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SECTION 1
INTRODUCTION

1.1 PURPOSE AND SCOPE

Parsons Engineering Science, Inc. (Parsons ES), formerly Engineering-Science, Inc.
(ES) was retained by the United States (US) Air Force Center for Environmental
Excellence (AFCEE) to prepare a remedial action plan (RAP) in support of a risk-based
remediation decision for soil and groundwater contaminated with fuel hydrocarbons at
Site ST14 at Carswell Air Force Base (AFB), Texas. Parsons ES is an environmental
consulting firm registered as a Corrective Action Specialist (CAS) (RCA00101B). Site
ST14 consists of the petroleum, oil, and lubricant (POL) tank farm (Site ST14B) and
the fuel loading area (Site ST14A). TNRCC has directed that Site ST14 (also known
as Solid Waste Management Unit (SWMU) 68) and associated areas be remediated
under Title 31 Texas Administrative Code (TAC) Chapter 334, the Petroleum Storage
Tank (PST) rules. This RAP also has been prepared in support of a risk-based
remediation decision for Site SD13 which is downgradient from Site ST14, and is
regulated under Title 31 TAC Chapter 335, the Resource Conservation and Recovery
Act (RCRA) rules. Site SD13 consists of several permit-defined subsites, including
SWMU 64 (the french underdrain system), SWMU 67 (the oil/water separator), and
area of concern (AOC) 7 (the former base refueling area).

Risk-based remediation is designed to combine natural physical, chemical, and
biological processes with low-cost source reduction technologies such as in situ
bioventing, as necessary, to economically reduce potential risks to human health and
the environment posed by anthropogenic contamination. This RAP is prepared as part
of a multi-site initiative sponsored by AFCEE to develop a handbook on how risk
information and quantitative fate and transport calculations based on site-specific data
can be integrated to quickly determine the type and magnitude of remedial action
required at fuel-contaminated sites to minimize contaminant migration and potential
receptor risks. Site ST14 is one of several sites nationwide that will be used as a case
study in the development of the handbook.

This RAP combines into a single document the documentation elements specified by
the PST Division of the Texas Natural Resource Conservation Commission (TNRCC,
1993, 1994a, 1994b, 1995a, 1995b, and 1995¢) for a limited site assessment, Plan A
and Plan B comprehensive assessments, a Plan B exposure assessment, and a proposal
for implementing an appropriate remedial action at Site ST14. Plan A remedial actions
are designed to establish cleanup levels based on specified methods, conservative
assumptions regarding potential human exposure, and a limited number of site-specific
factors. Plan A target concentrations have been defined for both unrestricted (i.e.,
residential) and industrial/commercial land use assumptions. Plan A evaluations have
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been defined by TNRCC (1994a) as screening-level evaluations. TNRCC (1994a)
recommends that all sites be initially evaluated under Plan A. In the event that
measured concentrations exceed the applicable Plan A target concentrations, however, a
Plan B evaluation may be necessary to establish reasonable, risk-based target cleanup
objectives for a specific site. Plan B remedial actions are based on the outcome of a
limited risk assessment to evaluate current and potential human health risks and short-
term and long-term fate of the contaminants at the site. Although Plan B evaluations
usually involve more rigorous analysis and may require use of institutional controls to
ensure that exposure conditions do not change over time, they can result in a more
focused remediation (TNRCC, 1994a). Alternate, health-protective remedial
concentration goals for a site can be proposed as part of a Plan B evaluation.

This RAP also addresses the documentation elements specified by the TNRCC to
document attainment of Risk Reduction Standard Number 2 and/or to specify media
cleanup requirements pursuant to Risk Reduction Standard Number 3 for Site SD13.
Risk Reduction Standard Number 2 levels are derived either by conservative
quantitative health-based risk assessment procedures or by directly using other
appropriate promulgated standards(30 TAC 335.556). compliance with Risk Reduction
Standard Number 2 requires that contaminated media must be removed or
decontaminated to numeric cleanup levels such as medium specific concentrations
(MSCs) so that no post-closure care or engineering or institutional control measures are
required. In contrast, compliance with Risk Reduction Standard Number 3 allows the
use of measures to control the contaminated materials or the property where any
residual contamination is located. These controls can be engineered or institutional in
nature. These standards require remediation such that any substantial present or future
threat to human health or the environment is eliminated or reduced to the maximum
degree practicable.

This RAP documents the actual or reasonable potential risks to human and
ecological receptors due to exposure to chemical contaminants originating from Sites
ST14 and SD13 under current conditions. The RAP also estimates the potential risks to
human and ecological receptors due to exposure to chemical contaminants over time,
accounting for the effects of natural chemical attenuation processes. Finally, the RAP
develops and describes a recommended remedial approach for fuel hydrocarbon
contamination in soils and groundwater at and downgradient from Site ST14 and for
organic and inorganic contamination in soil and groundwater at Site SD13, that can
achieve the target remediation goals. The RAP demonstrates that compliance with Plan
A or Plan B cleanup levels at Site ST14 will not jeopardize long-term attainment of
applicable numeric cleanup levels for soil and groundwater at Site SD13. This RAP is
being submitted for review and approval consistent with the TNRCC PST program
requirements (TNRCC, 1994a and 1995c), and with the TNRCC IHW program
requirements.

1.1.1 Overview of Project Activities

It is the intent of the Air Force to pursue a site-specific risk-based remediation of
Sites ST14 and SD13. The activities conducted pursuant to determining the type,
magnitude, and timing of remediation required to achieve the desired level of risk
reduction at these sites included focused site investigation activities and data analysis to
characterize:
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231 14
« The nature and extent of fuel hydrocarbon contamination at Site ST14;

« The nature and extent of anthropogenic organic and inorganic contamination at
Site SD13;

« The location of potential groundwater recharge and discharge areas, including an
assessment of the effectiveness of the subsurface drain system and the effects of
other major hydrogeologic features (the french underdrain system and oil/water
separator were investigated and partially removed by Parsons ES in 1996, under
the supervision of TNRCC);

» The local geology, hydrogeology, and hydrology that may affect contaminant
transport;

» The proximity of the site to drinking water aquifers, surface water, and other
sensitive environmental resources;

e The estimated flux rate of volatile organic compounds (VOCs) into the
atmosphere from site soils;

o The expected persistence, mobility, chemical form, and environmental fate of
hazardous substances in soils and groundwater under the influence of natural
physical, chemical, and biological processes;

e The current and potential future uses of land, including groundwater, and the
likelihood of exposure of receptors to other potentially impacted environmental
media over time;

» The potential risks associated with chemical contamination under current and
foreseeable future conditions;

« The long-term target remedial objectives and chemical-specific concentration
goals required to protect human health and the environment; and

« The treatability of residual and dissolved fuel hydrocarbon contamination using
low-cost source reduction technologies such as bioventing and biosparging.

1.1.2 Summary of Proposed Type of Cleanup for Site ST14

Carswell AFB was placed on the 1991 Defense Base Closure and Realignment
Commission’s list for closure. The AFB was officially closed on September 30, 1993.
However, in 1993, the Commission recommended realignment of several military
reserve and guard units to Carswell, such that portions of the property will be retained
by the Department of Defense (DOD). The US Navy has assumed command of that
property required to support long-term operations associated with the realigning
military units. Based on the proposed land reuse plan for Carswell AFB (US Air
Force, 1994), Site ST14 is planned to be maintained as a military fueling yard in the
foreseeable future.
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Several remedial approaches that relied on both natural processes and engineered
solutions were evaluated for Site ST14. A site-specific exposure pathways analysis
involving environmental media impacted by chemical contamination at and migrating
from Site ST14 was completed to ensure that existing and predicted future
concentrations of hazardous substances would not pose a threat to current and
foreseeable future onsite and offsite receptors. The site-specific exposure pathways
analysis indicates that only onsite intrusive workers may actually be exposed to site-
related contamination, although other potential exposure pathways do exist. Because
measured concentrations of benzene and hexachlorobenzene, which are presented in
this RAP, exceeded TNRCC (1994b) Plan A criteria, a Plan B limited risk assessment
was prepared to determine whether any unacceptable and imminent threats to human
health or the environment exist at the site. The limited risk assessment indicated that
existing concentrations of all chemicals detected in soil and groundwater at and
downgradient from Site ST14 do not result in a cumulative hazard index (HI) greater
than 1 or a cumulative carcinogenic risk greater than one-in-ten-thousand (1.0 x 104).
However, the cumulative carcinogenic risk for intrusive workers was estimated to be
greater than one-in-one-million (10%), which is greater than the TNRCC-specified
target risk for receptors where actual exposure is possible (TNRCC, 1994a). This
means that remediation and/or control measures to supplement those already in place at
the site are required to provide the regulatory-defined level of protectiveness for human
health and the environment (TNRCC, 1994a).

A site-specific chemical fate assessment also was completed as part of the exposure
pathways analysis to identify the potential for, and risks associated with, exposure to
chemical contamination over time at the site. The potential for exposure to chemical
contamination originating from Site ST14 over time depends on anticipated future site
conditions and the persistence, mobility, chemical form, toxicity, and fate of site-
related contaminants.

Site characterization data relevant to documenting natural chemical attenuation,
specifically bioattenuation, were collected and are documented in this RAP, pursuant to
the requirements of the TNRCC (1994a). The quantitative fate and transport models
used to assess chemical concentrations in air, soil, and groundwater over time include
only those natural physical, chemical, and biological attenuation processes documented
to be occurring at the site. The fate and transport model results suggest that engineered
remediation is required to attain the TNRCC target carcinogenic risk level of 1x10¢
within the next few years. Removal of volatile organics from the ST14A source area
will reduce potential chemical hazards associated with deep excavations in this area and
will reduce the time to attain both Plan A and Plan B target cleanup goals.

The Plan B limited risk assessment included in this RAP indicates that no
unacceptable risk to current nonintrusive workers exists at Site ST14. This means that
existing levels of all detected concentrations of chemicals will not result in carcinogenic
or noncarcinogenic risks to nonintrusive workers above the TNRCC-established
thresholds, given the types of exposures likely to occur at Site ST14. However, the
Plan B limited risk assessment does identify the potential for existing concentrations of
all detected compounds to result in a cumulative cancer risk total for (hypothetlcal)
intrusive workers slightly above the TNRCC-specified target of 1 x 10, although no
pathway-specific risk estimate exceeded this threshold. The [ x 10 6 point-of-departure
is identified by the TNRCC as the target risk level if there is actual human exposure
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(which was conservatively assumed). In comparison, Comprehensive Environmental
Response, Compensatlon and L1ab111ty Act (CERCLA) guidance identifies acceptable
risk ranges of 10° to 10™ for carcinogenic chemicals. The Plan B limited risk
assessment demonstrates that natural attenuation processes are expected to be sufficient
alone to reduce Site ST14 concentrations to levels that result in a cumulative cancer risk
for (hypothetical) intrusive workers of almost 1 x 10 by the year 1998 (i.e., the year
in which the site is planned to be transferred and re-used in accordance with the
approved land use plan). The evaluation in this RAP clearly demonstrates that use of
bioventing at Site ST14A will decrease the mass of benzene that can partition from
soils and dissolve into underlying groundwater. Application of this source reduction
technology was projected to be sufficient to reduce the cumulatlve cancer risk for
(hypothetical) intrusive workers below the TNRCC-defined 1 x 10 threshold by the
year 1998.

Both quantitative risk estimates and Plan B target concentrations are used in this
RAP to identify site-specific risk reduction requirements. Bioventing/biosparging is
proposed as a low-cost method of attaining the TNRCC-stipulated target risk level by
1998. A groundwater monitoring program and institutional controls will be necessary
to confirm that the predicted degree of remediation is being attained and to ensure that
no unacceptable or unanticipated exposures to chemical contamination occur over time
at the site.

1.1.3 Summary of Proposed Type of Cleanup for Site SD13

As mentioned in Section 1.1.2, Carswell AFB was placed on the 1991 Defense Base
Closure and Realignment Commission’s list for closure, and was officially closed on
September 30, 1993. The US Navy has assumed command of that property required to
support long-term operations associated with the realigning military units. Based on
the proposed land reuse plan for Carswell AFB (US Air Force, 1994), Site SD13 is
scheduled to be used as an open space/recreational area, although retained under the
authority of DOD. Additionally, although the shallow groundwater underlying Site
SD13 could be classified as a potential beneficial use category II water source pursuant
to TNRCC (1994a) guidance, it may eventually discharge into downgradient surface
water bodies (i.e., the unnamed stream and/or Farmers Branch Creek). For these
reasons, the shallow groundwater underlying Site SD13 will be considered a potential
beneficial use I water source for purposes of this RAP.

Remedial approaches that rely on both natural processes and engineered solutions
were also examined for Site SD13. A separate site-specific exposure pathways analysis
was performed for Site SD13. The analysis indicates that current and future intrusive
construction workers may be exposed and that future recreators may potentially be
exposed to site related contamination. After eliminating background levels of
inorganics, the most recently detected maximum contaminant levels of all remaining
chemicals detected at Site SD13 were initially compared to Risk Reduction Standard
Number 2 levels calculated based on a conservative assumption of residential exposure.
Risk Reduction Standard Number 2 levels based on an assumption of residential
exposure were used at this point in the evaluation because of the potential for chemicals
from this site to migrate outside of the Base fenceline and because of the potential for
groundwater to impact the unnamed stream, which is also outside of the base boundary.

1:\PROJECTS\725520089.DOC 1-5



As detailed in Section 5, a number of chemicals exceeded the Risk Reduction
Standard Number 2 levels. Because detected levels of some chemicals exceeded the
Risk Reduction Standard Number 2 levels, a quantitative risk assessment was
performed for Site SD13, based on the site-specific exposure pathways analysis. This
risk assessment 1ndlcates that exposure to existing concentratlons of all detected
chemicals will result in a cancer risk below 1 x 10° for current and future
(hypothetical) intrusive construction workers, and below 1 x 10°® for current and future
trespassers/recreators. Although the cancer risk for the intrusive construction worker is
above the target risk level of 1 x 10°° for situations where actual exposure is taking
place or is likely to take place, the risk level is well below the 1 x 10+ level at which
remediation or appropriate control measures are required, and there is no current
exposure to this receptor. Levels for non-carcinogenic effects were below the target
level of 1 for both intrusive construction workers and trespassers/recreators.

Estimated risks to future potential receptors are based on current maximum detected
concentrations for all chemicals detected at Site SD13, and therefore do not include the
effects of natural attenuation, which has been demonstrated to be occurring at this site.
As detailed in Sections 5 and 6, several inorganic chemicals have been detected above
background concentrations and above Risk Reduction Standard Number 2 levels.
Localized geochemical conditions, created as a result of the ongoing biodegradation of
organic compounds, have resulted in the increased mobility of several inorganics. This
increased mobility will be reduced as organic mass is reduced and local geochemical
conditions are restored to pre-release conditions.

The removal of portions of the french underdrain in 1996 has interrupted this
transport pathway from groundwater underlying Site SD13 to surface water. It is
expected that mobility of groundwater underlying Site SD13 will be greatly reduced by
this remedial action, providing a longer time frame for natural attenuation processes to
reduce the levels of contaminants in groundwater. Natural attenuation processes also
will be sufficient to decontaminate engineered components remaining in place following
the 1996 interim removal action.

1.2 REPORT ORGANIZATION

This RAP consists of 13 sections, including this introduction, and 10 appendices.
Site background, including operation history and a review of environmental site
investigations conducted to date, are provided in Section 1. Section 2 summarizes the
1994/1995 site characterization activities performed by Parsons ES and the results of
the ongoing long-term groundwater monitoring at both Sites ST14 and SD13 through
January 1997. Physical characteristics of Sites ST14 and SD13 are described in Section
3. Section 4 describes the nature and extent of soil and groundwater contamination at
Site ST14 and presents the results of the Plan A screening evaluation for Site ST14.
The nature and extent of soil, groundwater, and surface water contamination and the
identification of chemicals of potential concern (COPCs) for Site SD13 are presented in
Section 5. Section 6 presents a quantitative exposure pathways analysis, which
incorporates the effects of natural chemical attenuation processes that are documented
to be occurring at each of the sites. Section 7 evaluates the potential risks to current
and hypothetical future receptors, and identifies target remedial goals for Site ST14.
Potential risks to current and hypothetical future receptors and target remedial goals for
Site SD13 are evaluated in Section 8. Section 9 presents contaminant treatability pilot
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test results and evaluates several low-cost source reduction technologies. Section 10
presents a comparative analysis of three candidate remedial alternatives. Section 11 is
a more detailed implementation plan for the recommended remedial alternative, and a
detailed monitoring plan for each of the sites is presented in Section 12. Section 13
presents references used in preparing this RAP.

Appendix A presents soil gas, soil flux, soil, groundwater, and surface water
analytical results and data validation results from the ES (1993) bioventing pilot test,
the 1994/1995 risk-based sampling event conducted by Parsons ES, and recently
collected 1995/1997 groundwater monitoring data. Appendix B contains the boring
logs, well construction diagrams, and well development data for all sampling activities
completed by Parsons ES at Sites ST14 and SD13. Appendix C contains a report on all
inventoried wells within a 0.5-mile radius of the study area. Aquifer test data and
analyses, the stream flow calculations, and the tracer test data are presented in
Appendix D. Appendix E contains the quantitative calculations and fate and transport
model results used in the predictive chemical fate assessment. Appendix F presents the
derivation of Plan A and Plan B target concentrations and risk estimates for both
current and hypothetical future receptors, in accordance with TNRCC (1994a and
1994b) PST program guidance. Summary information from the study to determine
naturally occurring levels of inorganics at Carswell AFB, and analysis performed to
allow comparison of site-specific concentrations to background levels is presented in
Appendix G. Appendix H presents the derivation of the Risk Reduction Standard
Number 2 numeric cleanup levels and the Risk Reduction Standard Number 3 risk
estimates for both current and hypothetical future receptors at Site SD13. Appendix H
summarizes the screening and development of remedial alternatives considered in detail
within this RAP. Appendix I presents a site-specific sampling and analysis plan (SAP)
for use during bioventing and monitoring at the site. The 10 appendices to this RAP
are included in Volume II.

