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PREFACE

Radian Corporation is the contractor for the Installation Restora-
tion Program (IRP) Phase 1I, 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 LFO1l, SD13, ST14, 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
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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. 1In 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.

Approved:
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 the Flightline Area of 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). The main contaminants are
volatile organic compounds (principally trichloroethene (TCE)) associated with
waste chlorinated solvents. 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 Flightline Area. The 1990

effort was limited to further characterization of four of the Flightline Area

IRP sites:

. Site LFO4 - Landfill 4;
. Site LFO5 - Landfill 5;
. Site WP0O7 - Waste Burial Area; and
. Site FTO09

Fire Department Training Area 2.

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

in separate project reports and documents, are shown in Figure ES-1.

Four major tasks were accomplished to address the existing data

gaps:

. Drilling and logging of 29 soil borings to identify the dis-
tribution of paleochannel deposits, suspected as preferential
pathways for migration of contaminants in Upper Zone ground

water;

ES-1
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. Installation of 10 additional monitor wells, screened to the
base of the Upper Zone Aquifer to provide additional infor-
mation on the areal and vertical extent of ground-water con-

tamination and possible existence of DNAPL;

. Ground-water and surface water sampling, analysis and static

water level measurement; and

. Aquifer testing to determine Upper Zone hydraulic properties

in the Flightline Area.

Based on all available data, ground-water contamination appears to
be limited to the shallowest water-bearing zone, known as the Upper Zone
Aquifer. 1In the Flightline Area, as well as across Carswell AFB and the
adjoining area of Air Force (AF) Plant 4, the Upper Zone consists of uncon-
solidated Quaternary and Recent alluvial deposits (sand, gravel, silt and
clay) that contain ground water under unconfined conditions. The Upper Zone
deposits in the Flightline Area vary from approximately 5 to 49 feet thick,
and are 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 4
to 30 feet below ground level (bgl) and ground-water flow in the Flightline
Area is generally toward Farmers Branch. A series of hydrogeologic cross-
sections through the Flightline 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 Flightliné Area are
Farmers Branch, an unnamed tributary that flows into Farmers Branch, and two
small ponds on the base golf course. Farmers Branch eventually discharges to
the Trinity River, which is located along the eastern boundary of Carswell
AFB. The Upper Zone ground water and surface water bodies in the Flightline
Area are hydraulically related, with ground water discharging to surface

water.

ES-3
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Trichloroethene (TCE), vinyl chloride, tetrachloroethene (PCE), and
the cis- and trans- isomers of 1,2-dichloroethene (1,2-DCE) are the main
contaminants detected in the ground water and surface water in the Flightline
Area. Based on the concentrations and distribution of these compounds in
ground water, most recently determined in the 1990 sampling and analysis
program, the four former waste disposal areas (Sites LFO04, LF05, WPO7, and
FT09) appear to be sources for some of the ground-water contaminants detected
downgradient of the sites. However, all of these compounds were also detected
in samples from monitor wells located hydraulically upgradient of all Carswell
AFB IRP sites in the Flightline Area, indicating that additional off-base
sources must also be contributing to the existing Upper Zone ground-water
contamination. The occurrence of volatile organic contaminants in the Upper
Zone ground water on the AF Plant 4 property, upgradient of the Flightline
Area, has been documented (Hargis and Associates, 1989). The source(s) of the
contamination on AF Plant 4 have thus far not been identified. However, it is
likely that they are also the source(s) for the contamination detected in the
upgradient Flightline Area wells, and are contributing some component to the

contaminant plumes that exist downgradient of the Flightline Area IRP sites.

In conjunction with lithologic logs obtained in previous drilling
efforts, logs from the new soil borings were used to delineate the thick
accumulations of sand and gravel deposited in paleochannels eroded into the
surface of the underlying bedrock. Figure ES-2 is the resulting sand and
gravel isopach map of the Flightline Area. The areas of thickest sediment
correspond well with the highest concentrations of TCE determined in 1988,
suggesting that TCE (and other ground-water contaminants) may be prefer-
entially migrating along these relatively permeable deposits in the Upper
Zone. The locations of existing Carswell AFB monitor wells and wells
installed in the Flightline Area by Hargis and Associates for AF Plant 4 were
reviewed to determine the optimum locations for the new wells installed in
1990. Locations were selected to assess the preferential pathway hypothesis,

as well as to better determine the areal extent of contamination, and the

ES-4
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degree of continuity of the on-site contaminant plume with documented ground-
water contamination present upgradient on the adjacent AF Plant 4 property.
The latter objective could not be achieved because no AF Plant 4 wells were

sampled concurrently with the Carswell AFB Flightline Area wells.

The monitor wells installed in 1990 were completed to intercept the
base of the Upper Zone Aquifer to determine if dense non-aqueous phase liquid

contaminant (DNAPL) is present in the Flightline Area. None was detected.

The results of the 1990 sampling and analytical effort confirmed
that migration of the volatile organic contaminant plumes in the Upper Zone
ground water does occur preferentially within the eroded bedrock paleochan-
nels. A secondary component of movement is in the direction of ground-water
flow, generally toward Farmers Branch. The maximum downgradient limit of
vinyl chloride contamination was defined by the existing well network, which
was also adequate to identify multiple sporadic occurrences of PCE. However,
the areal extent of TCE and total 1,2-DCE in ground water was not determined.
Samples from monitor wells located along the downgradient limit of the well
network contained concentrations from 1300 to 2700 ug/L, and 280 to 540 ug/L,

respectively.

In contrast to findings and interpretations from previous inves-
tigations, the ground-water and surface water analytical results for samples
collected in 1990 provide little evidence of a metals contamination problem.
No metals were detected in concentrations above MCLs in any samples analyzed
for dissolved metals and there is no apparent pattern to the few detected con-
centrations above MCLs in the total metals analyses. In previous sampling

events, only the total metals fractions were analyzed.

A pumping well and observation well for evaluation of Upper Zone
Aquifer properties were installed just north of the northeast corner of
Landfill 4, near the axis of a major paleochannel. The observation well was
located approximately 50 feet north of the pumping well. Seven additional
monitor wells were included in the observation well network, but the measured

water levels showed no response to pumping after 20 hours of pumping at the
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optimum rate determined in the preceding step test (approximately 20 gal-
lons/minute). Data from the pumping test and subsequent recovery test were
analyzed using the Cooper-Jacob method, and the computer Well Hydraulics
Interpretation Program (WHIP™). The resulting calculated aquifer properties
of transmissivity, hydraulic conductivity, and storage coefficient are
summarized in Table ES-1. The values all fall within the range expected for

clean sands and gravels (Freeze and Cherry, 1979).

Upper Zone ground water in the Flightline Area was determined to
discharge to surface water, based on synoptic water level measurements in the
monitor wells and at a staff gauge in Farmers Branch. This interpretation is
supported by the similarity in ground-water and surface water contaminant
distributions and concentrations in samples collected in 1990. The chemistry
of surface water in the unnamed tributary to Farmers Branch suggests the water
is virtually equivalent to the ground-water plume composition at the sample
collection point. Volatile organic contaminants, most notably TCE, in
concentrations above MCLs were detected in samples collected from both the
upgradient and farthest downgradient sampling points on Farmers Branch,
suggesting contributions from off-base sources, as well as the potential for
off-base migration of contaminants. Estimated concentrations of TCE and total
1,2-DCE leaving the Flightline Area via Farmers Branch are 45 pug/L and 8.4
pg/L, respectively.

A baseline risk assessment, incorporating the 1990 analytical
results, was performed for the Flightline Area. Site FT09 (Fire Department
Training Area 2) was not included in the risk assessment because a remedial
action has been selected for this site. The remedial design includes tech-
nologies that eliminate the potential for continuing releases from the site.
Indicator chemicals, contaminant release, transport and fate mechanisms, and
potential receptors and exposure pathways, specific to the Flightline Area
were identified and evaluated. The Flightline Area was determined to pose no
significant human health threat, based on evaluation of carcinogenic and
noncarcinogenic (chronic) risks. Environmental (terrestrial wildlife and

aquatic organisms) risks were determined to be minimal.
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Using all available information generated in the IRP, the Flight-
line Area (combined Sites LF04, LF05, WP07 and FT09) was evaluated using the
Defense Priority Model (DPM). The Flightline Area received a total score of
19,381 and ranked second among the five Carswell AFB IRP sites/areas evaluated
with the model. While the Flightline Area contamination poses no immediate
human health threat, remedial action is indicated to prevent continuing
contaminant release and migration. Recommendations for addressing remaining
data needs for design and implementation of a remedial action are provided in
Section 7. It is anticipated that all of the required data can be obtained
within the detailed design phase of the selected remedial action, 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 is to provide a sufficiently detailed
description of existing environmental conditions in the Flightline Area (Sites
LFO4, LFOS5, WPO7, and FT09) of Carswell AFB, Texas such that the impacts of
documented ground-water contamination beneath the base can be determined and a

remedial action can be designed and implemented.

Previous IRP studies documented soil and ground-water con-
tamination, especially with trichloroethene (TCE) and chromium (Cr), in the
Flightline Area. Previous investigations detected contamination of soils and
ground water only in the "Upper Zone," a term used to describe the surface
deposits of alluvium and fill in the Flightline Area (Hargis and Montgomery,
Inc., 1983). However, the complete areal and vertical extent of the con-

taminant plume(s) were not defined.

Previously available evidence suggested multiple sources of the
contamination, including source(s) located upgradient of all potential sources
in the Flightline Area of the base. The monitoring network existing at that
time was insufficient to identify and determine the relative contributions
from these other sources. This report, based on additional IRP RI/FS Stage 2
field and analytical efforts performed between 5 March and 22 June 1990,
addresses these data gaps and presents a summary of the current understanding
of the hydrogeologic setting and Upper Zone ground-water characteristics of

the Flightline Area.

Four major field tasks were designed to address existing data
gaps. Soil borings were drilled and sampled to better define the distribution
of basal gravels deposited in ancient river channels (paleochannels) which
might serve as preferential pathways for contaminant migration. Monitor wells
were installed to provide additional sampling sites to better characterize the
vertical and lateral extent of ground-water contamination and potential or

existing contamination sources. A comprehensive sampling of all Upper Zone
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wells and numerous surface water sites was conducted to determine the nature
and extent of contamination present. Finally, aquifer testing was performed
to define the hydraulic conditions in the Flightline Area to aid in a more

accurate characterization of contaminant transport.

1.2 Site Description

Carswell AFB is located six miles west of the center of Fort Worth
in Tarrant County, Texas (Figure 1-1). The focus of this investigation is on
an area near the southern end of the flightline at Carswell AFB, hence the

name "Flightline Area" is used to describe the location of the study area.

The Flightline Area includes six discrete sites that were iden-
tified as potential sources of contaminants in previous IRP studies (Figure

1-2). They are:

. LFO3 - Landfill 3;
. LFO4 - Landfill 4;
. LFO5 - Landfill 5;

. WPO7 - Waste Burial Area;
. FTO8 - Fire Department Training Area 1; and
. FT09 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-
dence that Sites LFO3 and FTO8 have released hazardous waste or waste con-
stituents to the environment. Therefore, it was concluded that they do not
pose an environmental or human health risk (Radian, 1989) and a Decision
Summary Technical Document to Support No Further Action was prepared for each
site (1990a,b). The monitor wells installed at Site FTO8 were, however,
included in this most recent Stage 2 ground-water sampling effort because it
is likely that they are intercepting ground water that has been contaminated
by one or more upgradient, potentially off-base sources. In the following

subsections, Sites LF04, LFO5, WPO7 and FT09 are described in terms of their
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physical features, historical uses, and the significant hydrogeologic findings
from previous investigations performed in the Flightline Area. Historical
descriptions of these sites and the wastes disposed of in each are taken from

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

1.2.1 Site LFO4 - Landfill 4

Landfill 4 includes approximately 10 acres of land located east of
the south end of Taxiway 197. It was the main landfill during much of the
history of Carswell AFB. While in active use, at least six large pits,
approximately 12 feet deep, were filled with refuse which was burned and
buried. Various potentially hazardous wastes were reported disposed of at
this site, including drums of waste liquids, partially full paint cans, and

cadmium batteries.

1.2.2 Site LFO5 - Landfill 5

Landfill 5 is located northwest of Landfill 4, adjacent to a small
tributary to Farmers Branch. The landfill was constructed by building a clay
berm along the creek and filling the area behind the berm up to the existing
level. The landfill received all types of flightline wastes and refuse.
Flightline wastes typically include such substances as oils, thinners,
strippers, and paints. Waste materials in the landfill were burned regularly

and buried.

1.2.3 Site WPO7 - Waste Burial Area

Site WPO7 is located adjacent to and north of White Settlement Road
where it comes to a dead end at the taxiway. The area was used for burial of
wastes during the 1960s. Various types of hazardous wastes, including drums
of cleaning solvents, leaded sludge, and possibly ordnance were reportedly

disposed of at this site.
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1.2.4 Site FT09 - Fire Department Training Area 2

Site FT09 is located between Taxiway 197 and the radar facility.
This site, with only slight modifications, has been used for fire department
training exercises since 1963. The fire pit is lined with gravel and is
enclosed by a low earthen berm. In the past, a second pit was present at the

site to collect run-off from the training exercises, but it no longer exists.

1.3 Summary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations
performed during two separate Stages of the IRP Phase II; the Stage 1 Prelimi-
nary Assessment (PA) and Stage 2 Site Inspection (SI). The Phase II Stage 1
investigation (Radian, 1986) documented contamination of shallow ground water
and soils in the Flightline Area. The initial Phase II Stage 2 investigative
activities helped define contaminants in the Flightline Area, both quali-
tatively and quantitatively. Radian conducted a second episode of field
activities during the Phase II Stage 2 investigation (Radian, 1990c) to fill
data gaps remaining after the initial Phase II Stage 2 effort (Radian, 1989).

Most notably, these characterization efforts included:

. Source definition;

. Determination of surface water - ground water relationships;

. Definition of vertical and lateral extent of contamination;
and

. Estimation of Upper Zone Aquifer hydraulic properties.

With information obtained from the additional Phase II Stage 2 activities,
more complete characterization of contaminant source(s), surface water,

geology, and ground water in the Flightline Area was achieved.
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The following paragraphs summarize the activities performed
throughout the Phase II IRP to characterize the contaminant sources and
environmental media of concern in the Flightline Area at Carswell AFB. All
field and analytical data from these investigations are contained in the
various reports, including the Phase I investigation (CH2M Hill, 1984), the
Phase II Stage 1 investigation (Radian, 1986), and the previous Phase II Stage
2 investigation (Radian, 1989).

1.3.1 Contaminant Source Characterization

The following activities were performed to characterize the

source(s) of contamination identified in the Flightline Area:

. Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

. Delineating the lateral and vertical extent of the waste

areas; and

. Assessing the chemical and physical characteristics of wastes

disposed of in the Flightline Area IRP sites.

These activities were accomplished by completing the following

tasks:

. Reviewing the Phase I Records Search and personnel interviews;

. Performing geophysical surveys to accurately define the lat-
eral and vertical extent of the former waste disposal areas;

and

. Collecting environmental samples (soil, ground water, and
surface water) to determine the types and amounts of contamin-
ants associated with individual waste disposal units within

the Flightline Area.
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1.3.2 Surface Water Characterization

The major surface water features associated with the Flightline

Area are:

. Farmers Branch;
. An unnamed tributary that flows into Farmers Branch; and
. Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

. Chemical analysis of surface water samples collected from
Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

. Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and
. Installing and surveying a staff gage in Farmers Branch to
help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

. Determine the location of paleochannel(s) to assist in place-

ment of Upper Zone monitor wells;

. Determine the depth to the shallow aquitard (Goodland/Walnut

Formation) in the Flightline Area;
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. Identify the thickness of the shallow aquitard under the

Flightline Area; and

. Determine the depth to the uppermost regional potable water

supply aquifer (Paluxy Aquifer) beneath the study area.

Radian accomplished these activities by completing the following

tasks:
. Borehole drilling, sampling, and lithologic logging; and
. Performance of geophysical surveys.

1.3.4 Ground-Water Characterization

Investigations of the ground water occurring under the Flightline
Area were limited to the Upper Zone and the Paluxy Aquifers. Previous
investigations focused on these two aquifers because deeper aquifers are
unlikely to be affected by downward migrating contaminants. This is due to
the several hundred-foot thick section of low permeability Glen Rose Limestone
that acts as a basal aquitard to the Paluxy Aquifer in this area. Activities
were focused on defining ground-water quality, both upgradient and down-
gradient of former waste disposal units in the Flightline Area, and on

estimating aquifer properties. Characterization efforts were directed toward:

. Determining the physical and hydraulic properties of the
aquifers;
. Identifying and quantifying the concentrations of contaminants

in ground water from the Upper Zone and Paluxy Aquifer; and

. Delineating the lateral and vertical extent of ground-water

contamination.

Radian performed the following tasks to characterize ground-water

conditions in the Flightline Area:
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. Test well installation in both the Upper Zone and Paluxy
Aquifers;

. Sampling and describing the sediments that contain the ground
water,

. Synoptic water-level surveys and potentiometric surface con-
touring;

. Performing in situ permeability tests (slug tests) and a pump

test of the Upper Zone Aquifer;

. Ground-water sampling and analysis for waste-specific in-

dicator parameters; and

. Mapping of ground-water contamination in the Flightline Area.
1.3.5 Findings of Previous Flightline Area Investigations
Geology

Based on the results of previous investigations (CH2M Hill, 1984;
Radian, 1986, 1989, 1990c), the Flightline Area of Carswell AFB is charac-
terized by surficial alluvial deposits of gravel, sand, silt and clay which
are unconformably underlain by limestone and shale bedrock of the Cretaceous
Goodland and Walnut Formations. The alluvium includes flood-plain and
fluviatile terrace deposits which together constitute the Upper Zone, as

defined by Hargis and Montgomery, Inc., 1983.

The base of the Upper Zone sediments was encountered during dril-
ling activities performed in both RI/FS Phase II Stage 1 and Stage 2. In the
Flightline Area, the Upper Zone varies from approximately 13 feet to greater
than 40 feet thick. In general, silt and clay, with variable amounts of sand
and gravel, dominate the upper five to 10 feet of the section. Below this

depth, sand and gravel occur in increasing proportions, and in general, tend
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to increase in grain size with depth. Basal gravel deposits also occur in
paleochannel features eroded into the surface of the underlying bedrock. The
gravel consists mainly of limestone and shell fragments that range in size

from fine gravel to cobbles.

The bedrock was penetrated during drilling of the Paluxy Aquifer
monitor wells in the Stage 2 study, and was encountered at the base of a
number of the Upper Zone monitor wells installed in Stage 1 and Stage 2.
Bedrock in the Flightline Area consists of interbedded fossiliferous limestone
and calcareous shale of the Goodland and the Walnut Formations. These units
are generally dry, although small amounts of water were occasionally observed

in the shale and clay units during drilling activities.

The bedrock surface is level across most of the Flightline Area
east of Taxiway 197, but rises sharply near the southwest part of Site FT09
and the southern part of Site LFO4, in the vicinity of the outcrop south of
the study area. The locally irregular topography of the bedrock surface is

typical of an erosional surface modified by fluvial processes.

Ground Water

Ground water occurs in the Upper Zone and in the Paluxy Aquifer
beneath the Flightline Area. The potentiometric surface of ground water in
the Upper Zone tends to mirror the configuration of the alluvium/bedrock
contact. The position of the water table also reflects to a lesser degree the
land surface topography. Downgradient is generally to the east toward a
tributary of Farmers Branch, parallel to the surface slope. The hydraulic
gradient is very low (on the order of 16 feet per mile) beneath most of the
Flightline Area, except in the extreme southwestern area where it is notably

steeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone
contamination by several volatile organic compounds, most notably TCE at con-
centrations ranging up to approximately 5000 micrograms per liter (ug/L).

Soil samples from the Flightline Area also contained detectable concentrations
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of TCE. Most of the detected contamination was apparently centered to the
east of the Flightline Area at the golf course, but TCE concentrations up to
nearly 3300 ug/L were also detected in samples from wells located upgradient
of Landfill 5, within 900 feet of the flightline. No contaminants were

detected in the Paluxy Aquifer monitor wells.

During the Stage 2 effort, flightline monitor wells were sampled in
January-February, and again in April, 1988. The following analytes were
detected in concentrations above their respective EPA Maximum Contaminant
Levels (MCLs) in one or more samples: arsenic, barium, cadmium, chromium,
lead, selenium; and trichloroethylene, vinyl chloride, and benzene. Of the
metals detected in concentrations exceeding their MCLs, chromium was the most
widespread. However, all metals analyses were performed on unfiltered ground-
water samples, and therefore reflect total, rather than dissolved metals con-

centrations.

As determined in Stage 1, the dominant organic contaminant iden-
tified in Stage 2 Upper Zone ground-water samples was TCE. The extent of the
TCE plume in the Flightline Area was not completely defined upgradient (west)
or downgradient (north and east) of the flightline IRP sites. Based on the
generally west-to-east shallow ground-water flow direction, the existence of
TCE in samples from monitor wells located west of the IRP sites was inter-
preted as indicating one or more additional upgradient sources not related to
the sites subject to ongoing investigation. Also, TCE contamination of Upper
Zone ground water in the area east of Air Force Plant 4 (i.e., upgradient of

the Carswell AFB Flightline Area) is documented (Hargis and Associates, 1989).

Additional Stage 2 activities in the Flightline Area were recom-
mended to: 1) determine to what extent, if any, the TCE-contaminated Upper
Zone ground water east of Plant 4 and that beneath the Flightline Area
constitute a contiguous plume; 2) determine to what extent, if any, the IRP
sites on Carswell AFB are contributing to the existing Upper Zone ground-water
contamination; 3) define the maximum lateral, downgradient, and vertical
extent of the contaminant plume on Carswell AFB; and 4) define the site-

specific hydrogeological characteristics of the Upper Zone in the Flightline
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Area in sufficient detail to design and implement an appropriate remedial

action.

1.4 Report Organization

Following this Introduction, the field activities performed to
characterize the Flightline Area are described in Section 2. The techniques
and methodologies used to accomplish the field program are presented in detail
with respect to the contaminant source, surface water, geological, and ground-
water investigations that were included in the comprehensive Phase II scope of
work. Section 3 presents a detailed description of the physical environmental
setting of the Flightline Area based on interpretation of data from the
current investigation and from previous studies. The nature and extent of
surface water and ground-water contamination, determined from the most recent
round of sampling and analysis (May-June 1990) are discussed in Section 4, and
Section 5 addresses contaminant fate and transport. Section 6 summarizes the
baseline risk assessment methodology and results of the evaluation; and
presents the Defense Priority Model (DPM) ranking of the Flightline Area.
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

Several field techniques were used to obtain information on the
environmental conditions of the Flightline Area. 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), aquifer test methods, and surveying requirements.

2.1 Drilling and Soil Sampling

Drilling at Carswell AFB was accomplished using a hollow-stem auger
rig for the Upper Zone monitor wells and soil borings and a rotary drilling
rig (using both mud and air) for the Paluxy monitor wells. These methods were
selected based on site-specific conditions and data requirements; i.e., the
anticipated depth of completion, the need for water-level observations during

drilling, 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.

The following paragraphs describe the drilling and soil sampling

procedures.
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2.1.1 Hollow-Stem Augering

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.

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 field activities are provided in Appendix A.
Photographs of selected soil cores showing lithologic characteristics 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 most recent

Stage 2 effort.

2.1.2 Air and Mud Rotary Drilling

Air and mud rotary drilling was performed during the Phase II Stage
1 program (Radian, 1986) with a Gardner-Denver 1500 CD truck-mounted rig. A
6-inch bit was used to advance a pilot borehole through the Upper Zone
alluvial material to a depth of at least five feet into the underlying
Goodland Limestone. The borehole was then reamed to a diameter of 14 inches.
In order to seal off different water bearing zones, a 10-inch diameter steel
casing was installed to the full depth of the borehole and the annular space
was grouted. Upon achieving a positive seal, the borehole was advanced using
a 6-inch diameter bit to the final depth at the shale unit separating the

upper and lower Paluxy Formation. Bentonite drilling fluid was used while
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drilling in the Paluxy Formation owing to borehole instability during air

rotary operations.

As the borehole was advanced, the cuttings discharged at the
surface were described by lithology, moisture content (air rotary-drilled
section), evidence of contamination, and other features useful in charac-
terizing the geologic section. Drilling conditions, such as relative rate and
ease of penetration, were noted by the driller. Water encountered during
drilling was noted with respect to depth of occurrence and rate of production.
As needed, drilling was suspended temporarily to allow for recovery of water

in the borehole.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and
lateral extent of waste-disposal activities, to provide a clearer picture of
the subsurface conditions around the sites, and to investigate the potential
existence of buried objects at several locations. Most geophysical tasks were
performed during Phase II Stage 1; only a magnetometer survey of WPO7 (form-

erly Site 10) was performed during the initial Stage 2 investigation.

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 Flightline Area characterization efforts were earth
resistivity, magnetic and magnetic gradient, and fixed frequency electromag-
netic profiling (EMP) conductivity. The Earth Technology Corporation of
Golden, Colorado performed the geophysical surveys in the Flightline Area.
Following are brief descriptions of the various geophysical techniques used to

characterize the Flightline Area.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schlumberger
soundings (vertical electrical soundings - VES) at all IRP sites in the

Flightline Area. The Bison Model 2350 Earth Resistivity meter was utilized
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for the VES measurements. Current electrode separations used were (in
meters): 1, 2, 3, 4, 6, 10, 14, 20, 30, 40, and 50 (1 meter equals 3.28
feet). Due to variable ground conductivity, potential electrode separations
varied slightly from site to site. 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 inhomogeneities in the ground.

2.2.2 Electromagnetic Surveys

Electromagnetic profiling (EMP) surveys were conducted at Flight-
line Area Sites LFO3, LF04, LFO5, WPO7, FTO8, and FTO9 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 transmis-
sion 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 50 feet with the EM34-3. The resulting data are

reported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500
proton magnetometer or a Geometrics G856AX magnetometer. Magnetometer surveys
were performed because the over-burden at Carswell has a low magnetic suscep-
tibility; the buried objects were believed to contain a significant amount of
iron that 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 WPO7 during Phase II Stage 2 activities was
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performed to determine if metal objects were buried at any of the proposed

drilling locations.

2.3 Monitor Well Construction and Development

During the Phase II activities in the Flightline Area, a total of
35 Upper Zone monitor wells and two Paluxy Aquifer monitor wells were
installed. The construction specifications and well development procedures
are described in the following sections. One aquifer (pump) test well and an
observation well were also completed in the Upper Zone. The construction of

these wells is described in Section 2.5 (Aquifer Pumping Test).

2.3.1 Upper Zone 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
Flightline Area monitor wells completed in the most recent (1990) inves-
tigation are provided in Appendix B. Construction methods were generally
consistent with the specifications provided in the SOW. Any changes neces-
sitated by unanticipated 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.
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TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
FLIGHTLINE 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.
Some well screens were wrapped with filter fabric material.

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: 7Two feet (minimum) of pelletized bentonite placed above
the sand pack.

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

Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in the cement. A locking cap is incor-
porated 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).

2-8




W3 47

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. Where heaving
or flowing sand was encountered, some well screens were
wrapped in a filter fabric and installed using a natural,
rather than artificial, sand pack. These wells were LF04-4F
and -4H, and LFO05-5F, -5G, and -5H.

Except as previously noted, clean 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 reg-
ularly 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 (minimum). If necessary, water bailed from the
borehole was poured down the annular space to hydrate the

bentonite.

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.

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 lid was cemented into
place. Three steel guard posts were then placed around the
well. If above-ground stickups were of concern in an area,
the well was completed flush with the land surface. For flush
completions, the lid to the valve box was secured with allen

bolts.
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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 Flightline Area.

2.3.2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section
2.1, two Paluxy Aquifer monitor wells were installed as follows: Screen and
casing, consisting of 5-inch diameter Schedule 80 PVC, were installed into the
10-inch diameter borehole. Screen length was 37.5 feet. Gravel pack material
(Texas Blast Sand No. 1A) was placed in the annular space to a level of five
feet above the top of the screen. Bentonite pellets were added to form a 2-
foot thick seal, and the remaining annular space was sealed to the surface by
the tremie method using bentonite-cement grout. After the grout was allowed
to set for a minimum of 24 hours, the well was developed by bailing until a
sediment-free discharge was produced. A 1/3 horsepower stainless steel
submersible pump was installed after development. Protective casing, surface
electrical connections, and a concrete well pad were placed after the pump was

installed.

