
implementable, based on site-specific conditions and COCs, are identified and described.
Section 4.1 presents the technologies applicable for impacted soil and Section 4.2 presents
the technologies applicable for impacted groundwater.

4.1 Soil Technologies 
No remedial technologies were identified for soil. Screening of soil-sample analytical results
indicates that contamination by TPH (measured as diesel) in the AST-2 Area exists primarily
at levels below the RCG (200 mg/kg). The only sample that contained TPH (measured as
diesel) at levels above the RCG was taken from within fractures in the bedrock beneath the
former AST-2. Given the overall low levels and limited extent of the diesel contamination in
the soil and the impracticability of excavating the bedrock, no further soil remediation will
be conducted. 

4.2 Groundwater Technologies
Site-specific conditions indicate that the impacted groundwater is isolated within fractured
bedrock that has low hydraulic conductivities. As a result, technologies that use pump and
treat methods were categorically excluded from consideration. Technologies that are
considered applicable for remediation of the POL Hill AST-2 Area groundwater are
institutional controls, in situ biodegradation, and MNA. These baseline technologies were
selected as implementable because they are appropriate given site-specific conditions, use
standard equipment, are available locally, and are frequently used in the remediation of
hydrocarbon contamination. Descriptions of each technology with regard to site-specific
information are presented in the following subsections.

4.2.1 Institutional Controls
Institutional controls considered applicable to groundwater contamination include:

• Physical barriers (e.g., fence installation) and deed restrictions (e.g., covenants restricting
future use) can be used to aid in deterring unauthorized site access or usage.

• Groundwater monitoring is performed in conjunction with institutional controls to
verify that contaminants are not migrating at unacceptable levels from the source and
that the institutional controls are protective of human health and the environment. 
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• In this case, institutional controls can be used to limit the risk to receptors by limiting
access to the contaminated site and the contaminant monitoring is used to ensure that
migration is not occurring beyond the controlled area.

4.2.2 In Situ Biodegradation
In situ biological treatment utilizes native microorganisms (e.g., bacteria, actinomycetes, and
fungi) to break down organic contaminants into benign compounds (e.g., biomass, water,
and carbon dioxide). Treatment generally consists of optimizing conditions of pH,
temperature, oxygen content, and nutrient concentration to stimulate the growth of
microorganisms that will feed on the contaminants. Optimization usually is performed by
adding liquid nutrient solutions to the groundwater. These solutions contain the required
minerals and chemical agents to bring the pH, oxygen, and nutrient levels into the required
ranges for microorganisms to feed on the contaminant.

The optimum pH for bacterial growth is near 7. This pH is generally maintained by adding
lime to the soil to promote microbial activity. Some fungi have a competitive advantage
under slightly acidic conditions, whereas actinomycetes flourish at slightly alkaline pH
(Alexander, 1977).

However, near-neutral pH is most favorable to microbial functioning in general (Chambers
et al., 1991). Groundwater samples from the POL Hill AST-2 Area show groundwater pH
between 7.0 and 7.5, which is nearly optimum for microbial functioning.

Temperature is one of the most important factors controlling microbiological activity and the
rate of decomposition of organic matter. Bachmann et al. (1988) reported that temperatures in
the 20° to 30°C range were the most favorable. Microbial activity has been shown to decrease
greatly at 10°C and essentially cease at 5°C for most organic materials. Groundwater samples
from the POL Hill AST-2 Area show groundwater temperature between 16° and 20°C, which
is in the favorable to most-favorable range for microbial growth.

During the decomposition of organic contaminants, inorganic nitrogen is rapidly consumed
by the microorganisms, eventually resulting in slowdown of the degradation rate.
Additional nitrogen must be supplied to attain optimum waste-decomposition rates. Other
nutrients such as phosphorous, potassium, sulfur, and trace elements are usually present in
adequate quantities in most organic wastes or groundwater to satisfy the needs of the
majority of soil microorganisms. Additional nitrogen is typically supplied to attain optimum
waste-decomposition rates.

Biological treatment can also be performed by increasing the oxygen levels in the soil
through air injection (also known as bio-sparging). However, this method is generally less
effective as the nutrient and pH levels may not be optimum for microorganisms to destroy
the contaminant. Therefore, for this plan, biological treatment is assumed to consist of liquid
addition to the contaminated groundwater to optimize oxygen, pH, and nutrient levels.

4.2.3 Monitored Natural Attenuation
MNA relies on natural processes to remove contaminants from the groundwater. The only
remedial activity conducted is monitoring to evaluate the effectiveness of the natural
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remediation process. Natural processes that are capable of reducing hydrocarbon
concentrations include (API, 1989):

• Biodegradation—Microorganisms convert the hydrocarbons to carbon dioxide and water.

• Volatilization—Volatile components vaporize and migrate to the atmosphere.

• Adsorption—Hydrocarbons may adhere to the soil particles and become immobile.
Only water-soluble components contacted by infiltrating groundwater will become
mobile. In general, heavier hydrocarbons have lower water solubilities and tend to be
retained in the soil.

• Dispersion/Dilution—The rate of flux of the soluble components may be non detectable
in the impacted groundwater. Simple dispersion and dilution of the constituents may
reduce levels to acceptable standards.

The primary mechanism for contaminant remediation via natural attenuation is
biodegradation. Biodegradation is the primary natural process which results in the
destruction of the contaminants. Accordingly, successful application of natural attenuation
as a treatment process generally requires demonstrating that intrinsic biodegradation is
effecting mass reduction at acceptable rates.