1.3 SITE BACKGROUND

Carswell AFB is located in Tarrant County approximately 6 miles west of downtown
Fort Worth, Texas (Figure 1.1). The Base is bounded on the north by Lake Worth, on
the east by the West Fork Trinity River, and on the south by Highway 183. Air Force
Plant 4, which shares the Base runway, is located west of the Base. Carswell AFB has
recently undergone realignment, and is now a joint reserve base named Naval Air
Station (NAS) Fort Worth Joint Reserve Base (JRB). There were 674 full-time
employees on Base in September 1993. The total number of projected employees by
1998 is 5,353. On-Base residents include 1,270 military personnel, 328 civilians, and
1,100 federal inmates (US Air Force, 1994). The communities surrounding the Base
include White Settlement to the south and west, River QOaks to the east to northeast,
Fort Worth to the east and southeast, and Lake Worth to the north. The combined
populations of these communities exceed 385,000 people.

Four discrete sites have been identified in the East Area of Carswell AFB/NAS Fort
Worth JRB that may be potential sources of contamination (Radian Corporation
[Radian], 1991). These sites include Site LFO1 (landfill), Site BSS (Base service
station), Site ST14 (POL tank farm and adjacent fuel loading area), and Site SD13
(unnamed stream and abandoned gasoline station). Figure 1.2 shows the location of the
East Area with respect to the entire Base and surrounding environs. Sites ST14 and
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SD13 are located in the southern portion of the East Area. Because Site SD13 is
downgradient from Site ST14, dissolved contamination originating from the POL tank
farm and adjacent fueling areas may have migrated to and impacted this area. The
potential for contaminants from Site ST14 to impact Site SD13, under current and
future conditions, is examined in this RAP. The other two East Area sites are located
north of (essentially upgradient from) the dissolved plume originating at Site ST14.

1.3.1 Operational History

Site ST14A consists of the fuel loading area along the eastern side of Desert Storm
Drive, and the area southeast and downgradient from the fuel loading area. The tank
farm portion of the site (ST14B) consists of two aboveground storage tanks (ASTs)
surrounded by earthen berms, and is located on the west side of Desert Storm Drive.
A third, larger AST is located north of these tanks and is surrounded by a concrete
berm. Three additional tanks, which were formerly located at Site ST14B, have been
dismantled. All of Site ST14 has been an area of fuel storage during most of the Base’s
operating history (i.e., from 1942 to the present). Figure 1.3 shows the location and
approximate boundaries of Sites ST14 and SD13 on Carswell AFB/NAS Fort Worth
JRB.

During the early 1960s, JP-4 jet fuel was discovered in soil and groundwater at and
downgradient from Site ST14. Leaking underground fuel lines are the suspected source
of subsurface contamination at this site. A french underdrain system constructed of
perforated ceramic tile, and interceptor box, and a pumphouse was apparently installed
downgradient from the site to collect fuel product leaking from Site ST14 and possibly
Site SD13. The installation date and construction details of the french drain system are
unknown; no as-built drawings have been located (Law Environmental Government
Services [Law], 1994). In the mid 1960s, the interceptor box and pumphouse were
replaced with an oil/water separator. The french underdrain system was connected to
this underground oil/water separator (Facility 38), which is located south of the
Whitehouse communications building (Building 1337) and immediately south of the
fenced civil engineering storage yard. Although the age of the oil/water separator is
also uncertain, an as-built drawing of the system dated February 1964 has been
identified (Law, 1994). The oil/water separator was installed to replace an interceptor
box and a pump house formerly used for pumping water from the french underdrain to
the unnamed stream. Based on information gathered as part of the 1990 Installation
Restoration Program (IRP) sampling event, the french underdrain system was used to
collect small quantities of fuel product (Radian, 1991). As part of the IRP, an oil
skimmer was installed in the oil/water separator in 1991 (Environmental Science &
Engineering, Inc. [ESE], 1994). In 1996 portions of the french underdrain system and
the oil/water separator were removed by Parsons ES under TNRCC supervision. Prior
to removal, the oil/water separator discharged into the perennial unnamed stream,
which flows about 200 feet east into Farmers Branch, which in turn discharges to the
Trinity River along the eastern boundary of Carswell AFB/NAS Fort Worth JRB.

Site SD13 is located immediately downgradient from Site ST14. This area consists
of a paved lot near an abandoned gasoline station and the unnamed stream itself. The
gasoline station was removed, and the only visible evidence of the station is the
concrete pump island. Free petroleum product and detectable concentrations of
petroleum hydrocarbons in both soil and groundwater were measured at the site during
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the 1990 IRP Remedial Investigation (RI) (Radian, 1991), the Resource Conservation
and Recovery Act (RCRA) Facility Investigation (RFI) (Law, 1994), and the 1994 risk-
based sampling events. Quarterly compliance monitoring events are being conducted at
Site SD13 in accordance with the Base-wide groundwater sampling and analysis
program (GSAP).

1.3.2 Previous Remedial Investigations

Sites ST14A, ST14B, and SD13 have been characterized under the US Air Force
IRP (Radian, 1985, 1988, 1989, and 1990). Additional site investigation data were
collected at these sites as part of the 1993 bioventing pilot test program sponsored by
AFCEE (ES, 1993), the 1994 RFI completed by Law, and the 1994/1995 risk-based
investigation conducted by Parsons ES. Additional site data are currently being
collected under the GSAP. This program includes sampling locations at Sites ST14A,
ST14B, and SD13. All available data from these sampling events are used in this RAP
to characterize the nature and extent of contamination and to determine the type,
magnitude, and timing of remediation necessary to protect human health and the
environment. The following briefly summarizes the site characterization data available
prior to 1994.

1.3.2.1 Site ST14

The results of two soil gas surveys conducted in 1987 (Radian, 1988) and 1993 (ES,
1993) at Site ST14A both indicated a soil gas plume centered near groundwater
monitoring well ST14-17M (Figure 1.3). Compound-specific data were collected in
this area as part of the 1993 bioventing pilot test. Compound-specific soil gas
analytical results indicated that fuel hydrocarbons were the principal contaminants. No
chlorinated volatile organic compounds (VOCs) were detected. Soil gas samples
collected in 1993 from contaminated soils at Site ST14A had high concentrations of
total volatile hydrocarbons (TVH), but relatively low concentrations of specific
compounds such as ethylbenzene and xylenes. Although benzene was detected in soil
gas during the survey completed in 1987, benzene and toluene were not detected in soil
gas samples taken from the same general area in 1993. Laboratory TVH concentrations
from samples taken in 1993 ranged between 21,000 and 28,000 parts per million,
volume per volume (ppmv). Maximum ethylbenzene and toluene concentrations
measured during the 1993 sampling event were 7.9 and 21 ppmv, respectively. These
soil gas samples also were depleted in gaseous oxygen (ranging from 0.8 to 3.8
percent) and had elevated carbon dioxide, suggesting that significant biological fuel
degradation may be occurring in fuel-contaminated soils at the site (ES, 1993).

An initial soil gas investigation also was conducted in 1987 on Site ST14B to
determine areas delineated by total VOC concentrations greater than 1,000 ppmv. This
criterion was identified based on the maximum quantifiable limit of the methods
employed in this survey (Radian, 1988 and 1991). No compound-specific soil gas
samples were collected at Site ST14B prior to 1994. The results of this preliminary
investigation indicated a soil vapor plume underlying Tanks 1156 and 1157 (Figure
1.3). The area encompassed by this soil gas plume was estimated to be about 100 feet
wide and 300 feet long (Radian, 1991).
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Although no soil samples were collected at Site ST14B for chemical analysis prior to
1994, soil data were collected at Site STI4A as part of the early IRP investigations
(Hargis and Montgomery, 1983; Radian, 1985, 1988, 1989, and 1991) and the
bioventing pilot test (ES, 1993). The previous investigations indicated that aromatic
fuel contamination in soil at Site ST14A extends from the surface, or near surface, to a
depth of approximately 12 feet bgs, but is most concentrated in the 8- to 11-foot below
ground surface (bgs) interval. Elevated concentrations of total recoverable petroleum
hydrocarbon (TRPH) and benzene, toluene, ethylbenzene, and xylene (BTEX) in soil
samples were measured throughout Site STI4A. Laboratory results for TRPH in soil
samples ranged from less than 10 milligrams per kilogram (mg/kg) at soil borings SB4,
SBS, and SB6, to 6,500 mg/kg at vent well VW2 at a depth of 10 to 11 feet bgs
(Figure 1.3). The distribution of BTEX was similar to that of TRPH, with benzene
concentrations ranging from less than 2 micrograms per kilogram (ug/kg) to 67,000
pg/kg at SB1 (MPBGI) at a depth of 10 to 11 feet bgs. On the basis of the 1993
sampling results, the lateral extent of significant soil contamination appeared to be
bounded by soil boring SB7 on the north and SBS on the south (ES, 1993).

More than 2 feet of free product was encountered in 1990 at groundwater
monitoring well STI4-MW17M. Limited free product (i.e., a thin film) also was
encountered in the vent well and several of the vapor monitoring points installed at Site
ST14A in 1993 as part of the bioventing pilot test. All of these sampling locations are
within 40 feet of well STI4-MWI7M. Base personnel monitored free product
thickness in ST14-MWI17M for about one year. The average product thickness
measured in this well from mid-1993 to mid-1994 was 0.75 inch. Product was hand
bailed from the well during each measurement event. Further details on the nature and

extent of fuel-related contamination at the site are presented in subsequent sections of
this RAP.

Early investigations at Site ST14 suggested the presence of two distinct dissolved
hydrocarbon plumes, one originating near Site ST14A and one near ST14B. Several
VOCs were detected in the groundwater at Site ST14 during these sampling events,
including BTEX and chlorobenzene. Of these VOC contaminants, ethylbenzene was
detected most frequently. However, benzene was the only VOC detected at a
concentration above the most stringent Plan A target groundwater concentration. The
maximum concentration of benzene detected in groundwater at Site ST14 during the
1990 IRP sampling effort was 16 ug/L (ST14-17M) (Radian, 1991) which slightly
exceeds the most stringent Plan A target groundwater concentration of 5 ug/L. The
highest concentrations of chlorobenzene, toluene, and total xylenes also were recorded
at this Site ST14A well location.

Although ethylbenzene was the BTEX compound most frequently detected in the
groundwater at Site ST14 during the 1990 IRP sampling event, the maximum reported
concentration of 35 pug/L in groundwater monitoring well STI4-MWO04 was
significantly less than its most stringent Plan A target concentration of 700 ug/L
(Radian, 1991). Total xylenes and chlorobenzene also were detected at Site ST14
during the 1990 IRP sampling event. Xylenes were detected in three wells: ST14-
MWO03, ST14-MWO04, and ST14-MW17M. The highest concentration of total xylenes
was 300 pug/L (in groundwater monitoring well ST14-MW17M), which did not exceed
the most stringent Plan A target concentration of 10,000 ug/L. Chlorobenzene was
detected in 1990 at a maximum concentration of 38 pg/L (again at ST14-MWI17M),
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which is below both its health-based Plan A target concentration of 730 ug/L and its
maximum contaminant level (MCL) of 100 ug/L.

It is important to note that detected contaminant concentrations in groundwater
samples collected in 1990 were lower than the concentrations of the same analytes
detected during previous investigations. Early investigations had reported benzene
concentrations as high as 11,000 pg/L (Radian, 1988 and 1989), indicating that a
reduction of benzene in the source area has already occurred. This trend is a good
indicator that natural chemical attenuation processes may be limiting the persistence,
concentration, mobility, mass, and toxicity of dissolved contaminants over time.
Specific data relevant to documenting the potential effectiveness of these processes in
saturated media were collected as part of the risk-based field investigation, and are
presented in this RAP.

1.3.2.2 Site SD13

At Site SD13, initial investigative activities conducted in 1985 revealed high levels
of organic compounds in the groundwater underlying the paved lot (the abandoned
gasoline station)(Radian 1991). Groundwater sampling conducted in 1990 detected no
volatile organic compounds above maximum contaminant levels (MCLs). Benzene and
chlorobenzene were detected at single wells, and toluene was detected in two of the
four wells sampled. A number of metals were detected in several wells; however,
maximum metal concentrations did not exceed MCLs.

During the 1994 RFI, three separate rounds of groundwater sampling were
performed at Site SD13. The same wells were sampled during each event. The 1994
RFI identified two isolated areas of petroleum contaminated groundwater at Site SD13
(LAW 1994). Ethylbenzene, toluene, and xylenes were detected in several wells, but
not at concentrations above the Risk Reduction Standard Number 2 levels. It should be
noted that benzene was not detected in any of the groundwater samples analyzed.
Several chlorinated volatile organics were also detected in groundwater during the 1994
RFI.  Tetrachloroethylene (PCE) was found in well OT-15B in all three sampling
events conducted as part of the RFI. The maximum concentration of PCE was 9.1
micrograms per liter (ug/L), which is above its Risk Reduction Standard Number 2
level of 5 ug/L. Methylene chloride was detected above the Risk Reduction Standard
Number 2 level of 5 ug/L in several wells, with a maximum detected level of 12 ug/L.
Bromodichloromethane, chloroform, and dibromochloromethane were also detected, all
were below Risk Reduction Standard Number 2 levels.

Arsenic, barium, lead and nickel were measured in groundwater samples at
concentrations above Risk Reduction Standard Number 2 during the 1994 RFI.
Arsenic was consistently detected in wells SD13-01 and SD13-03, with a maximum
level of 0.075 milligrams per liter (mg/L). Barium was detected in all wells at low
levels (<1mg/L). However, during one sampling event barium was detected in wells
OT-15B and OT-15C at concentrations of 260 and 220 mg/L, respectively. These
concentrations are above the Risk Reduction Standard Number 2 level for groundwater
under a residential use scenario. Lead was detected in well SD13-03 at a concentration
of 7.3 mg/L. Subsequent sampling of this well during the RFI found lead levels of
0.0021 mg/L and non-detect. Nickel was detected in one well (SD13-07) during one
sampling event at a concentration of 0.14 mg/L, which is above the Risk Reduction
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Standard Number 2 level. Aluminum, cadmium, chromium, manganese, and zinc were
also detected, however the maximum contaminant levels for these metals were below
Risk Reduction Standard Number 2 levels.

The 1994 RFI also included a geophysical survey of Site SD13 to locate potential
buried utilities, and to confirm that no previously unidentified USTs remained at the
site. Geophysical anomalies indicative of buried piping, reinforced concrete and other
buried metal were identified. Due to the presence of cultural interferences within the
site, including a reinforced concrete pad, a chainlink fence, transformer and power
lines, the survey was not able to conclusively verify the absence of additional,
previously unidentified USTs. Cultural interferences are identified metal objects which
would create readings on the survey equipment, making it difficult to interpret survey
data in the vicinity of the interference. The Air Force has no information to indicate
that there are additional USTs at Site SD13 that may be continuing to release
contamination to the subsurface.

Surface water quality data also were collected as part of the early IRP investigations
to determine whether fuel hydrocarbon contamination from Site SD13 was being
intercepted by the subsurface french underdrain system. Both benzene and toluene
were detected in surface water samples collected in the unnamed stream. During the
field investigation conducted in 1986, the maximum concentration of benzene detected
in the unnamed stream was 120 pg/L, and the maximum concentration of toluene was
19 pug/L (Radian, 1991). Four additional surface water samples were collected as part
of the 1990 IRP sampling effort at the unnamed stream. Orange-colored foam and a
rusty film were noted on the surface of the water at the time of sampling. Benzene and
toluene were again the most frequently detected VOCs, although the concentrations
were significantly less than those measured previously. The maximum concentration of
benzene detected in the surface water in 1990 was 0.31 pg/L; the maximum
concentration of toluene was 0.59 ug/L (Radian, 1991). Concentrations of these
contaminants decreased with increasing distance downstream, probably due to
photooxidation, volatilization, and dilution. Based on this trend, it appears that any
natural groundwater discharge entering the stream at more permeable, downgradient
locations does not contribute significant concentrations of contaminants to stream
segment 0806 of the West Fork Trinity River. However, the french underdrain system
(SWMU 64) and oil/water separator (SWMU 67) could have been the source of
measurable concentrations of fuel hydrocarbon contamination in surface water.
Although concentrations of dissolved fuel hydrocarbons in surface water have been
diminishing over time, the potential for continuing impacts to surface water quality and

the need to remediate to prevent adverse environmental impacts is explored in this
RAP.

1.4 Need for RAP

A baseline risk assessment (BRA) was prepared for both Site ST14 and Site SD13
using the 1990 IRP analytical data (Radian, 1991) and EPA (1986a) risk assessment
guidance, which has since been superseded. Although the BRA indicated that both
carcinogenic and noncarcinogenic human health risks associated with exposure to
measured concentrations of chemical contamination at Site ST14 and Site SD13 were
below levels warranting remedial action, these sites were identified as high-priority
sites because they may represent a direct contaminant source or contaminant migration
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pathway to Farmers Branch and the Trinity River. Additionally, the RI Report cited
significant uncertainty about the processes involved in subsurface contaminant transport
and the potential for increased risks over time.