2.3.3 Well Development

After allowing the cement grout to set-up for a minimum of 24
hours, the Upper Zone wells were developed by either bailing using a bottom-
entry bailer or pumping with a Triloc® hand pump (l.7-inch diameter). As

previously stated, Paluxy Aquifer monitor wells were developed by bailing.

Water levels in some of the Upper Zone 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 as sediment
free as 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
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appropriately labeled, based on field observations. Well development logs for
the most recently installed (1990) monitor wells in the Flightline Area are
provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the
Flightline Area. The following subsections describe the sampling techniques
and methodologies for the various water samples collected during IRP Phase I1I
investigations. Ground-Water and Surface Water Quality Sampling Records for
the most recent 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 the clean
sample containers to minimize sample handling (and possible cross-contam-
ination). 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 most recent (1990) field
activities, surface water samples were collected at Farmers Branch, a small
tributary that runs into Farmers Branch, and two ponds located on the Carswell
AFB golf course. Additionally, during the most recent Stage 2 investigation
(1990), estimates of flow volume were made at each surface water sample

location at the time of 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.
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.
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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 0.0l-foot. Between measurements, the probe and associated
electrical line were washed with laboratory grade detergent, rinsed with
potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

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

wells.

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

could not be made due to instrument malfunction.

After each well was purged of the required volume of water, ground-
water samples were collected using a Teflon bailer. After collection, samples
were placed directly 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
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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)
and an aquifer pumping test were performed to determine the hydraulic proper-
ties of the Upper Zone Aquifer in the Flightline Area. Following is a

discussion of the aquifer test methods.

2.5.1 Slug Tests

Slug tests were performed in 13 monitor wells (LFO4-4A, -4B, -4D,
-4E, -4G, LFO5-5A, -5B, -5C, -5D, -SE, FT09-12A, -12B, and -12C) at the
Flightline 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).

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
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pPressure 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 conducted at each well tested to

determine the reproducibility of the results.

2.5.2 Aquifer Pumping Test

An aquifer pumping test was performed to evaluate the hydraulic
characteristics of the Upper Zone deposits in the Flightline Area. One 6-inch
diameter well (LF04-03) was installed during field activities performed under
D.0. 4 Modification 0004 to accommodate the 4-inch submersible pump used in
the test. The pumping well was constructed of Schedule 80 PVC (slot size
0.020 inches) and was screened over the entire saturated thickness of the
Upper Zone. In order to measure the aquifer'’s response to pumping, a 2-inch
diameter observation well (LF04-02) was also installed. The observation well
was installed about 50 feet north of the pumping well and was also screened
over the entire saturated thickness of the Upper Zone. All other construction

details were the same as for the Upper Zone monitor wells.

Pumping tests usually provide the means to stress an aquifer to
such a degree that reliable estimates of transmissivity, storativity, and
hydraulic conductivity can be made. These values are calculated using
drawdown and recovery data recorded in the pumping well and observation wells.
Each of these calculated parameters can ultimately be used to estimate ground-

water flow rates and contaminant plume migration.

Step Pumping Test

Prior to the start of the pumping test, a step test was performed
to assess aquifer response at multiple incremental pumping rates to determine

the optimum pumping rate for the aquifer test. The optimum pumping rate for
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the Flightline Area pumping test was determined to be the full capacity of the
submersible pump (Gould 1/2 HP, Model 10 EJ) or approximately 20 gallons-per-
minute (gpm). The pump was rated at approximately 25 gpm with the amount of
hydraulic head encountered in the pumping well. However, travel of discharge
water through over 300 feet of polyethylene pipe before ultimate discharge to
the City of Fort Worth sewer system reduced discharge rates because of
friction losses. Background water-level data in the pumping well and the near
observation well were collected electronically (at 10 minute intervals) with a
Hermit brand model SE1000B data logger for approximately 40 hours prior to the
step test. The background data are useful for defining natural trends (i.e.,
variability) in the Upper Zone Aquifer water level, such as increases from
recharge or decreases due to evapotranspiration. The background data can also
be useful in preventing misinterpretation of a water level decline as being

caused by pumping, rather than by natural factors.

Pumping Test

The pumping test was conducted on 21 and 22 June 1990, and ran for
20 hours. The pumping test began about 16 hours after the end of the step
test, when the measured water levels had recovered to over 99 percent of their
pre-step test levels. The 4-inch submersible pump (used in the pump and step
test) was powered by a 3500 watt portable generator. Pump test discharge
water underwent aeration before being discharged to the City of Fort Worth
sewer system, with air for the aeration provided by a portable 125 cfm air
compressor. During the step and pump tests, the pumping rate was determined
by timing discharge into a 5-gallon container with a stopwatch. All required
data from the aquifer test were recorded on IRPIMS Pump/Recovery Test Data

Collection Forms, included in Appendix F.

Because drawdown is more rapid at the beginning of a pumping test,
electronic recording of water levels (in the pumping well and nearest obser-
vation well) was in a logarithmic progression. Manual water level measure-
ments of seven additional Upper Zone monitor wells were also made at more
frequent intervals during the early stages of the test. During the test, pH,

conductivity, temperature and the visual characteristics of the discharge
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water were recorded at regular intervals. In addition, the pumping rate and
drawdown of the pumping well were periodically checked to ensure consistency
throughout the test, as wells will typically show a slow decline in discharge

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by
hand during the test. This allowed for construction of time-drawdown plots,
or hydrographs, in the field for all wells being monitored during the test.
These plots were used for preliminary determination of aquifer charac-
teristics. Discharge water was pumped into a temporary holding tank to allow
observation of water characteristics and recording of water quality data.
Periodically during the pump test, water samples going into the holding tank
(pre-aeration) and exiting the holding tank (post-aeration) were collected.
These samples were collected in 40 mL VOA vials, filling each approximately
two-thirds full with water. These water samples were allowed to sit in the
direct sunlight for several hours prior to a headspace analysis for volatile
organic content. During the time spent in the sunlight, volatile organics in
the ground-water volatilized to the overlying air column. The volatile
organic content of the headspace was measured with an HNu photoionization
detector (PID). This was accomplished by cutting a small slit in the Teflon™
septum in the cap of the vial and quickly inserting the probe of the HNu PID.
Comparison of the pre-aeration and post-aeration volatile organic concentra-

tions allowed for gross determination of the aeration system efficiency.

At the conclusion of the 20-hour ground-water pumping period, water
level monitoring and observations continued during the recovery period.
Recovery data were included on the hydrographs for each well. Data from the
aquifer pumping test were used to calculate hydraulic parameters for the Upper

Zone Aquifer.

A more complete.description of the aquifer pumping test procedures

and methods of analysis is provided in Appendix F.
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2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,
Inc., Registered Land Surveyors, of Fort Worth. 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 FLIGHTLINE AREA

This section describes the physical characteristics of the Flight-
line Area, with respect to local surface features, surface water bodies,
geology, and ground-water occurrence. The primary basis of this charac-
terization 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 Flightline
Area developed during the Phase II Stage 2 field program using the U.S. Air
Force required Installation Restoration Program Information Management System

(IRPIMS) format.

3.1 Topographic Surface Features

The area in the vicinity of the flightline ranges from an essential-

ly level surface near the main (north-south) runway to gently rolling land
near tributaries of Farmers Branch at the golf course. Figure 3-1 shows the
location of the various surface features associated with the Flightline Area

(buildings, roads, IRP sites, surface water bodies, etc.).

The Soils Conservation Service has identified four soil associations

at Carswell AFB, however, only the Sanger-Purves-Slidell association occurs in

the Flightline Area (USDA, 1981). The Sanger-Purves-Slidell soils range in

thickness from 8-80 inches and are predominantly composed of clay loam. These

are nearly level to gently sloping clayey soils with a permeability ranging

from <4.2 x 107> to 3 x 107" cm/sec (ibid.).

All of the land is underlain by terrace deposits of the Trinity
River and fill material associated with the construction of the base runway
and taxiways. The terrace deposits have been moderately dissected by trib-
utaries of Farmers Branch. Elevations in the area range from approximately
625 feet mean sea level (MSL) at Landfill 3 (LFO3) to 580 feet MSL at the
northern end of Landfill 5 (LFO5) and at Site 11 (FTO8).
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3.2 Surface Water

The main surface water bodies in the Flightline Area are Farmers
Branch, an unnamed tributary that flows into Farmers Branch, and two ponds on
the Carswell AFB golf course (Figure 3-1). Surface drainage in the Flightline
Area is generally to the north and east toward Farmers Branch. During the
Stage 2 investigation performed in 1990, water was present in tributaries to
Farmers Branch at 1) the southwest side of Landfill 4 (LF04), 2) the eastern
side of Landfill 5 (LFO5) and Fire Department Training Area 2 (FT09), and 3)
the eastern edge of the Flightline Area (see unnamed tributary, Figure 3-1).
Southwest of Landfill 4 (LFO4), the unnamed tributary flows over limestone and
shale outcrop, but becomes an influent stream as water percolates into terrace
(Upper Zone) deposits south and east of the landfill. The tributary west of
Landfill 5 (LFO5) and Site 12 (FT09) becomes effluent at Cody Drive where
terrace deposits are relatively thin. Farmers Branch ultimately discharges to
the Trinity River, located on the eastern boundary of Carswell AFB. The
evaluation of ground-water flow at the Flightline Area suggests that the
surface water bodies may receive ground-water inflow, and possibly con-
taminants associated with the ground water. A staff gage was installed in
Farmers Branch (Figure 3-1) and professionally surveyed during the additional
Stage 2 field activities. Synoptic ground-water and surface water-level
measurements made in June 1990 were used to evaluate Upper Zone ground-
water/surface water communication. A detailed discussion of this com-
munication is provided in Section 4 (Nature and Extent of Contamination) of

this report.

Estimates of flow volume in Farmers Branch and the unnamed tributary
were made. Flow volumes were calculated by measuring the width and estimating
the average depth of the stream(s), then multiplying the resulting cross-
sectional area by the estimated flow rate. The flow rate was estimated by
measuring the length of time required for a floating object to travel a known
distance. Estimated flow volumes at the time of sampling (April, 1990) were
approximately 6 cubic feet/second (cfs) for the four locations on Farmers
Branch and approximately 0.2 cfs for the unnamed tributary. Water in the two

ponds appeared stagnant at the time of sampling. Observed flow in Farmers
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Branch during field activities was extremely wvariable, ranging from <5 to >100

cfs (following heavy rains).

3.3 Geology

Carswell AFB is located on the relatively stable Texas craton, west
of the faults that lie along the Ouachita Structural Belt. No major faults or
fracture zones have been mapped near the base. The regional dip of the rocks
beneath Carswell AFB is between 35 and 40 feet per mile in an easterly to
southeasterly direction. From youngest to oldest, the major geologic for-
mations found in the Flightline Area of Carswell AFB are as follows: 1)
Quaternary Alluvium, 2) Cretaceous Goodland Limestone, 3) Cretaceous Walnut
Formation, 4) Cretaceous Paluxy Formation, 5) Cretaceous Glen Rose Formation,

and 6) Cretaceous Twin Mountains Formation.

Subsurface geologic conditions in the Flightline Area were charac-
terized using indirect methods (geophysical surveys) and direct subsurface
sampling and lithologic logging during drilling operations. Most of the IRP
activities focused on the Upper Zone. The Goodland/Walnut Aquitard and the
Paluxy Aquifer in the Flightline Area were the deepest (oldest) units pene-
trated, and by only two monitor wells installed during the initial Stage 2
effort. The following subsections contain discussions of the geology in the

Flightline Area.

3.3.1 Quaternary Alluvium

Quaternary alluvium, deposited by the Trinity River, is found at the
surface throughout the Flightline Area site, as well as over most of the base.
The alluvium consists of floodplain and fluviatile terrace deposits of gravel,
sand, silt, and clay that occur as a veneer on the eroded surface of the
Goodland Limestone. The unconsolidated alluvial deposits and fill are
referred to as the "Upper Zone," a term initially applied to similar alluvial
deposits at AF Plant 4 (Hargis and Montgomery, Inc., 1983). The Upper Zone is
a hydrogeologic unit at Carswell AFB that is a mixture of clay, silt, sand,

and gravel of variable thickness and degree of saturation.
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Drilling on the base indicates that the alluvial deposits (and fill)
range from a few feet to greater than 45 feet of interbedded clay, silt, sand,
and gravel. The irregular thickness of the alluvium is due to depositional
events, stream channeling, and erosion. In general, silt and clay with
variable amounts of sand and gravel occur at the land surface down to depths
of five to 10 feet. Underlying the silt and clay is a sand and gravel unit
that normally increases in grain size with increasing depth. These strata
appear to be relatively continuous across the area of investigation, although
coarse gravel deposits occur in limited areas generally east of the Fire
Department Training Areas 1 (FTO8) and 2 (FT0O9). The sand deposits are fine-
grained to coarse-grained, tan to rust in color, and composed predominantly of
quartz grains. Gravel is mostly limestone and shell fragments ranging in size
from fine gravel to cobbles. A sand and gravel isopach map of the Flightline

Area is presented in Figure 3-2.

During the most recent drilling activities in the Flightline Area,
efforts were made to characterize the paleochannels (old stream channel
patterns) believed to exist in the area. Examination of Figure 3-2 shows
thick sand and gravel sequences, indicative of channel deposits, to occur east
of Taxiway 197 and roughly paralleling White Settlement Road. Sand and gravel
thicknesses greater than 20 feet occur in an approximately 800 feet-wide area,
with White Settlement Road serving as the approximate median to the pattern.
Additional evidence of the channel pattern is seen in the eroded nature of the
bedrock in this area and the extensive limestone gravels (scoured bedrock).
The gravels were deposited as channel lag deposits on the scoured upper

surface of the underlying bedrock (Goodland/Walnut Formations).

3.3.2 Cretaceous Goodland Limestone and Walnut Formation

Underlying the alluvium are the Cretaceous-age Goodland and Walnut
Formations. Both formations consist of interbedded, fossiliferous, hard
limestone and calcareous shale, and are thus discussed together. The rock is
fractured and there is considerable jointing and flaking, which gives the
limestone a fractured appearance. These strata are generally dry, although

small amounts of water are occasionally present in the shale and clay units.
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The erosional surface of the bedrock is generally level across most
of the Carswell AFB area, with a pronounced rise in the southwest portion of
the base corresponding to the outcrop of limestone and shale. Table 3-1 shows
the depth (and corresponding elevation) to bedrock (Goodland/Walnut Formation)
at all drilling locations in the Flightline Area. Figure 3-3 is a contour map
of the elevation (MSL) of the top of the bedrock surface. The locally
irregular topography of the top of the bedrock is characteristic of an
erosional surface modified by fluvial processes, which is recorded by the

overlying sequence of interbedded fluviatile gravel, sand, silt, and clay.

The thickness of the Goodland/Walnut Formations, as observed during
the drilling of Paluxy wells P-1 and P-2 (Figure 3-1), is approximately 30-40
feet beneath the Flightline Area. However, because the top of the Good-
land/Walnut Formations is an erosional surface, the thickness in isolated
areas may be less than originally deposited. It has been reported that the
Quaternary alluvium and the Cretaceous Paluxy Formation are in direct contact
at the eastern boundary of AF Plant 4, where the Goodland/Walnut Formations

were completely eroded away (Hargis and Associates, 1985).

3.3.3 Cretaceous Paluxy Formation

Bengath the Goodland and Walnut Formations lies the Cretaceous-age
Paluxy Formation, often referred to as the Paluxy Sand. The Paluxy Formation
is the deepest unit penetrated in the Flightline Area during the IRP efforts.
Regionally, the Paluxy Sand is divided into upper and lower sand members by an
intervening shale unit. The sands in the upper part of the Paluxy are
reported by drillers to be fine-grained and shaley. The lower sand member
generally consists of two separate and distinct sand strata, but the in-
dividual sand beds do not maintain constant thickness or lithology over long
distances. About one-half to three-fourths of the Paluxy is sand; the
remainder consists of clay, sandy clay, shale, lignite, silicified wood
fragments, and nodules of pyrite. In general, coarse-grained sand is in the
lower part of the Paluxy which grades upward into fine-grained sand with

variable amounts of shale and clay.
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TABLE 3-1. ELEVATION OF BEDROCK IN FLIGHTLINE AREA, CARSWELL AFB, TEXAS
Ground Level Depth to Elevation of Sand and Gravel

Location Elevation Bedrock Bedrock Thickness

ID (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF03-3A 633.47 18.0 615.5 0
LF03-3B 633.84 19.5 614.3 0
LF03-3C 635.39 12.0 623.4 0
LF03-3D 621.6 15.0 606.6 0
LF03-3E 622.87 16.0 606.9 0
LFO4-4A 624.6 18.0 606.6 11.0
LFO4-4B 618.4 17.5 600.9 10.0
LFO4-4C 610.9 29.0 581.9 23.0
LFO4-4D 613.1 29.0 584.1 25.0
LFO4-4E 617.5 33.5 584.0 28.0
LFO4-4F 622.8 >35.5 <587.3 >29.5
LF04-4G 619.1 39.5 579.6 30.5
LF04-4H 610.5 27.0 583.5 23.0
LF04-01 626.5 40.0 586.5 20.7
LF04-02 621.0 37.0 584.0 26.0
LF04-03 620.5 37.5 583.0 25.4
LF04-04 609 .4 25.0 584.4 23.5
LF04-05 608.8 25.8 583.0 17.0
LF04-06 613.3 29.5 583.8 24 .1
LF04-07 630.4 38.2 592.2 28.4
LF04-08 630.0 47.0 583.0 38.9
LF04-09 627 .4 47.0 580.4 37.4
LF04-10 626.9 49 .0 577.9 36.3
LFO5-5A 619.4 31.0 588.4 13.5
LFO5-5B 597.4 8.0 589 .4 3.0
LFO05-5C 606.8 21.0 585.8 16.0
LFO05-5D 608.5 24 .0 584.5 20.0
LFO5-5E 623.9 >40.0 <583.9 >31.0
LFO5-5F 619.4 >37.0 <582.4 >33.0
LF05-5G 612.0 29.0 583.0 21.0
LFO5-5H 608 .4 25.0 583.4 11.0
LF05-01 619.3 25.0 594.3 6.9
LF05-02 620.0 27.0 593.0 2.1
LF05-03 620.6 27.4 593.2 12.2
LF05-04 617.3 28.0 589.3 5.3
LF05-05 616.1 26.0 590.1 6.0
LF05-06 598.3 7.0 591.3 6.5
LF05-07 598.0 5.8 592.2 4.0
LF05-08 606.8 14.5 592.3 2.5
LF05-09 604.9 14.0 590.9 10.5

(continued)
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TABLE 3-1. (Continued)

Ground Level Depth to Elevation of Sand and Gravel

Location Elevation Bedrock Bedrock Thickness

ID (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF05-10 623.9 36.0 587.9 12.0
LF05-11 597.6 10.0 587.6 3.0
LF05-12 594.4 9.0 585.4 0.5
LF05-13 605.0 17.0 588.0 7.7
LFO05-14 603.2 13.0 590.2 4.8
LF05-15 626.5 40.5 586.0 15.0
LF05-16 612.3 23.0 589.3 14.0
LFO05-17 606.5 16.5 590.0 12.0
LF05-18 612.1 23.2 588.9 12.2
LF05-19 606.3 20.5 585.8 17.7
WP0O7-10A 624.2 >39.0 <585.2 26.5
WPO7-10B 621.1 33.0 588.1 27.0
WP0O7-10C 615.4 31.0 584.4 20.0
WP0O7-10D 623.3 >29.0 <594.3 >13.0
WP07-10E 622.5 >29.0 <593.5 >17.0
WP0O7-10F 621.5 >29.0 <592.5 >20.0
FT08-11A 604.8 13.5 591.3 9.
FT08-11B 603.8 14.0 589.8 11.
FT09-12A 632.0 18.0 614.0 7.0
FT09-12B 625.6 39.0 586.6 26.0
FT09-12C 625.5 31.0 594.5 15.0
FT09-12D 624.8 >36.0 <588.8 >21.0
FT09-12E 624.5 39.0 585.5 26.0
FT09-12G 629.2 -~ -- --
FT09-12H 629.1 25.0 604 .1 6.0
FT09-121I 629.2 24.0 605.2 5.0
FT09-12J 628.7 23.0 605.7 4.0
FT09-12K 626.7 >25.0 <601.7 >5.0

-- Not Determined

MSL - Mean Sea Level
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In the two Paluxy monitor wells (P-1 and P-2) installed during the
initial Stage 2 effort, drilling progressed through the upper sand member to
the intervening shale unit. The upper sand member ranged from 30 to 35 feet
in thickness and consisted of varying amounts of sand, sandstone, clay, and
shale. The shale unit separating the upper and lower Paluxy "sands" was

encountered at approximately 105 feet, below land surface in both P-1 and P-2.

3.3.4 Cretaceous Glen Rose Formation

Underlying the Paluxy Sand is the Glen Rose Formation, which
represents the seaward facies of part of the Twin Mountains Formation, being
deposited simultaneously to the north. The Glen Rose was not penetrated
during drilling in the Flightline Area, but typically consists primarily of

calcareous sedimentary rocks (limestone) and some sands, clays, and anhydrite.

3.3.5 Cretaceous Twin Mountains Formation

The Twin Mountains Formation, with the Glen Rose Formation capping
it, is the oldest Cretaceous-age formation reported in the vicinity of
Carswell AFB. 1In ascending order, the Twin Mountains Formation is divided
into the Sycamore Sand Member, the Cow Creek Limestone Member, and the Hensell
Sand Member. The Twin Mountains Formation does not crop out in Tarrant
County. The Twin Mountains Formation consists of a basal conglomerate of
chert and quartz, grading upward into coarse- to fine-grained sand inter-

spersed with varicolored shale.

3.3.6 Flightline Area Cross-Sections

Following the recent drilling activities at the Flightline Area, six
geologic cross-sections were constructed, showing borehole lithologies (as
well as the static water levels in the Upper Zone measured on 18 June 1990).

A location map for the newly constructed cross-sections through the site is

provided in Figure 3-4.
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Two of the cross-sections (A-A’' and B-B'’) are oriented roughly west-
east and the remaining four are oriented roughly north-south (C-C’ through F-
F') through the site. All of the cross-sections intersect the relatively

thick sand and gravel sequence observed at the site (Figure 3-2).

Cross-section A-A’' (Figure 3-5) depicts the subsurface from the
Landfill 3 (LFO3) area to the area just east of Landfills 4 (LFO4) and 5
(LFO5) and the Waste Burial Area (WPO7). An important feature in this cross-
section is the lack of sand and gravel in the borings completed in the
Landfill 3 area. There is a steep incline in the upper surface of the bedrock
(Goodland/Walnut Formations) between borings LF03-3E and LF05-15. Coincident
with the lower bedrock elevation in the vicinity of LFO05-15 is the appearance
of relatively thick sands and gravels of the Upper Zone. This cross-section
is oriented through the thickest sands and gravels encountered in the Flight-
line Area (Figure 3-2). Boring locations from LF05-15 eastward all display a
fining-upwards sequence in the Upper Zone deposits, which is consistent with
alluvial deposition. The lower bedrock surface observed in the eastern half
of the cross-section is probably the result of stream erosion, as rounded
limestone and chert gravels (typical of channel lag deposits) rest directly on
the bedrock surface. These deposits are believed to coincide with the

location of a former channel (paleochannel) of what is now Farmers Branch.

In cross-section B-B’' (Figure 3-6), another steep incline is
observed in the bedrock topography between monitor well locations FT09-12A and
FTO9-12B. Paralleling the inclined bedrock surface is a steeply-dipping Upper
Zone water table. Fining-upwards sequences of sediments are seen in all
borings included in this cross-section, with gravels occurring on the eroded

bedrock surface east of FT09-12A.

Shown in Figure 3-7 is cross-section C-C’. Gravels only occur in
the middle area of the cross-section, with a relatively higher bedrock surface
occurring in the northern and southern reaches of the section. The steeply

inclined bedrock surface seen at location FT09-12A (B-B’) is also reflected
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on this cross-section at location LF04-4A. Monitor well FT09-12C occurs at
approximately the southern edge of the paleochannel deposits observed in the

Flightline Area.

Cross-section D-D’ is shown on Figure 3-8. Again, a relatively
thick sequence of coarse-grained materials occurs through the middle portion
of the cross-section. Southward from boring LF05-12, the coarse-grained Upper
Zone deposits thicken, with the thickest deposits occurring in the vicinity of
LFO4-4F. Monitor well LFO4-4F is the only location on this section where
gravels were found. Location LF04-4B, like LFO4-4A (C-C’'), is located on a

relative high on the bedrock surface.

Geologic cross-section E-E’' (Figure 3-9) shows the thickest sequence
of Upper Zone sands and gravels occurring in the vicinity of LF04-4G. Monitor
well LFO4-4G occurs within the trend of the thickest Upper Zone sands and
gravels observed in the Flightline Area. The trend axis is situated approxi-

mately on White Settlement Road.

The easternmost cross-section through the Flightline Area, F-F'
(Figure 3-10), includes five newly installed ground-water monitor wells.
Although monitor well boring LF04-10 encountered the thickest sequence of
Upper Zone coarse-grained sediments, the potentiometric surface (derived from
water-level measurements taken on June 18, 1990) indicates ground-water flow
toward the location of LF05-19, rather than parallel to the depositional
trend, as might be expected. In this area, the tendency for ground water to
discharge to Farmers Branch apparently exerts a greater influence on the flow

direction than the permeability of the Upper Zone sediments.

3.4 Hydrogeology

Five major hydrogeologic units exist beneath Carswell AFB. From
shallowest to deepest they are: 1) an Upper Zone of unconfined ground water
occurring within the alluvial terrace deposits associated with the Trinity

River; 2) an aquitard of predominantly dry limestone of the Goodland and
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Walnut Formations; 3) an aquifer in the Paluxy Sand; 4) an aquitard of
relatively impermeable limestone in the Glen Rose Formation; and 5) a major
aquifer in the sandstone of the Twin Mountains Formation. Only the first
three units were investigated in the Flightline Area during the IRP, with the
primary focus being on the Upper Zone. The Upper Zone was the only unit
studied in this most recent Stage 2 (1990) effort. Figure 3-11 shows the
general depth of occurrence and thickness of each of the major hydrogeologic
units expected in the Flightline Area. Descriptions and properties of the
hydrogeologic units are summarized in Table 3-2. The following subsections
present the hydrogeologic characteristics of each unit based on field data and

literature sources.

3.4.1 Upper Zone Aquifer

The Upper Zone ground water occurs within the alluvial deposits at
Carswell AFB. Low permeability is typical of this alluvium because of the
large amounts of clay and silt. However, there are zones of greater per-
meability in the sands and gravels of former channel deposits. Recharge to
the water-bearing deposits is local, from rainfall and infiltration from
stream channels and drainage ditches. The direction of ground-water flow is

generally controlled by the bedrock topography of the Walnut Formation.

3.4.1.1 Ground-Water Occurrence and Flow

Table 3-3 shows the results of the synoptic water-level survey
performed on 18 June 1990. Figure 3-12 is the resulting potentiometric
surface map of the Upper Zone Aquifer. Ground-water flow in the Upper Zone is
generally northeastward, toward Farmers Branch, a tributary to the West Fork

of the Trinity River.