As previously discussed in Section 2.7 and specific to the POL Hill AST-2 Area groundwater
contamination, no direct correlation can be derived between TRPH data collected during
investigations prior to the RI and TPH groundwater sample results collected during the IR
and subsequent monitoring events. Therefore, assessments regarding intrinsic
biodegradation of petroleum hydrocarbons cannot be directly correlated. However,
hydrocarbons that result from water solubilization of petroleum products, namely benzene,
toluene, ethylbenzene, and xylene (BTEX), were analyzed for during both previous and
recent investigations using EPA Method 8020. Comparison of these data is appropriate and
demonstrates that natural attenuation processes are occurring at the site.

Table 4-1 presents a summary of TPH and BTEX analyses for POL Hill AST-2 Area wells
between July 1992 and August 2002. This summary is taken from previous work by IT Corp
(1999). Validated data supporting the summary from February 1997 onward are provided
in Appendix E. Table 4-1 indicates that BTEX concentrations are consistently lower in
monitoring well PL-MW-101 throughout the years sampled and suggest that natural
attenuation is contributing to groundwater restoration. 

An additional three rounds of groundwater sampling have been completed by SOTA
as documented in its August 2002 draft report. In addition to testing for extractable and
purgeable TPH, geochemical parameters were also recorded during the three sampling
rounds to provide additional information on the viability of the MNA remedial alternative.
The additional natural attenuation data are included in Table 5 of the SOTA (2002) report,
which is included in Appendix I.

The preliminary natural attenuation rate calculations assumed steady-state recharge of
dissolved hydrocarbons into the well and that concentrations changes in the same well over
time were reliable indicators of natural attenuation. Based on the observed concentration
changes over time, the results suggest that natural attenuation is reducing the concentration
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of dissolved hydrocarbons in the groundwater within bedrock fractures (IT, 1997c). While
the expected rate of natural attenuation is based on a variety of site- and contaminant-specific
factors, other case studies with JP-4 fuel contamination have shown approximate
biodegradation rate constants (based on total BTEX) to range from 0.012 to 0.003 day-1

(Weidemeier et al., 1999).

TABLE 4-1
Historical Groundwater Organic Chemical Data Summary

Well 

Monitoring
Event Date Benzene

(µg/L) 
Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

Xylenes
(µg/L) 

Total TPHa

(µg/L) 
TPH-Pb

(µg/L) 
TPH-Ec

(µg/L) 

Jul-92 6 10 110 290 d d d

Aug-92 6 4.3 94 260 d d d

Mar-94 <5 <5 129 405 5350 e 5350 
Feb-97 <10 <10 78 140 11400 4800 6600 
Mar-97 <1 <1 77 120 8500 4600 3900 
Apr-98 <1 <1 46 52 4800 2700 2100 
Jul-98 <1 <1 42 34 3900 2300 1600 
Oct-98 <1 <1 39 47 7600 2900 4700 
Jan-99 NA NA NA NA 9700 4400 5300 
Sep-01 NA NA NA NA 6200 3300 2900 
Feb-02 NA NA NA NA 16000 6200 9800 

PL-MW-101 

Aug-02 NA NA NA NA 5300 2600 2700 

Jul-92 <1 <1.5 <1.4 <1.4 d d d

Aug-92 <1 <1.5 <1.4 <1.4 d d d

Mar-94 <0.5 <0.5 <0.5 <0.5 417 e 417 
Feb-97 <1 <1 <1 <1 110 <50 110 
Mar-97 <1 <1 <1 <1 <50 <50 <50 
Apr-98 <1 <1 <1 <1 200 e 200 
Jul-98 <1 <1 <1 <1 76 76 <50 
Oct-98 <1 <1 <1 <1 <50 <50 <50 
Jan-99 NA NA NA NA <50 <50 <50 
Sep-01 NA NA NA NA 320 <50 320 
Feb-02 NA NA NA NA 570 <50 570 

PL-MW-103 

Aug-02 NA NA NA NA <250 <50 <250 

Jul-92 <1 <1.5 <1.4 <1.4 d d d

Aug-92 <1 <1.5 <1.4 <1.4 d d d

Mar-94 <0.5 <0.5 <0.5 <0.5 464 e 464 
Feb-97 <1 <1 <1 <1 400 130 270 
Mar-97 <1 <1 <1 <1 410 180 230 
Apr-98 <1 <1 <1 <1 287 67 220 
Jul-98 <1 <1 <1 <1 <50 <50 <50 
Oct-98 <1 <1 <1 <1 263 83 180 
Jan-99 NA NA NA NA 370 200 170 

PL-MW-104 

Sep-01 NA NA NA NA 655 95 560 
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TABLE 4-1
Historical Groundwater Organic Chemical Data Summary

Well 

Monitoring
Event Date Benzene

(µg/L) 
Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

Xylenes
(µg/L) 

Total TPHa

(µg/L) 
TPH-Pb

(µg/L) 
TPH-Ec

(µg/L) 

Feb-02 NA NA NA NA 890 110 780 
Aug-02 NA NA NA NA 568 78 490 

Jul-92 NA NA NA NA NA NA NA
Aug-92 NA NA NA NA NA NA NA
Mar-94 NA NA NA NA NA NA NA
Feb-97 <1 <1 <1 <1 <50 <50 <50 
Mar-97 <1 <1 <1 <1 <50 <50 <50 
Apr-98 <1 <1 <1 <1 <50 <50 <50 
Jul-98 NA NA NA NA NA NA NA
Sep-98 <1 <1 <1 <1 <50 <50 <50 
Jan-99 NA NA NA NA NA NA NA
Sep-01 NA NA NA NA <250 <50 <250 
Feb-02 NA NA NA NA <250 <50 <250 

PL-MW-106 

Aug-02 NA NA NA NA <250 <50 <250 

Jul-92 NA NA NA NA NA NA NA
Aug-92 NA NA NA NA NA NA NA
Mar-94 NA NA NA NA NA NA NA
Feb-97 <1 <1 <1 <1 <50 <50 <50 
Mar-97 <1 <1 <1 <1 <50 <50 <50 
Apr-98 <1 <1 <1 <1 <50 <50 <50 
Jul-98 <1 <1 <1 <1 <50 <50 <50 
Sep-98 <1 <1 <1 <1 <50 <50 <50 
Jan-99 NA NA NA NA NA NA NA
Sep-01 NA NA NA NA <250 <50 <250 
Feb-02 NA NA NA NA <250 <50 <250 