Consequently, the focused site investigation and remedial alternatives analysis
described in this RAP were initially designed to evaluate the type, magnitude, and
timing of remedial action necessary to protect human health and the environment at and
downgradient from Site ST14 (SWMU 68), pursuant to the TNRCC (1994a, 1995a,
and 1995b) PST program guidance. The RAP was then expanded to evaluate the type,
magnitude, and timing of remedial action necessary to protect human health and the
environment at and downgradient from Site SD13 (i.e., SWMU 64, SWMU 67 and
AOC 7), pursuant to 30 TAC Chapter 335 program rules. This RAP specifically
documents the effects of natural physical, chemical, and biological processes and low-
cost source reduction technologies on contaminant persistence, mobility, mass, and
toxicity over time. Particular emphasis is given to estimating the likelihood that
contaminant concentrations above the most stringent Plan A target concentrations could
migrate to and discharge into the unnamed stream.
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SECTION 2

RECENT SITE CHARACTERIZATION AND GROUNDWATER
MONITORING ACTIVITIES

To fully define the downgradient extent of fuel hydrocarbons in soils and
groundwater and collect site-specific data documenting the effects of natural
contaminant attenuation processes, a field investigation was conducted by Parsons ES
(1994a) at Site ST14 in March 1994 and July through September 1994. Based on
preliminary results of this investigation, an additional study area (Site SD13) was
identified for inclusion in the risk-based investigation. Free petroleum product and
detectable concentrations of fuel hydrocarbons in both soil and groundwater were
measured at Site SD13 during the 1990 investigation (Radian, 1991) and during the
initial sampling events of the risk-based investigation. These data suggested that
dissolved fuel hydrocarbon contamination may be migrating from Site ST14 toward
Site. SD13, and that contaminant plumes under both sites may be potentially
commingled. Low concentrations of BTEX contaminants also were detected at ST14-
MWO08, which was presumed to be upgradient from the hydrocarbon contamination
originating at Site ST14. To reasonably apply the risk-based approach at Sites ST14
and SD13, additional data needed to be collected to:

* Identify any potential unreported sources that may be contributing contaminant
mass to the plume(s);

* Establish groundwater characteristics and chemistry upgradient from the plume(s);
and

e Gain a greater understanding of the groundwater characteristics between the
primary source areas contributing to the plume(s).

A supplemental workplan was prepared in March 1995 (Parsons ES, 1995), and was
implemented in March and April 1995. Sufficient data were collected to conduct a
quantitative fate and transport analysis, perform an exposure pathways analysis, and
evaluate the potential treatability of contaminated media using low-cost remedial
technologies and approaches. Emphasis was placed on defining the extent of soil
contamination for possible in situ source reduction, filling data gaps identified during
previous remedial investigations, and collecting data relevant to documenting the
natural biodegradation of fuel hydrocarbons in soil and groundwater at the site.

Additional soil samples were taken from the area immediately surrounding the north
oil/water separator (SWMU 67) during removal activities in June and July of 1996.
The oil/water separator was located in the southeast portion of Site SD13. Sampling
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was undertaken to characterize any residual contamination in the area immediately
surrounding the oil/water separator.

In addition, quarterly groundwater monitoring has been performed at both Sites
ST14 and SDI13 during 1995/1996 (LAW, 1994) and in the first quarter of 1997
(CH2MHIill, 1996). This groundwater monitoring is part of a basewide effort designed
to collect data for regulatory compliance issues, delineate and where appropriate
remove LNAPL, monitor off-Base or potential off-Base contamination, and collect data
to demonstrate that natural attenuation of contaminants is occurring. These data have
been incorporated into the RAP to further evaluate the effects of natural attenuation and
to define the current extent of contamination.

2.1 SCOPE OF 1994/1995 DATA COLLECTION ACTIVITIES SITE ST14

The field investigation focused on collecting data on the specific chemical
constituents that may drive potential risks and impact the final remedial design for Sites
ST14 and SDI13. The chemicals of potential concern (COPCs) for the site were
identified at this stage based on the 1990 RI results and the chemical composition of the
known source (i.e., releases of jet and/or gasoline fuel to soils and groundwater
resulting from spills or leaks associated with the POL tank farm, the fuel loading area,
and the abandoned gasoline station). Aircraft jet fuel consists predominantly of Cs
through C,4 hydrocarbons. The major hydrocarbon component categories (and their
percentages by weight) in JP-4 are n-alkanes (32 percent), branched alkanes (31
percent), cycloalkanes (16 percent), benzenes and alkylbenzenes (18 percent), and
naphthalenes (3 percent). Major hydrocarbon component categories in automotive
gasoline are n-alkanes (15 to 17 percent), branched alkanes (28 to 36 percent),
cycloalkanes (3 to 5 percent), benzenes and alkylbenzenes (20 to 49 percent),
naphthalenes (less than or equal to 1 percent), and olfins (1 to 11 percent) (Arthur D.
Little, 1987).

On the basis of the environmental behavior of each group of specific hydrocarbons,
the results of previous site characterization activities at the site, and TNRCC (1995a)
chemical analysis requirements, the COPCs identified and addressed as part of this
study for Site ST14 included the BTEX compounds, chlorobenzene, and naphthalene.
Analytical data on other polycyclic aromatic hydrocarbons (PAHs) also were collected
to confirm the absence of significant concentrations of these compounds in soils and
groundwater at the site. Analytical data on trichloroethene (TCE) also were collected
at several locations to verify that upgradient groundwater contamination has not
migrated to and impacted Site ST14 and downgradient environs. The COPCs initially
identified and addressed as part of this phase of the investigation of Site SD13 included
the BTEX compounds, and halogenated volatile and semivolatile compounds. Soils,
groundwater, and surfacewater analytical data collected for these compounds were
obtained using fixed-base analytical methods. Fixed-base analytical testing was
provided by Evergreen Analytical, Inc., located in Wheat Ridge, Colorado. Field and
other analytical data relevant to documenting biodegradation and assessing the
effectiveness of low-cost source-reduction technologies also were collected.

The investigation activities completed at Site ST14 and Site SD13 during the
1994/1995 risk-based remediation investigation were conducted using the approach and
methodologies presented in the Work Plan for a Remedial Action Plan in Support of the
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Risk-Based Approach to Remediation at Site STI4 (Parsons ES, 1994a) and the
Supplemental Work Plan for a Corrective Measures Study/Corrective Measures
Implementation Plan (Parsons ES, 1995) (hereinafter referred to as the work plans) .
The following planned sampling and testing activities were performed by Parsons ES at
the two sites as part of this initial focused investigation:

» Collection and field screening of soil gas samples from approximately 60
locations prior to the initial drilling activities.

 Collection of soil gas samples for laboratory analysis (in SUMMA™ canisters) at
8 locations scattered throughout the study area.

» Collection of 17 soil gas samples and 2 soil samples for screening analyses to
assess and identify potential source areas upgradient from well ST14-MWO0S8
(referred to as the 1190 Area).

» Collection of 12 soil gas samples in the vicinity of the abandoned gasoline service
station (Site SD13) for field screening analysis to locate the potential subsurface
soil contaminant source areas and to assist in the field design of the full-scale
bioventing system for any identified source areas, if necessary. Based on the soil
gas screening results, 14 soil samples were collected for screening analysis of the
subsurface soils.

« Collection of 6 soil flux samples to evaluate the naturally occurring diffusion of
VOCs from the soil into the atmosphere.

« Collection of 1 soil flux sample located less than 10 feet from an operating air
sparging test well to monitor contaminant emissions from the surface resulting
from air sparging.

 Drilling and installation of 27 permanent groundwater monitoring wells, 17
bioventing wells, two soil boreholes, one biosparging test well, and two vapor
monitoring points.

« Collection of 59 subsurface soil samples for analytical testing from 42 new soil
boreholes drilled for completion of monitoring wells, vent wells, or vapor
monitoring points (samples were not collected from 7 of the 49 soil borings).

« Collection of 7 surface water samples from 5 locations for analytical testing to
evaluate surface water quality of the unnamed stream and Farmers Branch. Five
samples were collected under low-flow conditions in August 1994, and 2
additional samples were collected following a heavy rainfall event in April 1995
to assess relative contaminant contribution to the unnamed stream.

» Measurement of stream flows under low and normal flow conditions to evaluate
the portion of flow contributed from the unnamed stream to Farmers Branch.

« Collection of 21 groundwater samples from temporary Hydropunch® sampling
locations for analytical and field testing (part of 1994 RFI effort).
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» Collection of 27 groundwater samples from new monitoring wells for analytical
laboratory and field testing.

« Collection of 16 groundwater samples from previously existing monitoring wells
for analytical laboratory and field testing.

» Performance of a bioventing and biosparging pilot test.

» Performance of aquifer slug tests and conductivity tracer tests to provide further
information on the hydrogeologic conditions of the Upper Zone (shallow) aquifer
beneath the East Area sites.

Figures 2.1 and 2.2 show the soil gas sampling locations. Figure 2.3 shows the
locations of soil flux sampling. Figure 2.4 shows the subsurface soil sampling
locations at Site ST14. Figure 2.5 shows the subsurface soil sampling locations at Site
SD13. Figure 2.6 shows the groundwater monitoring wells and Hydropunch® locations
used to characterize groundwater quality during this field investigation and identifies
those wells included in the long term groundwater monitoring program. Figure 2.7
shows the locations where surface water samples were collected. A descriptive
summary of all of the field and analytical testing methods used at the East Area sites
are presented in Table 2.1.

Analytical method detection limits (MDLs) were considered before site characterization
work was initiated under the 1994/1995 risk-based remediation investigation. Suitable
analytical methods and quality control procedures were selected (Parsons ES, 1994a) to
ensure that analytical results collected under this program could be compared to
TNRCC PST Plan A target concentrations (TNRCC, 1994a and 1995a) and used in a
quantitative risk assessment prepared to meet 30 TAC 335 requirements.

Table 2.1 identifies the analytical methods used for the different types of
environmental samples collected under this program. This table also lists the
laboratory-specified MDLs and practical quantitation limits (PQLs) for each analytical
method by analyte and environmental medium. The MDL is the lowest concentration
at which a chemical can be measured and distinguished with 99-percent confidence
from the normal “noise” of an analytical instrument or method. In contrast, the PQL is
the lowest level at which a chemical can be accurately and reproducibly quantitated.
There are no target PQLs established by either the TNRCC PST or the TNRCC IHW
division; however, the PQLs listed in Table 2.1 are lower than the most stringent target
concentrations proposed as initial comparison criteria (i.e., Plan A or Risk reduction
Standard Nu. Thus, the project-specific PQLs are sufficient to evaluate the data as it
pertains to TNRCC risk-based corrective action requirements.

Table 2.2 summarizes the field and fixed-base analyses used at each sampling
location. Field sampling and testing activities are summarized briefly in the following
sections.
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2.2 SCOPE OF ONGOING CHARACTERIZATION/MONITORING
ACTIVITIES

2.2.1 Soil Sampling

Partial removal and abandonment of the french underdrain system and the north
oil/water separator was performed in 1996. As part of this activity, three soil samples
were taken from the area immediately surrounding the oil/water separator. These soil
samples were analyzed for the BTEX compounds, semi-volatile compounds and select
metals. Local groundwater elevations were periodically monitored during and after
abandonment activities to evaluate the resulting hydrologic responses to these
abandonment activities.

2.2.2 Groundwater Sampling

Quarterly groundwater monitoring was performed in 1995 and early 1996 under a
Base-wide Groundwater Sampling and Analysis Plan (LAW, 1994). The plan included
25 sampling locations within Sites ST14 and SD13. Ongoing quarterly groundwater
monitoring is performed Base-wide under a revised GSAP (CH2MHIII, 1997). This
includes sampling of a total of 19 wells at Sites ST14 and SD13. This monitoring is
designed to assess the extent and rate of natural attenuation (NA) processes at both
sites, and to determine the ability of contaminants to move off-site given the effect of
NA. In addition this monitoring is designed to define horizontal or vertical migration
of contamination.

2.3 SOIL GAS MEASUREMENTS

The purpose of soil gas sampling was to better define the areal extent of soil
contamination in source areas and to determine the potential for lateral and upward
diffusion of contaminated soil gas at the site. Three soil gas samples were collected by
Parsons ES in June 1993 as part of the bioventing pilot testing project. In July 1994,
soil gas samples were collected from 60 sampling locations. The locations of the June
1993 and July 1994 soil gas samples are shown on Figure 2.1.

Additional soil gas testing was performed in March 1995 for the sampling locations
shown on Figure 2.2. Soil gas screening samples were collected in 1995 from the 1190
Area and Site SD13 to investigate the existence of potential source areas that may be
contributing contamination to the Site ST14 plume. Eight soil gas samples were
collected in SUMMA® canisters and shipped to Air Toxics Ltd., Folsom, California,
for analytical testing. The remainder of the soil gas samples were field screened for
oxygen, carbon dioxide, and TVH.

Soil gas samples were collected using a soil gas probe pushed to depths of 3 to 6 feet
bgs or from the existing monitoring wells or vent wells located at both sites. The
sampled wells had screened intervals above the water table, which allowed soil gas to
be collected from the capillary fringe. All soil gas samples were field-screened for
TVH, oxygen, and carbon dioxide using the test equipment and methods specified for
field soil gas surveys in the AFCEE protocol documents Test Plan and Technical
Protocol for a Field Treatability Test for Bioventing (Hinchee et al., 1992) and
Addendum One to Test Plan and Technical Protocol for a Field Treatability Test for
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Bioventing: Using Soil Gas Surveys to Determine Bioventing Feasibility and Natural
Attenuation Potential (Downey and Hall, 1994).

Eight of the soil gas samples were collected in SUMMA® and analyzed using EPA
analytical Method TO-3 for specific volatile COPCs (i.e., the BTEX compounds) and
TVH. Table 2.2 identifies both field and analytical data collected at each soil gas
sampling location. One field duplicate and one equipment blank of soil gas samples
were collected and analyzed for BTEX and TVH using EPA Method TO-3. All sample
handling and field quality assurance (QA)/quality control (QC) procedures for soil gas
are specified in Appendix A of the work plans (Parsons ES, 1994a and 1995).
Analytical results for soil gas samples are summarized in Section 4 and presented in
tabular form in Appendix A.

2.4 SOIL FLUX ANALYSES

Soil flux samples were collected to estimate passive upward diffusion of VOCs from
the soil into the atmosphere or potentially into buildings adjacent to the contaminant
source area. Six soil flux samples were collected on September 13, 1994, to quantify
baseline soil VOC emissions in the area. Additionally, a soil flux sample was collected
near the biosparging well (ST14 FLX-4) during the pilot test (see below) to estimate
any change in upward diffusion of VOCs during sparging operations. Figure 2.3
shows the soil flux sampling locations used to characterize both baseline and sparging
test VOC surface emissions.

Flux samples were collected following the procedures outlined in the EPA guidance
document, Measurement of Gaseous Emissions Rates from Land Surfaces Using an
Emission Isolation Flux Chamber (EPA, 1986b). This approach uses a flux chamber
(an enclosed stainless steel container) to sample gaseous emissions from a defined
surface area. The flux chamber was placed over the soil surface to be tested, and a seal
was created between the chamber and the ground surface. Ultra-zero-grade air
(hydrocarbon free) was added to the chamber at a rate of 5 liters per minute (L/min).
This sweep air was continuously added to the chamber for 30 minutes to simulate
minimal wind action. At a flow rate of 5 L/min, approximately one chamber volume
of air is purged through the outlet tubing in 6 minutes. The VOC emissions were
measured at 6-minute intervals with a hydrocarbon meter and recorded on flux data
sheets. The ambient temperature and temperature inside the flux chamber were
measured during sweep air injection.

An air emission sample was collected after 30 minutes of sweep air injection, after the
VOC concentrations in the chamber had stabilized. This sample was collected by
attaching a SUMMA™ canister to the purge air exit port and opening the valve on the
canister to release the vacuum in the canister. Releasing the vacuum pulls the sample
into the canister. Once collected, the canister valve was closed, and the samples were
labeled and placed into a shipping box for shipment to Air Toxics for chemical analysis
via overnight delivery. The samples were analyzed for BTEX and TVH using EPA
Method TO-3. Sample handling and field QA/QC procedures for soil flux are specified
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in Appendix A of the work plan (Parsons ES, 1994a). One field duplicate and one
equipment blank were collected and analyzed for BTEX and TVH using Method TO-3.
Analytical results for the soil flux samples are summarized in Section 4 and Appendix
A. Table 2.2 (C)

2.5 SUBSURFACE SOIL SAMPLING

Subsurface soil samples were collected at Sites ST14 and SD13 to further delineate
the nature and extent of saturated and unsaturated soil contamination at the sites. New
soil boreholes were drilled with the goals of expanding the existing groundwater
monitoring well network and collecting additional contaminant data. The specific
rationale for collecting each soil sample taken in 1994/1995 is presented in the work
plan (Parsons ES, 1994a) and the supplemental work plan (Parsons ES, 1995).
Drilling of 32 boreholes and installation of 18 monitoring wells, 11 bioventing wells,
one biosparging well, and 2 vapor monitoring points initially took place between
August 8, 1994 and August 28, 1994. Drilling of an additional 17 boreholes and
installation of 9 new monitoring wells, 6 bioventing wells, and abandonment of 2
boreholes took place between March 27 and April 4, 1995. All drilling and subsurface
soil sampling was accomplished using a hollow-stem auger (HSA) and following the
procedures described in the work plans (Parsons ES, 1994a and 1995). These
procedures are in accordance with the general procedures outlined in Section 8.5 of A
Compendium of Superfund Field Methods (EPA, 1987). Eight field replicates, eight
equipment rinseate blanks, eight trip blanks, and one field blank (ambient conditions)
were collected during soil sampling at Sites ST14 and SD13.

