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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the
U.S. Air Force Installation Restoration Program (IRP) to characterize environ-
mental contamination present in East Area IRP sites on Carswell AFB, Texas,
the existence of which was documented in preceding IRP studies. The affected
environmental media include soil, surface water, and ground water present in
the surficial alluvial aquifer (Upper Zone). In contrast to Upper Zone
ground-water contamination that occurs within the Carswell AFB Flightline
Area, contamination in the East Area is considerably less extensive, and is of
varying nature that can be directly correlated with discrete point sources
(i.e., the subject IRP sites of this report). The RI was conducted in stages
from 1988 to 1991. Radian also performed the earlier IRP Phase II Stage 1

investigation (1986); the IRP Phase I Records Search was performed by CH2M
Hill (1984).

The most recent field and énalytical effort was conducted in 1990
to provide additional information necessary to support a Feasibility Study
(FS) of remedial alternatives applicable to the East Area sites. The 1990
effort was limited to further characterization of four of the East Area IRP

sites:

. Site LFOl - Landfill 1;

. Site SD13 - Unnamed Stream and Abandoned Gasoline Station;
. Site STl4 - POL Tank Farm; and

. Site BSS - Base Service Station.

The locations of these, and other East Area IRP sites that are addressed in

separate project reports and documents, are shown in Figure ES-1.
Two major tasks were performed to address existing data gaps.

Monitor wells were installed at Sites SD13 and STl4 to provide new or ad-

ditional information on the extent of Upper Zone ground-water contamination,
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the potentiometric surface configuration and ground-water flow directions.
One additional round of ground-water samples was collected from the newly

installed and existing monitor wells, and four surface water samples were

collected from Unnamed Stream at Site SD13. All samples were analyzed for
waste-specific indicator chemicals for each site. Metals analyses were

performed on both filtered and unfiltered samples.

The shallowest water-bearing zone, known as the Upper Zone Aquifer
was the focus of the East Area IRP efforts. In the East Area, as well as
across Carswell AFB and the adjoining area of Air Force (AF) Plant 4, the
Upper Zone consists of unconsolidated Quaternary and Recent alluvial deposits
(sand, gravel, silt, and clay) that contain ground water under unconfined
conditions. The Upper Zone deposits in the East Area vary from approximately
7 to 20 feet thick, except immediately adjacent to the Trinity River where
they are thicker. The Upper Zone is underlain by low permeability limestones
and shales of the Cretaceous Goodland and Walnut Formations which form a basal
aquiclude. Ground water in the Upper Zone Aquifer is encountered at depths
ranging from approximately 6 to 13.5 feet below ground level (bgl) and ground-
water flow in the East Area is generally toward the Trinity River. Based on
six slug tests performed in East Area wells in 1988, calculated hydraulic
conductivities of the Upper Zone range from approximately 107° to 1072 cm/sec.
A series of hydrogeologic cross-sections through the East Area was prepared
from boring logs and synoptic water level measurements. They are included in

Section 3 of this report to illustrate the local subsurface conditions.

The main surface water bodies located in the East Area are the
West Fork of the Trinity River, Farmers Branch, and the Unnamed Stream at Site
SD13. The Unnamed Stream emerges from an oil/water separator and flows into
Farmers Branch, which in turn discharges to the Trinity River along the

eastern boundary of Carswell AFB.

Ground-water samples from 21 wells were most recently collected by
Radian for chemical analysis during April and May 1990. Four surface water
samples were also collected. All East Area monitor wells are completed in the
Upper Zone Aquifer. Since the wastes and known contaminants vary from site to

site, not all samples were analyzed for the same suite of indicator chemicals.
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Therefore, the analytical results are most conveniently discussed on a site-
by-site basis. Both organic and inorganic constituents exceeding EPA Maximum
Contaminant Levels (MCLs) for drinking water were detected in the East Area in

past sampling efforts,

Generally, detected contaminant concentrations in ground-water and
surface water samples collected in 1990 were lower than concentrations of the
same analytes detected in previous IRP studies. This trend may be the result
of normal variability or natural attenuation of these constituents in the
ground-water and surface water systems; however, it should be noted that the
weeks immediately preceding the Spring 1990 sampling event were characterized
by abnormally high precipitation (and flooding). The resultant increase in
infiltration and recharge may have had the effect of diluting contaminants,
resulting in lower concentrations of detected constituents. It is recommended
that remedial alternatives to be developed in the FS incorporate technologies

(i.e., verification sampling, long-term monitoring) to resolve this uncertain-

ty.

No definable volatile organic or metals contaminant plumes were
identified in the Upper Zone ground water at Landfill 1 (Site LF0l). Although
several volatile organic compounds were detected in past sampling efforts, and
in ground-water samples collected most recently in 1990, all concentrations
have been below MCLs. Further, the occurrence of detectable concentrations of
volatile organic compounds is sporadic, and therefore inconsistent with the
existence of a coherent plume. No metals were detected in concentrations
above MCLs in any ground-water or surface water samples collected in 1990.
Therefore, the previously interpreted metals contamination is not supported by

the most recent data.

IRP activities conducted at Site SD13 (Unnamed Stream and Aban-
doned Gasoline Station) in 1985 revealed high levels of organic compounds in
ground water, probably originating from petroleum hydrocarbons. However,
based on the 1990 volatile organic compounds analytical results, the abandoned
gasoline station does not appear to be contributing appreciable organic
contamination to the shallow ground-water system. No metals were detected

above MCLs in the shallow ground water at Site SD13. Any contaminants in the
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ground water would be expected to move hydraulically downgradient, eventually
entering either the oil/water separator and the Unnamed Stream or Farmers
Branch itself, where the initially low ground-water concentrations would be
further diluted. Still more dilution of contaminants would result as Farmers
Branch flows into the West Fork of the Trinity River less than one-half mile
from Site SD13. Any VOCs entering Farmers Branch and the Trinity River would

be subject to volatilization to the air.

No volatile organic compounds were detected above MCLs in the
surface water samples from Site SD13. The results of the laboratory analysis
for inorganic constituents suggest that metals in the Unnamed Stream are
preferentially adsorbed to sediments rather than remaining dissolved in the
surface water. Total arsenic and total lead were detected above MCLs in at
least one surface water sample. Selenium in one sample was the only metal
reported above the MCL in any dissolved metals analysis. This concentration
was determined to be a reporting error and was actually below the detection
limit. As evidenced by the lower dissolved and total concentrations of
arsenic and lead in the downstream water samples, the metals apparently tend
to accumulate in the stream bed sediments. Iron oxides, observed coating
bottom sediments in the Unnamed Stream in the Phase II Stage 1 investigation,
suggest that precipitation of metals is active. As long as the source of
these metals persists, the metals will continue to accumulate in the sediments

in the upper reaches of the stream.

Benzene, ethylbenzene, chlorobenzene, toluene, and total xylenes
were detected in the ground water at Site ST1l4 (POL Tank Farm). Of these,
ethylbenzene was the most common. However, benzene was the only volatile
organic compound detected at a concentration which exceeded its MCL. Figure
ES-2 depicts the probable extent of benzene contamination at Site ST14,
interpreted from the 1990 analytical data and the distribution of soil gas
determined in an earlier survey (Radian, 1989). Two separate accumulations of
benzene are suggested. These plumes are roughly coincident with the two
plumes interpreted earlier. Monitor well ST14-17M, located at the center of
the benzene plume beneath the fuel loading facility, had the highest con-

centration of benzene, and the only concentration in excess of the MCL. Over
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2 feet of free product was encountered at ST14-17M during the 1990 sampling
event. The highest concentrations of chlorobenzene, toluene, and total

xylenes were also detected in this well.

Chromium was detected above its MCL in only one well at Site STl4,
and this concentration was measured in the total metals analysis. Lead was
detected above MCLs in three monitor well samples at ST1l4, but only one
analysis was for dissolved metals. The single dissolved lead occurrence above

the MCL does not suggest significant ground-water contamination.

Both volatile organic compounds and metals were detected at Site
BSS (Base Service Station). In the previous Stage 2 investigation (Radian,
1989), volatile organic compounds were detected primarily in ground-water
samples from monitor well BSS-B. 1In samples collected during the Spring 1990
sampling event, volatile organic compounds were detected only in this well.
Because of the apparent localized nature of the volatile organic con-
tamination, the underground storage tank adjacent to monitor well BSS-B is

interpreted as the source of the observed contamination.

In the 1990 sampling event, cadmium was detected above the MCL in
monitor well BSS-C in the total metals analysis. Cadmium was not detected in
any other well, or in the filtered sample (dissolved metal fraction) from the
same well. Therefore, ground-water contamination at the site is interpreted

to be limited to volatile organic compounds.

Baseline risk assessments incorporating the 1990 analytical
results were performed for the East Area sites included in the 1990 effort.
Indicator chemicals, contaminant release, transport and fate mechanisms, and
potential receptors and exposure pathways, specific to each of the East Area
sites were identified and evaluated. All of the East Area sites were deter-
mined to pose no significant human health threat, based on evaluation of
carcinogenic and noncarcinogenic (chronic) risks. In all cases, noncar-
cinogenic risks were too low to merit gquantification. Environmental
(terrestrial wildlife and aquatic organisms) risks were concluded to be

minimal.
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Using all available information generated in the IRP, the East
Area sites were evaluated using the Defense Priority Model (DPM). The East
Area sites (and the combined IRP sites in the Flightline Area) received the

following scores and ranks:

Rank Site Score
1 Unnamed Stream (SD13) 20,760
2 Flightline Area (LF04, LFO5, 19,381

' WPO7, FT09)
Landfill 1 (LFO1) 7,036
4 Base Service Station (BSS) 5,929
POL Tank Farm (STl4) 4,584

Based on a more detailed review of available data, Radian assigns a higher
priority to the POL Tank Farm and the Base Service Station, respectively, than
to Landfill 1. A Decision Document for Site BSS (Radian, 1990), describing on
a preliminary basis the recommended remedial alternative, has already been

prepared and provided to the Air Force.

Recommendations for addressing remaining data needs for design and
implementation of remedial actions are provided in Section 7. It is antiec-
ipated that all of the required data can be obtained within the detailed
design phase of the selected remedial actions, and no additional separate

remedial investigation effort is proposed.
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1.0 INTRODUCTION

1.1 Purpose of Study

The purpose of this study was to supplement previously obtained
information to describe in detail the environmental conditions in the East
Area (Sites LFO0l, SD13, ST1l4, and BSS) of Carswell AFB, Texas. The knowledge
of environmental conditions allows the evaluation of environmental impacts of
past and/or ongoing releases of wastes or waste constituents from these sites

so that remedial actions can be designed and implemented, if required.

Previous IRP studies documented environmental contamination as-
sociated with each of these East Area sites. Detectable concentrations of
several organic and inorganic constituents were found in surface water samples
and in soil and ground-water samples from the Upper Zone (referred to as the
Upper Zone and the uppermost aquifer, consisting of unconsolidated alluvial
deposits and fill, originally defined by Hargis and Montgomery, Ihc., 1983).
However, the extent of the existing contamination was not completely defined,
and the additional Stage 2 activities reported in this document were recom-
mended by Radian and authorized by HSD/YAQ under Modification 05, USAF
Contract No. F33615-87-D-4023, Delivery Order No. 04.

In contrast to the Upper Zone ground-water contamination that
underlies the IRP sites in the Carswell AFB Flightline Area, contamination in
the East Area is considerably less extensive and can be directly correlated
with discrete point sources (i.e., the subject IRP sites of this inves-
tigation). Additional IRP RI/FS Stage 2 field and analytical efforts were
performed in the East Area between 5 March and 22 June 1990 to better define
the nature and extent of contamination associated with Sites LF0l, SD13, ST1l4,
and BSS. This report summarizes the current understanding of the hydrogeo-
logic setting and Upper Zone ground-water characteristics at these sites based

on all data compiled to date.

Two major field tasks were performed to fill existing data gaps.

Monitor wells were installed at Sites SD13 and STl4 to provide new or ad-
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ditional information concerning the extent of Upper Zone ground-water con-
tamination, the potentiometric surface configuration, and ground-water flow
directions. One additional round of ground-water samples was collected from
all newly installed and existing monitor wells, and four surface water samples
were collected from the Unnamed Stream at Site SD13. Ground-water and surface
water samples were analyzed for waste-specific indicators for each site.
Metals analyses were performed on both filtered and unfiltered samples to
determine the dissolved metals contribution to the total metals con-

centrations.

1.2 East Area Site Descriptions

Carswell AFB is located approximately six miles west of the center
of Fort Worth in Tarrant County, Texas (Figure 1-1). This report focuses on
four of the previously investigated IRP sites located in the East Area of the

base (Figure 1-2).

The East Area includes six discrete sites that were identified as
potential sources of contaminants in previous IRP studies (Figure 1-3). They
are:

. Site LFOl (previously Site 1) - Landfill 1;

. Site SD10 (previously Site 13)

8

Flightline Drainage Ditch;

. Site OT12 (previously Site 15)

Entomology Dry Well;

. Site SD13 (previously Site 16) Unnamed Stream and Abandoned

Gasoline Station;

. Site STl4 (previously Site 17) POL Tank Farm; and

. Site BSS - Base Service Station.
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Data obtained in the earlier IRP investigations were sufficient to prepare a
Decision Document identifying the recommended remedial action for Site SD10;
and for Carswell AFB personnel to take over additional site characterization
activities (soil sampling and analysis) prior to planned construction at Site
OT12. Additional Stage 2 activities were undertaken at Sites LFOl, SD13,
STl4, and BSS only. 1In the following subsections, these sites are described
in terms of their physical features and historical uses. The descriptions of
these sites and the wastes reportedly disposed of or released from each are

taken mainly from the Phase I Records Search (CH2M Hill, 1984).

1.2.1 Site LFOl - Landfill 1

Landfill 1 is, reportedly, the original base landfill and was oper-
ated during the 1940s. The site is located adjacent to the Trinity River
levee at the current location of the Defense Reutilization and Marketing
Office (DRMO) storage yard. Due to its age, no records were found concerning
past waste disposal practices. However, analytical data obtained in the IRP
studies suggest that solvent and metals-bearing wastes may have been among the

landfilled wastes.

1.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 consists of two areas: a paved lot near an abandoned
gasoline station located west of the former Entomology Dry Well (Site 0T12),
and the Unnamed Stream itself. The paved lot was investigated because past
operatibn of the abandoned gasoline station might have resulted in petroleum
products being released to the environment. The only remnant of the former
gasoline station is a concrete island where the pumps were situated. Surface
runoff from the paved lot is to the south and east. The Unnamed Stream is a
small tributary of Farmers Branch that emerges from an underground oil/water
separator (Facility 38). The stream and the separator are located south of
the new communications building (No. 1337) and immediately south of the fenced
civil engineering storage yard. The oil/water separator is connected to a
french underdrain system which was reportedly built in 1965 to intercept

hydrocarbon products leaking from the POL Tank Farm into sewer pipes. Unnamed
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Stream is perennial, receiving flow from ground water entering the french

drain and separator.

1.2.3 Site ST14 - POL Tank Farm

The POL Tank Farm is located along Knights Lake Road, near the
Carswell AFB main gate. The site is occupied by two above ground fuel storége
tanks. Three additional tanks were formerly located at this site, but have
been dismantled. During the early 1960s, fuel was discovered in the ground at
and downgradient of the site. A french drain system was installed in the
downgradient area to collect the released fuel. The french drain discharged
through the oil/water separator at Site SD13 (Section 1.2.2). At that time,
the leaking underground pipes were reportedly located and replaced. No other
fuel releases were reported after 1965, but the french drain system continues
to collect petroleum wastes, and free floating product was present in one site

monitor well during the 1990 IRP field effort.

1.2.4 Site BSS - Base Service Station

The Base Service Station is located on the northwest corner of
Rogner Drive and Jennings Drive. Gasoline is stored in four 10,000-gallon,
fiberglass reinforced plastic underground tanks located north of the pump
islands. Surface drainage from Site BSS flows to culverts adjacent to Rogner
Drive. The Base Service Station has been in operation for less than 20 years.
It was constructed to replace the service station which was fofﬁerly located
at Site SD13 (Section 1.2.2). The main contaminants identified with Site BSS
are petroleum fuel and fuel derivatives. A Decision Document for remediation
of this site was prepared (Radian, 1990), but collection and analysis of
another round of ground-water samples from existing site monitor wells was

authorized by the Air Force to supplement available data.

1.3 Summary of Previous East Area Investigations

Sites LF01l, SD13, and STl4 were included in two separate IRP Phase

II investigative efforts; the Stage 1 Preliminary Assessment (PA) and the
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Stage 2 Site Inspection (SI). Site BSS, the Base Service Station, was not
identified in the IRP Records Search as a potential contaminant source and was
first investigated in the Stage 2 effort conducted by Radian in 1987-88 at the
request of the Air Force. The existence of environmental contaminants
associated with each of these sites was documented; however, additional
information to define or verify the extent of contamination, and the nature
and magnitude of contaminants at these sites was recommended. Radian per-

formed the second episode of Stage 2 activities in March through June, 1990.

The East Area is located on land that gently slopes eastward to the
West Fork of the Trinity River and southward to Farmers Branch. Surface
elevations range from 595 feet above mean sea level (MSL) west of the POL Tank
Farm (Site ST14) to 560 feet MSL on the flood plain above the Trinity River.
No abrupt elevation changes occur within this area except close to the Trinity

River and Farmers Branch.

In general, the geologic settings of the.Flightline Area and the
East Area are similar. The geology of the East Area consists of a thin veneer
of alluvial material (Upper Zone) overlying the Goodland Limestone and Walnut
Formation. The alluvium consists of clay, sand, and gravel. The Goodland and
Walnut Formations contain fresh and weathered limestone, and shale. Together
these units form a basal confining unit to the Upper Zone. No wells were
drilled in the East Area that penetrated through the Goodland/Walnut For-

mations to the underlying Paluxy Formation.

The Upper Zone in the East Area generally consists of 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 shallowest bedrock, the Goodland Formation, is usually
encountered from 7 to 20 feet below ground level (bgl) in the East Area. 1In
general, the depth to the Goodland decreases as the Trinity River is ap-

proached.

Upper Zone ground water in the East Area generally occurs at depths
ranging from 7 to 23 feet bgl. Upper Zone ground-water flow is either east,

toward the Trinity River, or south, toward Farmers Branch. The local direc-
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tion of ground-water flow in the Upper Zone is apparently controlled by the
elevation of the upper surface of the Goodland Limestone. This observation is
consistent with the finding from the Flightline Area, where ground water in
the Upper Zone also flows along the top of the Goodland Limestone. No
information on the nature of the Paluxy Aquifer in the East Area is available

because drilling activities in this area were confined to the Upper Zome.

The following paragraphs summarize, on a site-by-site basis, the
major findings of activities previously performed throughout the IRP relative
to the nature and extent of contamination at Sites LF0l, SD13, ST1l4, and BSS.
All field and analytical data from preceding investigations are contained in
the Phase I Records Search (CH2M Hill, 1984), Phase Il Stage 1 report (Radian,
1986), and Final Draft Phase II Stage 2 RI/FS report (Radian, 1989).

1.3.1 Site LF0l - Landfill 1

) Landfill 1 is located on a gently sloping terrace immediately west
of the West Fork of the Trinity River. Surface elevations range from ap-
proximately 567 feet above mean sea level (MSL) near the west boundary of the

DRMO yard to 560 feet MSL on the levee above the river.

Prior to the current study, six Upper Zone monitor wells (four in
Stage 1 and two in Stage 2) were installed at Site LFO0l (Figure 1-4).
Electromagnetic profiling and an earth resistivity survey (vertical electrical
soundings) were also performed during Stage 1. The Upper Zone deposits
encountered during drilling were somewhat different than those encountered
elsewhere in the East Area. The material beneath Site LFOl consists entirely
of fill, clay, and sandy clay. The sand and gravel layers penetrated in other
East Area wells and borings are absent beneath the DRMO. The large amount of
fill material (asphalt, concrete, tar, wood chips) encountered beneath the
DRMO indicates that the area has been extensively modified by human activ-

ities.
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The surface of the underlying Goodland Limestone dips relatively
steeply to the east beneath the site, reflecting channel cutting and erosion
of the limestone by the West Fork of the Trinity River. The land surface
elevation does not dip eastward as steeply as the limestone; therefore, the
thicknesses of alluvium in the easternmost wells (LF0l-1E and LF01-1F) are

greater than in other wells in the East Area.

The depth to Upper Zone ground water at Site LFOl ranges from about
5 feet at the upgradient location to about 20 feet bgl at the downgradient
locations. The Upper Zone water table tends to reflect the surface of the
Goodland Limestone because the ground water in the Upper Zone is confined
below by the Goodland Formation. Ground-water flow beneath the site is
eastward to northeastward, toward the West Fork of the Trinity River. An
average seepage velocity of approximately 0.6 feet per day was calculated from

slug test results of site wells.

Soil analytical results provided no evidence of waste material or
contamination by waste constituents. Very low levels of volatile organic
compounds (TCE, vinyl chloride) were detected in some ground-water samples.
However, their sporadic occurrence and low concentrations did not suggest the

existence of a defined ground-water contaminant plume.

Metals were detected in concentrations above their MCLs in some
unfiltered ground-water samples. However, no dissolved metals analyses were
performed prior to 1990. Total metals concentrations generally increased in

dowvngradient wells, suggesting the former landfill was their source.

1.3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 is located to the south and west of Site 0T12. It is
divided into two parts: the Unnamed Stream from the oil/water separator to
Farmers Branch, and the paved lot in the vicinity of an abandoned gasoline
station near Site OT12. The Stage 1 investigations near the Unnamed Stream
consisted of the collection of soil samples from three hand-augered borings

and of water samples from the oil/water separator and a point near the
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confluence of the Unnamed Stream and Farmers Branch. Investigations in the
paved lot included a geophysical survey and drilling of three soil borings
from each of which grab samples of ground water were collected and‘anaiyzed.
The Stage 2 investigation required collection of surface water samples from
the Unnamed Stream at four locations (Figure 1-5) that were resampled in the
1990 study.

Site SD13 is underlain by clay, sand, and gravel of alluvial origin
that rests on the southerly dipping surface of the Goodland Limestone. The
sand and gravel beneath the site are apparently laterally continuous, pro-
viding a permeable pathway for the movement of Upper Zone ground water on top
of the relatively impermeable limestone. Ground-water levels were estimated
during drilling of the Stage 1 soil borings at depths ranging from about 7 to
10 feet bgl, corresponding to elevations of approximately 558 to 560 feet MSL.
Based on these observations, ground-water flow is southward toward Farmers

Branch.

Past total metals concentrations detected in the surface water
samples from Site SD13 appeared to be related to discharge from the oil/water
separator. Metals were detected in the water sample collected from the
separator and in the soils downstream from the separator. However, the
analytical results provided little evidence of significant metals con-
tamination of surface water in Unnamed Stream. The adsorption of metals onto
the sediments of the Unnamed Stream is apparently an effective mechanism for
removing the metals from the stream water. The concentration distribution of
total metals detected in the surface water was consistent with the tendency

for metals to sorb onto sediments.

Surface water samples from Unnamed Stream contained benzene and
toluene, apparently derived from waste fuels. Concentrations of these
contaminants decreased with increasing distance downstream, probably due to
volatilization. On this basis it was concluded that natural seepage, if any,
entering the stream did not contribute significant contaminants and therefore
the oil/water separator is the primary source of the surface water con-

tamination.
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Grab samples of ground water collected in Stage 1 contained detec-
table concentrations of volatile aromatic compounds, probably derived from
fuels. Given the conditions near the site, the contaminants were inﬁerpreted
to be from one or both of the following sources: 1) a spill at the former
gasoline station or leakage from buried tanks associated with the station; or

2) leakage from the POL Tank Farm.

1.3.3 Site ST14 - POL Tank Farm

The land surface at Site STl4 is relatively flat, ranging from
about 580 to 572 feet MSL, west to east. Surface drainage is to the east-
southeast, with some drainage into the concrete-lined portion of the Flight-

line Drainage Ditch (Site SD10).

Prior to the current study, eight soil borings were drilled in and
around the site in Stage 1. 1In Stage 2, five Upper Zone monitor wells were

~installed and a soil gas survey was performed (Figure 1-6). -

Drilling on site indicated that the Upper Zone in the POL Tank Farm
area typically consists of approximately 10 feet of gray to tan clay, under-
lain by five to 10 feet of sand and gravel. Limonite staining, pebbles and
freshwater gastropod shells are common in the clay. The clay also frequently
had a hydrocarbon odor during drilling. The sand is gray, tan to brown, or
pink in color, and is generally fine-grained. Gravel ranges from pea size to

pebbles over an inch in diameter.

The depth to the Goodland Limestone beneath the POL Tank Farm
ranges from 16 to over 20 feet bgl. Where the elevation of the limestone is
known, it forms a fairly uniform, gently southwesterly-dipping, surface at

approximately 555 feet to 556 feet MSL.
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The depth to Upper Zone ground water at the site varies from
approximately 9.5 feet to 16 feet bgl, with corresponding elevations of 560 to
571 feet MSL. The ground-water surface slopes to the southeast, toward
Farmers Branch, and the average ground-water flow velocity, calculated from
slug test results is approximately 0.2 feet per day. Ground water in the

Upper Zone occurs under unconfined conditions.

The results of the soil gas survey conducted at the POL Tank Farm
and the pipeline/truck loading area east of the tanks during Stage 2 indicated
that two areas are underlain by hydrocarbon vapor plumes (Figure 1-7). The
largest plume encompassed an area approximately 100 feet wide and 300 feet
long underlying the vicinity of Tanks 1156 and 1157. A smaller plume was

present beneath the pipeline/truck terminal area.

Soil analytical results indicated that petroleum hydrocarbons are
the principal contaminant of concern. The distribution of hydrocarbon
contamination in soil resembled the occurrence of ground-water contaminants.
Drilling in the unsaturated portion of the Upper Zone deposits generally did
not yield materials with visible contamination, suggesting localized sources

of contamination and migration of contamination to the ground water.

Ground-water contaminants, principally volatile aromatic compounds
associated with petroleum products, occurred in two areas at Site STl4 that
partially correlated with the two soil vapor plumes. The extent of the

easternmost ground-water plume was not well defined.

1.3.4 Site BSS - Base Service Station

The Base Service Station is located on a gently sloping terrace on
the west side of the West Fork of the Trinity River. Elevations range from
approximately 567 feet MSL near the Base Service Station to 560 feet MSL just
east of the site. All previous work performed at Site BSS was accomplished
during Stage 2 and consisted of a soil gas survey, installation of three Upper

Zone monitor wells, and soll sampling from ome soil boring.
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The Upper Zone deposits encountered during drilling at the BSS site
are characteristic of the East Area in general. Bedrock was encountered
between depths of 6 to 12 feet bgl in all boreholes. The typicai Upﬁer Zone
sequence consists of 3 to 9 feet of clay and silt, underlain by a thin layer
of sand with minor gravel. Under the sand and gravel is the limestone of the
Goodland Formation. The shallow depth of the Goodland is consistent with the
overall geologic setting of the East Area. The surface of the Goodland
Limestone dips to the east beneath the site, with the dip of the bedrock being

slightly greater than the slope of the land surface.

The depth to water at the BSS site ranges from about 5 feet to just
over 11 feet bgl. The water table in the Upper Zone slopes to the east. The
ground-water gradient is fairly consistent with the slope of the underlying
bedrock surface. Ground-water flow is toward the West Fork of the Trinity

River.

Based on the results of the soil gas survey, two areas were under-
lain by hydrocarbon vapor plumes (Figure 1-8). The results showed that soil
vapor plumes were present just north of the station, extending from the
underground storage tanks to east of Rogner Drive, and also at the southern
end of the station. The largest plume encompassed an area approximately 100
feet wide and 200 feet long. The smaller plume at the south end of the
station was roughly 75 feet in diameter.

Contaminants detected in soils were petroleum hydrocarbons and a
variety of volatile organic compounds. However, the extent of soil con-
tamination appeared to be localized around boreholes BSS-A and BSS-B and no

off-site soil contamination was detected.
Ground-water contaminants were principally volatile aromatic com-

pounds associated with petroleum products and occurred mostly at well BSS-B,

located in close proximity to the underground storage tanks.
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Soil gas results and ground-water results correlated well for the
northernmost vapor plume, but there was a poor correlation for the vapor plume
that was centered on monitor well BSS-A. Although a soil gas plume was
detected at BSS-A, concentrations of organic contaminants in ground water were
low enough to be attributable to cross-contamination alone. Therefore, the

extent of ground-water contamination appeared to be localized around monitor
well BSS-B.

1.4 Report Organization

Following this Introduction, the field activities performed to
characterize the East Area sites are presented in Section 2. The techniques
and methodologies used to accomplish the field program for the comprehensive
Phase II scope of work are described in detail. Section 3 presents a gener-
alized description of the physical envirommental setting of the East Area
based on interpretation of d#ta from the current investigation and from
previous studies. As appropriate, notable site-specific features are also
described. The nature and extent of surface water and ground-water con-
tamination, determined from the most recent round of sampling and analysis
(May-June 1990) are discussed by site in Section 4, and Section 5 addresses
contaminant fate and transport. Section 6 outlines the risks to human health
and the environment associated with exposure to the contaminants present in
the East Area, and presents the Defense Priority Model (DPM) site ranking
results. Section 7 summarizes the major findings of the RI and presents the
conclusions regarding data limitations and recommendations for additional

activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Numerous field techniques and analytical methods were used to
characterize environmental conditions in the East Area of Carswell AFB during
the Phase II IRP effort. The following subsections describe the techniques
for drilling and soil sampling (including analytical methods, holding times,
and collection and preservation requirements), the methods for conducting
geophysical surveys, the methods and specifications for well construction and
devélopment, the techniques for collecting water samples (including analytical
methods, holding times, and collection and preservation requirements), the
single well aquifer (slug) test method used to estimate aquifer properties,

and surveying requirements.

2.1 Drilling and Soil Sampling

All drilling in the East Area of Carswell AFB was accomplished
using the hollow-stem auger (HSA) method. The HSA drilling technique was
selected based on the shallow anticipated depth of completion, and the
expected geologic conditions. After each borehole was completed, the drilling
rig, auger flights, and equipment were decontaminated with a high temperature,
high pressure steam-sprayer using base potable water. Cuttings suspected of
being contaminated on the basis of visual evidence and organic vapor analyzer
(OVA) or photoionization detector (HNu) readings were placed in steel 55-
gallon drums. Selected samples of cuttings were collected and submitted for

analysis of EP Toxicity.

A Mobile Drill B-61 or a CME-75 hollow-stem auger drilling rig was
used to perform shallow soil borings and installation of the Upper Zone
monitor wells. The hollow-stem auger method allows for recovery of relatively
undisturbed subsurface soil cores, determination of subsurface lithologies and
structures, and accurate identification of the position of the water table.
The boreholes were drilled dry; no drilling fluids or additives were used.
Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5-foot continuous core sampler.
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The soil samples were described in terms of lithology, moisture
content and any evidence of contamination. Lithologic logs of boreholes
drilled during the most recent (1990) field activities are provided iﬁ
Appendix A. Photographs of selected soil cores showing lithologic charac-

teristics were also taken.

Selected samples were shipped on ice to Radian's laboratory for
chemical analysis. Analytical parameters for soil samples are listed in Table
2-1. No soil'samples were collected for chemical analysis in the Stage 2

effort performed in 1990.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and
lateral extent of waste-disposal activities, to provide a preliminary assess-
ment of the subsurface conditions around the sites, and to investigate the
.potential existence of buried objects at several locations. All geophysical

tasks at the East Area sites were performed during Phase II Stage 1.

All survey grids were laid out using a compass and measuring chain.
Stations were marked with labelled pin flags or spray paint. The geophysical
techniques employed in the East Area characterization efforts were earth
resistivity (Site LF0l), magnetic and magnetic gradient (Site SD13), and fixed
frequency electromagnetic profiling (EMP) conductivity (Site LF0l). The iérth
Technology Corporation of Golden, Colorado performed the geophysical surveys.
Following are brief descriptions of the various geophysical techniques used to

characterize the East Area sites included in this report.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schlumberger
soundings (vertical electrical soundings - VES) at Site LF0l (Landfill 1).
The Bison Model 2350 Earth Resistivity meter was utilized for the VES measure-

ments. Current electrode separations used were (in meters): 1, 2, 3, 4, 6,
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10, 14, 20, 30, 40, and 50 (1 meter equals 3.28 feet). The sounding data were
processed using the ABEM VES iteration process to obtain a best fit curve and
were plotted logarithmically as resistivity in ohm-meters versus half the
current electrode separation in meters. The plot also includes the layered
earth model giving the best match. At most VES sites, orthogonal electrode
arrays were used to test for distortions of the data due to lateral inhomoge-

neities in the ground.

2.2.2 Electromagnetic Surveys

An electromagnetic profiling (EMP) survey was conducted at Site
LFOl (Landfill 1) using two devices: the Geonics EM31 and the Geonics EM34-3
ground conductivity sensors. Both ground conductivity sensors are designed
for rapidly obtaining data over large areas. The meters employ magnetic
dipoles or magnetic induction loops for transmission and reception of low
frequency electromagnetic waves. The effective depth of investigation of the
(EM31 is six meters; the depth of investigation provided by the EM34-3 depends
on the coil separation and orientation, applied frequency, and to some extent,
the conductivity profile of the subsurface. The techniques and conditions at
Carswell AFB resulted in an effective investigation depth of 15 meters (50

feet) with the EM34-3. The resulting data were reported in units of

millimhos/meter.
2.2.3 Magnetometer Surveys

The magnetometer survey at Site SD13 was accomplished using an EDA
PPM500 proton magnetometer. The magnetometer survey was performed because the
overburden at Carswell has a low magnetic susceptibility and buried metallic
objects would create a noticeable magnetic anomaly. Readings of the total
field and magnetic gradient were taken at each location. The units for these
readings are gammas and gammas per one-half meter (1.64 feet), respectively.
The magnetometer survey of Site SD13 was performed to determine the locations
of buried tanks reportedly existing at the site in the vicinity of the former

base service station.
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2.3 Monitor Well Construction and Development

During the Phase II activities in the East Area, a total of 22
Upper Zone monitor wells were installed. The construction specifications and

well development procedures are described in the following sectioms.
2.3.1 Monitor Well Comstruction

Upper Zone monitor wells were installed either immediately after
completion of the drilling operations or after the borehole produced enough
water to warrant a well. Construction specifications for the Upper Zomne
monitor wells are presented in Table 2-2. Well completion summaries for East
Area monitor wells completed in the most recent (1990) investigation are
provided in Appendix B. Construction methods were generally consistent with
the specifications- provided in the SOW. Any changes necessitated by unan-
ticipated field conditions were made with the knowledge and approval of the
.HSD/YAQ Technical Program Manager. Decisions regarding the setting of the
screen and casing, length of screen, amount of sand pack and bentonite were
made in the field by the Radian Supervising Geologist based on the static
water level and saturated thickness of Upper Zone sediments. Monitor wells

were installed using the following procedures:

1. Prior to installation, the casing and screen sections were
thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.

2. Screen and casing sections were assembled, then lowered care-
fully into the borehole. As the string of screen and casing
was lowered, additional sections of casing were added until
the bottom of the screen reached the bottom of the borehole.
The top of the casing was capped to prevent any completion
materials (sand, bentonite pellets, and grout) from entering

the casing during well construction activities.




TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
EAST AREA, CARSWELL AFB, TEXAS

Casing: Two-inch diameter, threaded and flush jointed, Schedule 40 FPVC.

Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.

Sand/gravel pack: Washed and bagged, rounded sand/gravel with grain
size compatible with screen slot and formation (Coarse, No. 8-20). A
sand pack was placed from the bottom of the borehole to two to five feet
above the top of the well screen. Sand was placed at a controlled rate
to avoid bridging within the auger.

Bentonite seal: Two feet (minimum) of pelletized bentonite placed above
the sand pack.

Grout: Type II Portland cement grout poured into the annular space from
the top of the bentonite seal to land surface. A grout mixture
consisting of approximately four pounds of bentonite to 94 pounds of
cement was used. The grout was allowed to set for at least 24 hours
before any well development activities.

Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in cement and surrounded by a concrete
pad. A locking cap is incorporated in the well cover. Steel guard
posts were installed as described in (8) below. The steel well
protector and steel guard posts were painted for corrosion control and
visibility.

Alternate flush completion: PVC casing cut off two to three inches
below land surface, with a cast-iron valve box cemented in place. To
prevent any surface water infiltration, the valve box is slightly
elevated above land surface and the surrounding concrete is sloped away
from the well. The lid to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).
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3. Clean silica sand (Coarse, No. 8-20) was poured carefully
inside the annular space as the augers were slowly withdrawn
from the borehole. The sand pack was regularly measured by
the supervising geologist until the level of the sand was at

least 2 feet above the top of the screen. Bentonite pellets

were placed above the sand to form a 2-foot thick seal (min-
imum). If necessary, water bailed from the borehole was

poured down the annular space to hydrate the bentonite.

4, Neat cement grout containing approximately four percent ben-
tonite was either emplaced through the augers as they were
withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

5. After completion of grouting, the casing was cut two to three
feet above land surface and a protective 4- to 6-inch diameter
steel casing protector with a lockable 1lid was cemented into
place and surrounded by a concrete pad. Three steel guard
posts were then placed around the well. If above-ground
stickups were of concern in an area, the well was completed
flush with the land surface. For flush completions, the lid

to the valve box was secured with allen bolts.

After all wells were completed, well locations and elevations were
professionally surveyed. Table 2-3 presents the elevations of the ground
surface, the wellhead, and the screened interval of the Upper Zone monitor

wells in the East Area.

2.3.2 Well Development
After allowing the cement grout to set-up for a minimum of 24

hours, monitor wells were developed by either bailing using a bottom-entry

bailer or pumping with a Triloc® hand pump (1.7-inch diameter).
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Water levels in some of the monitor wells recovered slowly and the
wells were bailed dry several times. Other wells produced sufficient water

and were developed in a single effort, without a recovery period. Development

was considered complete when the water in the well was free of sediment to the

greatest extent possible. The pH, temperature, and conductivity of the

development discharge water were measured and recorded at frequent intervals.
The ground water removed from the wells was placed in steel 55-gallon drums,

sealed and appropriately labeled, based on field observations. Well develop-
ment logs for the monitor wells installed in the East Area in 1990 are

provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the
East Area. The following subsections describe the sampling techniques and
methodologies for the various water samples collected during IRP Phase II
investigations. Ground-Water and Surface Water Quality Sampling Records for
the most recent (1990) round of Stage 2 sampling, including measurements of
PH, conductivity, and temperature; and information such as volumes of water

purged prior to sampling are provided in Appendix D.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in clean sample
containers to minimize sample handling (and possible cross-contamination).
The samples were collected approximately six inches below the water surface,
or half-way between the water surface and the bed of the stream if the stream
was not six inches deep. During the 1990 field activities, surface water
samples were collected from the East Area at four previously sampled locations
on Unnamed Stream (Site SD13). Additionally, estimates of flow volume were

made at each surface water sample location at the time of sample collection.

