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PREFACE

Radian Corporation is the contractor for the Installation Restora-
tion Program (IRP) Phase II, Stage 2 investigation at Carswell AFB, Texas.
The work was performed under USAF Contract No. F33615-87-D-4023, Delivery
Order 0004, in two separate efforts; the first in 1987-88, and the second in
1990.

A hydrogeological investigation was conducted at several landfills,
fire department training areas, and fuels handling areas to further assess and
define the extent of contamination confirmed in the Stage 1 investigation at
Carswell AFB. Soil gas surveys were conducted in 1988 at two locations to
determine the extent of petroleum hydrocarbon vapors. Ground-water monitor
wells were installed in alluvial materials to further define the limits of
ground-water contamination. Soil samples were collected during drilling
operations and with hand augers at selected sites and analyzed for a broad
range of parameters in the initial Stage 2 effort. Water samples collected
from the wells and several surface water bodies were analyzed for a wide
spectrum of total metals, inorganic compounds, and organic compounds.
Dissolved metals concentrations were analyzed only in the samples collected in
1990. A pumping test of the Upper Zone Aquifer was also performed in the
Flightline Area in 1990. A baseline risk assessment, incorporating all
analytical data, was performed, and remedial action alternatives were identi-
fied and evaluated for the Flightline Area and four sites in the East Area of
the base (Sites LFO0l, SD13, STl4, and BSS) in the Feasibility Study.

Key Radian project personnel were:

Nelson H. Lund IRP Contract Manager

William L. Boettner IRP Program Manager

Lawrence N. French Project Director/Delivery Order Manager
(1987-88)

Debra L. Richmann Project Director (1990)

Guy J. Childs Supervising Geologist (1987-1988)

Stephen E. Fain Supervising Geologist (1990)

Scott B. Blount Supervising Geologist (1990)

Sandra A. Smith Risk Assessment Task Leader

Kathleen A. Alsup Remedial Alternatives Task Leader

Jeffery P. Young Flightline Area FS Task Leader

Gary S. Shaw East Area FS Task Leader

Gary L. Patton Database Management and QA/QC Task Leader



Greg A. Hamer Senior Technical Reviewers
James H. Clary

James L. Machin

Leo M. Dielmann

Radian would like to acknowledge the cooperation of the Carswell AFB
Civil Engineering Staff. In particular, Radian acknowledges the assistance of
Mr. Frank Grey, Mr. Raj Sheth, and Sgt. Stanley Reinhartz.

The work reported herein was accomplished between December 1987 and
July 1990. Mr. Karl W. Ratzlaff, IRP Technical Operations Branch, Human
Services Division (AFSC) IRP Program Office (HSD/YAQ), was the Technical
Project Manager.
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Nelson H. Lund, P.E.
Contract Manager
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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 analytical 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 ST1l4 - 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 ST1l4 to provide new or ad-

ditional information on the extent of Upper Zone ground-water contamination,

ES-1
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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.

ES-3



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 LFOl). 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 $D13. 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 STl4 (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 ST1l4,
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 ST14,
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. In 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. 1In all cases, noncar-
cinogenic risks were too low to merit quantification. 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 (LFO04, LFO5, 19,381

WP07, FTO09)
Landfill 1 (LFO01) 7,036
4 Base Service Station (BSS) 5,929
POL Tank Farm (ST1l4) 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 antic-
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 LFOl, SD13, ST14, 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, Inc., 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 LFOl, SD13, STl4,
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) Flightline Drainage Ditch;
. Site OT12 (previously Site 15) - Entomology Dry Well;

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

Gasoline Station;

. Site ST1l4 (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
0T12. Additional Stage 2 activities were undertaken at Sites LF01l, SD13,
STl4, and BSS only. In 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 OT12),
and the Unnamed Stream itself. The paved lot was investigated because past
operation 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 storage
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 formerly 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 LFOl, SD13, and ST1l4 were included in two separate IRP Phase

I1I 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 Zone.

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 LFO0l, SD13, STl4, and BSS.
All field and analytical data from preceding investigations are contained in
the Phase I Records Search (CH2M Hill, 1984), Phase I1 Stage 1 report (Radian,
1986), and Final Draft Phase 11 Stage 2 RI/FS report (Radian, 1989).

1.3.1 Site LFOl - 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 LFOl (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.

1-9



\ N

©LF01-14

J
&RE\-\OE}EE’S}'\
lilJO

1326

1324

\ LEGEND:
e Monitor Well

® Former Location
Monitor Well

CORPORATION

G1443

Figure 1-4. Location of Previously Installed Monitor Wells at Site LFO1,
Carswell AFB, Texas

1-10




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 (LFOl-1E and LFOl-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

downgradient 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 analyzed.
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 interpreted
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. In 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 soil sampling from one 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 typical Upper 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 environmental setting of the East Area
based on interpretation of data 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
development, 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 in
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 LFOl), magnetic and magnetic gradient (Site SD13), and fixed
frequency electromagnetic profiling (EMP) conductivity (Site LF0l). The Earth
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 LFOl (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
LFO1 (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 sections.

2.3.1 Monitor Well Construction

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

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

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 11 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 1id 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 1id 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 1lid

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

KCl 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 appropriate IRPIMS data collection forms. Measure-
ments were taken from the surveyed mark point at the top of the casing, and
read to the nearest 0.01-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, California, 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 Surveying

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 environmental 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 ST1l4) 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, 198l1). 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 107° cm/sec.
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Figure 3-1. Prominent Surface Features in East Area, Carswell AFB, Texas
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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 STl4 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 STl4) 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 Zone)

3-3




de uUOT3IBOOT UOT3D9S-55017) *Z-¢ @an814

Goc0l3

NOILYNOANOD 1334
NYIaval 7
008 00% 0 S
1B} JoyuoN e
ajoysiog o

; _ %/
CNERER _ =
:a z0s1 Y o%

gso1 [

4871y AUty _
HIOA JSEMYM O/ - /|
MO/ vV vl 3 oL

¥0-¢1as
_ Iﬁ Hm /
8612110 = o
va— 5 _ POIM&—Q QUSATS |\I\|\|\|\I\\|\I\I\\\\
T S1-2110 3L

L1=¥ | 1S—ag Jons rasoH

— ) ML=V LIS
A,/ c1ds \ 20-%11S /. IL1=v11S
- — Y07 1 15N RNV LS
o f o /—“\\\,.s\\». ¢

i

cLzl <

iz

\ i LI=¥11S .\\.\.W A SV

\ T\ \\W\ iy
./Q s M/ | go-viLs hm.\\\/ ,W

Y e o JSNOHIUYM S

\gitoi \\\\ 10T »mb )

NG/ .
t/%%_obﬂ,\\\\\\\\ C&V1-1047 / — <
1GCL

40 FIVH

1041 251
H14ON A '

3-4




,V-V uot3ioag-ssox) ‘g-¢ ain31g

NOIAVYVMOAdNOD

m
— usyD] JON [9A97 J91DM *
s NUildvwal
o [DAJBIU| POUBaIIS I
> XG 'z 1:uonnIabbox] [0oIjIeA
1334 0661 /auny ‘araT Jejom a 3jDyg puD suocisewi EEE
 ——pm— ARk
00¥ 00Z 001 O UO}O8S—880.40 |DUOIIPPY Ul pasn  (.8-8) 191610 PHE pubS Bt
puos []
}oDjuU0y oS - MIIS EH_”E
sooupag 4o do] —--  [PUAIDW [ii4 puo Ap|3 77
HeNEREN
m
g
5056 J.* - 088
< I
m L@k._.u\w.}ﬂlflluw“w\.lwm”mw ||||||||||||||||||||| mwdnmr lllllllllll ] |||m E -
m 095 - T AL _ i) w - 774 095
> T ]
= _ \ at B
= osFod, ) 00-c 108 i | ous
&% ag1-z110
2 10-510S ol %
¢ |- : T ey
— 08— 2110 9IS ¢1ds 3s 1LL-¥y LIS / 085
2 (.8-9)
i , VLL-¥11S
711S 9US
1Sv4 1S3Im

v v

3-5

T3A3T VIS NV3IW 3A08V 1334 ‘NOILYATT3




,g-g UoT309§-5501) “H-¢ 2andT4

g859¢013

13A37 V3S NVIA 3A08Y 1334 ‘NOLLVATTI

NOIAVNOANOD pakol}sa( |lom ‘USHD] [8Ad7 J810M ON

:‘-ntﬁ (DAJIU| PRUBBIOS

0661 /8unp ‘|are] 1910M

XG'Z | :uonpsabbox3 |0onsA UO0I}08G—~SS0J) |DUCIHIPPY Ul Pasn
1334
}I0ju0] |10S
ﬂl”]
00% 00Z 001 O Ao0ipeg 4o doj
ossT w
21 7
72
-
0SS N
N
095 [ &
(.a-a)
1~1011 . :
0Ls vi-1041 ond |
TRIENS sauboy yO-¥11S NLL-Y11S
086 -
15v3
g

2|pyS pup suoysswi B

[8ADJS puD pupg EE
(.0-q) puog []
— s [
S jousoW {14 puo Aojp Z)

-AN3931

-0¢s 2
P
5
o
q0%G F
™
m
1066 »
S &
3k I ~
e E I Ho9s =
I P4
ix X »
% ~40L5 @
7 -
WULL-YLIS -ommm
rLL=v1iS (¥-v)
Vil-v LIS
- PIIS oNS !
1SIM

g8

3-6



,0-0 U0TI308§-S501) G- 2aIndTy

0G9¢0 L3

NOILYWNOJdHNOD

XG'Z | :uonpiabboxy (poIjIBA

1334
o —— — 10DU0Y jIoS
00v 00¢Z 001 0 wooipeg 40 doj ------
B
W 0G¢ ~ E
m ogal” ~ -~~~ oL
- 5 I R i A
s 020 B
™ 095 _
& 4 AT/ 'y
g N ﬁ
= i
QLS +—
2 AN NN N
0 L0-¥11S 20-¥14S (.8-8)
— WLL=YLLS
m 08 -
HINOS

Q

joAsoYu| pausaios T
omme\m:% ‘[oAST] JOIDM &
uoNO8S—$S04) (DUOIYIPPY Ul pasn (.8-8)

s|pys pup suojsowl] EEEE]

|J9ADJ9 pUD pUDS S

puos [ ]
ws [

jpuajop (114 puo Ao;p 7]

HOEREN

vz

£0-¥11S

H1H4ON

0GS

09

048

086G

13AF V3S NYIW 3A08Y 1334 NOILYAIT3

3-7



,d-d uoIloag-ssoin '9-¢ aind1g

a69¢01d

NOILVNOAdNO0D

:‘-n‘u |DAUBIU| PaU3BIIS %

0661 /3unp ‘|oAsT JaiopM A&

5|0YS PUD BUO}SAWIT %
UOI}08G—SS0J)) [DUOIYIPPY Ul pas() (.8-8)

XG'Z1:u01piabbox3 |poIIBA [ADIO PUD puDS g

1334
}o0ju0] 10§ —— ws ([T
V/
00¥ 00z 00l 0 oopeg Jo dof ------ 4 puo Aojy 77
HO\EREN
026 — — 026

3 R R S 777 )
& I >
o oe]
2 0vs - qﬂ [ - N —ovs 2
& %% 5
Z A i A A i Zz
w

8 oss |- ~oss &
o wvw m
AL m

09G — - 096
- 41-1047 (.g-9)
at-104 -
o1-1041 3_yo5 IH7HOS

HLNOS y HLYON

ERIS
«d d

3-8




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 some 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 gravel 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
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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 LF0l (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 a 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 LF0l, ST14, SD13, and BSS on June 18, 1990. The depth to
ground water in the East Area ranged from 6 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.

Hvdraulic 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, MSL) (Ft) (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
LF01-1B 1204 560.25 12.38 547 .87
LF01-1C 1159 560.00 13.14 546.86
LF01-1D 1210 563.93 16.84 547.09
LFO01-1E 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
hydraulic 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 1072 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 LFOl - 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,
LFOl-1A, was formerly located in the southeast corner of the park bordering
the DRMO to the west. However, recent construction activity in the vicinity
of Site LFOl resulted in the destruction and subsequent backfilling of this
monitor well. Boring logs show LFOl-1A was the shallowest of the Site LFOl
wells, with the Goodland Limestone occurring only 7 feet below the surface.
Wells number LF01-1B, LFOl-1E, and LFOl-1F were not drilled to bedrock.
Monitor well LF0l1-1C, located in the south yard, was completed upon reaching a
shale member of the Goodland Limestone at a depth of 33 feet. Well LFO1l-1D,
located south of the DRMO compound encountered the Goodland Limestone at 23
feet. Wells LFO01-1B and LFOl-1C were completed flush to the ground surface,
in meter boxes. Wells LF0l1-1A, LF01-1D, LF-0l1-1E, and LFOl-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 1073
LFO1-1F 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 LF01 (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 LF0l-1E and
LFO1-1F accounts for the relatively greater thicknesses of alluvium at these

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

Hydrogeology

The depth to water in 1988 at Site LFOl ranged from about 5 feet bgl
at the upgradient well, LF01-1A, 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 LFOl 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:

ki

v ¢

<
]

where: average ground-water flow velocity,

s
]

hydraulic conductivity of Upper Zone deposits,

(average 7 x 107" cm/sec or 2 feet/day)

(SN
]

hydraulic gradient (0.09) in the Upper Zone; and

©
]

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 ST14) 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 ST14 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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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 ST14 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 S5T1l4. 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. Previous 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

Topography

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 LF0l, 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 land surface.

Hydrogeology

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.

3-31



mmme.»mm<.HHm3mumo

‘@315 ssg 3¢ ,d-4 pue ,d-9 suorioag-ssol) o1Fo10930apLH

"81-¢ 9and1g

= NOIAYNOJLNOD
: Nviduva
[8)]
™
|DAJIU| PAURSIDS
0661 /3uUnp ‘|aAsT J3joM
uoNo95~Ss0uy |DUOIIPPY Ul pasn
32007 10S
3}204pag jo do|
OYSr
m
—
£
=
[®]
=z
H 085 %OM&%I’II!II
i T A e N
p
s}
o
<
m
& 095
= 554
w
m
>
—
3
~ 04G-
HLNOS

3

% auo}saw

A {3ADIS PUD PUOS

(3-3) pups

S

—_——— Ao|p
H\ERER

= 0SS

L
o
~
[Te]

1 0vS

09S

T13A3T V3AS NY3W 3A08Y 1333 ‘NOILVAIT3

HI4ON

3

"suondussap 216ojoab pajipjap Joy ¥ xipuaddy o0} ssyes sbuuog ayy ul

3ATT VIS NVIW 3A08Y 1334 'NOILYAIT3

paJajunoous SUOiIPUd (108 judbuliopaid uodn paspq a0 sadA} 10S |DIaURY
‘umoys aJo 9aupdiyubls o1bojoabosphy Buiby spoou0d jlos asoyy Aup ¢

‘'sbuliog usam}aq pajpjodosxa

24D $30D3u0d JiIos ‘sbuuog sy} b AUO umouy 3D SUORIPUOD 105 7

ovSr

1sv3

3

/1—-¢ 2inBiy Uo UMOUS BJD Suondes-—ssosd dibojoaboiphy jo suonodol 7y

-S31ON
x4:u01}p12b660x3 |DORIBA
1334
e w—
0at 0% 0

-1 0¥S
m
3
5
e)
‘N
- 086 m
m
M
>
@®
::::::::: o
|||||||||||||||||| TE =
. z

H% -1096
2
) wy
aALq &
1auboy m
8558 Jos P

1S3M

3-32



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 vapor 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. 1In 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 Quality Assurance/Quality Control

A primary data set, consisting of analytical results for organic
and inorganic compounds in ground and surface water, was collected to charac-
terize ground and surface waters at Carswell AFB and to determine if these
waters were contaminated. A quality assurance/quality control (QA/QC) program
was incorporated in the data collection effort to control and assess the

uncertainty of measurement results.

The uncertainty in the measurement of a chemical concentration in
an environmental sample may be broadly divided into components that may be
controlled by a laboratory and components that may not be controlled by a
laboratory. For example, error due to the analytical method (method error)
may be controlled by analyzing the appropriate quality control (QC) samples
and using the results as feedback for corrective actions. Error due to the
nature of the sample media (matrix effects) may not be controlled, so QC
samples are analyzed to assess total uncertainty and provide uncertainty
estimates to be used during the interpretation of natural sample results.
Therefore, the collection and analysis of quality control samples during the
Carswell AFB program served two objectives: (1) to evaluate and control the
laboratory component of measurement error; and (2) to evaluate error related
to sample variability and matrix effects and ultimately assess total measure-

ment uncertainty.

The approach used to accomplish these objectives is described in
Section 4.1.1, along with a general summary and conclusion of the results of
the quality control sample analyses. A discussion of the QC results, in
regards to the analytical system, is presented in Section 4.1.2. A discussion
of the QC results, in regards to total measurement error due to the environ-

mental matrix is presented in Section 4.1.3. A discussion of sample collec-
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tion documentation, including chain-of-custody, sample hold times, and use of
standard forms is presented in Section 4.1.4. Detailed QC results are

presented in Appendix H of the Flightline Remedial Investigation (RI) report.

4.1.1 QA/QC Approach and Summary

The goals of the QA/QC program were to ensure control over the
measurement process in the laboratory and to collect data to assess total
measurement error (i.e., non-controllable error due to matrix effects or
sample collection). The quality of the measurement program was also enhanced
through the use of standard analytical methods, standardized data collection
forms, chain-of-custody procedures, and standard sample hold times. The
reference analytical methods used on this project are identified in Table 4-1.
Quality control requirements described in the reference methods and the
approved Carswell AFB Quality Assurance Project Plan (QAPP) were followed for

all analyses.

QC samples used to control and/or assess measurement error included
blanks, spikes, and replicates. A glossary of QC sample types is presented in
Table 4-2. Analysis of these QC samples provided information related to
contamination (false-positives), bias, and variability, respectively. The
approach to using these QC samples to control laboratory performance and

assess total measurement error is described in the following sections.

Approach and Summary of Laboratory Matrix QC Efforts

The QA effort to control and assess analytical error consisted of
QC samples, analyzed along with natural samples, and a prescribed set of
corrective actions to implement when error exceeded data quality objectives.
Thus, a feedback mechanism was used which enabled the lab to continuously
monitor bias and imprecision in a laboratory matrix. Types of QC samples with
acceptance criteria and limits, as well as the prescribed corrective actions,

were presented in Table 1.10-1 of the approved QAPP. The QC samples used to
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TABLE 4-1.

STANDARD METHODS USED FOR CHEMICAL ANALYSES

IRP Test Name Radian Code IRP Code
Purgeable Halocarbons 601EWO01 E601
Arsenic ASGSWAOO SW7060
Chloride (Titrimetric, Mercuric Nitrate) CLTEWNOO E325.3
Fluoride, Potentiometric, ION Selective Electrode F _SEWAOO E340.2
Total Recoverable Petroleum Hydrocarbons HCTEWNOO E418.1
Mercury (cold vapor, manual) HGC_WNOO E245.1
Inductively Coupled PLASMA (ICP) Metals Screen ICPSWNOO SW6010
Nitrate ION NO3EWAOO E353.2
Orthophosphate OPOEWNOO E365.2
Lead (Furnace) PBGSWAOO SW7421
Selenium SEGSWAOO SW7740
Sulfate by Nephelometry SFN_WNOO SW9038
Filterable Residue (Also known as Total Dissolved TDSEWNOO E160.1
Solids)
Nitrate ION NO3EWNOO E353.2
Purgeable Aromatics 602EW001 E602




TABLE 4-2. GLOSSARY OF QC SAMPLE TYPES

Blanks

Equipment Rinse

Trip

Ambient Condition

Replicates
Field Duplicates

Spikes

Matrix/spike/matrix
spike duplicates
(MS/MSDs)

Surrogate

A water rinse of sampling equipment between sample
locations to quantitate cross-contamination.

Reagent grade water sealed in VOA vials in the
laboratory, transported to the field and back to
the laboratory with natural samples to quantitate
shipment and laboratory storage contamination.

Reagent grade water poured into sample vials in the
field and allowed to sit open to the ambient air
for a specified period to quantitate air-borne
contamination.

Samples split in the field into two containers and
submitted blind for analysis, to quantitate natural
variability of constituents in a specific matrix.

Known quantities of target analytes are introduced
into a split of the sample before preparation. A
MS/MSD pair is performed at a minimum frequency of
5% or one per batch of less than 20 samples. Used
to quantitate bias and imprecision in analytical
results due to the natural matrix.

Known quantity of a compound that is not expected
to occur naturally in the sample. All samples to
be analyzed for organic constituents are spiked
with surrogate compounds. Used to quantitate bias
in analytical results for classes of compounds.

4-5




control precision and accuracy in the laboratory matrix included continuing
calibration control samples, laboratory quality control check (QCCS) samples,
and for metals by SW6010 (ICAP), ICP interference check samples. Data quality
objectives for laboratory-controllable parameters during this program were
presented in Table 1.4-1 in the approved QAPP, in terms of precision and ac-

curacy, and are reproduced in this document as Table 4-3,

In summary, the analytical system was in control for all analyses.
Quality control check samples (QCCS) or continuing calibration check samples
were always used as a final analysis if there was a concern about system

control.

Laboratory blanks indicate a potential for false-positive results
due to laboratory contamination. Maximum concentrations found in lab. blanks

are presented below with specific analytes:

. EPA 601 - Tetrachloroethene 0.17 ug/L;
Trichloroethene 1.3 pg/L;

. EPA 325.3 - Chloride 1.5 mg/L;

. SW6010 - Aluminum 0.53 mg/L;
Beryllium 0.0023 mg/L;
Copper 0.053 mg/L;
Nickel 0.021 mg/L;
Silver 0.051 mg/L;
Strontium 0.0047 mg/L;
Vanadium 0.025 mg/L;
Zinc 0.044 mg/L,;

. EPA 365.2 Orthophosphate 0.012 mg/L; and,

. SW7421 Lead 0.0099 mg/L.

A more detailed discussion of laboratory matrix QC samples is

provided in Section 4.1.2.



TABLE 4-3. PRECISION AND ACCURACY OBJECTIVES FOR THE LABORATORY MATRIX

Parameter Method Precision® Accuracy®
Total Petroleum EPA 418.1-IR Not specified Not specified
Hydrocarbons
Metals Screen SW846 6010-ICP 20% +15%
(23 metals) (modified)
Arsenic SW846 7060 20% +15%
Furnace AA
Lead SW846 7421 20% +15%
Furnace AA
Mercury Sw846 7471 20% +20%
Cold Vapor AA
Selenium SW846 7740 20% +15%
Furnace AA
Volatile EPA 601 50% +30% to 110%°
Halocarbons
Volatile Aromatics EPA 602 50% 4% to 65%°
Chloride EPA 325.3 15% +15%
Sulfate SW846 9038 15% +10%
Fluoride EPA 340.2 10% +10%
Total Dissolved EPA 160.1 20% +15%
Solids

Coefficient of variation (relative standard deviation) for replicate
determinations (exclusive of sampling variability).

Total error for a single measurement, including both systematic error
(bias) and random error (variability due to imprecision), expressed as a
percentage of the measured value.

Range of relative error for species of interest, based on EPA method
validation testing. See method for further explanation.