From the outlet of Farmers Branch from the underground aqueduct
(which conveys the stream under the Flightline) the stream flows over bedrock
at the Goodland/Walnut Formation until it flows into the Trinity River on the

eastern boundary of Carswell AFB. The Upper zone ground-water flow through
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Hydrogeoiogic Units M.F::t sm ‘ Geologic Units

700 —

Upper Zone 600 }— Alluvium
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Walnut Formation
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Paluxy Aquifer Paluxy Formation
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Figure 3-11. Generalized Hydrogeologic Units at Flightline Area,
Carswell AFB, Texas
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TABLE 3-3. RESULTS OF FLIGHTLINE 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)
LF04-01 1553 629.24 28.98 600.26
LF04-02 1738 623.68 26.23 597.45
LF04-03 1735 623.25 25.67 597.58
LF04-04 1756 612 .07 16.75 595.32
LF04-10 1801 626.54 30.49 596.05
LF04-4A 1813 625.76 10.48 615.28
LF04-4B 1818 619.90 18.27 601.63
LF04-4C 1809 613.04 16.42 596.62
LF04-4D 1749 615.35 18.06 597.29
LF04-4E 1746 618.54 21.35 597.19
LFO04-4F 1731 625.36 26.96 598.40
LFO04-4G 1740 620.02 23.69 596.33
LFO04-4H 1752 613.43 17.15 596.28
LF05-01 1545 621.96 18.14 603.82
LF05-02 1549 622.69 24 .86 597.83
LF05-14 1700 602.98 8.84 594.14
LF05-18 1834 611.84 17.73 594.11
LF05-19 1650 606.08 12.54 593.54
LF05-5A 1618 623.18 22.67 600.51
LFO05-5B 1708 600.45 3.73 596.72
LF05-5C 1627 608.68 9.56 599.12
LF05-5D 1624 611.71 10.98 600.73
LF05-5E 1615 626.89 26.60 600.29
LFO05-5F 1721 618.95 21.83 597.12
LF05-5G 1714 615.39 19.31 596.08
LFO5-5H 1711 610.62 14.54 596.08
FT09-12A 1557 635.66 17.10 618.56
FT09-12B 1603 627.55 28.38 599.17
FT09-12C 1601 628.05 29.23 598.82
FT09-12D 1611 627.45 28.13 599.32
FT09-12E - 1606 627.48 28.68 598.80
FT08-11A 1634 608.22 11.23 596.99
FT08-11B 1630 608.14 8.63 599.51
WP07-10A 1620 626.70 26.68 600.02
WP07-10B 1728 624.46 25.63 598.83
WP07-10C 1726 617.24 18.59 598.65
Staff Gage 1840 579.44 0.57 579.01

(1.0 ft mark on gage) (water reading on gage)
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3 86
the Flightline Area, being generally northeastward, intercepts Farmers Branch
in the northern and northeastern portion of the Flightline Area site. The
Upper Zone sediments, which are up to 40 feet thick in areas west and south-
west of Farmers Branch, either thin to their eventual disappearance at the
stream or are exposed as sheer cliffs (cut-banks) near the stream. Field
reconnaissance revealed Upper Zone ground water seeping from the face of the

exposed banks.

The potentiometric surface map (Figure 3-12) includes water level
information from both the ground water and the surface water (surveyed at six
locations along Farmers Branch). Farmers Branch is shown to be a point of
discharge for ground water, as the Upper Zone hydraulic gradient is shown to

be toward the stream.

The area north of Farmers Branch in the Flightline Area has not been
investigated. However, visual observation has shown the area to be relatively
flat in the vicinity of the stream. Upper Zone deposits are probably thin in
this area. With Farmers Branch being a zone of ground-water discharge in the
Flightline Area, Upper Zone ground-water flow in the area north of Farmers

Branch would locally be toward the stream.

3.4.1.2 Hydraulic Characteristics of Upper Zone Aquifer

Slug tests were performed in twelve Flightline Area wells (April,
1988) and an aquifer pumping test was conducted (June, 1990) to determine the
hydraulic properties of the Upper Zone aquifer in the Flightline Area at
Carswell AFB. The following section presents a discussion of the characteris-
tics of the Upper Zone aquifer as determined from this testing. A more
thorough description of the aquifer pumping test procedures and analysis is

provided in Appendix F.

Slug Test Results

The ability of the Upper Zone alluvial deposits to transmit ground

water was initially characterized based on the results of single-well aquifer
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tests (slug tests). These tests were performed as described in Section 2.2.5,

and analyzed according to the Bouwer and Rice (1976) method.

The calculated hydraulic conductivity values ranged from 22.6 ft/day
(7.98 x 1073 cm/sec) at well LFO4-4D to 1.2 ft/day (4.1 x 10" cm/sec) at well
LFO4-4A. The lowest calculated hydraulic conductivities were from wells known
to be located outside the main pattern of channel deposits observed in the
Flightline Area. The lowest calculated values were from test wells LFO4-4A
and FT09-12A (Figure 3-12).

The main limitation on slug tests is that they are heavily dependent
on a high-quality well intake (screened interval). If well development is
inadequate, measured values may be highly inaccurate (decreased con-
ductivities); conversely, if development is very thorough, the measured values
may reflect the increased conductivities in the artificially induced gravel
pack around the screen. In any case, slug tests usually provide aquifer
parameter values that are fairly representative of a small volume of porous
media in the immediate vicinity of the well. Aquifer pumping tests, however,
usually provide measurements of aquifer parameters that are averaged over a

much larger aquifer volume.

Aquifer Pumping Test Results

The data obtained during the June, 1990 Upper Zone aquifer pumping
test were analyzed by several methods. Following field plotting of time-
drawdown and distance-drawdown measurements, hand plotted observation well
drawdown and pumping well recovery data were analyzed by the Cooper-Jacob
method. 1In addition, a computer aquifer analysis program was used. The well
hydraulics interpretation program used was WHIP™, which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Cooper-Jacob)
analyses and Theis recovery analyses to obtain preliminary estimates of the
transmissivity and storage coefficient. Theis curves are generated using

these values and are graphically compared to the observed data. Portions of
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the generated curves can be "windowed" so only reliable data are used for the
generation of final transmissivity and storage coefficient values. The
equations used in the Cooper-Jacob analysis of hand-plotted drawdown and

recovery data is provided in Appendix F.

In addition to standard semilog and loglog plots, the effects of
various time transformations on the data as well as first and second deriv-
atives of the drawdowns were performed. Observing the derivative drawdown
plots was useful for determining that portion of the test data displaying
Theis behavior. Additionally, the Dupuit correction for water table con-
ditions was applied to all computer analyses and the initial estimates of
transmissivities and storage coefficients were optimized using an ordinary
least squares fitting criterion. The Dupuit correction allows for the
minimization of the irregularities inherent in field data and applies a more
sophisticated mathematical approach to the calculation of transmissivities and
storage coefficients.

L]

Three different computer generated plots and analyses were deter-
mined to best represent the Upper Zone aquifer hydraulic properties of
transmissivity and storage coefficient. These were the observation well
(LFO4-02) drawdown and recovery analyses and the pumping well (LF04-03)

recovery analysis.

Seven additional monitor wells were measured for response to the
pumping well during the test. These wells did not respond to pumping. Water
level measurements taken in these wells were plotted and are included in

Appendix F.

Table 3-4 shows the summarized results of the Flightline Area
aquifer pumping test analysis. Both the pumping well (LF04-03) and the obser-
vation well (LFO4-02) are completed in the generally west to east trend of
relatively thick sands and gravels observed in the Flightline Area, and both
wells are screened across the entire saturated thickness of the Upper Zone
aquifer. The calculated hydraulic conductivity and transmissivity values fall

within the range for clean sands and gravels (Freeze and Cherry, 1979) which
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is consistent with the lithology for the Upper Zone aquifer. The storage

coefficient value calculated also falls within the range for clean, unconfined

aquifers.

The hydraulic conductivity calculated from the pumping test analysis
was significantly higher than that determined from prior slug tesfing. Based
on the limitations of the slug testing discussed earlier, the aquifer pumping
test results are more representative of the Upper Zone Aquifer characteris-

tics.

3.4.2 Goodland/Walnut Aquitard

The ground water present in the alluvium is separated from the
aquifers below by the low permeability limestones and shales of the Goodland
Limestone and Walnut Formation. The aquitard is composed of moist clay and
shale layers interbedded with dry limestone beds. Though the Formations are
primarily dry, drillers in the area report that small amounts of water enter
the borehole while drilling through the Walnut Formation, suggesting that
ground water may be moving through the Walnut Formation along bedding planes
(Hargis and Associates, 1985). The thickness of the Goodland/Walnut aquitard
is approximately 30-40 feet beneath the Flightline Area at Carswell AFB. This
thickness is based on two monitor wells drilled through the aquitard and
completed in the Paluxy Aquifer during the initial Stage 2 study (Radian,
1989). However, the top of the aquitard is an erosional surface and erosion
may have reduced the thickness of the limestone or eroded it entirely in
isolated areas, (e.g., at AF Plant 4 beneath Building 189 along Grants Lane,
the Goodland Limestone is completely absent and only three feet of the Walnut

Formation are present (Hargis and Associates, 1985)).

3.4.3 Paluxy Aquifer

The Paluxy Aquifer, the areal extent of which is shown in Figure 3-
13, is the shallowest bedrock aquifer underlying Carswell AFB. In the

Carswell AFB area, water in the uppermost part of the Paluxy Formation would
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naturally occur under confined conditions beneath the Goodland/Walnut aquitard
(except where the aquitard has eroded away, as discussed above). However,
extensive ground-water pumping in the Fort Worth area, including the City of
White Settlement, has lowered the Paluxy Aquifer potentiometric surface below
the top of the formation, resulting in unconfined conditions beneath the base.
Water-level measurements taken in the Flightline Area Paluxy wells (P-1 and
P-2), found the water level to be about five feet below the top of the for-
mation, or about 75 feet below land surface. With the Paluxy Formation having
an upper and lower sand member, and the lower member having larger grain size
and higher permeability, most water wells are completed in the lower section

of the Paluxy Aquifer.

Recharge to the Paluxy Aquifer occurs where the formation crops out
west of Carswell AFB in the AF Plant 4 area. The Paluxy Formation also crops
out north of the base in the bed of Lake Worth. The lake is a major recharge
point for the aquifer and creates a potentiometric high in its vicinity.
Regional ground-water flow within the Paluxy Aquifer is southeastward in the
direction of the regional dip. At Carswell AFB, ground-water flow is in-
fluenced by recharge from Lake Worth, which creates a potentiometric high, and
by ground-water withdrawals by the community of White Settlement. This
drawdown results locally in a more southerly flow direction within the Paluxy

Aquifer.

Transmissivities in the Paluxy Aquifer range from 1,263 to 13,808
gallons per day per foot (gpd/ft), and average 3,700 gpd/ft (CH2M Hill, 1984).
The Paluxy Formation thickness ranges from 140 to 190 feet, averaging 160 feet
in Tarrant County. The actual water-bearing thickness in the Carswell AFB
area probably approximates the formation thickness, but the aquifer is
separated into two distinct water-bearing zones, denoted as the upper and
middle/lower Paluxy. In some cases, the middle and lower Paluxy are also
separated by low-permeability layers. The Paluxy dips uniformly at a rate
ranging from 35 to 40 feet per mile and averaging 37 feet per mile. It is
encountered at increasing depths eastward, reaching a maximum depth of about
900 feet. During the Phase II Stage 1 Flightline Area investigation (Radian,

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Paluxy Aquifer monitor wells P-1 and P-2. Recovery test data analysis
indicates the transmissivity of the upper Paluxy is approximately 1750 gallons

per day per foot (235 square feet per day).

3.4.4 Glen Rose Aquitard

Below the Paluxy Aquifer are the fine-grained limestone, shale,
marl, and sandstone beds of the Glen Rose Formation. The thickness of the
formation in the vicinity of Carswell AFB reportedly ranges from 250 to 450
feet. Although the sands in the Glen Rose Formation yield small amounts of
water to wells in Fort Worth and western Tarrant County, the relatively
impermeable limestone is an aquitard restricting water movement between the

Paluxy Aquifer above and the Twin Mountains aquifer below.

3.4.5 Twin Mountains Aquifer

The Twin Mountains Formation is, geologically, the oldest formation
used for water supply in the Carswell AFB area. The formationm occurs ap-
proximately 600 feet below Carswell AFB. The thickness of the formation

ranges from 250 to 430 feet.

Recharge to the Twin Mountains Aquifer occurs west of Carswell AFB,
where the formation crops out. Ground-water movement is eastward in the
downdip direction. Like the ground water in the Paluxy Aquifer, Twin
Mountains ground water occurs under water-table conditions in the recharge
area and becomes confined as it moves downdip. Transmissivities in the Twin
Mountains Aquifer range from 1,950 to 29,700 gpd/ft and average 8,450 gpd/ft
in Tarrant County. Hydraulic conductivities range from 8 to 165 gpd/ft? and
average 68 gpd/ft? in Tarrant County (CH2M Hill, 1984).
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 investigation (1984-85)
detected concentrations of TCE and other halogenated hydrocarbons in the Upper
Zone ground water in the vicinity of the flightline. In addition, con-
centrations of several metals exceeded federal drinking water standards in the
ground water. During Stage 2 (1987-88), additional work was done to define

the extent of the known contaminants present in the Flightline Area.

The primary objective of the addition (Modification 0004) to the
original Stage 2 Statement of Work was to further characterize the nature and
extent of various contaminants in the Upper Zone ground water beneath the
Flightline Area. Specifically, the goal was to define the eastern and western
boundaries of the known TCE plume under the Flightline Area, and to collect
additional data such that a remedial action could be designed and implemented.
In addition, an attempt to determine more conclusively the limits of the known

inorganic contamination in the various Flightline Area sites was undertaken.

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
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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-
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.

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
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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 ASGSWAO00 SW7060
Chloride (Titrimetric, Mercuric Nitrate) CLTEWNOO E325.3
Fluoride, Potentiometric, ION Selective Electrode F_SEWAOQ0 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 NO3EWA00 E353.2
Orthophosphate OPOEWNOO E365.2
Lead (Furnace) PBGSWAOO SW7421
Selenium SEGSWA00 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
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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.
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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
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:
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TABLE 4-3. PRECISION AND ACCURACY OBJECTIVES FOR THE LABORATORY MATRIX

Parameter

Method

Precision®

Accuracyb

Total Petroleum
Hydrocarbons

Metals Screen
(23 metals)

Arsenic

Lead

Mercury

Selenium

Volatile
Halocarbons

Volatile Aromatics
Chloride
Sulfate
Fluoride

Total Dissolved
Solids

EPA 418.1-1IR

SW846 6010-ICP

(modified)

SW846 7060
Furnace AA

SW846 7421
Furnace AA

SW846 7471

Cold Vapor AA

SW846 7740
Furnace AA

EPA 601

EPA 602
EPA 325.3
SW846 9038
EPA 340.2
EPA 160.1

Not specified

20%
20%
20%
20%
20%
50%

50%
15%
15%
108
208

Not specified

*15%

*15%

*15%

+20%

+15%

+30% to 110%°

+4% to 65%°

+15%
+10%
+10%
+15%

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.
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. EPA 601

. EPA 325.3
. SW6010

. EPA 365.2
. SW7421

Tetrachloroethene
Trichloroethene
Chloride
Aluminum
Beryllium
Copper

Nickel

Silver
Strontium
Vanadium

Zinc
Orthophosphate
Lead

O O O © O © O © © © = = O

r-e

¢

.17 pg/L;
-3 pg/L;

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

A more detailed discussion of laboratory matrix QC samples is

provided in Section 4.1.2.

Approach and Summary of Environmental Matrix QC Efforts

Total measurement error includes components of error associated

101

with matrix effects (recovery), lack of homogeneity in the matrix (variabilit-

y), and sample collection (variability and contamination).

expressed in terms of bias, measured by matrix and surrogate spike results;

Total error may be

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.

an established concentration level above the detection limit, whereas con-

Matrix spike duplicate results allow for estimates of imprecision at

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
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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-
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
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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
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.
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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, 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. A comparison of Table 4-5 to data quality objec-
tives (DQOs) from Table 4-3, indicates the analytical system was in control
for these analyses. Interference check samples were also analyzed for metals
analyzed by Method SW6010, metals by ICAP. Acceptance criteria for inter-
ference check samples are recovery + 20% of true concentration. Results
indicate generally there was little interference and error was less than data
quality objectives. Iron results indicated greater interference 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,
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TABLE 4-5. SUMMARY OF QUALITY CONTROL CHECK SAMPLE (QCCS) RESULTS,
CARSWELL AFB, TEXAS

Number of Mean 2 Precision Accuracy Mean
Parameter Samples Recovery CV (1) Relative Error (+1)
ARSENIC BY SW7060
Continuing Calibration Control Sample
Arsenic 53 95.9 4.5 5.0
Laboratory Control Sample (QCCS)
Arsenic 2 80.3 5.8 9.7
CHLORIDE, BY TITRATION
Continuing Calibration Control Sample
Chloride 15 87.5 1.2 2.5
FLUCRIDE BY EPA 340.2]
Continuing Calibration Control Sample
Fluoride 17 86.4 3.6 4.2
HYDROCARBONS, TOTAL E418.1
Continuing Calibration Control Sample
Hydrocarbons 4 93.6 3.8 6.4
MERCURY BY COLD VAPGOR
Continuing Calibration Control Sample
Mercury 50 96.7 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 99.8 3.2 2.6
Beryllium 43 100.8 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 3as 104.0 4.0 5.1
Magnesium 39 100.5 2.5 2.0
Manganese 41 103.6 3.1 4.3
Molybdenum 3s 99.0 3.2 2.9
Nickel as 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 3.9
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

(Continued)
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Number of Mean I Precision Accuracy Mean
Parameter Samples Recovery CV (2) Relative Error (+1)

Nickel 28 102.2 3.9 3.8
Silver a0 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 9g9.2 .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 97.7 .2 2.3

Laboratory Control Sample (QCCS)
Aluminum 2 96.9 .5 3.1
Antimony 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 LA 1.8
Cobalt 2 g97.9 .1 2.1
Copper 2 97.8 L4 2.3
Iron 2 86.3 1.9 3.7
Lead 2 g98.8 1.1 1.2
Magnesium 2 86.6 1.6 3.4
Manganese 2 97.4 .6 2.6
Molybdenum 2 97 .4 .7 2.6
Nickel 2 98.4 .9 1.7
Potassium 2 g85.5 3.1 4.5
Selenium 2 101.5 .7 1.5
Silicon 2 g2.9 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)




TABLE 4-5 (Continued)

va 1)8

Number of Mean Z Precision Accuracy Mean
Parameter Samples Recovery CV (Z) Relative Error (+Z)

SELENRTUM 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 6 100.6 3.5 2.5
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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. 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%.

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 an&iytes:

. Nickel (SW6010) - 24%;

. Lead (SW7421) - 47%;

. Selenium (SW7740) - 51%;

. Orthophosphate (E365.2) - 28%.

Results of analytical duplicates are summarized in Table 5 of

Appendix H.

4-15
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4.1.3 Environmental Matrix QC Sample Results

Measurement bias and imprecision are confounded with envirommental
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:

. 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.

4-19
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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, respectively.

Spikes

Analytical, matrix and surrogate spikes were used to evaluate bias
on the Carswell project. Analytical spikes are added after preparation,
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. Results of these QC samples are discussed below for both

ground-water and surface water matrices.
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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
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.

4-22
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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%.

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

1-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.
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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,
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.
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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.

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.
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 CV%) 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.
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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 CVs) was 89s%.

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
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
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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.

"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
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.
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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
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. One sample was analyzed by Method 601 one day over the
hold time of 14 days. This was sample 017. 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
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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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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
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 11l4: 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.
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4.2 Results of Ground-Water and Surface Water Analyses

Ground-water samples from thirty-five wells were collected during
April and May 1990 for laboratory analysis. Seven surface water samples were
also collected. Since contamination was previously found to exist only in
those wells screened in the Upper Zone Aquifer, all ground-water samples were
collected from Upper Zone monitor wells. Figure 4-1 depicts the locations of
all of the most recent water sampling sites at the Flightline Area. Each
sample was submitted to Radian's laboratories for analysis of the organic and
inorganic constituents listed in Table 4-16. Both organic and inorganic con-
stituents exceeding EPA drinking water standards (Maximum Contaminant Levels,
or MCLs) had been detected in the Flightline Area in past sampling efforts.
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 Flightline Area was provided
to the U. S. Air Force HSD IRP Program Office in September 1990 (Radian
1990d). Following is a brief summary of the quality assurance/quality control

(QA/QC) results for most recent Carswell AFB ground-water sampling.

4.2.1 Ground-Water Contamination

As indicated in previous Flightline Area sampling efforts, TCE was
the principal contaminant detected which exceeded EPA primary standards. The
only other organic constituent found to exceed federal standards was vinyl
chloride. Two organic compounds were detected in ground water with con-
centrations exceeding EPAs MCLs; these included tetrachloroethene and cis-1,2-

dichloroethene.

Four inorganic compounds exceeded federal primary drinking water
standards in the most recent water sampling. Chromium was found in excess of
the respective MCL in three monitor wells. Lead, arsenic and mercury were

found in concentrations exceeding the respective MCLs in one well each.
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TABLE 4-16. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,

FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Inorganic Parameters

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

1,3-Dichlorobenzene Chromium

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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Contamination detected in the ground water of the Flightline Area
is limited to the Upper Zone Aquifer. The low permeability limestone of the
underlying Goodland/Walnut aquitard underlies the Upper Zone Aquifer. No
Flightline Area monitor wells are completed in the aquitard as past drilling
in the Goodland and Walnut Formations has shown the formations to be non-water
bearing. Ground-water samples from the Paluxy Aquifer, which underlies the
Goodland/Walnut aquitard in the Flightline Area, have had no detections of
contaminants. Therefore, the vertical extent of organic compound con-
tamination in the Flightline Area corresponds to the upper surface of the

Goodland/Walnut aquitard.

A detailed discussion of the pertinent organic and inorganic

constituents and ground-water quality indicators follows.

4.2.1.1 Organic Ground-Water Contaminants

Table 4-17 summarizes the findings of the laboratory analyses for
organic constituents in Flightline Area monitor wells, with respect to primary
drinking water standards (MCLs). TCE exceeded the MCL in 27 of the 35 wells

sampled. Vinyl chloride exceeded the MCL in seven wells.

Tetrachloroethene (PCE) was detected in a total of six wells, and
exceeded the MCLs in three wells. The proposed MCL for cis-1,2-dichloroethene
was exceeded in samples from 23 of the monitor wells in the Flightline Area.
This compound was detected in 30 of 35 wells in the Flightline Area. Trans-
1,2-dichloroethene, another isomer of dichloroethene, was also detected
frequently in the Flightline Area, but at significantly lower concentrations
than the cis- isomer. The MCLs (100 pg/L) for the trans- isomer was never

exceeded by Flightline Area water samples.

Following is a more detailed discussion of organic constituents

detected in the ground water of the Flightline Area.
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Trichloroethene

Figure 4-2 depicts an isoconcentration contour map of the trichlo-
roethene (TCE) plume as it was detected in the Spring, 1990 sampling effort in
the Flightline Area. The concentration of TCE in the ground water was
reported at maximum levels in monitor wells LFO04-4G and LF04-02, with detected
values of 4400 and 4000 micrograms per liter (ug/L), respectively. The
defined TCE plume has an aerial extent of approximately 50 acres, with most of
the contamination underlying the base golf course. The limits of the plume
are fairly well defined laterally, but not in the upgradient and downgradient
directions (the extreme eastern and western portions of the Flightline Area).
In the west, a concentration of 2700 ug/L was detected in monitor well LFO5-
01, with no accompanying upgradient well analyses to allow for contaminant
concentration contouring in the western direction. Detected concentrations of
1200 and 1300 ug/L TCE in monitor well LF05-5A and LFO05-5E, located hydraulic-
ally upgradient of Landfill 5 but with no near upgradient wells, prevents
definition of the TCE plume along that upgradient edge. The ground-water flow
direction (Figure 3-12) in the vicinity of monitor well LF05-01 is away from
wells LF05-5A and LF05-5E, suggesting that contaminant plume migration
deviates somewhat from the general ground-water flow pattern. Therefore, the
contamination observed in monitor well LF05-01 could be continuous with that
detected in LF05-5A and LF05-5E, but insufficient data from the intervening
area make such a correlation speculative. Evidence of "black staining" at
39.5 feet in the log of borehole LF05-15, located between wells LF05-01 and
LF05-5E, may be evidence of the TCE contamination being continuous between the
wells. The TCE plume appears to intersect Farmers Branch (Figure 4-2) in the

northeastern portion of the Flightline Area.

Figure 4-3 is a thickness map of the sand and gravel deposits in
the Flightline Area. The thick sand and gravel sequences evident on a east-
west linear trend through the Flightline Area are thought to represent a
paleochannel, which is the depositional remains of a former stream channel.
Past reports have suggested that, due to the greater density of TCE with
respect to water, coupled with the increase in available porosity and per-

meability, the contamination will tend to migrate preferentially along
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paleochannels filled with basal sands and gravels. When compared to the
isoconcentration map of the TCE plume (Figure 4-2) this preferential migration
is clearly evident, as the configuration of the plume and the zone of maximum
concentrations closely resembles the location and configuration of the
thickest Upper Zone sand and gravel sequences. Also of importance is the
pattern of the relatively thick sand and gravels on the western side of the
Flightline Area sites. Although data are sparse in the northwestern portion
of Figure 4-3, it appears the thicker sands and gravels might trend westward
on a line just south of LF05-01. The bedrock surface (Figure 3-3) is also
relatively low in the vicinity of LF05-01. Both of these situations make the
likelihood greater that contamination detected in monitor well LF05-01 is

continuous with that in wells LF05-5A and LF05-5E.

The center of the TCE plume appears to be bimodal and is located
hydraulically downgradient from Landfill 4, with TCE concentrations above 3000
pg/L covering an area of approximately 6.5 acres. The apex of the TCE plume
does appear to have shifted since the last ground-water sampling effort, which
took place in April 1988. Figure 4-4 represents an isoconcentration contour
map of the results of the April, 1988 ground-water sampling. By comparing the
plume shape and concentration distribution shown on the April, 1988 isoconcen-
tration map with that on the Spring, 1990 map, the plume appears to have
migrated in an easterly, hydraulically downgradient direction. In addition,
the maximum concentration observed between the two sampling efforts has
decreased, from 6400 ug/L in April 1988 to 4400 ug/L in the most recent
analysis. The potential significance of this decrease with respect to the
fate and transport of the contaminants in the ground water will be discussed
in Section 5 of this report. While the migration and degradation of the plume
is consistent with the physiologic and hydrogeologic setting of the Flightline
Area and the nature of the contaminant, some degree of analytical variability
is inherent between any two laboratory analyses occurring over time. Con-
tinued monitoring of the wells in the Flightline Area will be necessary to

confirm apparent trends in contaminant migration.

Multiple sources have been postulated for the organic contamination

found in the subsurface in the Flightline Area. The disposal methods and
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types of waste material believed to be present at Landfills 4 and 5 (LFO4 and
LF05) and the Waste Burial Area (WPO7) are consistent with the types and
amounts of contamination observed in downgradient wells. In addition, it is
reasonable to assume that infiltration of some residual flammable solvents
associated with the fire training activities at Site FT09 has occurred.
Repeated evidence of TCE contamination in monitor wells located hydraulically
upgradient of these sites indicates the existence of additional upgradient
source(s). In the 1990 sampling, TCE concentrations of 1300 pg/L and 1200
pg/L were detected in monitor wells LFO05-5E and LF05-5A, respectively, located
upgradient to Landfill 5.

Air Force Plant 4 has been identified in past reports (Radian,
1986; Radian, 1989) as the probable upgradient source, but limited well
control and lack of contemporaneous analytical data from the western and
northwestern Flightline Area preclude this interpretation. A TCE concentra-
tion of 2700 pg/L in monitor well LF05-01, in the extreme northwestern portion
of the Flightline Area (Figure 4-2) supports the existence of a significant
source to the northwest. Further evidence is provided by the contamination
detected around Site FTO8. Monitor well FT08-11B was found to contain 35 ug/L
TCE. While this well is downgradient to the site, no contamination was
detected in previous sampling efforts, and the site is not considered a

contributor to the main TCE plume.

Contamination in the subsurface associated with Site FT09 was not
considered associated with the primary TCE plume in the RI/FS Stage 2 report.
Evidence cited included the absence of ground water in boreholes beneath the
site and ground-water contamination being limited to monitor wells which
potentially receive runoff from the site. During the most recent inves-
tigation, TCE contamination was detected in each of the three wells at the
site, suggest that, whatever the actual source, the contamination can be
logically addressed along with the principal TCE plume for the purpose of this
report. As with the other Flightline Area sites, the contamination may have
resulted from activities conducted at the site, or may be from an upgradient

source.
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There is significant evidence of one or more upgradient, non-
Flightline Area source of TCE contamination in the shallow ground water. Some
increases in TCE concentrations in the ground water as it moves downgradient
through the Flightline Area are probably related to the historical variability
of detected TCE levels. However, the concentration distribution also suggests
wastes previously disposed of in the waste burial area and/or landfills are
contributing some additional component to the overall contaminant plume.

There is especially strong evidence of a TCE contribution from the waste
burial area (Site WP07) as the TCE concentration highs shown in Figure 4-2 are

located directly downgradient of the site.

Vinyl Chloride

Vinyl chloride was the second most dominant contaminant in the
Flightline Area, exceeding the MCLs in seven wells. Figure 4-5 illustrates an
isoconcentration map of the vinyl chloride concentrations in the Flightline
Area. Unlike the TCE plume, the vinyl chloride plume appears to be composed
of several smaller zones of contamination, with the principal area being

associated with Landfill 5.