Specific conductance, pH and temperature were measured on an
aliquot of each sample. Specific conductance and pH were measured with a

DSPH-1 meter and the temperature was taken with a mercury thermometer.
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Alkalinity measurements were made in the field using a Hach Alkalinity Test
Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-
ments, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and
the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KC1l conductivity standard solution.

2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of
the monitor wells with an Olympic Actat water level meter, and were recorded
in a field notebook or on appropriaté IRPIMS data collection forms. Measure-
ments were taken from the surveyed mark point at the top of the casing, and
read to the nearest 0.0l-foot. Between measurements, the probe and associated
electrical line were washed with laboratory grade detergent, rinsed with
potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of
water were bailed from the well using a bottom-entry Teflon™ bailer attached
to a nylon monofilament line. This procedure ensured that representative
formation water was collected. Purged water was placed in 55-gallon drums for
final disposal pending the outcome of chemical analyses (provided to the Base
Environmental Coordinator). Between wells, all equipment used for bailing
operations was cleaned with laboratory grade detergent (Alconox), rinsed with
potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-
grade methanol, and finally pesticide-grade hexane. The equipment was allowed
to air dry completely before reuse. The nylon line was replaced between

wells.

Specific conductance, pH, temperature, and alkalinity were deter-
mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

After each well was purged of the required volume of water, ground-

water samples were collected using a Teflon™ bailer. After collection,
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samples were placed into prelabeled sample bottles and preserved according to
the requirements listed in Table 2-4. Ground-water samples for dissolved
metals were filtered in the field. Samples were placed in ice chests with ice
and were shipped for overnight delivery to Radian’s laboratories in Sacramen-
to, Californmia, or Austin, Texas; or were hand delivered to the laboratory in
Austin. To ensure that sample integrity was maintained during shipping and
handling, custody seals were affixed to each ice chest and chain-of-custody

forms were completed and transmitted with the samples to each laboratory.

2.5 Aquifer Testing

Single-well in situ permeability aquifer tests (i.e., slug tests)
were performed on selected wells to determine the hydraulic properties of the
Upper Zone Aquifer in the East Area. Following is a discussion of the slug

test method.

2.5.1 ‘Slug Tests

Slug tests were performed in six monitor wells (LF0l-1D, LFOl-1F,
ST14-17J, ST14-17K, ST14-17L, and ST14-17M) in the East Area, and results were
used to calculate the hydraulic conductivity of the Upper Zone Aquifer. The

wells selected for slug testing represent a range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when
a "slug" (known volume) of water is instantaneously removed or added.
Typically, the response of the water level in a moderately permeable for-
mation, such as the Upper Zone at Carswell AFB, is quite rapid. By deter-
mining the behavior of the water level in the well in response to the stress
of the slug,” the hydraulic conductivity of the aquifer material directly
adjacent to the well screen can be calculated. To perform these calculations,
the geometry of the well, aquifer boundary conditions, and initial water level
must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).
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The first step of the slug test was to measure the static water
level in the well. Next, a known volume of water was removed by bailing and
segregated for use as the slug. After the desired volume of water was removed
from the well, a pressure transducer and attached cable were lowered into the
well and suspended at a point just above the bottom of the well screen. The
pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic
data logger, capable of measuring and recording pressure changes on a log-
arithmic frequency, beginning every 0.2 seconds in the first few seconds of
the test. Before introducing the slug, the water level in the well was
allowed to return to static conditions. Then, as the slug was rapidly poured
in the well, the data recorder was activated to measure the response of the
water level. At least two slug tests were performed on each well tested to

determine the reproducibility of the results.

2.6 Surveving

Land surveying activities were conducted by Brittain & Crawford,
'Inc., Registered Land Surveyors, of Fort Worth, Texas. These activities
consisted of measurements of the horizontal location of wells, boreholes,
hand-auger holes, and surface water sampling locations in terms of State Plane
Coordinates; and of measurements of reference point elevations to an accuracy
of + 0.01 foot. The survey was conducted to an accuracy needed for a second
order survey., All of the data were provided as values posted on a map, and in

tabular form (Appendix E).
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3.0 PHYSICAL CHARACTERISTICS OF THE EAST AREA

This section describes the physical characteristics of the East Area
with respect to local surface features, surface water bodies, geology, and
ground-water occurrence. The primary basis of this characterization is
interpretation of field and laboratory data obtained from the Installation
Restoration Program (IRP) at Carswell AFB, Texas. Radian maintains a database
containing all envirommental data from the East Area developed during the
Phase II Stage 2 field program at Carswell AFB. The data are managed using
the U.S. Air Force required Installation Restoration Program Information

Management System (IRPIMS) format.

Topography and Surface Features

The East Area is located on land that gently slopes eastward to the
West Fork of the Trinity River and southward to Farmers Branch. Elevations
range from 595 feet MSL west of the POL Tank Form (Site ST14) to 560 feet MSL
on the flood plain above the Trinity River and Farmers Branch. Figure 3-1
shows the location of the various surface features associated with the East
Area, including the location of the four sites where additional field ac-

tivities were conducted in 1990.

The Soils Conservation Service (SCS) has identified three soil
associations in the East Area of Carswell AFB (USDA, 1981). The clayey soils
of the Sanger-Purves-Slidell association occur in the western portion of the
East Area at Site STl4. Approaching the Trinity River, the Bastsil-Silawa
loamy soils are prevalent in the nearly level to sloping stream terrace
sections found at Sites SD13 and the Base Service Station (Site BSS), while
the Frio-Trinity association of clayey soil occurs in the nearly level flood
plain environment in the easternmost portion of Site LFOl. The permeability

of the surficial soils ranges from <4.2 x 107 to 3 x 1073 cm/sec.
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Surface Water

The main surface water bodies in the East Area are the West Fork of
the Trinity River, Farmers Branch, and the Unnamed Stream at Site SD13 (Figure
3-1). Surface drainage at Sites LFOl and BSS is toward the Trinity River,

with drainage at Sites ST14 and SD13 being mainly toward Farmers Branch.

Water in the Unnamed Stream emerges from an oil/water separator.
Water enters the separator from a french drain which was installed to aid the
removal of fuels from the ground at the POL Tank Farm (Site ST14) and/or at
the abandoned gasoline station at Site SD13. Whatever the source, the Unnamed

Stream is a perennial stream feeding into Farmers Branch.

Four locations on the Unnamed Stream were sampled during the 1990
field activities. Orange-colored foam and a rusty film were noted on the
surface of the water at the time of sampling. Discharge from the Unnamed
Stream to Farmers Branch occurs through a 1-foot diameter concrete pipe. The.
discharge rate of the stream to Farmers Branch was estimated at 0.2 cubic feet

per second (cfs) during the May 1990 water sampling.

Estimates of flow in Farmers Branch were made in April 1990 and
averaged 6.0 cfs. However, observed flow in Farmers Branch has been extremely
variable, with Spring 1990 flow estimates ranging from <5 to >100 cfs, the
highest flows being observed after a period of heavy rains. Farmers Branch
flows over limestone bedrock at Carswell AFB. Synoptic water-level measure-
ments in monitor wells and in Farmers Branch at a staff gauge located upstream
of the East Area suggest the stream is receiving ground-water inflow from the

adjacent alluvial terrace deposits.

Geology

The major elements of the shallow geologic setting at the East Area
are illustrated in a series of cross-sections. Figure 3-2 shows the cross-
section locations. Generally, the geology of the East Area (Figures 3-3

through 3-6) consists of a thin veneer of alluvial material (Upper Zomne)
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overlying the Goodland Limestone. The alluvium consists of clay, sand, and
gravel. The Goodland Limestone contains fresh and weathered limestone, and
shale. No monitor wells were drilled in the East Area that penetrated through

the Goodland/Walnut Formations into the Paluxy Formation.

The Upper Zone in the East Area generally consists of 5 to 15 feet
of gray to black clay and clayey silt overlying 2 to 10 feet of fine-grained
sand and up to 5 feet of gravel. The clay is often sandy and occasionally
contains pebbles, freshwater gastropod shells, and gravel stringers. Limonite
stains occur in somé clay beds. Two types of sand occur in the alluvium and
are distinguished on the basis of their color. One sand is tan and the other
is light gray or green, with the gray/green sand typically overlying the tan
sand. Both sands are predominantly fine-grained, though medium-grained sand
is a common subsidiary constituent. The gravel ranges from 1/8-inch to over

l-inch in diameter. Sand is a common accessory in gravel layers, and clay is

sometimes present.

The continuity of the permeable sand and g}avel beds across the East
Area is shown on the geologic cross-sections (Figures 3-3 through 3-6). The
east-west dip oriented section A-A’ (Figure 3-3) shows that an approximately
5-foot thick sand/gravel layer reaches from the POL Tank Farm to close to
Farmers Branch. The other dip oriented section, B-B' (Figure 3-4), shows the
sand/ gravel layer pinching out before it reaches the West Fork of the Trinity
River. The strike oriented section C-C' (Figure 3-5), also shows a continuous
sand/gravel layer in the subsurface east of the POL Tank Farm. At Site LFOl
the strike-oriented section D-D’ (Figure 3-6) does not contain any sand and

gravel layers near the Trinity River.

The Goodland Formation in the East Area is usually encountered
between 7 and 20 feet, though it is deeper in some wells. In general, the
depth to the Goodland decreases as the Trinity River is approached (Figures
3-3 and 3-4). The exception to this trend occurs immediately adjacent to the
Trinity River, where the depths to the Goodland exceed 20 feet. The Goodland

in the East Area occurs as gray, hard limestone and as blue-gray, mottled

3-9




shale. A contour map of the elevation of the base of the Upper Zone is shown
in Figure 3-7. Most of the East Area occurs on a fairly level limestone
surface. However, the Goodland Formation is found at increasing depths within

400 feet of the Trinity River, as evidenced at Site LFO1 (Figure 3-6, Cross-

Section D-D’). 1In the southern part of the East Area, the top of the limes-

tone surface occurs at increasing depths in & southward direction, at a more
gentle slope, toward Farmers Branch. The observed slopes on the top of the
Goodland Formation are probably due to erosion of the Goodland by the respec-

tive streams.

Hydrogeology

Ground water was observed in the Upper Zone of the East Area during
drilling of soil borings and monitor wells. A synoptic water level survey was
conducted at Sites LFOl, ST14, SD13, and BSS on June 18, 1990. The depth to
ground water in the East Area ranged from é to 13.5 feet bgl. The elevation

of water in each well is shown in Table 3-1.

A potentiometric surface map for the Upper Zone of the East Area is
presented in Figure 3-8. The ground-water surface contour lines reveal
decreasing hydraulic heads from west to east, indicating ground-water flow
toward the Trinity River. The direction of ground-water flow in the Upper
Zone is apparently controlled principally by the elevation of the upper

surface of the Goodland Limestone.

No information on the nature of the Paluxy Aquifer in the East Area
is available because drilling activities in this area were confined to the

Upper Zone.

Hydraulic Conductivity of Upper Zone Deposits

The ability of the Upper Zone alluvial deposits to transmit ground

water was evaluated based on the results of the single-well aquifer tests
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TABLE 3-1. RESULTS OF EAST AREA UPPER ZONE SYNOPTIC WATER LEVEL SURVEY
CONDUCTED ON JUNE 18, 1990

Measuring Point Depth to Water Level
Location Elevation Water Elevation
ID Time (Ft, MsSL) (Fe) (Ft, MSL)
ST14-171 1054 578.19 11.41 566.78
ST14-17J 1035 579.79 11.81 567.98
ST14-17K 1057 575.34 10.38 564.96
ST14-17L 1041 577.27 11.17 566.10
ST14-17M 1047 574.28 10.90 563.38
ST14-01 1101 575.89 14.18 561.71
ST14-02 1104 575.64 12.47 563.17
ST14-03 1045 576.72 9.99 566.73
ST14-04 1107 575.74 12.93 562.81
.SD13-01 1115 573.24 13.19 560.05
SD13-02 1118 573.39 15.38 558.01
SD13-03 1120 571.54 12.11 559.43
SD13-04 1123 569.24 10.31 558.93
BSS-A 1136 566.38 5.47 560.91
BSS-B 1142 569.73 ' 9.81 559.92
BSS-C 1145 559.57 7.58 551.99
LFO01-1B 1204 560.25 12.38 547 .87
LFO0l1-1C 1159 560.00 13.14 546.86
LFO01-1D 1210 563.93 16.84 547 .09
LFO1-1E 1219 562.25 15.69 546 .56
LFO1-1F 1222 562.26 16.25 546.01
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(slug tests) performed as described in Section 2.5.1. A summary of East Area
hydrauliec conductivity values calculated from slug test results according to

the method of Bouwer and Rice (1976) is provided in Table 3-2.

A total of six slug tests were performed on East Area wells in April
1988. Calculated hydraulic conductivity values range 1 x 107> cm/sec at well
LFO1-1D to 1.2 x 107% cm/sec at well ST14-17L. These values are consistent
with the expected ranges of hydraulic conductivities for alluvial deposits

dominated by silt-sand-gravel mixtures.

3.1 Site LFO1l - Landfill 1

Site LFOl is located at the DRMO yard. The locations of the Upper
Zone monitor wells at this site are shown on Figure 3-9. The upgradient well,
LF01-1A, was formerly located in the southeast corner of the park bordering
the DRMO to the west. However, recent constructioﬁ activity in the vicinity
of Site LFOl resulted in the destruction and subsequent backfilling of this
monitor well. Boring logs show LFOl-1lA was the shallowest of the Site LFOl
wells, with the Goodland Limestone occurring only 7 feet below the surface.
Wells number LFOl-1B, LFOl-1lE, and LFOl-1F were not drilled to bedrock.
Monitor well LF0l-1C, located in the south yard, was completed upon reaching a
shale member of the Goodland Limestone at a depth of 33 feet. Well LFO1-1D,
located south of the DRMO compound encountered the Goodland Limestone at 23
feet. Wells LF0l-1B and LFO0l-1C were completed flush to the ground surface,
in meter boxes. Wells LFO0l-1A, LF0l1-1D, LF-01-1E, and LF0l-1F were completed

above ground.

3.1.1 Site Description

Topography

Site LFOl is located on a gently sloping terrace immediately west of

the West Fork of the Trinity River. Elevations range from approximately 567
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TABLE 3-2. SUMMARY OF UPPER ZONE HYDRAULIC CONDUCTIVITY VALUES,
EAST AREA, CARSWELL AFB, TEXAS (APRIL 1988)

Location Hydraulic Conductivity (cm/sec)
LFO1-1D 1.0 x 107
LF01-1F 1.4 x 1073
ST14-17J 6.1 x 107
ST14-17K 5.4 x 107
ST14-17L 1.2 x 1072
ST14-17M 2.5 x 107
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feet MSL outside the west boundary of the DRMO compound to approximately 560

feet MSL on the levee above the river.

Geology

The unconsolidated material beneath Site LFOl (Figure 3-6, Cross-
Section D-D’) is finer grained than elsewhere in the East Area, consisting
entirely of fill, clay, and sandy clay. The sand and gravel layers penetrated
in the other East Area wells and borings are absent beneath the DRMO. The
large amount of fill indicates that the area has been extensively modified by
human activities. This evidence, and considering that sand and gravel layers
pinch out in an easterly direction (Figures 3-4 and 3-6, Cross-Sections B-B'’
and D-D'), suggests that the Upper Zone materials at the DRMO are the result

of construction fill or rechanneling of the Trinity River.

The upper surface of the Goodland Limestone slopes downward rela-
tively steeply to the east beneath Site LFOl (Figure 3-10), reflecting channel
cutting and erosion of the limestone by the West Fork of the Trinity River.
The land surface elevation does not dip eastward as steeply as the limestone;
therefore, the lower elevation of the top of the Goodland at wells LFOl-1lE and
LFO1-1F accounts for the relatively greater thicknesses of alluvium at these

wells, compared to the other wells in the East Area.

Hvdrogeology

The depth to water in 1988 at Site LFOl ranged from about 5 feet bgl
at the upgradient well, LFOl-1lA, to a fairly consistent measurement of about
20 feet bgl at all other locations at Site LFOl. During the June 1990 water-
level survey, all of the Site LFOl monitor wells had water levels of 12 to 13

feet bgl. Because the upgradient monitor well (LFOl-1lA) was destroyed prior
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to the water-level survey, no measurement of the upgradient water level at the
site could be made. Although the June 1990 water levels are approximately 6
to 7 feet higher than those observed in February to March 1988, the con-
figuration of the water table is probably similar to that determined in 1988
(Figure 3-11). The closely spaced contours on the water table in the Landfill
1 area resemble the contour pattern on the surface of the Goodland Limestone.
This similarity in limestone and water table surfaces is expected because the
water in the Upper Zone flows along the top of the Goodland. Ground-water
flow beneath Site LF0l is eastward to northeastward, to the West Fork of the

Trinity River.

Based on the hydraulic conductivity values calculated from slug test
results at Landfill 1, and the hydraulic gradient of approximately 0.09 (from
Figure 3-11), the calculated average ground-water flow velocity at Landfill 1
is approximately 0.6 feet per day. This velocity represents an average
seepage velocity, as opposed to a particle velocity that would be considered
in contaminant transport evaluations. This estimate is derived from a

simplification of Darcy's Law:

where: v = average ground-water flow velocity,

P
[}

hydraulic conductivity of Upper Zone deposits,
(average 7 x 107" cm/sec or 2 feet/day)

hydraulic gradient (0.09) in the Upper Zone; and

e
]

¢ = estimated porosity of Upper Zone deposits

(assume 0.30)

3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 is located generally east of the POL Tank Farm and south
of Landfill 1 (see Figure 3-1). It is divided into two parts: the Unnamed

Stream from the oil/water separator to Farmers Branch, and the paved lot in
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the vicinity of an abandoned gasoline service station. The investigation at
Site SD13 performed in 1990 consisted of the collection of water samples from
the Unnamed Stream at four locations and the installation and subsequent water

sampling of four Upper Zone monitor wells (Figure 3-12).

Water in the Unnamed Stream emerges from an oil/water separator.
Water enters the separator from a french drain which was installed to aid in
the removal of fuels from the ground that were released from either the POL
Tank Farm (Site ST1l4) or the abandoned gasoline station. The Unnamed Stream

is a perennial stream feeding into Farmers Branch.

3.2.1 Site Description

Topography

The abandoned service station area at Site SD13 is fairly flat;
however, there is an approximately 15- to 20-foot difference in elevation
between the forﬁer service station and the Unnamed Stream. The four monitor
wells (SD13-01 through SD13-04) installed at the site are on the upper terrace
deposits, while the Unnamed Stream is located on the lower floodplain of

Farmers Branch.

Geology

Four ground-water monitor wells were installed at Site SD13 during
March 1990 (Figure 3-12). A coarsening downwards sequence was observed in
each of the well borings, with surficial clays coarsening to sands and gravels
with depth. A 2- to 5-foot layer of gravel was encountered in all four
borings, with the gravel resting directly on the weathered limestone surface

of the Goodland Formation.
The depth to the Goodland Formation at Site SD13 was between 10 and

15 feet bgl, and the top of the bedrock surface varied by less than 2 feet

across the abandoned service station area, showing a slight slope to the
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southwest or toward Farmers Branch. The elevation of the top of the Goodland

Formation is shown on Figure 3-7.

Hydrology

A synoptic water-level survey was conducted at Site SD13 on 18 June,
1990. The resulting potentiometric surface map is presented in Figure 3-13.
In general, the water table was 7 to 12 feet below land surface and the
saturated thickness of the Upper Zone Aquifer was 1 to 4 feet at the time of

the survey.

Figure 3-7 shows that the shallow ground-water flow deviates from
the configuration of the underlying bedrock surface. The bedrock surface
slopes generally to the southwest, while the shallow ground-water flow is to
the east-northeast (or toward the Trinity River). The Upper Zone hydraulic
gradient at Site SD13, as determined from the June 1990 potentiometric surface

map, is approximately 0.01 feet/foot.

3.3 Site ST14 - POL Tank Farm

The POL Tank Farm is located between Knights Lake Road and Haile
Drive, north of Hobby Shop Road. 1In addition to the five existing Upper Zone
monitor wells in and around the tank farm area, four monitor wells (ST14-01
through ST14-04) were installed during the 1990 field activities (Figure 3-
14). Caution was exercised in the drilling phase because of the presence of
underground fuel lines. All boring locations were approved by the Carswell

AFB Civil Engineering office before drilling began.

3.3.1 Site Description

Topography

The surface at Site ST1l4 is relatively flat, ranging from 580 feet

MSL west of the tank farm to 572 feet MSL at monitor well ST14-17M (east).
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Figure 3-14. Location of Monitor Wells at Site ST14, Carswell AFB, Texas
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Surface drainage is to the east-southeast, with some drainage into the

concrete-lined portion of the Flightline Drainage Ditch (Site SD10).

Geology

The Upper Zone in the POL Tank Farm area typically consists of
approximately 10 feet of gray to tan clay, underlain by another 5 to 10 feet
of sand and gravel. Gravel content increases with depth and usually rests
directly on the underlying bedrock (Goodland Formation) surface. The clay
often has minor limonite staining and contains pebbles and freshwater gas-
tropod shells. The sand is grayish-green or tan to brown in color, and is
generally fine-grained. Gravel ranges from pea size to pebbles over an inch

in diameter.

The depth to the Goodland Limestone beneath the POL Tank Farm area
ranges from 16 to over 20 feet bgl. The boreholes drilled for the four most
recently installed monitor wells (ST14-01 through ST14-04) all encountered the
Goodland Limestone at 16 to 18 feet bgl.

Hydrogeology

During the June 1990 synoptic water-level survey, the depth to water
at Site ST1l4 varied from approximately 8 to 16 feet bgl, with corresponding
water-level elevations ranging from 561 to 567 feet MSL. A potentiometric
surface map is presented in Figure 3-15. The water surface slopes primarily
to the southeast across Site ST1l4, toward Farmers Branch. Although the
ground-water equipotential lines do not have equidistant spacings across the
site, the average hydraulic gradient for the site is approximately 0.007

feet/foot.

Based on the hydraulic conductivity values calculated from slug test
results at the POL Tank Farm, an estimated porosity of Upper Zone sediments of
20 percent, and the hydraulic gradient of approximately 0.007 feet/foot, the

average ground-water flow velocity at the POL Tank Farm is calculated at
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approximately 0.3 feet per day. This velocity represents an average seepage

velocity.

3.3.2 Soil Gas Investigation

The results of a soil gas survey conducted in December 1987 at the
POL Tank Farm and the pipeline/truck loading area east of the tanks indicated
that some areas were underlain by hydrocarbon vapor plumes. Figure 3-16
illustrates the soil gas concentrations and those areas believed to be
underlain by vapor plumes. Using the 1,000 ppm total organic compound
concentration as a criterion for delineating contamination, the results show
that two soil vapor plumes exist at Site ST1l4., The largest plume encompasses
an area approximately 100 feet wide and 300 feet long underlying the areas in
the vicinity of Tanks 1156 and 1157. A smaller plume exists at the pipeline/
truck terminal area, centered on soil gas probe 29. This smaller plume is
located around monitor well ST14-17M, where viscous, black hydrocarbon product
was observed on the ground-water surface during the June 1990 sampling event,

and dissolved hydrocarbon constituents were detected in the water.

3.4 Site BSS - Base Service Station

The BSS (Base Service Station) site is located on the northeast
corner of the intersection of Jennings Drive and Rogner Drive, on the eastern
edge of the base. Previod; work performed at the BSS site consisted of a soil
gas survey, installation of three Upper Zone monitor wells, and soil sampling
from one soil boring. The recent field work (June 1990) included ground-water
sampling of the three monitor wells. The three monitor wells encountered
limestone between 10 and 12 feet below the surface and the soil boring within.
6 feet. Monitor well BSS-B was completed above ground, and wells BSS-A and
BSS-C were completed flush to the ground surface. The locations of the Upper
Zone monitor wells installed at the BSS site are shown in Figure 3-17, as well

as the location of two cross-sections constructed through the site.
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3.4.1 Site Description

Topographyvy

The BSS site is located on a gently sloping terrace on the west side
of the West Fork of the Trinity River. Elevations range from approximately
567 feet near the Base Service Station (Bldg. 1518) to 560 feet at monitor
well BSS-C.

Geology

The Upper Zone deposits encountered during drilling at the BSS site
are characteristic of the East Area in general. Cross-sections E-E’' and F-F'
(Figure 3-18) illustrate geologic features at the site. Because bedrock was
encountered within 12 feet of the surface in all boreholes drilled at the BSS
site, the sequences encountered are generally thin. There are typically 3 to
9 feet of clay and silt, underlain by a thin stratum of sand with minor
gravel. Under the sand and gravel is the limestone of the Goodland Formation,
which was encountered in all boreholes. The shallow depth of the Goodland is
consistent with the overall geologic setting of the East Area. Based on
observations from drilling at Site LFOl, the depth to the Goodland probably
increases abruptly toward the Trinity River. The surface of the Goodland
Limestone dips to the east beneath the BSS site (Figure 3-7), with the dip of

the bedrock being slightly greater than the slope of the Tand surface.

Hvdrogeology

The depth to water at Site BSS ranged from about 6 feet to just over
8 feet bgl during the June 1990 synoptic water-level survey. The water table
is contoured in Figure 3-8, sloping to the east. The water table gradient is
fairly consistent with the slope of the underlying bedrock surface. The
hydraulic gradient observed at this site indicates ground-water movement

toward the West Fork of the Trinity River.
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3.4.2 Soil Gas Investigation

The results of the December 1987 soil gas survey conducted at the
Base Service Station indicate that two areas are underlain by hydrocarbon
vapor plumes. Figure 3-19 shows the soil gas probe results and the two areas
interpreted as delineating the wvapor plumes. The gas chromatograph used for
the soil gas investigation had a maximum quantifiable organic vapor con-
centration of 1000 ppm. Since several probe locations had concentrations
exceeding 1000 ppm, this concentration was used as the criterion for total
organic compound plume delineation. The results of the investigation indicate
soil vapor plumes located just north of the station extending from the
underground storage tanks to east of Rogner Drive and also at the southern end
of the station. The largest plume was estimated to encompass an area
approximately 100 feet wide and 200 feet long. The smaller plume at the south

end of the station.was roughly 75 feet in diameter.
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 report (Radian, 1986) iden-
tified organic and metals contamination at several sites in the East Area.
Additional work was performed during Stage 2 (1987-88) to define the vertical
and lateral extent of contaminants in the East Area, and in addition, to
investigate other sites with the potential for subsurface contamination (e;g.,

Site BSS - Base Service Station).

The primary objective of the activities performed by Radian in 1990
was to further characterize the nature and extent of various contaminants in
the Upper Zone ground water beneath the East Area. Specifically, the goal was
to better define the upgradient and/or downgradient margins of ground-water
contaminant plumes, and to collect additional data necessary to support a

Feasibility Study (FS) for the East Area sites.

Four sites had additional work performed in 1990: Site LFOl
(Landfill 1), Site SD13 (Unnamed Stream and Abandoned Gasoline Station), Site
ST14 (POL Tank Farm), and Site BSS (Base Service Station). This discussion of
the nature and extent of contamination is limited to these sites, as no new
data were collected on other East Area sites since completion of the Final

Draft IRP Phase II Stage 2 RI/FS report (Radian, 1989).

Samples collected during the 1990 field program were analyzed for
various volatile organic compounds and metals species. Metals analyses were
performed on both filtered and unfiltered samples to evaluate concentrations
of both total and dissolved metals. In previous investigations, only the
total metal analyses were performed, which do not yield results that are
representative of the dissolved concentrations of metals in water. Evaluation
of ground-water and surface water impacts based solely on total metals
concentrations can lead to an erroneous conclusion of metals contamination if
the data are not supported by dissolved metals results. This is because
metals ions can be leached from suspended sediments present in unfiltered
samples when the samples are acidified (preserved). There is no means to

determine the magnitude of the metals contribution from this mechanism to the
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total metals concentration except by performing a dissolved metals analysis on

a corresponding filtered sample.

This issue is discussed by site in Section

4.3. Following is a summary of the quality assurance/quality control (QA/QC)

results for the most recent (1990) Carswell AFB ground-water sampling effort.

4.1 Summary of QA/QC

Carswell AFB ground water and surface water may be characterized by

the primary data set generated from samples collected during April and May

1990.

controlled analytical conditions.

QA/QC results indicate this primary data set was generated under

However, chemical concentrations should be

qualified when interpreting site conditions to incorporate uncertainty in

terms of both measurement error and environmental variability. Qualifications
to the data include:
. Laboratory blanks indicate a potential for false-positive

results due to laboratory contamination for the analytes

listed below.

Maximum concentrations found in laboratory

"blanks are presented with specific analytes.

EPA 601

EPA 325.3
SW6010

EPA 365.2
SW7421

tetrachloroethene
trichloroethene
chloride
aluminum
beryllium
copper

nickel

silver
strontium
vanadium

zinc
orthophosphate
lead

4-2

.17 ug/L,
-3 pg/L,

.5 mg/L,
.53 mg/L, .
.0023 mg/L,
.053 mg/L,
.021 mg/L,
.051 mg/L,
.0047 mg/L,
.025 mg/L,
.044 mg/L,
.012 mg/L,
.0099 mg/L.




. Field blanks indicated a potential for false-positive results
due to field contamination. Generally, field blanks contained
very low level concentrations for common organics and inor-
ganics. Natural sample results with values near laboratory
and field blank concentrations may therefore be considered
false-positive results, probably due to incomplete decon-

tamination of sampling equipment or airborne contamination.

. Variability due to environmental sources and measurement
imprecision may be greater than expected for specific
analytes. For instance, ICAP interference check samples
indicated an interference for iron that caused 25% variability
for check samples. Generally, measurement imprecision is
greatest for results near the detection limit. As expected,
relative variability (i.e., coefficient of variation (CV))
increases near detection limits even though absolute variab-

ility is very small.

4.2 East Area Chemical Analytical Results

Ground-water samples from 21 wells were collected for laboratory
analysis during April and May 1990. Four surface water samples were also
collected. All East Area wells are completed in the Upper Zone aquifer.
Figure 4-1 depicts the locations of all of the wells and surface water
locations sampled in the East Area. Each sample was submitted to Radian’s
laboratory for the analysis of required volatile organic and inorganic
constituents. Both organic and inorganic constituents in concentrations
exceeding EPA primary drinking water standards (Maximum Contaminant Levels, or
MCLs) were detected in the East Area in past sampling efforts. Table 4-1
lists the MCLs for those compounds for which analyses were performed in the

East Area.

Since the wastes and known contaminants vary from site to site, not

all samples were analyzed for the same suite of chemical constituents.
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TABLE 4-1. SUMMARY OF MCLs RELEVANT TO THE EAST AREA STUDY (1990),
CARSWELL AFB, TEXAS

Maximum Contaminant
Level (MCL)'

Final, Currently Final as of 1/30/91;
Analyte in Effect Effective Date - 7/30/92

Inorganics (mg/L)

Arsenic 0.05

Barium 1.0 2.0
Cadmium 0.01 0.005
Chromium 0.05 0.1
Fluoride 4.0 4.0
Lead 0.05

Mercury 0.002 0.002
Nitrate 10.0 10.0
Selenium 0.01 0.05
Silver 0.05

Organics L

1,2-Dichlorobenzene 600
1,2-Dichloroethane 5.0

1,2-Dichloropropane 5.0
1,1,1-Trichloroethane 200.0

1,1-Dichloroethene 7.0

1,2-Dichloroethane 5.0

1,4-Dichlorobenzene 75.0

cis-1,2-Dichloroethene 70
trans-1,2-Dichloroethene 100
Carbon Tetrachloride 5.0

Ethylbenzene 700
Tetrachloroethene 5.0
Toluene 1,000
Trichloroethene 5.0

Vinyl Chloride 2.0

Xylenes (total) 10,000
*References:

40 CFR 141.11.
Federal Register, Vol. 52, No. 130, July 8, 1987.

Federal Register, Vol. 56, No. 20, January 30, 1991.
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Therefore, the chemical analytical results of each site are most conveniently

discussed individually in the following subsections. An Informal Technical

Information Report (ITIR) with analytical summary tables, QA/QC data, sample

cross-reference tables and chain-of-custody forms for the recent ground-water

investigation at the East Area was provided to the U. S. Air Force HSD IRP

Program Office in September 1990.

4.2.1 Site LFOl - Landfill 1

Review of Available Data

Six Upper Zone monitor wells have been installed at the site
(Figure 4-2). Recently, monitor well LF0l-1A was destroyed during construc-
tion activities. 1In previous IRP investigations the principal ground-water
contaminants identified at Site LF0Ol were total metals, and to a lesser
extent, volatile organic compounds. In Stage 1, both total metals and
volatile organic compounds were identified at the site at concentrations below
MCLs. All volatile organic compounds identified were near instrument detec-
tion limit concentrations. Some soil samples, screened for oil and grease,
contained concentrations up to 50 milligrams per kilogram (mg/kg, or parts per

million).

All metals analyses performed in previous site investigations were
for total metals. 1In the Stage 2 investigation, several metals were detected
as total concentrations exceeding their MCLs in both rounds of sampling.
Selenium, arsenic, barium, cadmium, chromium, and lead were each detected
above their MCL in one or more samples. All of the metals identified were
detected in monitor wells LFO0l-1lE and LFOl-1F. Only chromium and cadmium were

detected in other wells.

Based on these data, no discrete metals contaminant plumes were
identified due to the limited number of wells and the varying distribution of

metals detected. However, because the metals identified in Stage 2 were
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generally found in higher concentrations in the downgradient wells (LFOl-1E
and LFOl-1F) relative to background concentrations, the source of the metals

was suspected to be Landfill 1.

Volatile organic compounds were detected in both rounds of ground-
water samples collected during Stage 2. Trichloroethene (TCE) and vinyl
chloride were detected in several wells at levels below their MCLs. No
definable volatile organics contaminant plume was identified beneath Site
LFOl, as the distribution of detected compounds was sporadic, and the detected
concentrations were very low. In the first round of sampling (February 1988),
oil and grease was detected in concentrations below 1 mg/L, but was below the
detection limit in all second round ground-water samples (April 1988). As a

result, oil and grease contamination was not considered significant.

East Area Study - 1990 Results

Table 4-2 lists the volatile organic and inorganic constituents for
which analyses were performed during the Spring 1990 sampling round at Site
LFOl. Table 4-3 presents a list of all volatile organic compounds whose
presence was confirmed by second column analysis, along with the con-
centrations detected and the detection limits. A summary of the inorganic
analytical results for all wells sampled at Site LFOl is presented in Table
4-4,

Results of Volatile Organic Compounds Analvses--Vinyl chloride,

cis-1,2-dichloroethene, and chlorobenzene were detected in ground-water
samples from Site LFOl (Table 4-3). Of these, only vinyl chloride was
detected in more than one well and at a concentration above 1 ug/L. The
detection limits for these compounds ranged from 0.20 to 0.25 ug/L. Conse-
quently, in each case where one of these compounds was detected, the con-
centration of the compound was at or below five times its detection limit. At

such levels, the concentrations are considered approximate.




TABLE 4-2. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER, SITE LFOl, CARSWELL AFB, TEXAS

Inorganic Parameters

Organic Parameters Metals Non-Metals
1,1,1-Trichloroethane Aluminum Chloride
1,1,2,2-Tetrachloroethane Antimony Fluoride
1,1,2-Trichloroethane Arsenic Nitrate as N
1,1-Dichloroethane Barium Orthophosphate
1,1-Dichloroethene Beryllium Sulfate
1,2-Dichlorobenzene Boron Total Dissolved
1,2-Dichloroethane Cadmium Solids
1,2-Dichloropropane Calcium

1,3-Dichlorobenzene Chromium

1l,4-Dichlorobenzene Cobalt

2-Chloroethylvinyl ether Copper

Bromodichloromethane Iron

Bromoform Lead

Bromomethane Magnesium

Carbon tetrachloride Manganese

Chlorobenzene Mercury

Chloroethane Molybdenum

Chloroform Nickel

Chloromethane Potassium

Dibromochloromethane Selenium

Methylene chloride Silicon

Tetrachloroethene Silver

Trichloroethene Sodium

Trichlorofluoromethane Strontium

Vinyl chloride Thallium

cis-1,2-Dichloroethene Vanadium

cis-1,3-Dichloropropene Zinc

trans-1,2-Dichloroethene
trans-1,3-Dichloropropene




TABLE 4-3. SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN UPPER ZONE
GROUND WATER,® SPRING 1990, SITE LFO1l, CARSWELL AFB, TEXAS

Concentration? Detection
Well No. Analyte (pg/L) Limit (uwg/L)
LFO1-1C Chlorobenzene 0.36 0.25
LF01-1C Vinyl Chloride 0.58 0.20
LFOl1-1C cis-1,2-Dichloroethene 0.27 0.20
LFOl-1F Vinyl Chloride 1.1 0.20
LFO1-1F cis-1,2-Dichloroethene 0.47 0.20

Notes:
A1l other analyzed organic compounds (Table 4-2) were non-detectable.

“Confirmed result by second column analysis.
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The highest concentration of vinyl chloride detected in the Spring,
1990 sampling event was 1.1 ug/L in monitor well LFOl-1F. Monitor well LFOl-
1C, the only other well in which vinyl chloride was detected, had a con-
centration of 0.58 pg/L. Vinyl chloride was also detected in monitor well
LF01-1C following the April 1988 sampling event at a concentration of less
than 1 pg/L. The significance of the volatile organic compounds identified at

LFOl is discussed in Section 4.3.1.

Results of Metals Analyses--No metals were detected above their
respective MCLs in the 1990 sampling event. However, all species but selenium
were present in detectable concentrations. The potential for metals con-

tamination at Site LFOl is discussed in Section 4.3.1.

4.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Review of Available Data

In the Phase I1 Stage 1 investigation of Site SD13, several surface
water samples and grab ground-water samples from three soil borings were
analyzed. The results of these analyses indicated the presence of metals, oil
and grease, and volatile organic compounds. The Stage 2 investigation focused
on surface water only. Analytical results from Stage 2 suggested low level
metals and volatile organic compounds contamination in the surface water. O0il
and grease was also detected at low levels in all samples. It was observed in
Stage 2 that contaminant concentrations decreased in a downstream direction,
suggesting material entering the upstream oil/water separator through the
french drain system as the principal contributor. The approximate locations
of the french drain and the oil water separator with respect to Site SD13 are

depicted in Figure 4-3.

Benzene and toluene were the most widespread volatile organic com-
pounds detected in the surface water samples analyzed during Stage 2, with

benzene detected in all samples collected in the first round of sampling. The
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highest concentration of benzene detected was 120 ug/L. Toluene was present
at concentrations up to 19 ug/L. No benzene was detected in the second round

of sampling during Stage 2.

East Area Study - 1990 Results

During this investigation, four monitoring wells were installed and
sampled, and four surface water samples were collected for analysis. The
locations of the wells and the surface water sampling points are shown on
Figure 4-3. Based on previous analytical results, ground-water and surface
water samples from Site SD13 were analyzed for the volatile aromatic compounds
and inorganic constituents listed in Table 4-5. Tables 4-6 and 4-7 present
summaries of the volatile organic compounds detected in ground-water and
surface water samples, respectively. Tables 4-8 and 4-9 summarize inorganic
analytical results for Site SD13 ground-water and surface water samples,

respectively.