Approach and Summary of Environmental Matrix QC Efforts

Total measurement error includes components of error associated
with matrix effects (recovery), lack of homogeneity in the matrix (variabilit-
y), and sample collection (variability and contamination). Total error may be
expressed in terms of bias, measured by matrix and surrogate spike results;
imprecision, measured by matrix spike duplicate and field duplicate results;
and contamination, measured by field blanks such as ambient condition and
equipment rinse blanks. Imprecision may be expressed in terms of the pooled
coefficient of variation (CV) for matrix spike duplicate and field duplicate
results. Matrix spike duplicate results allow for estimates of imprecision at
an established concentration level above the detection limit, whereas con-
centrations of target analytes in field duplicate samples may vary widely or

even be not detectable.

In summary, field blanks indicated a potential for false-positive
results due to field contamination. Generally, field blanks contained very
low concentrations for common organic and inorganic compounds. Natural sample
results near laboratory and field blank concentrations may considered false-

positive results. Estimates of imprecision and bias are presented in Section

4.1.3.

Approach and Summary of Sample Collection QC Efforts

The QA effort to control and/or evaluate sample collection error
consisted of using standard sample collection methods, standard sample holding
times until analysis, standard forms to document sample collection and chain-
of-custody, along with trip blanks to quantitate bias (i.e., contamination)
due to sample handling, shipment or storage. The standard forms used at
Carswell AFB originated with the Air Force IRP program and may be found in the
data collection handbook. Chain-of-custody forms are presented as Figure 1.6-

2 in Section 1.6.1 of the QAPP.

A feed-back mechanism to control sample collection error was not

possible for the Carswell project because field teams finished sample collec-
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tion before sample analysis was complete. While there were some inconsisten-
cies in hold times for trip blanks and signatures on chains-of-custody, no
sample results were invalidated. A discussion of the completeness of sample

collection QC efforts is presented in Section 4.1.4.

4.1.2 Laboratory Matrix QC Sample Results

Bias and imprecision in results is most controllable for the
analytical system because QC samples may be analyzed along with natural matrix
samples and a batch reanalyzed if QC samples indicate the system is out of
control. As discussed in Section 4.1.1, and the QAPP, data quality objec-
tives, Table 4-3, are for QC samples using reagent water as the matrix.
Results for samples in natural matrices would not be expected to be as
unbiased nor precise. If imprecision or bias exceed these data quality
objectives, then the analytical system is out of control and must be cor-
rected, and affected samples reanalyzed. Bias due to laboratory contamination
is not included in Table 4-3. Generally, any systematic contamination for
laboratory sources is not allowed. However, the presence of some common lab
contaminants is allowed and corrective action is taken only when concentra-

tions reach a significant level as directed in the QAPP.

Instrument calibrations were performed according to laboratory
standard operating procedures (SOPs) which reference the standard methods
specified in the QAPP. One problem occurred with the calibration curve for a
gas chromatograph (GC) used for 601 analyses. This problem was documented in

the ITIR and the solution and a discussion are represented here.

As pointed out in the ITIR, this problem does not invalidate any
sample results for samples analyzed by Method 601 and does not make this
project incomplete. The calibration curve for Method 601 analyses on instru-
ment "B" was not within specifications. The fifth, and highest, calibration
point (30 ppb) was inaccurate and thus caused results to be biased high. To
solve this problem, data generated on instrument "B" for 601 analyses was
recalculated using a four point calibration curve, dropping the 30 ppb

calibration point, with the new highest point of 15 ppb. New reports were
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issued and affected results flagged. Second column confirmation need be only
qualitative for Carswell AFB analyses, so these results (i.e., Instrument B
data) will be used solely for second column confirmation. Results for
instrument "5" were considered the "primary" result and site evaluations will

be based on this quantitation.

QC sample results for organic methods are used internally by the
laboratory to determine if the analytical system remains in control. These
results are not reported. Since these results are used as a feedback mechan-
ism on system control and not to evaluate total bias or imprecision after
reporting, it is the laboratory'’s responsibility to maintain system control.
For this discussion it is assumed all samples were analyzed by Method 601 and

Method 602 when the system was in control,

4.1.2.1 Laboratory Matrix Blanks

A list of analytes detected in laboratory matrix blanks is presen-
ted in Table 4-4 with a count of the number of times detected and maximum
concentrations. Generally, there is little concern for false-positive results
due to laboratory contamination. However, for the analytes listed in Table 4-
4, it is possible for sporadic false-positive results. Corrective actions
outlined in the QAPP were followed regarding laboratory contamination.
Therefore, no sample results were invalidated due to laboratory contamination.
Summary and detailed results for all blanks are presented in Table 1 and Table

2 of Appendix H of the Flightline RI, respectively.

4.1.2.2 Laboratory Matrix Spikes

Continuing calibration and quality control check samples (QCCS)
check samples were used to determine if the analytical system was in control
for methods by AA, ICAP, or cold-vapor graphite furnace AA; fluoride, chlor-
ide, total hydrocarbons, orthophosphate, and total dissolved solids. Results
of these samples are presented in Table 4-5. Detailed results are presented
in Table 3 of Appendix H of the Flightline RI. A comparison of Table 4-5 to

data quality objectives (DQOs) from Table 4-3, indicates the analytical system
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TABLE 4-5. SUMMARY OF QUALITY CONTROL CHECK SAMPLE (QCCS) RESULTS,
CARSWELL AFB, TEXAS

Number of Mean % Precision Accuracy Mean
Parameter Samples Recovery CV (%) Relative Error (+Z)
ARSERIC BY SW7060
Continuing Calibration Control Sample
Arsenic 53 95.9 4.5 5.0
Laboratory Control Sample (QCCS)
Arsenic 2 90.3 5.8 9.7
CHLORIDE, BY TITRATION
Continuing Calibration Control Sample
Chloride 15 97.5 1.2 2.5
FLUORIDE BY EPA 340.2)
Continuing Calibration Control Sample
Fluoride 17 96.4 3.6 4.2
HYDROCARBORS, TOTAL E418.1
Continuing Calibration Control Sample
Hydrocarbons 4 93.6 3.8 6.4
MERCURY BY COLD VAPOR
Continuing Calibration Control Sample
Mexrcury 50 86.7 13.6 5.4
ICP 25 ELEMENT SCAN
Continuing Calibration Control Sample
Aluminum 41 101.3 2.6 2.3
Antimony 38 101.3 2.9 2.3
Arsenic 40 103.1 2.8 3.6
Barium 39 89.8 3.2 2.6
Beryllium 43 100.9 4.1 3.8
Boron 38 99.8 3.9 3.2
Cadmium 40 103.7 4.3 5.4
Calcium 38 104.3 2.2 4.3
Chromium 41 100.8 2.7 2.2
Cobalt 36 102.2 2.8 3.1
Copper 40 102.7 3.8 4,1
Iron 40 98.8 2.1 1.9
Lead 39 104.0 4.0 5.1
Magnesium 39 100.5 2.5 2.0
Manganese 41 103.6 3.1 4.3
Molybdenum 35 99.0 3.2 2.9
Nickel 38 102.9 2.9 3.5
Potassium 42 100.7 2.5 2.2
Seleniuum 41 103.1 2.3 3.3
Silicon 42 101.5 3.5 3.1
Silver 36 101.4 4.3 3.8
Sodium 40 101.8 12.3 4.0
Strontium 44 100.2 2.7 2.3
Thallium 41 100.4 2.9 2.4
Vanadium 41 102.5 3.1 3.7
Zinc 38 103.9 2.4 4.0
ICP Interference Check Sample
Aluminum 17 92.7 6.0 7.7
Barium 26 103.8 2.3 3.8
Beryllium 27 104. 4 2.4 4.5
Cadmium 28 102.9 2.2 3.1
Calcium 17 82.6 15.7 17.6
Chromium 28 104.6 2.7 5.0
Cobalt 28 107.3 3.4 7.7
Copper 28 105.0 4.1 5.9
Iron 17 77.0 24.6 24.3
Lead 30 104.5 4.6 5.6
Magnesium 17 88.1 10.0 12.2
Manganese 27 102.7 4.9 4.7
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TABLE 4-5 (Continued)

Number of Mean 2 Precision Accuracy Mean
Parameter Samples Recovery CV (%) Relative Error (+X)

Nickel 28 102.2 3.9 3.8
Silver 30 101.7 4.4 4,1
Vanadium 30 99.6 6.2 4.3
Zinc 28 106.2 3.4 6.7

Initial Calibration Control Sample
Aluminum 2 100.4 1.3 .9
Barium 2 101.0 .3 1.0
Beryllium 2 101.3 .3 1.3
Cadmium 2 97.2 .8 2.8
Calcium 2 101.8 .1 1.8
Chromium 2 100.6 .2 .6
Cobalt 2 99.2 .6 .8
Copper 2 92.9 .2 7.1
Iron 1 104.3 4.3
Lead 2 101.2 2.6 1.9
Magnesium 1 101.5 1.5
Manganese 2 85.5 .5 14.5
Nickel 2 100.1 2.4 1.7
Silver 2 92.2 .2 7.8
Vanadium 2 90.9 .2 9.1
Zinc 2 87.7 .2 2.3

Laboratory Control Sample (QCCS)
Aluminum 2 96.9 .5 3.1
Ant imony 2 94.5 3.7 5.5
Arsenic 2 117.0 .0 17.0
Barium 2 99.0 .0 1.0
Beryllium 2 100.3 1.0 .7
Boron 2 99.0 1.4 1.0
Cadmium 2 97.4 .9 2.6
Calcium 2 100.0 1.4 1.0
Chromium 2 98.3 4 1.8
Cobalt 2 97.9 .1 2.1
Copper 2 97.8 4 2.3
Iron 2 96.3 1.9 3.7
Lead 2 98.8 1.1 1.2
Magnesium 2 96.6 1.6 3.4
Manganese 2 97 .4 .B 2.6
Molybdenum 2 97.4 .7 2.6
Nickel 2 98.4 .9 1.7
Potassium 2 85.5 3.1 4.5
Selenium 2 101.5 .7 1.5
Silicon 2 92.9 5.3 7.1
Silver 2 92.0 4.7 8.0
Sodium 2 94.6 .6 5.4
Strontium 2 98.9 .2 1.2
Thallium 2 96.8 1.8 3.3
Vanadium 2 95.9 .2 4.1
Zinc 2 99.1 1.3 .9

NITRATE BY E353.2

Continuing Calibration Control Sample
Nitrate 20 99.7 4.4 3.6

ORTHOPHOSPHATE

Continuing Calibration Control Sample
Orthophosphate 22 99.0 3.3 2.5

LEAD BY SW7421

Continuing Calibration Control Sample
Lead 56 103.2 4.3 4.6

Laboratory Control Sample (QCCS)
Lead 2 108.3 2.2 8.3

(Continued)
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TABLE 4-5 (Continued)

Number of Mean 2 Precision Accuracy Mean
Parameter Samples Recovery Cv (2) Relative Error (+2)

SELERIUM BY SW7740
Continuing Calibration Control Sample

Selenium 46 97.6 5.6 5.1
Laboratory Control Sample (QCCS)

Selenium 1 90.0 10.0
SULFATE
Continuing Calibration Control Sample

Sulfate 13 98.6 2.4 2.2
TOTAL DISSOLVED SOLIDS
Laboratory Control Sample (QCCS)

Total Dissolved Solids [ 100.6 3.5 2.5
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was in control for these analyses. Interference check samples were also
analyzed for metals analyzed by Method SW6010, metals by ICAP. Acceptance
criteria for interference check samples are recovery + 20% of true concentra-
tion. Results indicate generally there was little interference and error was
less than data quality objectives. Iron results indicated greater inter-
ference error than expected. The calculated mean recovery and coefficient of

variation (CV) for iron was mean = 77% and CV = 24.6%, respectively.

Blank spike QC samples (i.e., method spikes) were also used to
monitor the analytical system for bias and imprecision. Blank spikes are
reagent grade water, spiked with known concentrations of a specified analyte
and the sample taken through the preparation described for the appropriate
method. Blank spike analyses were performed for metals by AA and ICAP,
chloride, fluoride, hydrocarbons, nitrate and orthophosphate. A summary of
results for these QC samples is presented in Table 4-6. Surrogate spikes were
also added to blank spike samples. Surrogate recoveries are presented in
Table 4-7. Detailed results are presented in the laboratory QC matrix section
of Table 4 of Appendix H of the Flightline RI. Results for all blank spikes
except antimony were within the QAPP specified acceptance criteria for
recovery. Ten of the 14 antimony sample results were slightly below 75%

recovery.

Laboratory QC samples (blanks, method spikes, etc.) for EPA 601 and
EPA 602 analyses were spiked with the surrogate compound l-bromo-4-fluoroben-
zene. For Method 601, halocarbons by GC, surrogate spike recoveries for
laboratory QC samples indicate a bias towards high recovery with little
imprecision. Six of 79 recoveries were greater than acceptance criteria
limits of 140%. For Method 602, aromatics by GC, surrogate spike recoveries
for laboratory QC samples indicate little bias or imprecision. All recoveries

were within acceptance criteria of 40% to 140%.
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Laboratory Matrix Replicates

Analytical duplicates (i.e., duplicate analysis of the same
prepared sample at the instrument) were used to determine if the imprecision
associated with the analytical system was in control relative to precision
objectives. Results of analytical duplicates indicated slightly greater
variability, as estimated by coefficient of variation (CV), than expected for

the following analytes:

. Nickel (SW6010) - 24%;

. Lead (SW7421) - 47%;

. Selenium (SW7740) - 51s;

. Orthophosphate (E365.2) - 28%.

Results of analytical duplicates are summarized in Table 5 of

Appendix H of the Flightline RI.

4.1.3 Environmental Matrix QC Sample Results

Measurement bias and imprecision are confounded with environmental
variability in natural matrix samples. Since environmental variability (eg.
non-uniform distribution of pollution, variation in natural background
concentrations over space and time, etc) will not be adequately characterized,
measurement error and bias may be quantified but not controlled. Also,
generally sample analyses are performed after field teams have finished at the
site, so timely re-sampling is not an option. Therefore, the following
results are used to qualify interpretations, not to validate procedures or
sample results. Acceptance criteria as specified in Table 1.10-1 of the QAPP
are used throughout this discussion as an indication that bias and imprecision
are normal or abnormal based on historical analyses. Generally, the QAPP
specified corrective action for results outside acceptance criteria is to flag
data and assume matrix interference. Five types of QC samples were used on
the Carswell project to quantify measurement bias and imprecision that is

confounded with environmental variability. These five QC sample types are:
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. Matrix spikes (quantify bias);

. Surrogate spikes (quantify bias);
. Matrix spike duplicates (quantify imprecision);
. Predigestion duplicates (quantify imprecision due to matrix,

preparation and analytical effects); and

. Field duplicates (quantify imprecision due to sampling,

matrix, preparation and analytical effects).

False-positive results due to wind-blown contamination or cross-
contamination from using non-dedicated sampling equipment are possible during
any sampling effort. Field blanks are used to identify and estimate the
quantity of contamination that may be associated with sampling efforts.
Ambient condition and equipment blanks were used during the Carswell ground-

water program.

Contamination, bias and imprecision are discussed in following
sections by QC sample type. Results that exceeded expectations base on
historical laboratory bias and imprecision estimates are discussed for

appropriate methods.

Field Blanks

A synopsis of the results for compounds detected in field blanks
and the maximum concentration detected are presented in Table 4-8. All
results for field blanks are summarized and presented in detail in Table 1 and

Table 2 of Appendix H of the Flightline RI, respectively.

Spikes

Analytical, matrix and surrogate spikes were used to evaluate bias

on the Carswell project. Analytical spikes are added after preparation,
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immediately before analysis, so only bias and imprecision due to the matrix,
or analyst’s error, is quantified. Matrix spikes are added to the sample
before preparation and provide information about total matrix effects. Bias
and imprecision estimates from matrix spikes include method preparation error.
Analytical spike results should complement results of matrix spike studies
regarding error due to the natural matrix. Surrogate spikes are known
concentrations of compounds not expected to be found naturally in samples,
added to samples. Surrogate recoveries indicate potential bias in recovery
for classes of compounds. The corrective action for results outside accep-
tance criteria for all types of spike results is to recheck calculations and

if an error is not found, assume a matrix effect.
Detailed spike results are presented in Table 4 (detailed results)
of Appendix H of the Flightline RI. Results of these QC samples are discussed

below for both ground-water and surface water matrices.

4,1.3.1 Ground-Water Matrix

Generally, spike recoveries were within expected limits. Matrix
spike and surrogate spike recoveries are presented in Table 4-9 and Table

4-10, respectively. Exceptions are discussed below by spike type and method.

Arsenic by SW846 Method 7060 -- Matrix spike recoveries for arsenic

indicate little overall bias but imprecision. Three recoveries were below
acceptance criteria limits and one recovery above criteria limits. Mean
recovery (standard deviation) for 20 matrix spiked samples was 91% (32%).
Analytical spike recoveries for arsenic were also biased. Seven out of 144

analytical spike recoveries were less than the 75% acceptance criteria.

Lead by SW846 Method 7421 -- Matrix spike recoveries for lead by

SW7421 indicate little bias but fair imprecision. Two sample recoveries out
of 20 samples were below the lower acceptance criteria limit of 75% and six
recoveries out of 20 were above upper limits of 125%. Mean (standard devia-

tion) recovery was 107% (32%). Analytical spike recoveries also indicated
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bias and imprecision. Twenty-six of 144 analytical spikes were greater than
the analytical spike acceptance criteria of 125%. QCCS and/or continuing
calibration check samples were analyzed after the out-of-control spikes to
prove the system was in control. Recoveries were within limits for these QC
samples, so the laboratory assumed matrix effects influenced recovery and no

samples were reanalyzed.

Selenium by SW846 Method 7740 -- Analytical spikes for selenium

indicated bias and imprecision. Thirty-four of 144 analytical spikes had
recoveries less than the lower acceptance criteria of 75%. Analysis of QCCS
and/or continuing calibration check samples indicated the system was in
control and so matrix effects were assumed to cause recoveries less than the

minimum acceptance limit.

Metals by SW846 Method 6010 (ICAP) -- Matrix spike recoveries for

several metals by SW6010 indicated some bias and imprecision. Silicon
recoveries were most heavily biased and imprecise (mean (standard deviation) =
177% (170%)) with eight of 20 recoveries greater than the acceptance limit of
125%. Calcium spike recoveries indicate calcium recoveries are biased low and

are imprecise.

Nitrate by EPA Method 353.2 -- Matrix spike recoveries for nitrate

by E353.2 indicate little bias but slightly greater imprecision than expected.
Mean (std. dev.) recovery was 98% (22%). Three of 21 recoveries were below
the lower acceptance criteria of 80% and four recoveries were greater than the

upper acceptance criteria of 120%.

Halocarbons by EPA 601 -- Surrogate spike results for samples

analyzed for halocarbons by EPA 601 indicate bias towards high recovery for 1-
bromo-4-fluorobenzene. Mean recovery was 120% with six of 87 sample recoveri-

es were greater than the acceptance criteria limit of 140%.
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4.1.3.2 Surface Water Matrix

Generally, spike recoveries were within expected limits. Matrix
and surrogate spike recoveries are presented in Table 4-11 and Table 4-12,

respectively. Exceptions are discussed below by spike type and method.

Aromatics by EPA 602 -- Ten samples were spiked with the surrogate

l-bromo-4-fluorobenzene. Recoveries indicate a bias towards low recovery and
high imprecision. Five recoveries were below acceptance criteria limits of

40%. Mean (standard deviation) percent recovery was 70% (52%).

Lead by SW846 Method 7421 -- Analytical spike recoveries for lead

indicated bias and imprecision. Fourteen out of 24 samples had recoveries
greater than the upper acceptance criteria of 125%. Analysis of QCCS and/or
continuing calibration check samples indicated the system was in control and

so no samples were reanalyzed.

Selenium by SW846 Method 7740 -- Analytical spike recoveries for

selenium indicated bias and imprecision. Ten out of 24 samples had recoveries

less than the lower acceptance criteria of 75%.

Field QC Water Matrix

Spike recoveries were within expected limits. Matrix and surrogate

spike recoveries are presented in Table 4-13 and Table 4-14, respectively.

Field and Matrix Duplicates

Variability can be assessed against several components of a sam-
pling effort. For Carswell, sampling and analytical variability are the
primary components of total variability. Since samples were collected over a

short time period, temporal variability is assumed to be negligible. Also,
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the water systems are assumed to be fairly homogeneous at each location

throughout the base, so spatial variability for any duplicate pair is assumed
to be negligible. Using these assumptions, total variability is the variabil-
ity due to the sample effort and analytical effort combined and as such

indicate total measurement imprecision. Standard deviations and CVs for field
duplicates and matrix spike duplicates are pooled to estimate total variabili-
ty as a pooled standard deviation (pooled std. dev.) or pooled coefficient of

variation (pooled CV).

Variability due to the analytical method can be estimated using
predigestion duplicates. Although variability for these duplicates would
include natural matrix effects as well as method preparation and analysis
effects, comparison of predigestion duplicate results to field duplicate
results and matrix spike duplicate results can provide information about the

analytical system.

Total variability is discussed below for each method by matrix.

Ground Water

Generally, total variability for ground water was as expected.
Little information was available from field duplicates since many analytes
were not detected in samples. Also as expected, variability estimates
indicate greater relative variability when concentrations are near detection
limits and lesser relative variability when concentrations are significantly
greater than detection limits. Methods or analytes with large variability are
discussed below. Summarized results are presented in Table 5 of Appendix H of

the Flightline RI.

Arsenic by SW7060 -- Sixteen pairs of matrix spike duplicates were

analyzed for arsenic by Method SW7060. Variability was approximately 26% with
four matrix spike results outside acceptance criteria. Results outside
criteria suggest that although the average variability (pooled CV) was

reasonable, results may sporadically be more imprecise than expected.
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Two predigestion duplicate pairs were analyzed by SW7060 for
arsenic. Mean recoveries ranged from "not detected" to 0.033 mg/L. Variabil-

ity (expressed as CVs%) was 33%.

Mercury by E245.1 -- Twelve field duplicate pairs were analyzed for

mercury by Method E245.1. While variability was fairly high, pooled CV = 60%,
it was not unreasonable because concentrations were very near detection
limits. Results ranged from "not detected" to 0.0044 mg/L, concentrations at

which relative variability is very great as compared to absolute variability.

Sixteen matrix spike duplicate pairs were analyzed for mercury by
E245.1. Mean recoveries ranged from 87.5% to 105%. Variability was ap-

proximately 5%.

Lead by SW7421 -- Twelve field duplicates were analyzed for lead by
Method SW7421. Mean concentrations ranged from both samples "not detected" to
0.81 mg/L. Variability (CV%) was 45%. Since these results are near the
detection limit it is not unexpected for relative variability to be higher

than expected.

Sixteen matrix spike duplicate pairs were analyzed for lead by
Method SW7421. Mean percent recoveries were widely variable ranging from 23%

to 132% with a pooled CV of 32%.
Two predigestion duplicate pairs were analyzed by SW7421 for lead.
Mean recoveries ranged from 0.012 mg/L to 0.079 mg/L. Variability (expressed

as CV%) was 89%.

Apparently, matrix affects contribute to variability but affect

measurement imprecision less than overall variability.