PL-MW-107  

Aug-02 NA NA NA NA <250 <50 <250 

Jul-92 <1.1 <1.5 <1.4 <1.4 d d d

Aug-92 <1.1 <1.5 <1.4 <1.4 d d d

Mar-94 <0.5 <0.5 <0.5 <0.5 355 e 355 
Feb-97 <1 <1 <1 <1 <50 <50 <50 
Mar-97 <1 <1 <1 <1 <50 <50 <50 
Apr-98 <1 <1 <1 <1 <50 <50 <50 
Jul-98 <1 <1 <1 <1 <50 <50 <50 
Oct-98 <1 <1 <1 <1 <50 <50 <50 
Jan-99 NA NA NA NA <50 <50 <50 
Sep-01 NA NA NA NA <250 <50 <250 
Feb-02 NA NA NA NA 570 <50 570 

PL-MW-114 

Aug-02 NA NA NA NA <250 <50 <250 
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TABLE 4-1
Historical Groundwater Organic Chemical Data Summary

Well 

Monitoring
Event Date Benzene

(µg/L) 
Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

Xylenes
(µg/L) 

Total TPHa

(µg/L) 
TPH-Pb

(µg/L) 
TPH-Ec

(µg/L) 

Jul-92 <1.1 <1.5 <1.4 <1.4 d d d

Aug-92 <1.1 <1.5 <1.4 <1.4 d d d

Mar-94 <0.5 <0.5 <0.5 <0.5 803 e 803 
Feb-97 <1 <1 <1 <1 140 <50 140 
Mar-97 <1 <1 <1 <1 <50 <50 <50 
Apr-98 <1 <1 <1 <1 100 <50 100 
Jul-98 <1 <1 <1 <1 <50 <50 <50 
Oct-98 <1 <1 <1 <1 <50 <50 <50 
Jan-99 NA NA NA NA <50 <50 <50 
Sep-01 NA NA NA NA <250 <50 <250 
Feb-02 NA NA NA NA 250 <50 250 

PL-MW-115 

Aug-02 NA NA NA NA <250 <50 <250 

Jul-92 NA NA NA NA NA NA NA
Aug-92 NA NA NA NA NA NA NA
Mar-94 NA NA NA NA NA NA NA
Feb-97 <1 <1 <1 <1 <50 <50 <50 
Mar-97 <1 <1 <1 <1 <50 <50 <50 
Apr-98 <1 <1 <1 <1 <50 <50 <50 
Jul-98 NA NA NA NA NA NA NA
Sep-98 <1 <1 <1 <1 <50 <50 <50 
Jan-99 NA NA NA NA <50 <50 <50 
Sep-01 NA NA NA NA <250 <50 <250 
Feb-02 NA NA NA NA 330f <50 330f 

PL-MW-116 

Aug-02 NA NA NA NA <250 <50 <250 

Jul-92 NS NS NS NS NS NS NS
Aug-92 NS NS NS NS NS NS NS
Mar-94 NS NS NS NS NS NS NS
Feb-97 <1 <1 <1 <1 <50 <50 <50
Mar-97 <1 <1 <1 <1 <50 <50 <50
Apr-98 <1 <1 <1 <1 <50 <50 <50
Jul-98 <1 <1 <1 <1 <50 <50 <50
Oct-98 <1 <1 <1 <1 <50 <50 <50
Jan-99 NA NA NA NA <50 <53 <53
Sep-01 NS NS NS NS NS NS NS
Feb-02 NS NS NS NS NS NS NS

MW-POLA-120

Aug-02 NS NS NS NS NS NS NS
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TABLE 4-1
Historical Groundwater Organic Chemical Data Summary

Well 

Monitoring
Event Date Benzene

(µg/L) 
Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

Xylenes
(µg/L) 

Total TPHa

(µg/L) 
TPH-Pb

(µg/L) 
TPH-Ec

(µg/L) 

Jul-92 NSg NS NS NS NS NS NS
Aug-92 NS NS NS NS NS NS NS
Mar-94 NS NS NS NS NS NS NS
Feb-97 2.7 <1 7.3 7.7 1060 480 580
Mar-97 4.6 <1 10 13 1360 630 730
Apr-98 <1 <1 <1 <1 100 <50 100
Jul-98 <1 <1 <1 <1 <50 <50 <50
Oct-98 <1 <1 <1 <1 <50 <50 <50
Jan-99 NA NA NA NA 54 54 <50
Sep-01 NA NA NA NA 640 <50 640
Feb-02 NA NA NA NA 530 <50 530

MW-POLA-121

Aug-02 NA NA NA NA 360 <50 360 

Notes:
Source: SOTA (2002) with historical data are extracted from IT report (IT, 1999).
All detected analytes are shown in bold.
NA Not analyzed. 
NS Not sampled.
a Total petroleum hydrocarbons (extractable and purgeable). The extractable and purgeable hydrocarbons results were

added together and followed the IT's method to provide an estimate of the residual hydrocarbon contamination. 
b Total petroleum hydrocarbons measured as purgeable.
c Total petroleum hydrocarbons measured as extractable.
d Total petroleum hydrocarbons were quantified using EPA Method 418.1. These results were not considered equivalent

to the EPA Method 8015M results obtained from the March 1994 and later monitoring events. The data were not
available in IT report.

e No associated result.
f Result from duplicate sample.
g Not sampled, well was not installed until January 1997.