Each of the wells in the main plume in which the vinyl chloride was
detected is immediately hydraulically downgradient of Site LFO05. The maximum
concentration of vinyl chloride detected in the Flightline Area was 170 ug/L
in monitor well LF05-5C. This well constitutes the apex of the main plume.
Lesser amounts were detected in LF05-5B and WP07-10C, with 160 ug/L and 49
pg/L, respectively. Vinyl chloride was also detected in this area in the
April, 1988 ground-water sampling effort. None of the sampled monitor wells
located hydraulically upgradient of Site LFO5 contained vinyl chloride,
suggesting Site LFOS5 is the source of the main Flightline Area vinyl chloride

plume.
Four additional wells contained vinyl chloride above the EPA MCL.

Well LFO04-4C contained vinyl chloride at 13 upg/L, which is a higher con-

centration than was detected in the April 1988 sampling, in which 3.8 ug/L was
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detected. This is the only well downgradient from Site LF04 in which vinyl
chloride has been detected. Vinyl chloride was also detected in LF05-01 (100
ug/L), and LF05-02 (6.2 ﬁg/L), again suggesting a contaminant source up-
gradient from the Flightline Area. Since vinyl chloride may be a primary
contaminant or one of the daughter products of TCE and multiple sources have
been postulated for the contaminants present in the Flightline Area, it is
difficult to pinpoint the exact source(s) of the vinyl chloride present in any
individual well. The chemical inter-relationship between vinyl chloride, TCE
and the other organic contaminants detected in the Flightline Area is dis-

cussed in Section 5.

Tetrachloroethene

The presence of tetrachloroethene (PCE) was confirmed in six
monitor wells in the Flightline Area. The EPA PMCL of 5.0 ug/L was exceeded
in three of these six wells. Due to the limited number of PCE detections in
the Flightline Area ground water, an isoconcentration map was not prepared.
Table 4-18 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.

Two of the three wells found to exceed the PMCL for PCE were at
Site FT09 (FT09-12B and FT09-12C). Monitor well FT09-12B had the highest
confirmed level of PCE at 30 ug/L. PCE was not detected at this site during
the April, 1988 sampling event. However, because PCE can be a precursor of
TCE, the PCE contamination detected in the Flightline Area is probably related
to the TCE and will be discussed in conjunction with the TCE plume in this

report.

Total-1,2-Dichloroethene

The presence of cis-1,2-dichloroethene (cis-1,2-DCE) was confirmed
in thirty monitor wells in the Flightline Area, with concentrations ranging
from 0.37 ug/L to 730 ug/L. Trans-1,2-dichloroethene (trans-1,2-DCE) was

confirmed in six wells, with concentrations ranging from 0.72 to 44.0 ug/L.
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TABLE 4-18. SUMMARY OF GROUND-WATER SAMPLES WITH CONFIRMED CONCENTRATIONS
OF TETRACHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number Tetrachloroethene Concentration (ug/L)
LFO4-4C 3.1
LF05-02 0.55
LF05-19 17.0
FT09-12B 30.0
FT09-12C 8.1
FT09-12E 0.82
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Trans-1,2-DCE was detected only in wells in which c¢is-1,2-DCE was also
detected. Because trans-1,2-DCE and cis-1,2-DCE are isomers, they will be

considered together as part of the total-1,2-DCE plume.

Figure 4-6 illustrates an isoconcentration contour map for 1,2-DCE
in the Flightline Area. As in the case of the TCE isoconcentration contour
map, the apex of the plume is bimodal. The two 1,2-DCE nodes are located
hydraulically downgradient of LFO04 and LFOS5, respectively, and each is of the
same relative magnitude of concentration. Further similarity to the TCE plume
includes a lack of definition in the eastern and western margins of the plume.
Monitor well LF05-01, in the extreme northwest portion of the Flightline Area,
had a detected level of 1,2-DCE of 240 ug/L. This level of contamination,
coupled with multiple confirmed detections of 1,2-DCE in wells immediately
upgradient from sites LF04 and LFO5, strongly support the presence of an
upgradient contamination source. A confirmed detection of 540 ug/L of 1,2-DCE
in monitor well LF04-04, in the southeastern portion of the Flightline Area,
again makes it impossible to enclose contaminant contours in that area with

confidence.

Other Organic Contaminants

Several other purgeable halocarbons were détected in the ground
water in the Flightline Area (Table 4-17). These include 1,1,1-trichloro-
ethane, 1,1-dichloroethane, 1,1-dichloroethene, 1,4 dichloro-benzene, chloro-
benzene, chloroethane, and methylene chloride. None of these compounds were

detected in levels exceeding current EPA standards.

4.2.1.2 Inorganic Ground-Water Constituents

Four inorganic constituents, arsenic, mercury, chromium and lead,
identified in the shallow Flightline Area ground water exceeded MCLs in
unfiltered samples. However, based on the nature of the metal occurrences,
they are not considered indicative of a ground-water contaminant problem at
the site. Following is a discussion of inorganic contaminants detected in the

shallow ground water of the Flightline Area.
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4.2.1.3 Metals

Total arsenic and mercury were each detected above MCL values in
unfiltered samples from single monitor wells in the Flightline Area. Table
4-19 shows the metals detected above MCLs. Total arsenic (MCL = 0.05 mg/L)
narrowly exceeded the limit (by 0.003 mg/L) in the well in which it was
detected (LF05-02). Total mercury exceeded the MCL by 0.0042 mg/L in FT09-
12D. Total Arsenic was detected in concentrations above the MCL in eight
monitor wells in the Flightline Area during the April 1988 sampling, but

mercury was not detected.

Total lead was found to exceed the MCL of 0.05 mg/L in two monitor
wells in the Spring 1990 sampling effort, as compared with total concentra-
tions above the MCL in eight wells in the April 1988 sampling. Total chromium
exceeded the MCL of 0.05 mg/L in three wells in the Spring 1990 sampling, as
compared with twelve in 1988. No two total metals concentrations were found
above established MCLs in the same well. The total lead contamination
detected in monitor wells LF05-01 and LF05-14 exceeded federal standards by a
maximum of 0.021 mg/L. Total chromium was detected at a maximum of 0.15 mg/L

above federal standards in monitor well FTO08-11A.

Figure 4-7 depicts the locations of the seven wells in which MCLs
for total metals were exceeded. The random distribution of the contaminants
makes delineation of a specific source difficult. Multiple man-made, as well
as natural sources are possible for the detected metal concentrations. In
general, the metal concentrations detected in Flightline Area wells were less
than those reported from previous sampling events. Metals such as cadmium and
barium, detected in several wells at total concentrations exceeding MCLs in
the April 1988 sampling event, were not detected at levels above MCLs in any

wells in the Spring 1990 sampling effort.
As stated above, no two metals were detected in excess of MCLs in

the same well. 1In addition, in each case where a MCL was exceeded, the

reported concentration was for total rather than dissolved metal. Total metal
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analyses are performed on unfiltered samples and as such may yield artificial-
ly elevated metal results, because fine suspended material in the unfiltered
sample can break down during sample acidification releasing additional metals
ions into the fluid medium. The dissolved metals analyses, performed on
field-filtered samples, are considered more representative of the actual
ground-water chemistry. 1In light of this, there is little evidence to support
the existence of metal contamination in the Flightline Area at this time. 1In
addition, the fact that a dissolved metal analysis was not performed during
earlier sampling efforts, suggests that the previous data on metal contamina-

tion in the Flightline Area are inconclusive.

4.2.1.4 Ground-Water Quality Indicators

Analysis of numerous anions and cations was performed on samples
from each monitor well in the Flightline Area to aid in the determination of

ground-water quality. These included:

. Calcium;

. Magnesium;
. Potassium;
. Sodium;

. Chloride; and

. Sulfate.

In addition, total dissolved solids (TDS) were analyzed. Table 4-20 lists the
averaged concentrations for each analyte by site (in the Flightline Area), as
well as the overall average for the entire Flightline Area, weighted by site.
Also, a range of concentrations for each analyte (except potassium) is
provided which is considered ‘'typical’ for Tarrant County (Texas Department of
Water Resources, 1982). Concentrations for each analyte are in milligrams per

liter.

At each site, calcium concentrations are elevated above the 'typ-

ical’ range. In contrast, sodium concentrations fall uniformly below the
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given range. This is considered normal in ground water moving through lime-
rich soils, such as those in the Flightline Area. All other ground-water
quality indicator concentrations fall within the given range except the
average chloride concentration in site FT09, which falls slightly below
normal. Of significance is that a pronounced uniformity is evident between
each of the sites in the Flightline Area, strongly suggesting an overall
aquifer continuity, and further implying that the contaminants in the subsur-

face beneath each site are likely a part of the same contiguous plume.

4.2.2 Surface Water

Seven surface water samples were collected from the locations shown
in Figure 4-8. Samples were collected from four locations along Farmers
Branch, one from the unnamed tributary to Farmers Branch, and one each from
the two small ponds near the golf course maintenance headquarters. Surface
water sampling sites were selected both to characterize the nature and extent
of surface water contamination and to determine the relationship, if any,
between surface water and ground-water contamination. Surface water samples

were also collected during the Phase II Stage 1 investigation (Radian, 1986).

4.2.2.1 Organic Contaminants

Table 4-21 summarizes the Spring, 1990 analytical results of
organic constituents in surface water samples, with comparison to federal
drinking water standards. Trichloroethene (TCE) was confirmed in all surface
water samples, with federal MCLs being exceeded at five locations. Confirmed
concentrations ranged from 1.8 ug/L at LF05-S3 to 1400 ug/L at LF05-S7. The
elevated concentration at site LF05-S7 strongly suggests communication between
the ground water and surface water at that location, as the concentration
detected falls within the TCE isoconcentration contours generated for the
ground-water analysis (Figure 4-2). Lower concentrations of TCE in samples
collected from the upstream portion of Farmers Branch appear to be the result
of an upgradient contaminant source. This is particularly evident at surface
water sample location LFO05-S1, which is located where the underground aqueduct

emerges following transporting Farmers Branch water under the runway area of
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Carswell AFB. Surface water at this location has yet to be influenced by any
Carswell AFB waste sites, as it is transported through a concrete conduit from
the vicinity of Air Force Plant 4. Any contamination in a sample from this
location is due to upgradient sources in the direction of Air Force Plant 4
further upstream. Surface water sampled at this location contained a TCE con-

centration of 39 ug/L, which is above the MCL of 5 ug/L.

TCE was also confirmed in the Phase II Stage 1 investigation. Two
rounds of samples were collected, with TCE being detected upgradient of Site
LFO4 in both rounds and immediately downgradient from Site LFO5 in the second
round (sampling points are shown on Figures 4-10 and 4-14 of the Stage 1
report (Radian, 1986)). No detected levels of TCE exceeded the MCL. No
relationship was established between surface water and ground-water TCE

concentrations during the Stage 1 study.

Vinyl chloride was the only other volatile organic compound detec-
ted in the surface water samples in excess of current MCLs during this
investigation. Vinyl chloride was detected in two samples from the golf
course ponds (LF05-S3 and LF05-S4). The MCL for vinyl chloride was exceeded
in LF05-S3 where a concentration of 3.7 ug/L was detected. Vinyl chloride was
detected at the two locations where the lowest levels of TCE was detected,
possibly suggesting a parent/daughter relationship. Vinyl chloride was also

detected in Stage 1 surface water samples.

The other volatile organic constituents confirmed at the surface
water locations during the Spring 1990 sampling event were cis- and trans-1,2-
dichloroethene (-DCE), which have MCLs. As in the case of the ground-water
samples, the cis-1,2-DCE isomer was more prevalent than the trans-1,2-DCE
isomer in surface water samples, with the cis- isomer occurring at each of the
seven sample locations. Concentrations of cis-1,2-DCE ranged from 3.1 ug/L to
310 pg/L. Trans-1,2-DCE was confirmed in samples from two surface water
locations, LF05-S2 and LF05-S3, with concentrations of 0.46 pg/L and 0.66
pg/L, respectively. As in the case of ground water, a direct correlation
appears to exist between TCE and cis-1,2-DCE concentrations and the occurrence

of each. Surface water sample LF05-S7 had the highest confirmed concentra-
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tions of both TCE (1400 ug/L) and cis-1,2-DCE (310 pg/L). The total-1,2-DCE
concentration detected at this sample location also falls within the total-
1,2-DCE isoconcentration contours generated for the ground-water analysis

(Figure 4-6).

4.2.2.2 Inorganic Constituents

No metals were detected in any surface water samples in excess of
MCLs. Barium was detected at each location, and lead was being detected at
all locations except LF05-S4 and LF05-S7. Arsenic was detected at LF05-S3.
The concentrations are not considered significant, since these metals were
commonly detected in levels below MCLs in the ground-water samples, and metals

are naturally occurring constituents.

Water quality indicators were analyzed in the surface water
samples. This was done both to assess the surface water quality and to
attempt to clarify surface water/ground-water relationships. Indicators

analyzed included:

. Total Dissolved Solids;
. Calcium;

. Magnesium;

. Potassium;

. Sodium;

. Chloride; and

. Sulfate.

Table 4-22 provides the averaged results for each of the water quality in-
dicators for the surface water samples, as well as a range of concentrations
for each analyte (except potassium) which are considered ‘typical’ for Tarrant
County. In addition, the weighted averaged results for the same indicators

are provided for the ground-water samples collected in the Flightline Area.
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Only sodium occurs outside the range provided for the indicators
analyzed, being considerably below what would be considered a ‘'normal’
concentration. This was also the case in the ground-water samples. The
similarity between the averaged surface water results and the averaged ground-
water results strongly supports the interrelationship of the two water
systems. This interrelationship has previously been discussed, and data
generated at the site shows the unnamed tributary to Farmers Branch to be an
influent stream in the Flightline Area. Only calcium differs slightly, with
an averaged concentration in the ground water of approximately 45 mg/L greater
than that of the surface water. This phenomenon is probably due to minor

differences in the alkalinity of the two systems.

4.3 Summary of Findings

The main findings of the Flightline Area investigation with respect

to the nature and extent of ground-water contamination are:

. Concentrations of TCE and vinyl chloride exceed MCLs in Upper

Zone monitor wells in the Flightline Area.

. Multiple sources, including Sites LF04, LF05, WPO7, FT09, and
Air Force Plant 4, have been postulated for the various or-

ganic contaminant plumes which occur in the Flightline Area.

. Some downgradient migration of the plume apex and a decrease
in total TCE concentration may have occurred since the monitor
well network was previously sampled in 1988. However, con-
tinued monitoring is necessary to verify this possible trend,
which could also be related by variability inherent in field

and laboratory procedures or seasonal conditions.

. The extreme western limit of the Flightline Area TCE plume is
as yet still undefined, but high levels of TCE and other
contaminants detected in wells far upgradient of any known

source areas or Carswell AFB strongly support the existence of
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additional upgradient source(s), potentially associated with
documented TCE contamination in Upper Zone ground water

beneath Air Force Plant 4.

The extreme eastern (downgradient) limit of the TCE plume in

the Upper Zone is also undefined.

The vertical extent of contamination in the Flightline Area

appears to correspond to the upper surface of the underlying
Goodland/Walnut aquitard based on limitfd analytical results.
Previous sampling of the two Paluxy Aquifer monitor wells did

not detect any contamination.

It is unlikely that any significant metals contamination
exists in the Upper Zone Aquifer of the Flightline Area, as no

dissolved metals concentrations exceeded MCLs.

Both TCE and vinyl chloride were detected in excess of MCLs in

surface water samples.

Based upon the similarity between ground-water and surface
water TCE concentrations, the unnamed tributary to Farmers

Branch appears to be a zone of ground-water discharge.

A pronounced similarity between surface water and ground-water
quality indicators (and other analytes) supports the existence

of zones of communication between the two water systems.

In addition to contaminant contributions from unidentified
upgradient source(s), the Flightline Area sites appear to be
releasing some additional volatile organic compounds (mainly
TCE, vinyl chloride, and 1,2-DCE) to the larger contaminant

plume.
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Further investigation is required in the area between the
Flightline Area sites and the upgradient source(s) to deter-
mine the relative contributions of each to Upper Zone ground-

water contamination in the Flightline Area.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to define the interrelationships
between the various contaminant plumes which exist in shallow (Upper Zone)
ground water in the Flightline Area, and to discuss their migration and
persistence. The transport and fate of contaminants in the Flightline Area
and the potential for off-site or off-base migration is a function of the

physical hydrogeologic conditions and the plume interrelationship.

Volatile organic contaminants found in both the ground water and
the surface water in the Flightline Area are the only hazardous waste con-
stituents having a potential for off-site or off-base migration at levels of
concern. No dissolved concentrations of inorganic constituents, specifically
metals, were identified in the ground water at levels exceeding federal
primary drinking water standards. Risk assessments were performed earlier
during the Phase II Stage 2 investigation, however these focused principally

on airborne hazards.

— X< The ground-water contaminant plume in the Flightline Area is best
described in terms of trichloroethene (TCE) —As=<statwd=—im—Sectieon-4, TCE is
the principal contaminant at the site, with detected concentrations of up to
4400 pg/L and exceeding EPA's MCL (5 upg/L) in 27 wells. Other contaminants
which are less widely distributed or occur in lower concentrations within the
main Flightline Area plume include vinyl chloride, cis- and trans-1,2-di-

chloroethene, tetrachloroethene, and several other volatile organic halocarbon

compounds.
5.1 Contaminant Persistence and Transformation
5.1.1 Background and Theory

The fate and persistence of the volatile organic contaminant plume
in the Flightline Area is controlled by processes such as convection, con-
taminant adsorption and desorption on soil matrices, diffusion and dispersion,

chemical and biological degradation, and volatilization and subsequent
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resorption. Additionally, the nature of the contributing source(s), with
regard to initial concentration and availability of contaminants, affects both

fate and transport.

Diffusion and dispersion are chemical and mechanical processes
whereby a contaminant tends to spread from the expected direction of transport
governed by ground-water flow patterns. Diffusion depends on concentration
gradients, and causes compounds to spread in the direction of lower concentra-
tions. Dispersion is a function of mechanical transport, where physical
mixing of the fluid media due to drag effects and pore channel tortuosity tend
to cause some lateral solute spreading. Both of these phenomena contribute to
dilution of specific contaminants within the body of the plume, but also
result in the enlargement of the plume. Thus, these phenomena are factors in

contaminant persistence and apparent retardation during transport.

Adsorption and desorption of a solute can be significant factors
affecting the fate and transport of many types of contaminants. Compounds
that are readily adsorbed onto grains of the aquifer material, and not readily
desorbed are removed from the ground-water system and are not available for
transport. Chemical partitioning by sorption can reduce effective transport
by up to 100 percent. However, TCE is classified as a ‘mobile’ solute based
upon its relatively low affinity to adhere to particles in the solid matrix.

This classification is based on mobility, the value K;, from the equation:

ag

a,

where:

~
a
]

the soil-water distribution coefficient;
a, = the activity of the solute in the soil matrix; ‘and

the activity of the solute in the aqueous phase.

£
[

Mobility classes range from ‘immobile’ to ‘very mobile’, with TCE being in the
second most mobile class out of five possible classes. In terms of solute
transport, TCE has a higher activity in the aqueous phase, and hence will tend
to both adsorb and desorb from soil grains with relative uniformity. Conse-

quently TCE (and related daughter products) have a capacity for transport
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which is only slightly retarded with respect to that due to the flow of ground
water. .

Mobility (K,;) is also a function of the concentrations of available
solute, as the chemical activity of a solute will fluctuate based upon the
chemical saturation of the parent media. One method of estimating K; is based
on site specific knowledge of TCE concentrations in the solid and aqueous
phases. For the purpose of this report, TCE will be simply treated as a
mobile solute, with adsorption and desorption being a factor in transport

retardation.

As in the case of adsorption and desorption, TCE and other organic
compounds may volatilize during transport and then be resorbed back into the
aqueous phase. Chlorinated solvents are volatile compounds. Resorption of
compounds following volatilization is based upon their ability to be adsorbed
onto soil grains in the unsaturated zone and then be resorbed back into the
ground water during periods of ground-water level fluctuation. Some com-
pounds, such as 1,2-DCE and vinyl chloride, have low sorption coefficients,
and consequently might be permanently removed from the ground-water system
following volatilization. Because TCE is considered volatile and sorptive,
some portion of the volatilized compound could re-enter the ground-water
system during potentiometric (water level) rises. However, since the Upper
Zone water table in the Flightline Area has not fluctuated significantly since
1985 when potentiometric surveys began, volatilization may possibly cause
permanent removal of organic compounds from the ground water and therefore be
a contributing factor in transport retardation. The degree of significance of

this phenomenon is not known at the present time.

Chemical and biological degradation of the organic compounds in the
Upper Zone ground water are potentially important factors in transport
retardation in the Flightline Area. Tetrachlorcethene (PCE), trichloroethene
(TCE), cis- and trans-1,2-dichloroethene and vinyl chloride are all related by
the chemical process of hydrogenolysis. From this reaction, PCE is broken

down into a series of daughter products, ultimately yielding carbon dioxide
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and water. This process is very common in nature, and may be biologically

driven, as a form of biodegradation.

Figure 5-1 provides a summary of the three chemical and biological
transformation pathways for the four principal organic contaminants in the
Flightline Area. It is noteworthy that the half-lives for these pathways vary
from tens of days to two to three years, and the pathway to cis-1,2-DCE is
generally favored. Since TCE and PCE formerly were both widely used in-
dustrial solvents, some amount of TCE is probably from a primary source. It
is doubtful that the sole source of TCE detected in the Flightline Area is
from the breakdown of PCE. However, with the limited amount of PCE detected,
either a significant portion of the original concentration of this solvent has
broken down into TCE or related daughter products, or the original volume of

PCE was much lower than TCE.

5.1.2 Flightline Area (Golf Course) Data

Figures 5-2, 5-3 and 5-4 present the isoconcentration maps gen-
erated for TCE, 1,2-DCE and vinyl chloride, respectively. This discussion of
fate and transport of the ground-water contaminant plume does not consider the
data north of the Farmers Branch underground aqueduct. There is insufficient
lithologic and hydrogeologic data from the area between monitor well LF05-01
(to the north) and monitor wells LF05-5A and LFO5-5E (to the south) to make a

plausible interpretation of contaminant relationship between the areas.

Based on the previous discussion and the knoﬁledge that 1,2-DCE and
vinyl chloride are not known to be used at the base, it is reasoned that the
presence of 1,2-DCE and vinyl chloride are the result of the chemical and bio-
logical breakdown of TCE. By comparing the zones of highest concentrations in
these three plumes, some scenarios can be suggested regarding the timing and

continuity of the contaminant sources. Reviewing the figures:
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—= Hydrogenolysis*

Clvc‘

Ci

Cl

i H
" v " i \_/ ¢l v :
/ch_E\ e N 1,1DCE
Cl \Cl\ Cl tDCE H ,H/ Cl
" ¥'/ "
Y
i \'_/ i
H d H
PCE - tetrachloroethene « A reduction reaction in which a carbon-—
TCE - trichioroethene halogen bond is broken and hydrogen
cOCE - cis—1,2—dichloroethene replaces the ncicgen substituent.
tOCE - trans-—1,2-dichloroethene
i, 1DCE— 1,1—dichloroethene
VC = vinyl chloride 2
2 - ethene ) 8
Source: Voagel, Criddle and McCartv, 1987 o
Figure 5-1. Potential Degradation Products and Reaction Mechanisms

for Reduction of Chlorinated Ethanes and Ethylenes
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. During the Spring 1990 ground-water sampling, the apex of the
TCE plume (Figure 5-2) was centered along White Settlement
Road, roughly hydraulically downgradient from Landfill 4 (Site
LF04);

. A small irregular area of elevated TCE concentrations (Figure
5-2) is present around monitor well LF05-14, downgradient from
Landfill 5 (Site LF05);

¢« - The 1,2-DCE (Figure 5-3) plume has highest concentrations
immediately downgradient from Sites LF05 and LFO4, with grad-
ually decreasing concentrations downgradient of both land-

fills; and

. Finally, vinyl chloride (Figure 5-4) is present almost ex-

clusively hydraulically downgradient of Site LFOS5.

If 1,2-DCE and vinyl chloride concentrations detected in the ground
water are directly the result of TCE degradation, then a comparison of the
locations and concentration distributions within the plumes suggests an
earlier introduction of TCE from Site LFO05 into shallow ground water, with
significant degradation to 1,2-DCE and vinyl chloride having occurred, and a
later release from Site LFO4, where time has allowed only degradation to 1,2-
DCE to occur. Furthermore, the overall release of contaminants from Site LF04
may have decreased somewhat with time, as concentrations of TCE immediately

downgradient from Site LF04 were lower than in the previous sampling in April
1988.

The fact that cis-1,2-DCE is favored in the chemical breakdown of
TCE supports the hypothesis that all of the 1,2-DCE present in the Flightline
Area results from TCE degradation. As stated earlier, cis-1,2-DCE is present
in concentrations far exceeding trans-1,2-DCE, and the compound was detected
in five times as many wells. This would be expected if the two compounds were
daughter products of TCE, as the breakdown pathways of TCE to trans-1,2-DCE or

1,1-DCE are considered minor. However, all of the interpretations in this

5-9



W3 178

section are speculative. Review of the historical ground-water chemical data
from the Flightline Area indicates considerable variability in concentrations
of volatile organic compounds over short periods (i.e., between monthly
sampling rounds). These fluctuations are unlikely to be related to longer-

term degradation patterns.

5.2 Contaminant Migration Pathways

Ground water and surface water at the Flightline Area appear to be
in hydraulic communication, based on results of synoptic water level measure-
ments, and supported by chemical analyses from surface-water and ground-water
samples. The water quality indicator compounds in each system were similar,
and the detected contaminants occurred in similar proportions. Ground-water
contaminants TCE and 1,2-DCE were also detected in each surface-water sample.
In addition, as discussed in Section 4, the concentrations of TCE and 1,2-DCE
detected at surface-water sampling points were consistent with contaminant
concentrations at nearby ground water sampling locations. These correlations
support hydraulic connection between ground water and surface-water systems.
Furthermore it is apparent that the tributary to Farmers Branch is a point of
ground-water discharge which ultimately contributes contaminated water to
Farmers Branch. To simplify the discussion of contaminant transport, the
migration of the contaminant plume will be described individually in terms of

the ground-water and surface-water systems.

5.2.1 Transport in Ground Water

Comparison of Figures 5-2 (Spring 1990) and 5-5 (April 1988)
showing TCE concentrations in ground water suggests that some migration of the
TCE plume has occurred. Recognizing that the interpreted isoconcentration
contours can partially reflect sampling and analytical variabilities, the apex
of the plume, once centered on monitor well WP0O7-10B, is now centered between
monitor wells LFO4-4G and LF04-02. If this change is attributed to advection,

it represents a migration distance of dissolved TCE of approximately 550 feet.
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Data generated from Upper Zone Aquifer pump testing, performed in
June 1990, and water-level data suggest the average ground-water flow rate in
the Upper Zone is approximately 9 feet per day. This is based on a hydraulic
conductivity of 785 feet/day and an hydraulic gradient of 0.0035. Since the
hydraulic conductivity derived from aquifer testing falls in the suggested
range for clean sands to gravels (Freeze and Cherry, 1979), a porosity of 30%
was assumed. The estimate for the average ground-water flow velocity is

derived from a simplification of Darcy's Law:

Ki
v =
P
where: v = average ground-water flow velocity

~
]

hydraulic conductivity of Upper Zone Aquifer

(average 2.8 x 107! cm/sec or 785 feet/day),

i

¢

hydraulic gradient (0.0035) in the Upper Zone; and

estimated porosity of the Upper Zone deposits (0.30).

By comparing this flow velocity with the apparent change in the position of
the TCE plume after slightly more than two years, the plume appears to be
migrating at a rate of less than 1 foot per year, or an order of magnitude
slower than ground-water flow. This is not unusual based upon the physical,
chemical and biological factors which affect the solute mobility with respect

to ground water, as previously discussed in Section 5.1.

The main contaminant plume appears to be migrating in a direction
which is generally consistent with the direction of ground-water flow. Figure
5-6 shows a potentiometric surface map generated from the June 1990 water
level survey, with the corresponding ground-water flow directions indicated.
The dominant direction of migration closely follows the orientation of the
thickest accumulation of sand and gravel in the Flightline Area (Figure 5-7).
A comparison of the sand and gravel isopach map with the recent TCE plume map
(Figure 5-2) clearly indicates that plume migration may be preferentially
influenced by the increased porosity and hydraulic conductivity of the sand

and gravel interval.
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The direction of plume migration appears to be roughly parallel to
White Settlement Road. The maximum extent of the plume in that direction is
unknown, as samples from the two most easterly monitoring wells, LF04-04 and
LF05-19 had detected levels of 2700 and 1300 pug/L TCE, respectively, in the
Spring 1990 sampling event. However, given historical observations and at the
estimated rate of contaminant transport, the apex of the contaminant plume
would not be expected to migrate beyond the general locations of LF04-04 and

LF05-19 within the next several years.