Selenium by SW7740 -- Sixteen matrix spike duplicate pairs were

analyzed for selenium by Method SW7740. Mean recoveries ranged from 39% to

96% with a pooled CV of 52%. At least one matrix spike recovery was less than
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acceptance criteria, thus increasing variability. Imprecision is assumed to

be solely due to matrix effects.

Hydrocarbons by E418.1 -- Four field duplicate pairs were analyzed

by Method E418.1 for hydrocarbons. Variability was greater than expected at
42%. However, mean concentrations ranged from "not detected" to only 8.5
mg/L. This relative variability may be due to concentration variability near

the detection limit.

Two matrix spike duplicate pairs were analyzed for hydrocarbons by

Method E418.1. Mean recoveries ranged from 88% to 90% with 7% variability.

Nitrate by E353.2 -- Three field duplicates were analyzed for

nitrate by Method E353.2. Total variability was 41% for means ranging from
0.095 mg/L to 0.740 mg/L.

Surface Water

Where data was available, total variability for surface water was
as expected. Little information was available from field duplicates since
many analytes were not detected in samples. Matrix spike duplicates were not
requested for surface water samples. Variability estimates indicate greater
relative variability when concentrations are near detection limits and lesser
relative variability when concentrations are significantly greater than
detection limits. Methods or analytes with large variability are discussed
below. Summarized results are presented in Table 5 of Appendix H of the

Flightline RI.

Lead by SW7421 -- Two field duplicate pairs were analyzed for lead

by Method SW7421 in surface water. Concentrations were very near detection

limits and as expected relative variability was high (CV = 42%).

Metals by SW6010 (ICAP) -- Two field duplicate pairs were analyzed

for metals by SW6010. Total variability could not be estimated for several

analytes because of "not detected" results for all samples. Of the analytes
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that were detected, variability (expressed as CV%) ranged from 1% for stron-
tium to 132% for chromium. As expected variability was greatest for analytes

with concentrations near the detection limit.

Nitrate by E353.2 -- One field duplicate pair was analyzed by

Method E353.2 for nitrate in surface water. Variability was 116%.

4.1.4 Sample Collection Quality Control

The QA effort for sample collection was successful and data capture
complete. No samples were invalidated. Standard forms, methods, chain-of-
custody and hold times were generally followed as specified. However, some

chains-of-custody were not signed by the laboratory recipient.

4.1.4.1 Standard Forms

Standard forms taken from the Air Force IRP program were used to
log sample collection. Standard, bound, log books (used to log field data
associated with samples) and chain-of-custody forms (used to document custody
of samples from time of collection to reporting analytical results) were used
as specified in the QAPP. A discussion of the completeness of the sampling
follows. Sample log forms were used to record sample inventory data (eg.
location data, sample type, matrix, etc.). This data was entered into the
project database and the forms archived by the project geologist. Chain-of-
custody forms were filled out at the time samples were shipped from the field
to the lab and specified analyses to be performed on each sample, the relin-
quishing field team member, and the recipient for the laboratory. Some chain-
of-custody forms were not signed upon receipt at the lab. Sample numbers and

associated analyses are presented in Table 4-15.

While lack of a signature by a laboratory representative breaks the
physical chain-of-custody it may be assumed samples were handled appropriately
and results are valid estimates for chemical concentrations on each sample.

This assumption of valid custody is possible due to laboratory practices which
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TABLE 4-15. SAMPLES WITH UNSIGNED LABORATORY RECIPIENT
CHAIN-OF-CUSTODY

Sample ID Analysis Required
154 Chloride, Fluoride, TDS, NO,. OPO,, Metals
157 154 + MS
160 154 + MSD
163 Dissolved Metals, MS, MSD
168 Chloride, Fluoride, Sulfate, TDS
169 Nitrate, Orthophosphate
170 Total Metals
171 Dissolved Metals
174 Chloride, Fluoride, Sulfate, TDS
175 Chloride, Fluoride, Sulfate, TDS
176 Nitrate, Orthophosphate
177 Nitrate, Orthophosphate
178 Total Metals
179 Total Metals + Analytical Duplicate
180 Dissolved Metals
181 Dissolved Metals + Analytical Duplicate
354 Chloride, Fluoride, Sulfate, TDS
355 Nitrate, Orthophosphate
356 Total Metals
357 Dissolved Metals
358 Hydrocarbons
361 Chloride, Fluoride, Sulfate, TDS
362 Nitrate, Orthophosphate
363 Total Metals
364 Dissolved Metals
365 Hydrocarbons
367 Chloride, Fluoride, Sulfate, TDS
368 Nitrate, Orthophosphate
369 Total Metals
370 Dissolved Metals
371 Hydrocarbons
374 Chloride, Fluoride, Sulfate, TDS
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include a picture of the samples as received and sample tracking in the
laboratory database. The laboratory database provides a valid means of

recording sample custody up through reporting of results and sample disposal.

Three samples were not analyzed as directed. These were samples

392, 393, and 354. These samples were collected again during field efforts.

Standard Methods

Standard methods were used for sample collection. Standard methods

used for chemical analysis were presented in Table 4-1.

Hold Times

Use of method-specified, standard, sample holding times controls
variability caused by samples being analyzed after constituents have partially
decomposed. Data regarding hold times (e.g., log data, date analyzed,
specified maximum hold time and actual day until analysis) are provided in
Table 6 in Appendix H of the Flightline RI. Sample 017 was analyzed by Method
601 one day over the hold time of 14 days. Trip blanks 050, 081, 093, 114,
and 359, to be analyzed by Method 602, were analyzed between three and seven
days over the seven day hold time. This problem does not invalidate results
of these trip blanks. As noted in the ITIR, trip blanks to be analyzed by
Method 602 were not acid preserved. Because they were not acid preserved the
hold times were seven days instead of 14 days as for the acid preserved field
samples to be analyzed by Method 602. Trip blanks are used to identify
contamination during shipping or during storage in the laboratory. Samples to
be analyzed for purgeable aromatics by Method 602 are preserved to prevent
biological degradation of the analytes of interest during storage (i.e.,
beyond the normal seven day holding time). Biological activity will depend on
a number of factors, such as natural biological populations, concentration of
compounds, mix of compounds, etc. Therefore, the extent to which the in-
tegrity of a given sample may be compromised by not analyzing within the seven
day hold time for an unpreserved sample may vary. Historically, trip blanks

for Method 602 analyses were not preserved so that the trip blank could be
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analyzed for Method 601 (where the sample is not acid preserved) or Method 602
as needed for a project. Since the preparation procedure for trip blanks
renders the water practically sterile, it is generally assumed that bacterial
populations will not expand to natural levels within 14 days and thus
biological activity is minimal. Therefore, the results of these trip blanks
are considered usable and provide information about potential shipping and
handling contamination. However, it is recognized that as a worst-case
situation the Method 602 results of these trip blanks may be falsely low
(i.e., a false-negative result) due to biological degradation. And, as such,
low-level concentrations in natural samples shipped with these trip blanks may
in fact be due to shipping contamination. Natural samples possibly affected

are:

. TB 050: 044, 051, 063, 069, 070,
. TB 093: 087, 094, 100,
. TB 114: 108, 115, 121, 127, 128, 129, 140.

No results are invalidated due to hold time violation.
Concentrations of compounds in natural matrix samples should be considered
suspect as a false-positive if less than the maximum concentrations depicted

in Table 4-9.

4.2 East Area Chemical Analvytical 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 4-16
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TABLE 4-16.

CARSWELL AFB, TEXAS

SUMMARY OF MCLs RELEVANT TO THE EAST AREA STUDY (1990),

Final, Currently

Maximum Contaminant
Level (MCL)"

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 (pg/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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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.
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 LFO1l - 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. In previous IRP investigations the principal ground-water
contaminants identified at Site LF0l 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. In 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-1E and LF0l1-1F. Only chromium and cadmium were

detected in other wells,

4-47




_\ LEGEND:
® Monitor Well

® Former Location of
0 100 200 Monitor Welt
| | |
L VN B | -
. RADIAN :
CORPORATION

Figure 4-2.

Location of Wells Sampled at Site LF01l, Carswell AFB, Texas
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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
generally found in higher concentrations in the downgradient wells (LFOl-1E
and LF01-1F) 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
LF0l, as the distribution of detected compounds was sporadic, and the detected
concentrations were very low. In the first round of sampling (February 1988),
0il 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 4-17 lists the volatile organic and inorganic constituents
for which analyses were performed during the Spring 1990 sampling round at
Site LF0l. Table 4-18 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
4-19.

Results of Volatile Organic Compounds Analyses--Vinyl chloride,

cis-1,2-dichloroethene, and chlorobenzene were detected in ground-water
samples from Site LFOl (Table 4-18). 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.
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TABLE 4-17. 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-Tetrachlorocethane 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

1,4-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
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TABLE 4-18. SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN UPPER ZONE
GROUND WATER,! SPRING 1990, SITE LFOl, CARSWELL AFB, TEXAS

2

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

Notes:
1A11 other analyzed organic compounds (Table 4-2) were non-detectable.

2Confirmed 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 pg/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 ug/L. Vinyl chloride was also detected in monitor well
LF01-1C following the April 1988 sampling event at a concentration of less
than 1 ug/L. The significance of the volatile organic compounds identified at

LFO0l 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 II 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. 0il
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 4-20. Tables 4-21 and 4-22 present
summaries of the volatile organic compounds detected in ground-water and
surface water samples, respectively. Tables 4-23 and 4-24 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), 1l,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.

4-55




TABLE 4-20. 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
1,4-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
4-21). 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 SD13-82
occurred in the unfiltered sample and are slightly above their respective
MCLs. Arsenic, barium and lead were detected in each of the SD13 surface

water samples (Table 4-22).

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 STl4 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. In 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 ug/L. In
addition, arsenic, lead, barium, cadmium and chromium were all identified in

the total metals analyses at concentrations exceeding MCLs.
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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 4-25. Figure 4-4 depicts the location of
all of the sampled wells. Table 4-26 presents a summary of the volatile
organic compounds analytical results, and Table 4-27 summarizes the inorganic

analytical results for Site STl4.

Results of Volatile Organic Compounds Analyses--Several volatile

aromatic compounds were detected at Site STl4. 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 4-16); however, it will not be
effective until July 1992.

Benzene was detected in four of the nine wells sampled at Site
STl4. 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 ug/L), ST14-03
(1.3 pug/L), ST14-17L (0.65 ug/L), and ST14-17K (0.50 wg/L). The interpreted
distribution of benzene and other volatile organic compounds detected in the

ground water below Site STl4 is discussed in Section 4.3.3.

Total xylenes and chlorobenzene were also detected at Site ST14.
Xylenes were detected in three wells, ST14-03, ST14-04 and ST14-17M. Xylenes
were also detected in the duplicate sample collected at monitor well ST14-17J.
The highest concentration of total xylenes was 300 upg/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 4-25. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN

GROUND WATER, SITE ST1l4, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals

Non-Metals

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-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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recently promulgated and is not currently in effect (Table 4-16). Chloroben-
zene was detected in only two monitor wells, at a maximum concentration of
38.0 pg/L (ST14-17M). 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 ST1l4. 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 is 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 ST14-02 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 Study - 1990 Results

Results of Volatile Organic Compounds Analyses--Site BSS was

sampled for the same suite of volatile aromatic compounds as Sites SD13 and
ST1l4. Table 4-28 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 4-29 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 ug/L (similar to
the concentration detected in Stage 2). Toluene and total xylenes were
detected at 16,000 and 15,000 ug/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 4-30). 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 pg/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 4-28. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED
IN GROUND WATER, BASE SERVICE STATION (SITE BSS),

CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals

Non-Metals

1,2-Dichlorobenzene
1,3-Dichlorobenzene
l1,4-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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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 LFOl - 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 Zone 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.
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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 ST1l4. 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 ST14 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
ST14-17I 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 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 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 STl4 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. 1In 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 0.011 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.
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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 LFQl - 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 LFOl1-1F. 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 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 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 SD13-01 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 pg/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
pg/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 locations.

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 contributing 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 ST14-

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 ST14 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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ST14-17M 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 (ST14-02) 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 one

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 0.3 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 ground water at Site ST1l4 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. BRenzene 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 pg/L), toluene
(16,000 pug/L), and total xylenes (15,000 upg/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. All data generated in the 1988 program are
summarized and discussed in the IRP Stage 2 RI/FS Final Draft Report (Radian,
1989) and are provided in data tables in the IRP Stage 2 ITIR (Radian, 1988).
The data from the 1990 study are presented in the ITIR (Radian, (1990d) and
corresponding data quality discussions are presented in Section 4.1 of this

report.

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
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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.

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.

Site LFO1l - 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 LFOl:

Metals

Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Lead
Nickel
Selenium

Silver

Semivolatile
Organic Compounds

Volatile Organic
Compounds (VOCs)

Bis(2-ethylhexyl)-

phthalate
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6.1.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Landfill 1

are discussed below.

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 1078
Toluene 5.64 x 1078
Trichloroethene 4.62 x 107°
Vinyl chloride 2.12 x 107’

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.
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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.

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 phase. The gases disperse in the ambient atmosphere
according to local meteorological conditions. The User’s Network for applied
Modeling of Air Pollutants - Version 6 (UNAMAP 6) Industrial Source Complex
Long Term (ISCLT) dispersion model (U.S. EPA, 1987) was used to calculate
annual ground level concentrations of each indicator chemical. The ISCLT
model was selected for use because it is approved by the U.S. EPA and is
capable of evaluating the range of situations encountered in this assessment.

The important model capabilities include:

. Calculation of dispersion from both point and area sources;
. Urban dispersion;
. Efficient calculation of annual average concentrations;
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. Evaluation of both a receptor grid and discrete receptor

points; and

. Simultaneous evaluation of multiple source impacts and

individual source impacts.

The ISCLT model accepts a summarized statistical array of
meteorological conditions based on data for a year or more. Model output
consists of one average concentration for each source and/or source group at

each input receptor.

The model was run using urban mode 3 as recommended by EPA for
developed areas. Wind profile exponents, vertical potential temperature
gradients, and the plume rise equation all affect source plume rise and were
set to the EPA-recommended default values. The choice of these options had
little or no effect on model results since all sites were modeled with no
significant plume rise. A complete description of the modeling methodology is

discussed in the IRP Stage 2 RI/FS Final Draft Report (Radian, 1989).

To model the dispersion of contaminants in the air from Landfill 1
to selected receptor locations requires the use of simplifying assumptions to
simulate the atmospheric environment. In reality, dispersion of contaminants
in the ambient air involves numerous complex processes that are not always
addressed by available models. Some simplifying assumptions may lead to
either overestimates or underestimates of exposures. Generally, the ISCLT
model, and the modeling methodology used in the assessment, incorporate
conservative assumptions that will result in overestimates of exposure. For
example, model inputs included emission rates calculated using the highest
measured concentration regardless of depth or whether the sample was aqueous
or soil. Maximum ground-level concentrations estimated by the ISCLT model
were assumed to be inhaled continuously, 24 hours per day, for 70 years, at
the receptor locations. The successive use of conservative assumptions is
likely to produce estimated exposures that are higher than the reasonable

maximum exposure that is likely to occur.
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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, VOCs 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 surface 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 Animals--Food crops, including commercial

agricultural crops and backyard gardens, could accumulate contaminants
originating at Landfill 1 through root uptake of any contaminants present 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
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above-ground plant surfaces or on the 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
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;
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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.

A major potential exposure pathway, ground-water ingestion, is not
applicable to Upper Zone ground water in the East Area. The ground-water
discharges to on-base surface water bodies or directly (Farmers Branch,
Unnamed Stream) to the West Fork of the Trinity River downstream of Lake
Worth. Lake Worth is the source of drinking water for Fort Worth and Carswell
AFB. 1In addition, ground water present in the Upper Zone, in general, is not
hydraulically connected to the underlying aquifers (CH2M Hill, 1984). For the
most part, it is not economical to develop ground water from the alluvium
because of the water’s limited distribution and susceptibility to surface
pollution. The community of River Oaks, immediately east of Carswell AFB, at
one time had supply wells that developed water from the alluvial deposits at a
location near the USAF Hospital. However, the wells were abandoned when
Carswell AFB purchased the property. An inventory of water wells located
within one mile of the Carswell AFB boundary was conducted (Radian, 1989).
Figure 6-2 shows the locations of the existing and abandoned wells identified
from Texas Water Commission records. Thirty-nine wells were identified, but

none were completed in the Upper Zone aquifer.

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
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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 Govermmental Industrial
Hygienists (ACGIH) Threshold Limit Values (TLVs), Occupational Health and
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.
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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 V0OCs 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 pg/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
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
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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
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).
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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 Rigk--0Of 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
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.
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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:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)
Antimony None Benzene
Arsenic Tetrachloroethene
Barjium Toluene
Beryllium
Cadmium
Chromium
Lead
Nickel
Selenium
Silver
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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 1073

Fugitive Dust Generation--Contaminants must be present in exposed

surface soil to be subject to fugitive dust generation. Because the area in
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.
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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: 1) 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 6-3 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:

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.
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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.

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.
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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--0Of 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
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 1s also remote. Unless an individual immersed

frequently and for long periods of time in the waters of Farmers Branch at the
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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:

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

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:

Emission Rate

Indicator Chemical (grams/second)
Benzene 1.19 x 107®
Methylene chloride 5.31 x 107®
Toluene 4.41 x 107°
Trichloroethene 2.07 x 1078
Vinyl chloride 9.04 x 1077

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 ST14 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.
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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
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.

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
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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
(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.
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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--0f 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.

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 insignificant. 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).
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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:

6.

4.1

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

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:

6-35



Emission Rate

Indicator Chemical (grams/second)
Benzene 2.33 x 1073
1,2-Dichloroethane 2.16 x 1078
Tetrachloroethene 8.08 x 10710
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,

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
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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
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
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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.

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.
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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 LF01l, SD13, STl4,
and BSS; and the Flightline Area at Carswell AFB. DPM uses site-specific 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):
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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).

v W N -

Radian has conducted extensive, 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.

S~ NN

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. Indeed, 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
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

6-43



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). In 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 Summary 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 exposure

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 LFO0l1 (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 appear 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 ST1l4. 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 ST1l4 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

facilicy.

Figure 7-1 depicts the probable extent of benzene contamination at
Site ST14, 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 STl4, only one of which
(from ST14-02) was for the dissolved metals analysis and is considered

suspect.
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Figure 7-1. Probable Extent of Benzene Contamination (Spring, 1990), Site
ST1l4, 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 this 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 ST14 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

present 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 LFO1 - Landfil] 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 LF0Ol 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
assoclated 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 LFO1l.

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 ST14 - 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) 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 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
exXxposure 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 atomic absorption
AFB Air Force Base
Alluvium stream-deposited sediment; predominantly clay,

silt, sand, and gravel

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

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

ARAR Applicable or Relevant and Appropriate
Requirement

Artesian term applied to ground water confined under

hydrostatic pressure, water level in well rises
above the top of the aquifer

BGL below ground level

BLS below land surface

Confined Aquifer aquifer confined between two aquitards

DOD U.S. Department of Defense

ECD electron capture detector

EICP Extracted Ion Current Profile

EPA U.S. Environmental Protection Agency
Evapotranspiration loss of water from the soil both by evaporation

and by transpiration to growing plants

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

FDTA Fire Department Training Area
FS feasibility study
GC 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

OovVA

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

0oil 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
RI/FS
SOW

Spike

SW-846

TCE
TDS
TOC
TOX
TPM

Transmissivity

Unconfined Aquifer

USAF

USAFOEHL

USDA
USGS
vocC

Water Table

Quality Assurance/Quality Control

Remedial Investigation/Feasibility Study
Statement of Work

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

analysis

EPA test methods for evaluating solid wastes,
physical and chemical methods

trichloroethene

Total dissolved solids

Total organic carbon

Total organic halides

Technical Program Manager

the rate at which water is transmitted through a
unit width of an aquifer or confining bed under
a unit hydraulic gradient

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

United States Air Force

United States Air Force Occupational and
Environmental Health Laboratory

United States Department of Agriculture
United States Geological Survey
volatile organic compound

the elevation of the ground-water surface in an
unconfined aquifer




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

Multiplication Factor Prefix Symbol
1,000,000,000,000,000,000-10}? exa- E
1,000,000,000,000,000=1012 peta- P
1,000,000,000,000=109 tera- T
1,000,000,OOO=106 giga- G
1,000,000=103 mega- M
1,000=102 kilo- k
100=101 hecto- h
10=10_1 deka- da
O.1=10_2 deci- d
0.01=10_3 centi- c
0.001=10_6 milli- a
0.000 001=10_9 micro- u
0.000 000 001=10_12 nano- n
0.000 000 000 001=10_15 pico- P
0.000 000 000 00O 001=10_18 fento- f
0.000 000 000 000 000 001=10 atto- a

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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DRILLING LOG

| RADIAN CORPORATION

INSTALLATION: CARSWELL AFB, TX

| SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE Il STAGE 2

7. TOTAL DEPTH OF HOLE:

14.6 ft 8GL

J
|
| 8. DATUM FOR ELEVATION SHOWN:

sea level

|fissile.

|1 in. = 50 Blows.
|T.D. = 14.6 ft.

]

I

|

| 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: 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: | 13. SURFACE ELEVATION: 570.30 ft MSL

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

L | 15. MEASURING POINT ELEVATION: 573.24 ft MSL

|Depth| Graphic |  Blow | Soil | [

[(Ft.)l Log Count _|Class/Code |Visual Description | Remarks

| o | u/cLLR |Clay: Dark brown, slightly silty, organic, stiff, roots |Topsoil first 0.5
| | land decaying wood, damp. |ft. Caliche zone
| | | [¢0.2 ft.) at 0.5
| [ | |ft. BLS. Full

| | | |sample recoveries
| | | |unless noted.

| 3 | ussiLr |Silt: Light brown, slightly clayey, cohesive, 1 - 2% |

| | |granule size calcareous nodules, oxidation stained |

| | |mottling, damp. |

| 4 | u/sILT |Silt: As above, getting sandy (fine grained), not as |1.5 ft. recovery.
| | |cohesive. |slight diesel odor.
I I I I

| I | I

| I I I

I I I I

| 7.2 . | u/sanD |sand: Greenish/gray, slightly clayey, slightly |Gradational

| | I lcohesive, fine to medium grained, quartzose, damp; At |change; 1.2 ft.

| R | [9.0 ft. going to tan, loose, gravelly, |recovery; Strong
| IR | [ [diesel odor.