This technology would require monitoring and a decision process to determine site closure
has been achieved. A proposed interim monitoring program and strategy for determining
site closure is presented in Section 7.
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SECTION 5

Development of Corrective Action Alternatives

The technologies presented in Section 4.2 are viable for use in the remediation and/or
closure of the POL Hill AST-2 Area, and have been proven effective at sites with similar
site-specific conditions and contaminants. The purpose of this section is to present the
combinations of candidate technologies which were assembled into specific corrective action
alternatives to provide integrated solutions for remediation to meet the stated corrective
action objectives for the POL Hill AST-2 Area. The following sub-sections present the
alternatives for contaminated soil and groundwater sites.

5.1 Corrective Action Alternatives for Soil 
The sole alternative proposed for soil is the no further action alternative. This alternative
entails leaving the site in its current condition. As identified in Section 4.1, contaminant
concentrations in the soil at the POL Hill AST-2 Area are essentially below required the
cleanup goals, except for soils within shallow bedrock fractures beneath the former AST-2. 

Because no other alternatives are developed for the soil, further discussion or analysis using
the evaluation criteria will not be conducted in this report.

5.2 Corrective Action Alternatives for Groundwater 
The POL Hill AST-2 Area groundwater was extensively sampled during previous and
current investigations (as described in Section 2.0 and summarized in Table 2-1). Based on
these investigative results, TPH measured as JP-4 was detected at concentrations above its
associated cleanup goal in one well. Consequently, JP-4 has been established as a COC for
groundwater.

Petroleum hydrocarbons are present in the groundwater in the POL Hill AST-2 Area but
appear to be limited to the vicinity of the former location of AST-2. The highest concentrations
in groundwater were reported in samples collected from well PL-MW-101, located
immediately adjacent to the location of former AST-2. Additionally, evidence supports the
conclusion that the area of petroleum-hydrocarbon contamination in the groundwater within
bedrock fractures at the POL Hill AST-2 Area is static or is shrinking, and that natural
attenuation is occurring.

Corrective action technologies identified in Section 4.2 are refined into corrective action
alternatives specific to the POL Hill AST-2 Area groundwater in the following subsections.

5.2.1 No Action
The National Contingency Plan (NCP) (USEPA, 1990) requires retaining a no action
alternative to serve as a baseline for evaluating remedial action measures. Under the no
action alternative, no corrective or monitoring actions would be implemented. Because the
no action alternative entails leaving the site in its current condition, no cost is associated
with this alternative.
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5.2.2 Institutional Controls
Access restrictions and land-use controls could be implemented for the POL Hill AST-2
Area. Deed restrictions that limit the kind of future development that can take place or that
prevent groundwater use are other types of institutional controls. 

This alternative can be used to complement the chosen groundwater remediation strategy. It
is anticipated that a deed restriction will be put in place to preclude the use of groundwater
at the site and to prevent the property from being developed for residential purposes.
Institutional controls alone were not considered a reasonable long-term solution for the POL
Hill AST-2 Area because of the potential future development restrictions for the property.
From this standpoint, it was considered more advantageous to seek an alternative that leads
to attainment of the RCGs for groundwater and permits development of the site once
closure status with regulatory agencies has been achieved. 

5.2.3 In Situ Biodegradation
The in situ biodegradation alternative involves remediation of the contaminated
groundwater by the addition of nutrients and oxygen to stimulate microorganisms that
destroy the contaminants. Under this alternative, a system consisting of approximately
400 ft. of infiltration trenches would be installed at the upgradient periphery of the
contaminated groundwater area. These trenches would be used to apply nutrients by
infiltration into the subsurface and the groundwater. Because of the low hydraulic
conductivity (approximately 2.6 x 10-7 centimeters per second [cm/sec]), the infiltration rate
would likely be low. The infiltration trenches would be piped to a 50-gal holding tank and a
0.3-milliliter per minute (ml/min) injection pump1. A fence would be erected around the
site to preclude inadvertent trespass onto the site and to protect equipment from vandalism.

Seven monitoring wells would be sampled semi-annually (PL-MW-101, -103, -104, -114,
-115, and -116, and MW-POLA-121) to monitor the groundwater for contaminant migration
and concentration changes. When the concentration of JP-4 is reduced to the cleanup goal
(i.e., 1,200 µg/L), treatment would be considered complete. Compliance with corrective
action objectives would be demonstrated before the system operation is terminated.

Once contaminant concentrations have been reduced to the corrective action objectives,
treatment would be terminated. The treatment system (i.e., fencing, tank, pump, and piping)
would be removed and the infiltration trenches would be abandoned in-place by backfilling
with clean fill to the ground surface.

The in situ biodegradation alternative was excluded due to the following considerations:

• The alternative was not likely to address suspended/trapped JP-4 contamination in the
discontinuous bedrock fractures due to very low permeability.

• Uncertainties are high and effects are dubious without extensive and costly studies.

                                                     
1 Calculations of the infiltration rate result in a rate of approximately 1.95 x 10-3 gallons per day. Adjusting the calculation for a
10-ft-wide interface between the soil and bedrock leads to an application rate of 1.7 x 10-2 gallons per day. Because it is
impossible to estimate the actual interface width, the larger width will be assumed with the understanding that the actual width,
and thus the application rate, may be much smaller.
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• The addition of nutrient would require adding fluids that have the potential to mobilize
contamination and potentially lead to slope stability problems.

• A review of the geochemical parameters indicate that site conditions are favorable for
biodegradation.

• This option would require additional permitting and monitoring, thereby increasing
project costs.

• The need to exclude the public from infiltration trenches and equipment would preclude
development of the site for open space.

5.2.4 Monitored Natural Attenuation
Under the natural attenuation alternative, no active remediation would be implemented;
however, institutional controls (deed restrictions) and a groundwater-monitoring program
would be instituted until natural attenuation reduces groundwater contamination to
acceptable levels.