It is along this vector of migration that the plume most directly
intersects the unnamed tributary to Farmers Branch. Both TCE and 1,2-DCE were
found in high concentrations in surface-water sample LF05-S7 (collected from
the small tributary (Figure 5-2)). At this locality, contaminated ground
water appears to discharge directly into the surface water, which in turn
flows into Farmers Branch. Because upstream flow in this small tributary
intermittently disappears into the subsurface (from the southeast corner of
LFO4 to just upstream of LF05-S7), it is likely that the water at the sampled
location is almost entirely the result of ground-water discharge. However, as
evident from Figure 5-2, the tributary is not a ground-water flow boundary and
thus all ground-water contamination in the vicinity of the small tributary is
not ‘captured’ or diverted as surface-water flow. This conclusion is also
supported by the finding of elevated concentrations of TCE and 1,2-DCE in
wells hydraulically downgradient of the tributary. This is most evident on
the south side of White Settlement Road, where TCE was detected at 2700 ug/L
in monitor well LF04-04, south (downgradient) of the small tributary. Also,
test well LF05-19 is located east of the unnamed tributary and has a TCE
concentration of 1300 ug/L. Migration of a portion of the contaminants

continues in an east-southeasterly direction past the location of LF04-04.

The more northerly component of the TCE plume migration, which
parallels the direction of ground-water flow, is toward Farmers Branch.
Farmers Branch was sampled at four locations in the Spring 1990 sampling
event. While the dominant ground-water flow is in the direction of Farmers

Branch, the main contaminant plume has not indicated a strong preferential
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migration in that direction. TCE concentrations of 1.8 and 4.5 ug/L, found in
surface-water samples collected in two small ponds located immediately north
of monitor well LF05-14, appear to approximate the northerly extent of the TCE
plume. Any potential contaminant migration to the east of these ponds would
be intercepted by Farmers Branch. Since no samples have been collected on the
opposite side (northern) of Farmers Branch, it is uncertain whether the ground
water on that side of the stream is contaminated. Contamination in Farmers
Branch and the unnamed tributary to Farmers Branch is discussed in Section

5.2.2, below.

TCE has not been encountered as a dense non-aqueous phase liquid
(DNAPL) in monitor wells installed in the Flightline Area, however, if DNAPL
does exist, it would tend to sink due to the difference in specific gravity
between TCE and water. Figure 5-8 depicts a structural contour map drawn on
the top of the Goodland/Walnut Formation, which is the aquitard beneath the
Upper Zone and considered to be the limit of vertical contamination. It is
probable that migration of any DNAPL would be influenced by the configuration
of the top of the aquitard. The solubility of TCE in water is 1100 mg/L, and
based on the analyses received from the various sampling efforts, con-
centrations sufficient to warrant the presence of TCE as a DNAPL are not
expected in the Flightline Area. While TCE may have been released in a pure
phase from one of the source sites, immediate and extensive dilution occurs as
the leachate enters the ground water, as reflected in the TCE concentrations
detected in downgradient wells. Based on the concentrations of contaminants
detected in the Flightline Area contaminant plume, the density of the water
would not be expected to be much greater than that of fresh water. However,
preferential migration of the contaminant plume through the thickest Upper
Zone sand and gravel deposits and above the most eroded surfaces of the

underlying aquitard is occurring in the Flightline Area.

5.2.2 Transport in Surface Water

Surface-water contamination in the Flightline Area is affected by
both the extent and migration of the ground-water plume, and by the variations

in the discharge and velocity of the two principal surface-water bodies
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occurring in the area. Farmers Branch, which ultimately flows off-site, had
variable concentrations of TCE and 1,2-DCE based on the sample location. In
addition, Farmers Branch is fed by the small unnamed tributary draining the
southern portion of the study area from which the most highly contaminated
surface-water samples were collected. As a consequence, surface-water
contaminant transport will be considered exclusively in terms of Farmers
Branch. For the purpose of this discussion, Farmers Branch will be divided
into three reaches, each with a different contaminant input and potential for

contaminant migration.

Figure 5-9 shows the location of the surface-water sampling sites
and Farmers Branch divided into three reaches to facilitate discussion of
contaminant fate and transport processes occurring in each. The first reach
of Farmers Branch includes the upstream portion from the end of the concrete
underground aqueduct to the waterfall adjacent to the golf course ponds. This
section of Farmers Branch is not influenced by the main TCE plume, as the golf
course ponds are located approximately at the northern edge of the plume. TCE
was detected, however, in the two samples collected in this reach. The TCE in
these samples is believed to be the result of the upgradient source previously
mentioned in this report. While the TCE detected in this portion of Farmers
Branch is significantly above federal primary drinking water standards, it is
probable that contamination observed in this reach does not contribute greatly
to the overall observed downstream concentration of TCE. It is probable that
a large percentage of all volatile organic contaminants (including TCE and
1,2-DCE) are stripped from the stream by volatilization as the stream crosses

the waterfall which separates the first reach from the second reach.

The second designated reach of Farmers Branch includes that portion
which is downstream of the waterfall and upstream of the intersection of
Farmers Branch and the small tributary. In this reach, the main TCE plume
appears to intersect the stream, and both TCE and 1,2-DCE contamination was
detected in sample LF05-S5. However, even with continued migration of the
main TCE plume in the direction of Farmers Branch, the concentration detected
in this segment of the stream is not expected to increase significantly, and

hence is not expected to be a major contributor to downstream contamination.
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The reason for this is the Upper Zone Aquifer outcrops in a broad cutbank of
Farmers Branch across the entirety of this reach, and the ground water is
therefore not in direct communication with the stream. Instead, water from
the Upper Zone emanates from a series of seeps along the cutbank, and per-
colates down the face of the cutbank into a series of pools which are located
on limestone bedrock of the Goodland/Walnut Formation. As in the case of the
upper reach, this allows for significant volatilization and evapotranspiration
to occur, and would consequently strip most of the contaminants from the water
prior to any possible mixing with surface water from Farmers Branch. It is
likely that minor amounts of contaminants from both reaches may migrate

downstream to the third reach.

Significant concentrations of TCE and 1,2-DCE in the ground water
(on the order of 1300 wg/L and 280 ug/L, respectively) are discharging as
surface water in the vicinity of surface-water sample location LF05-S7. This
water, in turn,; discharges directly into Farmers Branch in the third reach,
and constitutes the principal pathway for off-site and off-base migration.
Since the unnamed tributary to Farmers Branch is considered equivalent to a
direct discharge of the main TCE plume, the discharge of the tributary and
also Farmers Branch were calculated to determine the effects of dilution as

the two bodies intersect. This was done using the simple relationship:

where: Q = discharge

velocity

cross-sectional area

Applying this equation to values obtained in the field, the slow
moving tributary had an estimated discharge of approximately 0.2 cubic feet
per second (cfs) or about 129,000 gallons per day (gpd). In contrast, at the
time of field measurement, the discharge of Farmers Branch upstream of the
tributary was approximately 6 cfs, or about 3,900,000 gpd. This translates
into a dilution factor of about 30, suggesting that contaminant concentrations

in Farmers Branch would be thirty times lower than those occurring in the
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unnamed tributary. Surface-water sampling results confirmed this, as the TCE
concentrations between samples LF05-57 and LF05-S6 (1400 ug/L and 43 pug/L)
appear diluted by a factor of 33 and 1,2-DCE concentrations between the same
two locations (310 ug/L at LF05-S7 and 8.4 pg/L at LF05-S6) appear diluted by

a factor of 37.

It may be concluded that as the most highly contaminated portion of
ground-water plume continues migrating to the east, the concentrations of
organic contaminants detected in the unnamed tributary, and hence in Farmers
Branch, may increase proportionately. However, plume degradation by physical,
chemical and biological factors may result in transport of contaminants off-
site remaining fairly constant over the next few years. Currently, TCE
migration off-site in Farmers Branch is estimated at 45 pg/L and 1,2-DCE
migration off-site is estimated at 8.4 upg/L. There are insufficient data
available to estimate the concentration of these contaminants in reaches of
Farmers Branch outside the Flightline Area. However, volatilization will
reduce the organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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6.0 BASELINE RISK ASSESSMENT

A baseline risk assessment was performed for the Flightline Area.
Site FT09 (Fire Department Training Area 2) was not included in the risk
assessment because a remedial action has already been selected (Radian, 1990)
and the detailed design and specifications are in preparation. The selected
remedial action will effectively eliminate this site as a source of

contaminants.

6.1 Summary of Indicator Chemicals

Sampling and analysis of soil and water in the Flightline Area 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 of the Flightline

Area is therefore based on selected indicator chemicals that pose the greatest

potential risks at the site, a methodology endorsed by the U.S. EPA for

evaluation of the health impacts of waste sites (U.S. EPA, 1986a).

Indicator chemicals were selected from approximately 80 chemicals
known to be present at the site according to Health Evaluation Manual (U.S.
EPA, 1986a). The selection process, based in both 1988 and 1990 sampling and
analyses performed on the soil, ground water, and surface water in the
Flightline Area, resulted in the indicator chemicals listed below. All data
generated in the 1988 program are summarized and discussed in the IRP Stage 2
Final Draft RI/FS (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.

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)
Antimony Bis(2-ethylhexyl)- Benzene
phthalate
Arsenic Chloroform
Barium 1,2-Dichloroethane
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Beryllium Methylene chloride
Cadmium Tetrachloroethene
Chromium Toluene

Lead Trichloroethene
Nickel Vinyl chloride
Selenium

Silver

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 phthalate detected previously are suspected as
being artifacts of sampling or laboratory contamination. As already
discussed, dissolved metals concentrations in ground water and surface water
samples, determined only in the 1990 effort, were all 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.

6.2 Source and Release Characterization

Possible mechanisms of contaminant release from Landfill &4 (LFO04),
Landfill 5 (LFO5) and the Waste Burial Area (WP07) 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.

6.2.1 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 very low vapor pressures and are not subject to volatilization. Most
metals are nonvolatile as well. Indicator chemicals detected in the

Flightline Area which can volatilize include benzene, chloroform, 1,2-di-
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chloroethane, methylene chloride, tetrachloroethene, toluene, trichloroethene,

and vinyl chloride.

Estimated emission rates based conservatively on maximum
concentrations detected in the soil or water samples from the Flightline Area

are:

Emission Rate

Indicator Chemical (grams/second)
Benzene 2.25 x 107
Chloroform 1.58 x 107°
1,2-Dichloroethane 1.07 x 107’
Methylene chloride 2.85 x 1073
Tetrachloroethene 1.25 x 1077
Toluene 6.79 x 1077
Trichloroethene 3.22 x 107
Vinyl chloride 7.51 x 1073

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

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

6.2.2 Fugitive Dust Generation

Contaminants must be present in exposed soil to be subject to
fugitive dust generation. Because wastes in these IRP sites are buried and
the surface is vegetated, contaminants present in the soil are not subject to

significant fugitive dust generation.

6.2.3 Leachate to Ground Water

Indicator chemicals detected in ground-water samples from
downgradient monitor wells in the Flightline Area include: antimony, arsenic,
barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, bis(2-
ethylhexyl)phthalate, benzene, chloroform, methylene chloride, tetrachloro-

ethene, toluene, trichloroethene, and vinyl chloride.
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6.2.4 Surface Runoff

Contaminants must be exposed at the land surface to be subject to
significant surface runoff during precipitation. Because Landfill 4 and the
Waste Burial Area were covered and vegetated after disposal operations ceased,
and because both are relatively flat, contaminants present in the soil are not
subject to significant surface runoff. Landfill 5 was also covered and
vegetated after disposal activities ceased. However, because Landfill 5 was
constructed above ground level and is adjacent to the small tributary to
Farmers Branch, there is a greater potential for surface runoff of contam-

inants than for the other two sites.

6.2.5 Discharge to Surface Water

There is no direct discharge of contaminants to surface water.
However, there is indirect discharge in the form of contaminated ground water
discharging to Farmers Branch, the small tributary, and the two golf course

ponds in the Flightline Area.

6.3 Transport and Fate of Contaminants

Primary environmental transport media for chemical substances in
the environment include the air, surface water, ground water, and soil.
Intermedia transfers can occur and may be critical at some sites. For
example, chemicals in the air can settle to the ground, mix in the soil,
deposit on edible plant matter, or deposit on surface water. Chemicals in the

ground water and soil are subject to uptake by edible plants.

The Flightline Area sites potentially release VOCs to the air via
volatilization and all identified indicator chemicals to the ground water via
waste leaching. The main mechanism for contaminant release to surface water
is by Upper Zone ground-water discharge. Potentially significant contaminant
transport and fate mechanisms in the air and ground-water media include: 1)

air dispersion, 2) ground-water migration, 3) discharge to the surface,
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4) transport in surface water, and 5) subsequent uptake by plants and animals.

6.3.1 Air Dispersion

Emission of VOCs from the Flightline Area IRP sites occurs 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;

] 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
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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 the sites
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 at each site 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.

6.3.2 Ground-Water Migration

In the Flightline Area, ground water in the Upper Zone occurs in
sand and gravel deposits that are underlain by relatively impermeable and dry
limestone/shale bedrock. Hydraulic head in the Upper Zone Aquifer decreases
toward Farmers Branch, indicating that ground-water flow is also toward
Farmers Branch. The bed of Farmers Branch is cut into the same bedrock that
forms the base of the Upper Zone; therefore ground water is expected to
discharge directly to Farmers Branch or to be consumed by evapotranspiration
as it exits the Upper Zone materials near the creek. This in fact is the case
as ground water is continually seeping from the cut-bank face of the creek and
ponding on the limestone bedrock that forms the creek bed. Ground-water flow
is generally not toward the base perimeter in this area. Therefore, migration
of contaminants from the Flightline Area to any domestic or agricultural use

wells in the area is unlikely.
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6.3.3 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 the Flightline Area. Contaminants which reach
Farmers Branch via ground-water migration (or surface runoff from Landfill 5)
are subject to dilution and movement with the surface flow downstream to the
West Fork of the Trinity River located east of the base. 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. Thus the path of surface water
drainage precludes the transport of contaminants from the Flightline Area to
the sole surface water source of drinking water in the area. Any VOCs present
in surface water would probably volatilize to the air, thus leading to

decreasing VOC concentrations with increasing distance downstream.

6.3.4 Uptake by Plants and Animals

Food crops, including commercial agricultural crops and backyard
gardens, are subject to accumulation of contaminants migrating from the
Flightline Area IRP sites via root uptake of any contaminants present in the
water used for watering or irrigation. Migration of ground water to a surface
water source used for watering or irrigation is the only significant pathway
for contaminants to move from the Flightline Area to plants. However, farming
operations in the area generally rely on natural precipitation or irrigation
of crops with ground water (South, J., 1988), which eliminates this potential
pathway for human exposure. Since emissions to the air from the Flightline
Area would be limited to VOCs which remain in a gaseous state in ambient air,
they will not deposit on 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
potentially subject to accumulation of contaminants originating in the
Flightline Area sites by: 1) inhalation of ambient air, and 2) ingestion of
surface water contaminated via ground-water migration. As discussed above,

farm operations in the area do not use surface water to irrigate crops.
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Therefore, farm animals are not subject to ingestion of plants irrigated or

watered with surface water contaminated via ground-water discharge.

Aquatic organisms, including fish, are subject to accumulation of
contaminants by uptake from surface water contaminated via ground-water
discharge/surface transport. Contaminants can bioaccumulate in the food chain

of both terrestrial and aquatic organisms.

6.4 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move
from the Flightline Area to human exposure points. A major potential exposure
pathway, ground water ingestion, is not applicable to Upper Zone ground water
in the Flightline Area. The ground-water discharges directly to the Farmers
Branch, which flows 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. Ground-water flow is generally not toward the base perimeter in this
area. In 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.

Fugitive dust generation and soil ingestion are also considered
incomplete pathways because wastes in the Flightline Area IRP sites are buried
and the surface is vegetated. Fugitive dust generation was considered for

Fire Department Training Area 2, (Site FT09); however, since a remedial design
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which includes excavation and capping has already been selected for this site,

it is no longer at issue. Remaining pathways include:

1.

Volatilization to the air/air dispersion/inhalation of

ambient air;

Volatilization to the air/air dispersion/inhalation by

animals/ingestion of meat and dairy products;

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

organisms/ingestion of aquatic organisms;

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

animals/ingestion of meat and dairy products;

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

water; and

Leaching to ground water/ground-water migration to surface
water/volatilization of volatiles/inhalation of vapors close

to source.

Contaminant contributions to surface water used for fishing, for

agriculture, for contact water sports, or from which VOCs can volatilize, can

Branch tributary.

also potentially result from surface runoff from Landfill 5 to a Farmers

6.5 Identification of Receptors

Based on available exposure pathways, potential human receptors

for exposure to contaminants migrating from the Flightline Area include: 1)

persons residing and/or working in nearby areas, particularly downwind of the
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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.

Potential wildlife receptors include: 1) terrestrial organisms
with habitats close to the Flightline Area that inhale ambient air and ingest
surface water, particularly from Farmers Branch, its unnamed tributary and/or
the golf course ponds, and 2) aquatic organisms in the on-base surface water

bodies and the West Fork of the Trinity River.

6.6 Quantification of Exposures

6.6.1 Inhalation Exposure

Inhalation of ambient air is the most direct exposure pathway for
contaminants to move from the Flightline Area to human receptors. Table 6-1
presents the on-site maximum and off-site maximum predicted annual ambient air
concentrations resulting from estimated Flightline Area emissions, and
predicted concentrations at several discrete locations: site of the proposed
base day care center, which is central to the largest on-base residential
area, the Fort Worth National Fish Hatchery, and the closest dairy and beef
operations. The table also lists Texas Air Control Board (TACB) Health
Effects Screening Levels (ESLs) which the agency uses to evaluate the impacts
of air contaminants. TACB screening levels are based on occupational exposure
limits [American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold Limit Values (TLVs), Occupational Health and Safety Administration
(OSHA) standards, or National Institute for Occupational Safety and Health
(NIOSH) recommendations], odor nuisance potential, vegetation effects, or
corrosion effects. Generally the annual ESL corresponds to 0.1% of the lowest

occupational exposure limit.

The maximum predicted annual average concentrations resulting from

estimated Flightline Area emissions for benzene, chloroform, 1,2-

6-12
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dichloroethane, methylene chloride, tetrachloroethene, toluene,
trichloroethene, and vinyl chloride are lower than the conservative TACB

Effects Screening Levels by orders of magnitude ranging from 4 to 8.

6.6.2 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.
The Flightline Area contributes very low concentrations of VOCs to the ambient
air. At the sites of the nearest dairy and beef operations, concentrations
are predicted on the order of 1077 pg/m3 and lower (see Table 6-1). Although
cows will absorb inhaled VOCs, these compounds do not tend to accumulate in
milk or edible tissues which humans might consume. Likewise, livestock
consumption of surface water containing contaminants originating from the
Flightline Area is theoretically possible, if livestock consumes water from
the West Fork of the Trinity River; however, any exposure can be 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 the Flightline Area.

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 the Flightline Area to Lake Worth, there is no potential for
human exposure to contaminants originating at the Flightline Area via
ingestion of fish caught in the lake. There is some theoretical potential for
fish in the West Fork of the Trinity River to accumulate contaminants from the
Flightline Area in the area downstream of the intersection of Farmers Branch
with the river. However, contaminant contributions to the river from the
Flightline Area via contaminated ground-water discharge to Farmers Branch are
likely to be very minimal due to the distance between the site and the river

(approximately one mile), dilution, volatilization, and the low concentrations
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of contaminants in ground water. Therefore, concentrations of contaminants in

the river which originate from the Flightline Area were not established.

6.6.3 Dermal Exposure

The potential for skin contact with contaminants originating from
the Flightline Area is limited to exposure 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 the Flightline Area to Lake Worth, there is no potential for human
exposure to contaminants originating from the Flightline Area via skin contact
with lake water. As discussed above, contaminant contributions to the West
Fork of the Trinity River from the Flightline Area are theoretically possible
but likely to be very minimal; therefore, skin contact with river water is not
considered a significant exposure pathway for this site. Skin contact with
water in Farmers Branch, which is not amenable to swimming or other contact
activities other than possibly wading, could contribute to dermal exposure.

The exposure potential from this pathway was not quantified.

6.7 Threat to Human Health
6.7.1 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 benzene, chloroform, 1,2-
dichloroethene, methylene chloride, tetrachloroethene, toluene, trichloro-
ethene, and vinyl chloride are lower than pollutant-specific RFDs in all cases
by more than three orders of magnitude. The total hazard index is
significantly less than one at all sites, indicating that the threat of
noncarcinogenic health effects of inhalation exposure to contaminants

originating from the Flightline Area is not significant.

6.7.2 Carcinogenic Risks

Inhalation Risk--Of the eight indicator chemicals that might be

released to the air from the Flightline Area, seven are potential carcinogens.
These are: benzene, chloroform, 1,2-dichloroethane, methylene chloride,
tetrachloroethene, trichloroethene, and vinyl chloride. 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 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 one in 10 million, can be dismissed as inconsequential.

Ingestion Risk--The potential for ingestion exposure to

contaminants originating from the Flightline Area 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 Flightline Area is also minimal. Unless an individual
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immersed frequently in the waters of Farmers Branch for a long period of time,
skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.
6.8 Threat to Wildlife

Contaminants migrating from the Flightline Area, as discussed
previously, pose some risk to terrestrial wildlife that use Farmers Branch,
its small tributary, and the golf course ponds as a source of drinking water,
as well as aquatic organisms in these surface water bodies. 1In the past,
there have been some instances of fish kills in Farmers Branch and in the
small ponds near Building 233. Table 6-4 compares the maximum values of
indicator chemicals detected in the Flightline Area surface water samples with

EPA water quality criteria (where available) for aquatic life in fresh water.

The only organic indicator chemical that has an established
criterion (LOEL - lowest observed effect level) is TCE. The maximum detected
concentration of TCE in surface water samples is 15 times less than the

chronic LOEL for fresh water aquatic species.

Two metals, lead and silver, were detected in concentrations
greater than the ambient fresh water chronic criteria. Silver was detected
three times (twice in golf course ponds and once in Farmers Branch).
However, all three detectable concentrations occurred in unfiltered samples
and all were less than five times the method detection limit. All dissolved
silver concentrations were below the method detection limit (10 ug/L).
Because the detection limit is higher than the chronic criterion for aquatic
life in fresh water, it is not possible to determine whether any dissolved

silver concentrations actually exceeded the chronic criterion.

Lead was detected in all four water samples from Farmers Branch
and from one of the golf course ponds. The only detected concentration
exceeding the chronic criterion, however, was in the golf course pond sample.
The accuracy of the reported lead concentration is questionable as the corres-

ponding dissolved lead concentration was roughly three times greater than the
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COMPARISON OF MAXIMUM DETECTED SURFACE WATER INDICATOR

CHEMICAL CONCENTRATIONS WITH EPA WATER QUALITY CRITERIA

Maximum Detected

Concentration Fresh Acute Fresh Chronic

Indicator Chemical (ug/L) (ug/L) (ug/L)
TCE 1,400.0 46,000% 21,000+
Vinyl chloride 3.7 -- --
Arsenic (metal) 4.8

- Pentavalent -- 850% 48%

- Trivalent -- 360 190
Barium 210.0 -- --
Lead 29.0 330%* 12.9%*
Silver 23.0 26.9%*% 0.12

*Insufficient data to develop criteria.
Observed Effect Level.

Value presented is the LOEL - Lowest

**Hardness Dependent Criteria (300 mg/L used).

--No criteria or LOEL available.

Source:
May 1, 1986.

U.S. EPA, Quality Criteria for Water 1986b.

EPA 440/5-86-001.
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total concentration which did not exceed the chronic criterion. All four
samples collected from Farmers Branch contained lead in concentrations
approaching the chronic criterion for fresh water aquatic life. One of these
samples was collected from a reach of Farmers Branch upstream of any of the
Flightline Area sites, so it appears that either natural background
concentrations of lead in surface water are relatively high and/or Farmers

Branch is receiving lead from an upstream source.

6.9 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National
Laboratory, 1987) to evaluate the Flightline Area (Sites LF04, LFO05, WPO7, and
FT09) and four East Area IRP sites 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 analyzed using toxicological benchmarks to

indicate risk to the local human population and natural environment.

Using information obtained during Stage Two of the Installation
Restoration Program (IRP) at Carswell AFB, the DPM indicated the following
ranking for the sites investigated (numbers in parentheses are the results of

the DPM scoring and indicate relative rankings):

Unnamed Stream (20,760);
Flightline Area (19,381);
Landfill 1 (7,036);

Base Service Station (5,929); and
POL Tank Farm (4,584).

wm 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:

1. Flightline Area;
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Unnamed Stream;
POL Tank Farm;
Base Service Station; and

Landfill 1.
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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. Radian's
justification for giving the Flightline Area higher pridrity for remedial
action relative to the Unnamed Stream is explained below. The DPM evaluation

worksheets for the Flightline Area are provided as Appendix G.

Flightline Area Versus Unnamed Stream

Two factors strongly influenced the DPM ranking of the Flightline
Area below that of the Unnamed Stream. The more important of these is the
relatively low levels of metals (especially lead) detected in the Flightline
Area, compared to the Unnamed Stream site. Also important was the difference
in contaminant transport times because of the proximity of the Unnamed Stream

to the base boundary and the Trinity River.

Radian assigns a higher ranking to the Flightline Area for several
reasons, the most important of these being the relative concentrations of
contaminants detected at these two sites. At the Unnamed Stream, no
contaminants were detected at levels in excess of Maximum Contaminant Levels
(MCLs). At the Flightline Area, however, TCE, vinyl chloride, tetra-
chloroethane and cis-1,2-dichloroethane were detected above current MCLs.
Metals were detected in higher concentrations in the surface water samples

from the Unnamed Stream, but none exceeded any regulatory concentration limit.

Another reason for assigning the Flightline Area a higher ranking
is its size relative to the Unnamed Stream. The Flightline Area is much

larger and contains a larger volume of contaminants than the Unnamed Stream
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site. It therefore presents a more complicated problem for remediation and a

greater potential for future environment degradation.

6-23




W3 248

7.0 SUMMARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in
the Flightline Area, 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 environ-
ment. Also identified are existing data gaps, possible ways to address
additional data requirements, and the objectives of any remedial actions

conducted in the Flightline Area.

7.1 Summary of Contamination and Associated Risks

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

exposure to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground Water

Environmental sampling conducted in the Flightline Area thus far
has shown ground-water contamination by volatile organic compounds, par-
ticularly trichloroethene and vinyl chloride, to be the most widespread and
significant problem. During the most recent ground-water investigation
(April/May,1990), TCE was detected in concentrations exceeding the federal MCL
in 27 of the 35 monitor wells sampled. Vinyl chloride exceeded its MCL in
seven wells. Figures 5-2 and 5-4 show isoconcentration contour maps of TCE

and vinyl chloride in the Upper Zone Aquifer at the Flightline Area.

As seen in Figure 5-2, ground-water sampling of the existing
monitor well network has adequately defined of the northern and southern
limits of the TCE plume; however, the extent of the plume to the east and west
is currently unknown. The evidence generated to date suggests the TCE con-
tamination is preferentially migrating along paleochannels that were iden-

tified during drilling and were mapped in the Flightline Area (Figure 5-7).
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The maximum vertical extent of the TCE contamination, as well as all other
contamination detected in the area, apparently corresponds to the upper
surface of the Goodland/Walnut Formation, which underlies the Upper Zone
sediments. The limestone and shale of the Goodland/Walnut Formations appear
to be an effective barrier to downward migration of ground-water contaminants
to deeper aquifers, because no contaminants were detected in the two Paluxy
Aquifers (the sand aquifer directly under the Goodland/Walnut aquitard)
monitor wells, one of which (P-2) is located near the center of the plume

during the sampling performed in 1988.

Figure 5-4 shows the lateral extent of vinyl chloride detected in
the Flightline Area Upper Zone ground water. The vinyl chloride contamination
is less areally extensive and better defined than the TCE plume. Isocon-
centration contour mapping of vinyl chloride detected in the Upper Zone ground

water suggests Landfill 5 (LFO05) is the principal source of the contamination.

Several other organic compounds were detected in the ground water
from the Flightline Area monitor wells, most notably tetrachloroethene and
cis-1,2-dichloroethene, but the concentrations of the compounds detected were

either below MCLs or they have no established MCLs.