Results of Volatile Organic Compounds Analyses--Volatile organic

compounds were detected in three wells and in all surface water samples
collected during the 1990 sampling event, but none of the concentrations
exceeded MCLs. Benzene was detected in only one well, SD13-01, at the sample
detection limit concentration of 2.0 ug/L. Consequently it should be treated
as an approximate value. Benzene was also detected in three of the four
surface water samples, but all concentrations were less than five times the
detection limit. The highest level of benzene detected in the surface water

samples was 0.31 ug/L.

Toluene was detected in two ground-water samples and in one surface
water sample. The maximum concentration of toluene occurred in monitor well
SD13-03 (59.0 ug/L). Other volatile organic compounds detected in ground-
water or surface water samples included chlorobenzene, 1,3-dichlorobenzene,
xylenes (total), 1,4-dichlorobenzene and ethylbenzene. The extent of the
volatile organic compounds present in ground water at Site SD13 is addressed

in Section 4.3.2.
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TABLE 4-5. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN

GROUND WATER AND SURFACE WATER, SITE SD13,

CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals

Non-Metals

1,2-Dichlorobenzene
1,3-Dichlorobenzene
l,4-Dichlorobenzene
Benzene
Chlorobenzene
Ethylbenzene
Toluene

Xylenes (Total)

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc

Chloride

Fluoride

Nitrate as N

Orthophosphate

Sulfate

Total Dissolved
Solids
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Results of Metals Analyses--No metals were detected in either the

unfiltered or the filtered ground-water samples in excess of MCLs (Table 4-6).
Metals were detected in all of the surface water samples collected. However,
only two surface water samples contained metals in excess of MCLs (SD13-S1 and
SD13-S2). The highest metals concentrations were detected in SD13-S1, the
farthest upstream sample (Figure 4-3). In this sample, total selenium was
detected at 30 mg/L, and total arsenic was detected at 0.086 mg/L. In sample
SD13-S2, total arsenic was detected at 0.052 mg/L and total lead was detected
at 0.066 mg/L. Both of these concentrations in SD13-S2 occurred in the unfil-
tered sample and are slightly above their respective MCLs. Arsenic, barium

and lead were detected in each of the SD13 surface water samples (Table 4-7).

Of the three metals species which exceeded their MCLs, only
selenium was detected above the MCL in the dissolved metals analysis. This
concentration was subsequently determined to be a reporting error and the
actual dissolved selenium concentration was below detection. The extent and
significance of metals in the surface water at Site S13 is discussed in

Section 4.3.2.

4.2.3 Site ST14 - POL Tank Farm

Review of Available Data

Grab water samples collected from soil borings at Site ST1l4 were
screened for Total Organic Carbon (TOC), oil and grease, and Total Organic
Halogens (TOX) in the Stage 1 investigation. All parameters were above
detection limits in one or more samples. 1In Stage 2, monitor wells were
installed and a soil gas survey was performed. A hydrocarbon odor was
noticeable during drilling. Analytical results indicated the presence of
metals and volatile aromatic compounds at the site. One of the principal
contaminants identified at the site was benzene, which was detected in a
ground-water sample from one well at a concentration of 11,000 pg/L. In
addition, arsenic, lead, barium, cadmium and chromium were all identified in

the total metals analyses at concentrations exceeding MCLs.




East Area Study - 1990 Results

Four new ground-water monitoring wells were installed in 1990. The
new and existing wells were sampled for the volatile aromatic compounds and
inorganic parameters listed in Table 4-10. Figure 4-4 depicts the location of
all of the sampled wells. Table 4-11 presents a summary of the volatile
organic compounds analytical results, and Table 4-12 summarizes the inorganic

analytical results for Site ST1l4.

Results of Volatile Organic Compounds Analyses--Several volatile

aromatic compoundé were detected at Site ST1l4. These included ethylbenzene,
benzene, chlorobenzene and total xylenes. Ethylbenzene was the most common,
being detected in six of the nine wells sampled, and having a maximum con-
centration of 35 ug/L in monitor well ST14-04. The next highest concentration
detected was less than 5 ug/L. The final MCL for ethylbenzene was promulgated
on 30 January 1991 and is 700 ug/L (Table 4-1); however, it will not be
effective until July 1992.

Benzene was detected in four of the nine wells sampled at Site
ST14. The MCL for benzene was exceeded in one well, ST14-17M. A concentra-
tion of 11,000 ug/L benzene was detected in this well during the first round
of sampling during the Stage 2 investigation; however, no benzene was detected
in the second round sample from this well. Other wells in.which benzene was
detected during the 1990 sampling event include ST14-17J (3.8 pg/L), ST14-03
(1.3 pg/L), ST14-17L (0.65 pg/L), and ST14-17K (0.50 ug/L). The interpreted
distribution of benzene and other volatile organic compounds detected in the

ground water below Site ST14 is discussed in Section 4.3.3.

Total xylenes and chlorobenzene were also detected at Site STl4.
Xylenes were detected in three wells, ST14-03, ST14-04 and ST1l4-17M. Xylenes
were also detected in the duplicate sample collected at monitor well ST14-17J.
The highest concentration of total xylenes was 300 ug/L in ST14-17M. As in
the case of ethylbenzene, the final MCL for total xylenes (10,000 ug/L) was
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TABLE 4-10. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER, SITE STl4, CARSWELL AFB, TEXAS

Inorganic Parameters

Organic Parameters Metals Non-Metals

1,2-Dichlorobenzene Aluminum Chloride
1,3-Dichlorobenzene Antimony Fluoride
1,4-Dichlorobenzene Arsenic Nitrate as N
Benzene Barium Orthophosphate
Chlorobenzene Beryllium Sulfate
Ethylbenzene Boron Total Dissolved
Toluene Cadmium Solids
Xylenes (Total) Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Molybdenum

Nickel

Potassium

Selenium

Silicon

Silver

Sodium

Strontium

Thallium

Vanadium

Zinc
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recently promulgated and is not currently in effect (Table 4-1). Chloroben-
zene was detected in only two monitor wells, at a maximum concentration of
38.0 pug/L (ST1l4-17M). The highest concentrations of benzene, chlorobenzene
and total xylenes were all found at monitor well ST14-17M. Over 2 feet of

free product was also present in this well during the 1990 sampling event.

Results of Metals Analyses--Numerous metal species were detected in
the ground water at Site STl4. However, only two metals were detected above
their MCLs. Lead exceeded the MCL in three wells, at a maximum concentration
of 0.69 mg/L (total lead). Total chromium exceeded its MCL in one well, with
a concentration of 0.066 mg/L. The MCL for both lead and chromium 1s 0.05
mg/L. Both total lead (AA analysis) and total chromium were detected above
their MCLs in monitor well ST14-04. However, total lead by ICPES analysis on

the same sample was below detection.

Monitor wells ST14-17M and STla-Oé were the other wells in which
lead was detected above the MCL. Dissolved lead was reported slightly above
its MCL in the AA analysis of the filtered sample collected from monitor well
ST14-02. However, the corresponding reported total concentration was below
the MCL; and both of the ICPES results (total and dissolved) were below the
detection limit of 0.05 mg/L. Only one other sample collected from any East
Area site (SD13-S1) had any dissolved metal concentration over the MCL. The

occurrence of lead at Site ST1l4 is discussed in Section 4.3.3 of this report.

4.2.4 Site BSS - Base Service Station

Review of Available Data

Metals and volatile aromatic compounds were identified as con-
taminants of concern during previous investigations at Site BSS. Total
concentrations of lead and chromium were detected in unfiltered samples from
each of the three wells at the site at levels above their MCLs. Total arsenic

also exceeded its MCL. Figure 4-5 shows the Site BSS monitor well locations.
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Benzene, ethylbenzene, toluene and xylenes were all detected at
Site BSS. Benzene, ethylbenzene and toluene were detected in monitor well
BSS-B in excess of their respective MCLs in both rounds of Stage 2 sampling.
Benzene was detected at 4,400 ug/L in the first round. Lower levels of all

three compounds (below MCLs) were also detected in the other two BSS wells.

East Area Studv - 1990 Results

Results of Volatile Organic Compounds Analyses--Site BSS was
sampled for the same suite of volatile aromatic compounds as Sites SD13 and
ST14. Table 4-13 lists the organic and inorganic parameters for which
analyses were performed. No volatile organic compounds were detected in
either BSS-A or BSS-C. The data appear to confirm the findings of Stage 2,
that volatile organic contamination at Site BSS is very localized, and is
centered around monitor well BSS-B. Table 4-14 summarizes the analytical

results for volatile organic compound at Site BSS.

Benzene, toluene and total xylenes were detected in the ground-
water sample collected from monitor well BSS-B, and each of these compounds
was detected above its MCL. Benzene was detected at 3,200 pug/L (similar té
the concentration detected in Stage 2). Toluene and total xylenes were
detected at 16,000 and 15,000 pug/L, respectively. Final MCLs for toluene and

total xylenes are not as yet in effect.

Results of Metals Analyses--Numerous metals species were identified

in the ground water from Site BSS wells (Table 4-15). Arsenic, barium, lead

and zinc were detected in all wells.

Total concentrations of lead, chromium and arsenic were detected
above their MCLs in unfiltered samples collected during Stage 2, however,
these nor any other metals were detected above their MCLs in any of the
filtered samples collected during the 1990 sampling event. Only one unfil-
tered sample (BSS-C) contained total cadmium in excess of its MCL, with a con-
centration of 0.011 ug/L. No dissolved cadmium was detected in the correspon-

ding filtered sample. The significance of these results with respect to
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TABLE 4-13. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED
IN GROUND WATER, BASE SERVICE STATION (SITE BSS),
CARSWELL AFB, TEXAS

Inorganic Parameters

Organic Parameters Metals Non-Metals

1,2-Dichlorobenzene Aluminum Chloride
1,3-Dichlorobenzene Antimony Fluoride
1,4-Dichlorobenzene Arsenic Nitrate as N
Benzene Barium Orthophosphate
Chlorobenzene Beryllium Sulfate
Ethylbenzene Boron Total Dissolved
Toluene Cadmium Solids
Xylenes (Total) Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Molybdenum

Nickel

Potassium

Selenium

Silicon

Silver

Sodium

Strontium

Thallium

Vanadium

Zinc
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potential metals contamination at Site BSS is discussed in Section 4.3.4.

Volatile organic compound contamination is also discussed in Section 4.3.4.

4.3 Extent of Contamination

The following subsections address the extent of Upper Zone ground-

water contamination at the East Area sites investigated in the 1990 study.

4.3.1 Site LFO1l - Landfill 1

Volatile organic compounds were detected in two wells at Site LFOl,
but the concentrations were below MCLs. Therefore these data are consistent
with previously obtained data and provide no basis for inferring the existence
of a ground-water contamination plume. Since metals were not detected in
excess of MCLs, the previously suspected metals contamination is not supported
by the most recent data. Although the high precipitation that occurred during
the 1990 effort may have resulted in some dilution of normally occurring waste
constituent concentrations in ground water, no coherent contaminant plume was

ever associated with Landfill 1.

4.3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Volatile organic compounds were detected in ground-water samples
from three wells and in each of the Unnamed Stream surface water samples, but
no MCLs were exceeded. Most of the confirmed concentrations of volatile
organic compounds were less than five times the detection limit and there are
no patterns of volatile organic compound occurrence with respect to either

well location or sampling events.

The most recent inorganic analytical results do not suggest metals
contamination of the Upper Zome ground water at SD13. As in the case of Site
LFOl, no metals were detected above MCLs in the 1990 sampling round; however,
the same uncertainty regarding the possible effects of high precipitation

applies.




Two surface water analyses showed that arsenic and lead exceeded
their respective MCLs, with arsenic exceeding the MCL in both samples. All
results above MCLs reflect total concentrations. A reported dissolved
selenium concentration above the MCL in one surface water sample is erroneous

and should have been reported as "ND."

4.3.3 Site ST14 - POL Tank Farm

Benzene, ethylbenzene, chlorobenzene, toluene and total xylenes
were detected in the ground water at Site STl4. Of these, ethylbenzene was
the most common. Benzene was the only volatile organic compound detected at a

concentration which exceeded its MCL.

During Stage 2, a contaminant plume map was prepared for total
volatile organic compounds at Site STl4 based on a soil gas investigation
conducted in the area. The contamination underlying Site STl4 and vicinity
appeared to be divided into two regions; the first associated with Tanks 1156
and 1157, and the second associated with the adjacent fuel loading facility.
Ground-water contaminant occurrence and concentrations of volatile organic
compounds corroborated the existence and the areal distribution of the plume
interpreted from the soil gas survey. Figure 4-6 depicts the volatile organic

plume map prepared for Stage 2.

Figure 4-7 depicts the probable extent of benzene contamination at
Site ST1l4, based on the most recent analytical data and the distribution of
soil gas determined in the Stage 2 survey. As in Stage 2, two separate ac-
cumulations of benzene are suggested. These plumes are roughly coincident
with the two plumes interpreted during Stage 2. Monitor well ST14-17M,
located at the center of the benzene plume beneath the fuel loading facility,
had the highest concentration of benzene (16.0 ug/L), and the only detected

concentration in excess of the MCL. Over two feet of free product was
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encountered in ST14-17M during the 1990 sampling event. The highest con-
centrations of chlorobenzene, toluene and total xylenes were also detected in

this well.

Figure 4-6 suggests that the maximum downgradient limit of the
benzene plume associated with the fuel loading facility may occur north of
monitor wells ST14-02 or ST14-04 where no benzene was detected. However, due
to the distance between these two wells and the uncertainty with regard to the
site-specific direction of ground-water flow, this interpretation is not
conclusive. The benzene plume associated with Tanks 1156 and 1157 is
adequately defined, as no benzene was detected in downgradient monitor wells
ST14-171 or ST14-17K. The well in which the maximum concentration of ethyl-
benzene was detected (35 pg/L) was ST14-04, the farthest downgradient well at

the site. No ethylbenzene was detected at monitor well ST14-17M.

Chromium was detected above its MCL in only one well at Site ST14,
and this concentration was measured in the total metals analysis. Lead was
detected above MCLs in three monitor well samples at STl4, but only one was in
the dissolved metals analysis and it is considered suspect (see discussion in

Section 4.2.3).

As previously discussed, total metals concentrations are not
completely representative of actual water quality. Therefore, a single
dissolved lead concentration above the MCL would not necessarily indicate
ground-water contamination, even if it were not suspect. However, if the most
recently obtained analytical results are abnormally low due to high precip-
itation, there is a low probability that a plume could exist. In this
scenario, the maximum downgradient extent of the postulated lead contamination
at Site ST1l4 might be delineated by adjacent Site SD13, where no monitor well

samples contained lead in excess of the MCL.

4.3.4 Site BSS - Base Service Station

Both volatile organic compounds and metals were identified at Site

BSS. 1In the Stage 2 investigation, the volatile organic compounds were
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detected primarily in monitor well BSS-B. In samples collected during the
Spring 1990 sampling event, volatile organic compounds were detected only in
monitor well BSS-B. Because of the localized nature of the volatile organic
contamination detected previously and in the 1990 study, the underground
storage tank adjacent to monitor well BSS-B is considered the most likely

source of the observed contamination.

Cadmium was detected above the MCL at 0.0l11 ug/L in monitor well
BSS-C in the total metals analysis. Cadmium was not detected in any adjacent
well, or in the filtered sample (dissolved metal fraction) from the same well.
Therefore, no ground-water contamination by cadmium at the site, barring
significant dilution effects due to high precipitation during the 1990

sampling event, is interpreted.




[This page intentionally left blank.]
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to discuss the migration and persis-
tence of contaminants in ground water and surface water of the East Area at
Carswell AFB. The contaminants discussed in this section are limited to those
volatile organic compounds and metals detected in concentrations exceeding MCL
values. Both total and dissolved metals concentrations were considered, even
though the possibility of significant metals contamination at any of the sites

is very remote, based on the 1990 analytical results.

Ground-water sampling and analysis conducted in the East Area
identified two areas of volatile organic contamination in Upper Zone ground
water. Lead and chromium were detected above the MCL in one or more ground-
water samples from the POL Tank Farm, but all but one lead analysis were for
total concentrations. Similarly, one sample from Site BSS had a total cadmium
concentration above the MCL. Total lead and total arsenic were also detected
above their MCLs in surface water samples from Unnamed Stream. Overall
concentrations of both volatile organic and inorganic constituents in ground-
water and surface water samples were generally lower than concentrations for
the same analytes in previous IRP studies. This trend may be the result of
natural attenuation, however, it should be noted that the weeks immediately
preceding the Spring 1990 sampling event were characterized by abnormally high
precipitation (and flooding). The resultant increase in infiltration and
recharge may have had the effect of diluting contaminants, resulting in lower

concentrations for detected constituents.

The following paragraphs summarize the persistence and migration of
the analytes detected above MCLs in the East Area. The fate of these constit-
uents is discussed below (Section 5.1). The primary pathways of migration

(transport) are discussed on a site by site basis in Section 5.2.

5.1 Fate of Main Constituents in the East Area

Benzene and lead were the principal ground-water constituents

occurring in excess of MCLs in the East Area sites. Total concentrations of
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arsenic and lead were also identified above MCLs in the surface water at Site
SD13. 1In general these constituents exhibit the following characteristics

relative to fate in ground-water and/or surface water systems:

. Benzene has a very high solubility in water, and is relatively
inactive chemically. Volatilization is the principal means of
removal of benzene from ground water, followed by slow biodeg-

radation.

. Lead may be removed from the ground water up to 100 percent by
the formation of organic complexes and other compounds with a
high affinity to adsorb onto soil grains and/or a low solubil-
ity coefficient. As such, lead will tend to accumulate in
near source soils. Lead in surface water may also be removed

through bioaccumulation.

. Arsenic has an extremely high chemical activity, and cycles
through the surface water system by sorption and desorption
from soil grains and the formation of various compounds and
complexes. Due to this high activity, little arsenic is
removed from the surface water by these processes. Arsenic

may be removed from surface water by biocaccumulation.

5.2 Contaminant Transport Pathways

Following is a site-by-site discussion of the various contaminants
found in the East Area and the transport mechanisms through the ground-water

and surface water systems.

5.2.1 Site ILFO1l - Landfill 1

Recent ground-water sampling results show very low levels (below
MCLs) of vinyl chloride and cis-1,2-dichloroethene (1,2-DCE) in wells LFOl-1C
and LFOl-1F. Ground-water sampling in 1988 also showed very low levels of

trichloroethene (TCE) and vinyl chloride.
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Since there is no historical record indicating usage of cis-1,2-
dichloroethene or vinyl chloride at Carswell AFB, the small quantities of
these compounds in ground water are likely the result of the chemical and

biological breakdown of TCE, which was detected in the 1988 study.

Although several metals were detected in the ground water at con-
centrations exceeding MCLs during the 1988 investigation, their occurrences
were sporadic and no plume could be defined (Radian, 1989). There were no
metals (dissolved or total) detected above MCLs in the 1990 sampling.

Conclusions

The low levels of volatile organic compounds in the Upper Zone
ground water would be expected to move downgradient to the east, toward the
Trinity River (Figure 3-11). Shallow ground-water flow near the Trinity River
will probably be discharged at the surface as broadly diffuse seepage that is
consumed by evapotranspiration. There is no visual evidence of seepage at the
land surface between Site LFOl and the river. Shallow ground-water flow will
not be downward to deeper aquiférs or laterally beyond thé Trinity River. Any
contaminants which reach the river via ground-water migration are subject to
dilution and movement with the surface flow downstream. Any VOCs present in
surface water will be subject to volatilization to the air. Since the
detected concentrations of volatile organic compounds are already (in most
cases) at levels less than five times their detection limits, it is unlikely
that these compounds would be detectable following their introduction into the
Trinity River. No metals (dissolved or total) were detected above MCLs at the

site.

5.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Shallow Ground Water--Laboratory analyses of ground-water samples

from the four monitor wells did not reveal volatile organic compounds ex-
ceeding MCLs. Toluene (12.0 pg/L) was found at monitor well SD13-0l1 but no
toluene was detected in monitor wells immediately hydraulically downgradient
(SD13-03 and -04). No MCL was exceeded by any metal in any of the shallow

ground-water samples collected in Spring 1990 at Site SD13.
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Unnamed Stream--Very low levels of several volatile aromatic

compounds were detected in the June 1990 sampling of the Unnamed Stream. The
highest detected concentration of benzene was 0.31 ug/L, which is slightly
above the detection limit (0.20 ug/L). Concentrations of aromatic compounds
detected in the 1990 sampling do not decrease significantly with distance
downstream. In contrast to these low levels, sampling and analyses of the
Unnamed Stream in 1988 revealed benzene concentrations ranging from 39 to 120
ug/L. Concentrations of dissolved lead and arsenic did not exceed MCLs in the
upper reach of the Unnamed Stream; however, concentrations of the total

species were above MCLs at the same locatioms.

Conclusions

Shallow Ground Water--Investigative activities conducted in 1985

revealed high levels of organic compounds in the ground water underlying the
paved lot, probably originating from petroleum hydrocarbons. However, based
on the 1990 volatile organic compound analytical results, the abandoned gaso-
line station does not appear to be contribﬁting appreciable organic‘con-
tamination to the shallow ground-water system. Any contaminants in the ground
water would be expected to move hydraulically downgradient, eventually
entering either the oil/water separator and Unnamed Stream or Farmers Branch
itself where the initially low concentrations would be further diluted. Still
more dilution of contaminants would result as Farmers Branch flows into the
West Fork of the Trinity River less than one-half mile from Site SD13. Any
VOCs entering Farmers Branch and the Trinity River would be subject to
volatilization to the air. No metals were detected above MCLs in the shallow

ground water at Site SD13.

Unnamed Stream--No volatile organic compounds were detected above

MCLs in the Unnamed Stream. The results of the laboratory analysis for
inorganic constituents suggest that metals in the Unnamed Stream are preferen-
tially adsorbed to sediments rather than occurring primarily dissolved in the
surface water. This mode of transport (i.e., adsorbed to sediment) would
result in slower migration of contaminants downstream than for the dissolved

phase, and would be slower than the actual surface water flow rate. As
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evidenced by the lower dissolved and total concentrations of arsenic and lead
in the downstream water samples, the metals apparently tend to accumulate in
the stream bed sediments. The presence of iron oxides, initially identified
coating sediments in the Unnamed Stream in the Phase II Stage 1 investigation,
suggests that precipitation of metals is active in the stream sediments. The
removal of metals such as lead and arsenic is enhanced by this process, as
these metals commonly co-precipitate with or are adsorbed onto hydrous iron
oxide compounds. Both lead and arsenic are generally nonvolatile and will
tend to remain adsorbed to the stream bed sediments in the Unnamed Stream. As
long as there is a source of these metals, the metals will continue to

accumulate in the sediments in the upper reach of the stream.

5.2.3 Site ST14 - POL Tank Farm

The RI/FS Phase II Stage 2 investigation (Radian, 1989) of the POL
Tank Farm site encountered aromatic hydrocarbons (associated with petroleum
products) in both the soil and shallow ground water.- The hydrocarbons
occurred near tanks 1156 and 1157 in the tank farm and near monitor well ST1l4-

17M in the fuel loading area.

Benzene, the only organic compound detected at a concentration
exceeding its MCL, occurred in one ground-water sample (from well ST14-17M) at
a concentration of 16 ug/L. Other organic compounds detected at multiple
locations in the ground-water samples from Site ST1l4 were ethylbenzene and
Xylenes, although in concentrations lower than MCLs. Also, over two feet of
viscous, black hydrocarbon waste was observed floating on the ground-water
surface in monitor well ST14-17M. It was the only well sampled at Carswell
AFB that contained an observable free-phase lens. The probable extent of

benzene in the ground water at Site ST1l4 is shown in Figure 5-1.
Lead was the only inorganic compound detected in ground water above

the MCL during the June 1990 sampling event. Total lead was detected in con-

centrations up to 0.69 mg/L in the unfiltered sample from monitor well
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STl4-17M by ICPES analysis. However, the atomic absorption analysis for the
same well detected only 0.39 mg/L total lead, highlighting the variability of

results from unfiltered samples.

Of the three wells with total lead concentrations above the MCL,
only one filtered sample (ST1l4-02) had a dissolved concentration in excess of
the MCL, and that concentration is suspect for reasons discussed previously.
Ground-water sampling at the four wells at Site SD13, hydraulically down-
gradient of Site ST14, resulted in dissolved lead being detected in only omne

filtered sample, and the concentration was below the MCL.
Conclusions

The estimated average Upper Zone ground-water flow velocity at the
POL Tank Farm is approximately (.3 feet per day. Also, examination of Figure
3-8 indicates shallow ground-water flow toward the southeast, or Farmers
Branch. Therefore, benzene in the shallow grouna water at Site ST1lé4 is
expected to migrate with the shallow ground water toward Farmers Branch.
Volatilization and degradation of benzene from the ground water will tend to
decrease the concentration of benzene as it moves downgradient, assuming there

are no additional sources.

Any benzene in the ground water reaching Farmers Branch would be
diluted by the stream, and increased volatilization would occur. Benzene from
the site, however, would be expected to pass through the french drain system
and the oil/water separator and ultimately enter Farmers Branch via the

Unnamed Stream.

The low dissolved lead concentrations in the shallow ground water,
the nonvolatile nature of the metal, and the affinity of the metal to adsorb
onto sediments suggest the overall distribution of lead at the site will not

change significantly in the future.
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5.2.4 Site BSS - Base Service Station

The recent (1990) investigation at the Base Service Station was
limited to ground-water sampling of the three existing monitor wells. The
RI/FS Stage 2 investigation (Radian, 1989) resulted in the detection of
volatile organic compounds at monitor well BSS-B, which is located near an
underground fuel storage tank. The recent ground-water sampling (May, 1990)
confirmed earlier findings as ground water in monitor well BSS-B again had
elevated levels of volatile organic compounds. Benzene (3,200 ug/L), toluene
(16,000 ug/L), and total xylenes (15,000 ug/L) were found in monitor well BSS-
B. These compounds were not detected in the other two wells sampled at the

BSS site.

Cadmium was detected in an unfiltered sample from one well, BSS-C,
at a level above its MCL, (0.011 mg/L). No cadmium was detected in the
filtered sample (dissolved species) from this well. In addition, no other

metals were found above their MCLs in samples from wells at the site.
Conclusions

Migration of volatile organic compounds in the shallow ground water
would be toward the Trinity River, as suggested by the potentiometric surface
map of the site (Figure 3-8). However, the permeable water-bearing sands
observed at BSS-B are not present in the lithologic log of BSS-D (Figure 3-
18), located downgradient, or east, of Site BSS. Therefore, ground-water flow
velocities are probably less east of monitor well BSS-B. Nonetheless, con-
taminants could still potentially migrate toward the Trinity River in the

lower permeability materials.

The principal fate of the volatile organic compounds detected in
the ground water at well BSS-B would be volatilization to the atmosphere.
This could occur as the ground water moves toward the Trinity River or upon
entering the river. Insufficient downgradient well control precludes deter-
mination of the maximum contaminant extent. Metals contamination is not of

concern at the Base Service Station since no cadmium was detected in the
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filtered sample in monitor well BSS-C and no other metals were found above

their MCLs in samples from wells at this site.
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6.0 BASELINE RISK ASSESSMENT

Selection of Indicator Chemicals

Sampling and analysis of soil and water from the East Area IRP
sites has resulted in a large number of chemical substances being detected.
Conducting a baseline risk assessment that included every detected chemical
would be unnecessarily time consuming. The baseline risk assessment for the
East Area sites is therefore based on selected indicator chemicals that pose
the greatest potential risks, a methodology endorsed by the U.S. EPA for
evaluation of the health impacts of waste sites (U.S. EPA, 1986). At the time
this study was done, current EPA guidance on Superfund risk assessments (U.S.

EPA, 1989) was not available.

Indicator chemicals for each site were selected from approximately
80 chemicals known to be present in the East Area, according to procedures
documented in Health Evaluation Manual (U.S. EPA, 1986). The selection
process, based on both 1988 and 1990 analytical results of soil, ground water,
and/or surface water samples from each site, resulted in the generation of
lists of site-specific indicator chemicals. The indicator chemical selection
process is explained in-'detail in the IRP Stage 2 RI/FS Final Draft Report
(Radian, 1989).

Some of the indicator chemicals, particularly those detected at
very low concentrations, may be the result of matrix interferences or sample
cross-contamination. No analysis for semivolatile compounds was performed in
1990 and the low levels of bis(2-ethylhexyl)phthalate, the only semivolatile
organic indicator parameter detected previously in the East Area, are
suspected as being artifacts of sampling or laboratory contamination. As
already discussed, dissolved metals concentrations in ground water and surface
water samples, determined only in the 1990 effort, were, with only minor
exceptions, below MCLs and do not suggest a metals contamination problem.
Nevertheless, all of the identified indicator chemicals were included in the
risk assessment process to ensure a conservative (stringent-case) evaluation

of possible health risks.
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Source and Release Characterization

Possible mechanisms of contaminant release applicable to one or

more of the East Area IRP sites include: 1) volatilization to the air,

2) fugitive dust generation, 3) leachate to ground water, &4) surface runoff,

5) direct release to surface water, and 6) contaminated ground-water discharge
to surface water. These mechanisms are evaluated on a site-specific basis in
the following sections, which summarize the baseline risk assessment for each

of the East Area sites.

6.1 Site LFOl - Landfill 1

Evaluation of all Stage 2 analytical results shows the following
indicator chemicals were detected in at least one soil and/or ground-water

sample from Site LFO1:

‘ Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs
Antimony Bis(2-ethylhexyl)- Methylene chloride
Arsenic phthalate Toluene
Barium Trichloroethene
Beryllium Vinyl chloride
Cadmium
Chromium
Lead
Nickel
Selenium
Silver

6.1.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Landfill 1

are discussed below.
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Volatilization to the Air--VOCs present in the soil are subject to
volatilization to the air by virtue of high vapor pressures. Semivolatile
organic compounds generally have low vapor pressures and are not subject to
volatilization. Most metals are nonvolatile as well. Indicator chemicals
detected at the site which can volatilize include methylene chloride, toluene,

trichloroethene, and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Emission Rate

Indicator Chemical (grams/second)
Methylene chloride 7.38 x 107"
Toluene 5.64 x 1078
Trichloroethene 4.62 x 1078
Vinyl chloride 2.12 x 1077

The methodology used to estimate emission rates is described in the IRP Stage

2 RI/FS Final Draft Report (Radian, 1989).

Fugitive Dust Generation--Contaminants must be present in exposed
surface soil to be subject to fugitive dust generation. Because Landfill 1 is
paved over with impervious material, contaminants present in the soil at this

site are not subject to significant fugitive dust generation.

Leachate to Ground Water--Indicator chemicals detected in the

ground water near Landfill 1 include: antimony, arsenic, barium, beryllium,
cadmium, chromium, lead, nickel, selenium, silver, bis(2-ethylhexyl)phthalate,

toluene, trichloroethene, and vinyl chloride.

Surface Runoff--Contaminants in surface soil must be exposed to be
subject to significant surface runoff during precipitation. Because Landfill
1 is paved, any contaminants present in the soil at this site are not subject

to surface runoff.
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Discharge to Surface Water--There is no direct discharge of
contaminants from this site to surface water. It is possible that ground-
water discharge to the West Fork of the Trinity River could provide an

indirect pathway of contaminants to reach surface water.

6.1.2 Transport and Fate of Contaminants

Landfill 1 potentially releases VOCs to the air via volatilization;
and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water through
leachate generation. Potentially significant contaminant transport and fate
mechanisms in the air and ground water include: 1) air dispersion, 2) ground-
water migration, 3) ground-water discharge to and transport in surface water,

and 4) subsequent uptake by plants and animals.

Air Dispersion--Emissions of VOCs from Landfill 1 occur at ground

level in the gaseous pﬁase. The gases disperse in the ambient atmosphere
according to local meteorological conditions. Annual ambient air
concentrations of methylene chloride, toluene, trichloroethene, and vinyl
chloride resulting from Landfill 1 emissions were estimated using the ISCLT
model. The dispersion modeling methodology is discussed in the IRP Stage 2
RI/FS Final Draft Report (Radian, 1989).

Ground-Water Migration--At Landfill 1, as at all East Area sites,

available water level and geologic data indicate that ground water in the
Upper Zone flows to the east, toward the Trinity River. The subsurface
conditions at the East Area are similar to those in the Flightline Area;
ground water remains in the Upper Zone above the bedrock and flows to the
nearest surface water drainage. As ground-water flow nears the Trinity River,
discharge will be either into the river, or as broadly diffuse seepage that is
consumed by evapotranspiration, perhaps without evidence of direct flow at the
land surface. Ground-water flow will not be toward deeper aquifers (vertical)
or beyond the Trinity River or Farmers Branch (ground-water divides). Thus,
migration of contaminants from Landfill 1 to any domestic or agricultural use
wells in the area is precluded by the natural hydrogeologic conditions in the

East Area.




Transport in Surface Water--Since VOCs remain in a gaseous state
and do not deposit on the ground, surface water in the area is not subject to
contamination via emissions to the air from Landfill 1. However "OCs present
in surface water may volatilize to the air. Any contaminants which reach the
West Fork of the Trinity River by ground-water discharge would be diluted and
would move with the surfacé flow downstream. The West Fork of the Trinity
River is downstream of Lake Worth, which is the source of drinking water for
Fort Worth and Carswell AFB. The path of surface water drainage therefore
precludes the potential transport of contaminants from Landfill 1 to Lake
Worth.

Uptake by Plants and i--Food crops, including commercial
agricultural crops and backyard s, could accumulate contaminants
originating at Landfill 1 throug: .t uptake of any contaminants prese:.: in

the water used for irrigation. Migration of ground water to a surface water
source used for irrigation is the only significant pathway for contaminants to
move from Landfill 1 to plants. However, farming operations in the area
generally rely on natural precipitation or irrigation of crops with ground
water (South, J., 1988), which removes this potential pathway to human
exposure. Since emissions to the air from Landfill 1 are limited to VOCs,
which remain in a gaseous state in ambient air, they will not deposit on
above-ground plant surfaces or or he soil or surface water so as to be

available for root uptake.

Terrestrial organisms, including farm animals and wildlife, are
subject to accumulation of contaminants originating at Landfill 1 by: 1)
inhalation of ambient air, and 2) ingestion of surface water contaminated by
ground-water discharge. As discussed above, farm operations in the area do
not use surface water to irrigate crops. Therefore, farm animals are not
subject to ingestion of plants potentially contaminated by surface water used

for irrigation.

Aquatic organisms, including fish, are subject to accumulation of

contaminants originating at Landfill 1 by uptake from surface water
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contaminated via ground-water discharge/surface water transport. Contaminants

can bioaccumulate in the food chain of both terrestrial and aquatic organisms.

6.1.3 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move from
Landfill 1 to human exposure points. These same pathways apply to Sites ST1l4
and BSS. Pathways which are not complete have been crossed out. Remaining

pathways include:

1. Volatilization to the air/air dispersion/inhalation of ambient
air;
2. Volatilization to the air/air dispersion/inhalation by

animals/ingestion -of meat and dairy products;

3. Leaching to ground water/ground-water migration to surface
water (fishable source)/uptake by fish and other aquatic

organisms/ingestion of aquatic organisms;

4. Leaching to ground water/ground-water migration to surface
water (agricultural use source)/ingestion by animals/ingestion

of meat and dairy products;

5. Leaching to ground water/ground-water migration to surface
water (source used for contact sports)/skin contact with

water; and
6. Leaching to ground water/ground-water migration to surface

water/volatilization of volatiles/inhalation of vapors close

to source.
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6.1.4 Identification of Receptors

Based on available exposure pathways, potential human receptors for
exposure to contaminants originating from Landfill 1 include: 1) persons
residing and/or working in nearby areas, particularly downwind of the site; 2)
persons ingesting meat and dairy products from animals exposed to contaminants
in the ambient air or contaminated surface water; 3) persons ingesting fish or
other aquatic organisms exposed to contaminated surface water; and 4) persons
swimming or participating in other contact sports in contaminated water.
Landfill 1 and the other East Area sites are located farther away from the
primary southeast base housing areas than are the Flightline Area sites.
However, they are closer to base office buildings and occupied work areas, and
to off-base residential areas to the east side of the West Fork of the Trinity

River and bordering on State Highway 183.

Potential wildlife receptors include: 1) terrestrial organisms
with habitats close to Landfill 1 that inhale ambient air and ingest surface
water, particularly from the West Fork of the Trinity River; and 2) aquatic

organisms in the West Fork of the Trinity River.

6.1.5 Quantification of Exposures

Inhalation Exposure--Inhalation of ambient air is the most direct

exposure pathway for contaminants to move from Landfill 1 to human receptors.
Table 6-1 presents the on-site maximum and off-site maximum predicted annual
ambient air concentrations resulting from estimated Landfill 1 emissions, and
predicted concentrations at several discrete locations: the site of the
proposed base day care center (which is central to the largest on-base
residential area), the Fort Worth National Fish Hatchery, and the closest
dairy and beef operations. The table also lists Texas Air Control Board
(TACB) health Effects Screening Levels (ESLs) which the agency uses to
evaluate the impacts of air contaminants. TACB screening levels are based on
occupational exposure limits (American Conference of Governmental Industrial

Hygienists (ACGIH) Threshold Limit Values (TLVs), Occupational Health and
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Safety Administration (OSHA) standards, or National Institute for Occupational
Safety and Health (NIOSH) recommendations), odor nuisance potential,
vegetation effects, or corrosion effects. Generally, the annual ESL

corresponds to 0.1% of the lowest occupational exposure limit.

The maximum predicted annual average concentrations resulting from
estimated Landfill 1 emissions for methylene chloride, toluene, trichloro-
ethene, and vinyl chloride are lower than the conservative TACB Effects
Screening Levels by 7, 8, 9, and 7 orders of magnitude, respectively. Note
that maximum concentrations occur off-base due to the location of the site at

the east base perimeter and the prevailing wind direction.

Ingestion Exposure--Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient
air or contaminated surface water and fish exposed to contaminated surface

water.

Landfill 1 contributes very low concentrations of VOCs to the
ambient air. At the sites of the nearest dairy and beef operations,
concentrations are predicted to be less than 1/1,000,000,000 ug/m® (see Table
6-1). Although cows, like humans, will absorb inhaled VOCs, these compounds
do not tend to accumulate in milk or fatty tissues which humans might consume.
Likewise, livestock consumption of surface water containing contaminants
originating from Landfill 1 is theoretically possible, if livestock consumes
water from the West Fork of the Trinity River. However, any exposure is
expected to be minimal due to the distance from Carswell AFB to the nearest
dairy and beef operations. Consumption of locally produced beef and dairy
products therefore does not represent a significant pathway of human exposure

to contaminants originating from Landfill 1.

The most significant fishable resource in the vicinity of Carswell
AFB is Lake Worth. The Fort Worth National Fish Hatchery is located at the
western end of the lake. Since there is no available pathway for contaminants
to move from Landfill 1 to Lake Worth, there is no potential for human

exposure to contaminants originating at Landfill 1 by ingestion of fish caught
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in the lake. There is some potential for fish in the West Fork of the Trinity
River to accumulate contaminants from Landfill 1 due to its location at the
base perimeter adjacent to the river, and the expected discharge of ground-
water into the river. Contaminant contributions to the river from Landfill 1
via contaminated ground-water discharge could be significant if ground-water
concentrations are high. However, any contaminants would be immediately
diluted and dispersed downstream. Also, based on ground-water analytical
results from monitor wells located immediately downgradient of the site,
contaminant levels are generally low. As the actual ground-water contribution
to the West Fork of the Trinity River is unknown, concentrations of

contaminants in the river which originate from Landfill 1 were not estimated.