A preliminary field test was conducted to confirm that biodegradation is occurring and to try
to estimate biodegradation rates (SOTA, 2002). Groundwater samples were collected and
analyzed to quantify the natural-attenuation indicator parameters and determine the
contribution of intrinsic biodegradation to the attenuation process. Additionally, the
groundwater geochemistry, specifically respiratory substrates and products, were examined
in contaminated and uncontaminated areas to confirm the occurrence of intrinsic
biodegradation. The TPH contamination in bedrock fractures appears to be relatively stable in
the area of the former AST-2 and geochemical parameters indicate natural attenuation is
occurring at the site (SOTA, 2002).

An annual groundwater-sampling program has been initiated to collect samples from
selected existing monitoring wells (PL-MW-101, -103, -104, -106, -107, -114, -115, and -116,
and MW-POLA-121). The data from the monitoring wells would be used to delineate
contaminant migration and concentration changes within the impacted area.

Deed restrictions would be used to ensure that unauthorized use of the groundwater does
not occur prior to completion of remedial actions. Because the groundwater contaminants
occur at approximately 25 ft bgs and are located in bedrock, inadvertent access to the
contaminants is judged to be unlikely.

When monitoring data indicate that groundwater contamination is below the TPH measured
as JP-4 cleanup goal (i.e., 1,200 µg/L) deed restrictions would be removed, and the monitoring
wells would be abandoned in compliance with applicable State of California requirements.

5.3 Analysis of Alternatives
Three criteria, effectiveness, implementability, and cost, were used to conduct an evaluation
of the corrective action alternatives for the impacted groundwater. The analysis compared
the corrective action alternatives to one another to assess the advantages and disadvantages
relative to each alternative and to select a preferred alternative. The evaluation criteria are
described in further detail below.
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• Effectiveness—each corrective action alternative was evaluated with respect to its
ability to protect human health and the environment and to reduce contaminant toxicity,
mobility, and volume. More specifically, the following factors were addressed:

− Protection of workers during implementation
− Environmental impacts that may result from implementation
− Protection of the public from any potential risk resulting from implementation
− How well the alternative achieves the corrective action objectives

• Implementability—this criteria addresses the technical and administrative feasibility of
implementing a corrective action alternative and the availability of various services and
materials needed during implementation.

• Cost—cost estimates include both direct and indirect costs. Direct costs consist of the
following:

− Materials
− Labor
− Equipment purchase or rental
− Health and safety measures
− Sampling and analysis.

Indirect costs included the following items:

− Engineering studies
− Permits/deed restrictions
− Startup costs
− Contingency allowances.

A detailed cost analysis of both capital costs and annual operation and maintenance costs,
which presents the estimated expenditures required to complete each interim measure, is
presented in Appendix G. The cost estimates were prepared based on a conceptual design
for the alternatives and are expected to be accurate within +50 percent and -30 percent.

Table 5-1 presents a summary of the alternatives evaluation relative to the three criteria.
Based on this evaluation, the recommended corrective action alternative is selected and
presented in Section 6.
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TABLE 5-1
Corrective Action Alternative Analysis
Evaluation Criteria No Action Monitored/Natural Attenuation In Situ Biodegradation

Effectiveness The no action alternative currently meets the
corrective action objective of preventing human
exposure through ingestion of groundwater since
the groundwater contamination is essentially
inaccessible and groundwater at the site does not
meet the recovery rate requirement for
designation as a drinking water source per
California State Water Resources Board
Resolution 88-63. This alternative is the least
effective alternative since it does not provide a
means for remediation of the present
contamination and does not prevent further
migration of contaminants or a monitoring
program to delineate future contaminant migration
or contaminant concentration increases. In
addition, this alternative does not effectively
prevent unauthorized use of the groundwater in
the future (i.e., no deed restrictions).

Natural attenuation, dependent upon time and
conditions, effectively reduces hydrocarbon
contamination to acceptable levels; however, this
alternative is not as effective in achieving the
stated objective (based on time to achieve
cleanup goals) as in situ biodegradation.
Groundwater monitoring is required for delineating
contaminant extent, migration, or concentration
changes. Current estimates using half-life
calculations suggest that cleanup goals would be
achieved within 4 to 10 years. In addition,
obtaining a deed restriction reduces the potential
risk of unauthorized use of the groundwater in the
future. Such activities, when coupled together,
effectively provide protection of human health and
the environment from contact with contaminants
while contaminants are attenuating. However, if
contaminant migration is discovered, development
of an applicable remedial action may be
warranted.

In situ biodegradation is a proven technology that
has been implemented at sites with hydrocarbon-
contaminated groundwater. This alternative would
be the most effective to reduce toxicity, mobility,
and volume of the contaminants because the
addition of nutrients would accelerate natural
degradation of the contaminants, expediting the
process of contaminant reduction to acceptable
levels and thus mitigating risk of potential
exposure. However, due to the low hydraulic
conductivity of the contaminated aquifer, injection
of the liquid nutrients may cause mounding that
would promote contaminant migration, rather than
reduce contaminant levels. The low flow rates
may also promote microbial accumulation directly
along the infiltration pipe, which may result in
fouling of the line and a decrease in infiltration
effectiveness.

Implementability Acceptance may not be expected since the
groundwater may be inadvertently accessed by
unauthorized users in the future, contaminants
are not reduced, and migration of contaminant
would potentially occur. Therefore, this alternative
is the least implementable.

This alternative is the easiest to implement as
groundwater monitoring was previously conducted
at the existing monitoring wells on site. In
addition, deed restrictions to prevent groundwater
usage may be necessary. No adverse effects are
anticipated to human health or the environment
during implementation.