Fifty-nine subsurface samples were collected for chemical analysis from 42 of the 49
new soil boreholes. Figures 2.4 and 2.5 show the locations of these subsurface soil
sampling points and the type of completion (i.e., monitoring well, vent well, etc.).
Table 2.2 presents the coordinates and sample interval for each of the subsurface soil
sampling locations sampled as part of the risk-based field effort at the two sites. This
table also lists the analysis completed on each of the soil samples. Twenty-seven of the
new soil boreholes were completed as permanent 2-inch-diameter groundwater
monitoring wells. Seventeen of the new boreholes were completed as 4-inch-diameter
vent wells in areas of known subsurface soil hydrocarbon contamination. Two shallow
vapor monitoring points were constructed in two boreholes (MPD and MPE); one of
the new boreholes was completed as a 2-inch biosparging well (BS1); and two
boreholes were abandoned.

An additional 16 soil samples were collected (March 6-10, 1995) for chemical
analysis using a Geoprobe to screen soils in the 1190 and Site SD13 areas. Fourteen of
the soil samples were collected at Site SD13, and 2 were collected in the 1190 area.
The sampling locations were selected based on the results of the soil gas screening
conducted in these areas.

Three additional subsurface soil samples were collected in 1996 as part of the
remedial action conducted at Site SD13. Samples were taken from near the inlet pipe
to the oil/water separator, from near the outlet pipe from the north oil/water separator,
and from just above the water table directly below the north oil/water separator. All
samples were analyzed for BTEX compounds, semi-volatile organic compounds and
selected metals. Results of this sampling event are discussed in Section 5 of the RAP.
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Borehole logs, well completion diagrams, well development records, and survey
data for all new sampling locations are included in Appendix B. Geological data are
presented in Section 3 to characterize the physical setting of the site. Analytical results
for soil for Site ST14 and Site SD13 are summarized in Section 4 and Section 5,
respectively, to characterize the nature and extent of soil contamination at the site.

2.6 GROUNDWATER INVESTIGATIONS

In March 1994, Law (1994) supervised additional groundwater sampling
downgradient from Site ST14. The sampling was completed by Transglobal
Environmental Geochemistry using a temporary monitoring probe which was
hydraulically driven into the first 18 inches of the groundwater table. Details on the
sampling protocol are presented in the RFI report (Law, 1994). Parsons ES also
participated in the March 1994 sampling event to collect data necessary to support a
preliminary evaluation of the potential effectiveness of natural chemical attenuation
processes on organic compounds at the site. Data collected included concentrations of
dissolved oxygen, nitrate, nitrite, ferric/ferrous iron, reduction/oxidation (redox)
potential, pH, conductivity, and temperature. All sample analysis was performed using
field instruments and colormetric (HACH®) methods specified by the draft AFCEE
Technical Protocol for Implementing the Intrinsic Remediation (Natural Attenuation)
with Long-Term Monitoring Option for Dissolved Fuel Contamination in Groundwater,
which was prepared by Parsons ES and the EPA’s NRMRL Subsurface Protection and
Remediation Division (Wiedemeier et al., 1995).

Groundwater samples also were collected in 1994 from the 27 new wells and 16
previously installed wells to define the nature and extent of dissolved hydrocarbon
contamination.  Geochemical data relevant to documenting the potential for
biodegradation of dissolved COPCs and quantitatively investigating chemical fate and
transport were collected. Groundwater samples were collected using the procedures
described in the work plan (Parsons ES, 1994a). These procedures are in accordance
with the general procedures outlined in Section 8.5 of A Compendium of Superfund
Field Methods (EPA, 1987). Five field duplicates, three equipment rinseate/field
blanks, three trip blanks, and one decontamination water blank were collected during
1994 groundwater sampling at Sites ST14 and SD13.

Groundwater samples were collected from the 43 different sampling locations listed
in Table 2.2 and shown on Figure 2.6. Both field and laboratory analytical data were
collected at each groundwater sampling location, as summarized in Table 2.2. All
groundwater samples, including QA/QC samples, were analyzed for the BTEX
compounds using EPA Method SW8020. EPA Method SW8270 was used to quantify
target PAH compounds. Field and laboratory analytical data were collected to evaluate
natural chemical attenuation processes in accordance with the draft AFCEE protocol for
implementing intrinsic remediation (Wiedemeier et al., 1995). Table 2.1 summarizes
the types of field measurements completed at the sites as part of this investigation.
Hydrogeological data are presented in Section 3 to characterize the physical setting of
the site. Field and laboratory analytical results for groundwater are used in Section 4
to characterize the nature and extent of groundwater contamination at Site ST14.
Analytical results for groundwater samples collected at Site SD13 are presented in
Section 5 to characterize the nature and extent of groundwater contamination at this
site.

2-25

I\PROJECTS\725520\90.DOC



Basewide groundwater monitoring was initiated in 1995. Monitoring wells at both
Sites ST14 and SD13 are included in the groundwater monitoring plan and are sampled
on a quarterly basis. Four monitoring events were performed from April of 1995 to
January of 1996 under the GSAP prepared by LAW Environmental Inc (1994). Under
this GSAP, 16 locations at Site ST14 and 9 locations at Site SD13 are sampled.
Analyses varied by well, but included analysis for metals using EPA methods SW6010,
SW7060 (Arsenic), SW7421 (Lead), SW7470 (Mercury), SW7841(Thallium), analysis
for volatile organic compounds using EPA Methods SW8260 or SW8240, analysis for
semi-volatile organic compounds using EPA Method SW8270, and analysis for
pesticides using EPA Method SW8080. In 1997, a modified groundwater monitoring
program was initiated by CH2MHill under a new GSAP. Under the new GSAP, 11
locations at Site ST14 and 8 locations at Site SD13 are sampled on a quarterly basis.
Analyses vary by well, but include analysis for metals using EPA Methods SW6010,
SW7421 (Lead), SW7470A (Mercury), analysis for volatile organic compounds using
EPA Method SW8260, analysis for aromatic volatile organics (the BTEX compounds)
using EPA Method SW8020A, analysis for total organic carbon using EPA Method
SW9060, and analysis for indicators of natural attenuation and biodegradation using
EPA Methods SM6211M (methane), EPA310.1 (alkalinity), and SW9056 (various
inorganic parameters). Under both plans, sampling locations were selected to include
upgradient, in plume, sentry, and perimeter locations. Sampling locations at Sites
ST14 and SD13 included in the current quarterly monitoring program are indicated in
Figure 2.6.

2.7 SURFACE WATER INVESTIGATIONS
2.7.1 1994/1995 Sampling Events

As part of the Parsons ES 1994/1995 field investigation, two rounds of surface
water grab samples were collected to assess the potential release of contaminated
groundwater to Farmers Branch and eventually the West Fork of the Trinity River
(stream segment 0806). The french underdrain (SWMU 64) that was constructed
across Site SD13 (Figure 2.6) apparently intercepted shallow groundwater and directed
it to the oil/water separator (SWMU 67) at the head of the unnamed stream. The
majority, if not all, of the unnamed stream flow water came from the oil/water
separator (french underdrain outfall).

Five surface water grab samples were collected during low-flow (dry) conditions in
Farmers Branch on August 31, 1994. The approximate locations are shown on Figure
2.7. The discrete locations are as follows: SW1 within Farmers Branch, upstream
from Site SD13 and the unnamed stream's outfall; SW2 within Farmers Branch,
upstream from the unnamed stream's outfall; SW3 at the outfall of the former oil/water
separator in the unnamed stream, upstream of its confluence with Farmers Branch;
SW4 at the confluence of the unnamed stream and Farmers Branch, and SW5 within
Farmers Branch, downstream of its confluence with the unnamed stream and upstream
from confluence with West Fork Trinity River.

Two surface water grab samples were collected on April 5, 1995, following a
significant overnight rainfall event, to address concerns that greater levels of fuel
contaminants were discharged from the oil/water separator after heavy rains. The two
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locations were SW3 within the unnamed stream, upstream from Farmers Branch, and
SW4 at the confluence of unnamed stream and Farmers Branch.

Surface water samples were collected as described in Appendix A of the work plan
(Parsons ES, 1994a). During the first sampling event, one field duplicate, one trip
blank, and one field blank were collected for QA/QC. One trip blank was the only
QA/QC sample collected during the second sampling event. All of the samples were
analyzed for BTEX (SW8020), total organic carbon (TOC) (via EPA Method
SW9060), naphthalene (SW8270), and total petroleum hydrocarbons (TPH) (via EPA
Method SW8015) during the first round of sampling. The surface water samples
collected after the heavy rainfall event were analyzed using EPA Methods SW8020 and
SW8270 (full suite).

Two rounds of surface water flow rates were measured at three locations (SW2,
SW3, and SW4) to evaluate the contribution of the unnamed stream to Farmers Branch,
and eventually to stream segment 0806 of the West Fork Trinity River. These flow
measurement locations correspond to the stream sampling locations shown in Figure
2.7. The first round of measurements was performed on August 31, 1994, during low-
flow conditions. The second round of surface water flow rates were measured at four
locations (SW1 added) on November 10, 1994, following rainfall events that resulted in
moderate flow conditions.

Surface water flow measurements and calculations were performed as described in
the US Geological Survey Water Supply Paper 2175 titled, Measurement and
Computation of Streamflow: Volume 1, Measurement of Stage and Discharge. Stream
flow was measured at SW4 and SW2 during the low-flow sampling event using the
float method due to the low flows. A straight reach of the stream was located, and the
cross section across that reach of the stream was measured using measuring tape. The
measuring tape was then used to measure the length of the reach and mark the starting
and ending points. Once these measurements were made, a float was placed in the
creek upstream from the starting point. The float was then allowed to move
downstream with the current, and the velocity was measured using a stopwatch.
Several velocity measurements were taken and the results were averaged. The
calculated flow rate in this reach is presented in Section 3.

The flow was measured at location SW3 during the low-flow sampling event using a
graduated bucket. A portion of the creek that flows beneath the road through a culvert
was selected for gaging. A graduated bucket was placed so that all flow passing
through the culvert was diverted into the bucket. The flow rate was determined by
measuring the time it took to fill the bucket. Several measurements were made, and
the results were averaged together. The calculated flow rate is presented in Section 3.

Stream flow at locations SW1, SW2, and SW4 were measured during the moderate-
flow conditions using a Price “pygmy” current meter. The current meter measures
velocity at a point. The discharge measurement at a cross-section requires the
determination of mean velocity in each of the selected vertical sections. The current
meter was set at a depth of about 60 percent of the total depth at that interval. Once
the velocity measurements were collected, the flow through each interval of the cross-
section was calculated and the total flow through the cross section was calculated by
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adding the flows from each interval. The calculated flow rates are presented in Section
3.

The flow at SW3 was measured again during this sampling event using the graduated
bucket. The flow was measured as it flowed directly out of the oil/water separator
instead of at the culvert under the road. The short distance between the two locations
and the absence of additional influent or effluent streams between the locations made
the results from both surveys comparable. Calculation summary sheets are included in
Appendix D.

2.7.2 1997 Sampling Event

As part of the current GSAP (CH,MHill 1996), surface water samples are collected
on a quarterly basis at one location above the outlet of the unnamed stream into the
Farmers Branch and at one location below the outlet of the unnamed stream. Both
samples are analyzed for total and dissolved metals and for TOC. Due to the 1996
removal of portions of the french underdrain system (SWMU 64) and the oil/water
separator (SWMU 67) and the subsequent cessation of water flow, it is no longer
possible to collect surface water samples from the unnamed stream itself. These data
are presented in Section 5 of the RAP to describe the potential for surface water
impacts from groundwater discharge.

2.8 AQUIFER TESTING

Slug tests were attempted on September 10-11, 1995, at eight wells located across
Sites ST14 and SD13 to provide additional information on the hydrogeologic conditions
specific to this area of Carswell AFB/NAS Fort Worth JRB. Groundwater recharge
was too rapid at some of these wells to provide reliable measurements for
transmissivity calculations. Successful results were obtained from three of the slug
tests performed.  These field tests were necessary to complement existing
hydrogeologic data collected during previous investigations.  These types of
hydrogeologic data are necessary to support quantitative chemical fate and transport
analyses.

Two conservative tracer tests also were conducted in the presumed vicinity of the
french underdrain system to evaluate the impact of this subsurface structure on
groundwater flow. The tracer test also provided data that enabled determination of
groundwater flow velocity and direction at slugged wells. Sodium bromide (NaBr) was
selected to be used for the tracer tests because it is not impacted by biological activity
and is not significantly sorbed to aquifer materials. Probes for specific conductivity
were placed in two wells to monitor for fluctuations in conductivity resulting from the
NaBr slug. The first tracer test was performed from November 11, 1994 to December
19, 1994, with conductivity readings recorded on a Hermit® datalogger at 10-minute
intervals. The NaBr slug was injected into monitoring well SD13-MW04. Two
conductivity probes were also set up for measurements in well SD13-MWO06 and in the
not-yet-removed oil/water separator outfall from the french underdrain.

The second tracer test was initiated on December 23, 1994, with probes placed in
four wells for conductivity measurements. One of the probes was placed in well SD13-
MWO1 to measure the disappearance rate of the slug from the slug well. The other
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three probes were placed into wells believed to be downgradient from well SD13-
MWO1 and possibly from the then in operation french underdrain system (SD13-
MWO03, SD13-MW04, and SD13-OT15C). The Hermit® datalogger was set to take
hourly measurements for this tracer test. The second tracer test was discontinued on
February 8, 1995.

The results of the slug and tracer tests are discussed in Section 3 as part of the
hydrogeologic evaluation. The calculation sheets and data summaries for the tracer
tests are included in Appendix D.

2.9 INTERIM REMOVAL ACTIONS AT SITE SD13

In 1996, the french underdrain system (SWMU 64) at Site SD13, installed during
the mid-1960s with no known documentation, was investigated to determine its location
and construction and to determine the source of persistent water flow into the north
oil/water separator (SWMU 67), which discharged to a tributary to Farmers Branch
Creek referred to as the “unnamed stream”. Once a basic understanding of the
underdrain system and oil/water separator was achieved, both SWMUSs were abandoned
in accordance with procedures approved by IHW-TNRCC to eliminate discharges of
groundwater into surface drainages by this flow path. Portions of the drain pipe were
removed and replaced with low permeability material. These activities halted the flow
of groundwater into the north oil/water separator and the unnamed stream. The north
oil/water separator was cleaned, then removed. After removing the north oil/water
separator (SWMU 67), three soil samples were collected from the resulting pit on 26
June 1996: one sample from the west wall, approximately 4 feet below the top of the
former north oil/water separator (in the vicinity of the former inlet pipe); one sample
from the south wall, approximately 4 feet below the top of the former north oil water
separator (in the vicinity of the outlet pipe); and one sample from the south wall
approximately 9 feet below the top of the former north oil water separator and
approximately 6 inches above the observed water table. Quality assurance/quality
control (QA/QC) samples consisting of one replicate soil sample from the inlet pipe
sampling location for use as a matrix spike/matrix spike duplicate (MS/MSD) sample
pair, one equipment rinseate blank, and one trip blank also were collected.

The soil, MS/MSD, and rinseate blank samples were analyzed for selected volatile
organic compounds (VOCs), a full suite of semivolatile organic compounds (SVOCs),
and selected metals. VOCs, including the fuel hydrocarbons benzene, toluene,
ethylbenzene, and xylene (BTEX), were analyzed using U.S. Environmental Protection
Agency (EPA) Method SW8240/8260. SVOCs were analyzed using EPA Method
SW8270. Arsenic and lead were analyzed using EPA Methods SW7061 and SW6010,
respectively. The trip blank was analyzed for BTEX constituents only.

Groundwater elevations were measured at monitoring wells in the vicinity of Site
SD13 in June and August 1996, both during and following abandonment of the french
underdrain system (SWMU 64) and oil water separator (SWMU 67).

2.10 SOURCE REDUCTION FEASIBILITY TESTING

Two potentially appropriate source reduction technologies were evaluated during this
field effort: biosparging and bioventing. Biosparging involves the injection of air into
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saturated soils with the purpose of increasing dissolved oxygen (DO) concentrations to
enhance biodegradation and volatilization of VOCs. A single biosparging test well was
constructed at Site ST14A (fuel loading area) as part of the risk-based field program at
Carswell AFB/NAS Fort Worth JRB on November 29 through December 1, 1994.
The goals of the biosparging test were to measure the increase in the DO concentrations
created by sparging and to determine the flow rates required for a full-scale biosparging
system in the event that this type of remediation is warranted.

Bioventing is an innovative technology that uses low rates of air injection to supply
oxygen to soil bacteria employed in the biodegradation of fuel hydrocarbons in the
vadose zone. A bioventing test was completed at Site ST14A near well ST14-MW17M
in 1993 to assess whether this low-cost source reduction technology could be used to
remediate contaminated soil, if necessary. The biosparging and bioventing pilot test
approaches and results are summarized in Section 7.