Dermal Exposure--The potential for skin contact with contaminants
originating from Landfill 1 is limited to exposures while swimming in (or
otherwise in contact with) contaminated surface water. Lake Worth is the most
highly utilized surface water body for swimming and other water contact sports
in the area. Again, since there is no available pathway for contaminants to
move from Landfill 1 to Lake Worth, there is no potential for human exposure
to contaminants originating from Landfill 1 by skin contact with lake water.
As discussed above, contaminant contributions to the West Fork of the Trinity
River from Landfill 1 probably do occur; therefore, skin contact with river
water close to the site is a possible exposure pathway. However, because the
river is not widely used for swimming and water contact sports, the exposure

potential from this pathway was not quantified.

6.1.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-2 shows estimates of average daily inhalation exposure (in
mg/kg body weight/day) at the location of the on-site and off-site maximum
predicted annual average concentration, and at the proposed on-site day care
facility, and compares these values with inhalation Reference Doses (RFDs) for

chronic (long-term) exposure. An inhalation RFD is an estimate of the dose of
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a chemical that can be inhaled daily for a lifetime without producing adverse
noncarcinogenic health effects. The derivation of RFDs (formerly Acceptable
Daily Intakes--ADIs) used in this assessment is discussed in the IRP Stage 2
RI/FS Final Draft Report (Radian, 1989).

Average daily inhalation exposures for methylene chloride, toluene,
trichloroethene, and vinyl chloride are lower than pollutant-specific RFDs in
all cases by more than six orders of magnitude. The total hazard index is
significantly less than one at all locations, indicating that the threat of
noncarcinogenic health effects of inhalation exposure to contaminants

originating from this site is not significant.

Carcinogenic Risks

Inhalation Risk--0f the four contaminants released to the air from

Landfill 1, methylene chloride, trichloroethene, and vinyl chloride are
potential carcinogens. Cancer potency estimates developed by EPA were used-in
conjunction with total daily contaminant doses to develop estimates of

incremental individual cancer risk:

individual cancer risk = total daily dose x cancer potency

(mg/kg/day) (mg/kg/day)?

Incremental individual cancer risk is the increased probability of developing

cancer in one’'s lifetime.

Table 6-3 provides estimates of individual cancer risk for the
maximum on-site and maximum off-site exposed individual, and for an individual
inhaling ambient concentrations in the immediate vicinity of the proposed day
care facility continuously for a lifetime. These risks, the highest of which

is 9 in 10 billion, can be dismissed as inconsequential.

Ingestion Risk--The potential for ingestion exposure to contam-

inants originating from Landfill 1 is limited to ingestion of fish from the
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West Fork of the Trinity River. The risk of ingestion exposure by this
pathway was not quantified because residents are more likely to fish in Lake
Worth than in the river, and ground-water contributions to the river from

Landfill 1 are not known, although they are expected to be low.

Dermal Risk--The potential for dermal exposure to contaminants
originating from Landfill 1 is remote. Unless an individual immersed
frequently in the West Fork of the Trinity River for long periods of time,
skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.

6.1.7 Threat to Wildlife

Contaminants originating from Landfill 1 pose some risk to
terrestrial wildlife that use the West Fork of the Trinity River as a source
of drinking water, as well as to aquatic organisms in the river. The
potential contribution of Landfill 1 to contaminant concentrations in the
river was not estimated because neither the ground-water inflow to the river
nor existing contaminant concentrations in the river are known. However, site
ground-water contaminant concentrations are generally low, suggesting the

contribution is small.

6.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Evaluation of all Stage 2 analytical results indicates the
following indicator chemicals were detected in at least one surface water

and/or ground-water sample from Site SD13:
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Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs

Antimony None Benzene

Arsenic Tetrachloroethene
Barium Toluene

Beryllium

Cadmium

Chromium
Lead
Nickel
Selenium

Silver

6.2.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Site SD13

are discussed below.

Volatilization to the Air--VOCs present in the surface water or
soil are subject to volatilization to the air by virtue of high vapor
pressures. Indicator chemicals detected in the surface water which can

volatilize include benzene, tetrachloroethene, and toluene.

Estimated emission rates based conservatively on maximum

concentrations detected in the surface water from the Unnamed Stream are:

Emission Rate

Indicator Chemical (grams/second)
Benzene 3.79 x 1073
Tetrachloroethene 3.79 x 1077
Toluene 1.86 x 107

Fugitive Dust Generation--Contaminants must be present in exposed

surface soil to be subject to fugitive dust generation. Because the area in
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the vicinity of the former gas station associated with this site is a paved

lot, this potential contaminant release mechanism is not applicable.

Leachate to Ground Water--Indicator chemicals detected in ground

water at Site SD13 include: benzene, toluene, and all the indicator chemical

metals.

Surface Runoff--Contaminants in surface soil must be exposed to be

subject to significant surface runoff during precipitation. As previously
mentioned, the area of potential soil contamination is paved and therefore not

subject to release of contaminants to runoff.

Discharge to Surface Water--The Unnamed Stream discharges directly

to Farmers Branch less than 1/2 mile from its intersection with the West Fork

of the Trinity River.

6.2.2 Transport and Fate of Contaminants

The Unnamed Stream and abandoned gasoline station at Site SD13
potentially release VOCs to the air via volatilization; and VOCs and metals ‘to
the surface water and ground water via direct and indirect discharge, and
leachate generation, respectively. Potentially significant contaminant
transport and fate mechanisms in the air, ground water, and surface water
include: 'i) air dispersion, 2) ground-water migration, 3) transport in
surface water, and 4) subsequent uptake by plants and animals. The transport
and fate of contaminants from Site SD13 follows the same pathways as described
for Landfill 1 in Section 6.1.2. Refer to that section for details on

transport and fate.

6.2.3 Exposure Pathways

Figure 6-2 depicts potential pathways for contaminants to move from
Site SD13 to human exposure points. Pathways which are not complete have been
crossed out. The remaining pathways are the same as those identified for

Landfill 1 (Section 6.1.3), plus:
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1. Discharge to surface water/transport to fishable source/uptake
by fish and other aquatic organisms/ingestion of aquatic

organisms;

2. Discharge to surface water/transport to agricultural use

source/ingestion by animals/ingestion of meat and dairy

products; and

3. Discharge to surface water/transport to source used for

contact sports/skin contact with water.

6.2.4 Identification of Receptors -

The potential human and wildlife receptors of contaminants released
from Site SD13 are the same as those identified for Landfill 1 (see discussion

in Section 6.1.4).

6.2.5 Quantification of Exposures

Inhalation- Exposure--Except for skin contact with the stream water,

inhalation of ambient air is the most direct exposure pathway for contaminants
to move from Site SD13 to human receptors. Table 6-4 presents the on-site
maximum and off-site maximum predicted annual ambient air concentrations
resulting from estimated emissions, and predicted concentrations at the site
of the proposed base day care center, the Fort Worth National Fish Hatchery,
and the closest dairy and beef operations. The table also lists the TACB
ESLs.

The maximum predicted annual average concentrations resulting from
estimated site emissions for benzene, tetrachloroethene, and toluene are lower

than the conservative TACB Effects Screening Levels by 3, 6, and 6 orders of

magnitude, respectively.
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Ingestion Exposure--Potential ingestion exposures include ingestion
of meat and dairy products from animals exposed to contaminants in the ambient
air or contaminated surface water and fish exposed to contaminated surface
water. For the same reasons discussed in Section 6.1.4 for Landfill 1,

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure--The potential for skin contact with contaminants
originating from Site SD13 is limited to exposures while swimming in (or
otherwise in contact with) contaminated surface water. Again, for reasons
discussed in Section 6.1.4 for Landfill 1, exposure by this pathway is also

likely to be minimal and was not quantified.

6.2.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-5 provides estimates of average daily inhalation exposure
(in mg/kg body weight/day) at the location of the on-site and off-site maximum
predicted annual average concentration, and at the proposed on-site day care
facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for benzene, tetrachloroethene,
and toluene are lower than pollutant-specific RFDs in all cases by more than
six orders of magnitude. The total hazard index is significantly less than
one at all locations, indicating that the threat of noncarcinogenic health
effects of inhalation exposure to contaminants originating from this site is

not significant.

Carcinogenic Risks

Inhalation Risk--Of the three indicator chemicals estimated to be
emitted to the air from Site SD13, benzene and tetrachloroethene are potential

carcinogens. Table 6-6 shows estimates of incremental individual cancer risk

6-21




*950(Q @douaiajay uoljeleyu]/ainsodxy uoljeyeyul,

.%mv\mE 0¢ Jo @3e1 uorjeleyul aeisae ue yifm pue 3y o/ Jo 3y3rem Lpoq afeisar ue yi1m [enpiajpul ue £q
SuoT3jeI3uaduU0d Jusayque o3eisae [enuue paldfpaid jJo Aep/sinoy HZ 10J uoljejeyul saunsse ainsodxa uorle[EYU],

(6861 ‘ueipey °°5) JusLMWSSaSSE SIY3 10J paatiaq,

*s308JJe yzleay orualfourdieduou
@s1aape Juyonpoad 3Inoylim awi3ayI] B 103 A[IEp pa[eyul oq ued JBY3 [EOTWAYD B JO 3sop ayl Jo a3eWISH,

6-01X06° % ;-01%¥09°2 9-0TXEE "¢ X4QNI QdVZVH TV10L
01-01X9%°8 01-01XZ8° % g-0IX6%’ v g-01%x96°¢ 2-0TX00° % ,-01X82°¢ 1-0TXL°G ausnio]
01-01%XZ8°6 21-01X¢87°6 g-01X0Z "¢ 01-01X0C°§ 1-01X99°Y 6-01%X99 "% 2-01X0°1 ausy3lao10TydBIAId]
6-0TXL0° ¢ 01-01%XZ8°6 2-0TXE9°1 g-01X0¢ " ¢S 9-0TX9% "1 1-01%X99° % q-01%XC°¢ auazuag
pXoPUI (Kep/33y/3u) pXapul (Kkep/33/3u) pXapul (Lep/33/3uw) (Aep/33y/3um) Jjueuywelzuo)
plezey ,2ansodxjy paiezey ,2Insodxjy paiezejH j2ansodxy e250d
uojjereyuy uoyjereyu] uoljeleyuU] aouaiajay
uorzeyreyu]
axen Ae(q NWTXey 9315-330 UMWTXE 231§-UQ

S4S0Q AONAYASFE DIJIDAdS-INVLNTIOd HLIM dAIVAWOD €1dS ALIS WOYd ONILVNIOIHO
SLNVNIWVLNOD d0d SHUNSOdXHd NOILVIVHNI ATIVA FOVIIAV TVANNV QALVWILSH “G-9 FTdVL

6-22



.%mv\mE 0¢ Jo @o3exa
uotaereyuy afeiaae ue yiim pue 3y g/ jo 2y3tem Apoq s¥eisse ue yiim TenplaTput ue Aq suoT3BI3U8OUOD Jualque
a3e1eae Tenuue pajoipaiad jo awi1aJ1] Ieek g/ ' 10J Aep/sinoy yZ 103 uolIBTEYU] S3UWNSSE UOIIEBINO[ED ST,

‘pasn uaaq aaey san[eA pasiadl pue ydq £q pastaai
uUsaq 2ABY SON[EA 3WOS UOIIELIUBWNDOP PuEB UOTSSNOSTp 10J (6861 ‘uelpey) 3xoday S4/1d ¢ ade1s JuI 2yl °9S,

11-01%X8°¢ 6-01XG "1 g-0TX%" 1 As1a aeak o/ TVIOL
9 -0TX8° 1 g-01X%°6 21-0T%Xv’8 ¢-0T%8°1 auayjlaoio1yoeila]
11-01%8°¢ 6-0TXG 1 g-0TX% 1 2-01%X6°¢ audzuag
K311108g 21e) Ae(q 1enpialpu] pesodxj Tenpiaipu] pasodxjy —-A%mv\wx\wEv Jueulweluo)
3e pasodxg Tenpialpul umwixXeW 831S-330 unmwiXel °31S-uQ g10308d 2dots
uoileleyu]

SISTd 180uE) Tenplalpuj

€1dS 41IS WOYd ODNILVNIODIYO SNADONIDIVOD
TVILNILOd 40 NOILVIVHNI HLIM Q3IVIDOSSV MSI¥ ¥AONVD TVAGIAIANI TVINAWIYONI AILVWILST ~9-9 d19VL

6-23



for the maximum on-site and maximum off-site exposed individual, and for an
individual inhaling ambient concentrations in the immediate vicinity of the
proposed day care facility continuously for a lifetime. These risks, the

highest of which is 1.4 in 100 million, can be dismissed as inconsequential.

Ingestion Risk--The possibility of ingestion of contaminants
originating from Site SD13 is remote and likely to be at most minimal. The

risk of ingestion exposure was therefore not quantified.

Dermal Risk--The potential for dermal exposure to contaminants
originating from the site is also remote. Unless an individual immersed
frequently and for long periods of time in the waters of Farmers Branch at the
point where the Unnamed Stream flows into the creek, skin contact exposure can
be considered insignificant. The risk of dermal exposure was therefore not

quantified.

6.2.7 Threat to Wildlife

Contaminants originating at Site SD13, as discussed previously for
Landfill 1, pose some risk to terrestrial wildlife that use Farmers Branch or
the stream itself as a source of drinking water, as well as aquatic organisms
in Farmers Branch. Sampling and analysis results provide some measure of the
contribution of the Unnamed Stream to contaminant concentrations in Farmers

Branch.

6.3 Site ST14 - POL Tank Farm

Evaluation of all Stage 2 analytical results shows the following
indicator chemicals were detected in at least one soil and/or ground-water

sample at the site:
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Semivolatile
Metals Organic Compounds
Antimony Bis(2-ethylhexyl) -
Arsenic phthalate
Barium
Beryllium
Cadmium
Chromium
Lead
Nickel
Selenium
Silver
6.3.1 Source and Release Characterization

Volatile Organic
Compounds (VOCs
Benzene
Methylene chloride
Toluene
Trichloroethene

Vinyl chloride

Contaminant release mechanisms potentially applicable to the POL

Tank Farm are discussed below.

Volatilization to the Air--VOCs present in the soil are subject to

volatilization to the air due to their high vapor pressures. Indicator

chemicals detected at the site which can volatilize include benzene, methylene

chloride, toluene, trichloroethene, and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Indicator Chemical

Benzene

Methylene chloride
Toluene
Trichloroethene

Vinyl chloride

Emission Rate

1.19
5.31
4.41
2.07
9.04
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Fugitive Dust Generation--The ground surface in the POL Tank Farm
is either covered with gravel and rock, or vegetated. Therefore, any
contaminants present in the soil at this site are not subject to significant

fugitive dust generation.

Leachate to Ground Water--Indicator chemicals detected in the Upper

Zone ground water at Site STl4 include: antimony, arsenic, barium, beryllium,
cadmium, chromium, lead, nickel, selenium, silver, bis(2-ethylhexyl)phthalate,

benzene, toluene, trichloroethene, and vinyl chloride.

Surface Runoff--Because the ground surface in the POL Tank Farm is
either covered with gravel and rocks, or vegetated, and is flat, any
contaminants present in the soil at this site are not subject to significant

surface runoff.

Discharge to Surface Water--There is no direct discharge of
contaminants from this site to surface water. It is possible that
contaminants could be introduced indirectly to Farmers Branch through

discharge of Upper Zone ground water.

6.3.2 Transport and Fate of Contaminants

The POL Tank Farm potentially releases VOCs to the air via
volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground
water via leachate generation. Potentially significant contaminant transport
and fate mechanisms in the air, ground water and surface water include: 1)
air dispersion, 2) ground-water migration, 3) ground-water discharge to and
transport in surface water, and 4) subsequent uptake by plants and animals.
The transport and fate of contaminants from the POL Tank Farm follows the same
pathways as described for Landfill 1 in Section 6.1, except that Upper Zone
ground water might discharge into the downstream portion of Farmers Branch
before it reaches the West Fork of the Trinity River. Refer to Section 6.1.2

for details on transport and fate.
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6.3.3 Exposure Pathways

Figure 6-1 in Section 6.1.3 indicates the potential pathways for
contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the POL Tank Farm.

6.3.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released
from the POL Tank Farm are the same as those identified for Landfill 1 (see

discussion in Section 6.1.4).

6.3.5 Quantification of Exposures

Inhalation Exposure--Inhalation of ambient air is the most direct

exposure pathway for contaminants to move from the POL Tank Farm to human
receptors. Table 6-7 presents the on-site maximum and off-site maximum
predicted annual ambient air concentrations resulting from estimated POL Tank
Farm emissions, and predicted concentrations at the proposed base day care
center, the Fort Worth National Fish Hatchery, and the closest dairy and beef

operations. The table also lists TACB ESLs.

The maximum predicted annual average concentrations resulting from
estimated POL Tank Farm emissions for benzene, methylene chloride, toluene,
trichloroethene, and vinyl chloride are lower than the conservative TACB ESLs

by orders of magnitude ranging from 3 to 9.

Ingestion Exposure--Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient
air or contaminated surface water and fish exposed to contaminated surface
water. For the same reasons discussed in Section 6.1.4 for Landfill 1, any

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure--The potential for skin contact with contaminants

originating from the POL Tank Farm is limited to exposures while swimming in
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(or otherwise in contact with) contaminated surface water. Again, for reasons
discussed in Section 6.1.4 for Landfill 1, any exposure by this pathway is

also likely to be minimal and was not quantified.

6.3.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-8 shows estimates of average daily inhalation exposure (in
mg/kg body weight/day) at the location of the on-site and off-site maximum
predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for benzene, methylene chloride,
toluene, trichloroethene and vinyl chloride are lower than pollutant-specific
RFDs in all cases by more than five orders of magnitude. The total hazard
index is significantly less than one at all locations, indicating that the
threat of noncarcinogenic health effects of inhalation exposure to

contaminants originating from this site is not significant.

Carcinogenic Risks

Inhalation Risk--Of the five contaminants expected to be emitted to

the air from the POL Tank Farm, benzene, methylene chloride, trichloroethene,
and vinyl chloride are potential carcinogens. Table 6-9 provides estimates of
incremental individual cancer risk for the maximum on-site and maximum off-
site exposed individual, and for an individual inhaling ambient concentrations
in the immediate vicinity of the proposed day care facility continuously for a
lifetime. These risks, the highest of which is 5.7 in 100 million, can be

dismissed as inconsequential.
Ingestion Risk--The potential for ingestion exposure to

contaminants originating from the POL Tank Farm is remote and likely to be

minimal. The risk of ingestion exposure was therefore not quantified.
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Dermal Risk--The potential for dermal exposure to contaminants
originating from the POL Tank Farm is also remote. Unless an individual
immersed himself frequently and for long periods of time in the waters of
Farmers Branch or the West Fork of the Trinity River near the discharge point,
skin contact exposure can be considered iﬁsignificant. The risk of dermal

exposure was therefore not quantified.
6.3.7 Threat to Wildlife

Contaminants originating from the POL Tank Farm pose a similar low
level of risk to terrestrial wildlife that use Farmers Branch/West Fork of the
Trinity River as a source of drinking water, and to aquatic organisms in the

creek and river, as described for Landfill 1 (Section 6.1.7).

6.4 Site BSS - Base Service Station

Evaluation of all Stage 2 analytical results indicates the
following indicator chemicals were detected in at least one soil or ground-

water sample at the site:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs
Antimony Bis(2-ethylhexyl)- Benzene
Arsenic phthalate 1,2-Dichloroethane
Barium Tetrachloroethene
Beryllium Toluene
Cadmium Trichloroethene
Chromium
Lead
Nickel
Selenium
Silver
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6.4.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Site BSS

are discussed below.

Volatilization to the Air--Indicator chemicals detected at the site

which can volatilize include benzene, 1,2-dichloroethane, tetrachloroethene,

toluene, and trichloroethene.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Emission Rate

Indicator Chemical (grams/second)
Benzene 2.33 x 107
1,2-Dichloroethane 2.16 x 107®
Tetrachloroethene 8.08 x 1071°
Toluene . 1.17 x 107
Trichloroethene 2.56 x 107°

Fugitive Dust Generation--The Base Service Station area is either
paved or covered with vegetation; therefore any contaminants present in the

soil are not subject to significant fugitive dust generation.

Leachate to Ground Water--Indicator chemicals detected in the

ground water near the Base Service Station include: antimony, arsenic,
barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, benzene,

1,2-dichloroethane, tetrachloroethene, toluene, and trichloroethene.

Surface Runoff--As noted above, the Base Service Station area is
covered with concrete/asphalt or with vegetation, and is flat. Therefore, any
contaminants present in the soil at this site are not subject to significant

surface runoff.
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Discharge to Surface Water--There is no direct discharge of

contaminants from this site to surface water.

6.4.2 Transport and Fate of Contaminants

The Base Service Station potentially releases VOCs to the air via
volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground
water via leachate generation. Potentially significant contaminant transport
and fate mechanisms in the air and ground water include: 1) air dispersion,
2) ground-water migration, 3) ground-water discharge to and transport in
surface water, and 4) subsequent uptake by plants and animals. The transport
and fate of contaminants from the Base Service Station follows the same
pathways as described for Landfill 1 in Section 6.1.2. Refer to this section

for details on transport and fate.

6.4.3 Exposure Pathways
Figure 6-1 in Section 6.1.3 depicts potential pathways for
contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the Base Service Station.

6.4.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released
from the Base Service Station site are the same as those identified for

Landfill 1 (see discussion in Section 6.1.4).

6.4.5 Quantification of Exposures

Inhalation Exposure--As is the case for all other East Area sites,
inhalation of ambient air is the most direct exposure pathway for contaminants
to move from the Base Service Station to human receptors. Table 6-10 presents
the on-site maximum and off-site maximum predicted annual ambient air

concentrations resulting from estimated Base Service Station emissions, and
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predicted concentrations at the proposed base day care center, the Fort Worth
National Fish Hatchery, and the closest dairy and beef operations. The table
also lists TACB ESLs.

The maximum predicted annual average concentrations resulting from
estimated Base Service Station emissions for benzene, 1,2-dichloroethane,
tetrachloroethene, toluene, and trichloroethene are lower than the

conservative TACB ESLs by orders of magnitude ranging from 4 to 10.

Ingestion Exposure--Potential ingestion exposures include ingestion
of meat and dairy products from animals exposed to contaminants in the ambient
air or contaminated surface water, and fish exposed to contaminated surface
water. For the same reasons discussed in Section 6.1.4 for Landfill 1, any

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure--The potential for skin contact with contaminants
originating from the Base Service Station is limited to exposures while
swimming in (or otherwise in contact with) contaminated surface water. Again,
for reasons discussed in Section 6.1.4 for Landfill 1, any exposure by this

pathway is also likely to be minimal and was not quantified.

6.4.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-11 shows estimates of average daily inhalation exposure (in
mg/kg body weight/day) at the location of the on-site and off-site maximum
predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.
Average daily inhalation exposures for benzene, 1,2-dichloroethane,

tetrachloroethene, toluene, and trichloroethene are lower than pollutant-

specific RFDs in all cases by more than five orders of magnitude.
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Carcinogenic Risks

Inhalation Risk--0f the five contaminants that may be emitted to

the air from the Base Service Station, benzene, 1,2-dichloroethane, tetra-
chloroethene, and trichloroethene are potential carcinogens. Table 6-12
provides estimates of incremental individual cancer risk for the maximum on-
site and maximum off-site exposed individual, and for an individual inhaling
ambient concentrations in the immediate vicinity of the proposed day care
facility continuously for a lifetime. These risks, the highest of which is

1.9 in 1 billion, can be dismissed as inconsequential.

Ingestion Risk--The potential for ingestion exposure to con-
taminants originating from the Base Service Station is remote and likely to
be, at most, minimal. The risk of ingestion exposure was therefore not

quantified.

Dermal Risk--The potential for dermal exposure to contaminants
originating from the Base Service Station is also remote. Unless an
individual immersed himself frequently and for prolonged periods of time in
the West Fork of the Trinity River near the base, skin contact exposure can be
considered insignificant. The risk of dermal exposure was therefore not

quantified.

6.4.7 Threat to Wildlife

Contaminants originating from the Base Service Station pose a
similar low level of risk to terrestrial wildlife that use the West Fork of
the Trinity River as a source of drinking water, and to aquatic organisms in

the river, as described for Landfill 1 (Section 6.1.7).

6.5 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National
Laboratory, 1987) to evaluate the four East Area IRP Sites LFO01l, S$D13, STl4,

and BSS; and the Flightline Area at Carswell AFB. DPM uses site-specific
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data to prioritize sites according to the severity of contamination. For the
DPM, geologic and hydrologic data are used to indicate ground-water travel
times and chemical analyses are compared to toxicological benchmarks to

indicate risk to the local human population and natural environment.

Using information obtained during Stage 2 of the IRP at Carswell
AFB, the DPM indicated the following ranking for the sites investigated
(numbers in parentheses are the results of the DPM scoring and indicate

relative rankings):

Unnamed Stream and Abandoned Gasoline Station (20,760);
Flightline Area (19,381);

Landfill 1 (7,036);

Base Service Station (5,929); and

POL Tank Farm (4,584).

o WD

Radian has conducted ektensive, detailed investigations of these
sites and has produced a ranking of these sites which differs somewhat from
the DPM ranking. The alternate ranking, which is based on the results of the

Radian investigations is as follows:

Flightline Area;
Unnamed Stream and Abandoned Gasoline Station/POL Tank Farm;
Base Service Station; and

Landfill 1.

PR VA N

This discrepancy is probably because the DPM is designed as an
unbiased tool for comparison and, therefore, has a simple, rigid format that
does not take into account all factors which might be relevant to the ranking
of a particular site. 1Indeed, the Introduction to the User’s Manual for the
DPM indicates the possibility of false high scores using the DPM. The
justification for the high priority ranking for the Flightline Area is
provided in the Flightline Area Draft RI report (Radian, 1991). The

justification for the revised ranking with respect to the East Area sites is
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explained below. The DPM evaluation worksheets for each site are provided in

Appendix F.

Priority Evaluation for East Area Sites

The most significant difference between Radian’s ranking and the
DPM ranking is the position of Landfill 1. 1In the DPM model, Landfill 1
received a relatively high ranking based on the site’s proximity to the
Trinity River and the lack of an effective barrier system. Based on the most
recent analytical data, however, only very low levels of indicator chemicals
were identified at the site, with no detected concentrations of any volatile
organic compound or metal above the MCL. For this reason, Radian assigns a
higher priority to the other East Area sites.

'

The Unnamed Stream and Abandoned Gasoline Station (Site SD13)
ranked high in the DPM model and in the ranking by Radian because the site
represents a direct migration pathway to the West Fork of the Trinity River.
It is anticipated that this site will be treated in conjunction with the POL
Tank Farm in the FS for the East Area, since the POL Tank Farm, where ground-
water contamination is documented, is directly upgradient of Unnamed Stream,
and is directly or indirectly contributing contaminants to Site SD13. The
nature of the contaminant source, the overall areal extent of contamination,
and the potential for the contamination to reach the river make this combined

site of the highest priority in the East Area.

The Base Service Station is given a relatively low priority in both
the DPM evaluation and in Radian’s evaluation based on several factors. While
maximum detected concentrations of benzene and toluene were relatively high,
these compounds were only detected in one well, suggesting the areal extent of
the contamination is limited. The nature of the contaminant source is known
(i.e., gasoline UST). 1In addition, the occurrence of ground water at the site
is limited and is not continuous, reducing the potential for migration of

contaminants at the site to the West Fork of the Trinity River.
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7.0 SUMMARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in
the East Area sites, with special emphasis on the extent of contaminant
migration, the mechanisms/pathways by which the contaminants are transported,
and the level of risk the contaminants pose to the human health and the
environment. Also identified are existing data gaps, possible ways to address
additional data requirements, and the objectives of any remedial actions

conducted in the East Area.

7.1 Summaryvy of Contamination and Associated Risks

The following subsections present an overview of the main con-
taminants in the East Area and the quantified risks associated with eXxposure

to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground-water and surface water sampling and analysis conducted in
the East Area in 1990 identified two areas of volatile organic contamination
in Upper Zone ground water, at the POL Tank Farm and the Base Service Station.
Evidence of inorganic contamination in Upper Zone ground water and Unnamed
Stream was limited to a few occurrences of chromium, lead, and arsenic above
MCLs, mainly in the total metals analyses. Overall concentrations of both
volatile organic and inorganic constituents in ground-water and surface water
samples were generally lower than concentrations for the same analytes in
previous IRP studies. This trend may be the result of natural attenuation of
these constituents in the ground-water or surface water systems, however, it
should be noted that the weeks immediately preceding the Spring 1990 sampling
event were characterized by abnormally high precipitation (and flooding). The
resultant increase in infiltration and recharge may have had the effect of
diluting contaminants, resulting in lower concentrations of detected constitu-

ents.

7-1




Following is a summary of the current understanding of the nature
and extent of contamination at the four sites where additional investigative
activities were performed in 1990: Site LFOl (Landfill 1), Site SD13 (Unnamed
Stream and the Abandoned Gasoline Station), Site ST1l4 (POL Tank Farm), and
Site BSS (Base Service Station). There were no additional data collected at
Site OT12 (Entomology Dry Well) or Site SD10 (Flightline Drainage Ditch), and
the Phase II Stage 2 Remedial Investigation report (Radian, 1989) contains the
current interpretation of the nature and extent of contamination at these

sites.

Site LFOl - Landfill 1

Recent (1990) ground-water sampling of the five monitor wells at
Site LFOl provided no basis for inferring the existence of a ground-water con-
taminant plume, organic or inorganic, at this site. A previously interpreted
metals contaminant problem at the site was not supported by the most recent

ground-water analyses.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Although volatile organic compounds (VOCs) were detected in both
ground water and surface water at Site SD13, no MCLs were exceeded and there
was no pattern observed to the VOC detections. Therefore, there is no

evidence of a volatile organic compound contaminant problem at the site.

The most recent (1990) inorganic analytical results, from ground
water of the four recently installed monitor wells, do not suggest metals
contamination of the Upper Zone ground water at the site. No metals were

detected above MCLs.

Concerning metals concentrations in the Unnamed Stream, the same
metals species found in excess of MCLs in the surface water samples appeéar to
be adsorbed to stream sediments. Two surface water samples that contained
total concentrations of three metals above MCLs had corresponding dissolved

metals concentrations below the MCLs. One dissolved selenium concentration
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above the MCL was determined to be a laboratory reporting error and the actual

concentration was below detection.

Site ST14 - POL Tank Farm

Several volatile organic compounds were detected in ground-water
samples from monitor wells at Site STl4. Benzene was the only VOC detected in
the most recent ground-water sampling at a concentration which exceeded its

MCL.

Based on the 1988 soil gas and ground-water sampling and the 1990
ground-water sampling at the site, the contamination underlying Site ST14 and
vicinity appears to be divided into two regions; the first associated with
Tanks 1156 and 1157, and the second associated with the adjacent fuel loading

facility.

Figure 7-1 depicts the probable extent of benzene contamination at
Site_STl&, based on the most recent analytical data and the distribution of
soil gas determined in the Stage 2 soil gas survey. Monitor well ST14-17M,
located at the center of the interpreted benzene plume beneath the fuel
loading facility, contained the only detected concentration of benzene above
the respective MCL in the nine wells sampled in the 1990 investigation. Over
two feet of immiscible material was encountered in this well in the 1990
sampling event. Monitor well ST14:17M also had the highest concentrations of
chlorobenzene, toluene, and total xylenes detected at the site in the most
recent sampling. The extent of the benzene plume in the Upper Zone ground
water is delineated on Figure 7-1, and is within the confines of the existing

monitor well network at the site.

Chromium was detected above its MCL in only one well at the site,
and this concentration was measured in the total metals analysis. Lead was
detected above MCLs in three monitor well samples at ST1l4, only one of which
(from ST14-02) was for the dissolved metals analysis and is qonsidered

suspect.

7-3




ND

LEGEND:

A Well Contained > 2 Feet
Free Product, Spring 1990

ST1:-17J Monitor Well
38ug/L Concentration

ND Not Detected

0 100 200
Probable Extent of Benzene —
in Ground Water (Spring 1980). NORTH FEET coRPORATION

B10107

Figure 7-1. Probable Extent of Benzene Contamination (Spring, 1990), Site
ST14, Carswell AFB, Texas
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Site BSS - Base Service Station

Information gathered to date on Site BSS suggests a contaminant
problem associated with the underground storage tank adjacent to monitor well

BSS-B.

In the 1990 sampling investigation, of the three wells sampled at
the site, only well BSS-B contained detectable levels of volatile organic com-
pounds. Benzene, toluene, and total xylenes were all detected in the ground
water at this location above their MCLs. The downgradient extent of the VOC
contamination detected in monitor well BSS-B is not defined with the current
monitor well network, however, results of the soil gas analyses performed at
the site in 1987 suggested a plume size of approximately 100 ‘feet wide by 200

feet long.
Cadmium was detected above the MCL of well BSS-C in the total
metals analysis but was not detected in the dissolved metals analysis. No

other metals concentrations exceeded MCLs.

7.1.2 Fate and Transport

Site LFOl - landfill 1

The low levels of volatile organic contaminants in the Upper Zone
ground water at Site LFOl are expected to move downgradient to the east,
toward the Trinity River (Figure 3-11). Shallow ground-water flow near the
Trinity River will probably be discharged at the surface as broadly diffuse
seepage that is consumed by evapotranspiration. There is no visual evidence
of seepage at the land surface between Site LFOl and the river. Shallow
ground-water flow will not be downward to deeper aquifers or laterally beyond
the Trinity River. Any contaminants which reach the river via ground-water
-migration are subject to dilution and movement with the surface flow down-
stream. Any VOCs present in surface water will be subject to volatilization
to the air. Since the detected concentrations of volatile organic compounds

are already (in most cases) at levels less than five times their detection
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limits, it is unlikely that these compounds would be detectable following
their introduction into the Trinity River. No metals (dissolved or total)

were detected above MCLs at the site.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Shallow Ground Water--Investigative activities conducted in 1985

revealed high levels of organic compounds in ground water, probably origi-
nating from petroleum hydrocarbons. However, based on the 1990 volatile
organic compound analytical results, the abandoned gasoline station does not
appear to be contributing appreciable organic contamination to the shallow
ground-water system. Any contaminants in the ground water would be expected
to move hydraulically downgradient, eventually entering either the oil/water
separator and the Unnamed Stream or Farmers Branch itself where the initially
low concentrations would be further diluted. Still more dilution of con-
taminants would result as Farmers Branch flows into the West fork of the
Trinity River less than one-half mile from Site SD13. Any VOCs entering-
Farmers Branch and the Trinity River would be subject to volatilization to the
air. No metals were detected above MCLs in the shallow ground water at Site

SD13.

Unnamed Stream--No volatile organic compounds were detected above

MCLs in the Unnamed Stream. The results of the laboratory analysis for
inorganic constituents suggest that metals in the Unnamed Stream are preferen-
tially adsorbed to sediments rather than occurring primarily dissolved in the
surface water. This mode of transport (i.e.,_adsorbed to sediment) would
result in slower migration of contaminants downstream than for the dissolved
phase, and would be slower than the actual surface-water flow rate. As
evidenced by the lower dissolved and total concentrations of arsenic and lead
in the downstream water samples, the metals apparently tend to accumulate in
the stream bed sediments. The presence of iron oxides, initially identified
coating sediments in the Unnamed Stream in the Phase II Stage 1 investigation,
suggests that precipitation of metals is active in the stream sediments. The
removal of metals such as lead and arsenic is enhanced by thils process, as

these metals commonly co-precipitate with or are adsorbed onto hydrous iron
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oxide compounds. Both lead and arsenic are generally nonvolatile and will
tend to remain adsorbed to the stream bed sediments in the Unnamed Stream. As
long as there is a source of these metals, the metals will continue to

accumulate in the sediments in the upper reaches of the stream.

Site ST14 - POL Tank Farm

The average Upper Zone ground-water flow velocity at the POL Tank
Farm was determined to be approximately 0.3 feet per day. Also, examination
of Figure 3-8 indicates shallow ground-water flow toward the southeast, or
Farmers Branch. Therefore, the benzene contamination observed in the shallow
ground water at Site STl4 is expected to migrate with the shallow ground water
toward Farmers Branch. Volatilization and degradation of benzene from the
ground water will tend to decrease the concentration of benzene as it moves

downgradient, assuming there are no additional sources.

Any benzene in the ground water reaching Farmers Branch would be
diluted by the stream, and increased volatilization would occur. Benzene from
the site, however, would be expected to pass through the french drain system
and the oil/water separator and ultimately enter Farmers Branch via the

Unnamed Stream.

The low dissolved lead concentrations in the shallow ground water,
the nonvolatile nature of the metal, and the affinity of the metal to adsorb
onto sediments suggest the overall distribution of lead at the site will not

change significantly in the future.

Site BSS - Base Service Station

Migration of volatile organic compounds in the shallow ground water
would be toward the Trinity River, as suggested by the potentiometric surface
map of the site (Figure 3-8). Migration rates will probably be slower
downgradient (east) of well BSS-B because the permeable, water-bearing sands

pPresent in that location were not detected in borehole BSS-D.
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The principal fate of the volatile organic compounds detected in
the ground water at well BSS-B would be volatilization to the atmosphere.
This could occur as the ground water moves toward the Trinity River and upon
entering the river. Insufficient downgradient well control precludes deter-

mination of the maximum contaminant extent.

Metals contamination is not of concern at the Base Service Station
since no cadmium was detected in the filtered sample in monitor well BSS-C and
no other metals were found above their MCLs in samples from wells at this

site.

7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from the various
media sampled in the East Area sites, indicator chemicals for each site were
selected according to procedures documented in the U.S. EPA Health Evaluation
Manual (1986). Although several of the indicator chemicals selected, par-
ticularly the semi-volatile and metals compounds, are not believed to
represent an actual contaminant problem at the site, they were included in the
risk assessment process to ensure a conservative (stringent-case) evaluation

of possible health risks.

Possible mechanisms of contaminant release applicable to one or
more of the East Area IRP sites include: 1) volatilization to the air, 2)
fugitive dust generation, 3) leachate to ground water, 4) surface runoff, 5)
direct release to surface water, and 6) contaminated ground-water discharge to

surface water.
Following is a site-by-site summary of the possible risks to human

health and the environment posed by the chemicals found in the various media

at the East Area sites.
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Site LFOl - Landfill 1

Landfill 1 potentially releases VOCs to the air via volatilization;
and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water through
leachate generation. Potentially significant contaminant transport and fate
mechanisms from LFOl in the air and ground water include: 1) air dispersion,
2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals.

Results of an evaluation to determine possible human exposure
routes from the four previously mentioned waste release mechanisms show six
potential pathways exist (Figure 6-1). All six of the pathways initially
involve contaminants volatilizing to the air or leaching to the ground water.
Based on the potential pathways identified, potential human and wildlife

receptors for exposure to contaminants migrating from LFOl were identified.