This alternative is not as implementable as the
monitored/natural attenuation alternative. An
in-situ system could be implemented using
existing resources and technologies. However,
site characteristics (i.e., bedrock layer) may affect
implementability due to the length of and depth at
which an infiltration trench would be required to
meet design objectives. In addition, due to the low
hydraulic conductivity of the contaminated aquifer,
application of the liquid nutrients may not be
easily implemented. It is also possible that
addition of liquid nutrients could mobilize
contaminants in groundwater within bedrock
fractures or lead to slope instability.

Present Worth Costa $0 $174,613 $383,015
a Present worth is calculated using a discount rate of 5 percent.
Source: IT, 1997c.
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SECTION 6

Recommended Corrective Action Alternatives

6.1 Corrective Action for Soil
As discussed in Section 5.1, no further action is necessary to remediate the soil.

6.2 Corrective Action for Groundwater
The corrective action alternative recommended for the contaminants in the groundwater
within bedrock fractures is MNA. The preferred corrective action alternative was selected
for the following reasons:

• Natural attenuation, implementing a groundwater-monitoring program, and obtaining a
deed restriction are proven technologies.

• Preliminary estimates indicate natural attenuation is currently degrading the contaminants. 

• The contaminated groundwater does not meet the recovery rate requirement for
designation as a drinking water source per the California State Water Quality Resources
Control Board Resolution 88-63.

• Site work or construction is not necessary because existing groundwater monitoring
wells are adequately located for delineation of contaminated groundwater.

• Site maintenance is not required because no active treatment system would be operated.

• No potential exists for mounding and resulting contamination spread because no liquids
are injected into the groundwater.

• Groundwater monitoring provides flexibility because, should substantial migration or
contaminant concentration increases occur, a decision could be made in the future to
implement a more active remedial technology.

• Contamination occurs primarily within the fractured bedrock layer.

• Based on hydraulic conductivity testing, the groundwater is estimated to be moving at a
seepage velocity of approximately 0.029 ft/day (between wells MW-POLA- 121 and
PL-MW- 104).

• Conservative seepage velocity estimates indicate that contamination would take 13 years
to move the 140 ft from well MW-POLA- 121 to well PL-MW- 104 (not including natural
attenuation or adsorption).

• While a planned wetland restoration project on the nearby BRAC property (Main
Airfield) is anticipated to raise groundwater levels,this is not anticipated to have any
influence on the contamination in bedrock fractures at the POL Hill AST-2 area because
of the elevation difference and lack of hydraulic connectivity.  Similarly, there is no
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anticipated off-site groundwater impacts from the POL Hill AST-2 area since no
contaminant migration is occurring. 

The preferred corrective action alternative was evaluated on its technical merits, focusing
on effectiveness, implementability, and cost. This alternative meets all applicable state
and federal regulations and would meet the corrective action objectives for mitigating the
potential for inadvertent receptor exposure. Furthermore, this remedial alternative was
tentatively agreed upon pending additional data at the meeting held between the Army and
San Francisco RWQCB personnel on May 2, 2001. 

To evaluate the natural attenuation alternative, groundwater-monitoring data was collected
and analyzed for TPH, BTEX, lead, and PNAs. Additionally, in March/April 1998,
September/October 1998, September 2001, February 2002, and August 2002 samples were
analyzed for hydrogeochemical indicators of biodegradation; methane, ferrous iron,
oxidation/reduction potential, and dissolved oxygen (DO). This information is provided in
Appendices H and I. 

An interim groundwater-monitoring program for the POL Hill AST-2 Area is proposed in
the following section of this report (Section 7). Furthermore, a strategy for determining
suitability for site closure is also proposed. A meeting will be held with regulators to discuss
the groundwater-monitoring results and the implications for ongoing monitoring efforts or
site closure. 
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SECTION 7

Interim Monitoring Program and Strategy for
Determining Suitability for Site Closure

This section provides a short summary of previous groundwater-monitoring results and
proposes an interim monitoring program to assess the effectiveness of the chosen remedial
alternative, MNA. In addition, a strategy to determine when the POL Hill AST-2 Area is
suitable for closure is proposed.

7.1 Groundwater Monitoring Summary
Groundwater monitoring associated with the POL Hill AST-2 Area was first completed in
1992 (IT, 1999). However, the results of the 1992 sampling event are not discussed in this
report because TPH was measured by EPA Method 418.1 and so are not comparable to the
analytical results completed after 1992, which were completed with the more accurate EPA
Method 8015M. For this reason, the March 1994 sampling event (IT, 1997) is considered as
the initial groundwater monitoring event for the POL Hill AST-2 Area as shown on
Figure 2-1. While this round of sampling did not include all wells (MW-POLA-120 and
MW-POLA-121[Shallow(S)] were installed at a later date), this sampling round represents a
useful baseline for groundwater conditions in the AST-2 Area. 

A comprehensive groundwater-monitoring and sampling program including quarterly,
semiannual, and annual sampling schedules was developed for the POL Hill Outparcel
(including the AST-2 Area) in 1997 (IT, 1999). Due to delays in the installation of new wells
for the RI, the first sampling round of all POL Hill AST-2 Area wells (i.e., previously existing
and newly installed) was not completed until February 1997 and represents the second
groundwater monitoring event (see Figure 2-2). A third monitoring event was conducted in
March 1997. After receiving a regulatory decision on further environmental activities at the
POL Hill Outparcel, the quarterly groundwater monitoring program was restarted in March
1998. The fourth groundwater monitoring event was performed in April 1998. The results of
this fourth monitoring event are presented on Figure 2-3. 

The fifth and sixth groundwater monitoring events were conducted in June/July 1998 and
September/October 1998. The seventh groundwater monitoring event associated with the
AST-2 wells was collected during January 1999 as presented in Figure 2-4. Three additional
groundwater monitoring events were completed by SOTA in September 2001, February
2002, and August 2002 (SOTA, 2002).