Due to significant hydrogeological similarities in soils found at Site ST14 and Site
SD13, these test results should be useful in predicting the remedial effectiveness of
bioventing and biosparging on fuel-contaminated subsurface soil and groundwater at
both Sites ST14 and SD13. A full data report of the bioventing pilot test is included in
the Bioventing Pilot Test Final Report for Site ST14, Fuel Loading Area, Carswell AFB
(ES, 1993).
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SECTION 3
PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section describes the physical characteristics of the East Area at Carswell
AFB/NAS Fort Worth JRB. Data incorporated into this section from previous
investigations were taken from the RI report for the East Area sites (Radian, 1991), the
bioventing pilot test and site characterization report for Site ST14 (ES, 1993), the
environmental impact study for the Base (US Air Force, 1994), the RFI report for the
East Area (Law, 1994), and the quarterly groundwater monitoring performed by both
LAW and CH2MHill. A summary of site characterization activities completed by
Parsons ES to supplement existing data is presented in Section 2 of this RAP.

3.1 REGIONAL TOPOGRAPHY AND HYDROLOGY

Carswell AFB/NAS Fort Worth JRB is located in the Grand Prairie section of the
Central Lowlands Physiographic Province of the Texas Coastal Plain. The Base is
underlain by alternating limestones and marls that produce a terrace topography. The
Grand Prairie section typically is a broad, gently sloping terrace. Elevations at the
Base range from 550 feet above mean sea level (msl) in the east to 690 feet above msl
in the southwest (US Air Force, 1994). The topography and major surface water
features of the areas near Carswell AFB/NAS Fort Worth JRB are shown on Figure
3.1.

Carswell AFB/NAS Fort Worth JRB is located within the Trinity River watershed.
Surface water bodies in the vicinity of the Base include the West Fork, Farmers Branch
Creek, and Kings Branch of the Trinity River Basin, Lake Worth, and three ponds
located in the on-Base golf course area. The Texas Water Commission (TWC, 1985)
has identified the West Fork Trinity River Stream segment adjacent to the Base as
segment number 0806.

The amount of water the Trinity River receives is controlled by the watershed runoff
from impervious areas during storms, by releases and overflows from a series of man-
made reservoirs along the forks and tributaries by natural runoff, and by the discharge
of effluent from sewage treatment plants. Lake Worth, a man-made reservoir on the
West Fork of the Trinity River, is located immediately north of Carswell AFB/NAS
Fort Worth JRB (Figure 3.1) and is owned and operated by the City of Fort Worth.
These waters are used for public water supply and recreation (US Air Force, 1994).
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231 60

Surface water is the main source of potable water in the vicinity of Carswell
AFB/NAS Fort Worth JRB. The City of Fort Worth Water Department is the primary
supplier to the areas surrounding and including the Base. Water from Farmers Branch
is used to irrigate the on-Base golf course. White Settlement and Sansom Park obtain
water from 12 and 9 groundwater wells, respectively; but, when required, they
purchase surface water from the city of Forth Worth to supplement their water
supplies. Carswell AFB/NAS Fort Worth JRB purchased 0.93 million gallons per day
(mgd), 0.77 mgd, and 0.76 mgd of water from Fort Worth in 1989, 1990, and 1991,
respectively. The availability of surface water was adequate to meet existing demands
at the time of Base realignment (US Air Force, 1994).

Surface drainage at Carswell AFB/NAS Fort Worth JRB is collected by the storm
drainage system and routed to Farmers Branch and to the West Fork of the Trinity
River, or as outfall into Lake Worth. An underground drainage culvert conducts
surface runoff generated from areas west of the Base eastward to Farmers Branch.
General surface drainage patterns are shown in Figure 3.2 and discussed in Section 3.3.

3.2 REGIONAL GEOLOGY AND HYDROGEOLOGY
3.2.1 Geology

The surficial geology in the Carswell AFB/NAS Fort Worth JRB vicinity is
characterized by lower Cretaceous sedimentary formations underlain by undifferentiated
Paleozoic rocks. In river floodplains, the Cretaceous rocks are overlain by younger
alluvium and fluvial terrace deposits of the Quaternary age (Bureau of Economic
Geology, 1988). These formations lie in more or less parallel bands of outcrops
extending across Tarrant County in a north-northeasterly direction (US Department of
Agriculture - Soil Conservation Service [USDA-SCS], 1981). Carswell AFB/NAS
Fort Worth JRB is underlain by seven geologic formations, from youngest to oldest
(and in order of increasing depth): Quaternary alluvium and fluvial terraces, 5 Lower
Cretaceous formations (the Goodland Limestone, the Walnut Formation, Paluxy
Formation, the Glen Rose Formation, and Twin Mountain Formation), and
undifferentiated Paleozoic rocks (US Air Force, 1994).

The Quaternary alluvial deposits and fluvial terrace deposits generally are
unconsolidated and consist of poorly to well-sorted clay, silt, sand, and gravel. The
alluvium at Carswell AFB/NAS Fort Worth JRB was deposited by the Trinity River
during flood stages over the past 3 million years (Baker et al., 1990). The Goodland
Limestone and the underlying Walnut Formation are part of the Fredricksburg Group.
The Goodland Limestone consists of chalky, fossiliferous, nonresistant limestone. The
Walnut Formation is characterized as fossiliferous limestone interbedded with brown
sandy clay, thin-bedded fossiliferous clay, fissile shale, and iron-stained earthy
limestone. The Fredricksburg Group has a maximum thickness of 250 feet (US Air
Force, 1994). The Paluxy, Glen Rose, and Twin Mountains formations have a
combined maximum thickness of approximately 2,500 feet. The Paleozoic sequence is
6,000 to 7,000 feet thick.

Soils in the vicinity of Carswell AFB/NAS Fort Worth JRB generally are either
clayey soils on nearly level or gently sloping uplands, or are deep, loamy soils on level
to sloping stream terraces. The soils are moderately susceptible to erosion by wind and
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water (USDA-SCS, 1981). The soils on Base have been described by the USDA-SCS
as “urban land.” Urban land consists of areas that are 85 to 100 percent built-up with
structures, such as office buildings, airfields, aviation support, multiple-unit dwellings,
shopping centers, streets, sidewalks, and paved parking lots. The soils that make up
urban land have been altered and obscured to the extent that they cannot be classified
(USDA-SCS, 1981).

3.2.2 Hydrogeology

Five major hydrogeologic units underlie Carswell AFB/NAS Fort Worth JRB.
From shallowest to deepest, the units are (1) an Upper Zone of perched water in
alluvial terrace deposits; (2) an aquitard of predominantly dry limestone in the
Goodland, Limestone, and Walnut formations; (3) an aquifer in the Paluxy Formation;
(4) an aquitard of relatively impermeable limestone in the Glen Rose Formation; and
(5) a major sandstone aquifer in the Twin Mountains Formation.

The Upper Zone groundwater occurs under mostly unconfined conditions at a depth
of 6 to 16 feet bgs within the alluvial deposits at Carswell AFB/NAS Fort Worth JRB.
The alluvium generally has a low permeability because of the large amounts of silt and
clay. However, there are zones, such as in the East Area of the Base, with greater
permeability in the sands and gravels of former channel deposits that underlie the Base.
Groundwater from the alluvium close to the Trinity River is used for irrigation and
residential use. It is not economical, however, to develop the alluvium groundwater,
because the water’s distribution is limited and the water is vulnerable to surface and
storm water pollution (US Air Force, 1994).

The groundwater in the alluvium is separated from the aquifers below by the low-
permeability limestones and shales of the Goodland, Limestone, and Walnut
Formation. The aquitard consists of moist clay and shale layers interbedded with dry
limestone beds. The Goodland/Walnut aquitard is estimated to be 30 to 40 feet thick
beneath Carswell AFB/NAS Fort Worth JRB (US Air Force, 1994).

The deeper Paluxy aquifer, which is at least 70 feet bgs, is an important source of
potable groundwater and has experienced extensive pumping in the Fort Worth area.
Communities surrounding Carswell AFB/NAS Fort Worth JRB, especially White
Settlement and Sansom Park, rely on the Paluxy aquifer as their primary water source.
Of the 12 water wells in White Settlement used to meet water demands, 7 are drilled
into the Paluxy aquifer and have a total capacity of 1.2 mgd. The 9 Sansom Park
water wells drilled into the Paluxy aquifer have a total capacity of 1.5 mgd. There are
no active or open wells on the Base that are used to meet potable water supplies. (US
Air Force, 1994).

Recharge to the groundwater in the vicinity of Carswell AFB/NAS Fort Worth JRB
is derived from precipitation that falls on the outcrop area of the water-bearing
formations. In addition to recharge from precipitation, water enters the formations by
seepage from lakes and streams that flow across the areas of outcrop. Groundwater
withdrawals in excess of recharge in the Fort Worth area have resulted in a general
decline of groundwater levels in the Paluxy aquifer. Adequate supplies of potable
water from groundwater sources are not expected to be available to meet forecasted
demands. However, the increasing use of surface water is offsetting use of
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groundwater in the vicinity of Carswell AFB/NAS Fort Worth JRB (US Air Force,
1994).

3.3 SITE TOPOGRAPHY AND SURFACE WATER HYDROLOGY

The East Area of Carswell AFB/NAS Fort Worth JRB includes four discrete sites,
including Sites ST14 and SD13, that may be potential sources of contamination. Site
LFO1 (landfill 1) and Site BSS (Base service station) are located on the north side of the
East Area and are not considered to be contributors to the hydrocarbon contaminant
plume originating at Site ST14. Figure 1.2 shows the location of the East Area with
respect to the entire Carswell AFB/NAS Fort Worth JRB and the surrounding environs.
The East Area has relatively flat topography that slopes gently eastward and southward.
No abrupt elevation changes occur within the East Area except close to the Trinity
River.

Site ST14 and the surrounding East Area of the Base is generally flat, with a surface
elevation of about 580 feet above msl west of Site ST14 to 560 feet above msl on the
floodplains of the Trinity River. Surface drainage is primarily toward Farmers Branch,
with some drainage into the concrete-lined portion of the Flightline Drainage Ditch
(Site SD10). The outfall from this stormwater ditch is located in Farmers Branch
several hundred feet south of Site ST14, outside the main Base gate. Although this
structure is not expected to significantly impact groundwater flow from Site ST14A, it
passes through the middle of the POL Tank Farm (Site ST14B) and may have some
effect upon groundwater flow at the site. Other surface features at the site include
landscaped areas; concrete, asphalt, and crushed rock driveways and parking areas;
three ASTs; and several warehouse structures.

The main surface water bodies located in the East Area are the West Fork of the
Trinity River, Farmers Branch, the unnamed stream, and the Flightline Drainage Ditch
(Figure 3.1). The West Fork of the Trinity River is located along the eastern boundary
of the Base, and Farmers Branch (a tributary of the West Fork of the Trinity River) is
located along the southern and southeastern Base boundaries. Farmers Branch
discharges into the Trinity River near the southeastern Base boundary. Estimates of
flow in Farmers Branch made in April 1990 averaged 6 cubic feet per second (cfs)
(Radian, 1991). However, based on previous site data, the flow in Farmers Branch is
highly variable and can range from less than 5 cfs to more than 100 cfs, usually after
significant precipitation events.

A french underdrain system (SWMU 64) was installed near the now-abandoned
gasoline station (Site SD13) to intercept free-phase fuel product leaking from the area
and prevent it from advancing toward Farmers Branch and the Trinity River.
Groundwater collected by the french underdrain system currently was routed to an
underground oil/water separator located south of Building 1337 and immediately south
of the fenced civil engineering storage yard. The perennial unnamed stream fed by
effluent from this underground oil/water separator flowed into Farmers Branch at an
average rate of 0.2 cfs. The primary source water for the perennial unnamed stream
was apparently the french underdrain system (Radian, 1991). Additionally, comparison
of water level measurements in groundwater monitoring wells near Farmers Branch and
staff gauge measurement from Farmers Branch seem to suggest that this stream also is
receiving groundwater inflow from adjacent alluvial terrace deposits (Radian, 1991).
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The stream flow in the creeks and tributaries associated with surface water in
Farmers Branch up- and downstream from the unnamed stream was measured as part of
the risk-based field effort. Flow measurements were collected on August 31, 1994,
and November 10, 1994. The approximate location of the stream flow measurements
are shown on Figure 2.7. During the August 1994 survey, the flow in the creeks was
generally very low, and was not measurable in some areas. Stream flow measurements
were also taken in November 1994. The calculated flows are presented in Table 3.1.

An analysis of the stream flow data indicates that the flow during the August 1994
survey was considerably lower than during the November 1994 survey. This difference
is probably a result of seasonal fluctuations in the rainfall in the area. The increase in
flow between SW1 and SW4 may be caused by one or several mechanisms. There
could be reaches along the stream where the stream bed is very permeable and the
water table is located below the surface of the water in the stream. In addition to the
discharge to the groundwater, there can also be a portion of the flow which flows
beneath the bottom of the stream bed in areas where the stream bed is more permeable.
This means that at least Farmers Branch is a losing stream during low-flow conditions
(dry weather) and a gaining stream during high-flow conditions (wet weather).

Although the flow in the November 1994 survey increased significantly along the
main creek, the flow from the oil/water separator (SW3) did not change as
significantly. This indicates that the flow from the oil/water separator was primarily
from groundwater collected by the french drain. Because the groundwater flow in the
East Area does not respond as drastically to seasonal changes as surface water, the
discharge from the oil/water separator would have remained somewhat constant year
around. During periods of low stream flow, such as summer drought conditions, the
flow from the oil/water separator would have constituted a significantly higher
percentage of the flow into and within the creek than during periods of high flow fed
by surface runoff. Therefore, if contamination in the effluent from the oil/water
separator was significant, the relative contaminant concentrations contributed to
Farmers Branch would have been higher during low-flow conditions.

3.4 SITE GEOLOGY AND HYDROGEOLOGY

The geology of the East Area consists of a thin veneer of alluvial material overlying
the Goodland Limestone, Walnut, and Paluxy Formations. The alluvium, called the
Upper Zone, consists of unconsolidated Quaternary and Recent alluvial deposits of
sand, gravel, silt, and clay, that extend to a depth of approximately 20 feet bgs.
Generally, the stratigraphy of the Upper Zone can be described as 5 to 15 feet of gray
to black clay overlying 2 to 10 feet of fine-grained sand and up to 5 feet of gravel. The
underlying Goodland and Walnut Formations contain fresh and weathered limestone
and shale. The Goodland Formation, the shallowest bedrock unit, is usually
encountered from 7 to 20 feet bgs in the East Area. In general, the depth to the
Goodland Formation increases eastward toward the Trinity River. These geologic units
form a basal confining unit of the Upper Zone, the shallowest water-bearing geologic
unit. No soil boreholes completed in the East Area as part of previous investigations or
during the risk-based remediation investigation penetrate the Goodland/Walnut
Formations to the underlying Paluxy Formation.
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TABLE 3.1
STREAM FLOW SURVEY DATA

SITES ST14 AND SD13
REMEDIAL ACTION PLAN

RISK-BASED APPROACH TO REMEDIATION
CARSWELL AFB/NAS FORT WORTH JRB, TX

331 €5

August 1994 Survey

Measurement Location Description Flow rate
Location a (cubic feet per second)
Sw2 In unnamed stream just before it feeds into 0.17
Farmers Branch
SW3 Oil/water separator outflow 0.029
Sw4 150 feet downstream from confluence of 0.09
Farmers Branch and unnamed stream
November 1994 Survey
Measurement Location Description Flow rate
Location (cubic feet per second
SW1 Upstream from unnamed stream 2.30
confluence with Farmers Branch near on-
Base golf course
SwW2 In unnamed stream just before it feeds into 1.65
Farmers Branch
SW3 Oil/water separator outflow 0.046
Sw4 150 downstream from Farmers Branch and 5.03

022/725520/36 . WW6

unnamed stream confluence
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Figure 3.3 depicts the locations of hydrogeologic cross sections prepared to
characterize the stratigraphy of Sites ST14 and SD13. Figures 3.4 and 3.5 show the
north-south and east-west hydrogeologic cross sections for Site ST14. Figure 3.6
shows the cross section from the upgradient well, ST14-MW25, to wells located near
the former oil/water separator downgradient from Site SD13. At Site ST14, the upper
8 to 20 feet of unconsolidated alluvial deposits consist of highly plastic, olive-gray to
black, sandy clay soil with some interbedded gravel and silt, underlain by 3 to 11 feet
of sand and gravel. Gravel content of these alluvial materials generally increases with
depth. Gravel ranges from pea size to pebbles over 1 inch in diameter.

The shallowest water-bearing zone underlying the East Area sites is known as the
Upper Zone aquifer, generally thought to contain groundwater under unconfined
conditions. Groundwater in the Upper Zone aquifer at Site ST14 is encountered at
depths ranging from approximately 6 to 16 feet bgs, corresponding to a groundwater
surface elevation ranging from approximately 560 to 572 feet above msl. Groundwater
beneath the site occurs predominantly in the deeper sand and gravel units. In some
boreholes, groundwater was first encountered in deeper sands, but the static water level
gradually rose to a higher level within the clay, possibly indicating a semi-confined
groundwater system.