I SR I | |
R | | |

I e I | |

| 11 | Uu/GRVL |Gravel: Varicolored, 5 - 10% sand, shells, saturated; |W.L. measured at
| # 0 I | |Most gravels are quartz-chert, 2 - 10 mm, subangular to |10.7 ft. BLS.

| ICD @) ()| | | subrounded. |Measured after well
| PO CO{ | | |completion at 9.9
| IO C g | | |ft. BLS; 3.2 ft.
| b OO | | |sample recovery.
I @?SE, I I I

| 14.5 | U/MARL [Limestone: Whitish - gray, weathered, indurated, |orove 1.5 in. S.S.
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

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

I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 14.2 ft BGL

| IRP PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: East Area ] 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Driltt 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)

] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/27/90

I 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 570.64 ft MSL

1 X:  2024974.41 Y: 400058.53 | 14. BACKGROUND:

1 | 15. MEASURING POINT ELEVATION: 573.39 ft MsL

|Depth| Graphic | Blow | Soil | I

J¢(Ft.y)]  Log Count |Class/Code |visual Description | Remarks

| 0 | U/CLLR |Clay: Orange, brown, and green, silty, sandy, 1 - 3% |Full samplers

| | |limestone gravels, firm, cohesive, damp. |unless noted; 1.3
! | | |ft. recovery; Looks
| | | |like fill.

| 2 | U/CLLR |Clay: As above, mottled and layered with varying colors |1.6 ft. recovery.
| | |and grain sizes, very disturbed looking. ]

I | I I

! | | |

| 4 | U/CLLR |Clay: As above. |Looks like fill.
I I I I

I I I |

I I I I

| 6 | U/CLLR |Clay: As above, matrix supported gravels, still has |

| | |disturbed appearance. ]

I I I I

I I I I

| 8 N | U/SDLR |sand: Orange/tan, 5 - 10% small gravel, loose, varying |1.0 ft. recovery.
| “‘ | |grain sizes but mostly medium grained, gravels mainly |

| S | [5-10 mm but some to 20 mm, damp. |

I R I | |

I U I I I

| . . | | |

| 1 00 | U/SDGR |sand and Gravel: As above but increasing percentage of |2.8 ft. recovery;
| [ ¢ ...(j.'c | |gravel, wet at 13.5 ft. Largest gravels are limestone |W.L. measured at
| OOO | Jand occur between 13.5 ft. and 14.0 ft. ]13.4 ft. BLS.

P EC N T |
2o | I |

| 14 | Uu/LMSN |Limestone: Gray, hard, oxidation stained on partings. T.0. = 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
I
|
|
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L DRILLING LOG | RADIAN CORPORATION | SHEET 1 OF 1 _SHEETS
| 1. PROJECT: CARSWELL AFB,

1 IRP PHASE 11 STAGE 2
] 2. LOCATION: East Area

| 3. DRILLING AGENCY:

1 4. HOLE NO.: SD13-03

]| INSTALLATION: CARSWELL AFB, TX
| 7. TOTAL DEPTH OF HOLE: _ 14.1 ft BGL
| 8. DATUM FOR ELEVATION SHOWN: sea level
| 9. MANUFACTURER’S DESIGNATION OF DRILL:
| 10. NO. OF SAMPLES TAKEN: 9
] 11. ELEVATION GROUND WATER:

Mobile Drill B-61

Environmental Drillers, Inc.

557.44 ft MSL (3/26/90)

|prove 1 172 in.
|s.S.; 50 Blows =
[0.1 ft.
[14.1 ft.

T.D. =

1
|
1
1
|
1
] 5. NAME OF GEOLOGIST: s. E. Fain | 12. DATE HOLE ESTABLISHED: 3/26/90 |
| 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 568.60 ft MsL [
L x:  2024919.81 Y: 399934 .09 | 14. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION:  571.54 ft MsL 1+
|Depth| Graphic | Blow | Soil | | | -
J¢Fe) Log Count |Class/Code ]visual Description | Remarks |
| 0 / | U/CLLR |Clay: Dark brown, silty, firm, damp, organic, roots. |Full recoveries |
| | | |unless noted; 1.3 | =
| | | |ft. recovery. |
| / ! ! | |
| 2 / | u/CLLR |Clay: As above, becoming orange/brown. | |
| ' | | | |
| 3 | ussier |silt: Orange/brown, clayey, cohesive, small roots, ]1.7 ft. recovery; |
] | |damp, 2 - 5 mm calcareous nodules. |Gradational change. |
| 4 | ussILT |silt: As above, increasing coarseness (fine sand). | |
I | | l I
| | | | |
I | | I |
| I | l |
| l I | |
| 6.8 ] * | | Uu/saND |Sand: Green/gray, very fine - medium grained, slightly |[1.1 ft. recovery. |
| | . . | |clayey and cohesive, damp, quartzose, subrounded. | |
|8 |- | U/SAND |sand: As above, less clay; 0.4 ft. sand and gravel seam |W.L. measured 9.1 |
| o0 | |at 9.0 ft., wet at approximately 9.0 ft. Gravels 2 - 5 |ft. BLS after well |
| ' . » . | |mm (small). Sand is slightly cohesive. |completion; Strong |
| oo | | |diesel odor. |
[0 | "0 | U/SAND |Sand: As above, less clay, fine to coarse grained. |3.0 ft. recovery. |
I e I | | |
| | | ! |
l .. | | l !
| 12 m | Uu/GRVL |Gravel: Varicolored, 20% sand, 2 - 40 mm, larger |strong diesel |
| h O O | |gravels limestone and angular, smaller quartz and |odor. |
] | | | subrounded. ] |
| 13.5] 50 | U/LMSN |Limestone: Dark gray, indurated. |Sampler (CME) |
| | | |refusal at 14.0 ft. |
| l I
l I |
I | I
| | |
| I |
| l |
| | I
I I |
| I |
| I I
| I |
l | !
| | I
I I |
| | |
| | |




J DRILLING LOG_ | RADIAN CORPORATION

| 1. PROJECT: CARSWELL AFB,

1 IRP PHASE 11 STAGE 2

| 2. LOCATION: East Area

| 3. DRILLING AGENCY: Environmental Drillers,
] 4. HOLE NO.: SD13-04

| INSTALLATION: CARSWELL AFB, Tx | SHEET 1 OF 1 SHEETS
| 7. TOTAL DEPTH OF HOLE: _ 10.6 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level
| 9. MANUFACTURER‘S DESIGNATION OF DRILL:
| 10. NO. OF SAMPLES TAKEN: 6
| 11. ELEVATION GROUND WATER:

Mobile Drill B-61

Inc.

558.64 ft MSL_(3/26/90)

| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/26/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 566.81 ft MSL
] X: 2024992.02  ¥: 399931.97 _ | 14. BACKGROUND:
L | 15. MEASURING POINT ELEVATION: 569.24 ft MSL
|pepth| Graphic | Blow | soil | |
L(Ft. Lo Count |Class/Code |Visual Description | Remarks
| o t:;//g | U/CLLR |Clay: Dark brown, stiff, organic, damp; At 1.5 ft. |Full recoveries
V////l |going to a green silty clay with calcareous mottling.  |unless noted
| |otherwise;
////////i | |Limestone fill
| |first 0.3 ft.
2 U/CLLR |Clay: As above, getting sandy (very fine to fine |1.2 ft. recovery.
|grained). |
l |
| |
4.5 .'.""‘. U/SDMD |sand: Orange/tan, loose, medium grained, quartzose, |0.8 ft. retovery.
... |damp. I
..... I I
6 *e "l U/SAND |sand: Green/gray, slightly clayey and slightly |W.L. measured at
R | |cohesive. At 7.5 ft. becoming coarse grained, loose, |7.45 ft. BLS after
| |wet, 5% granule size gravel. |well completion.
Co00 | |
el | l
8.5 F 00 d U/GRVL |Gravel: varicolored, 20% sand, slightly clayey, gravels |Strong diesel odor
O O ()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. |prove s.s.

|sampler; 50 blows
|1 374 in.; T.D. =
|10.6 ft.

e ——— e —————————— i — = b




| DRILLING LOG

| RADIAN CORPORATION

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

| 1. PROJECT: CARSWELL AFB,

I

IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE: 18.8 ft BGL
| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

East Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill 8-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 8

| 4. HOLE NO.:

ST14-01

| 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

| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 573.20 ft MSL

| Xx: 2024309.32 399886.09 | 14. BACKGROUND :

I | 15. MEASURING POINT ELEVATION: 575.89 ft MSL

[Depth| Graphic | | soil I |

[¢Ft.)]  Llog | |Class/Code |Visual Description |_Remarks

| 0 F}/fﬁ | U/CLLR |Clay: Dark brown, slightly silty, stiff, organic, damp. |Full samplers
| | | Junless noted.
|l | | |

I I I I

| 2 | u/cLLR |Clay: As above, very stiff. |

I | I I

| | | |

I | | |

| 4 | U/CLLR |clay: As above, turning gray/green at 5.0 ft. |

| | | |

I | | |

| | | |

| 6 | U/CLLR |Clay: Gray/green, silty, 5% calcareous material, firm |

| | |to stiff, damp, oxidation staining. |

I /I I I I

| ] I I I

| 8 '.'_""' | UssaND |sand: Greenish/gray, slightly clayey 3 - 9 ft., [1.0 ft. recovery.
[ PR | |slightly cohesive, fine grained, damp; at 9.0 ft. going |

| . | |to tan, fine to medium grained, loose, quartzose, damp. |

I O I ! |

|10 |. . | u/sbMD |sand: Tan, medium grained (mainly), loose, »>95% quartz, |1.5 ft. recovery;
| R | |1-5% small gravel, saturated. |W.L. measured at
| A | I [11.1 ft. BLS
| PR | | |through augers.
N | | |

| U | I |

I R | I I
S | | |

I . | I |

I | ! I

| 15 | U/sDGR |Ssand and Gravel: As above, increasing gravel content |

| | |Wwith depth to 60% at 17.5 ft. |

| I | |

| I |

| | I

I | |

I I |

] 18.2] | U/LMSN Marl: Gray, fissile, indurated. |T.0. = 18.8 ft.
| | |

I I |

| | I

| | I

I I |

I | I

| | I

e ———_———————————— e e e — —




| DRILLING LOG | RADIAN CORPORATION
| 1. PROJECT: CARSWELL AFB,

] IRP_PHASE 11 STAGE 2

| 2. LOCATION: East Area

| 3. DRILLING AGENCY: Environmental Drillers, Inc.
| 4. HOLE NO.: ST14-02
15
| 6
|

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS
| 7. TOTAL DEPTH OF HOLE: 17.5 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level
9. MANUFACTURER’S DESIGNATION OF DRILL:
10. NO. OF SAMPLES TAKEN: 8

11. ELEVATION GROUND WATER:  558.14 ft MSL (3/27/90)
12. DATE HOLE ESTABLISHED: 3/27/90

13. SURFACE ELEVATION: 572.70 ft MSL

Mobile Drill B-61

. NAME OF GEOLOGIST: S. E. Fain
. COORDINATES OF HOLE:

R N Tl ooy Sy =

X: 2024311.81 Y: 400102.44 14 . BACKGROUND:
| 15. MEASURING POINT ELEVATION: 575.64 ft MsL
|pepth| Graphic | Blow | Seil | |
1(Ft)) Log | Ccount |Class/Code |Visual Description | Remarks
| o | u/scLLr |clay: Dark brown, silty, stiff, organic, damp; going to |Full recoveries
| | |light brown at 3.0 ft. Junless noted. | =
| | I | |
| I | I |
| 2 | u/cLir |clay: As above, carbonaceous nodules (5%, 1 - 3 mm), |Appears to be |
| | | |siltier. |in-situ. |
| | | I | |
| | | | | |
I /l | | I I
I . | ! I I
| 4.8 | ussILY Isilt: Green with oxidation stained mottling, very fine |Gradational |
| | |grained sand, slightly clayey, cohesive, 1 - 3 % |change. |
| | |calcareous nodules. | |
| 6 | u/ssILTY [silt: As above, sandier, roots. | |
| | | | |
| | | | |
| | | | | l
185 .... | | U/SAND |sand: Greenish/gray, fine to medium grained, clayey, |strong diesel |
| e e o] | |slightly cohesive, wet at 9.0 ft. |odor. |
| oo I | | |
10 |.....] | U/SAND |Sand: Greenish/gray, coarsening with depth, quartzose, |W.L. measured at |
| . | | |Lloose, minor gravel (<10%) 12.5 - 13.5 ft. |9.4 ft. BLS through |
| oo | | jaugers; 3.0 ft. |
| e o] | | |recovery. |
| cee | | | |
| R l | |
| s e e e | | |
| 13.5 0-0-d | ussbGr |sand and Gravel: Varicolored, 40% gravel (to 20 mm), |
| )OO ] |saturated; gravels mainly quartz - chert, subround, ]
| OOC | |sand quartzose; increasing gravel to 60% at 16 ft. BLS. |
B SN | | |
| o | !
ISR | |
I p-O-O: l I
I I I
| | U/LMSN Limestone: Gray, hard, oxidation staining. T.D. = 17.5 ft. |
I | |
I I |
| I |
| | |
| I |
| I |
| I |
| I I
| I |

17.1_3:L_[:i
I
|
I
I
I
I
I
I
I

I
I
l
I
I
I
I
I
|
|
I
I
|
I
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] DRILLING LOG

| RADIAN CORPORATION

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

| 1. PROJECT: CARSWELL AFB,
IRP PHASE Il STAGE 2

L

| 7. TOTAL DEPTH OF HOLE:  18.3 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

1 2. LOCATION:

East Ares

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12

[ 4. HOLE NO.:

S$T14-03

| 11. ELEVATION GROUND WATER:  558.42 ft MSL (3/28/90)

] 5. NAME OF GEOLOGIST:

$. E. Fain

| 12. DATE HOLE ESTABLISHED: 3/28/90

| 6. COORDINATES OF HOLE:

| 13. SURFACE ELEVATION: 574.83 ft MSL

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

L x: 2024116.09  Y:  400672.37 | 14. BACKGROUND:

| ] 15. MEASURING POINT ELEVATION: 576.72 ft MSL

|Depth| Graphic |  Blow | Soil I I

[¢Ft.) Log | Count |Class/Code |Visual Description | Remarks

| o | U/LMSN |Limestone: Limestone base material; fill material. |prilled first 0.5
| | | I¢t.

| 0.5 | uscLLR |Clay: Dark brown, stiff, brick fragments, broken glass, |

| | |darp. |

| 2 | U/CLLR IClay: As above, at 3.0 ft. sharp change to light brown, |Full samplers

] | |stiff, silty clay, with calcareous nodules. Junless noted.

| I | I

| | | I

| 4 | U/CLLR |Clay: Light brown, silty, firm, shell fragments, moist. |

| | | ! :

| | | I

I I | I

| 6 | uscLLR |Clay: As above, soft, very moist. |

I [ [ I

I I I I

! I | I

] 8 | u/CLLR |Clay: Green/gray, silty, calcareous nodules, oxidation |Green foamy liguid
| | |staining, firm, damp. |observed on sample.
I | | I

I | | I I

I | I I

| I I I

| 1 | u/ssocL |sand: Green/gray with oxidation stained mottling, very |0.5 ft. recovery.
| | |clayey, fine to medium grained, slightly cohesive, wet. |

| 12 | ussoct |sand: Clayey, as above. |1.2 ft. recovery.
| | I I

I I I I

I I I I

| 14 | U/SAND |sand: As above, light gray, not as clayey. |W.L. measured down
I | | |augers at 15.4 ft.
| | | lsLs.

| I | I

| 16 | ussaND |sand: Light gray, fine to medium grained, subround, |

| | |homogeneous, wet. |

L. | | |

| 17.5 ] U/SDGR |sand and Gravel: 50/50, rust colored, limestone gravels |Sampler (CME)

| | | |to 30 nm, smatler gravel mainly chert. |refusal at 18.2 ft.
| 18.2] | U/LMSN |Limestone: Gray, hard. |brove S.S; 50

I I

I |

I I

I I

| I

I I

I I
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS 1
| 1. PROJECT: CARSWELL AFB, L 7. YOTAL DEPTH OF HOLE: 17.0 ft BGL |
| IRP PHASE 1] 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: 10 |

| 4. HOLE NO.: ST14-04 | 11. ELEVATION GROUND WATER: 558.74 ft MSL (3/28/90) 1
| 5. NAME OF GEOLOGIST: s. E. Fain | 12. DATE HOLE ESTABLISHED: 3/29/90 |

| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: _ 572.90 ft MSL l .-
| X: 2024566.48  Y:  400231.53 ] 14. BACKGROUND: 1.
] | 15. MEASURING POINT ELEVATION: 575.74 ft MSL HET
[Depth| Graphic | Blow | Soil | | |
J¢Ft.)]  Log Count |Class/Code |Visual Description | Remarks 1
lo .00 | U/sAND  [sand: Sandy loam for first 0.5 ft. [Full sample |
| | | [recoveries unless [
| | l Inoted. |

| 0.5 | U/CLLR [Clay: park brown, slightly silty, stiff, carbonaceous | |
| / [ |spotting, roots, damp. | I
| 2 | U/CLLR |Clay: As above, going to orange/brown at 3.8 ft., | |
| | [siltier. | |
l / | ! ! l

| 4 | U/CLLR  |Clay: Orange/brown, stiff, calcareous material, damp. | ]
I l I I I

l l l I l

I | | l |

| 6 | u/CLLR [Clay: As above, oxidation staining, calcareous nodules | |
| | |to 15 mm. | |

I | l | |

l I l I I

| 8 | U/CLLR IClay: Gray/green, very silty, very fine grained sand, |Strong fuel odor. |
| | |calcareous nodules, damp. | I

l I I | I

| , | | I I

l AP | | | |
| 10.2| e e | u/sanp |sand: Gray/green, clayey, fine grained, wet, |Gradationat |
| R | |carbonaceous staining, cohesive; Going to medium and |change; w.L. |
| _'.'_'_', | |coarse grained at 11.7 ft. |measured in well at |
| . | ] |9.6 ft. BLS. |
I s I [ | |
| 13 |O oJd | U/GRVL |Gravel: Varicolored, slightly sandy, saturated, |Strong fuel odor. |
] oNe) | |[bimodal; smaller gravel (5 - 20 mm) mainly subrounded | |

| Q00 | |chert, larger gravels (20 - 50 mm) limestone. | |
L oo I | | |
| 15 OO (} | U/GRVL |Gravel: As above, sand is approximately 25%. | |
| | | | |

| ©0 | | | s
| 16.5-EEEE£EEEE% | U/LMSN |Limestone: Gray, hard, fissile, oxidation staining on |T.D. = 17.0 ft. |
] | | |partings. | |

| | | | |

I | I l

I | | |

| | | |

| | I |

| | I I

| | I |

| | i I

| | I I

| l | |
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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 1 9. INSTALLATION DATE: 3/26/90
1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
] 2. LOCATION: Site SD13 | 11. 20NE OF COMPLETION:  Aquifer
| 3. INSTALLING €O.: Radian Corporation | 12. SEAL END DEPTH: 5.00 ft
] 4. WELL NO.: SD13-01 | 13. MEAS. POINT ELEV.: 573.24 ft MSL
| 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: 7.12_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

TOP_OF CASING

FILTER PACK MATERIAL: 8-20 Silica Sand

]

|

|

l

l

I

| L

| GROUND SURFACE | |

| t | | 1
| | [ (I |
| | BACKFILL MATERIAL: [ | | | I
| | Cement-Bentonite Grout | | | I |
| | I N |
! | — | I I BOREWOLE DIAMETER: |
| | /| | | I\ 8.000 in |
I BOREHOLE | | I I |
I DEPTH: | | | | |
| 14.60 ft | | I I i
| I I | | | SEAL MATERIAL: |
| | | | | | Bentonite |
| | 1 |1 I
| I t | | ;
| | SEAL LENGTH: | | I |
I | 2.0 ft || I CASING DEPTH:
| | | b [ 14.50 ft
I | ¥ L1 L1 |
! I t T |
| ! | | | |
! I | | | |
| | | N t |
| I ! I | |
I | | Lo — | |
| I ! | | |
| | I I | | | SCREEN LENGTH: |
| ! I I IO R 7.20 ft |
| | FILTERPACK | | | | | |
| | LENGTH: | | I | |
| I s.0ft | | _ | | | l
I ! | I S ¥ |
| I ! | | t 1
I ! | | I ! |
' | I I I | | BLANK LENGTH: |
| | | L (I 0.18 ft |
' | I I N ! |
| | | [ T R 12 ¥
| L ! | |

I ¥ ¥ 1 1

I

|

1
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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 SD13 ] 11. ZONE OF COMPLETION:  Aquifer |

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

| 4. WELL NO.: SD13-02 | 13. MEAS. POINT ELEV.: 573.39 ft MSL |

] 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 I
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 9.50 ft l
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE:  0.02 in BT
| 18. REMARKS: 1-5/x2" Screen, 1-10x2" Riser, 1-2.5/x2" Riser, 1-0.2’ Bottom Trap, 1-Locking Cap, 1-5/x0.5’ Steel | -
| Protective Cover [
I |«
| TOP_OF CASING | =
I | | |

| GROUND SURFACE ] | |

I t | I I I | |

I I I | | | | |

| | BACKFILL MATERIAL: | | | | | |

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

I I I I I I I |

| | A | | |/ BOREHOLE DIAMETER: | |

| | /| | | I 8.000 in [ |

| BOREHOLE | [ | [ | |

| DEPTH: I I | | I I

| 14.20 ft | | | I I I

| | | | | | SEAL MATERIAL: | |

| | | | [ [ Bentonite | |

I I l l j I I

I I 1 I I I I I N

| | SEAL LENGTH: | | | | | |

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

| I | I I | | 14.20 ft I

I | Y l | L1 I I

I | t | | | | I I

I | I I I | I I I

| I | I || I I I

I I I I | — | | 1 I I

I | I | I | | | I

| I I I [ — | I [ | I

I | I | I I I | |

[ | | [ P | SCREEN LENGTH: | |

I | I | | | 4.00 ft I |

| | FILTER PACK | | — | | | |

| I LENGTH: | R | | I I

I I 6.80 ft | | — | I | I |

I | I | || | ¥ I I

[ I I | I | I 1 I I

I | I | | | | | I I

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

I | I | | | I 0.70 ft I I

I | | | I | I | I I

I I | | | ] | ¥ I

I I I | | I

I \ 2 ¥ 1 | I

I I

| FILTER PACK MATERIAL: 8-20 Silica Sand |

| |
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB il
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/26/90 |
1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
| 2. LOCATION: Site SD13 | 11. ZONE OF COMPLETION:  Aquifer 1
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 5.00 ft 1
L 4. WELL NO.: SD13-03 | 13. MEAS. POINT ELEV.: 571.54 ft MsL 1
| 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 1
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 7.08 ft 1
| 8. LOCATION TYPE: Wl | 17. SCREEN SLOT SIZE:  0.02 in 1
| 18. REMARKS: 1-5¢/x2" Screen (cut), 1-10‘x2% Riser, 1 Bottom Cap, 1-Locking 2" Cap, 1-5/x0.5’ Steel Protective |
1 Cover ]
I |-
| TOP OF CASING |
| I | I
| GROUND SURFACE 1 ! |
I 1 I I I | 1 |
| I I | I | | I
| | BACKFILL MATERIAL: | [ | | | |
| | Cement-Bentonite Grout | | | | | |
I | I I I | | I
| | Al | | |/.___ BOREHOLE DIAMETER: [ |
| I /1 | | N 8.000 in | |
| BOREHOLE | | | | | [
I DEPTH: I I I I I I
| 14.10 ft | | | | | |
| | | | | [ SEAL MATERIAL: | |
| | | | | | Bentonite | |
| I l ] ) | |
I I t I I | I I I
| | SEAL LENGTH: | | | | | [
| | 2.30 ft I | | [ CASING DEPTH: |
I I I I I | | 14.00 ft I
I I 2 | | L1 I I
| I t I | | | I I
I I I I I | I | |
I I I I 1 | | I
I I I I | — | | t I I
| I I I [ | I I I
I I | I l — | I I I |
| I I I | I I I |
| | [ | I | SCREEN LENGTH: [ |
I I I I | | 6.77 ft I I
| | FILTER PACK | I | | | | |
I I LENGTH: I e | I I I
| I 9.10 ft | | — | | I I I
| | I I R | ¥ I l
| I I I I | | t I !
I I I I I | | I I |
] | | | | | | BLANK LENGTH: | |
I I I I I | | 0.15 ft I |
I I I I I | | I | I
I I I I L1 | ¥ Y |
I I I I I |
| Y ¥ i | |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
1 |
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| WELL COMPLETION LOG | RADIAN CORPORATION _| INSTALLATION: CARSWELL AFB