Multiple sources are apparently contributing the organic con-
taminants detected in the shallow ground water of the Flightline Area. Land-
fills 4 and 5, the Waste Burial Area, and to a lesser extent, Fire Training
Area 2 appear to be contributing to the contamination, based on the con-
centration distribution of the volatile organic contaminants and the consis-
tent nature of the detected contaminants and disposed wastes. However,
repeated evidence of organic contamination in monitor wells located hydraul-
ically upgradient of these sites suggests one or more additional off-base
sources. Based on similar concentrations of TCE and related transformation
products detected in upgradient wells on adjoining AF Plant 4 property, AF
Plant 4 is considered the principal upgradient candidate source of the balance

of the Flightline Area contamination.
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Although several metals species were detected in concentrations
greater than respective MCLs in unfiltered ground-water samples, it is
probable that no metals contamination exists in the Upper Zone Aquifer at the
site as no concentrations exceeding MCLs were reported in the dissolved metals

analyses which most directly reflect ground-water chemistry.

Surface Water

Trichloroethene is the principal contaminant in the surface water
of the Flightline Area. It was detected in all seven of the water samples
taken in 1990, and exceeded the MCL in five of the samples. The highest
detected concentration was in a sample from a small tributary to Farmers
Branch (sample location LFO5-S7 on Figure 5-9). There is strong evidence that
the shallow ground water is providing the base-flow and the resulting con-
tamination in this small stream. As with ground water, contamination observed
in a reach of Farmers Branch upstream of the Flightline Area sites suggests an
additional upstream contaminant source. The farthest downstream sample from
Farmers Branch contained TCE in excess of the MCL. At this location, it
appears that Farmers Branch is receiving a significant contaminant con-

tribution from the previously mentioned tributary.

Vinyl chloride was the only other volatile organic compound
detected in the surface water samples in excess of any MCLs and it was
detected above the MCL in only one sample collected from the golf course ponds

located adjacent to the golf course maintenance facilities.

The remaining volatile organic compounds detected in the surface
water samples were the cis- and trans-isomers of 1,2-DCE. These compounds

were commonly detected in the Flightline Area Upper Zone ground water.

No metals were detected above MCLs in any of the surface water
samples collected in 1990. Water quality indicator results from the surface
water samples were compared to the ground-water results. The strong similar-
ity in the concentrations of cations and anions suggests that discharge of

Upper Zone ground water is supplying a large portion of the surface water flow.
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7.1.2 Fate and Transport

Fate of Contaminants

No dissolved metals concentrations in Upper Zone ground-water
samples exceeded MCLs. Therefore only the persistence and transformation of
organic contaminants were addressed. The ground-water contamination in the
Flightline Area consists mainly of volatile chlorinated organic solvents,
principally TCE with lesser amounts of chemically-related transformation
compounds (Figure 5-1). The fate and persistence of these volatile organic
compounds is controlled largely by the processes of diffusion and dispersion,
adsorption and desorption, volatilization and subsequent resorption, and

chemical and biological degradation.

Diffusion and dispersion are chemical and mechanical processes
which contribute to dilution of specific contaminants within the body of the
plume, but also result in enlargement of the plume. Because TCE and its
related daughter products are generally classified as mobile solutes in water
and therefore have a higher activity in the aqueous phase, their capacity for

transport is only slightly retarded with respect to that due to the flow of

ground water.

The organic compounds observed in the Upper Zone Aquifer in the
Flightline Area are volatile by nature, and any volatilization of these
compounds from the ground-water system could result in their permanent
removal. Although some of the compounds might be adsorbed onto overlying
sediments, historically the Upper Zone Aquifer water table has not changed
significantly, and therefore there is little chance of the compounds being

resorbed back into the ground-water system.

Tetrachloroethene, trichloroethene, cis- and trans-1,2-dichloro-
ethene and vinyl chloride are all chlorinated solvents and related by the
chemical process of hydrogenolysis (Figure 5-1). This process is very common
in nature and may be biologically driven, as a form of biodegradation. Based

on available records and water sampling results, it appears TCE was the
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principal solvent disposed of in the Flightline Area, and the cis- and trans-
1,2-DCE and vinyl chloride detected in lesser quantities are mainly daughter

products of the TCE (and possibly the PCE).

Transport in Ground Water

Using data obtained from the June 1990 Upper Zone Aquifer pumping
test and the potentiometric surface map of the aquifer, the average ground-
water flow rate in the Upper Zone is calculated to be approximately 9 feet per
day. By comparing the TCE contaminant plume position as determined in both
1988 and 1990, it appears the plume is migrating approximately an order of
magnitude slower than the ground water. The contaminant plume migration does
not conform wholly to the ground-water flow direction, which is generally
toward Farmers Branch. A portion of the plume appears to be preferentially
moving through the thickest accumulations of sand and gravel in the Upper
Zone, in a more easterly direction than the shallow ground-water flow. While
Farmers Branch and one of its tributaries are capturing a portion of the
contaminant plume, there is continued plume migration in a generally east-

south-easterly direction from the Flightline Area.

Transport in Surface Water

The two main surface water bodies in the study area, Farmers Branch
and the small tributary to Farmers Branch, were found to contain varying
concentrations of volatile organic compounds. The small tributary exhibited
the greatest degree of contamination, the indirect source of which is believed
to be discharge of Upper Zone ground water. A portion of Farmers Branch that
is upstream of, and therefore unaffected by the Flightline Area sites,
contained volatile organic compounds from an upstream source. Currently, the
estimated concentration of TCE migrating off-site in Farmers Branch is 45
pg/L, and 1,2-DCE is estimated at 8 ug/L. Volatilization will reduce the
volatile organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from soil, ground
water, and surface water samples collected in the Flightline Area, 19 in-
dicator chemicals were selected from the approximately 80 chemicals known to
be present at the site. The indicator chemicals consisted of 10 metals, eight
volatile organic compounds and one semivolatile organic compound. These
chemicals were selected according to the methods in the U.S. EPA Health
Evaluation Manual (1986a). Although several of the indicator chemicals
selected, particularly the metals and the semivolatile compound, are not
believed to represent an actual contaminant problem at the site, they were
included in the risk assessment process to ensure a conservative evaluation of

possible health risks.

Possible mechanisms of contaminant release from the Flightline Area
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. Of these
six possible mechanisms, volatilization to the air, leachate to ground water,
and contaminated ground water discharging to surface water appear to be the

most important release mechanisms in the Flightline Area.

Potentially significant contaminant transport and fate mechanisms
were identified and include: 1) air dispersion, 2) ground-water migration, 3)
discharge to the surface, 4) transport in surface water, and 5) subsequent

uptake by plants and animals.

Results of an evaluation to determine possible human exposure
routes from the six previously mentioned waste release mechanisms (Figure 6-1)
show six potential pathways exist. 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 the Flightline Area were 1den-

tified.

7-6



V3 221

Three types of exposures - inhalation, ingestion, and dermal
contact were quantified in the risk assessment. The maximum predicted annual
average concentrations resulting from estimated Flightline Area VOC indicator
chemical emissions are lower than the conservative TACB Effects Screening
Levels by orders of magnitude ranging from 4 to 8. Potential ingestion
exposures included consuming meat and dairy products or fish exposed to
contaminants, however, neither of these potential pathways were found to
represent a significant threat of human exposure. Dermal exposure to con-
taminants in Lake Worth and the Trinity River was found to be insignificant,
at most. Skin contact with water in Farmers Branch, which is not amenable to
swimming or contact activities other than wading, could result in dermal
exposure, but the insignificance of such potential exposure did not merit

quantification.

The threat to human health posed by the site was evaluated in terms
of noncarcinogenic and carcinogenic risks. The noncarcinogenic evaluation
involved comparing maximum predicted annual average volatile organic con-
taminant concentrations at various locations, both on-site and off-site, with
inhalation Reference Doses (RFDs) for chronic (long-term) exposure. The
results of this comparison indicate the threat of noncarcinogenic health
effects of inhalation exposure to contaminants released from the Flightline
Area is not significant. Concerning carcinogenic risks, seven of the eight
VOC indicator chemicals are potential carcinogens. Incremental individual
cancer risks were estimated for maximum exposed individuals at locations both
on- and off-site. The highest risk of one in 10 million was dismissed as
inconsequential. Ingestion and dermal risks were considered minimal and were

not quantified.

When considering the threat to wildlife and aquatic organisms from
the contaminants migrating from the Flightline Area, the level of contaminants
found in the site surface water bodies were compared to the EPA Quality
Criteria for Water (1986b). Some risk exists for terrestrial wildlife that
use Farmers Branch, the small tributary, or the golf course ponds as a source
of drinking water, as well as for aquatic organisms in these surface water

bodies. Lead was detected in a concentration exceeding the chronic criterion
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for fresh water aquatic life in the westernmost golf course pond (Figure 5-9),
however the reported result is questionable because it was from the dissolved
lead analysis, and the total lead concentration in the unfiltered sample was
less than the chronic criterion. Silver was detected at three locations in
concentrations above the chronic criterion, but all three results were for
total silver. Silver was not detected in the dissolved phase, however, the
detection limit for the analytical method (10 ug/L) was greater than the
chronic criterion. Therefore it is not possible to determine whether any

dissolved silver concentrations exceeded the criterion.

7.2 Conclusions

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

tives for the Flightline Area.

7.2.1 Data Limitations and Recommendations for Future Work

The remaining information needed from the Flightline Area is
primarily for more complete definition of the extent of the volatile organic
contaminant plume, and better understanding of the mechanics of ground-water

flow in the Upper Zone. Specifically:

. The lateral and downgradient limits of the VOC plume in the

Upper Zone Aquifer;

. Identification and characterization of the upgradient, off-
base source(s) of Upper Zone contamination in the Flightline

Area;

. The VOC content of the water in Farmers Branch at a location
immediately upstream of its discharge point to the Trinity

River;
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. Computer modelling of ground-water flow and contaminant trans-
port;
. Upper Zone Aquifer properties, such as transmissivity and

storage coefficient, near Farmers Branch and the small trib-

utary.

Although estimates of aquifer properties were obtained as a result of the June
1990 pumping test, this test was conducted in an area where the thickest
sequence of sands and gravels observed in the Flightline Area occurs. If, as
anticipated, the selected remedial alternative involves the use of ground-
water extraction wells in areas with thinner, less permeable Upper Zone
sediments, the aquifer properties in these areas will require re-evaluation.
Also, various scenarios of the aquifer response to pumping can be generated

with computer programs.

Specific recommendations for additional work in the Flightline Area
follow. All of these activities could be incorporated into the detailed

design phase for the selected remedial alternative.

1) Installing up to five additional Upper Zone monitor wells to
determine the lateral and downgradient extent of the VOC
contaminant plume. The location of the wells will be selected
to determine the downgradient (easternmost) extent of the
plume, and to determine whether the contaminant plume extends
beneath Farmers Branch to the north. These wells could also
be included in any long-term monitoring scheme to evaluate the
effectiveness of the selected remedial alternative in preven-

ting further plume migration.

2) Performing one round of ground-water sampling and analyses for
volatile halocarbon compounds that includes all Carswell AFB
Flightline monitor wells, and monitor wells previously in-
stalled by Hargis and Associates for AF Plant 4 in the
Carswell Flightline Area and on adjoining AF Plant 4 property.
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3)

4)

3)

-
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Analytical results from this effort would help to determine
the location, nature, and magnitude of upgradient contaminant
sources; define the upgradient limits of Upper Zone ground-
water contamination; and evaluate the degree of continuity of
ground-water contamination beneath AF Plant 4 and the Carswell

AFB Flightline Area.

Surface water sampling of Farmers Branch at a point just above
its confluence with the Trinity River. Information gained
through this activity will help in determining the extent of
surface water contamination, will provide information regar-
ding contaminant fate and transport, and will validate as-

sumptions made in the risk assessment.

One to two aquifer tests along Farmers Branch and the small
tributary are recommended to provide additional information to

support remedial actions.

Computer modelling to obtain a better understanding of ground-

water flow and contaminant migration patterns.

Recommended Remedial Action Objectives

The Flightline Area Upper Zone ground water, surface water, and

soils are contaminated with volatile organic compounds. Based on the existing

environmental conditions, the recommended objectives of any remedial actions

are to:

)

2)

Reduce or eliminate potential impacts to human health and the

environment;

Reduce or eliminate the potential for future contaminant

migration in the ground water or surface water; and
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3) Reduce, eliminate, or immobilize contaminants in near-surface

soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-
taminated environmental media were identified based on previous Flightline
Area investigative results. These media include waste material and con-
taminated soil, Upper Zone ground water, and surface water. Specific remedial
action objectives identified 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:

° 70-year cancer risk potential;

. National interim primary drinking water standards maximum con-
taminant 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, January 30, 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 Flightline Area.
As previously explained, metals are included as indicator chemicals on the
basis of total concentrations detected. However, the dissolved metals
concentrations detected in the 1990 sampling event do not suggest a metals

contamination problem.
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA
AFB

Alluvium

Aquifer

Aquitard

Artesian

BLS
DOD
ECD
EICP
EPA

Evapotranspiration

Extraction

FDTA
FS

GC
GC/HSD
GC/MS

GFAA

atomic absorption
Air Force Base

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

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

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

unit

Applicable or Relevant and Appropriate
Requirement

term applied to ground water confined under
hydrostatic pressure

below land surface

U.S. Department of Defense

electron capture detector

Extracted Ion Current Profile

U.S. Environmental Protection Agency

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

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

Fire Department Training Area

feasibility study

gas chromatography

gas chromatography/halide specific detector
gas chromatography/mass spectroscopy

graphite furnace atomic absorption spectroscopy




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

gpd
gpm

Hydraulic Conductivity

IRP
MCL
MS
MSL
MS/MSD
NCP
OEHL
ova
0&G
PCB
PID
piezometric/potentio-

metric surface

PMCL
ppb
ppm
QAPP
QA/QC
RI/FS

SOwW

gallons per day

gallons per minute

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

Installation Restoration Program

Maximum Contaminant Level

mass spectroscopy

mean sea level

Matrix Spike/Matrix Spike Duplicate

National Contingency Plan

Occupational and Environmental Health Laboratory
organic vapor analyzer

oil and grease

polychlorinated biphenyl

photoionization detector

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

proposed maximum contaminant level

parts per billion

parts per million

Quality Assurance Program Plan

Quality Assurance/Quality Control

Remedial Investigation/Feasibility Study

State of Work
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

spike

SW-846

TCE
TDS
TOC
TOX
TPM

Transmissivity

USAF

USAFOEHL

USDA
USGS
voC

water table

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.

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

Multiplication Factor Prefix Symbol
1,000,000, 000,000,000, 000-101 > exa- E
1,000,000,000,000,000-1012 peta- P
1,000,000,000,000-109 tera- T
1,000,000,000—106 giga- G
1,000,000—103 mega- M
1,000-102 kilo- k
100-101 hecto- h
10—10_1 deka- da
0.1—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
0.000 000 000 000 001-10~18 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/ul




APPENDIX A
Lithologic Logs

(Previous Lithologic Logs may be found in CH2M Hill (1984),
Radian (1986), and Radian (1989))
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| DRILLING LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,

] IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE:  40.1 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

]| 2. LOCATION: Flightiine Ares

] 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17

| 4. HOLE NO.: LF04-09

| 11. ELEVATION GROUND WATER:  600.26 ft MSL (6/18/90)

RERREN

| 5. NAME OF GEOLOGIST: S. E. Fain

] 12. DATE HOLE ESTABLISHED: 3/23/90

| 6. COORDINATES OF WOLE:

| 13. SURFACE ELEVATION: 626.50 ft MSL

| 14. BACKGROUND:

| 15. MEASURING POINT ELEVATION:  629.24 ft MSL

| Remarks

|Clay: Dark brown, slightly silty, very stiff, damp

|Clay: As above, 5 - 10X calcareous material (nodules,

]Clay: Orange/Brown, silty, minor fine sand, calcareous
|material ~ 10 - 20X of sample, very stiff.

|Clay: As above, mottling of various colors is disturbed

|Clay: As sbove, ~ 20X green silty clay.

|Clay: Orange/brown with greenish mottling, silty,
|sendy, ~ 1X calcareous materisl, firm.

|Sand: Orange/brown, very clayey and silty; very fine to
|fine grained, bedding (horizontal) evident, damp: Clays

Joccur mainly in 2 - 4 in. seams ~ every foot.

|Sand: Burnt orange, fine grained, slightly clayey,
|damp, quartzose, Clay occurs as thin seams.

|sand: Tan, fine grained, loose, >95% quartz, damp;
joxidation stained laminee 21.5 - 22 ft.; 0.4 ft. clay

| X: 2019579.19  Y:  397653.57

|

|Depth| Graphic | Blow | Soil |

1(Ft. Log Count |Class/Code |Visual Description
| o // | U/CLLR

| / | |minor small gravel.
| | |

| | |

| 2 | U/CLLR

| | |mottling).
| | |

| | |

| 4 | uscLLR

| |

| | |

| | |

| 6 | u/cLR

| | |Looking.

| | |

] | |

| 8 | u/cLLRr

| | |

| | |

| | |

| 10 | uscLLr

| |

| | I

| / | I

| | |

| 1234 = - - - | Uu/sDsM

| U |

% |+ - - - | U/sDsM |Sand: As above.
| U | |

| .- | |

l .'... .« . | _l

| 16 .. | ussosM

' ..-.... l l

| e e | I

| s | |

I o.o.o‘o‘o I l

19 {..... | u/sDFN

| e |

| | |seam 21.1 - 21.5 ft.
] e e e ] ]

' e o o | '

| S | |

|Full recoveries
junless noted.

|Coutd not cut with
Jknife.

|

|

|

|

|

|

|8oring does not
|appear to encounter

Jfill materiat (Like
|LF05-02).

4.2 ft Recovery.

|
|
|
|
|
|
|
|
|
|
|
|]1.2 ft. Recovery
|
|
l
|
[
|
|
|
|
|
|

— —— —— — ——— —— —— —— — — —— —— —— — —— — —— — — — — — — ———— —— — ——— —— — — — —— —— o, gt o s . e[ e fpeae [




|5.5 ft. sampler; 50
|blows = 1 in.; T.D.
|= 40.1.

|

|

| DRILLING LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
] 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 40.1 ft BGL 1
] IRP PHASE Il STAGE 2 _| 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 1
| 4. HOLE NO.: LF04-01 ] 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/23/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 626.50 ft MSL |
| x: 2019579.19 Y:  397653.57 | 14. BACKGROUND: 1
| 1 15. MEASURING POINT ELEVATION: 629.24 ft MSL 1
|[pepth| Graphic | Blow | Soil | | |
[¢Ft.)] Log Count |Class/Code |Visual Description | Remarks 1
I SRR | I | |
I S I | I |
| C e | I | |
| - | | | I
| | | | I
[ PR | I | |
| 24 . | U/SDFN |Sand: As above, heavily oxidized 24 - 25 ft. | |
I MR | I I I
|25 [ | U/CLLR  |Clay: Brown, gray in 1 - 2 in. seams, oxidation | |
| / | |mottling, sandy (fine grained), cohesive, moist; | |
| | |getting sandier past 28 ft., wet at 28.5 ft. | |
| | | | |
| | I | I
| | I | I
| | I | |
| / | I | |
| 29 I/ | U/CLLR |clay: Brown, very sandy, saturated, slightly cohesive; |W. L. Measured |
| | |sand is very fine to fine grained, ~ 30 - 40%; 31 - 32 |down sugers at 29.6 |
| /I i |ft. clay, little sand; 32 - 34 ft. sand with minor |ft. BLS, W. L. |
| | |clay. |after completion = |
| / | i j27.5 BLs, 3.6 ft. |
| WAL | I [Recovery. |
3 }).... | U/sDsM |sand: Burnt orange (heavily oxidized), fine to medium | |
| ... | |grained, slightly clayey, slightly cohesive. Increasing | |
| | |coarseness and 10 - 20X gravels (small) 33 - 34 ft. | |
| P | | | | |
| 3 - V(I | U/SDGR  |Sand and Gravel: Orange, 50/50, wet; sands very fine to |3.0 recovery at 36 |
| O | |very coarse grained, poorly sorted; gravels bimodal: |fe. |
| poo | |chert and quartz gravels, mostly granule and small | |
| O d q | |pebble size; large gravel (20 - 50 mm) is very | |
| [0-0-0 | |fossiliferous imestone clasts. | |
I -0-0-( | | | I
| 0.-0-0 | | | |
| oo | | | |
| b | | | |
I 004 | | | |
| 39 P | U/SDGR |sand and Gravel: As above, numerous shell fragments |sempler Refusal at |
| 0-0-0 | | |40.0 ft. |
|0 T T liso | U/MARL |Msri: Limestone, weathered, chalky, fissile. |prove 1 172 in. |
I | I
[ | |
I | |
| | |
| | |
| | |

I
[
I
|
|

A-4
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] DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL
! IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level
1 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
| 3. DRILLING AGENCY: Environmental Orillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14
4. MOLE NO.: LF04-02 | 11. ELEVATION GROUND WATER:  597.45 ft MSL (6/18/90)
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/28/90
| 6. COORDINATES OF HOLE: |_13. SURFACE ELEVATION:  621.00 ft MSL
| x: 2020510.50  Y: 397732.54 | 14. BACKGROUND:

| | 15. MEASURING POINT ELEVATION:  623.68 ft MSL

|[Depth| Graphic |  Blow Soil | |

!

1

!

{

1

i

|

!

!

1

| |

J(Fe.) L Count |Class/Code |Visual Description | Remarks 1
| o | usCLLR |Clay: Dark brown, silty, firm, roots, damp, |Full samplers |
| | | carbonaceous staining. |unies noted. |
| | | | |
I | | | |
| 2 ] U/CLLR |Clay: As above; at 3.0 ft. going to orange/brown, silty | |
| | |clay with 5 - 10X calcareous material. | |
| I | | I
| / | | | |
| 4 | U/CLLR |Clay: As above. |1.5 ft. Recovery |
| | | | |
| | | | |
| I | | |
| 6 | UZCLLR |Clay: Orange/brown, very silty, minor very fine grained | |
| / | |sand, stiff, calcareous nodules, carboaceous streaking. | ]
| / | | | |
| | | | |
| 8 ] U/CLLR  |Clay: As above, increasing calcareous material to 30%. | |
| / | | | |
| | | | |
| | | | |
| / | | | |
| /] I | | |
| 1 O\f\’ | ussbGr |sand and Gravel: Orange, very poorly sorted, cohesive, | }
] o~ 04 | |clayey, silty, damp, abundant calcareous material. | |
i ' :
113 0-0-0 | U/sOLR |Sand: Orange, fine grained, minor larger sizes to | |
] -0-0-q | |coarse, slightly clayey and silty, damp. | |
| 13.5 OOO | u/ssOLR |sand: As above, increasing coarseness with depth, 5 - | i
| iood | |10X small gravels. | |
I Bos | | | |
ooy | | |
| 16.5 »OOO ] UssoLr |Sand: As above, gravelly; changing to tan, fine to | ]
| OO# | |medium grained, loose, guartzose at 18.0 ft., damp. | |
| RQ0O | | | |
| 1-O-0O- | | | I
| 18.5 OO_O | U/SDLR |sand: As above, well sorted, medium grained, damp; 0.4 |3.5 ft. Recovery |
| .OOE | |ft gravelly zone at 21.5 - 21.9 ft. | |
| 3-0-0O | | I |
| .0-0O-¢ | | I |
B : :
L '0‘0'4 | | | l

A-5
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | _SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL 1

] IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea Level |

| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 | —
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 |
|4. HOLE NO.: LF04-02 ] 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) 1

| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE WOLE ESTABLISHED: 3/28/90 b
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 621.00 ft MSL 1

| X: 2020510.50 Y: 397732.54 1 14. BACKGROUND: 1

] 1 15. MEASURING POINT ELEVATION: 623.68 ft MSL 1
|Depth| Graphic | Blow | Soil | | |
[¢Ft.) Log Count |Class/Code |Visual Description | Remarks 1

| |0-09 | | I |

I ﬁ-O-O- I | | | —
| (oo | l | |

I b0 | l | |

I 0-0-a | | | |-
| 23_5B . S 1 | u/soLR |Sand: Orange/tan, medium grained, well sorted, |4.0 ft. Recovery |

| OO | |subround, >90X quartz; 0.3 ft. graveily zone at 27 ft., | |

| OOO | |saturated at 28 ft. | |

| pO-0O ! | | | -
B [eRelle | | | |

B Neliel | | | |

| 0-0-J I | I | -
B ool | | | |

L 5570 I | | I

I 5.0.0- I | _ | J—
| 28.5f. -~ . | U/SDLR |sand: As above, 1-3X granule size gravel. |W. L. measured at |

| Q-0-g | | |28.1 ft. BLS, 5.0 |

|1 pOO | | |ft. Recovery |

I ISHEKS | | | | -
B Helie} | | 1 |

I |C-0-d | | | |

I N-O-O-1 I I | | —
| 5757 ! ! | |

I Nelel | | ! |
lss00d | | | |
| 33.5{~ -~ . | u/soLr |sand: Tan, medium grained, quartzose, loose, wet, 5X |3.7 ft. Recovery. |

| OO | |gravets to 25 mm. | |

I SHER | | | |

I P00 | | ! |~
I 0-0-Jg I | I I

I b-0-0 I | I |

| fa Wa W | | I I -
| 37 ITI | U/MARL |Limestone: Marly, weathered sand and gravel intermixed, |T.D. = 37.7 ft. |

| T | |fissile. | |

I I I I | | -
| | I I | I I

| I I I | | |

| I I | | I |
| I I I I I I

I I I I | I I

I I I I | | I

I I I I | I | —
I I | I | | |

I I I I | I |

I I I | I I |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEEYS

| 1. PROJECT: CARSWELL AFB, ] 7. TOTAL DEPTH OF WOLE: 37.6 ft BGL

] IRP PHASE Il STAGE 2 _| 8. DATUM FOR ELEVATION SHOWN: sea {evel

| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B8-61
1 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14

| 4. HOLE WO.: LFD4-03 1 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90)

] 5. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain | 12. DATE WOLE ESTABLISNED: 3/20/90

| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 620.50 ft MSL

| X: 2020506.79  Y:  397683.48 | 14. BACKGROUND:

|

} 15. MEASURING POINT ELEVATION:  623.25 ft MSL

1
1
1
1
1
_1
i
]
_1
|
|Depth| Graphic | Blow | Soil | | |
Ft. Log Count IClass/Code |Visual Description _| Remarks 1
jo ' | uscLay |Clay: Brown, soft to firm, semi-plastic, with fine |Futt recovery |
] ] |rootlets and minor carbonaceous streaking and |unless otherwise |
| 1 |particles, moist to wet. |indicated. |
I | | | !
j 2 | uscLay |Clay: As above, firm to stiff (stiffens to base), minor |Too stiff to cut. |
| | |catcareous debris, more sbundant carbonaceous staining, | |
] ] jvery stiff; 3.8 - 4.0 ft. | |
| ! | | |
| 4 | u/cLLR |Clay: Orange/brown at 4.1 ft; brittie, damp, abundant |Hard pushing. |
| ] jcatcareous debris, slickensided, calichified with some | |
| | |euthigenic minerslization (crystals of CaCO3 in shett | ]
| ] |frags.); very hard, silty. | |
| 6 | Uu/CLLR |Ctay: As above, very stiff, slightly sandy and siity. | ]
! | | | |
! | | | |
| | ! | | l
| 8 | u/cLLr |Clay: As above, few large CaCO3 pebbles (25 mm), |t ft. recovery, ]
| | jincreasing clacareous material with depth, very fine ]ST. Rig broken. |
| ] lgreined sand. |Continue after |
| | | [repairs. |
| 10 | u/cLLR |Clay: Orange/brown, silty, cohesive, damp, > 30% |Caliche layer at ]
{ | | jcatlcarecus materisl, stiff, {12 fr., dritling |
| l | |through. |
| /l | | | l
| A | | | |
jwaf | UssoFN |Sand: Orange, fine grained, loose, damp, quartzose, | |
] .. ] |well sorted; at 14.3 ft. sharp change to tan, very fine | |
| . | |grained sand, heavily oxidized in laminse. | |
! ! | | |
] 1.5 . . .. | ussanp |sand: Orange, fine to medium grained, quartzose, damp, |3 ft. Recovery. |
} oo ] |loose; graveily seam 15 - 15.5 ft. { |
| | | J !
| SR | | | I
R | | : |
| R | | | |
| s ! ! } |
I R | | l '
! R | | | |
I l | | l
I 19.510-0-0 | U/SDLR  |Sand: Orange/tan, fine to medium grained, damp, loose, |4 ft. Recovery. |
i DOO i |subround, > 90X quartz, 1 - 3X small gravel and shells. | |
| 5760 | ! ! N
b : :
O-0-C
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| throughout. |37.5 ft., drove 1

| [1/2 in. 5.5. 50
|btows = 1 in.; T.D.
|= 37.6 ft.

| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS |
I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL {
i IRP PHASE [l STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea levei |
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 al
] 4. HOLE NO.: LF04-03 ] 11. ELEVATION GROUND WATER:  597.58 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. B. Blount, S. £, Fain | 12. DATE HOLE ESTABLISHED: 3/20/90 ]
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 620.50 ft MSL 1
| X: 2020506.79 Y: 397683.46 ] 14. BACKGROUND: ]
| | 15. MEASURING POINT ELEVATION:  623.25 ft MSL |
|oepth| Graphic | Blow | Soil | | |
I(Fed)] o Count |Class/Code ]Visual Description __| Remarks 1
| P | | |

I 1900 I | l

| pOC | | |

| 0-0-Q ! I |

| §-C-O | | |

| 0-0-d I | |

I boO I I I

| 26.5 O'Od | U/SDLR |sand: Orange/tan, fine to medium grained, wet, loose, |W. L. measured at

| JOO | |0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft. |26.3 ft. Bls. 2.6

| SO d | | |ft. recovery.

| (OO | | |

| OO | | I

| |00 | | |

I p-O-0O { | I

| 0-C-d | I |

el :

] 29.5 BO (')OO | U/SDLR |sand: As above, saturated. |3.2 ft. Recovery.

| o o0 o7 | I |

1200 I | |

| pOO | | |

I 180 | | |

|32 M~ Vv VJ | U/GRVL  |Grevel: Varicolored, up to pebble size (30 mm), shells, |

| } O O ] |<10X sand, saturated. |

I O OO I | I

| ) O O { | | |

I 0 O O I I |

| 34.5 O O q | Uu/GRVL |Gravel: As above, mainly small pebble size (5 - 10 mm), |

| O 00 | |shetls, subangulsr to subrounded, large percentage of |

] O O | |chert. ]

| S 0O | | !