All groundwater samples were analyzed for TPH-purgeable, TPH-extractable, BTEX, lead,
and PNAs. However, the only constituent consistently detected above the cleanup level
(i.e., GSA Phase I RCGs) was TPH analytes. The BTEX, lead, and PNA concentrations were
either not detected or were below RCGs. Beginning with the January 1999 monitoring event,
the samples were analyzed only for TPH-purgeable and TPH-extractable. Analytical results
from these sampling episodes are presented in Appendix E for the eight wells that
encompass the petroleum-hydrocarbon contaminants in the groundwater within bedrock
fractures beneath the former location of AST-2.
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The TPH contamination, which is located in the vicinity of the former AST-2, is depicted for
the March 1994, February 1997, March/April 1998, and January 1999 sampling episodes on
Figures 2-1 through 2-4, respectively. The area of contamination shown on these figures is
defined by TPH-concentration isopleths representing combined TPH (i.e., total of TPH
measured as diesel and TPH measured as gasoline) concentrations of 100 µg/L, 500 µg/L,
and 1,200 µg/L. 

The GSA Phase I RCG for TPH (measured as diesel) is 1,200 µg/L. The boundary of the
contamination shown on Figures 2-1 through 2-4 was drawn primarily based on detected
TPH concentrations, taking into consideration the location of former AST-2 and the
groundwater-flow directions. The only wells with combined TPH detections exceeding the
GSA Phase I RCG of 1,200 µg/L were PL-MW-101 (RCG exceeded in all sampling rounds)
and MW-POLA-121 (RCG exceeded in March 1997 sample only). Each of these wells is
located within approximately 80 ft of the former AST-2 location.

An additional three rounds of groundwater sampling has been completed by SOTA as
documented in their August 2002 draft report. Analytical testing of these groundwater
samples included extractable and purgeable TPH. The latest analytical data are included in
Table of 4-1 of this report. Figures representing the contaminant isopleths of these data are
presented in the SOTA (2002) report, which is included in Appendix I. The SOTA results
support the conclusion that the TPH-contaminated groundwater in bedrock fractures is
relatively stable in the area of the former AST-2 and that natural attenuation is occurring.

7.2 Interim Groundwater Monitoring Plan
Investigations in the POL Hill AST-2 Area have shown that natural attenuation is a viable
remedial alternative for petroleum-hydrocarbon contamination in groundwater. In
particular, overall contaminant concentrations appear to be declining or stable while the
horizontal extent of the contaminants is also shrinking. The following interim groundwater-
monitoring plan is proposed for tracking the progress of natural attenuation processes until
such time as the site is deemed ready for closure. The additional data collected from this
interim monitoring plan will assure that no further contaminant migration is taking place
and that natural-attenuation processes are adequately addressing residual petroleum-
hydrocarbon contamination in groundwater in the POL Hill AST-2 Area.

The nine groundwater monitoring wells used to assess environmental conditions in the POL
Hill AST-2 Area include the following: PL-MW-101(Deep [D]), PL-MW-103, PL-MW-104,
PL-MW-106, PL-MW-107, PL-MW-114, PL-MW-115, PL-MW-116, and MW-POLA-121(S).
These monitoring wells can be placed in three different categories designated as trigger
wells, point-of-compliance wells, and guard wells:

• Trigger wells are data-collection points located in the downgradient portion of the
contaminated groundwater area where concentrations exceed the Phase 1 RCG for TPH
as diesel (1,200 µg/L). These wells could provide an early indication that the
contaminants may be migrating if contaminant concentrations are observed to increase
over time. 
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• Point-of-compliance wells are data-collection points located at or near the portion of the
area where the groundwater contaminant concentration is above the method detection
limit (i.e., above nondetect [ND]), but below the Phase 1 RCG for TPH. Point-of-
compliance wells could provide an early indication of horizontal contaminant migration.
Increasing concentrations in point-of-compliance wells could indicate that guard wells
might become contaminated over time.

• Guard wells are data-collection points located cross-gradient or downgradient from the
point at which contaminant concentrations are nondetect. If possible, guard wells are
located approximately 1 year’s travel time from the point-of-compliance wells. Guard
wells are used to detect movement of the contaminants outside of the perimeter of
containment and identify the need to manage potential expansion of the contaminated
groundwater area. Formerly contaminated wells will only be considered as guard wells
when they have at least three sampling rounds where the COC concentration has been
nondetect.

The baseline condition has already been established by previous sampling that followed the
AST and contaminated soil removals. From this baseline condition (i.e., March 1994 round), the
COC (i.e., TPH) data trends can be used to establish the basis for ongoing monitoring. If the
COC concentration appeared to have an increasing trend, trigger wells, point-of-compliance
wells, and guard wells would have been sampled more frequently (e.g., quarterly) to monitor
changes in the contaminant distribution and provide enough lead time to adjust the site
management strategy. If the groundwater data indicated no trend or stable concentrations,
trigger wells, point-of-compliance wells, and guard wells could be sampled at an extended
frequency (e.g., semi-annually or annually). If the groundwater data indicated a decreasing
trend for COC concentrations, trigger wells, point-of-compliance wells, and guard wells
could be sampled at an even more extended frequency (e.g., annually). The sampling
frequency for stable or decreasing COC data trends can also be modified if changes in the
data trends are observed. Based on the observed data trends in TPH concentrations for the
AST-2 wells, the annual sampling frequency used to this point appears to be appropriate.

In the POL Hill AST-2 Area, wells PL-MW-101(D) and MW-POLA-121(S) were considered
as the trigger wells. While well PL-MW-101(D) has had COC concentrations consistently
over the Phase 1 RCG for TPH during the monitoring period, well MW-POLA-121(S) only
exceeded the RCG level in the 1997 monitoring event and has been below that level in the
last three sampling events. For this reason, the category of well MW-POLA-121(S) should be
changed from trigger well to point-of-compliance well.