FILTER PACK MATERIAL: 8-20 Silica Sand

| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/26/90

1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
] 2. LOCATION: Site SD13 |1 11. ZONE OF COMPLETION:  Aquifer

| 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

| 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: 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

| [ |

[ GROUND SURFACE | |

| 1 [ [ [ | t
| I [ [ [ | |
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | [ [ | [
| | | | | | |
| | | | | |/____ BOREHOLE DIAMETER: [
[ [ /| [ [ I\ 8.000 in |
| BOREHOLE | | | | |
| DEPTH: | | | [ [
| 10.60 ft | | | | |
| | [ | [ [ SEAL MATERIAL: [
| | [ [ [ [ Bentonite [
[ | | | | | |
I I 1 I I I l I
| | SEAL LENGTH: | | | | [
| | 2.00 ft | | | | CASING DEPTH:
| | | | | | | 10.50 ft
| | ¥ l | j — I
I | 1 | [ [ | I
I | I [ [ [ | I
I | | | [ I I
I | I | | — [ 1 I
I | I [ [ | I I
I | | | | — | I I |
I | I [ | | | |
| | | | | | | SCREEN LENGTH: [
| | I [ J— [ 4.00 ft |
| | FILTER PACK | | | | | [
I I LENGTH: [ I | | |
| | 6.30 ft | | — | I [ |
| | | [ l— | | ¥ |
| | | | [ | | f |
I | | | [ | | | I
| | | | | | | BLANK LENGTH: |
I | | I I l | 0.70 ft I
I I I | I I I | |
I | I I | l I ¥ ¥
I | | [ I

| ¥ ¥ | ]

I

I

|

UGy Uy Sy Ry N S [ I Wy Ny Wy i S
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] WELL COMPLETION LOG | _RADIAN CORPORATION | INSTALLATION: CARSWELL AFB
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/27/90
1 | _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
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 8.45 ft
. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

18
| 18. REMARKS:
L

1-10’x2" Screen, 1-10'x2" Riser, 1-Locking Cap, 1-Bottom Cap, 1-5/x0.5’ Locking Steel Cover

e

GROUND SURFACE

TOP_OF CASING

| |
] ]
t I | | I 1
| I | | I |
| BACKFILL MATERIAL: | | | | |
| Cement-Bentonite Grout | | | | |
| I | | | I
| IR | | | |{____ BOREHOLE DIAMETER: |
| /1 | | I\ 8.000 in |
BOREHOLE | | | | |
DEPTH: | | | | |
18.80 ft | | | [ |
| | | | | SEAL MATERIAL: |
| | | | [ Bentonite |
I — 11 I
| 1 I | | I I
| SEAL LENGTH: | | | | |
| 2.00 ft | | | | CASING DEPTH:
| | | | | | 18.40 ft
| ¥ | | L1 I
I 1 I | | | |
I I I I I ! |
I | | I I | |
I I I | — | I 1 |
| | I | —| I I |
| | | | — | I I |
I | I 1| I I |
| | | | — | | SCREEN LENGTH: |
| | | I | 9.75 ft I
| FILTER PACK | I — | | | |
| LENGTH: | — | | | |
| 12.30 ft | | — 1 | | |
| I I I I I ¥ I
| | | | I I 1 I
| | | I I I I I
| | | | | [ BLANK LENGTH: |
| | | | | | 0.20 ft I
| | | I I I I |
| | | | | | ¥ ¥
| | I I
\ 2 ¥ I 1

FILTER PACK MATERIAL: 8-20 Silica Sand

S B B B A R R
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WELL COMPLETION LOG |_RADIAN CORPORATION |_INSTALLATION: CARSWELL AFB
1.

PROJECT: IRP PHASE I1 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: 5.00 ft
4. WELL NO.: ST14-02 | 13. MEAS. POINT ELEV.: 575.64 ft MSL
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
8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in

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

TOP_OF CASING

GROUND SURFACE

FILTER PACK MATERIAL: 8-20 Silica Sand

]

|

]

]

]

|

]

1

|

|

|

]

|

|

| | |

| | ]

I | I | I | 1
| | I | | | |
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
| I I | | | |
| | | | | |/ BOREHOLE DIAMETER: |
| | /| | | N 8.000 in |
| BOREHOLE | | | | |
| DEPTH: | | | | |
| 17.50 ft | | | | |
| | | | | | SEAL MATERIAL: |
| | | | | | Bentonite |
I | l | j — |
| I 1 | | | I |
| | SEAL LENGTH: | | | | |
| | 2.30 ft | | | | CASING DEPTH:
| | | I | | I 17.10 ft
| | ¥ l | j — |
| | 1 I | I | |
| | I I | I | |
I | | | |——I I |
| | | | | — | | 1 |
| | | | | — | I | |
| | I I | — | | | |
| I | | |——I I | |
| | | | | | | SCREEN LENGTH: |
I | I | |— | I 9.75 ft I
| | FILTER PACK | | — | | | |
| I LENGTH: | [ | | |
I | 12.50 ft | | — | I | |
I I | | | I \J |
I | | | | | I 1 |
| | | | | | I | |
| | | | | | | BLANK LENGTH: |
| I | | | | I 0.30 ft |
I | | | | | I | |
| | | | ] ] | ¥ ¥
| | I I |

| 4 ¥ l |

|

|

!

B-8



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

| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/28/90

] | 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

| 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: 7.85 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)
]

I

| TOP _OF CASING

I I I

| GROUND SURFACE | |

| 1 I | I | ]
I I I I I | I
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
| I I I | I I
| | ] | | |/____ BOREHOLE DIAMETER: |
| | /| | | N 8.000 in |
| BOREHOLE | | | | |
| DEPTH: | | | | |
| 18.30 ft | | | | |
| | | | | | SEAL MATERIAL: |
| | | | | | Bentonite |
I I | [ L1 I
I I t I I I I I
| | SEAL LENGTH: | | | | |
| | 2.30 ft | | [ | CASING DEPTH:
| | | | | | | 17.90 ft
I I ¥ 1 ] 1 I
I I t I I I I I
I I | I | I I I
I I | I I I I I
| I | I | — | | t I
I I | I | | I I
I I | I | — | I I I
I I | I ——| I I I
| | | | I — | | SCREEN LENGTH: |
I I | I — I I 9.75 ft I
| | FILTER PACK | | — | | | |
I I LENGTH: I | I I I
I I 12.50 fv | | — | I I I
I I | I I I | ¥ I
I I I I | I I t I
I I I I | I I I I
| | | | | | | BLANK LENGTH: |
I I | I I I | 0.30 ft I
I I | I I I I I I
I I | I l ] I ¥ ]
I I | I I

[ ¥ ¥ 1 1

I

| FILTER PACK MATERIAL: 8-20 Silica Sand

L

Sy MR 5 S B B
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB 1
| 1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/29/90 |
L | 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:  4.30 ft |
4. WELL NO.: ST14-04 | 13. MEAS. POINT ELEV.: 575.74 ft MSL |
S. 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 o
] 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 6.45 ft [
| 8. LOCATION TYPE: WL | 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 |S$
1 2" e
I I
| TOP OF CASING |
I I I I
| GROUND SURFACE ] 1 |
I 1 I I I I 1 I
I I I | | | I I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
I I I | | I I I
| | A | | | |{___ BOREHOLE DIAMETER: | |
| | /| | | N 8.000 in | |
| BOREHOLE | | | | | |
I DEPTH: I I I I | I
| 17.00 ft I I | |
| | | | | | SEAL MATERIAL: | |
| | | | | | Bentonite | |
I I | | 1 | I
I I 1 I I I I I I
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: |
I | I | I I I 16.50 ft I
I I ¥ | | 1 I I
| | 1 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 1 I |
I I I | R I I I I
I I I I I — | | I | I
I I I | I I I | I
| | | | I — | | SCREEN LENGTH: | |
I I I I [— I | 9.75 ft | I
| | FILTER PACK | | — | | | | |
I I LENGTH: I | I | I I
I | 12.70 ft | | — | | | | I
I I I | l— I I ¥ I I
I | I | I I I t I I
I I I | I I I | I I
| | | | | | | BLANK LENGTH: | |
I I I I I I I 0.30 ft | I
I I I | I I I | I I
I I I I | | | 4 ¥ |
I | I I | I
| ¥ ¥ ] i |
I I
| FILTER PACK MATERIAL: 8-20 Silica Sand |
1 |
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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
INSTALLATION ID _f& LOG DATE _ .S 7& Z¢ LOG TIME /250 _
LOCATION ID _£/°8/ =/ LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) ZZ22 37?/
P 7.2 /7.9 &i¢ (I0wsED) '
INITIAL GROUNDWATER DEPTH (FT) _ZZZ 272 Co47ga/ =5 norht cusny w»/«
SAMPLING PERIOD: s'rvrr i COMPLETE Z2L
SAMPLING METHOD 2 LOGGER CODE L7
LAB CODE % - DATE SENT __ 020
PRESERVATION METHOOL S "L /0w — 27572
COMMENTS _ 7ty ﬁo%&d IHNAC ST /’Z/'W-"’fd {é’u/ o/
Alrd A2 ZS
FINAL PARAMETER MEASUREMENTS: DELE:"""O:
POTENTIAL OF HYDROGEN pH s.u. &b £y
SPECIFIC CONDUCTANCE SC  umhos/cm 455 /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 24
ALKALINITY (CaCO3) ALK mg/l -
Eirrney Aee= 422 G
, TOTAL VOLUME sc e
MP |
TIME WITHDRAWN PH |iumnossem| =gy COMMENTS
(GALS) Bore Volumesi
(4% 0.0 0.0 - - - START PUMPING
SO v bS] 4t Vs A S e Cepwdy
/067 Z< é % ?7 A éﬁ.t)ﬁr Pkt s Ve Tha/n /?M/p[,7
s LD YAV F27- t825F L7 784 pieg, 7uld, )
JOSFH £ sl Bz g7k s cope D
/0SE> 7 Lo 835 gzoA L7 7o spjeptizr Talbe
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE FB8 - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R -  REPUCATE TB - TRIP BLANK 8- BALER AL - AIR-UFT SAMPLER
S-. SPIKE LB - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-3




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION 1D _3/4 _ LOGDATE _S /2774 \0GTME __LL3S

LOCATION ID 250/ /&~ LOT CONTROL NO.

SAMPLETYPE _A/F 2 SAMPLEID SAMPLE DEPTH (FT) £S5 ¢ Bre

!

7 ) B0 Tl CSom D) iy
INITIAL GROUNDWATER DEPTH (FT) __£:.5¢ £72 B p L wer et

s
SAMPLING PERIOD: START /S COMPLETE _ /228 7=
SAMPLING METHOD Jﬁ LOGGER CODE L2204
LAB CODE DATE SENT _5-(272

PRESERVATION METHOD_ 2L iz —AJErnes : —
COMMENTS _ £ 127 DF ol (ond qcgudild Muts SHenl Lldbelle O
055, g A S Frpehs  snItTEL. LSS

DETECTIC |
FINAL PARAMETER MEASUREMENTS: uﬁ:
POTENTIAL OF HYDROGEN pH s.u. N LY
SPECIFIC CONDUCTANCE sC umhos/cm Z77Z :,/
REDOX POTENTIAL Eh mvoits — -
TEMPERATURE TEMP °C 24
ALKALINITY (CaCOg) ' ALK  mg/l
FAER D o .
W Fr e TEA S =345 Ay oy it b =5 Dvros ij?é/ 7
[ ToTtaL vowume g §
TIME WITHDAAWN PH |iumnossem| (oc) COMMENTS
(GALS) [Bore Voiumes)

/)57 0.0 0.0 - - - START PUMPING

//5¢ Z.P Y 74 50 A Stz CeowdT

/70) S0 g2\ 42 Wz 4 7
/207 e 729  AFZ B 7

(2o \ 122 s 775 \#sif “

25 20 | . 797 \HLA 7

id WA N, — — —_ Ly Flrers

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

0- OUPLICATE F8 - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP

R- REPUCATE T8 - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER

S- SPKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP |

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-4 - -—




GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

S10GE pp) '
INSTALLATION 1D _(25<7- L0G DATE ZTr==22 LOG TIME __/Z20

LOCATION ID <50/ — /2 LOT CONTROL NO.
smm.eme_/_l/:’& SAMPLE ID SAMPLE DEPTH (FT) £&-22 5/
70 = "ﬁﬂzdf&fd
INITIAL GROUNDWATER DEPTM (FT) L2722 &g ZIE 773 ”rf/ws-
SAMPLING PERIOD: START L2 coune‘re
SAMPLING METHOD 22 LOGGER CODE L 224
LAB CODE L7~ i DATE SENT _S 7070
PRESERVATION METHOD_ <= o /M//?fas
COMMENTS
FINAL PARAMETER MEASUREMENTS: aviing
POTENTIAL OF HYDROGEN pH s.u. sLbl a
SPECIFIC CONDUCTANCE sC umhos/cm 1542 L
REDOX POTENTIAL Eh mvoits - —
TEMPERATURE TEMP °c Q./
ALKALINITY (CaCO4q) ALK mg/l -
Phen Alk-oo )
Told Alk unfilfered = neb fkes Coldered Tkl Al - 383
‘ TOTAL VOLUME sC
TEMP.
TIME WITHDRAWN PH |umnossem| (o) COMMENTS
(GALS) [Bore Volumes)

| 0.0 0.0 - - ] - START PUMPING

o 2.0 V3l LS pocde Ceene

wp| SO ¢o7| 357 \pp e cctae

Rtid Y, Ay S 2N /

529\ BD A

o3| 7.0 | Ay - Z

EA%/ D a2 24
Sopl 2. 0 SH
A s Ar7er =) O.O

D- DUPLICATE F8 - 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 8P - BLADDER PUMP

K- KNOWN N - NORMAL SL - SUCTION LIFT PUMP




GROUND WATER QUALITY SAMPLING RECORD

INSTALLATION ID _C5¢/¢-
LOCATION ID _£LF2/ = /£

LOGDATE _ S X020

SAMPLE TYPE 4/ SAMPLE ID

LOT CONTROL NO.

PAGE 1

LOG TIME _ L£42

SAMPLE DEPTH (FT)) zé&ﬁ_

70 = 32,8 ﬁfé ESI«M&E ’

INITIAL GROUNDWATER DEPTH (FT) _LL/& 272 D700 7o 7«/&/
SAMPLING PERIOD: sr%rr ' COMPLETE (70 —
SAMPLING MET LOGGER CODE . l222/
LAB CODE DATE SENT &2 (022
PRESERVATION METHOD_Z°C . foog cr7es |
COMMENTS
‘ osrecnc!
FINAL PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH  S.U. 4. 75 2oL |
SPECIFIC CONDUCTANCE sC umhos/cm /4_‘_/!7 L
REDOX POTENTIAL Eh mvoits |
TEMPERATURE TEMP °C 2L
ALKALINITY (CaGO4y) ALK  mg/l -
. TOTAL VOLUME s Irewe
TIME WITHDRAWN PH |iumnossemi] (o'cy COMMENTS .
(GALS) [Bore volumes) ;
/647 0.0 0.0 - - - START PUMPING
I
st 2.0 673l By 784 Lee2n
wrel o (78 238 \pzeAds Brriid Seerirey Jics
/657 6.0 228 |79 7 |
7| o LB _p5e \67 s i’ _
(ésel 20 670 Bow 14789 7 |
A % — — — Loy Jarire
|
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
0- OUPLICATE 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 BP - BLADDER PUMP
K- KNOQWN N . NORMAL SL SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID _3%//—_ |0G DATE 52772 LOG TIME _/SS2
LOCATION ID £~/ = /7= LOT CONTROL NO.
SAMPLE TYPE __/V SAMPLE ID SAMPLE DEFTH (FT) L35 87
7.0. = 3088 Br¢ ¢ Soveded
INITIAL GROUNDWATER DEPTH (FT) L3227 ¢ LB 99/, fv"'wé'/ wﬁw
SAMPLING PERIOD: START L4/~ OOHPLE‘I’E
SAMPLING METHOD 2 LOGGER CODE M'f/
LAB CODE /22 DATE SENT % 72 9D
PRESERVATION METHOO__Z. "2 g —pezes
COMMENTS
FINAL PARAMETER MEASUREMENTS: DEI_IE:EC”
POTENTIAL OF HYDROGEN pH  S.U. _é.éZ ' 2.2/
SPECIFIC CONDUCTANCE sC umhos/cm 705 Z
REDOX POTENTIAL Eh mvolits — —
TEMPERATURE TEMP °C Zs
ALKALINITY (CaCOjq) ALK mgfl -
/’745:‘/,_ 20  LauiBepd pri = 358 Y
| TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnossem| (o COMMENTS
(GALS) [Bore Voiumes)

57 0.0 0.0 - - - START PUMPING

os | 25 A 2773 Dttt/ Srtonn #10d. Turddi
08| S0 c78| 20 \Frod 7/

2| 7.5 7 AR VX 2 Z

| BE A 2R VAN, “

ul oo |- LA gr3 |L25F /4

V2% i W - — — | swp Lersre

SAMPLES TYPES: (WSACODE) 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 8P - BLADDER PUMP

K- KNOWN N - NORMAL SL - SUCTION LIFT PUMP




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION 1D _C 3“2 \0G DATE _ZL2/22 LOG TIME __(500
LOGATIONID __22/2 -0/ LOT CONTROL NO.
SAMPLE TYPE ___/\/ SAMPLE ID SAMPLE DEPTH (FT) L2220 Bre
. ) 7Dz /7 3 z Sy Y,
INITIAL GROUNOWATER DEPTH (FT) 272 BrL. 55292 Bt Sige
SAMPLING PERIOD: sng COMPLETE __ 2705
SAMPLING ne?u LOGGER CODE 22
LAB CODE % DATE ggu‘r <[5/ 3
PRESERVATION METHOD_Z "< o /Zﬂa.&m RN =Y, A//rm;;
COMMENTS
FINAL PARAMETER MEASUREMENTS: DE u' EMC‘T‘ ION
POTENTIAL OF HYDROGEN pH s.u. 4. 8% Lol
SPECIFIC CONDUCTANCE SC  umhos/cm Zog —_
REDOX POTENTIAL Eh mvoits — ,
TEMPERATURE TEMP °C Ll
ALKALINITY (CaCOgq) ALK mgft —_—
[Revot PHTHBLE Y BLE = O A
ToTa wnfuTEES =26 " Frreded TR pui. =365 T L
TOTAL VOLUME sc  freme
TIME WITHDRAW/ i PH Jiumnossemi| (si0y COMMENTS
{GALS) Voliumes
op7(| 0.0 0.0 - - - START PUMPING
65/ /.0 S 27 410 a2 65 A oranst [Zoowns Tinesrd) Siseatr 5,554‘
Opwtl 1.0 s . 2?70 V4554
gp3Zl 75 K82 B/ 077 WesA ”
A R St _pst| o780 |5 o
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
0- DUPLUICATE FB - FIELD BLANK G- GRAS - SP - SUBMERSIBLE PUMP
R- REPLICATE TB - TRIP BLANK B - BAILER AL - AIR-LUFT SAMPLER
S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP
X - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-8




GROUND WATER QUALITY SAMPLING RECORD

INSTALLATION 10 _(4S4L/Z.  LOG DATE
LOCATION ID 222270 Z

SAMPLE TYPE A

INITIAL GROUNDWATER DEPTH (FT)

SAMPLING PERIOD: START,

SAMPLING METHOD

PAGE 1
<L/ Fe  oaTME — L35C
/ LOT CONTROL NO.
SAMPLE ID SAMPLE DEPTH (FT) /S5 (Z7¢)
— "5 /- / C = /G
[, 0T | 172G
A COMPLETE _ /£3% HE
LOGGER CODE L2294/

LAB CODE <ol : ATE SENT
PRESERVATION METHOO__ "¢ 4/ (P LZj al METRCS MLl 2,
COMMENTS '
Zi W 218 557 Bry, AETEL SIAL Ll
FINAL PARAMETER MEASUREMENTS: OE ul EMCH' ION
POTENTIAL OF HYDROGEN pH s.U. ke 0200
SPECIFIC CONDUCTANCE SC  umhos/cm ZZ —_
REDOX POTENTIAL Eh mvolits -
TEMPERATURE TEMP °C —lr
ALKALINITY (CaCOg) ALK mg/l - —_—
Dhewoe PATWstEs ALl =0 .
7540 A (aabiGnd) = #0 ”7?/// LrerBEd = By % :
| TOTAL VOLUME sc reMp
TIME WITHDRAWN 4*4’ PH |umnosrem| (g ] COMMENTS
(GALS) [8ors Volumes
352, 0.0 0.0 - - - START PUMPING
Sy ) /.25 oo 70 NLE LN SerenTis i 0?7
el AL 2.0 \etol Fop \eBe g
SR OSSO 2so ez A Ao \&5F 4
o A Y 200 |45 720 W; S 4
07 A R
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPUCATE F8 - 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 B8P - BLADDER PUMP
K - KNOWN N . NORMAL SL - SUCTION UIFT PUMP

- — —

D-9




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1t
L s . - ‘
INSTALLATION ID 22— LOG DATE ‘///71//” LOG TIME ___/2/S_
LOCATIONID ___S2/37 23 LOT CONTROL NO.
SAMPLE TYPE_ A2 2 SAMPLEID SAMPLE DEFTH (FT) /73 e
— , 70=76 39 JE3H 75 >
INITIAL GROUNDWATER DEPTH (FT) (723 Z7Cc 235y 5 LI s
SAMPLING PERIOD: START /32 COMPLETE
SAMPLING METHOD & LOGGER CODE —KA0%
LAB CODE HON DATE /zsm 270
PRESERVATION METHOD__ 2L Yty Fo Wﬁ””/‘ Lyt Pl fC
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELESEON
POTENTIAL OF HYDROGEN pH s.U. L. 78 0.0/
SPECIFIC CONDUCTANCE SC  umhos/cm Va2 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C £/
ALKALINITY (CaCOg) ALK mg/l
Pew - Ak =0
To7FL ot u = BFOY kil TOTHC peid = Y05 T
. TOTAL VOLUME o
TIME|  WITHDRAWN ,,%g_i BH [iumnossem) TEWP. COMMENTS
Z7 (*C)
(GALS) [JBere Voium
o7l a0 0.0 - - - START PUMPING
L2 25 i ééf) %20 (5 A Brown 40, 705 Seren s
A A 92 w2zl fso |43~
(225 25 32/ \sH| L0 |45°F] Z
Jos0| SO S5 |67l pAo | 459A /
SAMPLES TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE)
3 - DUPLICATE FB - FIELD BLANK G - GRAB - SP - SUBMERSIBLE PUMP
R REPLICATE T8 - TRIP BLANK B - BAILER AL - AIR-UFT SAMPLER
- SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-10




GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

INSTALLATION 1D _E5 4% oG oaTE _LL2L70 o TME 350
LOCATIONID __52/3 ~ D LOT CONTROL NO.
SAMPLE TYPE /Y SAMPLE ID SAMPLE DEPTH (FT) _Z47

oS TD y= -
INITIAL GROUNDWATER DEPTH (FT) /207 872 3(,;;?}7/%;%1”#
SAMPLING PERIOD: sugr /&3 COMPLETE /44

SAMPLING METHOD LOGGER CODE jlAo
LAB CODE __ K704/ fTE SENT L5/ % £
PRESERVATION METHOD__Z°¢  # w0 - TS 'ﬂS PETROLE SN L9700 oeat bOUS

COMMENTS

FINAL PARAMETER MEASUREMENTS: OE uul Ecn.' ION
POTENTIAL OF HYDROGEN pH S.U. %Zﬁ 2o
SPECIFIC CONDUCTANCE sC umhos/cm ZZ- /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C g/
ALI/(&;.INITY (caco:,) ' ALK mg/l -
v ,71,(_/—— 2/ = =, A - = “1%
(B R OE T g = MWF ¢ TERESD) ,lfr/ﬂf = SO0 /L,
A TOTAL VOLUME sc r
EMP
TIME WITHDRAWN PH |umnossem| (ogy COMMENTS
(GALS) lloro volumesi

/34| 0.0 0.0 - - - START PUMPING

/350 /.0 /72 Ny B 520 LSYFENLT B A9 Tuobn ST S

sl ) 287 b4zl £z = 7

/357 2.0 34 e 7A B30 554 7

o K 5.7 |6t 222 lisr

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

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

R- REPLICATE TB - TRIP BLANK B - BAILER AL - AIRLUFT SAMPLER

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

K - KNOWN N - NORMAL SL - SUCTION LFT PUMP

D-11




SURFACE WATER QUALITY SAMPLING RECORD

INSTAUATION ID (8L L0G DATE S Z 70 LOG TIME _ L850
LOCATIONID __SDX3-S 2 LOT CONTROL NO.
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) _0.>" Bu&
SAMPUNG PERIOD:  START _030> COMPLETE oqi4
SAMPLING METHOD ___(& LOGGER CODE ___ /%7
LAB CODE XA DATE SENT ___ 5770
PRESERVATION METHOD SOl et — L2 £ HET L 3 M —ETHES
COMMENTS \n‘\\r/ Sl on watey
DETECTION
PARAMETER MEASUREMENTS: Tow = GRO°F UMIT
ene : :
POTENTIAL OF HYDROGEN pH s.U. 6.88 2.0/
SPECIFIC CONDUCTANCE sC umhos/cm 123 /
REDOX POTENTIAL - Eh mvoits —
TEMPERATURE = . TEMP °C 2./
ALKALINITY (CaCO3) ALK mg/|
n =00
SRV ‘Aml 34
INSTALLATIONID CSW-_ 10G DATE _59-99 LoG TMe 9920
LOCATION ID _SDi3 - R 72.53(52F) LOT CONTROL NO.
SAMPLE TYPE % SAMPLE ID SAMPLE DEPTH (FT) _0.5 &#/%
SAMPLING PERIOD:  START 2927 compLeTE 2737
SAMPLING METHOD ___ /2 LOGGER CODE _ 2w/
LAB CODE _£4@wt/ DATESENT __$-2-50
PRESERVATION METHOD __ ¥ /4 Mot - L2 ¥ FET. Heu | AADs ~tfE7a¢s
COMMENTS _ U474 Lmgl 7 (2 E44
DETECTION
PARAMETER MEA SUREMENTS: Jemp 67 0°g UMIT
POTENTIAL OF HYDROGEN pH S.U. (.99 Qo
SPECIFIC CONDUCTANCE sC umhos/cm 123
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP  °C 2/
ALKAKLINITY (CaCO3) ALK mg/l
P > n
PRkl 0k - yFa  FBad Mk~ 32
SAMPLE TYPES: (WSACOQDE) SAMPLE METHODS: (WSMCODE)
D - DUPUCATE FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B - BAILER AL - AIR-UIFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP . 8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP ‘

D-12




SURFACE WATER QUALITY SAMPLING RECORD

| PPy '
INSTALLATION ID _£oS#Y2__ LOG DATE 2 7-Z0 LOG TIME __ P4
LOCATION ID _S2/3 =5 LOT CONTROL NO.
SAMPLE TYPE _ /£ 422 2 SAMPLE ID SAMPLE DEPTH (FT) 2.8 Bnk
SAMPUNG PERIOD: START _ 2955 COMPLETE __1003 o
SAMPUNG M > LOGGER CODE éfé‘;;/ L
LAB CODE fo DATE SENT 7750
PRESERVATION METHOD 2L, Zet— 4l 27 He. | HoDs s

COMMENTS _ 272 Zypay A~ Oustise Fotudt sV nHTEL
577 1 47E ) Discamels pf L] S0 ST TD gl s BANCH =22 s

(VitS o Fotmrt pope = /) ntelth x QL cepth ¥ C F f/ﬁdo)
LD SUALL Filow COitdE +n Frmt 100 /776 Mg

Lot o rptntE0277/O0ETECTION

PARAMETER MEASUREMENTS: Tewp 695" F ST UMIT
POTENTIAL OF HYDROGEN pH s.u. Z£07 2.2/
SPECIFIC CONDUCTANCE sC umhos/cm 320 4
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 24
me%&w (CaCO3) ALK  mg/l

e A - 3e3 FMewd < 243 (Do JESTIr o
INSTALLATION ID LOG DATE ___ LOG TIME

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: LMIT
POTENTIAL OF HYDROGEN pH S.U.

SPECIFIC CONDUCTANCE sC umhos/cm
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP  °C
ALKALINITY (CaCO3) ALK  mg/l

SAMPLE TYPES: WSACODE) SAMPLE METHODS: (WSMCODE)

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

A - REPUCATE TE- TRIP BLANK B- BAILER AL - AIR-UFT SAMPLER

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

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

2

D-13
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GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID _4&4*_ LOG DATE _ /7 /70 WOGTME (&2 ;
LOCATION 1D 37742/ LOT CONTROL NO.
SAMPLETYPE ¥ SAMPLE ID SAMPLE DEFTH (FT) _A.szﬁéﬂ
— — TD/AS BT (_so.wﬂj

INITIAL GROUNDWATER DEPTH (FT) _/3.55.(272) G5 555¢ = it 3 'Zv?ﬂ/m ’
SAMPLING PERIOD: START __ZE5¥ COMPLETE
SAMPLING METHOD 2 LOGGER CODE — L/ .
LAB CODE __/47 DATE SENT __/2/77 ]
PRESERVATION METHOD__ 2. L. iy — MeraeS B =R, /f,@,wé%
COMMENTS ,594,{/?1 £ fon /L/ﬂg r &'ﬂﬂy NVECT WEEL. .
FINAL PARAMETER MEASUREMENTS: OE u' Emc’ ior

| L g g
POTENTIAL OF HYDROGEN pH s.u. & 7 v
SPECIFIC CONDUCTANCE SC  umhos/cm T /
AREDOX POTENTIAL Eh mvolits “‘ -
TEMPERATURE TEMP °C A/
ALKALINITY (CaCOg) ALK mgfl

Pﬁf[’rt/ g = 0.0me/p }
Torhe infreTECkd AU A NN FrigEasd TORE ALK = S 53 wmey /L :

. TOTAL VOLUME sc 1
EMP.
TIME WITHDRAWN PH |(umhos/cm) TT(..C) COMMENTS R
(GALS! [JBore Volumes) ‘
el 0.0 0.0 - - - START PUMPING |
e A LPeo |&E3 7<) g’ \eres/Booans vE2s 7adh D
i 2da PAY 77 s\ FEF Lo 7 |
VAN 228 ezl  F4 e~
2857 . p <. 7% 4.9/ F¥6 6 =\ LrEnT B S emTety 7D
S LOERATEL 7 Tl d 1D

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

O - DUPUCATE FB - FELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP

R - REPLICATE T8 - TRIP BLANK B - BALER AL -  AIR-UFT SAMPLER

S- SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-14




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION ID _< 5“2 LOG DATE 20/ LOG TIME __2%¢

LOCATION ID __377#2Z LOT CONTROL NO.

SAMPLE TYPE 7 SAMPLE ID SAMPLE DEPTH (FT) LB8¢ Bie
— " 2. 0 AP P T LE A3

INITIAL GROUNDWATER DEPTH (FT) 2% 87 /53X 523 9}*”/’”74

SAMPLING PERIOD: START 22 COMPLETE __ /S5

SAMPLING METHOD LOGGER CODE L2247

LAB CODE it DATE SENT

PRESERVATION METHOO < "¢ Lt = FRrop bt it

COMMENTS

fyd  SoarlrE Ton ANDg paip 2fUy

/Z/;g// EEK

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE

REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)

pH
SC

Eh
TEMP
ALK

DETECTION
umMir
s.u. 475 207
umhos/cm S Z
mvoits i
°c YA
mg/l -

/7/#’4/ AL = o

ToraL ynFrereaed =BSP L  Tomre Fogterd Ak =30 "’Z/L

| TOTAL VOLUME s hewmp
TIME WITHDRAWN PH |iumnossem| (vg) | COMMENTS

(GALS) [Bore Voiumes)
SO 0.0 0.0 - - - START PUMPING
v 28 2% WsH 3720 gz Flowmes/Sronn sip0. 7intty
(oS Z /S 490 FF20 |48~ o
/0S4 3.8 262 \L.2/\ SAeo Té? ~ 7 STHNG Fall OLon
sl A5 sve k3| 37w 677 7
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
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 - PERISTALC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-15




GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

INSTALLATION ID (25402 LOG DATE —Z (23/F LOG TIME /2

LOCATION ID ST =23 LOT CONTROL NO.
SAMPLE TYPE A SAMPLE ID SAMPLE DEPTH (FT) M
— - 7O=R . BTl = P o= ’,9‘
INITIAL GROUNDWATER DEPTH (FT) _£72 372 353 2533, /5 £55
SAMPLING PERIOD: START /47 COMPLETE _ /<3
SAMPLING METHOD — & LOGGER CODE L2724/
LAB CODE __ £/ DATE SENT ZZ3/%7
PRESERVATION METHOD__< < /—/4/01 - /z/fm-z,s Sy~ LooZ X TET ML
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELESEO' |
POTENTIAL OF HYDROGEN pH s.u. Vi 2y
SPECIFIC CONDUCTANCE SC umhos/em 2L5 /
REDOX POTENTIAL Eh mvoits - -
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOg) "~ ALK mgft -
e der = O
TOTAL LN ELTEAL A ALK ,gzz “Y T FiotBiid Al = 387 7
TOTAL VOLUME sc e
MP
TIME WITHDRAWN PH |iumnossemi| (ocy COMMENTS ‘
(GALS) }lon voiumesi
/35p| 0.0 0.0 - - - START PUMPING |
AN Lozl 245 i Bropss Ao —sbspr Tmlhire 7y
/350 .o 493 T2 8.5 A Pt Mg itdiELr Totbid |
o0l 3.0 69p) 730 5~ “ |
oA R e Bs8 82| Bl Scewrer 7oobm |
|
!
N
{
1
|
SAMPLES TYPES. (WSACODE) SAMPLE METHODS: (WSMCODE)
0- DUPUCATE FB - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP BLANK 8- BAILER AL - AIRLUFT SAMPLER
S . SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K- KNOWN N- NORMAL SL - SUCTION UFT PUMP
D-16 o




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION ID _(A544 2 LOG DATE PP LOG TIME L5 7%
LOCATIONID ___S7/ ¢ LOT CONTROL NO.
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) _£Z-32 Bre

- . D=7 oy 72 3L = =
INITIAL GROUNDWATER DEPTH (FT) /222 07¢ 7 ARG ﬁz,ggg‘,;
SAMPLING PERIOD: START 4L COMPLETE _/ZZs
SAMPLING METHOD /2 LOGGER coos Lgz
LAB CODE 408’ DATE S /7

PRESERVATION METHOO__~7Z & fﬁ‘ﬂ/ﬂz —AMETRCS [ HL 5, /aww/ Wlmowww
COMMENTS

FINAL PARAMETER MEASUREMENTS: OE ul EMCR' ION
POTENTIAL OF HYDROGEN pH S.U. 675 Zz
SPECIFIC CONDUCTANCE sC umhos/cm 77z /
REDOX POTENTIAL Eh mvolts e
TEMPERATURE TEMP °C g/
ALgAle:; (Cacogs) | ALK mg/
vt FHATHORL £ =
Z%Lfl«z&é Torke ALK =F3%Y),  FrLTEEd TOTAC Aol =5 Do
. TOTAL VOLUME sc o
EMP.
TIME WITHDRAWN PH |umnossem| (o) COMMENTS
(GALS) [Bore Voiumes)

Z Y 0.0 - - - START PUMPING

yss/) /2 283 NoFA  FFS LK prutosr Ceiak  Siierr SHek

/55 /S 225 el sov b7 A Beoown - niva 7o fooy Tuntbiory

57| 2§ zogo lgsl 786 16774 7 rson’ Sefeee

22 PR zo2 leg/)N 782 l67sA v

e So | A g FFl F9L hzoA

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

D- DUPUICATE FB - FIELD BLANK G - GRAB - SP - SUBMERSIBLE PUMP

R - REPLICATE TB - TRIP BLANK B - BAILER AL - AIR-UFT SAMPLER

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

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP
D-17 - T




GROUND WATER QUALITY SAMPLING RECORD

INSTALLATION ID __£ 372 LOG DATE

PAGE 1

[t [ LOG TIME 744

LOT CONTROL NO.

LOCATION 1D 774/ — /77
SAMPLE ID

SAMPLE TYPE ____/

SAMPLE DEPTH (FT) _L2-0% B7¢

7D = igs”/&’é Y )) - |
L334

INITIAL GROUNDWATER DEPTH (FT) _ L4567 & (Gah 8 BT Aes b
SAMPLING PERIOD: sng £33 COMPLETE 852
SAMPLING METHOD % LOGGER CODE 22
LAB CODE _/(zt d » DATE SENT ZL24/%0
PRESERVATION METHOO O /'/vﬂua, —AFe TS - AAOL - LOF7 K FET L
COMMENTS '

: |
FINAL PARAMETER MEASUREMENTS: OE 'UEMC,T' JON |
POTENTIAL OF HYDROGEN pH s.u. 4. 74 2.0/
SPECIFIC CONDUCTANCE SC umhos/cm g24 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C Gl
ALKALINITY (CaCO34) ALK  mg/l |

SOV AL = O
TOTHL unFreTbrRed Pl = 428 “ '/L

TOrH Fle7ELEd Aci = 37D “g/h : .

| ToTaAL vowume sc
TEMP.
TIME|  WITHDRAWN PH [(umnosscm| (g COMMENTS
(GALS) [Bore Volumes
s 0.0 0.0 - - - START PUMPING
S AT 0.8 4203 Lot 145 AL sy Scienrir Tipb0
72744 A AN 1Y oA ’
2524 3.0 b/ B2z 654N 17 Bunnfiary Siieicy Taddy
24 e XA AR Y= /7
/H30 < LA Azo |4soE “
)
-
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLCATE FB - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP BLANK 8- BAILER AL - AIR-UFT SAMPLER
S- SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-18




GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

INSTALLATION ID _ 2344~ \OGDATE _ 72422 L0GTIME L0

LOCATIONID 577 =/ 7 LOT CONTROL NO.

SAMPLE TYPE 4 £ D 7 £4 SAMPLEID SAMPLE DEFTH (FT) LZ.65 37
=277 ST ¢ Sowe

INITIAL GROUNDWATER DEPTH (FT) .62 Zre 1845072785 <5185 "”"7

SAMPLING PERIOD: START 527 COMPLETE _/ ¥/

SAMPLING METHOD — /2 LOGGER CODE //"’UW

LAB CODE _K#o/ Af SENT L2

PRESERVATION METHOD 222 (e~ 602 £ T27 H L - pivin — feries

COMMENTS 20 Adzagsl. Santbote Dirli ioArZ A7l Z R P ol
A7 THs .Lﬂd/ﬂ’ o

FINAL PARAMETER MEASUREMENTS: DELE&;"’"
POTENTIAL OF HYDROGEN pH s.u. N 22
SPECIFIC CONDUCTANCE sC umhos/cm By /
AEDOX POTENTIAL Eh mvolts p
TEMPERATURE TEMP °C 24
ALKALINITY (GacOj) ‘ ALK  mg/l -

'/2/&‘/' ZE. = . ERB ihes /it = o

TOTHL Wi TEAES Al = 35 Toe e Aok =327 “Ti, 352 " Y apicn

_ TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnaerem| (og) COMMENTS
{GALS) Bore Volumes)

257 0.0 0.0 - - - START PUMPING

259y o eS| Beéo 55 peatost Liene

r30/ A, b 765 o=l 7 vt siewrig Ceovdd

1343 3.5 H7F 745 | ¢e6”- ’t

3051 S0 s75|  Go# s %

/307 6.0 : éj% G000 _&”A AL MesT™ LLEA

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

D- OUPLICATE FB - FIELD BLANK G - GRAB ° SP - SUBMERSIBLE PUMP

R- REPLICATE TB - TRIP BLANK B - BAILER AL - AIRLIFT SAMPLER

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

K- KNOWN N - NORMAL SL - SUCTION LUIFT PUMP
D-19 - =




GROUND WATER QUALITY SAMPLING RECORD

JHEY AL = O

PAGE 1

., ’ el
INSTALLATION 1D _( 5442 LOG DATE <z ?{/ Zz LOGTIME 2725
LOCATION 1D 377~ = /Z K. LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) 222 &2

— BT R AT ) B

INITIAL GROUNDWATER DEPTH (FT) _£2Z2 37&. %;é'?’(h?:/-fs’*f;*z(ér‘,‘z
SAMPLING PERIOD: STARY D74 COMPLETE _ 220
SAMPLING METHOD < LOGGER CODE /224
LAB CODE BI - DATE SENT __Z/2/50
PRESERVATION METHOD__ 2, S0z ~AJETaes - Hel = FET H# o ¥ oL
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DELE$°”
POTENTIAL OF HYDROGEN pH  S.U. £ 72 oLy
SPECIFIC CONDUCTANCE SC  umhos/cm 777 /
REDOX POTENTIAL Eh mvolts — |
TEMPERATURE TEMP °C Z./
ALKALINITY (CaCO3) ALK  mg/l -

ToAL tnriridid pLic = itE N Frizeed Ak 7o) = 3o )

D-2

| TOTAL VOLUME sC
TIME|  WITHDRAWN PH |umnossemi| qogy COMMENTS
(GALS) [Bore Voiumes)
43| 0.0 0.0 - - - START PUMPING |
37 a2 i FGF bt 47 reavee/Brain scsnits Tatd,
775 2o R R Ve ) Tektr)
273 3.8 s R R Ve ’/
7735 S o .7 FoF gp /
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
O - DUPLICATE FB - FIELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R -  REPLICATE TB - TRIP BLANK 8- BAILER AL -  AIR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION LIFT PUMP

0




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATION ID _ (5442 LOG DATE +/2¢/50 LOGTIME _ 235
LOCATIONID 577« = /7 L LOT CONTROL NO.
SAMPLETYPE SAMPLE ID SAMPLE DEPTH (FT) Z.24 S7=
- -, o 7”/22 77e
INITIAL GROUNDWATER DEPTH (FT) _7.72 572 'Z;;ﬂ/”"*’”’%’”’“”
SAMPLING PERIOD: sngr P53 COMPLETE /4%
SAMPLING MET LOGGER CODE L2214
LAB CODE 500> DATE SENT —_Z27/70
PRESERVATION METHOO_ "L tars = sfermes | fev— oio 2 7ev 412
COMMENTS :
FINAL PARAMETER MEASUREMENTS: DELEﬁ:r'o"
POTENTIAL OF HYDROGEN pH s.U. N Lo/
SPECIFIC CONDUCTANCE sc umhos/cm 2sL Z
REDOX POTENTIAL Eh mvoits - —
TEMPERATURE TEMP °C £/
ALKALINITY (CaCOy) ALK mg/l
CN . /LK. V2 .
TOFHC crtbFriTEtid Seec = 504 MY TorAae Fyrmrld A = 357 “Y
| TOTAL VOLUME sc n
EMP.
TIME WITHDRAWN PH |cumnos/em| (o) COMMENTS
(GALS) [Bore Voiumes)

oy 0.0 0.0 - - - START PUMPING

SO v b2 (/é ye S AFJ&//,—/J/ 77 f"n”o,r) L7 ;44,7—2;;3

/‘[)Cf'j/* Z-f>’ é?é géﬁ Lf: —455{’ CHELRTr D S AL 4

/o T ) L.B0 L5 F LétF < ) o N9t Mt

=7,

JOAP Y 6.2% é}jé W‘F OLRNUA S 0-A7 Y Zgdsrd |

JO57 &5 4.5/ Ass s A “

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

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

R. REPLICATE T8 - TRIP BLANK 8- BAILER AL - AR-LIFT SAMPLER

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

K - KNOWN N - NORMAL SL - SUCTION LIFT PUMP

D-21




GROUND WATER QUALITY SAMPLING RECORD

INSTALATION 1D _Z5 <2 L0G DATE _22 S[23 /0

PAGE 1

LOG TIME _S 320

LOT CONTROL NO.

LOCATION 1D 77/ — /747

SAMPLETYPE _A £ £3 _ SAMPLEID

SAMPLE DEPTH (FT) 2./ B7e~

INITIAL GROUNDWATER DEPTH (FT) _Z.[0 272~

SAMPLING PERIOD: START (425

S oA B W v =Xl

o973 ;27‘?7/3:;1%

SAMPLING METHOD

COMPLETE [Z/5 £z
LOGGER CODE &2t/ j—

LAB CODE __ Lt

PRESERVATION METHOD__ < S & 4We}-#e77es

DATE SENT _Z23/%0 —
Moy - o2 £ TP prfddepisons

FINAL PARAMETER MEASUREMENTS: lviiag
POTENTIAL OF HYDROGEN pH  S.U. L 67 22
SPECIFIC CONDUCTANCE sc umhos/cm y oY% ‘
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOgq) ALK  mg/l -
FHEN BLy = .
TOTHC o)/ Fre7EALS ALid = 527 ’Wf/z, Torac AreiEeld e = 385
, TOTAL VOLUME sc |
EMP.
TIME WITHDRAWN PH |umnossem| (g COMMENTS
(GALS) [Bore Voiumes)
iwz| 0.0 0.0 - - - START PUMPING
g /. L5V 627 P A\ Berve ilppiaqtinn fucria
/557 Z.5 L8A 852 ‘Zl 7 Sir7 Saxiog
x4 R4 .92\ g7 pssA | Sicewrro ety
/555 o) &S B850 g A OLLHTLS ToROD, tiest Fre M
Fpith ot Boaen
/73 L8 voo 183°F cocre ,
l
l
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPUCATE FB - FIELD BLANK G -~ GRAB - SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK 8. BAILER AL -~ AIR-UFT SAMPLER
S-. SPIKE L8 - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K KNOWN N - NORMAL SL - SUCTION LIFT PUMP

D-22 - ==




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION 1D __(552L_ LOG DATE 5 /2% LOG TIME 27527

LOCATION 1D 355~ LOT CONTROL NO.