! o é I | : I

| _ I | |

| 37.5“[—‘—[—"‘7150 | U/MARL |Marl: Chalky gray, indurated, oxidation stained |Sampler refusal at

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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| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX

| SHEET 1 OF 2 SHEETS

DRILLING LOG
1. PROJECT: CARSWELL AFB,

| 7. YOTAL DEPTH OF HOLE:

25.4 ft 8GL

IRP_PHASE 11 STAGE 2

] 8. DATUM FOR ELEVATION SHOWN:

sea level

|
I
I
!
I
|

]

I

i

2. LOCATION: Flightline Area ] 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-41 ]
3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 10 i
4. HOLE NO.: LF04-04 | 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3720790 |
| 6. COORDINATES OF HOLE: 1_13. SURFACE ELEVATION:  609.40 ft MSL |
| X 2021365.82 Y:  397554.53 | 14. BACKGROUND: |
! _| 15. MEASURING POINT ELEVATION: 612.07 ft MsL |
|Depth| Graphic | Blow | Soil | | |
J¢Fr.)l__log | count |class/Code |Visusl Description _| Remarks 1
| o I | U/CLLR |Clay: Red/brown, sendy, silty, damp, cohesive, roots; |Full sample ]
| / | |increasing sand with depth. |recoveries unless |
I I I |noted. |
s |- - .. | u/sos |Sand: Red/brown, clayey, cohesive, minor small gravel, |[1.6 ft. Recovery. |
| S ] |damp, decreasing clay content with depth. | |
| ... I I I I
I s | I | |
I SO I I I |
| 4 . | ussAND |sand: Orange, fine to medium grained, slightly | |
| AR | |cohesive, quartzose, damp, subangular to subrounded. | |
| SO | |- I |
| . I I I |
| 6 .. | U/SAND |Sand: As above, only tan and loose. |1.7 ft. Recovery. |
I SO0 | I I |
| .- I I | |
I R | | | |
|8 } .70 | ussap |sand: As above, damp. |1.5 ft. Recovery. |
I I I | |
| | | I |
I I | | |
| 10 P | U/sOLR |Sand: Tan with occassional iron stained thin beds, |3.7 ft. Recovery. |
| OO(I | |loose, damp, fine to medium grained; 1 - 3X gravels | |
| OOO | |starting at 12.5 ft. | ]
| Q-0 | | | |
| RGO | | | |
| |-0-0- | | | |
| B-00 | | | |
I ‘00 I I I |
| 137OOO | U/SDGR |sand and Gravel: Fine sand to pebble size gravel, |3.5 ft. Recovery. |
‘ 'OO( : :slightly clayey, shells, 50/50 sand to gravel, mainly : :

PPN quartz/chert, wet.
1 PeC I | | !
| OO | | | !
I RO0 | | | |
| +0-0-¢ I I | ]
I SHON®)] I I I |
| [-0-O- | | | |
I boo | | | |
| 19 O q | U/GRSM |Gravel and Sand: As sbove, but gravel content |4.0 ft. Recovery. |
| OOO | |incressing to 70X, gravels wostly 5 - 10 mm; but some | |
| RGN | {to 40 mm, sand mainly cosrse grained, limestone clasts; | |
| 'O°OC | |23 - 24 ft. slightly indurated - increassed limestone | I
| .O -0 | |content. ] |
I OO0 | | | |
0-0-0Q
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 25.4 ft BGL

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

| 2. LOCATION: Flightline 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.: LF04-04 | 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90)

| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/20/90

| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 609.40 ft MSL

] X: 2021365.82 Y: 397554.53 | 14. BACKGROUND:

| 15. MEASURING POINT ELEVATION: 612.07 ft MSL

]
|oepth| Graphic | Blow | Soil |
|

Remarks

Ft. Lo’g\‘l Count |Class/Code |Visual Description
: I

I
]
I
| I
I I
I I
I I
I I
I

% 10-0-0

U/GRSM |Gravel and Sand: As sbove.

5 [ 1 I',so

|fractures, indurated, shaley perting. |25.0 ft., well
| |drive 5.5 ft.; 50
|btows = 4.0 in.;
[T.0. = 25.4 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
| 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

U/MARL |Limestone: (Marl) White/gray with iron staining in |Sanpler refusal at

A-10
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| DRILLING LOG

| RADIAN CORPORAT ION

] _INSTALLATION: CARSWELL AFB, TX

| SHEET 1 OF 2 SHEETS

1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 26.1 ft BGL {
| JIRP PHASE 11 STAGE 2 JMATU‘ FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 1
| 4. HOLE NO.: LF04-05 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90 1
I 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION: 608.80 ft MSL |
| X: 2020805.42 Y: 397347.91 | 14. BACKGROUND: ]
] | 15. MEASURING POINT ELEVATION: -}
|Depth| Graphic | Blow | Soil | | |
J(Ft.) L Count |Class/Code |Visual Description | Remarks |
| o E:j;,// ] uscLLR |Ctay: Dark brown grading to brown and orange mottled, |Full samplers |
| | |fine roots, soft to firm, damp, silty with minor (< 5X) |unles noted |
| | |calcareous debris and carbonaceous streaking. |otherwise. |
I | I | |
| 2 | U/CLLR |clay: As sbove, calcareous debris in small caliche |t ft. Recovery. ]
| r///// | |pockets (<5 mm). | |
! I I | |
I I I I |
| 4 | U/CLLR |Clay: As above, calcareous debris zone 4.6 - 4.9 ft., |1 ft. Recovery. |
| | |otherwise less than 5X; softer, moist. | ]
I I | | I
I I I | |
| 6 | u/scLLR |Clay: As sbove, mottling decreased - uniform orange |1.5 ft. Recovery. |
| //////I | |color; calcarecus debris and rootlets < 2X; increased | |
| | |silt to atmost clayey silt. | |
I I | | I
| / I | | |
| £ ] | | | I
|88} --| | ussosm |sand: Tan/buff at 8.8 ft.; very fine to fine grained, |1.5 ft. Recovery, |
| ot '_"'l | |moderate to poor sorting, subangular, quartzose with > |very sharp contact, |
| Lo . | |95% quartz and heavy minerals, very toose, damp, minor |sample disturbed |
| .. | |ctay lenses at top, few cosrse shell fragments. |¢in pile). |
| e | | | |
] 119 _tj.tj_' | U/SDGR |sand and Gravel: at 11.1 ft. sand is as above, oxidized |1 ft. Recovery. I
| Ej'. '_tj | |orange, wet, very poorly sorted; gravel is ~ 30%, | |
| P e | |average 10 mm, CacO3, minor clay mekes entire sample | |
| 'FIIFQ'p | |fairtly cohesive; Clay increases to 13 ft. | |
| 12 (Q’FQ'FQ | U/GRSM |Gravel, Sand, and Clay: As above, gravel up 40X. |Water in hole at |
I ‘004 | ! |12 ft.; W. L. = |
I P00 I | 112.72 ft., 13 to 14 |
| -0-0-¢ | | |ft. no recovery. |
| % 000 | U/GRSM |Gravel and Sand: As above, with minor clay. | |
| 16 ! tj.tj.h | U/GRSM |Gravel and Ssnd: Orsnge, 60% + gravel, average 20 mm up |Poor recovery; |
| tj,tj_tj | |to 80 mm; very poor sorting, subrounded; coarse |gravel siipped out.
| .tj.tj_' | |fraction predominantly CaCO3 frags; finer fraction | |
| 2SR q | |predominantly variclored subrounded quartz grains; some | I
| FQ';IIFQ | |smati shetl frags (sand sized), very loose; wet. | |
! .'Q'-O-'-I | | | !
| 19 C2‘§2'§2 | U/GRSM |Gravel and Sand: As above, gravel is ‘cosrse’ as above |Possibly gravel |
] 'F}‘F}'Q | |- average 20 mm; sand is fine to coarse grained, |only; sample poor;
| [2~§2-§2 | |quartzose, loose, wet, very porly sorted, subangular. |ssnd recovered may |
| -0-0-4 | I |be siuff. |
I 0-0-0 | | | I
I 1.0-0-d | ! | }

| RS .
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 26.1 ft 8GL
] IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Area | 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.: LF04-05 | 11. ELEVATION GROUND WATER:
5. NAME OF GEOLOGIST: S. 8. Blount 12. DATE HOLE ESTABLISHED: 3/28/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 608.80 ft MSL
| X: 2020805.42  Y:  397347.91 ] 14. BACKGROUND:
] | 15. MEASURING POINT ELEVATION:

|Depth| Graphic | Blow | Soil |

I

|
J¢Ft.d] Log Count |Class/Code |Visual Description | Remarks
-0-0-4 I |
2-0-0 I |
-0-Q-( | |
0-0-0 | |
. O-0O-( | |
SESIS | |
24 OOJ U/GRSM |Gravel and Sand: As above, good coarsening downward |
OO |seq., fine to medium grained sand to sand and gravel to |
OOOA |clean fine gravel to coarse gravel; sand is same as 11 |
- 0- O |to 12 ft. |
5.8 L_Tiso U/MARL  |Marl: Highly calcareous, fissile, semi-indurated, |Refused at 26 ft.
|shaley clay; light to mediun grey, heavily oxidized |Went in with SS; 50
|between Lamina, harder to base (clay-like at top), |blows went < 0.1
|brittle, wet. |ft. Abundant coarse

| |gravel on augers
|when removed. T.D.
|at 26.1 ft.. Hole
|caved to 14.5 ft.
|after auger
|removal.

I
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I
I
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I
I
|
I
I
| I
I
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|
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|
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] DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. _TOTAL DEPTH OF HOLE: 31.5 ft BGL 1
] IRP_PHASE [1 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea Level |
| 2. LOCATION: mi(line Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobite Drill B-61 |
| 3. DRILLING AGENCY: \Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 |
| 4. HOLE NO.: LF04-06 \ | 11. ELEVATION GROUND WATER: |

5. NAME OF GEOLOGIST: S. 8. Blount | 12. DATE MOLE ESTABLISHED: 3/28/90 |
] 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 613.30 ft MSL 1
1 x: 2020593.25 Y 397210.60 | 14. BACKGROUND: |
L ] 15. MEASURING POINT ELEVATION: |
|pepth| Graphic | Blow | Soil | | |
I(Fe)] L Count |Class/Code |Visual Description ] Remarks ]
| o / | u/scLLr |Clay: Brown, soft to firm, semi-plastic, sandy in |Full recovery |
| | |intervals (1 - 1.5 ft.), roots, moist, minor calcareous |unless noted |
| | | flecks. |otherwise. 1 ft. |
| / | | |Recovery. |
| 2 | u/CLLR |Clay: As above. | |
| | | | |
! / | | | |
| 3.3 | u/cLLR |Clay: Brown, firm semi-brittle, abundant calcareous | |
| | |debris, dry to damp, minor roots, caliche zone to 5.4 | |
| | |ft.; caliche is dry, white/brown mottled, brittle, | |
| | |sandy with calcareous and carbonareous debris. ] |
| 5.4 | U/SAND |Sand: Orange, very fine grained, subrounded, moderately |Sharp contact. |
| | |sorted, quartzose w/ < 95% quartz, dry, loose w/ minor | ]
| ] | |rootlets, few shell fragments < 3 mm. | |
| / | | | | |
| g | | | |
| 8 o e | ussoLr |Sand: As above, clayey soil horizion at top with |Musky odor. |
| OO | |pebbles (calcareous), roots. | |
I RGO | | | |
I 100 | | ! |
| 10 +Q-Q9,17,17 | ussbLR  |Sand: As above, thin pebble layer at 10.2 - 10.5 ft. |ST refusal at 12 |
| oOb.( | |(pebbles calcareous and up to 15 mm); sand below very |ft.; drive SS. |
| bOO | |fine grained with some cosrser fraction, poorly sorted, | |
| O Y d | |few calcareous pebbles < 10 mm, minor shell frags, | |
| O O I |single gravei clast - 25 mm. | |
o eod | | |
I ReQ | ! l |
[ 14 ["O-0O-( | UsSDLR  [Sand: As above. I [
I P00 | | | |
| Q-0+ | | I I
| 0-0-0 | |- I |
| 16 ‘.O.’é'a | u/sOLR |Sand: Yellow-orange, very fine grained, subsngular, | |
| OOO | |moderately well sorted, quartzose > 95% quartz, loose, | ]
| T | |[moist to 17.5 ft., moist to wet to 19 ft., wet below; | ]
| ‘0-0-4 I |minor gravel < 1% throughout; color I |
| Syeye | | Laminations/mottling, cosrsening dowrward. | |
| OO | ! | |
| RQ0 | | ! |
I -0-0-¢ | l l I
20 I53-0O-0O | U/SDLR |sand: Light brown/tan, very fine to medium grained, |Water in hole at |
| .tj.tj.h | |very poorly sorted, angular, quartzose with 5 - 10X |20 ft. sand and ]
| Y+ ( d | |heavy minerals, loose, saturated, rock fragments (very [gravel. |
| .Y 5.7 I |coarse sand/fine pebbles) increase to base ~ 25% from | |

L~ o
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DRIL

LING LOG

| RADIAN_CORPORATION

|_INSTALLATION: CARSWELL AFB, TX

| SHEET 2 OF 2 SHEETS

PROJECT: CARSWELL AFB,

IRP PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE:

31.5 ft BGL

| 8. DATUM FOR ELEVATION SHOWN:

!
|1
!
]
]
|

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

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

4. HOLE NO.: LF04-06 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: )
' 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 613.30 ft MSL
| X: 2020593.25 Y 397210.60 | _14. BACKGROUND: N
| | 15. MEASURING POINT ELEVATION: |
|[Depth| Graphic | Blow | Soil | | -
[(Ft.)] Log | Count |Class/Code |Visual Description | Remarks
| OO ' | |23 - 24.1 ft.; sand at base, few large cobbles. | I
TS | | | +
I Selek | | |
| OOOI I | | I
| o-o-d | | | L
I sQelel I I I
i : ;
| 25 000 | ussDLR  [Sand: As above. | -
| ” oo | | |
| o0 | | | |
| 26.2 _OO% | U/GRSM |Gravel and sand: Gravel is very poorly sorted from 2 to | -
| _OOO' I |30 mm, composed of quartz, calcareous Lithoclasts and |
| -0-0-( | |shell fragments. Sand is as above. | |
| 0-0-0l | | | L
| Ooq I | |
L Boo | | | |
I OO({ I I I I
| 29.6f >~ -~ . | U/GRSM |Gravel, Sand, and Clay: Highly calcareous, chalky, |Mild HC odor at
| .Oool | |soft. |bottom of sample.
| 31 ] ] | U/MARL |Marl: Fissile, indurated, light grey, calcareous, |Refused at 31 ft. |
| | | | |brittle, shaley. (Minor merly frags at bottom of sample |Could not sampie =
| | | | |= basis for description) |with SS. Cave in.
| | | | | |¥itl enter with bit |
| | | | | |and obtain solid L
| | | I | |bit refusal. Entire
| | | | | |recovery fell; )
| | | | | |[prilter says bit |
| | | | | |refusal at 31.5 ft.
I | | | |T.0. at 31.5 ft.
| | | | | | I
| | | | | | -
| | | | | |
| | | | | | |
| | | | | | L
| | | | | |
| | | | | | '
| I | | I L
| | I | | |
| | | | | |
| | | | | I
| | | | | |
A : .
| | | | | L
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| DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEEY 1 OF 2 SHEETS

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

] 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

Flightline Area

1 9. MANUFACTURER’S DESIGNATION OF DRILL:

| 3. DRILLING AGENCY:

| 4. HOLE NO.:

Mobile Orilt B-61

Envirormental Drillers, Inc. | 10. NO. OF SAMPLES VTAKEN: 15

LF04-07

1 11. ELEVATION GROUND WATER:

]

1

1

|

i

]

| 5. NAME OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES QF HOLE: I 13. SURFACE ELEVATION:  630.40 ft MSL Bl
| X: 2020897.22 Yz 396819.74 | 4. BACKGROUND : 1
] | 15. MEASURING POINT ELEVATION: 1
|[Depth] sraphic | Blow Soil | ] |
,L(ﬁ-_)_] Count class Code |Visual Description | Remarks 1
] o | ureLLr lcloy. Dark Brown, silty, firm to stiff, damp, roots; |Futl sample |
| | |calcareous nodules abundant 3 - 4 ft., carbonaceous |recoveries uniess |
| | |streaks. |noted. 1 ft. |
] | | |Recovery. ]
| I I | |
| I | I |
| | | | |
| | | | |
| 4 | u/CLLR |Clay: As above, Orange/Brown, getting siltier, stiff. | |
| | | ! |
| | | | |
| / I | | |
| /] l | | |
] 6.5 | u/siLT |silt: Orange/Brown with very fine sand, dry, cohesive, | ]
| | |sbundant calcareous nodules and infilled fissures, | |
| | |carbonaceous staining in Laminae. | |
| [ | | | |
| | | | |
| | | | |
| I | I I
N A | U/SsDVF  |sand: Ten, very fine grained, loose, dry, well sorted. |Pushed 1.5 ft. ss. |
| . . | | |sampler. ]
| 10 A | ussovr |sand: As above, dry. ]1.5 ft. Recovery. |
| | | I |
| .« o b e . | | | |
B | | l l
| c e I I I |
| SEIERER | ! I |
R | | | |
| c e | | i |
j1 (- .. | u/sovr |Sand: As above, slightly indurated in places. |2.5 ft. Recovery. {
N R | | | '
| .. I | | |
I SR I I I |
| R | | I |
| .. | I I |
18 |- - - | U/SAND  |Send: Orange/Tan, very fine grained to fine grained ] ]
| | |stightly indurated in places, trough cross-laminated, | |
| R | |oxidation staining in Laminae. | |
| e e o s | ] I |
| 20 ct e | ursanp |sand: As above, dry. |3.0 ft. Recovery |
| | | I
| I | |
| | | |

A-15
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| RADIAN CORPORAT ION | INSTALLATION: CARSWELL AFB, TX

| _SHEET 2 OF 2 SHEETS

ORILLING LOG
1

!

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL

] IRP_PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 15

| 4. HOLE NO.: LF04-07 ] 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST: _S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90

| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 630.40 ft MSL

]

!

|calcareous, indurated.

i

1

1

1

1

1

g

1

X:  2020897.22 Yz 396819.74 | 14. BACKGROUND: 1

| 15. MEASURING POINT ELEVATION: 1

|Depth| Graphic | Blow | Soil | | |
[¢Ft.)] tog | count |Class/Code [Visual Description | Remarks 1
| ce . I | | |
I I | | |
| SO | | | |
| . | | | |
| | | | |
| P I | | |
| 23.7 OOO | U/SDGR |sand and Gravel: Tan, 50/50, gravel is mainly granute | |
| FO % | |size (chert and shell fragments), loose, dry, | |
ST | |subrounded. | |
| 25 E . e . | u/soGr |Sand and Gravel: As above, dry, poorly sorted, very |2.7 Recovery. |
| O | |[fine sand to pebble size gravel (10 mm). | |
I 1900 | | | |
| P00 | | | |
| 0-0-g I | | |
|28 |77 | ussovr |Sand: Orange, slightly clayey (28 - 29 ft.), damp, very | |
[ PR | | |fine grained. | |
| | | | |
| e | | | |
|3 |- ... - | U/SDFN |sand: Orange/Tan, fine grained, loose, slightly damp, |2.3 ft. Recovery. |
| R | |well sorted, quartzose. | |
| v | | | |
| s e | | | |
T R | | | |
| v e | | | |
[ 33 (-- - -+ | U/SDEN  |Sand: As above. | |
| | | | |
| C . | | | |
| s I | | |
| 35 OOO | U/sDLR |Sand: Orange/tan, demp, fine to medium grained, loose; |W. L. measured at |
| ?OO | |1 - 3X small gravel 37 - 38.2 ft., wet, medium to [37.0 fr., 2.5 ft. |
| OOO | |coarse grained. |Recovery, Auger |
| b . & | | |refusal at 38.5 ft. |
R | | ! |
| 1900 | | | |
| OO | | | |
| 38.2[T T Tis0 | U/MARL  |Marl: Whitish - Gray with oxidation staining, [prove 15 in. §.5.; |
| I |
| | |
| | l
| | |
| | |
| I |
| | |
| | |
| | |

|50 blows/ 374 in.;
|38.6 ft. T.D.
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| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS

DRILLING LOG
1

. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

| 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| |
| |
1 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL:  Mobile Dritt B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 1
] 4. HOLE NO.: LF04-08 | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3719/90 |
l 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 630.00 ft MSL Bl
| x: 2020021.91  Y:  396935.08 ] 14. BACKGROUND: 1
| ] 15. MEASURING POINT ELEVATION: 1
|pepth| Graphic |  Blow | Soil | ] |

Ft. L Count |Class/Code |Visual Description | Remarks 1
| o //// | uscLay |Clay: Derk Brown, stiff, damp, roots, calcareous |Full sample |
| V////// | |nodules at 3.5 - 4.0 ft. |recoveries unless |
[ | | |noted. |
| | | | |
| 2 | U/CLLR  |Clay: As above, silty. | |
| , | | | |
[ | [ | [
| | I | |
| 7 | | | |
| e I I I |
| 5 | ussILT |silt: Orange, sandy (very fine grained), dry, cohesive, |No Recovery; coutd |
| | | carbonaceous spotting. |not get sample out |
| | | |of shelby tube, |
| | | |pescription based |
| | | |on top and bottom |
| | | jof sample. |
| | | | |
| 8.4 | ussoFN |Sand: Orange/tan, fine grained, lLoose, dry, well | |
I R | |sorted, subround, quartzose. | |
| P | | | |
| 10 .. | ussoFN |sand: As above, horizontal bedding seen in/as minor | |
| R | |color changes, dry; going to tan at 12 ft. | ]
I .. . | | | |
| | | I |
I -.-.-'-'- I I I I
| C e | [ | [
| s | | | |
| | | | |
|14 |, . ... | U/SDFN |Sand: As above. |Started with 5 ft. |
| - | | |sempler at 14 ft., |
I A I I |3 ft. Recovery. |
I .. ... | | | - |
I . | | |
| AT | | [
|17 | . ... | ussano |Send: Tan, very fine to fine grained, dry to slightly |
| | |damp, > 95X quartz, subsngular to subround, frosted. |
| | | |
T | | |
|19 |-~ - | U/SAND  |Sand: As above, still dry, mainly fine grained. 3.5 ft. Recovery, |
| | | |
| J I I
I | | I
I | | I
| | | |
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1 DRILLING LOG | RADIAN CORPORATION

| 1. PROJECT: CARSWELL AFB,
IRP PHASE 11 STAGE 2

l

| INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS
| 7. TOTAL DEPTH OF HOLE:  47.4 ft BGL |
| 8. DATUM FOR ELEVATION SHOWN: sea tevel |

A-18

-

| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 ] —
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 ]
] 4. HOLE NO.: LFO04-08 ] 11. ELEVATION GROUND WATER: !
15. NAME OF GEOLOGIST: S. E. Fain _ 1 12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  630.00 ft MsL 1
| x: 2020021.91  Y:  396935.08 __| 14. BACKGROUND: 1
] |_15. MEASURING POINT ELEVATION: i
|[Depth| Graphic | Blow | Soil | | |
[(Ft.) Log Count _|Class/Code |Visual Description | Remarks 1
| S | | | I
| U I | I |
| c e I | | |
| R I | | |
I SRR I I I I
[ | I | I
| 26 ... | U/saND |Sand: As sbove. | |
I I I I I
I I | I |
| 25.2 | u/SOLR |sand: Graveliy, very fine sand to pebble size (20 mm) |3.2 ft. Recovery |
| | |gravel, dry to slightly demp, gravel mostly chert, 0.1 | |
| | |ft. white fossilferous Limestone bed at 28 ft. Tan fine | |
| | |sand 28.1 ft. to 29 ft.; gravels ~ 5% - 10%. | |
| | I | |
| | | | |
| I | | |
| 29 | u/soLR |Sand: Tan, fine to medium grained, loose, dry, ]4 ft. Recovery ]
| | |qusrtzose, 1 - 3X chert gravet. | |
! | | | |
| | | | |
| | | [ I
| I | I I
I I | I I
I | I | I
| 33 | ussbLR |sand: As above, increasing gravel to 5 - 10X at 33 - 34 | |
| | |fe. | |
| 34 | u/soLR |send: As above, wet, fine to medium grained. |¥. L. measured at |
| | | |35.2 ft. BLS.. 1.5 |
| | | |ft. Recovery. |
| | | | |
| | | | |
| | | | |
| 37 | U/MARL |Marl: Gray, fossiliferous, weathered; intermixed with |Not good limestone |
| | |sand and gravel, wet, gravels are granule and pebble |or shale. still |
| | |size, mainly chert. |significant sand |
| | | |and gravel. |
| 39 | u/MARL |Mari: Thin beds and gravel size pieces of limestone |3.6 ft. Recovery, |
| | | intermixed with sand, gravel, and shells, wet, shaley. | I
I | | 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 3 OF 3 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF WOLE: 47.4 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea {evel

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobite Drilt B-61

|
|
|
]
|
|

2. LOCATION: Flightline Area
3. DRILLING AGENCY: Envirormental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 17
4. HOLE NO.: LF04-08

] 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST:

S. E. Fain

| 12. DATE HOLE ESTABLISHED: 3719/90

| 6. COORDINATES OF HOLE:

| 13. SURFACE ELEVATION: 630.00 ft MSL

1 14. BACKGROUND:

] 15. MEASURING POINT ELEVATION:

Remarks

|Mart: As above, indurated {imestone beds (0.1 - 0.3
Jft.) intermixed with gravelly sand.

| X: 2020021.91  Y: 396935.08
|
|Depth| Graphic | Blow | Soil ]
[(Ft.) L Count |Class/Code |Visual Description
- I
1 |
[T I
1 T |
[
1 T |
FI T |
(¥4 T T U/MARL
i
[T |
L |
T
T |
] |
YA —— L U/SHLE

— —— —— — — — — ——— — — — — — — — —— — —— — o — — — — — — — — — ——— — —— — —— ——r — ——— ——— t———, —

— — — ——— — —— ——— Y— — — —— — — — —— —— — — — — — — — — — —— — o V— — v—

.
—— ——— ——— — — — — — — — — — —— T — — — — — — — — — — — Y—— OYO? Whmn Gy G wm—

|
I
|
I
I
I
|
I
I
I
I
!
|
l
I
I
I
|
!
|
I
I
I
I
I
I
I
|
I
I
|
I
I
I
|
I
!
|
|
|
!
|
I
I
|

|Shale: Dark Gray, indurated, fissile, no fossils,
| homogeneous..

— — — — —— — — — —— — — — —— — —— — — —— i — — ——— — — — — p— —

l
1
I
I
I
I
I

|

|orilting through
|marl, Looking for
|auger refusal.

|Auger refusal at
|47 #t.; 50 blows
|for 0.4 ft.; T.D. =
|47.4 ft.