Figure 3.7 is a map of the approximate groundwater surface at Sites ST14 and SD13
in 1994. Groundwater flow is generally southeastward toward Farmers Branch.
Vertical migration of groundwater contamination is prevented by the underlying basal
confining unit of the Goodland Formation (estimated at 7 to 20 feet bgs). Horizontal
groundwater flow is governed by the variable topography of the Goodland Formation
and by intermittent, overlying layers of silty and clayey sands that cause semi-confined
flow conditions (Figures 3.4 to 3.6). The physical influence of bedrock topography and
semi-confined flow conditions is illustrated in Figure 3.8, which shows the approximate
saturated thicknesses at Sites ST14 and SD13. Saturated thickness ranges from
approximately 14 feet immediately northwest of the fueling pad at Site ST14 (west of
Building 1213) and decreasing to approximately 3 feet toward Site SD13. Bedrock
highs to the north and south of Sites ST14 and SD13 create a groundwater channel
(approximately 7 feet in thickness) that stretches from Site ST14 to Site SDI13.
Dissolved contaminants are suspected to preferentially flow along this channel from
Site ST14 to Site SD13. Figure 3.8 suggests that groundwater experiences a localized,
southerly flow direction near Building 1213, then turns southeastward by the formation
channeling toward Site SD13. This flow trend is apparent in the observed migration
pathways of total BTEX and benzene from Site ST14 to be discussed in Section 4.

Groundwater level measurements recorded during and after the french underdrain
system abandonment suggest that the hydraulic gradient has corrected to the natural
southeast direction, and that the localized groundwater table depression observed to the
northeast and east of the former french underdrain system is no longer present (Figure
3.9). These measurements, presented in Appendix B, indicate localized changes to
the groundwater surface and saturated thickness at Site SD13 as a result of
abandonment activities. This increase in groundwater elevation suggests that the
removal of the french underdrain system has effectively minimized localized
dewatering of the subsurface. The groundwater flow system apparently is no longer
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affected by remaining subsurface features. Figure 3.9 presents the approximate
groundwater surface at Site SD13 before and after removal actions undertaken in 1996.

The average hydraulic gradient for Site ST14 has been calculated to be about 0.007
foot per foot (ft/ft) (Radian, 1991). Based on recent data obtained from wells installed
since the 1990 investigation, the average hydraulic gradient between the POL tanks and
the southeastern corner of Site SD13 is approximately 0.011 ft/ft. Before the 1996
removal action completed at Site SD13, the gradient increases an order of magnitude to
approximately 0.12 ft/ft, beyond the fenceline at the southeastern corner of the site,
near the unnamed stream (Figure 3.7). This correlates with both the surface and
bedrock topography.

Six slug tests using groundwater monitoring wells LFOI-1D, LFOI-1F, ST14-
MW17J, ST14-MW17K, ST14-MWI7L, and ST14-MW17M were performed in the
East Area as part of the 1990 RI to investigate the hydrogeologic characteristics of the
Upper Zone Aquifer. The test data yielded estimated hydraulic conductivities ranging
from 2 x 105 to 2.4 x 102 feet per minute (ft/min), which are typical of alluvial
deposits containing silt-sand-gravel mixtures (Radian, 1991). In April 1994, Law
(1994) performed slug tests on monitoring wells SD13 MWO05, SD13- MW06 and
SD13-MWO7. A hydraulic conductivity of 1.98 x 10 ft/min was measured in SD13-
MWO05, which is screened across the sand and gravel alluvium.  Hydraulic
conductlvmes of 1.72 x 107 and 5.61 x 10™ ft/min were observed at monitoring wells
SD13-MWO06 and SDI13-MWO07, respectively.  These wells are both screened
predominantly within the weathered shaley limestone, indicating that the conductivity
of the weathered bedrock is highly variable (Law, 1994).

Because of the variability of the reported hydraulic conductivity values for the site,
additional slug tests were performed in the Upper Zone aquifer as part of the risk-based
field investigation. Rising head slug tests were performed in 1994 on monitoring wells
SDI13-MWO02, ST14-MWO05, ST14-MWI14, ST14-MW15, ST14-MW20, and ST14-
MW23. A falling head slug test was also performed at ST14-MWI14. The slug test
data were analyzed using the AQTESOLV® software package The rising head slug
tests yielded hydraulic conductivities ranging from 5.25 x 10* to, 7.73 x 107 ft/min,
and the falling head test resulted in a conductivity of 4.37 x 107 ft/min. All wells
tested were screened across saturated alluvial deposits, composed predominately of silty
and fine sands. The conductivity observed in 1994 by Law (1994) at well SD13-
MWO5, which also is screened in saturated alluvial deposits, falls within the range
obtained as part of this additional effort.

Assuming an estimated effective porosity of 30 percent, and based on the hydraulic
gradient of 0.011 ft/ft and the range of calculated hydraulic conductivities from the
most recent rising head tests, the range of calculated groundwater flow velocities is
0.028 to 0.408 foot per day (ft/day). Near the unnamed stream, the gradient increases
an order of magnitude to 0.12 and therefore the groundwater flow velocities also would
be expected to increase to between 0.3 and 4.41 ft/day.
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3.5 SUBSURFACE FEATURES
3.5.1 Underdrain System at Site SD13

As discussed previously, a subsurface french underdrain system was installed in the
area of Site SD13. Because the construction of the french underdrain system was not
documented, the area where groundwater is intercepted by the system ass uncertain.
Visible surface evidence of the french underdrain system (a protruding pipe on the
north end and the oil/water separator on the south end) have led to the placement of
this subsurface feature on figures in this and previous reports. However, it is uncertain
if the components identified are the ends of the underdrain system itself or represent a
pipe designed to carry the captured water to the former oil/water separator.

Two conservative tracer tests were conducted in 1995 in the presumed vicinity of the
french underdrain system as part of the risk-based investigation to assess the impact of
the subsurface structure on groundwater flow. These data also may be used to confirm
groundwater flow velocity and direction near the slugged wells. A conservative tracer,
NaBr, was selected to be used for the tracer tests. Probes to measure conductivity were
placed in wells to monitor fluctuations in conductivity resulting from the NaBr slug.
The results of tracer tests were inconclusive and could not be used to pinpoint the
location of the french underdrain.

Irregular changes in conductivity not attributable to the slug of NaBr were observed
in wells SD13-MWO01, SD13-MWO03, and OT12-MW15C (Figure 3.10). Precipitation
data for Carswell AFB/NAS Fort Worth JRB were compared to conductivity data to
assess any relationship between groundwater chemistry and rainfall events. The rapid
infiltration of precipitation is shown by the timing of the conductivity peaks in relation
to rainfall events. The conductivity rises immediately following rainfall events and
then rapidly drops back to baseline conditions. These data imply that rainfall is able to
infiltrate into the ground through areas of permeable surface materials or cracks in
paved surfaces, and to rapidly percolate into the groundwater. The infiltrating water
appears to be an effective release and transport mechanism for mineral salts in vadose
soils. The release of these constituents causes a rise in the conductivity of the
groundwater. These data are significant in that they demonstrate that groundwater
quality in the East Area may be significantly impacted by precipitation events, and that
constituents in vadose zone soils may be effectively released into the groundwater by
infiltrating water. Therefore, contaminant migration from the vadose zone to the
groundwater through leaching may be a significant transport mechanism at this site.

In 1996, portions of the french underdrain and all of the north oil/water separator
were removed. Approximately 58 feet of the underdrain was removed at three
locations along the length of the underdrain. The permeable bedding material
surrounding the underdrain was also removed from the excavated locations. The
removed material was replaced with low permeability material effectively removing the
french underdrain system as a pathway for preferrential movement of groundwater to
the oil/water separator and therefore to the unnamed stream. The north oil/water
separator was removed in its entirety and the excavation backfilled with low
permeability material.
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3.5.2 Other Features at Site SD13

Additionally, the 1994 RFI included a geophysical survey of Site SD13 to locate
potential buried utilities, and to confirm that no previously unidentified USTs remained
at the site. Geophysical anomalies indicative of buried piping, reinforced concrete, and
other buried metal were identified. Due to the presence of cultural interferences within
the site, including a steel reinforced concrete pad, a chainlink fence, a transformer, and
power lines, the survey was not able to conclusively verify the absence of additional,
previously unidentified USTs. Cultural interferences are identified metal objects which
would create readings on the survey equipment, making it difficult to interpret survey
data in the vicinity of the interference. The Air Force has no information to indicate
that there are additional USTs at Site SD13.

3.6 CLIMATOLOGICAL CHARACTERISTICS

The climate at Carswell AFB/NAS Fort Worth JRB is subtropical with humid, hot
summers. The climate is characterized by a wide range in annual temperature
extremes. Winters are generally mild, but occasional cold fronts that result in sudden
drops in temperature can occur. Periods of extreme cold temperatures are short-lived
such that mild weather typically dominates during the winter months. In an average
year, temperatures of 20 degrees Fahrenheit (°F) or below occur on only 6 days. In
the winter, the average daily minimum temperature is 37°F. The average daily high
temperature in the summer is 94°F. The total annual precipitation is 32.1 inches. The
highest monthly precipitation typically occurs in April (3.97 inches) and May (4.57
inches), and the lowest monthly precipitation occurs from December through February
(less than 6 inches total for 3 months) (USDA-SCS, 1979). Prevailing winds are
primarily southerly from March through November, and northerly from December
through February. During the summer and fall months, wind speeds remain fairly
constant, averaging 8 knots. During winter and spring months, average wind speeds
increase to 9 to 11 knots.

3.7 BIOLOGICAL RESOURCES

Carswell AFB/NAS Fort Worth JRB is located in a transition zone between the Cross
Timbers and Prairie vegetational areas of north-central Texas. The vegetation at the
Base is predominantly disturbed (mowed) grassland, although there are developed
areas, landscaped areas, stands of trees (designated as forested), open water, and areas
with hydrophytic vegetation (designated as swamp/marsh) located at the Base. Most of
the native species on the Base have been replaced by introduced grasses, forbs, and
ornamental trees (US Air Force, 1994).

Human activities in the immediate vicinity of Carswell AFB/NAS Fort Worth JRB
have altered the natural environment primarily through urbanization. Carswell
AFB/NAS Fort Worth JRB is surrounded by developed land on the east, south, and
west sides. Lake Worth borders the northern Base boundary, and the West Fork of the
Trinity River separates the eastern boundary of the Base from the developed off-Base
land. Approximately 1,100 acres (43 percent) of Carswell AFB/NAS Fort Worth JRB
are covered by planted grassland, 750 acres (29 percent) are landscaped, and 680 acres
(27 percent) are developed. Landscaped areas of Carswell AFB/NAS Fort Worth JRB
consist of lawns, landscape plantings, athletic facilities, cemeteries, and the golf
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course. Much of the grassland vegetation is periodically mowed so that only the small
fraction near lakes and streams is left undisturbed. Open water in the form of golf
course ponds and streams is also found on Carswell AFB/NAS Fort Worth JRB, with
both Lake Worth and the West Fork of the Trinity River providing hydrological
influences to the Base due to their close proximity. A 0.5-acre swamp/marsh (wetland)
area with cattails, rushes, and willows is located on the west side of the Base (US Air
Force, 1994).

Wildlife in the vicinity of Carswell AFB/NAS Fort Worth JRB includes numerous
birds, reptiles, and small mammals. The wooded lowlands (e.g., Site SD13) are
occupied by cottontail rabbit, fox squirrel, and opossum. Other mammals common to
the area include raccoon, striped skunk, armadillo, and fox. Hunting and trapping are
not permitted on or near Carswell AFB/NAS Fort Worth JRB. The Allen Wildlife
Sanctuary, Fort Worth Nature Center, and an abandoned fish hatchery are important
nearby wildlife areas.

Nearby bodies of water include Lake Worth and the Trinity River off the Base, and
Farmers Branch and three man-made ponds on the Base. Two of the ponds are located
between Farmers Branch and the Hush House, and the other is eastern portion of the
golf course. The streams and ponds support carp and minnows populations. A soft-
shell turtle was identified in the pond northwest of the golf course (US Air Force,
1994).

Compared to the surrounding mowed landscape, the streams on the Base are densely
vegetated and provide suitable habitat for native species. The streams have, however,
been subject to environmental stress over the years. A fish kill, thought to be caused
by an off-Base source, occurred in 1992. Other spills may have occurred in the past
due to sanitary wastewater overflows from a sewer line owned by the City of Fort
Worth. Fish kills associated with wastewater overflow events have been attributed to
the high oxygen demand of the wastewater. This is inferred from the reported rapid
recovery of fish populations in Farmers Branch following these episodes (US Air
Force, 1994).

The Air Force has conducted informal consultations with the US Fish and Wildlife
Service (USFWS) and the Texas Department of Parks and Wildlife (TDPW)
concerning threatened and endangered species potentially occurring in the vicinity of
Carswell AFB/NAS Fort Worth JRB. These two agencies identified 12 bird, 2 reptile,
and 1 plant special-concern species potentially occurring in Tarrant County, although
no state or federally listed threatened or endangered species is known to reside
permanently on Carswell AFB/NAS Fort Worth JRB. Further details on these
consultations are provided in the recent environmental impact statement (US Air Force,
1994).

Sensitive habitats include those areas that can potentially restrict the reuse of the
land, such as wetlands under the requirements of Section 404 of the Clean Water Act
(CWA), plant communities that are designated as unusual or of limited distribution, and
important seasonal use areas for wildlife (e.g., migration routes, breeding areas, or
crucial summer/winter habitat that are of agency concern). Wetlands are defined as
"those areas that are inundated or saturated by surface or groundwater at a frequency
and duration sufficient to support, and that under normal circumstances do support, a
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prevalence of vegetation typically adapted for life in saturated soil conditions" (US
Army Corps of Engineers [USACE], 1987). Areas that are periodically wet, but do
not meet all three criteria (hydrophytic vegetation, hydric soils, and wetland
hydrology), may still be jurisdictional wetlands subject to Section 404 of the federal
CWA if they qualify as problem wetlands. Drainage ditches are not considered as
"waters of the United States" and are not classified as "jurisdictional" for protection
under Section 404 of the CWA by the Fort Worth USACE.

Although water flows through Farmers Branch and is found in various small ponds
on the golf course, very little wetland vegetation is associated with these areas.
Likewise, wetland vegetation along Lake Worth is infrequent and usually emergent
when present. These areas have not been classified as jurisdictional wetlands.

3.8 LAND USE
3.8.1 Site Access

The East Area sites are located near the main entrance to Carswell AFB/NAS Fort
Worth JRB at the southeastern portion of the Base. The entire extent of Sites STI14A,
ST14B, and SD13 are within the boundaries of the Base, which is surrounded by a
chainlink fence. The guard station at the main gate is manned 24 hours per day, 7 days
per week. The east gate, located north of the East Area sites, is manned and open only
during daylight working hours. There are additional surface restrictions around most
of the key site features. Chainlink fences with barbed wire climb barriers surround the
POL tank farm (Site ST14B) and the fuel loading area (Site ST14A). Additional
fencing located southeast of Site SD13 limits access to the site of the former oil/water
separator area. Access to each of these areas is through locked gates. Keys to the
locked gates can only be obtained through area supervisors for each of these sites.
These restrictions serve to minimize unauthorized on-Base access to the site and to
eliminate trespassing.

3.8.2 Current Land Use

Site ST14 (fuel loading area and POL tank farm) has been maintained as an active
fuel servicing and storage facility for flight operations at Carswell field. The POL tank
farm (Site ST14B) consists of three fuel ASTs. These tanks are connected via
underground fuel transfer lines to the fuel loading area located along the eastern side of
Desert Storm Drive. The fuel loading area (Site ST14A) services fuel trucks, which
receive fuel for transfer to jets on the flightline. Both of these areas are surrounded by
chainlink fencing with access through locking gates. Neither of the sites are
permanently manned. Fuel personnel work in the POL tank farm only when receiving
fuel from an off-site pipeline. These workers are present in the fuel loading area only
during tanker truck refueling activities. These activities occur sporadically at the Base.

Site SD13 is an abandoned gasoline station. The abandoned gasoline station is
currently a paved lot. All fuel tanks are thought to have been removed and a concrete
island for the pumps is the only visible structure of the former gasoline station.
Shrubbery, grass, and aircraft on display near the main gates are also located in the
vicinity of the former gasoline station. The unnamed stream is a small tributary of
Farmers Branch that emerged from the former oil/water separator southeast of Site
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SD13. The oil/water separator received groundwater directly from the french
underdrain system, which was reportedly constructed to intercept fuel-hydrocarbon-
contaminated groundwater. The french underdrain system was partially removed in
June/July of 1996, and the portions left in place were filled with a mixture of bentonite
and soil to prevent movement of liquids through the drain or along the exterior of the
drain. With the removal of the french underdrain system and the oil/water separator,
no water is being artificially routed to the unnamed stream, which means that water
flow into and through the stream has been effectively minimized/halted. Prior to
removal, the oil/water separator was located south of Building 1335 (Whitehouse
Communications) and the fenced civil engineering storage yard. Vehicle access to the
unnamed stream can be achieved through one of three locking gates, which are
controlled by Grounds Maintenance and Civil Engineering units at the Base, or by foot
through Farmers Branch. There are no activities associated with the area in the vicinity
of the unnamed stream other than routine grounds keeping. Farmers Branch enters the
West Fork of the Trinity River approximately 2,000 feet downstream from the
unnamed stream confluence. The majority of the stream flow downstream of the
confluence is outside the Base boundaries, but access is limited by geographical barriers
and dense vegetation.