SAMPLE TYPE _4~ * £75 SAMPLE ID SAMPLE DEFTH (FT) X228 57z
i) e T Tl S DT E L5 Ly

INITIAL GROUNDWATER DEPTH (FT) 28 570 2 Preer= 3 vzr?z:»;‘jf;) ay

SAMPLING PERIOD: START e COMPLETE _Z2¢

SAMPLING METHOD — 22 LOGGER CODE — (72t

LAB CODE o0 L DATE SENT . 7<<n

PRESERVATION METHOO__Z5{ Yl = Pl e 0 Tl g
COMMENTS _ &S v [2./76 A2 ot e TS — 0K Mtfal’fﬁé L

FINAL PARAMETER MEASUREMENTS: N I.lMle
. Ve
POTENTIAL OF HYDROGEN pH s.uU. (7.8 LL
SPECIFIC CONDUCTANCE sC umhos/cm [017 4
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 4%
ALKALINITY (CaCQO3) ' ALK mg/l
FHEV Lype = (7 .
IR R Y7 U/ TT7Ar- o 7EL B e = A300
| TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN pH tumhos/em) | (*°C) COMMENTS
(GALS) [Bore Voiumes)
RCER 0.0 0.0 - - - START PUMPING
Ll e /55 N A e B - =
iked B2, 473 279 e/ A ’
{3 5./ HFA o Vns oS o
YT e A s 1
A ridew Bisdie
[y Sel T 3 \Food  Lisex
i 7
P i AN e
= /,.//‘7 7, ;:f#{w Sersilifrire
LY (ot vnei o ’
C-'/‘?///./q./}(,r
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPLICATE FB - FIELD BLANK G- GRAB° SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B- BALER AL - AIR-UFT SAMPLER
S- SPKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N- NORMAL SL - SUCTION LIFT PUMP

D-23 B




GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

INSTALLATION ID 5444 LOGDATE S -7-72 LOG TIME 20

LOCATION 1D (555 -2) LOT CONTROL NO.
SAMPLE TYPE f\;.f% ASD SAMPLE ID SAMPLE DEPTH (FT) L/.éz_L_
- £ Ao

7D = /2. /2’ "b///( e ED)
INITIAL GROUNDWATER DEPTH (FT) Loy Az P s oy
SAMPLING PERIOD: START Vavid COMPLETE __/S%5
SAMPLING METHOD /2 LOGGER COOE 27t
LAB CODE __fro v DATE SENT__S-2-7°0

PRESERVATION METHOO = *Co, (4L —£02 . // SO, —PH . LAV A7 ETHe o
COMMENTS

DETECTIC |

FINAL PARAMETER MEASUREMENTS: UMt
POTENTIAL OF HYDROGEN pH s.uU. &89 VR2%
SPECIFIC CONDUCTANCE sC umhos/cm LLLY z
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2./
ALKALINITY u:.co, ) ' ALK mg/l -

Phen Ak = A

—c4q Aj 3:.! = H‘“’J 2977

, TOTAL VOLUME sc rEMP
TIME WITHDRAWN PH |cumnossemi| oy COMMENTS
(GALS) [Bore Voiumes)

A2 0.0 0.0 - - - START PUMPING

a2 Y b3l 88 i A eeton — Bracw Feares

/75 S Qﬁé’ /3 o Serenrza Taii510, Bracw /:uwzﬁ-_sv

(439} 7.6 63 w48 WasA ”

A X 0.5% S/ 46

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

0- DUPLICATE F8 - FIELD BLANK G- GRAB ° SP - SUBMERSISBLE PUMP

R- REPLICATE T8 - TRIP BLANK B- BALER AL - AIR-UFT SAMPLER

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

K- KNOWN N - NGRMAL SL - SUCTION LIFT PUMP

D-24 S




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

msnmnong: S5t oG DATE 225 LOGTIME _ /425

LOCATION ID BSs—) LOT CONTROL NO.

SAMPLE TYPE ALF D SAMPLE ID SAMPLE DEPTH (FT) J22572
— T3 B ol

INITIAL GROUNDWATER DEPTH (FT) _2.70 A7 sy gw%{“if”/

SAMPLING PERIOD: START Il S COMPLETE _/Z0

SAMPLING METHOD 7 LOGGER COOE __£50¢/

LAB CODE po DATE SENT 5550

PRESERVATION METHOD__Z ‘<, %l/ﬂ; AT HES | WA =07 fr SO — PET RIS A
COMMENTS

FINAL PARAMETER MEASUREMENTS: DE'UEMC,T' o
POTENTIAL OF HYDROGEN PH S.u. £E2 2
SPECIFIC CONDUCTANCE SC umhos/cm 2L /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOg) | ALK mg/l -

fhen ALk o.0 ) B

Gl B 20N Tomy Fermiid =276 9L Dur=23¢ -%/ifgz”f/a

. TOTAL VOLUME sc
TEMPI
TIME WITHORAWN PH |iumnosrem | (sicy COMMENTS
(GALS) Bore Voiumes)

S| 0.0 0.0 - - - START PUMPING

LA 5 ;L L4 77/ Ntpo A troees 7ourT 5Ty Tadesd

Rl B Lo A2 77 /

53| 3 4 LA 575 eesd -/

25 e 485 A ”

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

D - DUPUCATE FB - FIELD BLANK G- GRAS - SP - SUBMERSIBLE PUMP

R - REPUCATE T8 - TRIP BLANK B - BAILER AL - AIR-UFT SAMPLER

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

K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-25 - -—




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1
INSTALLATIONID 25 W& LOG DATE _7- (299 LOGTIME __[ 2 HS
LOCATIONID 252 & LOT CONTROL NO.
SAMPLE TYPE Y SAMPLE ID SAMPLE DEPTH (FT) (.26
— /oo TODZ iZ2.02 BTC (Soundes |
INITIAL GROUNDWATER DEPTH (FT) LL20Q  BTc 0.4 goi= 3 wemes €56 e
SAMPLING PERIOD: START 137 COMPLETE 5
SAMPLING METHOD 8 LOGGER CODE kALK
LAB CODE RAbN DATE SENT G-13 -90
PRESERVATION METHOO__HCL ¢ 4C
COMMENTS Bactea  HTIve (o dfeo,aenT 0 2 HBoE (3¢ 7roun ( oF el (.
' N
FINAL PARAMETER MEASUREMENTS: DEESEO '
POTENTIAL OF HYDROGEN pH s.uU. 727 g.¢\
SPECIFIC CONDUCTANCE sC umhos/cm 0720 / ,
REDOX POTENTIAL Eh mvoits _
TEMPERATURE TEMP °C N b1
ALKALINITY (CaCOg4) ALK  mg/l -
TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH [iumnossem | (ogy COMMENTS
(GALS) [Bore Voiumes)
0.0 0.0 - | - - START PUMPING

[37 7S 9. 0.71% 739 Ceqe 8 F | Cicuny  cul 7 ,//&w’a;(“ SiLT
34 0.3 2.2 S 775 07(70 i3°F CLEAR AU Z"i” Puec TuRrRRA|

j2de | 2.4 300 |79l o730 |P3°F |cioar v 2 pocc TUBW

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

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

R - REPUCATE T8 - TRIP BLANK B- BAILER AL - AIR-LIFT SAMPLER

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

K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

- . ——

D-26
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HYDROGEQOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT WORTH, TEXAS

Texas State Plane Coordinate and Elevation
of
Test wells,
Soll Gas Probes and
Sampling Points

April 8, 1588

E-3

Brirraiy & Crawrorp
TN LAND SURVEYING &
TOPOGRAPHIC MAPPING
11 - Metro 429-5112

(817) 920-02
P.O. Box 11374 * 3908 South Freewey
Fort Worth, Texas 76110



NUMBER

B85S A(45)

8ss 8(34)

ass C(3s)

8ss o0(38)

Pl (111)
P2 (96)

1A (131)
18 (132)
ic (134)
10 (137)
1€ (135)
IF (136)
3A (121)
38 (118
3C (117)
30 (120)
JE (119
4A (129)
48 (130
4c (98)

40 (97)

4E (95)

4F (93)

4G (100)
4H (99)

54 (109)
58 (sg)

5C (104)
50 (103)
SE (110)
5F (94)

5G (88)

5H (89)

10A (108)
108 (92)

10¢  (81)

100 (107)
10 (106}
10F  (105)
114 (101)
118  (102)
128 (124)
128 (113)
la2c  (115)
120 (112)
128 (114)
126 (127)
124 (126)
121 (125)
120 (128)
12K (116)

NORTH
nyn

402,068.84192
402,390.17981
402,254.07567
402,418.08508

397,712.30601
397,542.85438

401,089.50010
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
358,358.43081

396,920.99434
J396,540.34767
397,217.02642
397,446.17694
397,651.12948
397,680.42416
397,836.73039
397,541.43725

398,061.75689
398,520.35788
398,339.27594
398,362.32313
397,802.46440
397,904.64236
398,174.57747
J398,351.69445

397,913.30549
397,899.01251
398,197.02603
397,857.53638
397,896.37914
397,946.08160

398,941.02097
398,653.41765

397,175.89292
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
”x ”

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
2,025,607.46316

2,017,786.72397
2,018,291.94176
2,018,292.28878
2,017,477.40425
2,019,005.28651

2,020,042.19064
2,020,463.63663
2,020, 785.31555
2,020,610.98175
2,020,607.56231
2,020,255.75892
2,020,857.61303
2,020,916.84913

2,019,781.72497
2,020,283.72459
2,020,196,97152
2,019,960.19729
2,019,748.19597
2,020,535.56245
2,020,894.69337
2,020,546.91832

2,020,009.97063
2,020,243.06886
2,020,267.33493
2,020,078.59020
2,020,147.65721
2,020,196.19956

2,020,086.99390
2,020,136.88570

2,019,636.22169
2,019,895.65480
2,019,968.84527
2,019.943.01512
2,020,019.35440
2,019,819.73011
2,019,813.89486
2,019,814.97473
2,019,858.53625
2,019,904.66442

E-4

ELEVATION OF
TOP GF P.V.C.

566.38
569.73
559.57
561.45

*628.58
*618.78

570.27
560.25
560.00
563.93
562.25
562.26

625.25

625.76
619.50
613.04
615.35
618.54
625.36
620.02
613.43

623.18
600.45
608.68
611.71
626.89
618.95
615.39
610.62

626.70
624.46
617.24

608.22
608.14

635.66
627.55
628.05
627.45
627.48

ELEVATION OF NATURA

GROUND AT #ELL

566.9
567.1
560.0

625.5
615.5

566.5
560.49 (ASP)
560.31 (ASP)
560.5
559.4
559.5

633.47
633.84
635.39
621.6

622.87

624.6
618.4
610.9
613.1
617.5
622.8
619.1
610.5

. 619.4

597.4
606.8
608.5
623.9
619.4
612.0
608.4

624.2
621.1
615.4
623.33
622.52
621.47

604.8
603.8

632.0
625.6
625.5
624.8
624.5
629.22
629.06
269.15
628.66
626.74




Page 2

NUMBER NORTH EAST ELEVATION OF TOP  ELEVATION OF NATURAL
"y yn P.v.C. PIPE GROUND AT wELL

154 (149) 400,123.22038 2,025,232.61342- 570.24 570.7

158 (148) 399,506.57343 2,025,252.78758 567.12 564.2

1SC (l44) 395,884.41824 2,025,168.58849 566.89 564.3

171 (75) 400,225.13342 2,023,849.67063 578.19 575.2

173 (56) 400,362.97881 2,023,809.58530 579.79 577.0

17k (72) 400,193.17235 2,024,001 .90555 575.34 573.8

17L  (6l1) 400,394.21647 2,023,966.04349 577.27 574.4

17 (65) 400,380.91204 2,024,264.07312 574.28 572.¢

*NOTE: WELLS Pl & P2 - THE ELEVATIONS SHOWN ARE THE TOP COF

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

July 10, 1990

LAND SURVEYING &
TOPOGRAPHIC MAPPING

[%mmm & CrawFoRD

(817) $26-0211 - Matro 429-5112

E-6 P.O. Box 11374 ° 3908 South Freeway

Font worth, Texas 76110




NUMBER

ST14-01
ST14-02
ST14-03
ST14-04

NUMBER

SD13-01
SD13-02
SD13-03
SD13-04

NUMBER

SDp13-S1
SD13-52
SD13-S3
SD13-54

TYPE NORTH "y*"

WELL 399,886.0854
WELL 400,102.4353
WELL 400,672.3650
WELL 400,231.5326
TYPE NORTH "Y"

WELL 399,964.3693
WELL 400,058.5313
WELL 399,934.0917
WELL 399,931.9664

SITE

ST14

EAST "X"

2,024,309.3181
2,024,311.8094
2,024,116.0939
2,024,566.4807

SITE

SD13

EAST "X"

2,024,842.2218
2,024,974.4094
2,024,919.8140
2,024,992.0174

SURFACE WATER SAMPLES

NORTH "y"

399,722.7878
399,729.5605
399,747.0566
399,757.2157

EAST "X"

2,025,153.1150
2,025,176.1395
2,025,235.6200
2,025,270.1565

ELEVATION

TOP OF PVC

575.89 -
575.64 -
576.72

575.74 .

ELEVATION

TOP_OF PVC

573.24
573.39
571.54
569.24

ELEVATION
NATURAL
GROUND AT

WELL/BORE

573.2
572.7
574.83 ASP
572.9

ELEVATION
NATURAL
GROUND AT

WELL/BORE

570.3
570.64 ASP
568.6
566.81 ASP

WATER

ELEVATION

551.64
551.14
549.72
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

Score Multiplier Product Max.
(circle (score x  score

Observed releases one) mult.)
1. Have contaminants been detected in surface water? 0 100 1 _ﬂ 100

If yes, assign score of 100 and proceed to item 10.

If no, assign score of 0 and proceed to item 2.
Pathway characteristics
2. Distance to nearest surface water 0123 4 ——— 12
3. Net precipitation 0122 1 — 3
4. Surface erosion potential 0123 4 —— 12
5. Rainfall intensity 0123 4 12
5. Surface permeability 0123 3 9
7. Sum of items 2 through & 48
8. Normalized score (multiply item 7 x 100/48) e——
8. Flooding potential 01223 8 — 24
10. Adjusted pathways score

If item 1 is 100, enter 100. If item 1 is 0, enter

sum of items 8 and 9. If sum exceeds 100, enter 100. 100
11. Waste containment effectiveness factor (Table 2) _];__' 0__._
12. Final score for surface water pathways (multiply item 10 x item 11) 10_ 0_

COMMENTS ON SURFACE WATER PATHWAYS

Known discharges from oil/water separator. No containment/treatment.



Site identification: SD13 - Unnamed Stream and Abandoned Gasoline Station

GROUNDWATER PATHWAYS

Score Multiplier Product  Max.
(circle (score x  score

Cbserved releases one) malt.)
13. Have contaminants been detected in groundwater? 0 100 1 100 100

1f yes, assign score of 100 end proceed to item 20.

If no, assign score of 0 and proceed to item 1l4.
Pathway characteristics
i4. Depth to seasonal high groundwater from base of

waste or contaminated zone 0123 S —_— 27
15. Permeability of the unsaturated zone 0123 5 I 15
16. Infiltration potential 0123 5 — 15
17. Sum of items l4 through 16 — 57
13. Normalized score (multiply item 17 x 100/57) ———
13. Potential for discrete features in the unsaturated

zone to “short-circuit” the pathway to the water

table 0123 5 — 15

20. Adjusted pathways score. If item 13 is 100, enter 100.
If item 13 is 0, enter sum of items 18 and 19.
If sum exceeds 100, enter 100.
21. Waste containment effectiveness factor (Table 5) 1.0

22. Final score for groundwater pathways (multiply item 20 x item 21) a0

COMMENTS ON GROUNDWATER PATEWAYS

Known contamination in ground water. No containment/treatment.



Site identification: SD13 - Unnamed Stream and Abandoned Gasoline Station

CONTAMINANT HAZARD -~ SURFACE WATER

If contaminants have been detected in surface water (score of 100 in item 1),

contaminants have not besn detected (score of 0 in item 1), complete items 28 through 32.

cf{ contaminants, as appropriate.

Sum of human health hazard quotients (from column 10 of Hazard

Worksheet)

Human health hazard score

Normalized human health hazard score (multiply item 24 x 100/6)

Sum of ecological hazard quotients (enter the larger of the sums of

colum 11 or 12 of Hazard Worksheet)

Ecological hazard score

Normalized ecological hazard score (multiply item 27 x 100/86)

complete items 23 through 28.

1t

Attach Hazard Worksheet or list

31.

32.

Maximum human health hazard index

Normalized human health hazard score (multiply item 29 x 100/9)

Maximum ecological hazard index

Normalized ecological hazard score (multiply item 31 x 100/6)

Score Result Logarithm
(circle (base 10)
one)
7.4x106 6.9
01248
100
67.8 1.8
0123
®56
66.7
01234
567829 Contaminant:
01246 Contaminant:

CCNTAMINANT HAZARD -~ GROUNDWATER

If contaminants have been detected in groudwater (score of 100 in item 13),

nave not been detected (score of 0 in item 13),

contaminants, as appropriate.

[&)
wn

w
o}

complete items 39 through 42.

Sum of human health hazard quotients (from column 10 of Hazard

Worksheet)

Human health hazard score

Normalized human health hazard score (multiply item 34 x 100/6)

Sum of ecological hazard quotients (enter the larger of the sums of

colum 11 or 12 of Hazard Worksheet)

Ecological hazard score

Normalized ecological hazard score (multiply item 37 x 100/6)

complete items 33 through 38.

If contaminants

Attach Hazard Worksheet or list of

61,

“2.

Maximum human health hazard index

Normalized human health hazard score (multiply item 39 x 100/9)

Maximum ecological hazard index

Normalized ecological hazard score (multiply item 41 x 100/6)

F-5

4.7x107 7.7
0124

100

113.4 2.1
0123
©©5  g3.3
01234
567889 Contaminant:
012468 Contaminant:




Site identification: Gjte SDI13 - Unnamed Stream and Abandoned Gasoline Station

HUMAN HEALTH RECEPTORS -- SURFACE WATER PATHWAY

Score Multiplier Product Max.
(circle (score x score
one) mult.)
. - , 9

43. Population that obtains drinking water from potentially affected 01 2@ 3 —_— 9

surface water body(ies) within 32 miles (4.8 km) downstream .
44. Water use of nearsst surface water body(ies) 01 2@ 3 _L 9
45. Population within 1000 ft (305 m) of the site 0120 1 __3 3
46, Distance to the nearest installation boundary 01 2@ 1 _3 3
47. Land use and/or zoning within 1 mile (1.€ km) of the site 01 2@ 1 3 3
48, Sum of items 43 through 47 27 27
49. Final score for human health receptors on surface water pathways 100

(multiply item 48 x 100/27) ——
ECOLOGICAL RECEPTORS -- SURFACE WATER PATHWAYS
50. Importance/sensitivity of biota/habitats in potentially affected 0 1@3 5 10 15

surface water bodies nearest the site

0

S51. Presence of "criticel environments” within 1 mile (1.6 km) of the @ 3 1 3

site
52. Sum of items 50 -and 51 10 18
53. Final score for ecological receptors on surface water pathways 55.6

(multiply item 52 x 100/18)

COMMENTS ON SURFACE WATER RECEPTORS



Site identification: Site SD13 - Unnamed Stream and Abandoned Gasoline Station

HUMAN HEALTH RECEPTORS -- GROUNDWATER PATHWAY

Score Multiplier Product Max.
(circle (score x score
one) mult.)
54, LEstimated mean groundwater travel time from current waste location to @ 123 9 0 27
nearest downgradient water supply well(s) +
55. Estimated mean groundwater travel time from current waste location to 0 1 2@ 5 15 15
any downgradient surface water body that supplies water for domestic
use or for food chain agriculture
56. Groundwater use of the uppermost aquifer o 1@3 4 8 12
57. Population potentially at risk from groundwater contamination 069 12 1 27 36
18
24 &) 38
58. Population within 1000 ft (305 m) of the site 01 2@ 1 3 3
59. Distance to the nearest installation boundary o1 26 1 _3 3
60. Sum of items 54« through 59 56 gs
61. Final score for human health receptors on groundwater pathways
(multiply item 60 x 100/96) _28.3
ECOLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
62. Estimated mean groundwater travel time from current waste location to 01 2@ 3 ? ]
any downgradient habitat or natural area
63. Importance/sensitivity of downgradient biota/habitats that are 0 1@3 3 6 9
confirmed or suspected groundwater discharge points
0
64. Presence of "critical environments” within 1 mile (1.6 km) of the ds) 3 1 3
site
€5. Sum of items 62 through 64 15 21
6. Final score for ecological receptors on groundwater pathways 71.4

(multiply item 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTORS (attach additional pages if neseded)
54. Ground-water flow towards Farmers Branch nearest well is on opposite side,

thus no flow towards well.
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Site identification: os.. gp]3 - Unnamed Stream and Abandoned Gasoline Station

SCORING SUMMARY SHEET

Contaminant
Pathways score hezard score Receptors score Overall scorg-.
67. Surface water/human health scores ¢ 100 x 100 x 1UU y /10,000 = 100.0
item 12 item 25/30 item 49
68. Surface water/ecological scores ( 100 x 66 .7 x 55 .6 ) /10,000 = 37.1
item 12 item 28/32 item 53
69. Groundwater/human health scores ( 100 x 100 x 58'3 ) /10,000 ~ 58.3
item 22 item 35/40 item 61
70. Groundwater/ecological scores ( lQQ x 83 N 3 x 2 l s 4 ) 710,000 = .52 : 5
item 22 item 38/42 item 66

OVERALL SITE SCORE:

71, (100 )% x5 + (32.19% + (88.3)%xs5 + (_59 5% = 71,911.1

item 67 item 68 item 69 item 70

72. QOverall site score = 71;9111 3.464 = 2027596
item 71



Site identification: Sjite ST14 - POL Tank Farm

SURFACE WATER PATHWAYS
Score Multiplier Product Max.

(circle (score x  scorfe

Cbserved releases one) mult.)
1. Have contamunants been detected in surface water? a 100 b 0 100

If yes, assign score of 100 and proceed to item 10.

If no, assign score of 0 and proceed to item 2.
Pathway characteristics
2. Distance to nearest surface water 0 1@ 3 4 8 12
3. Net pracipitation @1 23 1 0 3
4. Surface erosion potential 0@2 3 4 4 12
5. Rainfall intemsity 01 z<:> 4 12 12
6. Surface permsability o} 1@3 3 6 9
7. Sum of items 2 through 6 30 48
8. Normalized score (multiply item 7 x 100/48) 62.5

S. Flooding potential ‘:)1 23 8 24

10. Adjusted pathways score
If item 1 is 100, enter 100. If item 1 is O, enter
sum of items 8 and 9. If sum exceeds 100, enter 100.