Attempts at quantifying three types of exposures - inhalation,
ingestion, and dermal contact were made in the LFOl risk assessment. Both on-
site and off-site maximum predicted annual air concentrations of VOC emissions
originating from LFOl were compared to the Texas Air Control Board (TACB)
health Effects Screening Levels (ESLs), which the agency uses to evaluate the
impacts of air contaminants. The maximum predicted annual average con-
centrations resulting from Landfill 1 VOC emissions were a minimum of seven
orders of magnitude lower than the conservative TACB ESLs. Potential inges-
tion exposures, including meat and dairy products and fish exposed to con-
taminants, were evaluated and found to not represent a significant pathway for
human exposure to contaminants originating from the site. Dermal exposure to
contaminants in the West Fork of the Trinity River is possible, however,
because the river is not widely used for swimming and water contact sports

this potential exposure pathway was not quantified.

The threat to human health posed by the site was evaluated in terms
of noncarcinogenic and carcinogenic risks. The total hazard index was found
to be significantly less than the level of concern, indicating the threat of

noncarcinogenic health effects of inhalation exposure to contaminants origin-
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ating from the site is not significant. The individual cancer risk for the
maximum on-site and off-site exposed individual, the highest of which is 9 in
10 billion, can be dismissed as inconsequential. The potential for ingestion
exposure to contaminants originating from Site LFOl is limited to ingestion of
fish from the West Fork of the Trinity River. The risk of ingestion exposure
by this pathway was not quantified because most local fishing takes place in
lake Worth and the ground-water contributions to the river from Site LFOl are
both not known and probably low. The potential for dermal exposure to
contaminants originating from Landfill 1 is remote and therefore was not

quantified.

Because the site ground-water contaminant concentrations are
generally low and the ground-water inflow to the Trinity River is not known,
the risk to terrestrial wildlife that use the river as a source of drinking

water and to aquatic organisms in the river is suspected to be minimal.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

The.Unnamed Stream and Abandoned Gasoline Station potentially
release VOCs to the air via volatilization; and VOCs and metals to the surface
water and ground water via direct and indirect discharge, and leachate
generation, respectively. Potentially significant contaminant transport and
fate mechanisms in the air, ground water, and surface water include: 1) air
dispersion, 2) ground-water migration, 3) transport in surface water, and 4)

subsequent uptake by plants and animals.

Potential pathways for contaminants to move from Site SD13 to human
exposure points are the same as Site LFOl plus three additional pathways
associated with an initial discharge to surface water (Figure 6-2). The
potential human and wildlife receptors of contaminants released from Site SD13

were identified and are the same as those for Site LFOl.

Quantification attempts of inhalation, ingestion, and dermal
exposures to contaminants originating from the site were made. The maximum

predicted annual average concentrations resulting from site indicator chemical
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VOC emissions are at least three orders of magnitude lower than the TACB ESLs.
Following the same reasoning presented relating to Landfill 1, ingestion and

dermal exposure pathways are considered to be minimal and were not quantified.

With inhalation the remaining exposure pathway of significance, the
threat to human health by inhalation of VOCs emitting from Site SD13 was
evaluated in terms of noncarcinogenic and carcinogenic risks. Noncarcinogenic
risks were compared to a hazard index and found to be insignificant. Car-
cinogenic risks associated with inhalation of ambient concentrations of VOCs
emitted from the site, the highest of which is 1.4 in 100 million, can be

dismissed as inconsequential.

Site ST1l4 - POL Tank Farm

The POL Tank Farm potentially releases VOCs to the air via volatil-
ization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water
via leachate generation. Potentially significant contaminant transport and
fate mechanisms in the air, ground water and surface water include: 1) air
dispersion, 2) ground-water migration, 3) grouﬁd-water discharge to and
transport in surface water, and 4) subsequent uptake by plants and animals.
The transport and fate of contaminants from the POL Tank Farm follows the same
pathways as described for Landfill 1 except that Upper Zone ground water might
discharge into the downstream portion of Farmers Branch before it reaches the

West Fork of the Trinity River.

Figure 6-1 in Section 6.1.3 indicates the potential pathways for
contaminants to move from Landfill 1 to human exposure points. These same
pathways apply to the POL Tank Farm. The potential human and wildlife
receptors of contaminants released from the POL Tank Farm are the same as

those identified for Landfill 1.

Quantification of the exposure to inhalation of ambient air con-
centrations of VOCs originating from Site STl4 was accomplished and the
predicted annual average concentrations resulting from the site were found to

be lower than the conservative TACB ESLs by a minimum of three orders to
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magnitude. Exposure by ingestion and dermal pathways is likely to be minimal

and was not quantified.

The threat to human health, both noncarcinogenic and carcinogenic,
was evaluated in terms of risks. Noncarcinogenic health effects of inhalation
exposure to contaminants originating from Site ST1l4 was found to be insig-
nificant. Carcinogenic risks associated with an individual inhaling ambient
concentrations of VOCs originating from the site, the highest of which was
determined to be 5.7 in 100 million, can be dismissed as inconsequential.
Ingestion and dermal noncarcinogenic and carcinogenic risks are likely to be

minimal and were therefore not quantified.

The threat to wildlife from exposure to contaminants originating
from the POL Tank Farm site is a similar low level of risk as described for
Landfill 1.

Site BSS - Base Service Station

The Base Service Station potentially releases VOCs to the air via
volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground
water via leachate generation. Potentially significant contaminant transport
and fate mechanisms in the air and ground water include: 1) air dispersion,
2) ground-water migration, 3) ground-water discharge to and transport in
surface water, and 4) subsequent uptake by plants and animals. The transport
and fate of contaminants from the Base Service Station follows the same

pathways as described for Landfill 1.

Figure 6-1 in Section 6.1.3 depicts potential pathways for con-
taminants to move from Landfill 1 to human exposure points. These same
pathways apply to the Base Service Station. The potential human and wildlife
receptors of contaminants released from the Base Service Station site are the
same as those identified for Landfill 1. As is the case for all other East
Area sites, inhalation of ambient air is the most direct exposure pathway for

contaminants to move from the Base Service Station to human receptors.
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The maximum predicted annual average concentrations resulting from
estimated Base Service Station emissions for volatile organic compounds are
lower than the conservative TACB ESLs by a minimum of four orders of mag-
nitude. Again, ingestion and dermal exposure pathways were considered

negligible and were not quantified.

The threat to human health posed by the site was evaluated in terms
of noncarcinogenic and carcinogenic risks. Noncarcinogenic health risks were
found to be insignificant and the incremental cancer risk for the maximum
exposed individual, the highest of which is 1.9 in 1 billion, can be dismissed

as inconsequential.

Contaminants originating from the Base Service Station pose a
similar low level of risk to terrestrial wildlife that use the West Fork of
the Trinity River as a source of drinking water, and to aquatic organisms in

the river, as described for Landfill 1.
7.2 Conclusions

The following subsections focus on additional data requirements,
recommended ways to obtain the additional data, and the remedial action

objectives for the East Area sites.

7.2.1 Data Limitations and Recommendations for Future Work

Work on the remedial investigation of the East Area was performed
in multiple stages, each being designed to evaluate the nature and extent of
any contamination present and the potential migration pathways available, such
that remedial alternatives could be identified and evaluated, if required.
Based on the results of the Spring 1990 sampling event, contamination in the
East Area is mainly organic in nature, contaminant concentrations are general-
ly low, and/or contamination occurs in areas of limited areal extent.
Therefore, no additional remedial investigation activities in the East Area
are recommended. While heavy rainfall in the weeks immediately preceding

sampling may have caused some dilution of contaminant concentrations, the
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concentration variations possibly related to this are not expected to differ
significantly from previously observed concentration variations between
sampling events. Activities to confirm this interpretation, especially with
regard to lead concentrations in ground water at the POL Tank Farm, should be
included in pilot scale testing of selected treatment technologies, if
required. Similarly, final delineation of the extent of contaminated soils
and ground water at combined Sites SD13/ST14 and Site BSS should be
accomplished within the context of the detailed remedial alternatives (i.e.,
verification sampling, long-term monitoring) to be developed in the East Area

FS.

7.2.2 Recommended Remedial Action Objectives

Results of studies conducted in the East Area have shown varying
degrees of contamination in the ground water, surface water, and soils. Based
on the existing environmental conditions, the recommended objectives of any

remedial actions are to:

1) Reduce or eliminate potential impacts to human health and the

environment,;

2) Reduce or eliminate the potential for future contaminant

migration in the ground water or surface water; and

3) Reduce, eliminate, or immobilize contaminants in residual

wastes or near-surface soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-
taminated environmental media were identified based on previous East Area
investigative results. These media include contaminated soil, Upper Zone
ground water, and surface water. Specific remedial action objectives iden-
tified for each of the media are presented in Table 7-1. Remedial action
objectives were developed for each media based upon the following standards or

criteria:
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. 70-year cancer risk potential,;

. National interim primary drinking water standards maximum
contaminant levels (MCLs) for organics (40 CFR 141.12 and
141.61) and inorganics (40 CFR 141.11 and 141.62); and

. Final MCLs for organics and inorganics (Federal Register, Vol.

56, No. 20, 30 January 1991).

Table 7-1 does not list all contaminants that have regulatory criteria or
standards. Instead the table lists those contaminants that were identified as
indicator chemicals in the baseline risk assessment for the East Area. As
previously explained, metals are included as indicator chemicals, primarily on
the basis of total concentrations detected. The dissolved metals con-
centrations detected in the 1990 sampling event do not suggest significant

metals contamination.
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA
AFB

Alluvium

Aquifer

Aquitard

Artesian

BGL.
BLS
Confined Aquifer
DOD
ECD
EICP
EPA

Evapotranspiration

Extraction

FDTA
FS

GC

atomic absorption
Air Force Base

stream-deposited sediment; predominantly clay,
silt, sand, and gravel

geologic unit capable of storing and
transmitting significant quantities of ground
water

geologic unit impervious to ground water which
acts to contain ground water within an adjacent
unit

Applicable or Relevant and Appropriate
Requirement

term applied to ground water confined under
hydrostatic pressure, water level in well rises
above the top of the aquifer

below ground level

below land surface

aquifer confined between two aquitards

U.S. Department of Defense

electron capture detector

Extracted Ion Current Profile

U.S. Environmental Protection Agency

loss of water from the soil both by evaporation
and by transpiration to growing plants

method for mobilizing contaminant species from a
solid matrix prior to analysis '

Fire Department Training Area
feasibility study

gas chromatography



GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

GC/HSD
GC/MS
GFAA
gpd

gpm

Hydraulic Conductivity

IRP

MCL

MS

MSL

MS/MSD

NCP

OEHL

ova

0&G

PCB

PID
Piezometric/Potentio-
metric Surface
ppb

ppm

QAPP

gas chromatography/halide specific detector

gas chromatography/mass spectroscopy

graphite furnace atomic absorption spectroscopy
gallons per day

gallons per minute

a coefficient of proportionality describing the
rate at which water can move through a permeable
medium

Installation Restoration Program

Maximum Contaminant Level

mass spectroscopy

mean sea level

Matrix Spike/Matrix Spike Duplicate

National Contingency Plan

Occupational and Environmental Health Laboratory
organic vapor analyzer

oil and grease

polychlorinated biphenyl

photoionization detector

an imaginary surface representing the static
head of ground water defined by the level to
which water will rise in a well

parts per billion

parts per million

Quality Assurance Program Plan




GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

QA/QC Quality Assurance/Quality Control

RI/FS Remedial Investigation/Feasibility Study

Sow Statement of Work

Spike a known amount of a compound added to a sample
and analyzed to determine the accuracy of
analysis

SW-846 EPA test methods for evaluating solid wastes,

physical and chemical methods

TCE trichloroethene

TDS Total dissolved solids

TOC Total organic carbon

TOX Total organic halides

TPM Technical Program Manager

Transmissivity the rate at which water is transmitted through a

unit width of an aquifer or confining bed under
a unit hydraulic gradient

Unconfined Aquifer also referred to as "water-table aquifer," an
aquifer in which the water table forms the upper
boundary

>
USAE- United States Air Force
USAFOEHL United States Air Force Occupational and

Environmental Health Laboratory

USDA United States Department of Agriculture

USGS United States Geological Survey

voc volatile organic compound

Water Table the elevation of the ground-water surface in an

unconfined aquifer



GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

Multiplication Factor

18
15
12

1,000,000,000,000,000,000=10

1,000,000, 000,000,000=10

1,000,000, 000,000=10

1,000, 000,000=10

1,000,000=10

1,000=10

100=10

10-10,

0.1=107,

0.01=10"%

0.001=10 ¢

0.000 00110

0.000 000 001=10,

0.000 000 000 001=107.¢

0.000 000 000 000 001=10" 2
0.000 000 000 000 000 001=10

O

= Nwo

Prefix Symbol

exa-
peta-
tera-
giga-
mega-
kilo-
hecto-
deka-
deci-
centi-
milli-
micro-
nano-
pico-
fento-
atto-

pPHOUZEPOARTREOSYM

ppm(parts per million) - mg/kg, ug/g, ng/mg, pg/ug, mg/L, ug/mL, ng/ul
ppb (parts per billion) = ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/ulL
ppt (parts per trillion) = ng/kg, pg/g. fg/mg, ng/L, pg/mL, fg/ulL
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APPENDIX A
Lithologic Logs

[Previous Lithologic Logs may be found in
Radian (1986) and Radian (1989))
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ODRILLING LOG | RADIAN CORPORATION
1. PROJECT: CARSWELL AFB,

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

|
IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

]

7. TOTAL DEPTH OF HOLE: 14.6 ft BGL

|

l

]

] 2. LOCATION: East Area 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

| 3. DRILLING AGENCY: Environmentsl Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6

] 4. HOLE NO.: SD13-01 { 11. ELEVATION GROUND WATER: 558.64 ft MSL (3/26/90)

| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/26/90

I 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 570.30 ft MSL

| X: 2024842.22 Y: 399964 .37 | 14. BACKGROUND:

| | 15. MEASURING POINT ELEVATION: 573.24 ft MSL

[Depth| Graphic | Blow | soil | |

L1(Ft.)]  Log Count |Class/Code |Visual Description | Remarks I
| © | uscLLr |Clay: Dark brown, slightly silty, organic, stiff, roots |Topsoil first 0.5 [
| | |and decaying wood, damp. |ft. caliche zone |
| | | [¢0.2 ft.) at 0.5 |
| | | |ft. BLS. Full |
| / [ ] |sample recoveries |
| | | |unless noted. |
| 3 | | ussicy |silt: Light brown, slightly clayey, cohesive, 1 - 2% | |
| | | |granule size calcareous nodules, oxidation stained ] [
| I | [mottling, damp. - | |
| 4 | | u/ssitt |silt: As above, getting sandy (fine grained), not as 1.5 ft. recovery. |
| | | |cohesive. |slight diesel odor. |
| | | l |
l ! | | !
I | | | I
I I I l I
| 7.2 |7 .1 | U/SAND |sand: Greenish/gray, slightly clayey, slightly |Gradational !
| - ! |cohesive, fine to medium grained, quartzose, damp; At |change; 1.2 ft. |
| . ! 9.0 ft. going to tan, loose, gravelly. |recovery; Strong |
I U ! | |diesel odor. |
I 3 | | I |
| e | | | 1
l e o | | | |
1 | U/GRVL |Gravel: varicolored, 5 - 10X sand, shells, saturated; |W.L. measured at |
| g GO | |Most gravels are quartz-chert, 2 - 10 mm, subangular to |10.7 ft. BLS. |
| |O o | | subrounded. |Measured after well |
[ NONON | | | |completion at 9.9 |
| g | | |fr. BLS; 3.2 ft. |
| booOd | | |sample recovery. |
| IE? EE E} | ! | |
| 14.5 50 | U/MARL |Limestone: Whitish - gray, weathered, indurated, Jorove 1.5 in. s.s. |
| | | ] |fissile. ]1 in. = 50 Blows. |
| | | ] | [T.D. = 14.6 ft. [
| | | | I | |
! | | | I | I
l | | I ! I I
l | | ! l I |
| | I I l | |
| | l | I | !
I | | | l | |
l | | I I I |
| | | | I | |
| | | | I | |
l | | | | | |
I | | | I | !
l | | | l | I




L DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

|
| 1. PROJECT: CARSWELL AFB, |'7. TOTAL DEPTH OF HOLE:  14.2 ft BGL |
L IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: East Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 7 |
] 4. HOLE NO.: SD13-02 | 11. ELEVATION GROUND WATER: 559.19 ft MSL (3/26/90) |
| S. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/27/90 {
l 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: §70.64 ft MSL
| X: 2024974.41  Y:  400058.53 ] 14. BACKGROUND: ]
| .I 15. MEASURING POINT ELEVATION: 573.39 ft MSL |
|Depth| Graphic | Blow | Soil | | |
1¢Ft )l Log Count _|Class/Code |Visual Description | Remarks |
| o | u/cLLR |[clay: Orange, brown, and green, silty, sandy, 1 - 3% |Full samplers |
| | | limestone gravels, firm, cohesive, damp. Junless noted; 1.3 |
| | | |ft. recovery; Looks |
| | | |like fill. [
| 2 | Uu/CLLR |Clay: As above, mottled and layered with varying colors |1.6 ft. recovery. |
| | |and grain sizes, very disturbed loocking. | |
I I I I |
I I l I |
| & | u/cLLR |Clay: As above. . |Looks Like fill. |
I I | I |
I I | | |
I I | I I
| 6 | uscLLr |clay: As above, matrix supported gravels, still has | |
| [ |disturbed appearance. | |
I | I | I
I ! I | I
18 |o . | U/SDLR |Sand: Orange/tan, 5 - 10% small gravel, loose, varying |1.0 ft. recovery. |
| * | |grain sizes but mostly medium grained, gravels mainly | |
| . | [5-10 mm but some to 20 mm, damp. | |
I . I I | I
I I I | I
| Ce I | I I
1 000 | U/SDGR |Sand and Gravel: As above but increasing percentage of |2.8 ft. recovery; |
| ’OOQ | |gravel, wet at 13.5 ft. Largest gravels are limestone |W.L. measured at |
| OOO | |and occur between 13.5 ft. and 14.0 ft. [13.4 ft. BLS. |
el B : :
oo | | | |
| 14 P—.:—L‘__{ | usLMsn |Limestone: Gray, hard, oxidation stained on partings. |T.D. = 14.2 ft. |
I | | | I
I | I
I | I
I | I
I I |
I | I
I | |
| I I
| | |
I | I
I I I
| | I
I I I
I | I
I | |
| I |




I [refusal at 14.0 ft.
|Drove 1 1/2 in.
[s.S.; S0 Blows =
[0.1 ft. T.p. =
[16.1 fr.

|

| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH Of HOLE: 14.1 ft BGL |
| JIRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: East Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
1 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9 ]
| 4. HOLE NO.: $SD13-03 | 11. ELEVATION GROUND WATER: 557.44 ft MSL (3/26/90) |
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/26/90 |
| 6. COORDINATES OF HWOLE: ] 13. SURFACE ELEVATION: 568.60 ft MSL |
| X:  2024919.81  ¥: 399934.09 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: 571.54 ft MSL |
|Depth| Graphic | Blow | Soil | |

1(Fe) Log Count |Class/Code |Visual Description | Remarks 1
| 0 y//fr | u/cLLR |clay: Dark brown, silty, firm, damp, organic, roots. |Full recoveries |
| | | Junless noted; 1.3

| | | |ft. recovery. |
| | | I |
| 2 | U/CLLR |Clay: As above, becoming orange/brown. | |
I | I | |
| 3 | ussiLY |silt: Orange/brown, clayey, cohesive, small roots, |1.7 ft. recovery;

| | |damp, 2 - 5 mm calcareous nodules. |Gradational change.

| 4 | ussiey Isilt: As above, increasing coarseness (fine sand). | |
I I I A I I
I I I | I
I I I | I
| I I | |
I ! I | |
| 6.8 R | u/saND |sand: Green/gray, very fine - medium grained, slightly |1.1 ft. recovery. |
| I ,._.,._I | |clayey and cohesive, damp, quartzose, subrounded. | |
|8 |-+ | ussaND |sand: As above, less clay; 0.4 ft. sand and gravel seam |W.L. measured 9.1

| s [ Jat 9.0 ft., wet at approximately 9.0 ft. Gravels 2 - 5 |ft. BLS after well

| l. . S [ [mm (small). Sand is slightly cohesive. |completion; Strong

| [« - | | |diesel odor. |
| 10 |, .'.'. | u/saNp |sand: As above, less clay, fine to coarse grained. |3.0 ft. recovery. |
I [e e I I | I
R | | ! |
| L | | | I
| 12 1O O E:1 | uservL |Gravel: varicolored, 20X sand, 2 - 40 mm, larger [Strong diesel

| k ON®) | |gravels limestone and angular, smaller quartz and | odor .

| ] [ | subrounded. |

| 13.5 50 | U/LMSN [Limestone: Dark gray, indurated. |Sampler (CME)

I I |
I | I
I I I
I ! I
I I |
I I I
I | |
I I I
I I I
I | |
I I I
I I I
I I I
| | I
I I I
I I I
I I I




INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

7. TOTAL DEPTH OF HOLE: 10.6 ft BGL

8. DATUM FOR ELEVATION SHOWN: ses tevel

2 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61
3. DRILLING AGENCY: Environmental Orillers, Inc. 10. NO. OF SAMPLES TAKEN: 6

1 4. HOLE NO.: $D13-04 11. ELEVATION GROUND WATER: 558.64 ft MSL (3/26/90)

ORILLING LOG | RADIAN CORPORATION l
!
]
AJ
]
l
1 5. NAME OF GEOLOGIST: §. E. Fain | 12. DATE HOLE ESTABLISHED: 3/26/90
I
]
1

1. PROJECT: CARSWELL AFB,
IRP PHASE [1 STAGE 2
. LOCATION: East Area

] 6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 566.81 ft MSL
L x:  2024992.02  Y: 399931.97 14. BACKGROUND:

1 15. MEASURING POINT ELEVATION: 569.26 ft MSL
|Depth] Graphic |  Blow | Soil | |
I¢Fr.)] teg | Count [Class/Code |Visual Description | Remarks
| 0 L/7 | uscLLR |Ctay: Dark brown, stiff, organic, damp; At 1.5 ft, |Futl recoveries
| |going to a green silty clay with calcareous mottling. |unless noted
] |otherwise;
| [Limestone fill
] . |first 0.3 ft.
2 U/CLLR |Clay: As above, getting sandy (very fine to fine [1.2 ft. recovery.
|grained), ]
[ I
| |
4.5 .'.‘.‘."I U/SOMD |Sand: Orange/tan, loose, medium grained, gquartzose, |0.8 ft. retovery.
I | damp. !
..... l I : l
6 '. ) _I U/SAND |Sand: Green/gray, slightly clayey and slightly JW.L. measured at
o | |cohesive. At 7.5 ft. becoming coarse grained, loose, ]7.45 ft. BLS after
- o |wet, SX granule size gravel. |well comptetion.
..... I I I
. . I |
8.5 p oNe d U/GRVL |Gravel: Varicolored, 20X sand, slightly clayey, gravels |Strong diesel odor
t] ® C)l |to 50 mm, larger sizes are limestone clasts, saturated. ]8.5 - 9.5 ft.
| I
_ | I
10.2{ U/LMSN |Limestone: Dark gray, fissile, indurated, no fossils. |Drove S.S.

| |sampler; 50 blows =
|1 3/4 in.; T.D. =
[10.6 ft.

SRS SRRy SEN NN SRRy SRR S S SURY WY Sy S
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I
I
I
I
|
I
|
I
!
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l
I I
| I
I |
I I
I |
I |
I |
| I
I I
I I
I I
I |
I I
| |
I I
I |
I I
I I
I I




| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

|
| 1. PROJECT: CARSWELL AFB, L 7. TOTAL DEPTH OF MOLE: _ 18.8 ft BGL ]
IRP PHASE I STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: East Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 8 |
| 4. HOLE NO.: S$T14-01 ] 11. ELEVATION GROUND WATER: 557.09 ft MSL (3/26/90) |
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/27/90 |
I 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 573.20 ft MSL 1
L x: 20264309.32  Y:  399886.09 | 14. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION: 575.89 ftr MSL 1
Blow | Soil | | |
Count |Class/Code |Visusl Description | Remarks ]

| uscLLR |Clay: Dark brown, slightly silty, stiff, organic, damp. |Full samplers | ¢
| | Juniess noted. |
| | | I |
I I | | |
| | usCLLR |Clay: As above, very stiff. | |
I | | I |
I | | I I
| | | I |
| | u/cLLR |Clay: As above, turning gray/green at 5.0 ft. | ]
I I [ | [
I | | ! I
| | | | |
| | uw/cLLR |Clay: Gray/green, silty, 5% calcareous materiat, firm | |
| | |to stiff, damp, oxidation staining. | |
| | | ! I
| I | | I
| | u/sAnD |Sand: Greenish/gray, slightly claye. 3 - 9 ft., [1.0 ft. recovery. |
| | |slightly cohesive, fine grained, damp; at 9.0 ft. going | I
| { [to tan, fine to medium grained, loose, quartzose, damp. | |
I ) I I | !
| 10 | ussomd |Sand: Tan, medium grained (mainly), loose, >95% quartz, [1.5 ft. recovery; |
| ! |1-5% smali gravel, saturated. |W.L. measured at ]
| ) [ | |11.1 ft. BLS |
| . | ) | through augers. ]
| Cooe | | I I
I I I | I |
| . | | | I
| I | I [
| I | | !
I I [ [ I
| 15 | U/sSDGR |sand and Gravel: As above, increasing gravel content | |
[ [ |with depth to 60% at 17.5 ft. | |
I ! | I |
| I [ I
I I | I
I I | |
| | f I
| 18.2 | U/LMSN Marl: Gray, fissile, indurated. |T.D. = 18.8 ft. |
I I | |
| I I |
I | | I
I I | |
I I | [
| ! | I
l I [ I

I
|
|
I
|
I
|
I
I
I
I
!




| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS {
| 1. PROJECT: CARSWELL AFB, ] 7. TOTAL DEPTH OF HWOLE: 17.5 ft BGL ]
| IRP PHASE [] STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: East Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 ]
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 8 ]
| 4. HOLE NO.: ST14-02 | 11. ELEVATION GROUND WATER: 558.14 ft MSL (3/27/90) |
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/27/90 ]
l 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 572.70 ft MSL 1
| x:  2024311.81  Y:  400102.44 | 14. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION: 575.64 ft MSL ]
|Depth| Graphic | Blow | soil ! | |
1(Fe. Log | count |Class/Code |Visual Description _| Remarks |
| o M | U/CLLR |Clay: Dark brown, silty, stiff, organic, damp; going to |Full recoveries |
[ | |light brown at 3.0 ft. |unless noted. |
| | | | |
l | l [ |
| 2 | U/CLLR |Clay: As above, carbonaceous nodules (5%, 1 - 3 mm), |Appears to be |
| A | |siltier. |in-situ. |
| I | I I |
! ! | ! | |
| /l | I | |
| d | | | l
| 4.8 | ussILT |sitt: Green with oxidation stained mottling, very fine |Gradational |
| } |grained sand, slightly clayey, cohesive, 1 - 3 % jchange. ]
[ | | jealcareous nodules. | |
| 6 | | UussILT  |silt: As above, sandier, roots. | |
( | l | l |
| | | | | |
l | | | ! !
| 85 .. .. | | U/SAND |sand: Greenish/gray, fine to medium grained, clayey, |strong diesel |
| RN ] [slightly cohesive, wet at 9.0 ft. |odor. |
I o I | | |
10 ... ..} | U/SAND |sand: Greenish/gray, coarsening with depth, quartzose, |W.L. measured at ]
| N | |loose, minor gravel (<10%) 12.5 - 13.5 ft. [9.4 ft. BLS through |
| R ] ] |augers; 3.0 ft. |
| N | | |recovery. |
! SR | | |
| IR | ! |
| 13.5 OOO | ussber |Sand and Gravel: Varicolored, 40% gravel (to 20 mm), |
| boo | |saturated; gravels mainly quartz - chert, subround, |
| OOO i }sand quartzose; increasing gravel to 60% at 16 ft. BLS. ]
| | | (
I poO ! |
N ISHeRS | |
| P.Q.Q. | I
l ' [ l
] 17.1} [ ] | U/LMSN Limestone: Gray, hard, oxidstion staining. T.D. = 17.5 ft. |
l l |
l I l
l | |
l | |
I | |
| | |
| | |
l l l
| | |




L DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS

| |blows = 0.1 ft.;
|T.D. = 18.3 ft.

]
| 1. PROJECT: CARSWELL AFSB, 1 7. TOTAL DEPTH OF MOLE: 18.3 ft BGL ]
L IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level |
1 2. LOCATION: East Ares 1 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
I 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 {
L 4. HOLE NO.: S$T14-03 | 11. ELEVATION GROUND WATER: 558.42 fr MSL (3/28/90) {
1 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE WOLE ESTABLISHED: 3/28/90 {
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 574.83 ft NSL |
L x: 2024116.09  Y:  400672.37 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION: 576.72 ft MSL |
{oepth| Graphic | Blow | soil | | |
LCFed Log | Count ([Class/Code {Visual Description | Remarks ]
| o :ﬁ"_L_lI | U/sLMSN fLimestone: Limestone base material; fill material. jorilled first 0.5 |
| // I 1 l It |
| 0.5 | u/scLLR |Clay: Dark brown, stiff, brick fragments, broken glass, | |
I / 1 |damp. | l
]2 | U/CLLR |Clay: As above, at 3.0 ft. sharp change to light brown, JFull samplers |
| | Jstiff, silty clay, with calcareous nodules. junless noted. |
I / | | | |
| | | | |
| 4 | U/CLLR |Clay: Light brown, silty, firm, shell fragments, moist. | |
I / | l | I
| | | | !
| | | | |
| 6 ] U/CLLR |Clay: As above, soft, very moist. | |
| ! | | !
I ! | | !
I | . I { |
| 8 { uscLLr |[Clay: Green/gray, silty, calcareous nodules, oxidation |Green foamy liquid |
[ | |staining, firm, damp. jobserved on sample. |
I [ [ | |
I { | I I |
I [ | | |
| | I | |
] 1 | ussocL ]Sand: Green/gray with oxidation stained mottling, very |0.5 ft. recovery. |
) ] |clayey, fine to medium grained, slightly cohesive, wet. | |
| 12 | u/socL |sand: Clayey, as above. 1.2 ft. recovery. )
I | | | |
| | | | |
I | | I |
| 14 | U/SAND |Sand: As above, light gray, not as clayey. [W.L. measured down |
i | | jaugers at 15.4 ft. |
| I I JaLs. 1
I | i f !
| 16 | u/sAND |sand: Light gray, fine to medium grained, subround, | |
| | |homogeneous, wet. ] |
| | | | |
| 17.58 | U/SDGR |sand and Gravel: 50/50, rust colored, limestone gravels |Sampler (CME) |
| = | Jto 30 mm, smaller gravel mainly chert. |refusal at 18.2 ft. |
| 18.2} | UsLMSN |Limestone: Gray, hard. |prove s.S; S0 |
| I |
I | |
I [ |
| I |
| | |
| I I
I I I

|
I
| |
I I
I {
I I




L DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SMEETS 1
I 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 17.0 ft BGL |
1 IRP_PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
1 2. LOCATION: East Ares _ 1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 |
1 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 10 ]
| 4. HOLE NO.: ST14-04 | 11. ELEVATION GROUND WATER: S58.74 fr MSL (3/28/90) 1
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/29/90 1
l 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 572.90 ft MSL |
| X: 2024566.48 Y: 400231.53 | 14. BACKGROUND: 1
l _| 15. MEASURING POINT ELEVATION: 575.74 ft MSL 1
[Depth| Graphic | Blow | seil | | |
J(Ft.)] tLog Count |Class/Code |Visual Description | Remarks 1
o |00 | U/SAND  |Sand: Sandy loam for first 0.5 ft. |Full sample |
| | | |recoveries unless |
| | | Inoted. |
| 0.5 | Uu/CLLR |Clay: Dark brown, slightly silty, stiff, carbonaceous | |
| /I | |spotting, roots, damp. | |
| 2 | u/cLLR [Clay: As above, going to orange/brown at 3.8 ft., | |
| / | [siltier. | |
| / | | | |
| 4 | U/CLLR |Clay: Orange/brown, stiff, calcareous material, demp. | |
I I I I |
I I I I |
| | I I |
| 6 | u/cLLR [Clay: As above, oxidation staining, calcareocus nodules | |
| | |to 15 mm, | |
| | I I I
| I I | I
| 8 | Uu/CLLR |Clay: Gray/green, very silty, very fine grained sand, |Strong fuel odor. |
| | |calcareous nodules, damp. | |
I I I I I
! % ! ! | |
N I I | I
j10.2) . .. ] U/SAND |sand: Gray/green, clayey, fine grained, wet, |Gradational ]
| | | jcarbonaceous staining, cohesive; Going to medium and |change; W.L. ]
| | R | |coarse grained at 11.7 ft. |measured in well at |
| [« ... | | |9.6 ft. BLS. |
I L I I : I I
i3 100 d | U/GRVL |Gravel: varicolored, slightly sandy, saturated, |Strong fuel odor. |
| oNe) { | |bimodal; smaller gravel (5 - 20 mm) mainly subrounded | |
| 00O | |chert, larger gravels (20 - 50 mm) limestone, | [
I 00 I I I |
| 15 | UsGRVL |Gravel: As above, sand is spproximately 25X%. | |
1800 | | | !
! C 0 | | | !
| 16.5.E | U/sLMsK |Limestone: Gray, hard, fissile, oxidation staining on |T.D. = 17.0 ft. |
I ' [ |pertings. I I
| | l | I I I
| I I I I | I
I I | I I I I
I I I I | | I
I | I | | | I
I | | | I | I
I | I I | | I
| I I I | | I
| | I I I | |
! | I I I ! I

A_1n — ~



APPENDIX B
Well Completion Summaries

[Previous Well Completion Summaries may be found in
Radian (1986) and Radian (1989)]
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB |
| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/26/90 ]
! | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN |
| 2. LOCATION: Site SD13 | 11. 20NE OF COMPLETION: Aguifer |
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 5.00 ft 1
] 4. WELL NO.: $D13-01 | 13. MEAS. POINT ELEV.: 573.24 ft MSL |
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in 1 :
| 6. WELL TYPE CLASS: MONITORING WELL | 15, CASING MATERIAL: Schedule 40 PVC |
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 7.12 ft |
] 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in |
| 18. REMARKS: 1-Bottom cap, 1-7.55’ Screen, 1-10’ Riser, 1-Locking Cap, 1-5'x0.5’ Locking Steel Cover |
1 1
| TOP_OF CASING |
| I | |
| GROUND SURFACE I | |
| 1 | | I | 1 |
| I | | | ! I I
| | BACKFILL MATERIAL: | | | i | |
| | Cement-Bentonite Grout | | | | | |
I | I I ! I I |
| | A | i |{____ BOREHOLE DIAMETER: | |
| | /| | | A 8.000 in | |
| BOREHOLE | | [ | | |
I DEPTH: I I | | I I
| 14.60 ft I | I | I |
| | | | i I SEAL MATERIAL: | . |
I I I I I | Bentonite I I
I I l ! j ' I I
I | 1 I I I I I |
| | SEAL LENGTH: | | i | | |
| | 2.10 ft | i | | CASING DEPTH: |
I I | I I I I 14.50 ft I
I | 4 | | J I I
I I t I I | ! I |
| ! I I i | i I |
I I I I o I I |
I I I I I — | | t I |
I I | I | I I I I
I | | I I — I ! I |
I | I I f I I | I
| | | | I — |  SCREEN LENGTH: i |
I I I I | I 7.20 ft I |
| | FILTER PACK | | — | | | | |
I I LENGTH: | | I I I I
I I 9.60 ft | P — | I I I
I I | | J— I _¥ I |
| I I I | I I t I I
I I | I I I I I | I
| | | | | | | BLANK LENGTH: | |
| I | | | | I 0.18 ft I I
| I I | | I | I I |
I I | I ] I | ¥ ¥ |
I | , | | I |
| ¥ \a | ! |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
I |
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| WELL COMPLETION LOG | RADIAN CORPORATION L_INSTALLATION: CARSWELL AFB ]

| 1. PROJECT: IRP PHASE 1! STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/27/90 |

| | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN i

| 2. LOCATION: Site SD13 | 11. ZONE OF COMPLETION: _Aquifer |

] 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: _ 7.40 ft 1

] 4. WELL NO.: SD13-02 | 13. MEAS. POINT ELEV.: 573.39 ftr MSL 1 A
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00_in | #
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC ]

] 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 9.50 ft |

] 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZ2E: 0.02 in ]

| 18. REMARKS: 1-5/x2% Screen, 1-10’x2" Riser, 1-2.5/x2" Riser, 1-0.2' Bottom Trap, 1-lLocking Cap, 1-5/x0.5’ Steel | ;
| Protective Cover ;|
I I

| TOP_OF CASING |

| | I I

| GROUND SURFACE | | |

I 1 | | | I 1 I

| I I | | I | |

| | BACKFILL MATERIAL: | | | | | |

| | Cement-Bentonite Grout | | | | | |

| | | | I I | I

| | | | | |/___ BOREHOLE DIAMETER: | | -
| | /] | | [\ 8.000 in | |

| BOREHOLE | | | | | |

| DEPTH: | | | | | | -
| 14.20 ft | | | | | |

| | [ | | | SEAL MATERIAL: | |

| | - | | | | Bentonite | |

I | l | L1 | I

I | t | I | I | N

| | SEAL LENGTH: | | | | | |

| | 2.10 ft | | | | CASING DEPTH: |

| | I | I I I 14.20 ft I

| | ¥ L ] J— I I

| | t | | | | | |

I | | | | | I | I

| I | | |1 I | I

| | I | | — | | | | I

I I | | | — I | | I

| I | l |l — | I | | I

| [ | | | I I | |

| | | | | ] |  SCREEN LENGTH: | |

| | I | | I 4.00 ft I I

| | FILTER PACK | | — | | | | |

I | LENGTH: | | — I I | I

I | 6.80 fr | | — | I | | I

I | I I || I ¥ | I

I | | | I | I | I I

I I | | | | | I I |

| | | | | | | BLANK LENGTH: | |

| I I | | | I 0.70 ft | |

I | | | | | | I | |

| | | | L 1 I ¥ ¥ I

I | I | | |

| ¥ ¥ | A I

| I

| FILTER PACK MATERIAL: 8-20 Silica Sand |

| 1

|
|
I
I
!



| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB |
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/26/90 |
L | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN |
| 2. LOCATION: Site SD13 | 11. 20NE OF COMPLETION: _ Aquifer |
1 3. INSTALLING €O.: Radian Corporation | 12. SEAL END DEPTH: 5.00 ft |
1 4. WELL NO.: SD13-03 | 13. MEAS. POINT ELEV.:  571.54 ft MSL i
] 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER:  2.00 in |
| 6. WELL TYPE CLASS: MONITORING WELL ] 15. CASING MATERIAL: Schedule 40 PVC |
1 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 7.08 ft |
1 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE:  0.02 in |
| 18. REMARKS: 1-5/x2% Screen (cut), 1-10’x2" Riser, 1 Bottom Cap, 1-Locking 2" Csp, 1-5/x0.5’ Steel Protective |
1 Cover 1
| |
| TOP OF CASING |
| | | |
| GROUND SURFACE 1 1 I
| t | | | | 1 I
| | | | | | | |
| | BACKFILL MATERIAL: | | l | ] |
i ] Cement-Bentonite Grout | | | | | |
| | | I | | | |
| | I { | | |{____ BOREHOLE DIAMETER: | |
| | /| | | I 8.000 in I |
| BOREHOLE | | | | | |
| DEPTH: | | | | | |
| 14.10 ft | | | | | |
| | | | | | SEAL MATERIAL: | |
| I | | | | Bentonite | |
| | | ! 1 | |
| | t | | | | | |
| | SEAL LENGTH: | | | | | |
| | 2.30 ft | | | | CASING DEPTH: |
| | | I | | | 14.00 ft |
| I _y ! 1 | | |
| I 1 | | | | | |
| | I | | | | | |
| | | I o | | |
| | | | I | 1 | |
| | | | I | | I |
| | | | | — | | | |
| | | | | | | | |
| | | | P | SCREEN LENGTH: | |
I | | | PR | 6.77 ft | I
| | FILTER PACK | | | | | |
| | LENGTH: | — | I | | |
| | 9.10 fr | | — | | | | |
| | | | o I ¥ | I
| | | | | | | t | |
| | | | | | | | | I
| | | | | | | BLANK LENGTH: | |
| | | | | | I 0.15 ft | |
| | | | | | | | | I
| | | | | | | ¥ \ 2 |
| | | | | |
| \ 2 ¥ 1 1 I
| I
| FILTER PACK MATERIAL: B8-20 Silica Sand i
1 1

B-5



| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/26/90

j | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
| 2. LOCATION: Site SD13 ] 11. ZONE OF COMPLETION:  Aquifer

1 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH:  4.30 ft

| 4. WELL NO.: SD13-04 | 13. MEAS. POINT ELEV.: 569.24 ft MSL
1 S. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in

| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC

1 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 5.80 ft

| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

| 18. REMARKS: 1-0.2’Bottom Trap, 1-5’'x2" Screen, 1-10’x2% Riser (cut), 1-Locking Cap, 1-5'x0.5/ Steel Protective
| Cover

|

| TOP OF CASING

| I I

! GROUND SURFACE 1 |

| 1 | | | | t
| I | | | | I
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
I | I I | | I
| | — | | |/____ BOREHOLE DIAMETER: |
| | /| | I I 8.000 in |
| BOREHOLE | | ! | |
| DEPTH: | [ | | |
] 10.60 ft | | | | |
| | | [ | | SEAL MATERIAL: |
| | | | | | Bentonite I
| | | | 1 |
| I t | | | I I
| | SEAL LENGTH: | | | | I
| I 2.00 ft | | | | CASING DEPTH:
| | | | | 10.50 ft
| | y | | 1 I
I | t I | | | I
| | | | I | | |
I | | ! | ! I
I | | | | — | I t I
I I | I |——1 | | I
| | | I I — | | I
I I | I R | | I
| | | | | — 1 |  SCREEN LENGTH: |
| | | I T 4.00 ft !
| | FILTER PACK | | — | | | |
| | LENGTH: [ [ | | | |
| | 6.30 ft | | ! | I
I I I I R | ¥ I
I I | | | | I t I
| | | I I I I I I
| | | | | | |  BLANK LENGTH: |
| | | I I I | 0.70 ft I
| I | | I I I I I
I I | I | | | ¥ v
I | I I |

| 4 ¥ 1 ]

I

| FILTER PACK MATERIAL: 8-20 Silica Sand

|
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] WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

|
| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 3/27/90 |
| | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN |
] 2. LOCATION: Site ST14 | 11. 20NE OF COMPLETION:  Aquifer |
| 3. INSTALLING CO.: Radian Corporation ] 12. SEAL END DEPTH: 6.50 ft |
] 4. WELL NO.: ST14-01% | 13. MEAS. POINT ELEV.: 575.89 ft MSL ]
]| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in |
1 6. WELL TYPE CLASS: MONITORING WELL ] 15. CASING MATERIAL: Schedule 40 PVC ]
] 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: B.45 ft |
1 8. LOCATION TYPE: WL | 17. SCREEN SLOT SI2E: 0.02 in i
| 18. REMARKS: 1-10’'x2" Screen, 1-10'x2% Rigser, 1-lLocking Cap, 1-Bottom Cap, 1-5'x0.5’ Locking Steel Cover ]
1 ]
I |
| TOP_OF _CASING |
| | | |
| GROUND SURFACE ] 1 |
I t | ! I | t |
I | | | | I I |
| ] BACKFILL MATERIAL: ] ] ] | ] |
J | Cement-Bentonite Grout ] ] I | | ]
! | I I | | | |
| | Al | | |{____ BOREHOLE DIAMETER: | |
] ' /| I | AN 8.000 in | |
| BOREHOLE I | | | I |
| DEPTH: | | | | | |
| 18.80 ft | I | | I |
| ] | | ] ] SEAL MATERIAL: ] ]
| I | | | | Bentonite | I
I | ] l J — | |
| | t | | | | l |
] ] SEAL LENGTH: | ] ] | | ]
| ] 2.00 ft ] | ] ] CASING DEPTH: ]
| I | | | | | 18.40 ft |
| | ¥ 1 ] L | I
I [ t [ ! | | | |
| | | | | | | | I
| | | ! I [ | | |
I | | | P — | t ! |
| | ! | — 1 | [ | I
| | [ | I — | I | |
| [ | | PR | | | |
| | | | e | SCREEN LENGTH: [ |
| | [ I R I 9.75 ft | I
[ | FILTER PACK | I — | | | | |
| I LENGTH: | 1 ! ! | !
I | 12.30 ft | | | ! I !
| I [ | I | | L2 [ |
| i I ! ! I | 1 | |
| i | | I I | | | I
| | | | | | | BLANK LENGTH: | |
I I I | I | | 0.20 ft | !
| | ! | | | | | | |
I | ! I L | | ¥ ¥ I
I | | | | I
| ¥ ¥ | 1 !
! !
| FILTER PACK MATERIAL: 8-20 Silica Sand |
L |
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] WELL COMPLETION LOG | _RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/27/90

1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
1 2. LOCATION: Site ST14 | 11. 20NE OF COMPLETION: Aquifer

| 3. INSTALLING CO.: Radian Corporstion | 12. SEAL END DEPTH: 5.00 ft

| 4. WELL NO.: ST14-02 ] 13. MEAS. POINT ELEV.: 575.64 ft MSL
1 5. WELL OWNER: U.S. AIR_FORCE _| 14. CASING DIAMETER: 2.00 in

] 6. WELL TYPE CLASS: - MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC

| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 7.05 ft

] B. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

| 18. REMARKS: 1-10’ Screen, 1-10’ Riser, 1-0.2’ Bottom Trap

L

TOP_OF CASING

FILTER PACK MATERIAL: 8-20 Silica Sand

[

I

| | I

I GROUND SURFACE | 1

| t I I | I t
I I [ [ I I [
I [ BACKFILL MATERIAL: | | | | |
] | Cement-Bentonite Grout ] | ] | |
[ I I | [ I I
I I —Al | | I BOREHOLE DIAMETER: |
| | /| I I AN 8.000 in [
| BOREWOLE | | I ' I
| DEPTH: | | | I '
| 17.50 ft | | | |

| I I I SEAL MATERIAL: |
| ! | | Bentonite ,
I I | E— L1 I
I | t I || |
| | SEAL LENGTH: | | b |
| | 2.30 ft | | | | CASING DEPTH:
I | l I | 17.10 ft
I | ¥ ] 1 L | |
| | t | I I | !
| I | | | |
| | | | | |
l I | Lo — t |
| I I | | | I [
I I I I [ — I | I
I I I I I I ! |
I | | I 1 — | |  SCREEN LENGTH: [
I l | N 9.75 ft |
I | FILTER PACK | | __ | | | |
I I LENGTH: | | | | |
| | 1250 ¢t | | __ | | , |
I I | [ | I [ ] I
l l | | . t |
I I | | | | I | |
| I | I | | | BLANK LENGTH: |
l ! I | |1 0.30 ft ,
l I I I I I | | I
I I | | | | | ¥ ¥
I I I I I

| ¥ ¥ 1 |

I

I

]

— D0



] WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/28/90

1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
| 2. LOCATION: Site ST14 _ | 11. ZONE OF COMPLETION:  Aquifer

| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 5.80 ft

| 4. WELL NO.: ST14-03 _ | 13. MEAS. POINT ELEV.: 576.72 ft MSL

1 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in

| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC

L 7. FORMATION OF COMPLETION: ] . 16. SCREEN BEGIN. DEPTH: 7.85 ft

| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-10'x2" Screen, 1-10/x2" Riser, 1-Locking Cap, 1-0.2' Bottom Trap, 1-2.5'x2" Riser (cut)

FILTER PACK MATERIAL: 8-20 Silica Sand

1

|

|

1

|

i

i

A

i

i

' |
. |
‘ |
I TOP OF CASING |
' | | |
| GROUND SURFACE | i |
I 1 I I | | 1 |
| | | | I | I |
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
| I I I I | | |
I | — | | |{____ BOREWOLE DIAMETER: | |
I | N [\ 8.000 in | |
| BOREHOLE | | | I | I
| DEPTH: | | I ' I |
| | | | | | SEAL MATERIAL: | |
I | b I Bentonite | I
| | L1 - | ,
I | t | I I | I |
I | SEAL LENGTH: | | | | |
I | 230 ¢t | | I CASING DEPTH: |
l | | I | 17.90 ft .
| | ¥ L1 [ | |
I | t I | | I I |
I | I I I | | | |
I | | I I | I | |
I | I | | — | | 1 | |
| | I I [J— | I I |
| | I I | — | | | I |
I | | | | | | | |
| I | l | — | | SCREEN LENGTH: | |
| I | I P I 9.75 ft | |
I | FILTERPACK | | __ | | | | I
| | LENGTH: | || | | | |
| I 12.50 ft | | | | | | l
| | | I I I f \ I I
| | | | I I | t | !
I | I I I | | I I |
I | | | | | | BLANK LENGTH: | |
| | | f | | | 0.30 ft | |
| | I I | | I | | I
I | I I L1 | ¥ ¥ |
| | | | | I
| ¥ ¥ | | |
I |
| |
. |
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| WELL COMPLETION LOG __| RADIAN CORPORATION | INSTALLATION: CARSWELL AFB 1
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/29/90 B
1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
1 2. LOCATION: Site ST14 [ 11. ZONE OF COMPLETION:  Aquifer 1
] 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH:  4.30 ft |
l 4. WELL NO.: ST14-04 ] 13. MEAS. POINT ELEV.: 575.74 ft MSL 1
1 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in ]
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC |
1 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. OEPTH: 6.45 ft 1
1 8. LOCATION TYPE: WML | 17. SCREEN SLOT SIZE: 0.02 in 1
| 18. REMARKS: 1-10‘x2" Screen, 1-10’/x2% Riser, 1-0.2’ Bottom Trap, 1-5/x0.5’ Steel Protective Cover, 1-Locking Cap |
| (€4} |
| |
| TOP OF CASING |
| | [ !
| GROUND SURFACE | L I
| t | | | | t |
I | I | | I | I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
| | | | | | | |
| | I | | |/_____ BOREHOLE DIAMETER: | |
| | /| | | A 8.000 in | |
[ BOREHOLE [ | | | | |
| DEPTH: | | | I | I
| 17.00 ft I I | |
| | | | | | SEAL MATERIAL: | |
| | I | Bentonite | I
| | L i L 1 | |
| | t I | | | | I
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: |
| I | I I | | 16.50 ft |
| | ¥ L 1 L i [ |
| ! 1 | | | | | [
| I | I | | | | |
| | | I I | | [ |
| I I | I — | | t | |
| I | | R | I | I
I I | I I — | | I |
| | | | R I I | I
| | | | | | | SCREEN LENGTH: | |
| I I | R | 9.75 ft | |
| | FILTER PACK | | — | | | | |
| I LENGTH: I R [ I I I
| I 12.70 ft | | — | I | |
| | | | [ | | ¥ | I
| | | | I | | t I I
| | | I I | | I | |
| | | | | | | BLANK LENGTH: | |
I | | | | | | 0.30 ft | I
| | | | I | | | | |
! | [ ! L1 I ¥ ¥ |
| I ! [ [ |
f 2 y L j |
| |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
| |
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APPENDIX C
Well Development Information

[Previous Well Development Information may be found in
Radian (1986) and Radian (1989)]
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APPENDIX D
Water Quality Sampling Records .

[Data from Previous Studies may be found in
Radian (1986) and Radian (1989)]
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GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATIONID _<55 "/ LOGDATE _SZ£2 P00 LOGTIME (250
LOCATION 1D L0/ = /5 LOT CONTROL NO.
SAMPLE TYPE _ SAMPLE ID SAMPLE DEFTH (FT) Z22 27
2 7.D. 279 BTC CIonewel]
INITIAL GROUNDWATER DEPTH (FT) _ZIZ 27 CAPGa( =5 mborred Casimg sl
SAMPLING PERIOD: sn}r L% COMPLETE __ L/
SAMPLING METHOD /25 LOGGER CODE L2

LAB CODE ___ (A2 DATE SENT 32020

PRESERVATION METHOD_ " £~/ 1iia — 2JETAe s
COMMENTS __ 274y L. TELad NS T FELSBI E ] e o
Alyd 1278

FINAL PARAMETER MEASUREMENTS: °E'WE°"' 0.
POTENTIAL OF HYDROGEN pH  S.U. Lo L8/
SPECIFIC CONDUCTANCE SC  umhos/cm 455 —_
REDOX POTENTIAL Eh mvolits . - —
TEMPERATURE TEMP °C 4
ALKALINITY (CaCOg) ALK mg/l -
Eirrney grie= 422/
TOTAL VOLUME s hew
TIME WITHDRAWN PH |umnonremi| o COMMENTS
(GALS) [Bore Volumesh
Lues| 6.0 0.0 - - - START PUMPING
Sl 2L bS] Lt Vs RSerne Sippldr

e vd s 45\ FPp WUBoAR Ba s Trw's Do
Lo LD b 67 F2F |LB25F L7 784 pMe0. Tudd, D

JOSH zo s B2/ 687F Armosr o Dy

(Bl Fo | L2 B35 BP0 A LT T siseprg TolB.0

D- DUPLICATE FB - FIELD BLANK G- GRAS SP . SUBMERSIBLE PUMP

R-. REPLICATE T8 - TRIP BLANK 8- BALLER AL «  ARLIFT SAMPLER

S-. SPIKE LB - LAB SLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION LEFT PUMP

D-3 - -



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION ID _ 3474 LOG DATE S £2°7Z wenMe __/3S

LOCATION ID 4527 — /&~ LOT CONTROL NO.

SAMPLETYPE_A/F 2 SAMPLEID SAMPLE DEPTH (FT) 8¢ Bre.”
- - 70" P OBBL O C CsrmOED -

INITIAL GROUNDWATER DEPTH (FT) __2.5¢ 47z /2P el = 5 wﬂ%@ff‘gy

SAMPLING PERIOD: START _2&28 COMPLETE _ /228

SAMPLING MET ooi LOGGER CODE 204

LAB CODE /o . DATE SENT 521272

PRESERVATION METHOD__ 2L g —ATErnes _

COMMENTS _ £ 257 D& pAy [ond 1ogul T Makts SKen/ Bldbctle O/~
055 by A St frpoh  nATELL S EELTS

ETECTI
FINAL PARAMETER MEASUREMENTS: o v
POTENTIAL OF MYDROGEN pH s.u. L2 L.
SPECIFIC CONDUCTANCE SC  umhos/cm Z2Z .
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2L
ALKALINITY (CaCOg) | ALK mg/l -
A 2D s - ‘
W Fr o TEAEd 233 L G rmied 25,8 T Dieos =35¢45/]—-
| TOTAL VOLUME sc  hewr 7
TIME WITHDRAWN PH |iumnessem | (vc COMMENTS
(GALS) [Bore Volumes)

) /15D 0.0 0.0 - - - START PUMPING

//&/ Zj) ,z{‘ /<) ) ’,4 Sto&firer CeOwdT

/707 | So . 7R A y

(207 | Z& 72| F7Z W EA “

122/ 00 : 795 \Ap%k %

(23 20 1. . 797 |HBH 4

/2t /3.0 — S —_— Frp Fiies

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

De. DUPLICATE FB . FELD BLANK G-~ GRAS SP . SUBMERSIBLE PUMP

R. REPLICATE TB - TRIP SLANK 8. BAILER AL = AR-UFT SAMPLER

S - SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
S-rop .
, (SEF)
INSTALLATION ID _(Z5<</—  LOG DATE T™ME /X200
LOGATION 1D L5807 = /D LOT CONTROL NO.
SAMPLE TYPE /L 7 £ SAMPLEID SAMPLE DEPTH (FT) /Z.27 872

o 2 ﬁ-—;fmzzm(
INITIAL GROUNDWATER DEPTH (FT) /222 Zog ffv//rf)e; S

SAMPLING PERIOD: START —LL3% coum.rre
SAMPLING H?ﬂoo 2 LOGGER COOE /7~
LA8 CODE DATE SENT SO~
PRESERVATION METHOD_Z - << e LTS
COMMENTS
FINAL PARAMETER MEASUREMENTS: °E'ME°’ 1ot
POTENTIAL OF HYDROGEN pH s.u. i/ Lo
SPECIFIC CONDUCTANCE sC umhos/cm /543 /4
REDOX POTENTIAL  Eh mvolits — —
TEMPERATURE TEMP °C 0./
ALKALINITY (CaCOg) ALK mg/l

Phen Ak oo .

Todd Al unfaferd - neb Ko Citerrd 1ol nik - 383
| TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnossem| (oc) COMMENTS
{(GALS) [Bore Voiumes)

stri|l 0.0 0.0 - - | - START PUMPING

ek Z0 A s A S Y

A7) ) w7 357 | LF e pilan

il id Y L.S2\ /3 146787 7/

~29| Bp I E VA, a

3 72 G /35 |43 E 7

,//M[é'-f/ 7 &Mé
S7AN-N Y.
Aase, A =\ 0.0

SAMPLES TYPES. (WSACODE SAMPLE METHODS: (WBMCODE)

D- DUPLICATE 8 - FELD BLANK G- GRAB - SP . SUBMERSIGLE PUMP

A. REPLICATE TB - TRIP BLANK B BALER AL =  ARLIFT SAMPLER

S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION LFT PUMP

D-5




GROUND WATER QUALITY SAMPLING RECORD

K- KNOWN

PAGE 1
INSTALLATION ID (5404~ |LOGDATE _S 7070 106G TME _LL42
LOCATIONID £ ~2/ = /£ LOT CONTROL NO.
SAMPLE TYPE _ A/ SAMPLE ID SAMPLE DEPTH (FT) 44&/»’_7?
o /0 3278 27'4 254«4/454
INTIAL GROUNDWATER DEPTH (FT) /L £7¢ 070 gey fo pepe
SAMPLING PERIOD: sTART % COMPLETE Vad N
SAMPLING MET oo, LOGGER CODE
LAB CODE _£ZAoV DATE SENT & /0% .
PRESERVATION METHOD_Z2C o -'/%’77?14
COMMENTS
FINAL PARAMETER MEASUREMENTS: °E‘MEC” '
POTENTIAL OF HYDROGEN pH s.U. 4. 75 Lo .
SPECIFIC CONDUCTANCE SC umhos/em P nid 2 [
REDOX POTENTIAL Eh mvolts - —- .
TEMPERATURE TEMP °C L2/
ALKALINITY (CaCOg) ALK mg/i -
. TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |umnossem| oy COMMENTS
(GALS) [Bore Voiumes)

séie7| 0.0 0.0 - - - START PUMPING

st 2.0 673\  By? |74 Lesrn

d B ¢ 238 p7cAds Brrun Sevsv7zy Tos:

L2 6.0 AL Ry 3 7

LA A7 LBA__ B35 = oy

A7, 70| Bop 6789 7 i

sSH O — — — fniw [furir

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

0. DUPLICATE F8 - FELD BLANK G- GRAB SP . SUBMERSIBLE PUMP

R. REPLICATE T8 - TRIP SLANK 8- BAILER AL - ARLUFT SAMPLER

S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

N - NORMAL SL - SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION D _Z5%/{—_ L.0G DATE S 72 LOG TIME /S5O
LOCATION ID £~/ = 1/~ LOT CONTROL NO.
SAMPLE TYPE __/V SAMPLE ID SAMPLE DEPTH (FT) L2328 672.,
R 7 D FILE Bre ¢oeed =~
INITIAL GROUNDWATER DEPTH (FT) 32 2870 25/ gv éf’vé‘/sﬁ)m/ﬁ;
SAMPLING PERIOD: START — /2.7~ COMPLETE _ /424
SAMPLING METHOD &2 LOGGER CODE _£22L/
LAB CODE _ Ao/ DATE SENT 22 7D
PRESERVATION METHOO__Z "< //4/01 ez s
COMMENTS '
FINAL PARAMETER MEASUREMENTS: OE 'MEC' 1ot
POTENTIAL OF HYDROGEN pH s.u. _ééé ' WoNYa
SPECIFIC CONDUCTANCE sc umhos/cm 70 % —e
REDOX POTENTIAL Eh mvolts N—
TEMPERATURE TEMP °C 77
ALKALINITY (CaCOg) ALK mg/l -
Al = O  LugBepd Aux = 35E ML
| TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |(umnasscm| (o COMMENTS
{GALS) [Bore Volumesh
| scp 0.0 0.0 - - - START PUMPING
Kon | 25 celd 244 A popue/sron s100. Tirtdy
J608 §.0 i 7@ FpF 7
2| 75 A B /AR VA, v
s BS . Gt 25k 7
% Lp . LA g3 L2sF 74
SAMPLES TYPES: (WEACODE SAMPLE METHODS: (WSMCODE)
0. OUPLICATE 8 - FELD BLANK G- GRS SP . SUBMERSIELE PUMP
R-. REPLICATE T8 - TRIP BLANK 8- BAILER AL «  ARLIFT SAMPLER
S - SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWN N - NORMAL SL - SUCTION LFT PUMP




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID _C3*“2_ L0G DATE _ZLZ2/77 LOG TIME (200
LOCATION ID 2220/ LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) _Z_Zgﬁ

. , CELE 32 /Zf FLT K Pl
INITIAL GROUNDWATER DEPTH (ET) L2702 BT F522 Fuertict Coings
SAMPLING PERIOD: sulg COMPLETE _ L2705
SAMPLING MET LOGGER CODE — L2200
LAB CODE fow DATE SENT _ZLI5R

PRESERVATION METHOD < %/éé o /27'/(454/4/’ /‘fﬁcﬂboo;; ;4[4/05 j@/ AT ETAL,
COMMENTS

FINAL PARAMETER MEASUREMENTS: osr::;on
POTENTIAL OF HYDROGEN pH S.U. 4. &5 2L/
SPECIFIC CONDUCTANCE SC umhos/em Zeo Z
REDOX POTENTIAL Eh mvoits — ’
TEMPERATURE TEMP °C (2.0
ALKALINITY (CaCOy ALK mg/l
JH o AT Bt m,«( o : ,
To7aL uwnFreTELEY = /75 “7/L f‘:/,(ﬂ/l{éd TR AL ;Jéfz r‘!j/L :
TOTAL VOLUME sc e
. MP
TIME WITHDRAWN, il PH [(umnossemi| (oa; COMMENTS
{GALS) vatumo-i
o467/ 0.0 0.0 - - - START PUMPING
85 Lo L 27 NP0l 27Fn 855 A srssse [Boowns Takss Sciesr 51
Lot 2.0 753 44 2?7 \essA 2
gp3Zy 7S k972 B/ 0770 Uss A 7
P2ANEY, St et  p#Bo &5 A 4
\
. ]
D- DUPLICATE F8 - FELD BLANK G- GRAB SP . SUBMERSIGBLE PUMP
R - REPLCATE TE - TRIP BLANK 8- BALER AL -  AR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K -« KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

INSTALLATION 10 _£540/L. LOG DATE L. 4%/ T4 LOG TIME /382
7/

LOCATION 10 32307 . LOT CONTROL NO.

SAMPLE TYPE A/ SAMPLE ID SAMPLE DEFTH (FT) LS55 (Z7¢)
= — s — To s BT e

INITIAL GROUNOWATER DEPTH (FT) A S r2 (,;3,;?_5?02 0.2

SAMPLING PERIOD: STARYT dds COMPLETE /<3¢ -

SAMPLING METHOD 2 LOGGER CODE K224/

LAB CODE L2424/

| ATE ssu'r_géé%__
PRESERVATION METHOD_ 2 C. s (W <2 ) i siias Hlg o 727 Heg.

COMMENTS

Zi W 278 .55 Bry,  PFIBE ST Lt

FINAL PARAMETER MEASUREMENTS: il
POTENTIAL OF HYDROGEN pH s.u. %‘wf .0/
SPECIFIC CONDUCTANCE SC  umnhos/cm Z4 —_—
REDOX POTENTIAL Eh mvolits -
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOy) ALK mg/l -
Oewo PnTwstbos A =0 i ' P
TEAD AL (ai b)) = 3 0 I, frrened = Bo/0 P/,
TOTAL VOLUME sc e
, MP,
TIME WITHDRAWN #2%F pH | umnossemi| (ocy COMMENTS
(GALS) [®ors Volumes
552 0.0 0.0 - - - START PUMPING
/33 725 /" 2 60 FGy) /f/iﬁ‘ S 1w TLY (ot 240D T
ol TS0 200 ool Fp et ”
e N7, 250 L34 #0 |&FF //
el 68 300 \L5A  Fo VBSA ‘
S LF Yz . i/.ﬂ//\
SAMPLES TYPER: (WSACODE) SAMPLE METHODS: (WSMCODE)
0 - DUPUICATE F8 - FIELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP
R. REPUCATE TB - TRIP BLANK 8- BAILER . AL »  AIRLIFT SAMPLER
S - SPIKE L8 - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP
X - KNOWN N . NORMAL SL - SUCTION UFT PUMP

D-9 - o=




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

L5 :
INSTALLATION ID <222~ LOG DATE *”7 /72 __ ocTME _L2/S_
LOCATION ID 3223722 LOT CONTROL NO.
SAMPLE TYPE AL 2 SAMPLEID SAMPLE DEPTH (FT) Liia
INITIAL GROUNDWATER DEPTH (FT) 73 2. ﬁ./ézif,,s/fj:@z%ﬁ%;é
SAMPLING PERIOD: START 32 COMPLETE ik
SAMPLING METMOD 2 LOGGER CODE — (<224
LAB CODE FON. DATE SENT _ZL2/20

PRESERVATION METHOO_Z "L~ Yatrs Fon Wﬁﬂws Y p.e,.«oégw A
COMMENTS

FINAL PARAMETER MEASUREMENTS: lirviiag
POTENTIAL OF HYDROGEN pH s.u. éf S .0/
SPECIFIC CONDUCTANCE SC  umhos/cm odZ /
REDOX POTENTIAL Eh mvoits — L
TEMPERATURE TEMP °C L./
ALxAum;L(c.co,) ALK  mg/l -
. =0 N
TOrAL wnbrertadid su = BFO kil TEIFC peuc = 405 “T_ ‘
TOTAL VOLUME sc  |lrewr |
TIME wm-mmwn/% PH |ummasnsemi| (o COMMENTS :
(GALS) [Beré Voium .
y# e 0.0 - - - START PUMPING I
o2 s 2o NGyt BzZo \G5°A Breor mes 7vesy 5% Lge’;i/
A A 292 ez Bso \¢esoF ot |
225y 2§ 22/ \s728 L0 (£5°F] g
/ps0| Ao S35 675 pto 145%A ,, |
J
!
|
—
l
3. DUPLICATE F8 - FIELD BLANK G - GRAB . SP . SUBMERSIBLE PUMP
. REPUCATE TB. TRIP BLANK 8- BALER AL -  AIR-UFT SAMPLER
SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P . BLADDER PUMP

KNOWN N - NORMAL SL - SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

INSTALLATION ID _ S5 “4_ LOG DATE f//f’,/ 70 __ LoGTME /350

LOGATION 1D —__52/3 = D LOT CONTROL NO.
SAMPLE TYPE ___/V SAMPLE ID SAMPLE DEPTH (FT) L2827
INITIAL GROUNDWATER DEPTH (FT) (207 272 7%, ;%ma e
SAMPLING PERIOD: sng-r /4 COMPLETE _/%%
SAMPLING MET LOGGER COOE _/{42V
LAB CODE __ X MA/ E SENT _Z/* /%0
PRESERVATION METHOO. 2 ¢~ ’V”x A/m’nf ﬂéé PETROLE oA 201 ot bOUS
COMMENTS
FINAL PARAMETER MEASUREMENTS: °mw°'r‘;,'°“
POTENTIAL OF HYDROGEN pH s.u. 17257 29
SPECIFIC CONDUCTANCE sC umhos/cm ZizZ- /
REDOX POTENTIAL Eh mvolits —
TEMPERATURE TEMP °C L

(o Z ., ,-’" z’ T e Al = M‘% ZrerEes T ’ﬂ/‘: = oo ”,/&

, TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH [cumnoasemi| (oo COMMENTS
(GALS) [Bore Voiumes)

/341 0.0 0.0 - - - START PUMPING

/350 x4 S Ve 520 LseANir Bavwe (1) T 8810 3o St

=55 5 287 |¢42\ B3+ = 7

/35T 2.0 345 Ve?AR 230 |5 ”

s 2l 3.0 S ,7 Vel 222 lssr 4

:

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

0. DUPLICATE F8 - FIELD BLANK G - GRAB ° SP . SUBMERMSIBLE PUMP

R -  REPUCATE T8 - TRIP BLANK 8- BALER AL - AR-UFT SAMPLER

S-. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

N=11




SURFACE WATER QUALITY SAMPLUING RECORD

INSTALATION 1D _ L% Lo DaTE _SZ 20 LOG TIME _ZB50D
LOCATION ID __S2X3- S Z LOT CONTROL NO.
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) 0.3 Bund  °
SAMPUNG PERIOD:  START _0302 COMPLETE o1

SAMPUNG METHQD (& LOGGER CODE K47 '_
LAB CODE ot/ DATE SENT ___ 5920 |

PRESERVATION METHOD _ 2 2. /et - o2 £ PET HE ; it —AIEToes
COMMENTS \-ﬁ‘\lj Film on watey

DETECTION
PARAMETER MEASUREMENTS: ) op UMIT
Tere = @90 .88 -
POTENTIAL OF HYDROGEN pH S.u. Rt 2.0/
SPECIFIC CONDUCTANCE sC umhos/em 123 /
REDOX POTENTIAL . Eh mvolits
TEMPERATURE = . TEMP °C g/
ALKALINITY (CaCOa) ALK mg/l
hen alk = coO
ga"ﬁ' ok - 4B F(“"fl = BQ;C?
INSTALLATIONID CSW~ | 0GDATE _59-90 oG TIME ___©920
LOCATION ID Si3 - o709 53(52F) LOT CONTROL NO.
SAMPLE TYPE _% SAMPLE ID SAMPLE DEPTH (FT) _2.5 &/
SAMPLING PERIOD: ~ START _O0%Z2F  compweTE 737
SAMPUNG METHOD __ /2% LOGGER CODE 4w/
LAB CODE _£4ot/ DATE SENT __$>2-90
PRESERVATION METHOD _ ¥ 74 #ee - Lp2 & RET- Hei |, AAOs ~tferaes
COMMENTS _LUA7EA Lingl 7 Lt
- DETECTION

PARAMETER MEASUREMENTS: Tenp (1.0°B UMIT
POTENTIAL OF HYDROGEN pH s.U. _699 22
SPECIFIC CONDUCTANCE sC umhos/cm 123
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP  °C 2./
ALKALINITY (CaCO3) ALK mg/l

P Ak ©
PTA fk - o3a Eied Mk ~.32

SAMPLE TYPES: (WSACQDE) SAMPLE METHODS. (WSMCODE)

D - DUPUCATE F8 - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP

R - REPUCATE TB - TRIP BLANXK B - BAILER AL -  AIR-LIFT SAMPLER

S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K - XKNOWN N - NORMAL SL - SUCTION UFT PUMP

~ 1A




SURFACE WATER QUALITY SAMPLING RECORD

; o ~
INSTALLATION ID _S#V.__ L0G DATE 2 7-70 LoG mMe X
LOCATION 1D _S2/3 -5 ¢ LOT CONTROL NO.
SAMPLE TYPE /£ 402 2 SAMPLE ID SAMPLE DEPTH (FT.) 2.8 Pnk
SAMPLING PERIOD: sgm' Q45 COMPLETE 19073 .
SAMPLING M LOGGER CODE /A~ _
LAB CODE 2o SENT ~2-%0

DATE
PRESERVATION METHOD 2L ‘e = o7 £ AT Hi | Mn s ifiens
COMMENTS fousT? gy 41 A O bE St IV AFES
L7 47E ) Discm e pE AN d STHEL TD bl s BRANCH =22 7%
(VwtS e Fotmt ppe = ) Aielth x B depth ¥ T F Sce,
L3O SMALL Flpus OOttt S Tnsd #0704 SDAiR /M»LeomyoETECﬂON

PARAMETER MEASUREMENTS: Jewp @,5°F umIT
POTENTIAL OF HYDROGEN pH  S.U. Z07 2.2/
SPECIFIC CONDUCTANCE sc umhos/cm 320 4
REDOX POTENTIAL : Eh mvoits —
TEMPERATURE = | TEMP  °C £/
ALKALINITY (CaCO3) ALK mg/

Fhe ALk . 0.0

Totl ANE =~ 263 FMeed < 243 (. W’:M i)

INSTALLATIONID —______ LOG DATE - LOGTIME
LOCATION ID LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT)
SAMPLING PERIOD: START COMPLETE
SAMPLING METHOD LOGGER CODE
LAB CODE DATE SENT
PRESERVATION METHOD
COMMENTS
DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH s.u.
SPECIFIC CONDUCTANCE sC amhos/em
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP °C
ALKALINITY (CaCO3) ALK mg/|
SAMPLE TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE)
D - DUPLICATE FB - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R. REPUCATE TB- TRIP BLANK B - BALER AL - AR-UFT SAMPLER
S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K. KNOWN N - NORMAL SL - SUCTION UFT PUMP ‘

D-13 f



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION 1D éﬁ/ﬁ_ LOG DATE /7 270 LOG TME 22
LOCATION 1D 37/ =2/ LOT CONTROL NO.
saMPLETYPE A/ SAMPLE ID SAMPLE DEFTH (FT)
— TS e (e T

INITIAL GROUNDWATER DEPTH (FT) (355 (Zre) SIS 0P =gt 3 'Z"—j/ ,,,,,,,
SAMPLING PERIOD: START &5 COMPLETE
SAMPLING METHOD 2 LOGGER CODE /0 )
LAB CODE __/tp4/ . DATE SENT L2220 )
PRESERVATION METHOD._ < £ Sk — Merme s [ = PETe i Dl QA0 ¢
COMMENTS SOt E e S K P, AT e
FINAL PARAMETER MEASUREMENTS: osruegnnc
POTENTIAL OF HYDROGEN pH s.u. & 7/ L2L .
SPECIFIC CONDUCTANCE sc umhos/cm 744 /
REDOX POTENTIAL Eh mvoits -
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOg) | ALK mg/t -

JHw s = COmy/L

TOTHL wnbFre7ECED ALl = (A2 ‘*EIL LT Bk TOAC AL = S 53 mey /L

TOTAL VOLUME sc
TEMP .
TIME WITHDRAWN PH |wumnossem| (o) COMMENTS |
(GALS) IBore Volumesi

T 0.0 0.0 - - - START PUMPING |

i I Peo  |&l3 7S/ g iE\ Geret/Brpgais/ 18727 Terdhis -

i dda A 77 eBel  FSFE o= 7 ]

| Zg 228 \ppzl F4 \w~ ,,,

/E5T)  p < 7% \49/ F4L Npo F| rowr Bron s.,emrir 7o

P COBCATEL 7 Tl 51D

D - DUPUCATE F8 - FELD BLANK G- GRAB SP - SUBMERSIBLE PUMP

R- REPUCATE  TB- TRIP BLANK B- BALER AL - AIR-UFT SAMPLER

S. SPIXE L8 - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID _< S/4_ LOG DATE “/Z0/7¢ LOG TIME %<
LOCATION 1D 377522 LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) L 8¢ Bz

. _ oz /?44«//%-;/ 7 62 OsP= )%

INITIAL GROUNDWATER DEPTH (FT) _LEZL 872 5K 52 2. 5g 4o iy
SAMPLING PERIOD: START 24X COMPLETE __ 55 _
SAMPLING METHOD A LOGGER CODE /22
LAB CODE {2 DATE ssu'r <4
PRESERVATION METHOO_ "<, Lot = BRerip st

COMMENTS __ ‘il Seazse £ Fou Alg anip v/a#*/r/;(, neek

FINAL PARAMETER MEASUREMENTS: oerewc;rrm
POTENTIAL OF HYDROGEN pH s.u. ZZ3 v
SPECIFIC CONDUCTANCE sC umhos/cm IZL Z
REDOX POTENTIAL Eh mvolts . — |
TEMPERATURE TEMP °C —l
ALKALINITY (CaCOg) ALK mg/l -

Y s
TOIBL N FriTEE] = BSD ~7/, Torre FaTBlES &Gk = 35D “9/,

TOTAL VOLUME sc .
[TEMP. :
TIME |  WITHDRAWN PH |(umnosremi| (oc) COMMENTS
(GALS) [Bore Volumes) !

o5 6.0 0.0 - - - START PUMPING

KT 78 A3 3720 7 E\oeaee/baonin 4700 Titbey
sy Zo /S 3720 g's
78 e zez o/ 3Pwo 72”7 " ST Lyts OL
2X8 2 I s W3l 370 |£7A “ *
D- DUPUCATE FB- FELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R- REPUCATE TB. TRIP BLANK 8- BALER AL - AR-UFT SAMPLER
S- SPKE LB - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N -  NORMAL SL - SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID ([.5474— _ LOG DATE —<. (23 /e LOG TIME (50
LOCATION 1D STyt 23 LOT CONTROL NO.
SAMPLE TYPE VA% SAMPLE ID SAMPLE DEPTH (FT) M
P S 2 TR w
INITIAL GROUNDWATER DEPTH (FT) _£Z2Z 27z S5 2473, x4
SAMPLING PERIOD: START —tZ252 COMPLETE /'/54
SAMPLING METHOD o2 LOGGER CODE L2204
LAB CODE __£22% DATE SENT _ZLZ3/%2
PRESERVATION METHOD_=_ "< Loy — FeTALS Ayl - LpZ Z FET &
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: vl
POTENTIAL OF HYDROGEN pH s.u. L7 _ppl
SPECIFIC CONDUCTANCE SC  umhos/cm 285 /
REDOX POTENTIAL Eh mvoits e
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCO3y) ALK  mg/l
e B = O
ToraL W Eiiriaid AL =517 T TAL e iEidd Al = 387 /9
TOTAL VOLUME sc ke
MP.
TIME WITHDRAWN PH |umnossem| (=ic) COMMENTS
(GALS) [Bore Volumes)

/3| 0.0 0.0 - - - START PUMPING

. 357, /Y X7 285 72 2\ Brows Mog —sbiow TodlbiTe TV

/555 c.v .57 727 Ve SA Beww Mmopiisizey 7e64

ySp0) 3.0 4.9 T30 4B~ /s

- -~i

YA ZA 5o , 4.9 As8 | et 2| Broele Sciewret Towbin

0- DUPLICATE F8 . FELD BLANK G- GRAB - SP . SUBMERSIBLE PUMP

R - REPUCATE T8 - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER

S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N -« NORMAL SL - SUCTION LUFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION 1D _ {4544 &~ LOG DATE Ll LG ME S 7Y

LOCATION ID ST/ p LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) (7. 52 B7¢
— . IO /7 7 72 3L =

INTIAL GROUNDWATER DEPTH (FT) /222 J7& b}@g— (2003 x:

SAMPLING PERIOD: START 2L COMPLETE _/ZZ

SAMPLING METHOD 2 LOGGER cooe Lg1

LAB CODE __[(#0%/ DATE S LG58

PRESERVATION METHOD-Z" <, i —AMETRES - é//'dz/wx/ it o Ao o
COMMENTS

FINAL PARAMETER MEASUREMENTS: Dsrsuucgou
POTENTIAL OF HYDROGEN pH s.U. 4.7 A7
SPECIFIC CONDUCTANCE SC  umhos/cm 7‘ Z /
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCO , ALK mg/l -
Thhie AT LE 42 LI = V
Lontr Bl TORC ALK =FI3MY[,  FrrTELEd TOTHC e =5t Y
TOTAL VOLUME sc r
EMP.
TIME WITHDRAWN PH |iumnasrem| (og) COMMENTS
(GALS) [Bore Volumes)
ws)l 0.0 0.0 - - - START PUMPING
/587/ /& 285 é’?’f ?}{ (;Z'le;jéd(bf A EAR | SLie#T SHA
AYSs /S 125 &gl Ao P Baown - nlva. 7v fhey Twdbiory
57| 2.8 Zog NLg/| _ FH 67°A " kdbon St
/620 35 z52- V487 782 72sA “ |
dev\ So | P gV FFL YpcA
D- DUPUCATE FB - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R- REPLCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K. KNOWN N « NORMAL SL - SUCTION UIFT PUMP
D-17 - =




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION ID __ 542 LOG DATE /22 /%0 LOG TIME __L7#5_

LOCATION ID S/ 7% — /77 LOT CONTROL NO.