Most of the area surrounding Carswell AFB/NAS Fort Worth JRB is suburban
(residential/ commercial). Various residential areas exist southeast of the Base between
the perimeter fence and Interstate 30 (Figure 1.2). Predominant development south of
the Base is a commercial area, including a retail center, shopping mall, and
convenience center. The on-Base land use maintained at Site ST14 and Site SD13 is
industrial (US Air Force, 1994).

3.8.3 Proposed Land Use

Carswell AFB was placed on the 1991 Defense Base Closure and Realignment
Commission’s list for closure. The Base was officially closed on September 30, 1993.
However, in 1993, the Commission recommended realignment of several military
reserve and guard units to Carswell, such that portions of Carswell are retained by the
DOD, as required to support long-term operations associated with the realigning
military units. As part of the proposed land reuse plan, several DOD organizations
(Navy Reserve, Marine Reserve, Army Reserve/Guard, and Air National Guard units)
are being realigned from NAS Dallas, NAS Memphis, and NAS Glenview to Carswell.
The Air Force is required to make a series of interrelated decisions concerning the
disposition of Base property determined to be in excess of the needs of the DOD. The
US Navy, the US Department of Justice, and the Federal Bureau of Prisons (FBOP) are
assisting the Air Force in making decisions regarding Carswell property. The US Navy
has assumed command of the Base, and FBOP operates a minimum-security prison in
the former Base hospital (renovated for use as a detention facility).

An EIS was prepared by the US Air Force (1994) to provide information on the
potential environmental impacts resulting from proposed reuse of Base property in
response to realignment actions. The proposed land use plan calls for 1,884 acres of
the Base and leased land to be used for military activities related to the realignment,
and the remaining 735 acres on Base to be rezoned for residential, commercial,
industrial, institutional, and public facilities/recreation uses. Site ST14 (SWMUG68) is
to be retained for use by DOD, and Site SD13 (including SWMUs 64 and 67 and AOC
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7) will be released for public facilities/recreational use. The proposed future military
reuse activities have been incorporated as part of the proposed reuse plan for the Base.
Realignment and construction activities at Carswell are scheduled to be complete, and
the Base fully operational, by 1998.

Based on the proposed land reuse plan, Sites ST14A and ST14B will be maintained
for Base fueling operations (military). The POL tank farm and the fuel loading area
(Site ST14) will continue to maintain security fences and access restrictions to prevent
unauthorized access. An area just northeast of Site ST14A is proposed to be converted
to an institutional (prison) facility. Building 1231 is proposed to be used as a regional
showroom, regional distribution center, and warehouse of products produced by
Federal Prison Industries (UNICOR) (US Air Force, 1994).

Site SD13 is a paved lot which is occasionally used as a parking area. Based on the
proposed land reuse plan, Site SD13 is designated to be part of an open space area
associated with the flood-prone areas along Farmers Branch. The proposed land reuse
plan does not call for any new significant construction within the SD13 area. Although
a bike path along the Farmers Branch Creek has been discussed, no formal plans have
been developed. A small area to the south of Site SD13 may be zoned as a residential
area, although no new building construction is planned (US Air Force, 1994). Public
access to this site and the unnamed stream will continue to be limited by the perimeter
fence at the Base boundary. Access to the unnamed stream is further limited by
additional security fences located behind the Whitehouse communication building.

No future permanent human occupation of the East Area sites, or areas along
Farmers Branch downstream of the unnamed stream, is anticipated. A large portion of
the land south of the East Area sites and outside Base boundaries will continue to serve
as public recreational areas in the form of a golf course and creek/river easement
property. Areas west of the East Area will be maintained for military aviation support.
East Area property and property north and east are proposed for military/industrial
reuse. Site workers in these areas could spend the majority of their workdays outside,
although most primary duties will be restricted to buildings and paved areas. Workers
primarily responsible for grounds maintenance are the only exception. Figures 3.11,
3.12, and 3.13 show the current land uses, the proposed future land uses, and a mixed
military/industrial/residential land use, respectively. The proposed reuse alternatives
and site environs are described in the EIS (US Air Force, 1994).

3.8.4 Water Resources

Surface water is the main source of drinking water in the vicinity of Carswell
AFB/NAS Fort Worth JRB. The City of Fort Worth Water Department is the primary
supplier of potable water to the areas surrounding and including the Base. The city
obtains its potable water supply from runoff from the West Fork of the Trinity River.
This runoff is captured in a series of reservoirs, including Lake Worth, immediately
north of Carswell AFB/NAS Fort Worth JRB. Potable water is supplied to the Base
through two interconnections with the City of Fort Worth’s water system. The current
Base water storage system consists of 695,000 gallons of active reserve, and a 225,000-
gallon backup capacity. Nonpotable water from Farmers Branch is used to irrigate the
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on-Base golf course. White Settlement and Sansom Park obtain water from 12 and 9
groundwater wells, respectively; however, they purchase surface water from the City
of Forth Worth to supplement their water supplies, as necessary. The availability of
surface water to supply the Base and the surrounding communities was determined to

be adequate to maintain military operations and land reuse activities following closure
and realignment (US Air Force, 1994).

Water supply wells drilled in the vicinity of the Base are completed primarily in the
lower sand member of the Paluxy aquifer. The Paluxy Formation occurs beneath the
Goodland/Walnut aquitard, which consists of moist clay and shale layers interbedded
with dry limestone beds. The aquitard separates the Paluxy Formation from the Upper
Zone aquifer located in the younger surface alluvial deposits. Nonpotable water from
the alluvium is used for irrigation near the Base on a limited basis. Development of the
Upper Zone aquifer is not economically feasible due to limited volume and pumping
capabilities, and vulnerability to surface and stormwater pollution (US Air Force,
1994). There are no active or open wells on Base for potable water supplies.

Parsons ES subcontracted with Geosource Incorporated (GI) to provide a water well
survey to determine if there are any existing wells within a 0.5-mile radius of Sites
ST14 and SD13. GI identified no wells within the area of review. The water well
survey is presented in Appendix C.

The potable water demand as a result of the Base realignment is expected to increase
slightly over the next 20-year period. The increased water demand anticipated as part
of the proposed land reuse plan is a relatively inconsequential amount compared to the
Fort Worth water supply capacity. Therefore, overall impacts on the water supply
source from the proposed land use changes would be minimal (US Air Force, 1994).
Construction of additional supply wells in the Paluxy aquifer is discouraged due to past
and ongoing overpumping. Based on the EIS (US Air Force 1994), there are adequate
potable surface water supplies to meet projected utility demands. Thus, drilling
additional potable supply wells is not necessary.

There is currently no regular flow of water through the unnamed stream; however,
any water moving through the unnamed stream would flow into the Farmers Branch
river and then into the West Fork Trinity River. Both the Farmers Branch and the
West Fork Trinity River are designated "high" aquatic life habitat.
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SECTION 4
PLAN A EVALUATION FOR SITE ST14

4.1 OVERVIEW

This section summarizes the nature and extent of soil and groundwater
contamination at Site ST14 based on the findings of site characterization activities
conducted under the 1990 RI (Radian, 1991), the ES 1993 bioventing pilot test, the
Law (1994) RFI, and the 1994/1995 risk-based remediation field investigation (which
was conducted in February and March 1994, July through September 1994, and March
and April 1995). The TNRCC (1994a) has specified Plan A target concentrations for
potential beneficial use II category groundwater and industrial/commercial sites. These
target concentrations are used as a screening tool to focus data presentation on those
compounds and environmental media that may warrant remediation. The rationale for
applying these Plan A target concentrations to Site ST14 is also presented.

4.2 DETERMINING CHEMICALS OF POTENTIAL CONCERN

It is the intention of the Air Force to obtain approval for a remedial action for Site
ST14 that will protect human health and the environment from unacceptable exposures
to fuel-related chemicals. To accomplish this objective, the fuel-related COPCs that
drive potential risks and impact the final remedial requirements at these sites were
identified. Previous IRP site investigations (Radian, 1985, 1988, 1989, and 1991), the
AFCEE-sponsored bioventing pilot test (ES, 1993), the risk-based work plans (Parsons
ES, 1994a and 1995), and the RFI (Law, 1994) identified the fuel-related COPCs for
Site ST14 as the volatile BTEX compounds, chlorobenzene, and the semivolatile PAH
compounds. These specific chemical constituents were initially defined as COPCs
based on existing site characterization data, the chemical nature of the suspected
sources (i.e., JP-4 jet fuel), and the analytical requirements specified by the TNRCC
(1995a) for petroleum-contaminated soils and groundwater. The COPCs for Site ST14
to be considered in detail in this RAP are based on a comparison of measured site
concentrations to TNRCC-specified Plan A target concentrations. These target
concentrations are used as a screening level tool. Only those chemicals with site
concentrations that exceed the applicable Plan A target concentrations are considered
when establishing the risk-reduction requirements for Site ST14. However, pursuant to
TNRCC (1994a) guidance, the Plan B limited risk assessment will account for the
cumulative effect of all measured organic chemicals, not just the COPCs.
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4.2.1 Comparison to Health-Protective Plan A Target Concentrations

According to the final land use plan for Carswell AFB/NAS Fort Worth JRB, Site
ST14 is planned to be maintained as a fueling area to support realigned military units
(US Air Force, 1994). As described in Section 3.8.2, the site is currently maintained
as a military fueling area with limited access. The TNRCC PST risk-based corrective
action guidance (1994a) specifies that target cleanup objectives should be based on both
current and future land use assumptions. The TNRCC has developed generic Plan A
human health-based target concentrations for soil and groundwater appropriate for both
unrestricted (i.e., residential) and industrial/commercial use. These generic target
concentrations are to be used as a screening tool to assess the need for site remediation
based on the current and foreseeable land uses. Site ST14 is currently within and
surrounded by industrial/military areas, and is planned to be maintained as an
industrial/military area. Consequently, the exposure assumptions used to calculate Plan
A target concentrations for residential areas are not representative of the exposure
potential at Site ST14 and should not be used to evaluate the need for remediation to
protect human health and the environment.

4.2.1.1 Soil Target Concentrations

The health-based Plan A target concentrations for soil for industrial/commercial sites
have been developed so that residual concentratlons of Class A and B carcmogens do
not result in a cumulative risk i In excess of 10°%; ; Class C carcmogens do not result in a
cumulative risk in excess of 10”; and noncarcmogens do not result in a cumulative HI
of 1 (TNRCC, 1994a). The routes of exposure included in the health-based Plan A
target concentrations for soils provided by TNRCC are incidental direct ingestion of
contaminated soil, inhalation of contaminated soil as fugitive dust, and/or inhalation of
volatilizing chemicals. Although the potential for volatilization and fugitive dust
generation is likely nominal at Site ST14 because the majority of the soil is covered by
impermeable materials such as cement and asphalt, the generic health-based Plan A soil
target concentrations for industrial/commercial sites include the inhalation pathway.
The algorithm specified by TNRCC (1994a) and all default input assumptions were
used for this calculation which is presented in Appendix F.

Plan A soil target concentrations that are protective of groundwater quality also have
been developed by the TNRCC (1994a). These soil concentrations are “back
calculated” to prevent leachate concentrations above the applicable Plan A target
concentration for groundwater from being released into underlying groundwater. The
algorithm used to develop the Plan A target concentrations that are protective of
groundwater is based on equilibrium partitioning and several default input values
(TNRCC, 1994a). The derivation of Plan A target soil concentrations is presented in
Appendix F.

4.2.1.2 Groundwater Target Concentrations

Health-based Plan A target concentrations for groundwater, which are used to derive
the above-mentioned target soil concentrations, were developed to provide the
maximum protection required given the suitability of the groundwater for use as a
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potential drinking water source (TNRCC, 1994a). Based on conductivity
measurements taken at the site in September 1994 and March 1995 (Appendix A), the
total dissolved solid (TDS) content of the shallow alluvium groundwater underlying
Site ST14 is less than 3,000 mg/L. However, a well survey completed in September
1995 (Appendix C) indicated that no wells within at least 0.5 mile of the site are used
for potable water. Additionally, as discussed in Section 3.8.4, it is not economical to
develop the Upper Zone alluvium as a potential water supply due to limited volume and
pumping capabilities, and its vulnerability to surface and stormwater pollution (US Air
Force, 1994). Potable water in the area is derived primarily from surface water
sources, although a few wells near the Base, completed primarily in the lower sand unit
of the Paluxy aquifer (which is separated from the Upper Zone alluvium by the 30- to
40-foot-thick Goodland/Walnut aquitard), are used. Consequently, pursuant to
TNRCC (1994a) definitions, the groundwater underlying Site ST14 should be classified
as potential beneficial use II groundwater.

Health-based Plan A target concentrations for beneficial use II groundwater were
calculated using the TNRCC (1994a) exposure parameters. Ingestion of groundwater is
the only exposure pathway incorporated into these Plan A target concentrations. The
Plan A target concentrations are defined so that the individual risk for carcinogens does
not exceed 10%; and the HI for noncarcinogens does not exceed 1. The derivation of
the Plan A target groundwater concentrations is presented in Appendix F.

4.2.1.3 Screening to Identify COPCs

The COPCs for Site ST14 were defined by using the health-based Plan A target
concentrations as a screening tool. Table 4.1 compares the maximum analytical
concentrations for every compound measured in soil and groundwater at Site ST14
during the 1993 bioventing pilot test, the 1994 RFI sampling event, and the 1994/1995
risk-based sampling event to the Plan A target concentrations for the
industrial/commercial land use scenario. If the maximum measured site concentration
does not exceed the Plan A target concentration, the compound is not identified as a
COPC. No additional remediation would be warranted to protect human health and the
environment given the current and foreseeable uses of the site. If the maximum
measured site concentration exceeds the Plan A target concentration, the compound is
identified as a COPC. Table 4.1 also presents the maximum concentrations for fuel
hydrocarbons detected at Site ST14 during the 1995/1996 and 1997 groundwater
monitoring performed under the Base-wide groundwater sampling and analysis plan
(GSAP). Because the 1995-1997 groundwater monitoring data did not exist at the
time, risk calculations subsequently performed in this RAP are based on information
gathered prior to the 1995-1997 GSAP groundwater monitoring. However, it should
be noted that the most recent results for all fuel hydrocarbons at Site ST14 are well
below the maximum levels detected in groundwater in the 1994/1995 risk-based
sampling event, and therefore risk estimates based on pre-1995-1997 groundwater
monitoring data will be a conservative estimator of current conditions.

All analytical results measured below the MDL were identified as not detected (U
qualified) and reported at the PQL. This is consistent with EPA (1989) guidance on
how to use nondetected values in quantitative risk assessments. All analytical results

4-3

022/725520/95.DOC



STX'E6/0TSSTL/TTO

15y’
&
- T0+3p1°E To+apT e 650°0 - - 3y/sw suayydeuddy
n - - - 8600 - - Sy/owr [ousydjAyow- ¢-010[4D)-¢
?w - - - 940 - - 3y/Aw auseyydeulAylaN-7
- 00+370°'1 20+H00°€ 10 - - 3y/dw fouaydoiopy)-g
C0+H499°9 ¥0+d00°S CO+HHIET' T £60°0 - - /8w aUAZUIOIOIYIAI -]
- PO+HST'1 £0+H0Y'L £50°0 - - dy/du QUIZUIGOIOTYILLL-4T
spunoduio)) Jiuedi(Q InEoAIWIG
- 20+d89°6 70+489°6 9¢ - ([e10.1) Saua[Ax
- £0+H9T'E CO+HEO’S ST - auanjog,
T0+9E9°L SO+HTT'T - - 9100 3PUOIYD SUSAYION
- E0+H9E'E ¢0+dSE'8 I'6 - SUZUQIAYIT
- 0+dLy ¥ T0+HEL'6 L& - JUIZUOIOYD
- 2000 -
- SO+HV0'T - - v£0°0 JU0JDY
- - - i - QUAZUAQIAYIPWLIL -G E
- - - 8T - SUAZUAQIAYIOW 4T ]
- - - 96 - QUAZUSQIAYIPWIIL-€ T
- - - 61 - - 33/3w JUIZUSQIAYIAWENA -4 ‘T T
spunodwo)) duediQ) INE[0A
[to§
otuagoudie) | oluadOuroIeduoN | UODENUdU0) S661/F661 v661 £661 spun punodwo)
p U0D) [iog 200D (10§ RII0S 24103101 | pased-ySny I 159, 1014
Pased-yie3H paseg-yiesy Isjempunolr) | uonenuaduo) | uonenussuo) | Sunusaorg
NOILVILINHIINOD LIDUV.L V NVId WIWIXEN] WOUIXeA JU0) XeN