11. Waste containment effectiveness factor (Table 2)

PEE

12. Final score for surface water pathways (multiply item 10 x item 11)

COMMENTS ON SURFACE WATER PATHWAYS

11. Tanks are in excellent condition.
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Site identificatiom: Site ST14 - POL Tank Farm

GROUNDWATER PATHWAYS

Score Multiplier FProduct — Max.
(circle (score x  score
Cbserved releases one) malt.)
:3. 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 l4.
(ks
Fathway characterystics .
14. Depth to seascnal high groundwater from base of
waste Or contaminated zone 0123 ] — 27
5. Permeability of the unsaturated zone 0123 5 —_— 15
16. Infiltration potential 6123 5 —_— 15
17. Sum of items 14 through 16 —_— 57
13. Normalized score (multiply item 17 x 100/57) ————
19. Potential for discrete festures in ths unsaturated
zone to "short-circuit” the pathway to the water
table 0123 5 15

20. Adjusted pathways score. If item 13 is 100, enter 100.
If item 13 is O, enter sum of items 18 and 19.
If sum exceeds 100, enter 100.

21. Waste containment effectiveness factor (Table 5)

EEE

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

CTCNTAMINANT HAZARD -- SURFACE WATER

If contaminants have been detected in surface water (score of 100 in item 1), complete items 23 through 28. If
contaminants have not been detected (score of 0 in item 1), complete items 29 through 32. Attach Hazard Worksheet or list
={ contaminants., as appropriate.

to
in

32.

Sum cf 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)

Sum of ecological hazard quotients (enter the larger of the sums of

colum 11 or 12 of Hazard Worksheet)

Zcological hazard score

Normaiized ecological hazard score (multiply item 27 x 100/6)

Maximum human health hazard index

Normalized human health hazard score (multiply item 29 x 100/9)

Maximum ecological hazard index

Normalized ecological hazard score (multiply item

31 x 100/6)

Score Result Logarithm
(circle (base 10)
one)
012 46
0123
4 56
01230
56789 Contaminant: Mmanganese

4bb

Contaminant: lead

66.7

olz@s

CONTAMINANT HAZARD -- GROUNDWATER

a3

Zf contaminants have been detected in groundwater (score
nave not been detected (score of 0 in item 13), complete

lontaminants. as appropriate.

[
W

)
o

Sum of human health hazard quotients (from column

wWorksheet)

Human health hazard score

of 100 in item 13),
items 39 through 42.

10 of Hazard

Normalized human health hazard score (multiply item 34 x 100/6)

Sum of ecological hazard quotients (enter ths larger of the sums of

column 11 or 12 of Hazard Workshest)

Ecclogical hazard scors

Normalized ecological hazard score (multiply item 37 x 100/6)

complete items 33 through 38. If contaminants
Attach Hazard Worksheet or list of

L.7x107 7.2

012:.@

Maximum human health hazard index

Normaiized human health hazard score (multiply item 38 x 100/9)

Maximum ecological hazard index

Normalized ecological hazard score (multiply item 41 x 100/6)

F-11
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Site identification: Site SD14 - POL Tank Farm

4UMAN HEALTH RECEPTORS -- SURFACE WATER PATHWAY

Final score for ecological receptors on surface water pathways

Score Multiplier Product Max.
(circle (score x sco
one) mult.)

43. Population that obtains drinking water from potentially affected 01 2@ 3 .i._ 9

surface water body(ies) within 3 miles (4.8 km) downstream
44. Water use of nearest surface water body(ies) 01 2@ 3 9 9
45. Population within 1000 ft (305 m) of the site 01 2@ 1 3 3
46. Distance to the nearest installation boundary 0 1@3 1 2 3
«7 Land use and/or zoning within 1 mile (1.5 km) of the site 01 2@ 1 3 3
48. Sum of items 43 through 47 _ZL_ 27
«9. Final score for human health receptors on surface water pathways

(multiply 1tem 48 x 100/27) 9_6...3_
ECOLOGICAL RECEPTORS -- SURFACE WATER PATHWAYS
50. Importance/sensitivity of biota/habitats in potentially affected 0 1@3 5 lo___ 15

surface water bodies nearsst the site
51. Presence of "critical environments" within 1 mile (1.6 km) of the @ 3 1 0 __ 3

site

10
52. Sum of items 50 and 51 —_— 18
53.
23,6

(multiply item 52 x 100/18)

COMMENTS ON SURFACE WATER RECEPTORS
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Site identification: Site SD14 — POL Tank Farm

HUMAN HEALTH RECEPTCRS -- GROUNDWATER PATHWAY

Score Multiplier Product Max.
(circle (score x score
one) mualt.)
54. Estimated mean groundwater travel time from current waste location to @1 23 9 0 27
nearest downgradient water supply well(s)
10
55. Estimated mean groundwater travel time from current waste location to s} 1@3 5 15
any downgradient surface water body that supplies water for domestic
use or for food chain agriculture
56. Groundwater use of the uppermost aquifer 0 1@3 4 L 12
57. Population potentially at risk from groundwater contamination 06812 1 27 36
18
24 ) 36
58. Population within 1000 ft (305 m) of the site 01 2@ 1 _3___ 3
59. Distance to the nearest installation boundary 0 1@3 1 __3__ 3
60. Sum of items 54 through 58 L 26
61. Final score for human health receptors on groundwater pathways 52.1
(multiply item 60 x 100/86) ———
ECOLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
62. Estimated mean groundwater travel time from current waste location to 01 2@ 3 _9__ 9
any downgradient habitat or natural area 6
63. Importance/sensitivity of downgradient biota/habitats that are 0 1@3 3 9
confirmed or suspected groundwater discharge points
64. Presence of "critical environments” within 1 mile (1.6 km) of the @ 3 1 0 3
site
BS. Sum of items 62 through 64 15 21
66. Final score for ecological receptors on groundwater pathways 71.4

(multiply item 65 x 100/21]

COMMENTS ON GROUNDWATER RECEPTORS (attach additiomal pages if needed)

55.

Ground water flow is 0.2 ft/day. 1,000 ft to surface water 13.9 years.



Site identification: gjte SD14 - POL Tank Farm

SCORING SUMMARY SHEET

Contaminant

Pathways score hazard score Receptors score

67. Surface water/hunan heslth scores ( 6.3 x 44.4 x 96.3
item 12 item 25/30 item 49
58. Surface water/ecological scores ( 6.3 x 6_6___' / x __.55 -6
item 12 item 28/32 1tem 53
89. Groundwater/hunan health scores ( 100 x 100 x 52.1
item 22 item 35/40 item 61
70. Groundwater/ecological scores ( 100 x 66.7 x 1.4
item 22 item 38/42 item 66

OVERALL SITE SCORE:

7. (2.7 )2x5 + (2.34 )2 + (52-1 )sz + (47-6)2 - 15,879-76

item 67 item 68 item 69 item 70

72. Overall site score = 15 875.7 3.464 = 4,584.2

item 71
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Site i1dentification: Site BSS - Base Service Station

SURFACE WATER PATHWAYS
Score Multiplier roduct Max.

(circle (score x  score

Cbserved relsases one) mult,)
.. Have contaminants been detected in surface water? o 100 1 Q 100

If yes, assign score of 100 and procesd to item 10.

If no, assign score of 0 and proceed to itam 2.
Pathway characteristics
2. Distance to nearest surface water 01 2@ 4 12 12
3. Net precipitation @1 23 1 0_ . 3
4. Surface erosion potential 002 3 4 4 12
S. Rainfall intemsity 0128 4 12 12
6. Surface permesbility 0 1(; 3 3 6 9
7. Sum of items 2 through 6 34 .8
8. Normalized score (multiply item 7 x 100/48) 70.8
9. Flooding potential @1 23 8 0 24
10. Adjusted pathways score

IZ item 1 is 100, enter 100. If item 1 is O, enter

sum of items 8 and 9. If sum exceeds 100, enter 100. _&_8
11. Waste containment effectiveness factor (Table 2) __Qa.s
12. Final scors for surface water pathways (multiply item 10 x itsm 11) _3_5,_4

COMMENTS ON SURFACE WATER PATHWAYS

11. Tanks and piping in good condition. No obvious spills. Drainage is

not separated or treated and feeds directly to city sewer.

F-15



Site identification: Site BSS - Base Service Station

SROUNDWATER PATEWAYS

Score Multiplier
(circle

Cbserved releases one)
13. Bave contaminants been detected in groundwater? 0 100 1

If yes, assign score of 100 and proceed to item 20.

If no, assign score of 0 and proceed to item lé4.
Pathwavy characteristics
i4. Depth to seasonal high groundwater from base of

waste Or contaminated zaone 5123 9
.5. Permeability of the unsaturated zone 0123 S
16. Infiltration potential 0123 S
.7. Sum of items 14 through 16
18. Normalized score (multiply item 17 x 100/57)
19. Potential for discrete featurss in the unsaturated

zone to “short-cirzcuit” the pathway to the water

table 0123 5
20. Adjusted pathwsys score. If item 13 is 100, enter 100.

If item 13 is 0, enter sum of items 18 and 19.

If sum exceeds 100, enter 100.
21. Waste containment effectiveness factor (Tabls 5)
22. Final score for groundwster pathways (multiply item 20 x itsm 21)

Product
(scors x
malt.)

100

IERREEE

—
o

100

Max.
score

100

27

15

15

57

15

COMMENTS ON GROUNDWATER PATHWAYS

Known ground water contamination
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site identafication: Site BSS - Base Service Station

SCNTAMINANT HAZARD -- SURFACE WATER

:f contaminants have been detected in surface water (score of 100 in item 1), complete items 23 through 28. If
contaminants have not been detected (score of 0 in item 1), complete items 29 through 32. Attach Hazard Worksheet or list
-f{ contaminants. as appropriate.

Score Result Logarithm
(circle (base 10)
one)
22. Sum of human health hazard gquotients (from colum 10 of Hazard
Worksheet)
24. HKuman health hazard score 01246
25. Normalized human health hazard score (multiply item 24 x 100/6) e —
Z5. Sum of ecological hazard quotients (enter the larger of the sums of
coiumn 11 or 12 of Hazard Worksheet)
27 Ecological hazard score 0123
4 56
23, Normalized ecological hazard score (multiply item 27 x 100/6) e

23. Maximum human nealth hazard index g ‘15 .;. :? Contamsnant manganese
30. Normalized human health hazard score (multiply item 29 x 100/9) 44.4
31. Maximum ecological hazard index 0 1@“ ] Contaminant: manganese
22. Normalized ecological hazard score (multiply item 31 x 100/6) ’ 33.3

CONTAMINANT HAZARD -~ GROUNDWATER

If contaminants have been detected in groundwater (score of 100 in item 13), complete items 33 through 38. If contaminants
nave not been detected (score of 0 in item 13), complete items 39 through 42. Attach Hazard Worksheet or list of
ccntaminants. as appropriate.

31
32 i:::k::.k:jm health hazard quotients (from column 10 of Hazsrd 7 .OX108 8.9
s Human nealth hazard score 012 b@
2Z. Normaiized human health hazard score (multiply item 34 x 100/6) _lo_o_
28. Sum of ecological hazard quotients (enter the larger of the sums of

column 11 or 12 of Hazard Workshset) 59.3 1.8
37. Ecological hazard score 0123

22 Normalized ecological hazard score (multiply item 37 x 100/6)

35, Maximum human health hazard index 01234

56788 Contaminant:
<J Normalized human health hazard score (multiply item 39 x 100/9)
41, Maxioum ecoclogical hazard index 012686 Contaminant:
~2. Normalized ecological hazard score (multiply item 41 x 100/6) —

F~17



S:te identification: Site BSS - Base Service Station

HUMAN HEALTH RECEPTORS -~ SURFACE WATER PATHWAY

Score Multiplier Product Max.
(circle (score X score
one) mult, )
3. Population that obtains drinking water from potentially affected 01 2@ 3 9 9
surface water body(ies) within 3 miles (4.8 km) downstream
44. Water use of nearest surface water body(ies) 01 2@ 3 J 9
45. Population within 1000 £t (305 m) of the site 01 2@ 1 3 3
6. 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 sits g1 2@ 1 3 3
«8. Sum of items 43 through 47 27 27
439. Final score for human health receptors on surface water pathways 100
(multiply 1tem 48 x 100/27) ——
ECOLOGICAL RECEPTORS -- SURFACE WATER PATBWAYS
5C. Importance/sensitivity of biota/habitats in potentially affectaed 0 1@3 5 J0 _ 15
surface water bodies nearest the site
S1. Presence of "critical environments" within 1 mile (1.6 km) of the @ 3 1 ——0_ 3
site
10
£2. Sum of items 50 and 51 18
53. Final scors for ecological receptors on surface water pathways 6
(multiply item 52 x 100/18) 55,

COMMENTS ON SURFACE WATER RECEPTORS
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Site identification: Site BSS — Base Service Station

HUMAN HEALTH RECEPTORS -- GROUNDWATER PATHWAY

Final score for ecolpgical receptors on groundwater pathways

Score Multiplier Product Max.
(circle (score x 3core
one) mult.)
54. Estimated mean groundwater travel time fraom current wasts location to @1 23 ] 0 27
nearest downgradient water supply well(s)
55. Estimated mean groundwater travel time from current waste location to 01 2@ s 15 15
any downgradient surface water body that supplies water for domestic
use or for foed chain agraculture
56. Groundwater use of the uppermost aquifer 0 1@3 4 8 12
57. Population potentially at risk from groundwater contamination 06898 12 1 27 36
18
26 @ 36
58. Population within 1000 ft (305 m) of the site 01 2@ 1 3 3
59. Distance to ths nearest installation boundary 01 2@ 1 __3_ . 3
60. Sum of items 54 through 58 S48 96
61. Final score for human health receptors on groundwater pathways
(maltiply item 60 x 100/86) 58.3
ECOLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
62. Estimated mean groundwater trevel time from current waste location to 01 2@ 3 —9___ s
any downgradient habitat or natural area
63. Importance/sensitivity of downgradient biota/habitats that are 0 1@3 3 _6 3
confirmed or suspacted groundwater discharge points
64. Presence of “critical environments” within 1 mile (1.6 km) of the @ 3 1 0 3
site
15
65. Sum of items 62 through 64 21
66. 2 l s é

(multiply item 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTCRS (attach additiomal pages if needed)
Ground water flow to Trinity River. No downgradient wells.

54.
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ite identification: Site BSS - Base Service Station

SCORING SUMMARY SHEET

§7.

70.

Surface watar/hunan health scores

Surface water/ecological scores

Groundwater/human hsalth scores

Groundwater/ecological scores

OVERALL SITE SCORE:

72.

Pathways score

(

35.4

item 12

35.4 =

item 12

item 22

100

item 22

Overall site score = 20,536-2 3,464 = 5,92

item 71
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Contaminant
hazard score

44.4
item 25/30

;
i

item 28/32

:

item 35/40

66.7
item 38/42

(47.6

item 70

2 928.5

x

Receptors score

100

item 49

item 61

/1.4

item 66

~
L}
E
(<))
N

)

/10,000

/10,000

/10,000

/10,000

15.7

-
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Site identification: Site LFQl - Landfill 1

SURFACE WATER PATHWAYS

Score Multiplier Produet — Max.
(circle (score x  score

Observed rsleases one) mult. )
1. Have contaminants been detected in surface water? @ 100 1 ____g_ 100

If yes, assign score of 100 and proceed to item 10.

If no, assign score of 0 and proceed to item 2.
Pathway characteristics i
2. Distance to nearest surface water 01 2@ 4 12 12
3. Net precipitation @ 1223 1 0 3
4. Surface erosion potential 0@2 3 & 4 12
S. Rainfall intensity 01 2@ 4 12 12
6. Surface permeability 0 1@3 3 6 )
7. Sum of items 2 through 6 34 48
8. Normalized scors (multiply item 7 x 100/48) 70.8
3. Flooding potential (:)1 23 8 0 24
10. Adjusted pathways score

If item 1 is 100, enter 100. If item 1 is 0, enter

sum of items 8 and 9. If sum exceeds 100, enter 100. ___LQ;S
11. Waste contsinment effectiveness factor (Table 2) ____Q. 1
12. Final score for surface water pathways (multiply item 10 x item 11) _Z_Q_'B

COMMENTS ON SURFACE WATER PATHWAYS
2. 300 ft to Trimity River.
3. Mean precipitation = 31.9 inches. Lake evaporation = 57 inches.
4. From HARM FORM.
5. 3.5 inches.
-4 -5
6. 3 x 10 to < 4.2 x 10
9. From HARM FORM.

F-21



Site identification: Site LF0l - Landfill 1

SROUNDWATER PATHWAYS

Score Multipltier Product Max.
(circle (scores x  score
Ctserved releases one) mult.)
13, Bave contaminants been detected in groundwater? 0 1 ﬂg_ 100
If yes, assign score of 100 and proceed to item 20.
If no, assign score of 0 and proceed to item l4.
Cathwav characteristics
i4. Depth to seasonal high groundwater from base of
wastes Or contaminated zone c123 9 — 27
.S. Permeability of the unsaturated zone 0123 S ——— 15
16. Infiltration potential 123 5 15
.7. Sum of items l4 througn 16 57
13. Normalized score (multiply item 17 x 100/57) —_—
13. Fotential for discrete features in the unsaturated
zone to “short-circuit” the pathway to the water
table 0123 5 15

20. Adjusted pathways score. I1f item 13 is 100, enter 100.
If item 13 is 0, enter sum of items 18 and 19.
If sum exceeds 100, enter 100,

21. Waste containment effectiveness factor (Table 5)

22. Final score for groundwater pathways (muitiply item 20 x item 21)

3%

COMMENTS ON GROUNDWATER PATHWAYS

Known ground water contamination.
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zive adentification: Sjite LFOl - Landfill 1

TCNTAMINANT HAZARD -- SURFACE WATER

¢ contaminants nave besn detected in surface water (score of 100 in item 1), complete items 23 throush 28. If
cntaminants have not been detected (score of 0 in item 1). complete items 29 through 32. Attach Hazard Worksheet or list
f{ contaminants. as appropriate.

o0 s

Score Result Logarithm
(circle (base 10)
one)
22, Sum of human health hazard quotients (from column 10 of Hazard
Worksheet)
24. Human health hazard score 01246
2%, Neormalized human health hazard score (multiply item 24 x 100/6) PR
28, Sum of ecological hazard quotients (enter the larger of the sums of
coiumn 11 or 12 of Hazard Worksheet)
27 Ecclogical hazard score 0123
“« 56

23, Normaiized ecological hazard score (multiply item 27 x 100/6)

28. Maximum human health hazard index 012 3@

5678 Contaminant: manganese
iz Normalized human health hazard score (multiply i1tem 28 x 100/9) 44.4
31, Maximum ecological hazard index 0 1@‘- 6 Contaminant : manganese
22. Normalized ecological hazard score (multiply item 31 x 100/6) ) _3£

CCNTAMINANT HAZARD -- GROUNDWATER

If contaminants have been detected in groundwater (score of 100 in item 13), complete items 33 throusgh 38. If contaminants
~ave not been detected (score of 0 in item 13), complete items 39 through 42. Attach Hazard Worksheet or list of
ccntaminants, as appropriate.

33 Sum of human health hazard quotients (from column 10 of Hazard 8

o 2.78x10° 8.4
3-. Human nealth hazard score 0124
35, DYNormaliized hunan health hazard score (multiply item 34 x 100/6) 100

28, Sum of ecological hazard quotients (enter the larger of the sums of

colum 11 or 12 of Hazard Worksheet) 102_ ) ___2
3i7 Ecologsical hazard score 0123
586
2¢. Normalized ecological hazard score (multiply item 37 x 100/6) 66.7

33, Maximum human health hazard index 0123«

s6789 Contaminant:
-3 Ncrmalszed human health hazard score (multiply item 38 x 100/8)
«1. Maximum ecological hazard index 0124686 Contaminant:

-2. Normalized 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 identafication:Site LFQOl - Landfill 1

HUMAN HEALTH RECEPTORS -- SURFACE WATER PATEWAY

Score Multiplier Product Max,
(circle (score x score
one) mult. )
«3. Population that obtains drinking water from potentially affected g1 2@ 3 9 9
surface water body(ies) within 3 miles (4.8 km) downstream
) 9
44. Water use of nearest surface water body(ies) 01 2@ 3 _—
3
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
47, Land use and/or zoning within 1 mile (1.6 km) of the site 01 2@ 1 _ 3
. 27
8. Sum of items 43 through 47 —_ 27
49. Final score for human health receptors on surface water pathways
(multiply 2tem 48 x 100/27) _1.9.2
SCOLOGICAL RECEPTORS -- SURFACE WATER PATHWAYS
S0. Importance/sensitivity of biota/habitats in potentially affected Q 1@3 5 10 15
surface water bodies nearest the site
51. Presence of "critical environments" within 1 mile (1.6 km) of the @ 3 1 0 3
site
_ 10
52. Sum of items 50 ‘and 51 18
53. Final score for ecological receptors on surface water pathways 55.6

(multiply item 52 x 100/18)

COMMENTS ON SURFACE WATER RECEPTORS

Information from HARM FORM

50. Trinity River, Lake Worth, and Fort Worth Fish Hatchery.
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Site identification: Site LFOl - Landfill 1

HUMAN HEALTH RECEPTORS -- GROUNDWATER PATHWAY

Score Multiplier Product  Max.
(circle (score x score
one) mult.)
54, Estimated mean groundwater travel time from current waste location to @1 23 9 0 27
nearest downgradient water supply well(s)
55. Estimated mean groundwater travel time from current waste location to 01 2@ S _i_ 15
any downgradient surface water body that supplies water for damestic
use or for food chain agriculture
56. Groundwater use of the uppermost aquifer 0 1@3 4 8 12
57. Population potentially at risk from groundwater contamination 068912 1 27 36
1
20 @) 36
58. Population within 1000 ft (305 m) of the site 01203 1 _3 3
£9. Distance to the nearest :installation boundary 01 2@ 1 3 3
§0. Sum of items 54 through 59 56 96
61. Final score for human health receptors on groundwater pathways 58.3
(multiply item 60 x 100/96)
ECOLOGICAL RECEPTORS -- GROUNDWATER PATHWAYS
62. Estimated mean groundwater travel time from current waste location to 01 2@ 3 9 9
any downgradient habitat or natural arsa
63. Importance/sensitivity of downgradient biota/habitats that are 0 1@3 3 6 9
confirmed or suspected groundwater discharge points
64. Presence of "critical environments"” within 1 mile (1.6 km) of the @ 3 1 __Q_ 3
site
65. Sum of items 62 through 64 15 21
66. Final score for ecological receptors on groundwater pathways 71.4

(multiply item 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTORS (attach additional pages if needed)

54.

Ground water flow calculated at 2 ft/day.

is towards Base, thus no flow towards well.

F-25

0.5 mile to nearest well, which is

a municipal supply well on the other side of the Trinity River, where gradient



cite identification: Site LFO1 - Landfill 1

SCORING SUMMARY SHEET

Contaminant
Zathways score hazard score  Receptors score
57. Surface water/human health scores ¢ 70.8 x 4_4 -4 x __._.100 )
item 12 item 25/30 item 48
88. Surface water/ecological scores ( 70'8 X 3__3’3 x —-55.6 )
item 12 item 28/32 1tem 53
58 Groundwater/human health scores ( 100 x 100 x 58.3 )
item 22 item 35/40 item 61
e Groundwater/ecological scores ( 100 x 66.7 x 71.4 )
item 22 item 38/42 item 66
OVERALL SITE SCORE:
7o (3l.4 3%xs + (13.1,2 . (58.3,2,.5 , (47.6 2 _ 24,372.7
item 67 item 68 item 69 item 70

72. OQOverall site score = 24,372-7/ 3,464 = 7>036-0

item 71
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