SAMPLE TYPE ____// SAMPLE ID SAMPLE DEPTH (FT) L2.0% Z7¢c-
— D= /% X3 /?& ({&v&déd‘) o

INITIAL GROUNDWATER DEPTH (FT) L2 o7 g e S5

a%yjju/ Cosootprs,

SAMPLING PERIOD: sn;g g235 COMPLETE
SAMPLING METHOD LOGGER CODE 22
LAB CODE /2« L DATE SENT L2450
PRESERVATION METHOO_ L ten = Mk nes 4o - LoZ & TE7 4 C
COMMENTS

FINAL PARAMETER MEASUREMENTS: °mw°'r';'°"
POTENTIAL OF HYDROGEN pH  S.U. 4. 77 Y,
SPECIFIC CONDUCTANCE sC umhos/cm Z2Z

REDOX POTENTIAL Eh  mvolts — .
TEMPERATURE TEMP °C L2.L
ALKALINITY (CaCOg) ALK mg/l

SV AL = O . )
TOTHL un/Frerthed Gkl = 4250 753 FeiEced mce = 370 Y/

TOTAL VOLUME sc  breme |

TIME WITHDRAWN PH |cummos/cmi| (ocy COMMENTS
(GALS) [Bore Volumes)

e 0.0 0.0 - - - START PUMPING I
A s 453 Lot wS AL Bl Scienri Tipbio
e e\ Brs  UsE |
PE2L 3.0 69/ £zZ- 652N 17 Buwn/onny Sciewicy Tasth,
i 4 e 692\ Bzo 65 i= s
¥ 30 o |, A Bz 4s= ot
D. DUPLICATE F8 - FELD BLANK G- GRAB - SP - SUBMERSIGLE PUMP
R - REPLICATE T8 . TRIP BLANK B- BAILER AL -  AR-LIFT SAMPLER
S - SPIKE LB - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N - NORMAL ‘SL - SUCTION UFT PUMP

- - -~ - e - —



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID _ 544 LOGDATE _2-L¥ 752 _ LOGTIME _LZ5L
LOCATION 1D 577~/ A7 LOT CONTROL NO.
SAMPLE TYPE N ED 2 EL gAMPLEID SAMPLE DEPTH (FT) LL2.65 S7Z
- /D Z/ ¢ 3& ¢ S aume, .
INITIAL GROUNDWATER DEPTH (FT) 2.2 27z #0728 Y xx ""”""Z :
SAMPLING PERIOD: START 227 COMPLETE (/7 =
SAMPLING METHOD — 02 LOGGER CODE L7, ‘
LAB CODE eaZiad DATE SENT A a9
PRESERVATION METHOD__Z%Z- . m 62 &£ JE7T Wg — AJSETRL.S
COMMENTS 7//:1( v Saffit bl ieATZ mva Rt AT 7
A7 TH< éﬂwff

FINAL PARAMETER MEASUREMENTS: ivila
POTENTIAL OF HYDROGEN pH s.uU. 6. 7 20/
SPECIFIC CONDUCTANCE sSC umhos/cm Bl /
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP °C —_—
ALKALINITY (CaCO3) ALK mg/l -

ﬁ“‘/' L. = 0 . ER e s /7S = V74

TOTA qalFreiBeld Reie = 3457/ ToT FrsEded A, =327 4\7/& 352 ..

TOTAL VOLUME sc
EMP.
TIME WITHDRAWN PH |iumnossem h;*c) COMMENTS
(GALS) Bore Voiumesi

25724 0.0 0.0 - - - START PUMPING

/257 x4 c.esl Zéo a5 A ALetosT Litne

159/ Z2-v 6.7 765 \e6=| 7 vECT Sciswriy Ceovdy

303 3.5 677795 L6 2z

/‘5‘%?[ 5.0 475 So# “~ ’’

(07| 6o | P Boo VLA AT cizac

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPLICATE F8 - FIELD BLANK G- GRAB - SP . SUBMERSIBLE PUMP

R. REPUCATE T8 - TRIP BLANK 8- BAILER AL = ARUFT SAMPLER

S. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N - NORMAL SL - SUCTION LFT PUMP
D-19 - ==




GROUND WATER Q

UALITY SAMPLING RECORD

PAGE 1
St f//Zf/f 0925

INSTALLATION ID _C227C __  LOG DATE Z LOG TIME
LOCATION 1D 377/ = / Z K] LOT CONTROL NO.
SAMPLE TYPE A SAMPLE ID SAMPLE DEPTH (FT) 222 &2 =

— _ S T
INITIAL GROUNDWATER DEPTH (FT) L2237 %%"’éb?ﬂ-ﬁ’-i;wg/jé;
SAMPLING PERIOD: sna} i COMPLETE _ (22 i
SAMPLING METHOD % LOGGER CODE /44
LAB CODE % | DATE SENT __7/24/50 .
PRESERVATION METHOOZ5& , AnDs ~ATeThes Kol = FBT 4 e ¥ g0l
COMMENTS :
FINAL PARAMETER MEASUREMENTS: osrecnl ] m_c
POTENTIAL OF HYDROGEN pH S.u. & 7% o207
SPECIFIC CONDUCTANCE SC umhos/cm 77 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCO4) ALK  mg/l

JHER AL = O

TOrAL U Frerdid 2L = é;«;—‘z Fr el AL (7o) = 3t Mf/b .

TOTAL VOLUME sC

TIME|  WITHDRAWN BH |iumnossecm ";E’;F" COMMENTS
(GALS) [Bore Veiumes

17630 0.0 0.0 - - - START PUMPING
A2 S L2 FGF o6 ENT manver/Bracn susrriy T
kel A7 LI Fie 4pA R,
i1 3.5 TH  FPE spcE “
Vsl 6724 77 4n /
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE
0 - OUPUCATE FB - FIELD BLANK G- GRas" SP . SUBMERSIBLE PUMP
R - REPUCATE T8 - TRIP BLANK 8 - BALER AL -  AIR-LUFT SAMPLER
S. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP
K - KNOWN N+ NORMAL

SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION 1D _ 5442 _ L0G DATE _~. [24/%7 LOG TIME 235

LOCATIONID 3774/ = /7 L LOT CONTROL NO.

SAMPLE TYPE 1/ SAMPLE ID SAMPLE DEPTH (FT) Z.28 27z
N 702202 47C

INITIAL GROUNDWATER DEPTH (FT) 272 572 ’;g;af‘fﬂwrmwv

SAMPLING PERIOD: sn%'r % COMPLETE /4%

SAMPLING MET LOGGER CODE /2204

LAB CODE b0 DATE SENT 72770

PRESERVATION METHOD__Z"Z R N Y Y .

COMMENTS ‘

FINAL PARAMETER MEASUREMENTS: Dmm‘

POTENTIAL OF HMYDROGEN pH S.u. N 24 L -0/

SPECIFIC CONDUCTANCE sC umhos/em ¥y /

REDOX POTENTIAL Eh mvolits - —

TEMPERATURE TEMP °C Y24

ALKALINITY (CaCO3 ) ALK  mg/l

s L. = 0

TOFHC rafrizEasd A = S0y “Y,

ToAr Fumald A = 357 Y

TOTAL VOLUME sc
EMP/
TIME | WITHDRAWN PH |iumnossemi| o g, COMMENTS
(GALS) [§Bore Volumes) _

s C4Fy 0.0 a.0 - ol - START PUMP'NG

oS /o g/ L 62 . (?éé, és’-s"'fj'.fe—/;g,wr-r T# 0,y L7, %—24
Jiers”] Zs Vi RA 5@ L~ < E3S Gz arivonS as g
/oo et & L5 F L6 "< /o oAt Mot

— . , =

JSOAS D s .0 6.2% ;0% o\ ORCE  Se ety T |
os7 g s2/\  Bse e i

D - DUPLICATE F8 - FiELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP

R - REPUCATE T8 - TRIP BLANK 8 - BALER AL - AIR-UFT SAMPLER

S.- SPKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP

K. KNOWN N -  NORMAL SL - SUCTION LFT PUMP

D-21




GROUND WATER QUALITY SAMPLING RECORD

INSTALLATION 1D J5w't 06 DATE &2 L3 /7

§T wr = /FA]

PAGE 1

LOG TIME _<S 3¢

LOCATION 1D LOT CONTROL NO.

SAMPLETYPE _A/ £ £5 _ SAMPLEID SAMPLE DEPTH (FT) M
e T A RS T

INITIAL GROUNDWATER DEPTH (FT) _LZ2./0 P7e ST 3/«77;7/5 % -y

SAMPLING PERIOD: START (225 COMPLETE 75 A/ é’i

SAMPLING METHOD LOGGER CODE L

LAB CODE __ p/ DATE SENT _ZL23/72_

PRESERVATION METHOD_. D S-S

02 & TP HoDdS e ptslssr

COMMENTS _ /. /2 JF HI000cstSon, JFrZts [Pigst (v HR57 BAreal
FINAL PARAMETER MEASUREMENTS: o
POTENTIAL OF HYDROGEN pH  S.U. £27 L
SPECIFIC CONDUCTANCE sC umhos/cm ﬁsﬂ 4
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP °C 2L
ALKALINITY (CaCOy) ALK  mg/l -
P//t»v sl = _ .
TOTHC oy FProrénied Apic= 527 Y/, Torar FroiEesd Gur = 385
| TOTAL VOLUME sc
TEMP,
TIME WITHDRAWN PH |iumnosrem| (ogy COMMENTS '
{GALS) Bore Voiumes

2| 0.0 0.0 - - - START PUMPING ,

S A /. ét’/’f [ 427 P A Berrs ffopespaiin Lttrin

/557 2.5 LEH 852 7~ 5,77 S5420%

Xsd R .92y B<F ssA 7 Scewrio Tilby

/355 < 0 424 550 G Setenre s 7o 0, st Ere sl

£, I//Jr/’ﬂfi*“/’ /344%

(730 L8 voo 857 ceese

D- DUPLICATE F8 - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP

R . REPUCATE TB - TRIP BLANK B. BALERM AL - AIR-UFT SAMPLER

S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID (522’ LOG DATE 2 /42 2% LOG TIME 2752/
LOCATION 1D 355~ LOT CONTROL NO.
SAMPLE TYPE 4 ¥ £75 SAMPLE ID SAMPLE DEPTH (FT) L7457z
o - g "7’4"_2 ’a’x’é_/\:‘v'_f-r Lo £y ) N
INITIAL GROUNDWATER DEPTH (FT) ¢ _S70 TR0 25 meriel cosiny
SAMPLING PERIOD: START 72l COMPLETE _ Lz
SAMPLING METHOD /2 LOGGER CODE — 20zt
LAB CODE (20 < DATE SENT S —C2p

PRESERVATION METHOO_ S0 4 S — T o Mry= it - el —ardireg
COMMENTS /S ne /6 A0 ot Priiec ) TS — /0K e T7PL AEL

FINAL PARAMETER MEASUREMENTS: DETECTION
. o umr
POTENTIAL OF HYDROGEN pH S.u. iz 7 S? Lz
SPECIFIC CONDUCTANCE sC umhos/cm LEL /
REDOX POTENTIAL Eh . mvolts —_ —
TEMPERATURE TEMP °C ./
ALKALINITY (CaCO3) ' ALK mg/l
FHER" Ly = (7 )
TCTA L P TEE Ay = LT T T Doy rEl el o 'z A300
TOTAL VYOLUME sC
TEMP
TIME WITHDRAWN PH |iumnossemi | (ocy COMMENTS
(GALS) IBore Voiumesi
85 .0 0.0 - - - START PUMPING
ST A 55l sperys g A Siiem st criin 3 aen £ g
i B 473} P77 ./ A i
LE 2 = WFA 0 d Ve »./
& :,v!) = . é}gﬁ /./)/} ;ﬂ/ A /7
e r e ,3.:‘4"4 4
707 Sed) e 3 Ao d ey
oy TEL =Y
I AN Ve
= /9,/" "”I//C L;//{V\ {t/l/ﬂﬁ/;”
LU Ly imi O
v.‘léf/‘/'rx‘/(/
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
0- DUPLICATE F8 . FIELD B8LANK G- GRAB SP - SUBMERSIBLE PUMP
R REPUCATE TB - TRIP BLANK 8- BALER AL - AR-UFT SAMPLER
S. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K. KNOWN N . NORMAL SL - SUCTION LFT PUMP

D-23 - =




GROUND WATER QUAUITY SAMPLING RECORD

PAGE 1
INSTALLATION ID 9444 LOG DATE S -7 - 72 LOG TIME <20
LOCATION 1D (555 -5) LOT CONTROL NO.
SAMPLE TYPE M YS MSD SAMPLE ID SAMPLE DEPTH (FT) L{«Lé__
- Z A
7.0 =72 92 BIC( soe)lD)
INITIAL GROUNDWATER DEPTH (FT) Lip A7Z. 2 2 3l Jp.wy
SAMPLING PERIOD: START _LSZ5 COMPLETE 7J¢ﬁ
SAMPLING METHOD /> LOGGER CODE ar A
LAB CODE __(fr o/ . DATE SENT S-2-72
PRESERVATION METHOO_ 7 “C-, L —402 // SO, =Y Gl A ae o
COMMENTS
FINAL PARAMETER MEASUREMENTS: DEEMCQ‘
POTENTIAL OF HYDROGEN pH s.U. &85 X%
SPECIFIC CONDUCTANCE sC umhos/cm LYY Z
REDOX POTENTIAL Eh mvoits .
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOg) ‘ ALK mg/l
. Phcr\ A\k = Opo .
4] Ak 33 EH(NJ}Q"}-
| TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |iumnossem| (ocs COMMENTS
(GALS) [Bore Volumesi
7t 0.0 0.0 - - - START PUMPING
A TA oS b L8 88 Vv Al ecsroe — Bracw Searcs
Y- s L£50 /3L 20N Sesanrtr Tl Brace emdEg
dcd A LEA v 25 ”
S/ 3L 3.0 050 J/AL 34
D- DUPLICATE F8 - FELD BLANK G- GRAS SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP SLANK B- BALER AL -  AR-UFT SAMPLER
S . SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWNV N - NGRMAL SL - SUCTION LFT PUMP




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

nmau.mONf [t~ oG DATE 225 LOG TIME _ 425

LocaTioN 1D ( B3S—& LOT CONTROL NO.

SAMPLE TYPE D SAMPLE ID SAMPLE DEPTH (FT) 32287,
7 A 7. =223 "Bie Z&«y@

INITIAL GROUNDWATER DEPTH (FT) 272 A7 2w ger 2 §utrres cosis

SAMPLING PERIOD: START JE S COMPLETE _/Z20.

SAMPLING METHOD LOGGER coos_m/

LAB CODE s DATE SENT Q750

PRESERVATION METHOD_S £l /A‘l/ﬁz, AT HTS | HLA-— 0] P ﬁé\i( Dop — PET ot vt fAe
COMMENTS

FINAL PARAMETER MEASUREMENTS: °E'ME°' 10:
POTENTIAL OF HYDROGEN pH  S.U. LE2 227
SPECIFIC CONDUCTANCE sC umhos/cm Vo7 4
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOgq) ALK mg/l -

then ALk 0.0 ) B )

Gl Dk 20 e Torp Ferziid =276 YL Dur=23¢ ‘%/ﬁ’,":"? 4

| TOTAL VOLUME s hrem
PI
TIME WITHDRAWN PH |cumnossem]| (o) COMMENTS
(GALS) [Bore Volumesi

Jier] 0.0 0.0 - - - START PUMPING

L b L AR 7/ Vo2 p-;4‘(7f4‘/(/r’: T T Bl 1 EAfTeY Tecktbes

22 L) A% |7 7A ot

ool 2 Lo B7sT lecsoq "

/656 | < s X Boe  |H7A ”

SAMPLES TYPES. (WSACODE) SAMPLE METHODS: (WSMCODE)

D- DUPLCATE FB - FELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP

A - REPUCATE T8 - TRIPF SLANK 8. BAILER AL = ARUFT SAMPLER

S - SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N-. NORMAL SL - SUCTION LIFT PUMP

D-25 - =




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION 10 _$5 W& LoG DATE 2 (279 LOGTIME _ [ Z4S
LOCATION 1D 252 C LOT CONTROL NO.
SAMPLE TYPE & SAMPLE ID SAMPLE DEPTH (FT) _[[. 26 =
I T iZ2.02 BTC ((Sovmbes |
INITIAL SROUNDWATER DEPTH (FT) [L2Q BTc 0.4 gui= 3 wemes 56 i
SAMPLING PERIOD: START 13:7 COMPLETE
SAMPLING METHOD 8 LOGGER CODE RADK
LAB CODE RADN DATE SENT q-13 1o
PRESERVATION METHOO__HCL ¢ 4 ¢
COMMENTS PActenr HMIve MR, amenNT 4 3! WBou€ (3o 7remu { oF aesl
FINAL PARAMETER MEASUREMENTS: °ELE$°"
POTENTIAL OF HYDROGEN pH s.uU. - _d.c1
SPECIFIC CONDUCTANCE sC umhos/cm c7290 /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP  °C ¥2 L o1
ALKALINITY (CaCO3) ALK  mg/l —
TOTAL VOLUME sc u
EMP.
TIME WITHDRAWN PH |iumnosrem| (o COMMENTS
{GALS) JBore Voiumes) i
0.0 0.0 -1 - - START PUMPING
[(2z2 7 I 0.75 71391 ce9c 8 F | ceewoy  moit 7 Raw'or  Siet
3 n.3 2.25 17751 c¢760 3F| crean.av 200 Pucc Turda
TG | 0.4 200 7291 0730  ZB°F lcieae  mmn. 2% poce Uk,
|
|
|
|
SAMPLES TYPES. (WSACODE) SAMPLE METHODS: (WSMCODE)
D . DUPUICATE FB - FIELD BLANK G - GRAB - SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B- BALER AL - AIR-UFT SAMPLER
S . SPIKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP
K . KNOWN N . NORMAL SL - SUCTION UFT PUMP

N &
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MYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT WORTH, TEXAS

Texas State Plane Coordinats ang Elavation
of
Test wells,
Soil Gas Probes and

Sampling Paints
April 8, 1588

E-3

Brirraiv & Crawrorn
“TNY  LAND SURVEYING &
TOPOGRAPHIC MAPPING

(817) §26-0211 - Metro 429-5112
£.0. Box 11374 ° 3908 South Freewsy
Fort Worth, Teaas 76110




NUMBER

8SS A(45)

ass 8(34)

8ass Ci(36)

ass 0(38)

Pl (111)
P2 (56)

1A (131)
l8 (132)
ic (134)
10 (137)
£ (135)
1F (136)
34 (121)
38 (118)
3C (117)
30 (120)
3 (11%)
4A (129)
48 (130)
4C (58)

4D (97)

4E (95)

4F (93)

4G (100)
4H (99)

54 {109}
58 (50)

5c {104)
50 (103)
5 (110)
SF {54)

56 (88)

5H (89)

10A (108)
108 (52)

10Cc  (91)

00 (107)
10E  (106)
10F (105)
ll1A (101)
118 (102)
12A (124)
128 (113)
12  (115)
120 (112)
126 (1ll4)
126 (127)
12H (126)
121 (125)
122 (128)
12k (116)

NORTH
nyn

402,068.84192
402,390.17981
402,254.07567
402,418.08908

397,712.30601
397,542.85438

401,08%.50010
401,268.84868
401,032.46237
400,852.84768
401,173.20809
401,002.55061

398,360.53325
398,345.88397
397,831.27206
398,698.98292
398,358.43081

396,5920.99434
3596,940.34767
397,217.02642
397,446.17694
397,651.12948
397,680.42416
397,836.73039
397,541.43725

358,061.75689
398,520.35788
358,339.27554
398,362.32313
397,802.46440
357,504.64236
398,174.57747
398,351.69445

397,913.30549
397,899.01251
398,197.02603
397,857.53638
397,896.37914
397,946.08160

398,941.02097
3598,653.41765

397,175.89252
397,333.41742
397,213.82758
397,511.40056
397,324.25035
397,111.16499
397,175.34773
397,231.20475
397,175.26975
397,222.63773

EXISTING WELL SITES

EAST
nxm

2,024,357.78905
2,024,331.93158
2,024,565 . 70484
2,024,487.37097

2,019,695.14307
2,020,627.50845

2,025,128.18992
2,025,291.18966
2,025,482.01757
2,025,642.78693
2,025,407.53205
,025,607.46316

,017,786.72397
,018,291.94176
als, 292 28878
(1]

,020,607.56231
,020,255.75892
,020,857.61303
,020,916.84913
019,781.72497
020, 283.72459
020, 196.97152
019,960.19729
019,748.19597
020,535.56245
020,894.69337
020,546.91832

»,020,009.97063
020, 243.06886
,020,267.33493
,020,078,59020
,020,147.65721
,020,196.19956

020,086.599350
020,136.88570

.019,636.22169
,019,895.65480
,019,968.84527
,019.943.01512
,020,019.35440
,019,819.73011
,019,813.89486
,019,814.97473
,019,858.53625

ELEVATION OF

TOP OF P.V.C.

566.38
565.73
559.57
561.45

*626.58
*618.78

570.27
560.25
560.00
563.93
562.25
562.26

825.25

8§25.76
619.90
613.04
615.35
618.54
§25.36
620.02
6l3.43

623.18
600.45
608.68
6l1.71
626.89
618.55
615.39
610.62

626.70
624 .46
617.24

608, 22
608.14

&§35.66
627.55
628.05
627.45
627.48

ELEVATION OF NATURA
GROUND AT #ELL

566.9
567.1
560.0

625.5
6l5.5

566.5
560.49 (ASP)
560.31 (ASP)
560.5
5559.4
558.5

633.47
633.84
£35.39
621.6

622.87

624.6
6l8.4
610.9
613.1
6l7.5
622.8
615.1
610.5

6l19.4

' 597.4

606.8
608.5
623.9
615.4
6l2.0
608.4

624.2
621.1
6l5.4
623.33
622.52
621.47

604.8
603.4

632.0
625.6
625.5
624.8
624.5
629.22
629.06
269.15
628.66
§26.74




Page 2

NUMBER NORTH EAST ELEVATION OF TOP  ELEVATION OF NATURAL
o 4 nyn P.V.C. PIPE GROUND AT wELL

154 [149) 400,123.22038 2,025,232.61342- 570.24 570.7

158 (148) 399,906.57343 2,025,252.78758 567.12 564.2

15C (l4a) 399,884.41824 2,025,168.58849 566.89 564.3

171 (75} 400,225.13342 2,023,849.67063 578.15 575.2

173 (56) 400,362.9788. 2,023,809.58530 579.79 577.0

17k (72) 400,193.17235 2,024,001.590555 575,34 573.8

17L  (6l) 400,354.21647 2,023,966.04349 577.27 574.4

I7™ (65) 400,380.91204 2,024,264.07312 574,28 572.6

*NQTE ; WELLS Pl & P2 - THE ELEVATIONS SMOWN ARE THE TOP OF

THE OPERATOR NUT.

E~5



HYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT WORTH, TEXAS

Texas State Plane Coordinate and Elevation
of
Test Wells,
Soil Gas Probes and
Sampling Points
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SITE ST14

NUMBER TYPE NORTH "Y" EAST "X" ELEVATION ELBVATION
TOP_OF PVC NATURAL
GROUND AT
WELL/BORE
ST14-01 WELL 399,886.0854 2,024,309.3181 575.89 - 573.2
ST14-02 WELL 400,102.4353 2,024,311.8094 575.64 . 572.7
ST14-03 WELL 400,672.3650 2,024,116.0939 576.72 574.83 ASP
ST14-04 WELL 400,231.5326 2,024,566.4807 575.74 . 572.9
SITE SD13
NUMBER TYPE NORTH "Y" EAST "X* ELEVATION ELEVATION
TOP_OF PVC NATURAL
GROUND AT
WELL/BORE
SD13~01 WELL 399,964.3693 2,024,842.2218 573.24 570.3
SD13-~02 WELL 400,058.5313 2,024,974.4094 573.39 570.64 ASP
SD13-03 WELL 399,934.0917 2,024,919.8140 571.54 568.6
SD13~04 WELL 399,931.9664 2,024,992.0174 569.24 566.81 ASP

SURFACE WATER SAMPLES

NUMBER NORTE "Y" EAST "X* WATER
ELEVATION
spl3-sl 399,722.7878 2,025,153.1150 551.64
SD13-82 399,729.5605 2,025,176.1395 551.14
SD13-83 399,747.0566 2,025,235.6200 549.72
SD13-54 399,757.2157 2,025,270.1565 548.95
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APPENDIX F

Defense Priority Model Worksheets
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Site identification: Site SD13 - Unnamed Stream and Abandoned Gasoline Station

SURFACE WATER PATHWAYS

10. Adjusted pathways scors
£ item 1 is 100, enter 100. If jitem 1 is O, enter
sum of items & and 8. If sum exceeds 100, enter 100.

Score Maltiplier Product Max.
(carcie (score x  scotre
Cbserved releases one) mult. )
I. Have contaminants besn detected in surface water? 0 100 b _1_0_2_ 100
If yes, s3sign score of 100 and proceed to item 10.
If no, assign score of 0 and proceed to item 2.
Pathwav characteristics
2. Distance to nearsst surface water 0123 4 12
5. Net precipitation 0123 1 —— 3
4. Surface ercsion potential 0123 4 — 12
5. Rainfall intensity 0123 “ 12
§. Surface permeability 0123 3 ]
7. Sum of items Z through 6 “8
2. Normalized score (multiply item 7 x 100/48) —
8. Flooding potential 01223 8 N 24
00

11. Waste containment sffectiveness factor (Table 2) _l‘o
12. Final score for surface water pathways (multiply item 10 x item 11) _10_9_,

COMMENTS ON SURFACE WATER PATHWAYS

Known discharges from oil/water separator. No containment/treatment.
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Site icentificatien: SD13 - Unnamed Stream and Abandoned Gasoline Station

SROUNDWATER PATBWAYS

Score Multjplier Product Max.

(cizrcle (score x score

Ccservec reileases one) mlt.)
2. Have contaminants been detected in groundwater’ 0 100 1 100 100

If yes, assign score of 100 and proceed to item 20.

If no, assign score of 0 and proceed to item lé.
fathwav characteristics
4. Depth to seasonal high groundwater from base of

waste Or contaminated zone 0123 S —— 27
5. Permeability of the unsaturated zone 0123 S e— 15
18. Infiltration potential 0123 s ————— 15
b Sum of items lé4é through 16 m—m——— 57
13. Normalized scores (multiply item 17 x 100/57) ee——
3. Potential for discrete features in the unsaturated

zone to “short-circuit” the pathway to the water

table 0123 b 15

[
©

Adjusted pathways score. If item 13 is 100, enter 100.
If itam 13 is O, enter sum of items 18 and 15.
If sum exceeds 100, enter 100.

21. Waste containment effectiveness factor (Table S) 1.0

-

22. Final score for groundwater pathways (multiply item 20 x item 21) 100

COMMENTS ON GROUNDWATER PATHWAYS

Known contamination in ground water. No containment/treatment.
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Zite :dentificataon: SD13 - Unnamed Stream and Abandoned Gasoline Station

TCNTAMINANT HAZARD -- SURFACE WATER

:¢ contaminants have been detected in surface watar (score of 100 in item 1),
contaminants have not been detected (scors of 0 in item 1), complets items 2§ through 32. Attach Hazard Worksheet or list
-

contaminants, as appropriate.

Sum of human health hazard quotients (from column 10 of Hazard
wWorksheet)

Human health hazard score
Normalized human health hazard score (multiply item 24 x 100/6)

Sun of ecological hazard quotisnts (enter the larger of the sums of
coiumn 11 or 12 of Hazard Worksheet)

Zcological hazard score

Normaiized ecclogical hazard score (multiply item 27 x 100/6)

Maximum human health hazard index

Normalized human health hazard score (multiply item 28 x 100/8)
Maximum ecological hazard index

Normalized ecological hazard score (multiply item 31 x 100/6)

complete items 23 through 28. If

Score Result Logerjthm
(circle (base 10)
onse)

7.4x10% 6.9

01248

100
67.8 1.8
0@123
56
66.7
01234
56789 Contaminant
01246 Contaminant:

CONTAMINANT HAZARD -- GROUNDWATER

¢ contaminants have been detected in groundwater (score of 100 in item 12),
save not been detected (score of O in item 13), complets itams 38 through 42.

cntaminants., as sppropriate.

(]
W

Sur of human health hazard quotients (from column 10 of Hazard
wWorksheet)

Human health hazard score
Normaiized human health hazard score (multiply atem 34 x 100/6)

Sum of ecological hazard quotients (enter the larger of the sums of
cciumn 11 or 12 of Hazard Worksheet)

Ecological hazard score

Ncrmalized escological hazard score (multiply item 37 x 100/6)
Maximum human health hazard index

Normalized human health hazard score (multiply item 3% x 100/8)
Maxipum ecological hazard index

Normalized ecological hazard score (multiply item 41 x 100/6)

complete items 33 through 38. If contaminants
Attach Hazard Worksheet or list of

4.7x107 7.7

01240

100

113.4 2.1
0123
“O8 3.3
01234
56788 Contaminant
01246 Contaminant :



S:te identafication: Sjte SDI13 - Unnamed Stream and Abandoned Gasoline Station

EUMAN HEALTE RECEPTORS -- SURFACE WATER PATHWAY

Score Mulriplier pProduct Max.
(circle (score x score
one) mult. )
_ 9
LK} Population that cbtains drinking watar from potentially affactaed 01 2@ 3 8
surface water body(ies) within 3 miles (4.8 km) downstream
«4 Water use of nearest surface water body(ies) 012 3 S g
45. Population within 1000 ft (305 m) of the site 01 2@ 1 3 3
46. Distance to the nearest installation boundary 01 2@ 1 _3_ 3
«7. Land use and/or zoning within 1 mile (1.6 km) of the site 01 2@ 1 -3 3
6. Sum of items 43 through 47 ___ZL_ 27
«¢ Final score for human health recaptors on surface water pathways 100
(multiply i1tem 48 x 100/27) ——
ECOLOGICAL RECEPIORS -- SURFACE WATER PATHWAYS
5. Importance/sensitivity of biota/habitats in potentially sffactad 0 1@3 s 10 _ 15
surface water bodias nearast the site
0
S1. Freseancs of "critical environments” within 1 mile (1.6 km) of the @ 3 1 —_— 3
site
S2. Sum of itemns 50 mnd 51 0 18
53. Final scora for ecological receptors on surface water pathways 55.6
(multiply item 52 x 100/18) ar——

COMMENTS ON SURFACE WATER RECEPTORS

F-6




S.te ident:fication: Site SD13 - Unnamed Stream and Abandoned Gasoline Station

HUMAN HEALTE RECEPTURS -- GROUNDWATER PATHWAY

Score Mults er Broduct
(carcle (score x
one) mult . )
S4. ZIstimated mean groundwater travel time from current waste location to @ 123 g 0] 27
nearest downgradient water supply well(s)
£z Estimated mean groundwater travel time from current waste location o 01 2@ S 15 15
any downgradient surface water body that supplies water for demestic
use or for food chain agriculture
56. Groundwater use of the uppermost aquifer 0 1®3 4 __8_ 12
S7. Population potentially at risk from groundwater contamination 069 12 1 __Z_Z__ 36
18
24 & 36
S8. Population within 1000 £t (305 m) of the site o1 2@ 1 ____3__ 3
5¢. Distance to the nearest installation boundary 01 26 1 _1_ 3
50. Sum of items 54 through 59 56 s
g2 Final score for hunan health receptors on groundwater pathways
(multiply item 60 x 100/86) 58.3
ZCOLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
§2. Estimated mesn groundwater travel time from current waste location to 0 1 2@ 3 ____9___ ]
any downgradient habitat or natural area
63. Importance/sensitivity of downgradient biota/habitats that are o] 1@3 3 é ]
confirmed or pected groundwater discharge points
0
54 Presence of “critical environments” within 1 mile (1.6 km) of the @ 3 1 — 3
site
ES Sum of items 52 through 64 15 21

(840
™m

Final score for ecological receptors on groundwatar pathways 71.4
{multiply stem 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTCRS (attach additional pages if needed)
54. Ground-water flow towards Farmers Branch nearest well i1s on opposite side,

thus no flow towards well.
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Site identification: c:.. gp]3 - Unnamed Stream and Abandoned Gasoline Station

SCORING SUMMARY SHEET

Contasminant
Pathways score ha ore Receptors score COveral]l score:
87 Surfacs water/husan health scores ( 100 x 100 x LUV Y} /10,000 = 100.0
item 12 ivem 25/30 icem 48
58. Surface water/escological scoras ( 100 x 66.7 x 2§ .6 /10,000 = 37.1
item 12 item 28/32 item 33
83, Groundwater/human hsalith scores ( 100 x 100 x 58'3 ) /10,000 = 58.3
item 22 item 35/40 item 61
7 Groundwatar/ecological scores ( lQQ x 83.3 x Z_L._4 ) /10,000 = 52,5
item 22 item 38/42 item 66

OVERALL SITE SCORE:

7. ‘100 0% x5 + (37.19% + (858.3)%xs + (59 5% - 71,911.1

item 67 1tem 68 item 6§ item 70

———t—

72. Overall site scors = 71;911-1 3.464 = 20:7596
item 71
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Site identification: Sjite ST14 - POL Tank Farm

SURFACE WATER PATHWAYS

sScoge Mu aier ZProduct  Max.
(circle (score x  sScore
Soserved celesses one) @mult.)
N Have contaminants been detected in surface water’ 9 100 . L 100
I yes, assign score of 100 and proceed to item 10.
I no, assign score of 0 and proceed toc item 2.
Pathway characteristics
2. Distance to nearest surfsce watar 0 1@ 3 o _8_ 12
3. Net precipitatien @1 23 1 0 3
& Surface ercsion potential 0@2 3 4 _ﬁ_ 12
S Rainfall intensity 01 z<§) 4 12 12
€. Surface permeability 0 1(P:2 3 -6 9
7 Sum of items 2 through € 30 LY ]
3 Normalized score (multiply item 7 x 100/48) 62-5

S. Flooding potential @1 23 8 24

iC. Adjusted pathways scors
If item 1 1s 100, enter 100. If item 1 is O, enter
sum of items & and 9. If sum exceeds 100, enter 100.

il. Waste containment effsctiveness factor (Table 2)

bEE

12. Final score for surface water pathways (pultiply itss 10 x item 11)

COMMENTS ON SURFACE WATER PATBWAYS

11. Tanks are in excellent condition.
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Site identificataom: Site ST14 - POL Tank Farm

SROUNDWATER PATEMWAYS

Score Multiplier Egoduct  Max.

(cirele (scores x  3core

Cbserved releases one) alt.)
3. Eave contasminants been detected in groundwater’ 0 100 : __LQQ 100

IZ yes, assign score of 100 and proceed to item 20.

If no, assign score of C and proceed to item lé&.
Cathwav chargctezigtics
i4. Depth to seasomal high groundwater from base of

waste of contaminated zone 0123 9 er— 27
&, Permeability of the unsaturated zone 01223 S — 15
16. Infiltration potential 01223 S — 15
27  Sum of items 14 througn 16 ——— 37
13 Normalized score (multiply item 17 x 100/57) e—
19. Potential for discrets features in the unsaturated

Zone to "short-circuit” the pathway to the water

table 01223 b 15

20. Adjusted pathways score. IZ item 13 1s 100, enter 100.
If icem 13 is O, enter sum of items 18 and 19.
If sum exceeds 100, enter- 100.

21. Waste containment effectiveness factor (Table 5)

33

22. Final score for groundwater pathways (multiply item 20 x item 21)

COMMENTS ON GROUNDWATER PATHWAYS

13. Ground water contamination detected.
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Zite identification: Sjte SD14 - POL Tank Farm

TCNTAMINANT HAZARD -- SURFACE WATER

If :zontaminants have been detected in surface water (score of 100 in item 1), complete items 23 through 28. If —
scntaminants have not been aetected (score of 0 in item 1), camplets items 2§ through 32. Attach Hazarc Worksheet or list
{ contaminants. as appropriate

Score Result 4
(circle (base 10)
one)
2 Sut of human health hazard quotients (from column 10 of Hazard
worxsheet)
e Human health hazard scoze 01246
25 Normalized hunan health hazard score (multiply item 24 x 100/6) ce—
o2 Sum of ecological hazard quotients (enter the larger of the sums of
coiumn 11 or 12 of Hazard Wozksheet)
z° Zcclogical hazard score 01213
4 568
iz Normmaiized ecological hazard score (multiply item 27 x 100/8) s —
13, Maximum human health hazard index 612 3@
6789 Contamunany: Manganese
32 Ncrmalized human health hazard score (multiply item 28 x 100/9) ' _‘ML:_l‘_
11, Maximum ecological hazard index 01 2@6 Contaminant: lead
32. Normalized ecological hazard score (multiply item 31 x 100/6) ' _6_5_7_

CINTAMIRANT HAZARD ~-- GROUNDWATER

IZ contaminants have been detected in groundwater (score of 100 in item 13}, complete items 33 through 38. I{ contaminants
save not Deen detected (scoze of O in item 13), complete items 3§ through 2. Attach Hazard Worksheet or list of
IIntamanants, as &ppropriate.