In addition to MW-POLA-121(S), other point-of-compliance wells in the AST-2 Area include
PL-MW-103, PL-MW-104, and PL-MW-115, which all showed levels of TPH, but at
concentrations below the RCG. 

Another well, PL-MW-114, had TPH contamination in the March 1994 sampling round but
has been nondetect in the last four sampling events. For this reason, the category of well
PL-MW-114 should be changed from point-of-compliance well to guard well. Wells
PL-MW-114 and PL-MW-116 are considered to be the guard wells at the POL Hill AST-2
Area. MW-POLA-120 is a previous guard well that was abandoned in 1999. 
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For the interim period until the POL Hill AST-2 Area is deemed ready for closure, it is
proposed that the AST-2 wells continue with an annual sampling frequency. The samples
should be analyzed for TPH measured as diesel and TPH measured as gasoline in order for
the results (i.e., total of both analyses) to be directly comparable to the previous sample
rounds. Because the POL Hill AST-2 Area has already been shown to be suited for the MNA
remedial alternative, further sampling for natural attenuation parameters is not proposed.
If changes in COC trends from future groundwater samples indicate that the contaminant
concentrations may be increasing, it may be necessary to alter the interim monitoring plan
to include the natural attenuation parameters.

It is proposed that wells PL-MW-106 and PL-MW-107 be excluded from future sampling
events. No TPH has been detected in PL-MW-106 or PL-MW-107 in the last 4 groundwater
sampling events (September/October 1998, September 2001, February 2002, and August
2002). These two wells will be added back into the interim monitoring program if evidence
of contaminated groundwater expansion is indicated by the data in the remaining seven
POL Hill AST-2 Area wells.

7.3 Strategy for Determining Suitability for Site Closure
The following strategy is proposed for determining when the POL Hill AST-2 Area will be
considered ready for closure. This strategy is intended to identify the conditions where the
interim groundwater-monitoring data indicate that residual petroleum-hydrocarbon
contamination has been reduced to levels below the GSA Phase 1 RCG by natural
attenuation and shows no risk for future rebound. At that time, the AST-2 Area will be
considered suitable for closure. The historical and interim groundwater-sampling data will
then be integrated into a closure report for review and acceptance by regulatory authorities.

As indicated in the previous section, annual sampling will continue on seven of the original
nine AST-2 Area wells. These groundwater samples will be analyzed for TPH measured
as diesel and TPH measured as gasoline and the total of these two values will be calculated
for each well and each sampling round. By tracking COC levels as the sum of these two
analyses, this provides a conservative estimate of the TPH levels with respect to the GSA
Phase 1 RCG, which is based solely on TPH measured as diesel. The calculated TPH
information will be used to follow data trends from the previously completed sampling
rounds. The groundwater data trends must support the hypothesis that TPH levels are
decreasing in groundwater over time because of natural attenuation processes.

In order for the POL Hill AST-2 Area to be considered ready for closure, all groundwater
samples must be below the GSA Phase 1 RCG level for TPH. In particular, TPH
concentrations must fall below this level (i.e., 1,200 µg/L TPH measured as diesel) in the POL
Hill AST-2 Area trigger well, PL-MW-101(D). At the same time, TPH levels can not be shown
to increase above the GSA Phase 1 RCG level in any of the point-of-compliance wells. 

TPH levels in guard wells should remain as nondetect; however, if TPH ‘hits’ are observed
in a guard well, then the monitoring frequency for that well should go from annual to
quarterly. If the TPH ‘hits’ are observed in the next three consecutive quarterly sample
rounds, then a meeting with the RWQCB will be initiated to discuss an appropriate
response. The point-of-compliance wells should not indicate any increasing trends for
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TPH contamination during this period. An increasing trend would be defined as a 50-percent
(relative percent difference) increase in TPH concentrations in each of three consecutive
sampling events.

Because it is recognized that contaminant levels may fluctuate over time, it will be necessary
for the interim monitoring data to demonstrate that TPH concentrations will not be likely to
rebound after the monitoring program is considered complete. For this reason, it is
proposed that three rounds of groundwater samples in a row with no exceedances of the
TPH RCG level in any of the AST-2 wells be required. 

If needed to speed the site-closure process, it is proposed that monitoring-well sampling and
analysis be shortened to a quarterly frequency once initial attainment of the Phase 1 RCG
has been demonstrated. In this way, the required monitoring period to attain the compliance
with three straight rounds of groundwater results can be shortened from three years to 1 year,
provided all wells in all of these final rounds have TPH levels below the RCG concentration.
If the GSA Phase 1 RCG TPH value is exceeded in the trigger or point-of-compliance wells
in the final three sampling rounds, unless the RWQCB directs otherwise, the sampling and
analysis program should continue until three straight sampling rounds are completed that
demonstrate that TPH concentrations have fallen below the GSA Phase 1 RCG concentration. 

Final site closure will be completed in accordance with the Interim Guidance on Required
Cleanup at Low Risk Fuel Sites (RWQCB, 1996). This guidance defines low risk
groundwater sites according to six conditions, as follows:

1. The leak has been stopped and ongoing sources, including free product, have been
removed or remediated. 

2. The site has been adequately characterized. 

3. The dissolved hydrocarbon plume is not migrating. 

4. No water wells, deeper drinking water supply aquifers, surface water, or other sensitive
receptors are likely to be impacted. 

5. The site presents no significant risk to human health. 

6. The site presents no significant risk to the environment.

When groundwater monitoring results meet the requirements proposed in this section,
the case for site closure will be discussed with regulatory agencies. Once agreement about
closure for the site is reached, the Closure Report will be prepared, incorporating information
from this Corrective Action Plan with subsequent monitoring data. The Closure Report will
also discuss how the POL Hill AST-2 Area satisfies the six conditions noted above.
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