SVXAL ‘Gl HLYOM LYOJ SYN/4AV TTAMSIVD
NOILVIGIWTY OL HOVOUddV aaSva-MSnI

NV1d NOILOV TYIGIINTI

SNOILVEINIONOD LIDYVL VNVId AASVA-HLTVIAH OL NOSRIVJdINOD
I'v 14 VL

4-4



2231 9¢

§IX'E8/0TSSTLITTO

- - - - 3 - Hd Hd

B - B - 0087 - 3y/dw uoqie)) JedIQ [ejo0L

. Z - - 98°0 - % uoqIe)) duesIQ [el0L

- - - - 112 - /3w ajeydsoydoypQ (10, ‘snoydsoyd

B - - - YL - 9/ [uepialy [e10], ‘uagonIN

- - - - 897 - 38w (€00VD Se) [e10L “Anureyry

i ) - - 0ssT - Fy/dur 9)eu0qIe) ‘ANuIey|y

SIsA[eUY JOYIQ

B - - 007T - - ay/dw Su0qJIeO0IPAY] J[qeIoRNIXH [BIOL

- - - 0088 - 00£6 Sy/8w SUOQIEJ0IPAH WINI[OIIdJ

SU0QIBI0IPAR] WNI[01IJ

- 10+d06°6 [0+306°6 6Y0°0 - - 8y/dut JuaIkg

- 90+3TT'1 10+356'1 o - - ay/su Joudyd

- T0+d78'L T0+d68°¢ 6T - - ay/sw susfeyiydeN

10-981'8 - [0+d£9°T $$0°0 - - y/dw aururejAdo1d-u-1p-0SonIN-N

€0+HES'T tO+HaYIE - -

- To+dLY T CO+HLY'T §T0°0 - - 38w Jualony

- S0+d¥0°'C £0+dTT'1 8900 - - 3y/8w aleeylydjAing-u-1q

uEumoEEmo uEumoEuEucoZ U0IeIUIdU0)) S661/v661 $661 £661 syuupn punoduio)

 2uo) [log o 2U0D 1108 AI108 2AR23101d | pased-ySTY L. | ARG

paseg-yi[esy paseg-yifesq Iajempunolr) | uonenuasuo) | uonenuasuo)) | Sunussorg
NOILVYINIIONOD LIDUV.L V NVId WNUIXEN WINWIXBA "Su0)) XeN

SYXAL ‘if HLIOM LY04 SYN/4AV TTAMSHVD
NOILVIGIINTA OL HOVOUddV AASVA-JSIH

NVI1d NOILDV TVIGTINTA

SNOLLVYILNADNOD LADYVL VNVId AASVE-HLTVIH OL NOSIIVdINODO

I'v A'T4VL

4-5



STIX'€6/0TSSTLITTO

v
()]
™ - - - - I - - /3w ueInjozusaqi(y
M.. “ - - - - 8 - - /3w susjeyydeujAyloN-7
- spunoduio)) d1uesdaQ [1IE[OAIUIDS
- 10+40¢°L 86000 L8000 1o 680'1 - /8wt (1e10L) SQUSjAX
) - ; - $100°0 - - /8w 2UIYI20I0[YIIL],
" 00+30¢°L 72000 T100°0 6900 - - /8w auonjog,
- 10-HS9°€ - - - 1600°0 - /8wl QUOYIS0IO[YIBIID],
Cor:lEl | 00+961°C - - - T10°0 - /3w 9pLIOIYD) SUSTAYIPN
- 00+HS9'€ ¥L00°0 €200 8€0°0 60¥°0 - Tsw dU9ZUAQIAYIF
10-40¢°L - - - L¥000°0 - 71/8w QUEBYJAWOIO[YIOWOIqlg
o= 08 1 10-359°¢ - - - 7S00°0 - uLojoIoy)
- 10-50€'L - - ¥100 - - QUIZUDQOIOYD
EO-HLE T - ey IoRIOIONRPORIOIE]
16 - QON:um
} ) - - 2S00 - - QUSZUIQAYIOWILL -G €'
- - - - 1L0°0 - - "/w QUIZUIQJAYIPWILL ] -7
- - - - 7900 - - /3w QUAZUSQIAY WL -€°T T
- - - - 850°0 - - /3wl JUIZUAYIOWRNI - €T’
spunodwo)) J1UedIQ J1IB[0A
J3jempuno.ts)
oEumoEoEO SUISE0UTRIEIUON L661 9661/5661 S661/¥661 v661 £661 siun) punoduio)
,QUOTIENUOU0D) RUONENUIOU0) dvso dvso paseg-jsry L™ 1591, 1011 d
MD 19818, MD 1931e], UONBIUOUO) | UOIBIUIOUOD) | UOIRNUIOUO) | wonenusouo) | Sunusrorg
NOLLVEINHONOD LIDUV.L V NVId wnwixepy WINWIXeN WNUWIXEN uInuwrxep ‘u0y) XEN

SNOILLVAILNHINOD LHDYVL V NVId AdSV4A-HLTVIH OL NOSRIVdINOD

SYXAL ‘QIrf HLIOM LI04 SYN/GAV TTAMSIVD

NOILVIGINTY OL HOVOdddY QASYI-MSIA

NVT1d NOILDYV TVIAIIN T

'Y A'TdVL

46



SIX €5/0TSSTL/ITTO

(o
i
¢y
9]
“(SuaSouroIed) SUOTIEIJUSOUOD IIJEM 30B1INS dAN0D01d-)[EdOH /3
*(SuaZouTdIBOUOU) SUONBIJUIOUOD 19)EM 208JINS JAN001d-yI[edH /)
“(sua8ouIoIes) SIS [RIOIOWWIOI/ELIISNPUT 10 UOTIEIIUIOU0D [10S 2AN03101d-1{I[edy /2
*(suagouro1esuou) SIS [BIOJSUILLIOD/[ELIISTPUT 10] UOHBIUIOUOD [10S aAnoajord-yifesy /p
‘suagouroIesuou 10§ 13jempunoid Jj asn [eroyauaq JulLPapun 3o 9A19301d aq [[IM ey} UOHEIUIUOD [10§ /O
"susgourd1ed 10 UOHEIJUIOUOD 19)eMpunold Jj asn [erogausg /q
“Ua30UIOIROUOY 10] SUONBIIUIOUOD 19)emMpunolgd [ asn [eoyausg /e
:$910U100,]
“PALTUAPI S1€ SUOTIEIIUIOUO0 12318} 7 UB[J PISeq-I[edY PI2OXa Jely} SUONEIUIIUOD IS PIINSEIUL WNWIXEIN ION
B - - - - 000481 - /8w SU0GIEO0IPAH SJNBJOA [BIOL
- - - - ST - - 18w Su0QIEd0IPAH 91qEIOBNXT [BI0],
- - - - TS 000°TTT - /3wt SUOGIEO0IPAH WINI[0N]
Z z Z - - €c - 1/3u JUBYION
SU0QJIEI0IPAYH WND[011d]
- 00+39t'1 - - < - - /8w susjeyydeN
oEomoEuEU oEomoEoEocoZ L661 9661/5661 S661/¥661 Y661 €661 i) punoduro)
QUOTIEIJUAOUOD) AUONENUIU0) dvsD dvsD paseg-ystyd LA 159, 1011d
MD 10981y MD 198181, uonENnuaouo)) | uonenuaduo) | UONENUIOUO) | UONENUDUC) | FunuaAorg
NOLLVIINHONOD LIDYV.L V NV'Id UWINWIXBN WINWIXEN WINUWIXeN UWINUWIXEN ou0) XeN

SYXAL ‘QIf HLYIOM LYO0d SVN/94V TTIMSHVO
NOILLVIGIIATY OL HOVOUddV dASVE-JSTH
NV1d NOILLDV TVIQIAN T

SNOLLVYLNADNOD LADYV.L V NVId AASVE-HLIVIH OL NOSRIVdNOO

I'v A'1dV.L

~t



321 923

measured above the MDL but below the PQL were identified as estimated but usable
data (J qualified). All analytical results measured above the PQL were identified as
detected concentrations and not qualified. Data also were subject to a
usability/acceptability review that included (1) a review of chain-of-custody records,
reported holding times, status of instrument calibration, and reported recoveries for
laboratory control samples and matrix spike/matrix spike duplicates; (2) analyzing and
using laboratory and field blanks to qualify reported sample concentrations; and (3)
measuring the reproducibility of sampling techniques and laboratory analytical
precision using blind field duplicates/replicates. Appendix A presents the analytical
results for all samples collected under this project, organized by environmental
medium, and a summary of the data quality evaluation results.

All nondetect analytical results obtained during the 1994/1995 risk-based
remediation field test are reported at the PQL and U qualified. Nondetect analytical
results obtained during the 1994 RFI are reported at the reporting limit and U qualified.
All analytical results obtained during the 1994/1995 risk-based field investigation
measured between the MDL and the PQL have been J qualified. All MDLs achieved
for the 1994/1995 field investigation are consistent with the TNRCC (1995b)
recommendations for analytical sensitivity and are below the most stringent Plan A
target concentration (see Table 2.1).

Based on comparison of the maximum detected site chemical concentrations to the
health-based Plan A target concentrations, benzene is the only fuel-related COPC in
soil at Site ST14. Benzene also is the only fuel-related COPC in groundwater at Site
ST14.

4.2.2 Comparison to Plan A Target Concentrations for Environmental Protection

In addition to protection of human health, the need for environmental protection
must be considered when identifying COPCs. Generally, protection of surface water
and groundwater will be of primary concern (TNRCC, 1994a). It is conceivable
assuming no attenuation, that groundwater contamination from Site ST14 could migrate
to and impact surface water at the unnamed stream or at Farmers Branch. Although
surface water analysis indicates that there is currently no impact, maximum
groundwater contaminant concentrations at Site ST14 were compared to the TNRCC
surface water criteria as a conservative measure to assess potential future impact to the
unnamed stream. The target remedial objective for surface water is to prevent the
discharge of any concentration of fuel hydrocarbon into the water body. However,
Plan A target concentrations for surface water are based on the Texas Surface Water
Quality Standards of Title 30 TAC, Chapter 307 and 319. Freshwater acute and
freshwater chronic surface water quality criteria have been defined. In the event that
no surface water quality criterion has been identified, the MCL will be the Plan A
target concentration for surface water. If no MCL is identified, the health-based Plan
A target concentration presented in Table 4.1 is used (TNRCC, 1994a). These target
concentrations for surface water are used to identify any compounds present in
groundwater at concentrations that could cause unacceptable environmental impacts if
an exposure pathway involving surface water is or could be completed at the site.

4-8

022/725520/95.DOC



331 94

The only difference between Plan A target concentrations for beneficial use I
groundwater and beneficial use II groundwater is that the MCLs, as promulgated
pursuant to Section 141 of the federal Safe Drinking Water Act (SDWA), are used for
beneficial use I waters instead of health-based concentrations. If no MCL has been
defined, the same health-based target concentration derived for beneficial use II
groundwater applies to beneficial use I groundwater. Because groundwater underlying
Site ST14 will eventually discharge into the unnamed stream and/or Farmers Branch,
which in turn discharges into a potable water source (Trinity River), the MCLs were
also included in this initial screening of detected compounds to cover potential
beneficial use I applicability. This will ensure that any compounds with concentrations
that exceed the MCL are retained for more detailed evaluation as part of the Plan B
assessment. This conservative approach is warranted because a more stringent
remediation may be necessary to protect downgradient environmental resources than
would be required to protect potential onsite human receptors (TNRCC, 1994a).

Protection of groundwater resources also must be considered when identifying
COPCs and potential remediation requirements for a site. The Groundwater Protection
Act (Texas Water Code, Chapter 26.401) specifies that groundwater must be kept
reasonably free of contaminants that interfere with the present and potential uses, that
the quality of the groundwater should not be degraded, and that the quality of the
groundwater should be restored when feasible. The health-based Plan A target
concentrations for groundwater are sufficient to identify the maximum nature and
extent of site-related contamination that may warrant remediation to protect
groundwater resources.

Table 4.2 compares the maximum measured groundwater concentrations to the Plan
A environmental protection target concentrations for surface water. Compounds were
identified as COPCs for environmental protection concerns if the maximum
concentration exceeded the Plan A target concentration for surface water or the health-
based Plan A target concentration for beneficial use I groundwater (Table 4.1).

4.2.3 Identified Fuel-Related Chemicals of Potential Concern

Table 4.3 lists the fuel-related COPCs for soil and groundwater for Site ST14. No
concentrations of fuel hydrocarbon chemicals measured in surface water exceeded Plan
A environmental protection target concentrations for surface water, although several
fuel hydrocarbon compounds measured in upgradient groundwater exceeded these
surface water criteria. Benzene and hexachlorobenzene are the only compounds
identified as fuel-related soil COPCs. No PAH compound was measured at Site ST14
at concentrations above the Plan A target concentrations for soil.

Benzene was the only fuel-related compound to be identified as a groundwater
COPC. All other compounds were below the Plan A target concentration for
groundwater.
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The two fuel-related COPCs, benzene and hexachlorobenzene, are considered in
detail in subsequent sections. Organic compounds measured at the site at
concentrations that did not exceed the most stringent Plan A target concentrations will
be considered cumulatively with COPCs in the Plan B limited risk assessment, but will
not receive detailed assessment as part of the nature and extent and chemical fate
discussions. Emphasis has been given to defining the nature and extent of fuel-related
contamination at Site ST14 that must be addressed to protect human health and the
environment in accordance with the intent of the TNRCC (1994a) risk-based corrective
action guidance. Only compounds that may pose a health threat (i.e., a carcinogenic
and/or noncarcinogenic risk) to potential receptors or are relevant to conducting
remedial technology assessments have been considered as part of this risk-based
approach to remediation.

4.3 SOURCES OF CONTAMINATION

Contamination at Site ST14 was likely the result of isolated surface spills and
subsurface leaks of JP-4 jet fuel and related fuels from pipelines underlying the fueling
area and between the fuel ASTs at Site ST14B and Site STI4A. The site has been
maintained as an active military fueling area throughout most of Carswell’s operational
history (i.e., mid-1942 to the present). Consequently, residual fuel hydrocarbon
contamination in soils and groundwater may be the result of low-volume release events
that occurred over the last several decades, rather than a single, large-volume release
event. An unknown amount of fuel has been released to the subsurface at this site.

4.3.1 LNAPL

Mobile, light nonaqueous-phase liquid (LNAPL) or free product, as been regularly
reported in monitoring well STI4-MW17M at Site ST14A. More than 2 feet of free
product was observed in this well during the 1990 IRP sampling event (Radian, 1991).
A thin film of LNAPL was observed in one bioventing well (VW1) and several vapor
monitoring points (MPA, MPB, and MPC) during the May 1993 bioventing pilot test
(ES, 1993). All of these sampling locations are located within 40 feet of well ST14-
MWI7M. Base personnel performed monthly monitoring of LNAPL thickness in
monitoring well ST14-MW17M for about 1 year starting in June 1993. The average
product thickness encountered in this well from June 1993 until April 1994 was 0.75
inch (Table 4.4). Less than 0.5 inch of LNAPL was measured at this location in
September 1994, during the risk-based field investigation. All recoverable LNAPL is
hand-bailed from well ST14-MWI17M during each monitoring event. Based on
reported LNAPL thickness data, only 0.12 gallon of LNAPL has been recovered from
this well since mid-1993. No LNAPL was present at this sampling location during the
April 1995 sampling event.

Six monthly product removal events were scheduled for February through August
1997 at wells in Sites ST14 and SDI3 which had contained free product during
previous sampling events. ST14-MW17M was the only well at Site ST14 included in
the removal program. Four of the six product removal events have been performed.
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0.02 feet of product was detected in ST14-MW17M during the initial removal event in
February 1997. No product was detected during the March and June sample removal
events or during the April quarterly groundwater monitoring event. Note that ST14-
MW17M is included as a sampling location in the GSAP. Well ST14-MW17M will be
measured during the remaining events to ensure the continued absence of product.

A sample of LNAPL was collected from well ST14-MW17M during the 1994 risk-
based field effort and analyzed for total extractable hydrocarbons (TEH) by EPA
Method SW8015 (Appendix A). Assuming JP-4 jet fuel was the source of the
subsurface LNAPL, the measured TEH content of 540,000 milligrams per liter (mg/L)
of the sampled LNAPL is approximately one-half that expected for relatively “fresh”
JP-4 jet fuel, which would have a saturated TEH content of about 1,000,000 mg/L. A
comparison of the chromatogram for the LNAPL sample and the chromatogram for the
fresh jet fuel standard (Appendix A) illustrates the effect of weathering on TEH content
of JP-4. The number and resolution of “peaks” is less pronounced in weathered
samples in comparison to the LNAPL collected from ST14-MW17M is depleted in the
lower-molecular-weight hydrocarbons, which are more soluble and partition more
readily that heavier compounds; fresh product because the more volatile hydrocarbon
fraction has been removed by weathering processes. Specifically, this suggests that the
LNAPL at the source area at Site ST14A is significantly weathered, implying that the
source of contamination is not fresh but the result of years of site use. Compound-
specific analytical results are not available for the LNAPL sample.

4.3.2 Residual Source Area Contamination

Elevated concentrations of fuel hydrocarbons have been measured in unsaturated,
capillary fringe, and saturated soils at Site ST14 as part of every field investigation
conducted to date (Hargis and Montgomery, 1983; Radian, 1985, 1989, and 1991; ES,
1993; Law, 1994). Fuel contamination extends from the surface, or near surface, to a
depth of approximately 12 feet bgs. Most detectable concentrations of fuel-related
compounds were found between the 8- and 11-feet bgs. Subsequent sections review
analytical soil results to delineate the nature and extent of soil contamination at Site
ST14, and discuss the potential for these contaminated soils to act as a continuing
source of groundwater contamination.

4.4 SOIL GAS SAMPLING RESULTS

Soil gas samples collected at Site ST14 during the 1994/1995 field effort were
analyzed for individual BTEX compounds and TVH. Soil gas samples were used for
secondary confirmation of the nature and extent of soil contamination at a site. Soil
gas samples were used to obtain a better representation of soil contamination because
the sample is extracted from a larger volume of soil than discrete soil samples from a
splitspoon. Discrete soil samples are usually nonhomogeneous, and analytical results
can vary greatly from sampling location to sampling location. Thus, soil gas samples
provide a valuable indication of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>