33 Sum of human health hazard quotients (from colum 10 of Hazard

~orksheet) L._le.07 —-Z-Y-Z—

ia Zuman nealth hazard score - 012 6@

[}
“n

Nermaiized human health hazard score (multiply item 34 x 100/6) l_Q_L

[
o

<z of scological hazard quotients (enter the larger of the sums of

ciwm 1. or 12 of Hazard Worksheet) 86.7 1.9

oW

£ Zszological hazard score 0@15253

38 Nermaiized ecological hazard score (multiply item 37 x 100/6) ﬁ.ﬁ.‘-L

s: vammm hamn nealth hazasd smdex  o1z234
567889 Contaminant:

-2 Ncrmalized human health hazard score (multiply i1tem 3§ x 100/9) e —

-1 Maximum ecological hazard index 0124686 Contaminant:

-2 Normaiized ecological hazard score (multiply item 4«1 x 100/8) ——
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S:ze identification: Site SD14 - POL Tank Farm

HUMAN HEALTE RECEPTCRS -~ SURFACE WATER PATEWAY

Score Multiplier oduct  Max.
(circle (scors x 3SOrs
one) mult.)
<3 fopuliation that cbtains drinking water from potentially affected 01 2@ 3 ._9___. L
surface water body(ies) within 3 miles (4.8 km) downstream
«s.  wWater use of nearest surface water body(ies) 01 2@ 3 __9__ 9
«5  Population within 1000 £t (305 m) of the site 01 2@ 1 __3__ 3
«6. Distance to the nearest installation boundary ¢ 1@3 b _2__, 3
-7 Land use and/or zoning within 1 mile (1.6 km) of the site 01 2@ b _J___ 3
«8. Sum of items 43 through 47 ﬁ_ 27
«S Final score for human health receptors on surface water pathways
. multiply item 48 x 100/27) 6.3
EZ2LOGICAL RECEPTORS -~ SURFACE WATER PATHWAYS
£ Importance/sensitivity of biota/habitats in potentially affected 0 1@3 S 10 15
surface water bodies nearest the site
Sl. Fresence of “critical environments” within 1 mile (1.6 km) of the @ 3 1 L0 3
site
10
52. Sum of items 50 and 51 18

23. TFinal score for ecological receptors on surfsce water pathways
(maltiply 1tem 352 x 100/18)

f

COMMENTS ON SURFACE WATER RECEPTORS
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Site identification: Site SD14 - POL Tank Farm

HUMAN HEALTE RECEPTOURS -- GROUNDWATER PATHWAY
Score Multiplier Broduct

(circle (score x
one) mult.)
S54. Estimated mesan groundwater travel time from current waste location to @ 123 9 0
nearest downgradient water supply weil(s)
0
5. Estimated mean groundwater travel time from current waste location to 0 1®3 S 1
any dosmgradient surface water body that supplies water for domestic
use or for foed chain agriculture
$6. Groundwater use of the uppermost aquifer 0 1@3 “ 8 12
S7. Population potentially at risk from groundwater contsmination 068912 1 2,7 36
18
2«6?35
58. Populstion within 1000 £t (305 m) of the sits 01 2@ 1 ___3__ 3
59. Distance to the nearest instgllation boundary 0 1@3 i 2 3
60. Sup of items 54 through 3§ 50 96
61. Final scors for human health receptors on groundwater pathways 52.1
(multiply item 60 x 100/96) —
ECOLOGICAL RECIPTIORS -- GROUNDWATER PATBWAYS
62. Estimsted mean groundwater travel time from current waste location to 0.1 2@ 3 2 9.
any downgradient habitat or natural arss 6
63. Importance/sensitivity of downgradient biocta/habitats that are 0 1@3 3 — 8
confirmed or suspected groundwater discharge poants
64. Presence of "critical environments” within 1 mile (1.6 km) of the @ 3 1 __0__ 3
site
§5. Sum of items 62 through 6é 15 =2
68. Final score for ecological receptors on groundwater pathways 71.4

(muleiply icem 65 x 100/21:

COMMENTS ON GROUNDWATER RECIPICRS (attach sdditional pages if needed)

55. Ground water flow is 0.2 ft/day. 1,000 ft to surface water 13.9 years.
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Zite identification: gite SD14 - POL Tank Farm

SCORING SUMMARY SHEET

Contaminant

Pathways score hazs core f.eceptors score

57 Surface water/hunan health scores ( 6.3 x 44.4 x 96.3 ) /10,000 =
item 12 item 25/30 item 48

38 Surface water/ecological scores ( 6. 3 x 66.7 x 55 .6 Y} /10,000 =
item 12 item 28/32 1tam 53

32 Groungwater/human health scores ( 100 x ____100 x —52 -1 ) /30.000 = 2.1
1tem 22 item 35/40 itam 61

°C Grounowater/ecological scores ( lQQ x ﬁé s Z x ) /10,000 = 47.6
1tem 22 item 38/42 1tem 66

CVERALL SITE SCORE:

(2.7 3¥xs o+ (2.34 5% « (52.1,2,5 . (47.6,2 - 15,879.76
item 67 1tem 68 item 6§ item 70

2. Overall site score = 15 8795 .7 3.464 = 4, 984.2

item 71




Site identification: Site BSS - Base Service Station

SURFACE WATER PATHWAYS

Jbserved releases
.. Have contaminants been detecte

I£ ves, assign score of 100 an
If no, assign score of 0 and p

Eathway chapacteristics

2. Distance to nearest surface wa
3. Net precipatation

4 Surface erosion potential

5. Rainfsll intensity

€. Surface permeability

7 Sum of items 2 through 6§

d in surface water?’
d procsed to ited 10.
roceed to item 2.

ter

3. Normalized score (multiply 1tem 7 x 100/48)

2 Flooding potential

0. Adjusted pathwsys scors
I stem 1 1s 100, enter 100.

If item 1 is O, enter

Score
(carcie
one)

0 i00

c)x 21

sum of items 8 and §. If sum exceeds 100, enter 100,

1l. Waste containment effectivens

12, Final score for surface water pathways (multiply ites 10 x item 11)

ss factor (Table 2)

Muftiplier

»a

o

Dooduct Max .

(score x s¢c

mult, )
0 100
A2 00w
0 3
__lL_ 2
12 12
6 $
34 «8
24

13

COMMENTS ON SURFACE WATER PATHWAYS

11. Tanks and piping in good condition.

No obvious spills.

not separated or treated and feeds directly to city sewer.
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S:te identification: Site BSS - Base Service Station

SFOUNDWATER PATEWAYS

Score Multiplier Product Max.
(carcle (score x  3core

losesved releases one) mult.)
.2  EBave contsminants been detected in groundwataer? 0 100 i _LQL 100

IZ yes, assign score of 10C and proceed to itam 2C.

If no, assign scores of O and proceed to i1tem lé.
fathwav characteristics
.+. Depth to seasonal high groundwater f{rom base of

waste Or Contaminated zone 0123 S — 27
S, Permesbility of the unsaturated zone 0123 S — 15
1€. Infiltration potential 0123 S ———— 15
7. Sum of items l¢ througn 16 ———— 57
.3. Normalized score (muitiply item 17 x 100/57) emer—
3. Potantial for discrete features in the unsaturated

zons to “short-circuit’ the pathway to the water

cable 0123 S pE-1

2C. Adjusted pathways score. £ itam 13 1s 100, enter 100.
If item 13 is O, enter sum of items 18 and 19.
If sum exceeds 100, enter 100.

p—
o

21. Waste containment effectiveness factor (Table 5)

p—
o
o

22. Final score for groundwater pathways (multiply item 20 x item 21)

COMMENTS ON GROUNDWATER PATBWAYS

Known ground water contamination
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I:te 1aentification: Sjite BSS - Base Service Station®

ZIRTAMINANT HAZARD -- SURFACE WATER

1f contaminants have been detected in surface water (score of 100 in item 1), complete items 23 through 28. If
ccntaminants have not been detected (scores of 0 in item 1), cowplete itams 29 through 32. Attach Hazard Worksheet or list :
:{ contaminants, as appropriate.

Score Result woRgIThm

(cizrcle (base 10)
one)
23. Sum of human nealth hazard quotients (from column 10 of Hazard
worksheet)
24 Zuman health hazard score 0126
2% Normalized hunan health hazard score (multiply item 24 x 100/6) re—
jut Sum of scological hazard quotients (enter the iLarger of the sums of
coiumn 1l or 12 of Hazard wWorksheet)
T Z:zological hazard scors 012213
“« 58
l3. Normaiized ecological hazard score (multiply item 27 x 100/6) —
25. Maximum human health hazard :ndex 012 30
s678% Contaminane: _DANg3Nese
sn oy 44.4
o) Normalized human health hazard score (multiply item 2§ x 100/9)
31, Maximum ecological hazard index 0 1@4 6 Contaminant: manganese
32. Normalized ecological hazard score (multaply item 31 x 100/6) —..33'3

CONTAMINANT HAZARD -~ GROUNDWATER

-7 contaminants have been detectsd in groundwater (score of 100 in item 13), complete items 33 through 38. IZ contaminants
mave not been detected (score of 0 in i1tem 13), complete items 39 through 42. Attach Bazard Worksheet or list of
ssntaminants. as appropriate.

I} Sum of human health hazard quotients (from column 10 of Hazard 8
~orksheet) 7.0x10 8.9
ERY Human nealit: hazard score 012 A@
3% Ncrmaiized human health hazard score (multiply item 34 x 100/8) &_
2g 3am of ecological hazard quotients (enter the larger of the sums of
coiumn 1l or 12 of Hazard Worksheset) 59.3 1.8
ki Czological hazard score . 012213
56
3e Ncrmaiized ecological hazard score (multiply i1tem 37 x 100/6) _6_6'_7_
iz Maximum human health hazard index 012 3¢
56788 Contaminant
-3 Ncrmaiized human health hazard score (multiply item 3§ x 100/9)
~1. Maxigum ecological hazard index 01248 Contaminant:

-Z. Normalized ecological hazard score (multiply item 41 x 100/6)
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Z:ze 1dentification: Site BSS - Base Service Station

SUMAN HEALTH RECEPTORS -~ SURFACE WATER PATHWAY

Score Multiplier Product Max.
(carcie (score x 3core
cone) oult.)
<2 fopulation that cbtains drinking water from potantially affscted 91 2@ 3 ___9_ 9
surface watar body(ies) withan 3 milas (4.8 km) downstream
<« water use of nesrest surface watar body(ies) [ 2@ 3 .__g__ $
“5 Fopulation within 1000 £t (305 m) of the site 01 2@ 1 __3_,_ 3
«&. Distance to the nearest installation boundary 01 2@ 1 _3_ 3
-7 .and use and/or zoming within 1 mile (1.6 km) of the site 01 2@ 1 _i_ 3
«5 Sum of items 43 through &7 _2_7_ 27
-5 Final score for human health receptors on surface watar pathways 100
{multiply itam «8 x 100/27) ———
ZTCLOGICAL RECEPTORS -~ SURFACE WATER PATHWAYS
¢2  Importance/semsitivity of biota/habitats in potentially sffected 0 1@3 s 10 1is
surface watar bodies nearest the sitas
$.. Presence of “"critical envirorments” withan ] mile (1.6 km) of the @ 3 1 —_—f 2
site
10
£2. Sum of items 50 and 51 — 18

£3. Final score for ecological receptors on surface water psthways 55.6
(multiply item 52 x 100/18) s

COMMENTS ON SURFACE WATER RECEPTORS

F-18



c:te identification: Site BSS - Base Service Statiom

HUMAN HEALTH RECEPTORS -- GROUNDWATER PATEWAY

Sgoze Multiplier Proguct
(circle (score x
one) malt. )
5¢. Estimated mean groundwater travel time fram current waste location to @1 22 9 0 27
nearest downgradient water supply well(s)
€t Istimated mean groundwater travel time fIom currZent waste loccation to 01 2@ S lé 15
any downgradient surface water body that supplies water for damestic
use or for food chain agriculture
56. Groundwater use of the uppermost squifer 0 1@3 “ 8 12
7 Fopulation potentially at risk from groundwater contamination 068 12 1 22 36
18
zaé):s
58, Population within 1000 £t (305 m) of the site o1 2(§) 1 3 3
59. Distance to the nearsst installation boundary 01 2@ 1 _i___ 3
60. Sum of items 53¢ through 58 She_ 98
61. Final score for human health receptors on groundwater pathways
(multiply item 60 x 100/96) 2o8.3
ECCLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
62. Estimated mean groundwater travel time from current waste location to 01 2@ 3 —_—a . 9
any downgradient habitat or natural area
63. Importance/sensitivity of downgradient biota/habitats that arse 0 1@3 3 _6__ 1}
confirmed or suspected groundwater discharge points
64. Presence of “critical environments” within 1 mile (1.6 km) of the @ 3 1 __9__ 3
site
15
£5. Sum of items 62 through 64 21

56. Finel score for ecological receptors on groundwater pathweys
(multiply item 65 x 100/21)

4

COMMENTS ON GROUNDWATER RECEPICRS (attach additional pages if needed)
54. Ground water flow to Trinity River. No downgradient wells.
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cie icentafication: Site BSS - Base Service Station

SCZORING SUMMARY SHEET

o
~3

Sirface water/husan health scores

w
n

Surface water/ecological scores

wm
w

Groungwater/human health scores

i Groungwater/ecological scores

CVERALL SITE SCORE:

Contaminant
Pathways score hagzsrd scoce Re OLS score
¢ 324 . 4d.4 100, 10,000
item 12 item 25/30 item 4f
( 35.4 «x 33.3 «x S59.6 ) /10,000 =
1tem 12 item 28/32 item 53
i lQQ x 100 x 58.3 ) /10,000 =
item 22 jtem 35/40 item 61
( 100 x 66.7 x 71.4 y /10,000 = 47 .6
irem 22 item 38/42 stem 66

ol 15.7 v x5« (6.6 2% . (38.3 255 + (47.6:% = 20,536.2

item 67 item 68

item 68 item 70

72 Cverall site score = 203536-23,455 - 5:928.5

item 71
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Site identification: Site LFQO1l - Landfill 1

SURFACE WATER PATHWAYS
Score Maltiplier ZProduct  Max.

(circle (scors x  s3core

Jbserved sase one) malt. )
L. Have contaminants been detected in surface water? @ 100 : ,__2_ 100

IZ yes, assign score of 100 and proceed to item 10.

If no. assagnh score of 0 and proceed to itam 2.
Dathwav charscteristics
2. Distance to nearest surface water 01 2@ & __1£_ 12
3. Net precipitation a 123 1 —0 3
4« Surface erosion potential 002 3 o __“_ 12
S Rainfall invemsaty 01209 ‘ 12 12
€. Surface permeability 0 1@3 3 6 9
b Sum of items 2 through 6 34 48
8. Normalized score (multiply item 7 x 100/48) 70.8
S. Flooding potential @1 23 8 0 24
10. Adjusted pathways score

IZ item 1 15 100, enter 100. If item 1 is 0, enter

sum of items 8 and §. If sum exceeds 100, enter 100. ___Zﬁl;a
il. Waste contsinment effectiveness facter (Table 2) ...—_Q&l
12. Final scors for surface water pathwsys (multiply item 10 x ites 11) 20.8

COMMENTS ON SURFACE WATER PATHWAYS

2. 300 ft to Trinity River.

3. Mean precipitation = 31.9 inches. Lake evaporation = 57 inches.
4. From HARM FORM.

5. 3.5 inches.

6. 3x 104 to<4.2x107
9

. From HARM FORM.
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iite identificataen: Site LFOl - Landfill 1

SACUNDWATER PATBWAYS

Score Hult:plier Producr  Max.
(carcle (score x score

Zbserves relwsses one) malt. )
o HSave contamansnts been detected in groundwster’ 0 N _@. 00

2% yes. assign score of 100 and proceed to item 20.

Z£ no. assign score of 0 and proceed to item lé.
fazhwav characteristics :
.. Depth to seasonal high groundwater from base of

waste Or contaminated zome 0122 ] —_— 27
- Fermeapility of the unsacurated zone 0123 H —— 15
8. Infiltration potential c123 E — pE-)
.7 Sum of items lé througn 16 ——— 57
13  Normalized score (muitiply :tem 17 x 100/57) e——
13. Fotential for discrete features in the unsaturated

zone to “short-circuit” the pathway tc the water

table c123 H) — 3

20. Adjusted pathways score. (2 item 13 is 100, enter 100.
If jtem 13 13 0, enter sum of items 18 and 19.
If sum exceeds 100, enter 100.

2.. Wasts containment effectiveness factor (Table 35)

-

22. TF:unal scors for groundwatar pathweys (multiply item 20 x item 21)

FEE

COMMENTS ON GROUNDWATER PATHWAYS

Known ground water contamination.
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Z:re saentification:  Site LFOl - Landfill 1

TTHTAMINANT HAZARD -- SURFACE WATER

-r sontaminants have been detected in surface water (score of 100 in item 1), camplets items 23 through 28. If
ssntaminants have not been oetacted (score of 0 in item 1), couplete items 29 through 32. Attach Hazara Worksheet or list
=¢{ contaminants., as appropriate.

score Resylt =T T3 #54s
(cizcle (base 10)
one)
2z Sut ¢f hunan health hazard quotients (from column 10 of Hazard
worksneet)
e Suman health hazard score 012 468
2s Normaiized human health hazard score (multiply item 24 x 100/6) e —
e Sum of ecological hazazd quotients (enter the larger of the sums of
coiumn 1l or 12 of Hazard Worksheet)
T fzciogical hazard score 0123
« 56
] Normalized ecological hazard score (multiply item 27 x 100/6) emr—
2. Maximum human heslth hazard index 012 3@
5678 Contaminant ; manganese
32 Ncrmalized human health hazard score (multiply item 29 x 100/9) 44.4
Ii. Maximum ecclogical hszard index 0 1@ b 6 Contaminant : w
22. Normalized ecological hazard score (multiply itam 31 x 100/6) ‘ _3_2_:_3_

CONTAMINANT HAZARD -- GROUNDWATER

If zoniaminants have been detected in groundwater (score of 100 in item 13), complete items 33 through 38. II contaminants
save nct been detected (score of O in item 13), complete items 38 through 42. Attach Bazard Worksheet or list of
ssntaminants. as appropriate.

3z Sum of human health hazard quotients (from column 10 of HKazard 2 78X108 8.4
~orksheet) . :
I Suman nealth hazard score 0124
35, Necrmaiized human health hazard score (multiply item 34 x 100/8) _1_9,0_
28 Sum of ecoiogical hazard quotients (enter the larger of the sums of
cciumn 11 or 12 of Hazard Worksheet) _LQ;_;S 2
ki fzological hazard scors 0123
55
3g Nermalized ecclogical hazard score (multiply ittem 37 x 100/6) _&J
k-] Maximur human nealth hazard index 0123«
$67839 Contaminant
-2 Ycrmaliized human health hazard scors (multiply i1tem 38 x 100/8) —
«.. Maximum ecological hazard index 01246 Contamanant:

~ Normaiized ecological hazard score (multiply item 41 x 100/6)

29 & 31. Ground water contaminants were used. Only confirmed information on contaminants.
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S:te icentaficataon:Site LFQl - Landfill 1

ZMAN HEALTE RECEPTORS -- SURFACE WATER PATHWAY

Scoze Multiplier Product Max,
(carcle (score = 3core
one) oult. )
<3 “opulation that obtains drinking water from potentially affected ¢l 2@ 3 _9 9 "
suriace water body(ies) within 3 miles (4.8 km) downstream
9
“u nater use of nearest surface water body(ies) 01 2@ 3 re——— 9
3
«5 Popuiation within 1000 £t (305 m) of the site 01 2@ b —_— 3
3
«6. Distance to the nearest installation boundary 01 2@ i — 3
3
-7  Land use and/or zonming within 1 mile (1.5 km) of the site 01 2@ i — 3
27
«&. Sum of items 43 through 47 — 27
«5 Final score for human health receptors on surface water pathwsys
.multiply item «8 x 100/27) __1_00_
IICLOGICAL RECEPTORS -~ SURFACE WATER PATEWAYS
£ Importance/sensitivity of biota/habitats in potentially affected 0 1@3 S i)__ 15

surface water bodies nesarest the site

w
'

w

-
lO

w

Presence of "critical enviromments” within 1 mile (1.6 km) of the

site
' 10
2. Sum of items 50 and 51 — 18
£3. TFinal score for ecological receptors on surface water pathways 55.6
(multiply item 52 x 100/18) otr—

COMENTS ON SURFACE WATER RECEPTORS

Information from HARM FORM

50. Trinity River, Lake Worth, and Fort Worth Fish Hatchery.



S:te 1dentificataen: Site LFO1l - Landfill'l

SUMAN HEALTE RECEPTORS -- GROUNDWATER PATHWAY
Score Multiplier Product Max.

(cizcle (3cOT® X 3cOrC
one) mlt.)
S4«. Estimated mean groundwater travel time from current waste location to @1 23 9 0 27
nearest downgradient water supply well(s)
£S. Estupated mean §roundwater travel time from current waste location te 01 2@ M _L 13
any downgradient surface water body that supplies water for damestic
use or for foed chain agraiculture
56. Groundwater use of the uppermost aquifer 0 1@3 4 8 12
S7. Population potentially at risk from groundwater contamination 068 12 1 27 36
1
zs€5as
58. Population within 1000 ft (305 m) of the site 01 2@ 1 _L_ 3
9. Distance to the nearest installation boundary o1 20 1 __L 3
§0. Sum of items 54 through 59 26 e
§1. Final score for human health receptors on groundwater pathways 58.3
(multiply item 60 x 100/96) —
ECOLOGICAL RECEPTORS -- GROUNDWATER PATBWAYS
62. Estimated mean groundwater travel time from current waste location to 01 2@ 3 _9__ ]
any downgradient habitat oI natural azea
63. Importance/sensitivity of downgradient biota/habitats that are 0 1@3 3 _6__ )
confirmed or suspected groundwater discharge points
64. Pressnce of "critical stuvironments” within 1 mile (1.6 km) of the @ 3 1 ___L 3
site
65. Sum of items 62 through 64 15 21
56. Final score for ecological receptors on groundwater pathways 71.4

(multiply item 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTORS (attach additional pagses 1f nesded)
54. Ground water flow calculated at 2 ft/day. 0.5 mile to nearest well, which is

a municipal supply well on the other side of the Trinity River, where gradient

is towards Base, thus no flow towards well.
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Site LF0l - Landfill 1

Jite 1dentification:

STORING SUMMARY SHEET

Contaminant
Pathways score ha core feceptors score Ove cor

37 Surface water/hunan heslth scores ( 70.8 x 44.4 x 100 ) /10,000 = 31.4
item 12 ivem 25/30 itam 49

ge Surface water/ecological scores { 70.8 x 33'3 x 55'6 } /10,000 = 13.1
item 12 item 28/32 item 53

3s Groundwater /humsan health scores ( 100 x 100 x 58.3 ) /10,000 = 58.3
item 22 item 35/40 item 61

bl Groundwater/ecological scores 4 100 x 66.7 x 71.4 ) /10,000 = 47.6
1tem 22 item 38/42 ite 66

OVIRALL SITE SCORE:

. 314 2xs + (13.1,2 , (58.3,2, . . (47.6 2 . 24,372.7

item 67 item 68 item 69 item 70

2. Overall site score = 24,372-7/ 3. 464 = 79036-0
item 71
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ZNTRODUCTION

This decision paper presents tne results of an evaluation of
remedial alternatives for the Weapons Storage Area (WSA) at Carswell AFB,
Texas. The evaluation was conducted as part of the IRP RI/FS Stage 2 investi-
gation at Carswell AFB The decision paper :describes the history of the
Carswell AFB Weapons Storage Area 'WSA) and the geological setting at the

site, and identifies and evaiuates alternat.ve control measures to achieve

remediation of contaminatior at the site The no-action altermative is
included in the eva.uation, as required b :ne "Air Force Installation
Restoration Program Management Guidance °~ The alternatives have been eval-

uated to recommend a cost-effective plan Ior mitigating potential threats to
the enviromment from contaminated soi.. Alternative control measures have
been evaluated on tne basis of site condi:icns described in the IRP RI/FS
investigation repor:cs prepared bv CHyM-H. .. Records Search) and Radian

Corporation (RI/FS Stage . and Stage 2.



2.0 BACKGROUNL

The Weapons Storage Area is .ota'ed approximately five miles to
the west c¢f the base norznh of White Sett.sment Road. The facility is on
approximately 247 acres of land. and is surrounded by approximately 264 acres
of easement This .anc is iocated between ~=wo forks of Live Oak Creek. The
WSA 1s the only off-pase facility includec .: the Phase II study. The
facility was constructed in 1956 and include: two munitions inspection shops,
16 storage buildings & radiocactive waste disposal facility, and an Explosive
Ordnance Disposal range it nas been reported that waste cleaners and
solvents :(suspected paint thinners and tri:r.orcethene) had occasionally been

disposed of on the ground behind zhe inspe::.on shop Quantities were

estimated to be 5 t: 10 gallons per vear
The WSA .s located or the out:z::. o! the Fredericksburg and
Washita Groups Soi.s at the site are or.. s few feet thick, and ground water

was not encountered ir this Tnin sol. zone curing Stage 2 activities.

ry

Contaminants at the site occur it very low ¢ :ncentrations and appear to be

retained in the sha..ow sciis of tne dizcr &::acent to the inspection shop.

Sci. samples were co..eczed t:op the cditch at the locations shown
on Figure 2-. and were analvzed as par: ¢! tne ZRP RI/FS Stage 2 investiga-
tion. Analytical results for so:. sample: ¢.:.lected in IRP Phase II Stage 2
are summarized in Tables (- and . 2 Ant.monyv  selenium, and several
volatile and semivo.atile organic¢ czompouncs are the principal contaminants of

concern a: tnis site

Basec c¢ii the resu.zs =f the nuase.ine risk assessment conducted
during the RI/FS. the Weapons Storage Ares idoes not pose an immediate and
direct health hazard however remedia. a: .:- i1s appropriate to reduce the low

risks associated wi=h this s::e
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O

ALTERNATIVE CONTROL MEASURE!

(98]

.1 -dentificaticn ¢Z Ajternative lontrol Measures

A matrix of possipie remedia. technoiogies was developed for
consideration of contaminant contro. at the Weapons Storage Area as part of
the RI/FS investigation Further analvsis and evaluation of these tech-
nologies has resulted ir the grouping of -echnologies into three altermative

control measures, .istecd beiow

. Nc acrtior

txcavate contaminated sc¢: from the ditch and dispose of

soli ir a .andf:il.

(]

same as A.termative . ex.ep: incinerate contaminated soil

instead of using a lancfi .

3.2 Screening of Al:ternat.ve Con::r:. Measures

The al:ternative contruvl measire. iaentified in Section 3.1 were
screened to select a technically feasible and zost-effective plan for control
of contamination a: the Weapons Storage ~rea The control measures were

screened according to the fo.lowing criter:.

. .oncentra:.on and dist:i::> .t:on of contaminants at the

~eapons Storage Area

2 Technical feasibi.itv anc effectiveness of possible

remedia. a.ternat:.ves

ia

tstimated zost «f eactr &. ernative; and

- Kegu.ator. comp.iance



3.3 Evaluation of Alternative Cont:cu. Measures

Tabie 3- summarizces =ne resu.': - zhe evaiuation of the clterna-
tive control measures The estimated cosi: ..sted in the table have been
developed from a conceptua. application of warious control technologies to the
site, and as such should be used for compa:ra:z:ve purposes only. Assumptions
used to estimate costs were that contaminatec scils occur in the ditch over an
area of approximatelwv . .800 f+¢ (600 €t lorg = 3 ft wide) and to a depth of
approximately 3 feet These costs should ne: be used as a basis for budgetary
planning or funding ourposes rcr contractc s >r subcontractors. When a
specific design alternative :s¢ chosen anc¢ -eguiatory compliance is assured, a

detailed cost analvsis can ther be performec



TABLE 3-.

NARRATIVE MATRIX

TECHNICAL EVALUATION OF ALTERNATIVES

Alternative Cosz*

Engineering
Feasibility

Regulatory
Compliance

[ar

No action

Excavate contaminated 1.0 500
soil/landfili”

Excavate contaminated 174 200
soil/incinerate

Proven tech-
nclogy

Proven tech-
nc logy

TWC approval
necessary

TWC approval
necessary

Costs based on excavation and hauling of approximately 200 yd® of con-
taminated soil. These costs are based on a conceptual application of
remedial technologies, and therefore should not be used for detailed

budget planning purposes.

Special waste (non-nazardous: .andfil}



4.0 RECOMMENDATION

Alternative . .s recommended fo: selection as the preferrec
remec.al a.iternative This a.cernative provides for removal and disposal of
potentially contaminated soils Since the :ontaminant levels in the soils are
low, based on available analvtical data., disposal of the excavated soils at a
non-hazardous (specia. waste. .andfill is cost-effective and expected to be

acceptable to TWC.

'This acviorn 1z “aczer ’Wd?“ the autgerd
“he Air Force under Executive .rd ~2580
conduct removal Irn accordance with Secti
204 of CERCLA "w2 JSC 960L:. Irn a“”o”d&nﬁe
w;:l .0 USC 2705, immediate nc=:ificzazion of
this decision will be provided -c JSEPA

Region € and *c *he Texas Water Jomm:ssion

Tor review and comment prior o .mplementation.

of
»

ty o‘

“XZ&L«M%Q&”V\ . mWé(g—zﬂ_\

¥

CHARLES 4. JACKION, Colone.. USAF DONA 2. CCOOK, Colonel, USAF
Base Civil Engineer “heirmer, Env:ronmenta¢ Protection Committee






SWMU No. 16, Bidg. 1060, Waste Accumulation Area

Bidg 1060 is a Corrosion Control Shop for the Field Maintenance
Squadron. The shop operations include paint stripping, cleaning and painting
of small aircraft parts. The waste accumulation area is a container storage area
for waste generated from shop operations. Waste is stored in 55-gallon drums
on wooden palets In a fenced-off area of the asphalt parking lot. The fenced off
area Is approximately 20 feet wide by 40 feet long. The unit is not covered.
Waste is transported by truck from this unit to the Central Waste Holding Area
(SWMU No. 53). The fenced storage area was recently replaced by a curbed,
covered accumuiation point in the same vicinity.

The unit manages paint lacquer, MEK with polyurethane paint, paint
stripper, PD-680, plastic beads contaminated with paint, the filters from the paint
booth, and rags containing paint and MEK. The unit manages approximately
three 55-gallon drums of paint stripper every three to four months and three 55-
gallon drums of PD-680 every three to four months.

At the time of the visual site inspection in February 1989, a dark staln on
the soil was observed at the corner of the unit. The stain extended to a shallow
storm water drainage feature approximately 20 feet from the unit. Staining was
aiso obsrerved near the edge of the drums.

Samples will be taken in and around the area of the old stain to determine
if any soll contamination exists. Samples will be analyzed for total petroleum
hydrocarbons, purgeable halocarbons, and purgeable aromatic hydrocarbons. i
any contamination is found, the affected soll will be removed, properly disposed
of, and replaced; clearance samples wlil ailso be taken. There is no documented
history of releases to groundwater, therefore, groundwater will not be sampled
uniess soll sample resuits indicate possible groundwater contamination. A
detalled preliminary remedial action plan will be submitted at a later date.




SWMU No. 32, Bidg 1410, Waste Accumulation Area

Building 1410 Waste Accumulation Area Is an outdoor, uncovered,
concrete-based container storage area. The unit manages wastes generated by
the Engine Shop and Wheel and Tire Shop inside Buliding 1410. The waste
from the Engine Shop Is managed in drums on wooden paliets occupying one
half of the site, while the waste from the Wheel and Tire Shop is transferred to
drums occupying the other halt of the site. in addition to the 55-galion drums,
the unlt also consists of a 500-galion tank. A contaminant retaining wall
consisting of sandbags stacked two high Is located along the perimeter of the
unit. The unit is iocated approximately 25 yards from a storm drainage ditch.
Some of the drums have open bungholes, others are secured by metal plates
and locked. Wastes from this unit are disposed of by contractor removal
through DRMO. A new curbed, covered accumulation point was recently
constructed a this site and now houses all hazardous waste and hazardous
material.

The unit manages 7808 engine oll drained from Jet engines, carbon and
fingerprint removers, PD-680 (Type Il), waste JP-4 fuel, and a solvent
manufactured by Rochester Midland designated SE 377E. The carbon and
fingerprint removers are degreasers. The unit manages approximately 600
gallons of 7808 engine oll per year, 200 gallons ot carbon and fingerprint
remover per year, 550 gallons of PD-680 Type Il per year, and 300 galions of
waste JP-4 per year.

There is no documented history ot releases for this unit, but during the
visual site inspection conducted In February 1889, the concrete within, and to
some extent outside the sand bags, was stained with olly material that had
either leaked from a drum or been spilied at this unit.

Solil samples will be taken to accurately define the area and depth of
contamination that requires clean-up. Samples will be analyzed for Total
Petroleum Hydrocarbons, BTEX, and TCLP for iead and chromium. Upon
completion of the sampling, the contaminated soil will be remove, properly
disposed of and replaced; clearance samples will also be taken. There is no
documented history of reieases to ground water; therefore, groundwater will not
be sampled unless soll sample results indicate possible groundwater
contamination. A detalled preliminary action plan will be submitted at a later
date.



SWMU No. 35, Oil/Water Separation System

This unit consists of a main trench fioor drain, underground condulits, and
an oil/water separator outside Bullding 1194, Vehicle Retueling Shop. Fioor
rinsate washes down the drain through the conduits to the Oil/Water Separator.
There, the oil is skimmed from the wastewater and the wastewater Is pumped
out onto the parking lot surface. The parking lot slopes towards the
surrounding bare ground where a storm water sewer catches runoff from the
area. The floor in the buliding is paved with concrete and siopes toward the
drain. The trench is approximately 1 foot deep, 18 inches wide and 30 feet long.
Reportedly, the underground conduits are also constructed of concrete. The
oll/water separator is a below-ground concrete box located beneath an
asphalted area. It iIs comprised of two main units, one for separation, and
another for holding the skimmed oll. A pressure gauge sticking out of the
ground indicates the oil level in the oll holding tank, and thus, the need for
pumping it out. The separation unit has a capacity of 2,000 galions. The
construction details of the unit were not documented.

The unit manages floor washings which consist of wastewater
contaminated with fuel, PD-680, anti-freeze, and transmission fiuid, as well as
waste oll.

There is no documented history of releases for this unit. Separated
wastewater Is reportedly released onto the parking lot surtace. At the time of
the visual site inspection conducted in February 1989, the soll in the area’s
runoff pathway appeared stained with oll.

Soil samples wili be taken to accurately define the area and depth of
contamination around the storm sewer drain. Upon completion of the sampling,
the contaminated soil will be removed, properly disposed of and replaced;
clearance samples will also be taken. Samples will be analyzed for Total
Petroleum Hydrocarbons, TCLP for lead, and BTEX. The process for pumping
out the holding tank in the separation system has been changed to eliminate the
dumping of separated water onto the parking lot and subsequently
contaminating the surrounding grassy area. Since the dumping of wastewater
no ionger is occurring, the removal of contaminated soll, confirming samples
and backfilling with clean soll shouid complete the clean-up and restoration of
this area. There is no documented history of releases to ground water;
therefore groundwater will not be sampled unless soil samples resuits indicated
possible groundwater contamination. A preliminary remedial action plan will be
submitted at a later date.




SWMU No. 36, Bidg. 1191, Waste Accumulation Area

This unlt is located east of the Vehicle Maintenance Shop (Bullding 1191), at
the corner of the parking lot. It holds wastes in 55-galion drums from Vehicle
Maintenance Operations. In addition, waste drums from various squadrons are
heid in this unit. Some of the drums rest directly on the asphalt pavement,
others are on pallets. The waste drums from this unit are transferred by truck
to the Central Waste Hoiding Area (SWMU No. 51). These drums are not picked
up regularly; during the VSI conducted in February 1989, a facllity representative
stated that the last pickup had occurred in October 1988. Sand bags are located
in the back of the unit for emergency containment of small releases. There are
no provisions for secondary containment and the unit is adjacent to bare
ground. Runoff drains onto unpaved ground and fiows to an unlined storm
water culvert. Evidence of olly material splllage was noted during the VSI. It
included soil and asphalt oll staining as well as an oll film in the ponded
rainwater.

The wastes managed include leaded and unleaded waste oll, drummed
separately, waste MOGAS and waste antifreeze. These wastes may contain
RCRA-hazardous materiais.

There Is no documented history of releases for this unit. Evidence of olly
material splilage was noted during the visual site inspection conducted In
February 1989 Inciuding ground staining with oil and an oll film in the ponded
rainwater.

Soil samples will be taken to determine the area and depth of
contamination. The contaminated soll wlll be removed, properly disposed of
and replaced; clearance samples will aiso be taken. Samples will be analyzed
for total petroleum hydrocarbons, TCLP for lead, and BTEX. There is no
documented history of releases to groundwater; therefore, groundwater will not
be sampled uniess soll sample resuits indicate possible groundwater
contamination. A detalled preliminary remedial action plan will be submittd at a
later date.




SWMU No. 61, Bidg. 1320, Power Production Maintenance Faclility Waste
Accumulation Area

This unit is an outdoor container storage area for waste generated from
inside Building 1320. Maintenance work on portable generators is conducted
inside Building 1320. The unit consists of approximately twelve 55-gallon drums
resting on wooden pallets which rested on raliroad ties. The unit has a gravel
base. The unit Is uncovered and without a berm to provide secondary
containment. Some of the drums are grounded. Some of the drums are not
labeled; others were labeled but the writing is not legible. A bunghole on one of
the drums was observed to be open, and another drum had a label dated 16
September 1986. Generally, conditions at this unit are poor. The outdoor
storage area was recently repiaced with a covered, curbed accumulation point.

The unit manages waste antifreeze, waste oll, and waste PD-680. Several
5-galion cans of a hard material similar to roofing tar are also at this unit.

At this time of the visual site inspection conducted in February 1989, oily
runoff from the unit was draining to a storm sewer (Storm Water Drainage
System, SWMU No. 53).

Soll samples will be taken to determine the area and depth of
contamination. The contaminated soll wili be removed, properly disposed of
and replaced; cleaner samples will also be taken. Samples wlll be analyzed for
Total Petroleum Hydrocarbons and BTEX. There Is no documented history of
releases to groundwater; therefore, groundwater will not be sampled unless soll
sample results Indicate possible groundwater contamination. A detailed
remedial action plan will be submitted at a later date.
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