Uy U USSP ESRI U W NN ) S B BN Y B N
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| ORILLING LOG 1 RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS
l 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL
I IRP PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
| 3. DRILLING AGENCY: Environmentasl Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17
| 4. HOLE NO.: LF04-09 ] 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/6/90
| 6. COORDINATES OF HOLE: l 13. SURFACE ELEVATION: 627.40 ft MSL
| X: 2021945.70  v:  397136.15 | 14. BACKGROUND:
| 1 15. MEASURING POINT ELEVATION:
|pepth| Graphic | Blow | Soil | |
Ft. L Count |Class/Code |Visusl Description | Remarks
| 0 | u/cLLr |ctay: Brown, going to red/brown at 2 ft., silty, moist; |Top soil first 1
| | |at 2.7 ft. dry, crumbly, very stiff, roots, minor |ft.; Using 5 ft.
] | |carbonaceous staining. |S.S. sampler; 4 in.
| | | lo.p., 3 172 in.
| | | j1.p.
| | | |
| | I | |
| I I | |
| 4 | | u/cLLr |ctay: Brown, silty, minor very fine grained sand, |
| | ] |calcareous nodules 5 - 5.2 ft., carbonaceous staining |
| | | fin root areas, increasing very fine grained sand at 7.5 |
| | | | fe. |
| I I |
| | | |
| I I |
I | | |
|8 | uscLLr |Clay: As above, Red and Brown mottled, dry. |
: / : I I
| |
| // | | |
|96} - "~ | u/sanp |Ssnd: Orange, very fine to fine grained, quartzose, |3.5 ft. Recovery
| | |damp, Loose. [(9 - 12.5 ft.).
| : . | | |
| 15|U-U-U | ussoer |sand and Gravel: Orange/tan, poorly sorted, loose, |
| POO | |damp, rumerous sheils, gravels to 20 mm. |
| 000 | | l
| b-O-O-H | | |
| Y.y | | |
| 14 c e e . | u/sAND |Sand: Light tan, very fine to medium grained, loose, j2.5 ft. Recovery.
| R | |dry, various mineralogies. |
I IR | | |
| o | | |
| 16 ;.kj_' '.% | U/sDGR |send and Gravel: Tan, very fine sand - pebble size ]
| Ej'tj" : | jgravel, loose, damp, numerous shells, various |
| PP | jmineralogies. |
IR EA R | U/SOVF |sand: Tan, very fine grained, quartzose, loose, dry, |
| SO [ [wett sorted, subround, slightly indurated and (aminated |
| c e | [18.5 - 19 ft. |
| 19 tj‘tj'tj | U/soGR |Sand and Gravel: Orange/tan, poorly sorted, 50% sand - |3.5 Recovery.
| O'O" | |50% gravel, numercus pelycepod? shells, loose, danp; |
| O OO | |0.2 ft. brown clay seam at 22 ft.; gravels to 30 mm, |
| b i [ | subround. I
RS | | |
| E.O.'.O:.d l l |
.Q.O.
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS ]
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL {
] IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61 |
| 3. DRILLING AGENCY: Environmental Dritters, Inc. | 10. NO. OF SAMPLES TAKEN: 17 1
| 4. HOLE NO.: LF04-09 | 11. ELEVATION GROUND WATER: 1
LS. NAME OF GEOLOGIST: S. E. Fain | 12. DATE MOLE ESTABLISHED: 3/6/90 ]
| 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION: 627.40 ft MSL |
| X: 2021145.70 Y: 397136.15 | 14. BACKGROUND: 1
l ] 15. MEASURING POINT ELEVATION: 1
|[pepth| Graphic | Btow | Soil | I |
[¢Ft. Log Count [Class/Code |Visual Description | Remarks {
SRS | | | |
I p- O O I I I | I
I 1900 | | | |
I p- O O I I | I
I O o-g I I | I
| 0-C- I I | I
oo | | | |
| I] : O I | | |
| 25 | U/sDLR |Send: Tan, fine grained, > 90X quartz, dry, toose, wetl |3 ft. Recovery. |
| }B d | |sorted, subsngular to subrounded, minor smatl gravet. | |
I 5 O I I | !
I O I I | |
| q Noliell | | | !
| 1C-0-0 | | | |
| b oo | | | |
| [so7d | | | |
| 29 ’IJOO | U/SDLR |Sand: As above, increasing gravel. | |
i I : :
| 30.5| L 1 | U/MARL |Mart: Limestone thin beds (0.1 - 0.3 ft.) with gravel  |Still retatively |
| T 1 rI | |size material intertayered, semiconsolidated. |easy drilting. |
I 1 | | I I
| 32 I | U/MARL  |Mart: As sbove, damp, slightly consolidated, fissile in |Weathered |
| I T | |ptaces, various gravet size particles. | timestone? |
I I | | I I
| - | | | |
| 34 T | U/MARL [Mart: As above, rumerous smati shells, abundant chert |Wet at 34 ft. |
| Il | |gravel, wet; some gravels are subround. |(measured W.L. = 33 |
| 1 | | [ft. 10 in.). stitt |
| L T | | |essy dritting. |
I I I I I I
| — | | | !
I H I I I I
I 1 ; I | I I
| — | | | |
I T I I I I
| 39 IS | U/MARL  |Merl: As above. Jouit sampling, I
| - | | [dritting to |
| T | | |determine depth to |
| | | |asuger refusal. I
I I | I I
| | I I |
| ‘ I I I I
| } | I I
I 1
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| DRILLING LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE:  47.0 ft BGL

| IRP_PHASE 11 STAGE 2 _ | 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B8-61
] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17
] 4. HOLE NO.: LF04-09 _ 1 11. ELEVATION GROUND WATER:
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/6/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 627.40 ft MSL
| X: 2021145.70  Y:  397136.15 | 14. BACKGROUND:
] | 15. MEASURING POINT ELEVATION:
|[Depth| Graphic | Blow | Soil | |
J(Ft.) Log | count |[Class/Code |Visual Description | Remarks
| | |
|
|
| !
T T '
J | |
a6 |1 T U/MARL Marl: As above. |Descriptions based
.- |on returns and
|dritling speed.
|Auger refusal at 47
|ft.. No drager tube
|detection (2/9) at
|top of auger.
47 U/MARL Mart: As above. |

e e e e e e — — ——— — — — — — — —— — — — — — — —— — —— — — —— — —— — —— e e ey ey e e s e [ e e e pr e e e
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| DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,

IRP PHASE 11 STAGE 2

| 2. LOCATION:

| 3. DRILLING AGENCY:

|7. TOTAL DEPTH OF HOLE: 49.1 ft BGL

| 8. DATUM FOR ELEVATION SHOMN: sea level

Flightline Ares

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 18

| 4. HOLE NO.:

LF04-10

] 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

| 5. NAME OF GEOLOGIST:

S. B. Blount

| 12. DATE HOLE ESTABLISHED: 4/2/90

| 6. COORDINATES OF HOLE:
| x: 2021275.03

397025.34

| 13. SURFACE ELEVATION: 626.90 ft MSL

| 14. BACKGROUND:

| 15. MEASURING POINT ELEVATION: 626.54 ft MSL

.
-
.
.
.

.....

.....

»
.

U/CLLR

U/CLLR

U/CLAY

U/CLAY

U/SAND

U/SDSM

U/SDSH

U/SDSM

| Remarks

|clay: Brown with orange mottling, soft to firm, damp,
[minor carbonaceous stresking, semi-plastic, silty seam,
|¢parting) at 1 ft.. Coaly fragments. 0 to 0.05 ft.

I

[Clay: As sbove, very silty to 3.2 ft., below 3.2 ft.
|has no silt, Orange/brown, plastic, firm, minor
|carbonaceous streaking.

[Clay: Very silty to 4.7 ft.. Same as 2 - 3.2 ft..

|

[clay: Burnt orange, firm to stiff, semi-plastic, damp
[with carbonaceous streaking, and minor calcareous
|debris; with calcareous debris concentrated from 5.6 -
|5.8 ft.

[Clay: As above, to 7.8 ft., calcareous debris,
|concentrated in ‘caliche’ layer 7.5 - 7.8 ft.

|sand: Very fine grained, moderately sorted,
|sub-rounded, Burnt Orange (oxidized), slightly silty in
|intervals (lenses); clay pocket (dark grey/soft) at 8.5
|ft.; sand hav very minor carbonaceous streaks, damp,
|moist, at base; quartzose w/ < 95X quartz, < 5X iron
|magnes ium.

|sand: As above, slightly silty to 11 ft., oxidation
|decreasim to base with color laminations evident. Clay
|lenses at 10 - 10.1 ft. and 10.6 - 10.7 ft.; sand is
|buff yeilow at 11 ft..

|Sand: As above, Lighter color (buff tan), silty
|interval 13 - 13.3 ft., minor color laminae.

|

|sand: As above, minor clayey lenses, semi-indurated
|ssndstone Llayer at 14.9 - 15 ft.; damp, loose; with
|color Laminae and < 5% heavy minerals.

I

|Sand: Very fine grained, buff w/ orange clay lenses,
|clay is moist, brittle, sandy, dark orange/brown, sand
|is moderately to poorly sorted, buff, grading to
|orange, silty from 19 - 19.5 ft. and 20.5 - 22.5 ft.,
|dry to damp. No clay below 22.5 ft., very minor
|calcareous fragments.

[Full recovery
|unless otherwise
|noted. Windy.

|

|’Contact’ (fitl
|material on top?).

|

|

|

I

|sharp ’contact’.

|

|

I

|ward pushing.

I

|Sharp contact, 1.5
|Recovery (sand);
|sand is loose,
|cohesive w/ clay in
|lenses.

|

|1.5 ft. Recovery.
|

|

|

|Pushed S§S to 14
|ft.; going to
|augers.

2.5 ft. Recovery -
|moss.

4.5 ft. Recovery.

|
|
l
l
|
|
]
|
l
|
I
l
I
|
I
|
|
!
I
I
I
I
I
I
I
I
I
|
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
|
|
I
I
I
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| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS

ORILLING LOG
1

. PROJECT: CARSWELL AFB,
IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE:

49.1 ft 8GL

| 8. DATUM FOR ELEVATION SHOWN: sea level

. LOCATION: Flightline Area

- DRILLING AGENCY:

Environmental Drillers, Inc.

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

| 10. NO. OF SAMPLES TAKEN:

18

HOLE NO.: LF04-10

] 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

. NAME OF GEOLOGIST:

S. B. Blount

| 12. DATE HOLE ESTABLISHED: 472790

[ (LR o (V[N

. COORDINATES OF HOLE:
X: 2021275.03

Y

397025.34

| 13. SURFACE ELEVATION:

_| 14. BACKGROUND:

626.90 ft MSL_

| 15. MEASURING POINT ELEVATION: _ 626.54 ft MSL

|[Depth| Graphic |
I¢Fe.)}  Log

Blow
Count

|
1

Soil

Class/Code

Visusl Description

Remarks

24

30.5p

33

39

e e e —— — — — — — . — — — — — — — — — — — — — —r—— ————— —— ————— —— ———— ——

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
|

U/SDLR

U/SDLR

U/SDGR

U/SDLR

U/GRSM

U/SDGR

|sand: As above, buff to orange laminated, no clay or

3 ft. Recovery

|dup; layer of abundant ~ 5X shell frags and calcareous
|debris with some gravel from 26 - 26.5 ft.; gravel up
|to 40 mm, minor gravel fragments to base.

|sand: As above.

I
|
|
|
[
|
i
I
I
|silt, very fine grained, moderately well sorted, dry to |
|
I
I
|
I
|
|
I
|
I
I

4.5 ft. Recovery.

|sand and Gravel: Sand is very poorly sorted, buff, very |Sample wet at 32
|fine to coarse grained, subrounded, with minor |ft..

|oxidation seams, gravel is 2 - 100 wm, approximatly |

|50%, composed of calcareous debris of shells etc. up to |

IS mm; large fragments are broken, well indurated |

[micritic Limestone.
|Sand: Tan, medium grained with sbundant carbonaceous  |Cobbles lengthwise

|streaking and gravel, as above, at base.

|in sampler.

|Sand and Gravel: Sand as above up to 15X gravel is ]

Iq»rtz and calcareous debris, averaging 5 mm and up to
|40 mm. Moderate to poor sorting, subrounded, wet. Large
|fragnents are CaC03, as above. Grain size increases to

|base.

I
|
|
I

|sand and Gravel: As above, wet, averaging 10 - 15 mm.
|Continues coarsening to base, minor clay pockets 40 -
|42 ft. making fine gravel/slightly cohesive. Gravel up

|to 50 mm. Coarse Sand.

|
I
I
I

2.5 ft. Recovery.

I
|
I
I
I
I
|
|
I
I
I
I
I
I
|
I

A=24
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]

DRILLING LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,

IRP PHASE 1! STAGE 2

| 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL

DATUM FOR ELEVATION SHOWN: sea levetl

| 3. DRILLING AGENCY:

!

2. LOCATION: Flightline Area

| 8.
| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 18

4. HOLE NO.: LF04-10

| 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

| 5. NAME OF GEOLOGIST:

S. B. Blount

| 12. DATE HOLE ESTABLISHED: 4/2/90

| 6. COORDINATES OF HOLE:

X: 2021275.03

Ye

397025.34

| 13. SURFACE ELEVATION: 626.90 ft MSL

| 14. BACKGROUND:

-

| 15. MEASURING POINT ELEVATION: 626.54 ft MSL

|0epth| Graphic |

— e — — — — — — — — — — — — — — — — — ——— —— — — — — — —— — ——— —— ———— — — — —

- §

— e — — —— — — — — — — — —— — — — — — — — ———, — —— — ——

Blow

Soil

U/CLLR

U/MARL

Visual Description

I

|Clay: 44.1 ft. clay is soft, very plastic, moist to
|wet, grey tan in color with abundant oxidation pockets
|¢< 5 mm) around fine grained sand. Abundant
|carbonaceous flecks; silty below 46.5 ft. with silt
|layer 46.5 - 46.7 ft.

I

I

I

I

|Mari: Clayey coated micritic limestone w/
|recrystellized fossils, grey to buff, well indurated,
| ‘mudstone’ .

]

|

]

]

]

1

|

]

]

]

I

|

I

I

I

I

I

|

I
|4.0 ft. Recovery. |
|Sharp contact. Clay |
|not ’sandy’; has |
|few grains in each |
| ‘pocket’ . |
| I
I I
I I
I I
|lo9 - 49.1 ft, |
|augered into marl; |
|'core’ sample. No |
[ss. T.0. st 49.1 |
|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
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 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL ]
] IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flighttine Area ]| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
I 3. DRILLING AGENCY: Erwironmental Dritiers, Inc. | 10. NO. OF SAMPLES TAKEN: 11 ]
| 4. HOLE NO.: LF05-01 | 11. ELEVATION GROUND WATER:  603.82 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/22/90 1
I 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 619.30 ft MSL i
| x:  2018791.38  y:  309361.2% | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION:  621.96 ft MSL 1
|Depth| Graphic | Blow | Soil | | |

Ft. L Count |Class/Code |Visual Description | Remsrks |
| o | u/scLLr |clay: Dark brown, firm, silty, red mottiing, roots, JFitL. |
| | |damp; minor sand and gravel. | |
I I | I I
I I | I I
| 2 | ussoLr |sand: Tan, medium to coarse grained, loose, damp, ~ 5% | |
| | |smatl graved. | |
I | | I I
I I { { I
|4 | uscLir |clay: As sbove, damp. |1.2 ft. Recovery. |
| / | | | |
I I I | I
I I I I I
I I I I |
I | | I |
I I I I |
| | | I |
| 8 | uscLLr |Clay: Brown and orange, mottled, very disturbed, Iseill fitl |
| | |gravelly, soft to slightly firm, calcareous zones and |material. |
| | |nodules, damp; at 11 ft. going into a grey colored | |
| | |silty clay. | |
I I I I |
I I I I I
I I I | I
I I I I I
] 12 | U/CLLR |clay: As above; at 13.5 ft. hard Limestone zone. |0.2 ft. Recovery. |
I | I I I
I I | I I
| | | I I
| 14 | u/cLLR |Clay: As above, still very disturbed. | |
I ! I | I
I I | | |
| | ! I I
| 16 | u/cLLr |Ctay: As above, damp. | |
I I I I |
I I I | I
I | I I I
| // I I I |
| 18.4) . - . . | u/sosm |Ssnd: Light brown, very silty and clayey, saturated, |[Very “muddy*. |
| oo ] |minor small gravei, < 1X pebbles. | |
R | | I | |
| 20 - e | ussosM |Ssnd: As above. ] |
I o I | | I
[ ... .. | I I | I
e | | | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, ' | 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL 1
] IRP PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOMN: ses level |
| 2. LOCAVION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Orill B-61 |
1 3. DRILLING AGENCY: Environmental Orillers, Inc. | 10. NO. OF SAMPLES TAKEN: 11 1
[ 4. HOLE NO.: LFOS5-01 | 11, ELEVATION GROUND WATER: _ 603.82 ft MSL (6/18/90) 1
] 5. NAME OF GEOLOGIST: S. E. Fain ] 12, DATE HOLE ESTABLISHED: 3/22/90 ]
| 6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 519.30 ft MSL !
[ X: 2018791.38  Y:  399361.2% | 4. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION: 621.96 ft MSL 1
[Depth| Graphic | Blow | Soil | | |
I¢Ft.)] log | cCount |Class/Code [Visual Description | Remarks 1
U ' |
s | |
-3 HOHOH U/SOLR  [Sand, Clay and Gravel: About equal X of each, Jstill very
0-0-0 |saturated, shells, gravels to 20 wm, silty; 24.5 - 25 |“muddy™.
OO( |ft. mostly sand and gravel. |
000 ' ‘
SReR! | |
35 150 U/MARL [Msri: Limestone, chalky, indursted, oxidation staining. |MOSS sampler

e e e . —— — — —— — —— e — — —— — — —— —— — > S— — — — o — — — —— —— — — ——— — — et it e e e

—— —— —— —— - —— - — — —— —— —— — —— — — — —— — —— —— — — — — — —— —— s s it et

— — W — — —— i S W —— —— — — ——— — — — — — — — —r— — — —— — —— — V— ———— — — — — f————

—— e — — A — —— —— g—— — ——_ v S——" ——— —— S — — ——— — — — —— ——— —— — —— — ——— ——— — O — A A—— — — ——— —" —— —

= o — —— S ——— i W —— — —— — — — — O —— — — — ——— — — — ——— —— —— — — —— —— ———— —— — — ———

|refusal at 25 ft.;
|drive sample SO
|blows = 2 in.; Fill
|probably ended
|about 18.1 ft. BLS;
Jhole iooked Like
[fitl all the way
|7b. T.D. = 25.2 ft.

—— vt W — — —— —— — —— — — —— —— — —— — —— — T— — — O— — —— N — — —

e i —— T—— — —— — — ——_ — ———— W— Y S S Sy s S S S i — T— — T — S —— — — —— — Sty — ——— —— — — — St e
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HWOLE:  27.2 ft BGL |
1 IRP PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level 1

2. LOCATION: Flightline Area 19. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 1
| 4. HOLE NO.: LF05-02 _1 11, ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE WOLE ESTABLISHED: 3/22/90 ]
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  620.30 ft MSL |
[ X: 2019492.00  ¥:  399280.64 | 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION:  622.69 ft MSL |
|Depth| Graphic | Blow | Soil | | |
J¢(Ft.)] Log | count |Cless/Code |Visual Description ] Remarks |
| o FV | uscLLR |Clay: Orange/brown, stiff, silty, abundant calcarecus |Full sampler |
| | |material, demp. |unless noted. |
| / ! ! | |
| | | | I
| 2 | uscLLr |Clay: As sbove, 0.5 ft. caliche zone 3 - 3.5 ft. |1.2 ft. Recovery. |
| | | | |
l | | | I
| | | | |
| 4 | uscLir |Clay: Dark brown, stiff, carbonaceous staining, damp, |No calcareous ]
| | |silty. |material. |
I | | | |
| | | | I
| 6 | U/CLLR  [Clay: As above, minor gravel, silty. | |
| / | | | |
| | | | |
| | | | |
|8 ] U/CLAY  |Clay: Brown and tan mottled, distrurbed looking (not  |Looks like fill ]
| | |natural layering), dawp; some greenish/gray clay also. |material. |
| | | | |
| | | | |
| 10 | u/cLay |clay: As above, soft calcareous zone at 11 ft. {1.0 ft. Recovery. |
| | | | |
| | | | |
| | | | I
| 12 | u/scLay |Clay: Still heavily disturbed nature, 3 in. wet seam at |Still fill |
| | |13 fe. |material. |
| | | | |
I | | | |
| 14 | u/cLLr |Clay: Becoming siltier, moist, some greenish/gray | |
| | |coloration. | ]
I | I | |
| | | ; | |
| 16 | u/scLLr IClay: Brown and green mottiing, very disturbed nature, |Still looks Like |
| | |gravel (1 - 5X), shells; 0.4 ft. fine sand seam at 16.6 |fitl. |
| | [fr.; wet, | |
| | | | |
] 18 | u/cLLR [Clay: As above, silty, not disturbed; greenish/gray at |Greenish/gray |
| ] j19 fe. |material looks ]
| ] | | |natural - in situ. |
| ) | | | |
| 20 | uscLLr |Clay: Greenish/gray, silty, oxidation stained mottling, |W.L. measured at |
| | |firm, damp, 1 - 3% assorted size sand and small gravel, [21.05 ft. BLS after |
| | |gravelly sand at bottom. |well completion. |
| / | | | |

Z
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| DRILLING LOG | _RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,

| IRP_PHASE 11 STAGE 2
] 2. LOCATION: Flightline Area

| 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

] 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61%

] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13

| 4. WOLE NO.: LF05-02

| 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90)

| 5. NAME OF GEOLOGIST: S. E. Fain

| 12. DATE HOLE ESTABLISHED: 3/22/90

| 6. COORDINATES OF WOLE:

13, SURFACE ELEVATION:  620.30 ft MSL

| 14. BACKGROUND:

| 15. MEASURING POINT ELEVATION: 622.69 ft MStL

e e e ————————————

| Remarks

WY T T T 1 B

|sand and Gravel: Orange/brown, very clayey, saturated,
|rumerous shell fragments, gravels to 40 mm, mainly

| X: 2019492.00 _Y: 399280.64
|
|Depth| Graphic |  Blow | Soil |
Ft. L Count _|Class/Code |Visusl Description
|V |
I |
I |
I |
I |
| |
| / !
| / |
| 26.90. 5.0 U/SDGR
I OOO |limestone clasts
R Eekek | '
L2z [T T |s0 U/MARL

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

|Martl: chalky, white/gray, shaley, indurated.

|
|
I
|
|
|
|
I
I
I
I
I
I
|
I
|
|
|
l
I
I
I
I
|
|
I
|
|
|
|
I

I
|
|
|
|
I
|
|
I
I
I

I

|Sampler (MOSS)
|retusal at 27 ft.;
|drive 1 172 ft. SS
|50 blows = 2 in.;
jr.o. = 27.2.

I

.._._._-_.—-—...-__-—_—-—_-—.——_———_._.____—._-———_——_—___—__.__—__

|
|
I
I
I
I
|
I
!
I
|
!
|
|
|
I
I
|
I
|
|
|
|
|
|
I
I
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U/CLLR |Clay: As above, dark brown, carbonaceous stains, soft
|to firm, moist, calcareous pebbles, minor oxidation
|stains.

U/SOLR |Sand: As above, silty, color tamina (oxidation layers),

16.5{ " Few pebbles.

| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS
I 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HWOLE: 27.5 ft BGL
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13
| 4. HOLE NO.: LF0S5-03 ] 11. ELEVATION GROUND WATER:
| S. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90
I 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 620.60 ft MSL
| X: 2019488.64  Y:  399182.10 | 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
|oepth| Graphic | Blow | Soit | |
[(Ft.)] Llog | Count |Class/Code |Visual Description _| Remarks
| o | u/cLLr |ctay: Soft - firm, moist, clay fraction ptastic - semi |Full recovery
| | |- brittle due to roots, calcereous pebbles, slightly |untess otherwise
| | |silty with clayey silt 1.7 - 2 ft., yellow orange |indicated.
| | |grading to brown. |Extremety windy.
| 2 | uscLer |Ctay: As above, calcasreous pebbles concentrated in |Gradationat
| | |intervals, less silty, minor carbonaceous streaking at |changes.
| I |base. |
| | | |
| 4 | usCLAY |[Ctay: As above, Brown, firm, fairly plastic, layers of |
| | |concentrated calcareous debris. |
I | | |
| | I |
| 6 | uscLLr |ctay: As above, dark brown, grading darker, soft to |
| | |firm, very few calcareous pebbles, abundant |
| | |carbonaceous Lamina, very few fine rootlets, moist, |
| | |minor silt in lenses, plastic - appears organic rich. |
I | I I
I I I |
| I I |
I I I |
| 10 | u/cLLr |Ctay: As above, dark brown, soft, plastic, moist with |Musky odor.
| | |silty/sandy lenses to 13.2 ft.; leached zones 13.2 - |Caliche zones. 1.5
| | [13.5 ft., 14.3 - 14.4 ft., cley is white/buff, brittte, |ft. recovery.
| | |demp, with more frequent calcareous pebbles, [
| | |intervening clay is as above; with silt/sand. |
I | | I
| | I I
| I | |
| | | |
| 14.4 | uscLLr |Clay: As above soft/firm with sbundant carbonaceous |
| | |tamine, fine roots, dark brown, minor leached pebble |
| | |zone 14.8 ft. |
| 15.2) « - - - | ussosu |Sand: Buff. Moist to wet, very fine grained, silty, |water in hole ~ 15
| | |poor - moderate sorting. |- 16 ft.. Sharp
| | | |contact.,
I I I
I I I
I I I
| I |
| p-0-0- | |fine roots, gravel - 17.6 - 18 ft.; buff; sand is |

| O ".q | |quartzose with > 95X quartz, minor cohesive clay |

| b-0-0O- | |lenses, otherwise loose, minor carbonaceous streaking; |

: O 'O | |ctay lenses and intermitent pebbles decrease to 20 ft. |

|

U/SDGR |sand: As above, buff yellow, and gravel to 22 ft., sand |Not Likely fill

2 550
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 27.5 ft BGL
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 ]
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 1
| 4. HOLE NO.: LF05-03 | 11. ELEVATION GROUND WATER: 1
5. NAME OF GEOLOGIST: S. B. Blount _| 12. DATE HOLE ESTABLISHED: 3/22/90 !
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 620.60 ft MSL 1
[ X:  2019488.64  Y:  399182.10 | 14. BACKGROUND: 1
! | 15. MEASURING POINT ELEVATION: l
|Depth| Graphic | Blow | Soil | | |
[(Ft.) Lg - Count |Class/Code |Visual Description | Remarks 1
’OO |is very poorly sorted; gravel approximetely 20X, 2 - 15 |due to Laminae
OOO |mm, clayey with clay content increasing to bottom. |above. vague

.
.
.

.
.

| |’contacts’.
U/CLLR |Clay, silt and gravel: Light to medium grey to 22.3 |
|ft., changing to buff/orenge. Clay is stiff, wet and |
|brittle. Gravel appears concentrated in horizontal |
|planes. Abrupt color change to dark grey at 24 ft. Clay |
Jat 24 ft. is silty with minor calcareous pebbles, firm, |
I
I

22

\QI

| semi-plastic
I
I I

o

26.5b O U/GRVL |Gravel: Clayey, silty, sandy, loose, wet, medium grey, |Auger refusal at
OO0 0 |80X of sample calcareous gravel 5 - 50 mm, average size ]27.4 ft.; went in
D O O |20 M. |uith S§S. No
NN I IRecovery.
27.4{ T T 50 U/MARL |MarL: See description from LF05-04 (no sample |T.D. at 27.5 ft.;
|recovery). _ |WL approximately 24

| |ft.. (grouted
|before E - Line).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
|
I
I

I
I
I |
I I
I I
I I
I I
I I
I I
| |
I I
I I
I |
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
l I
I I
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l

l DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 28.3 ft BGL 1
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 ]
| 4. HOLE NO.: LF05-04 | 11. ELEVATION GROUND WATER: 1
5. NAME OF GEOLOGIST: S. B. Blount 12. DATE HOLE ESTABLISHED: 3/22/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 617.30 ft MSL 1
| X: 2019719.98  y:  399313.92 | 14. BACKGROUND: !
| | 15. MEASURING POINT ELEVATION: 1
{Depth| Graphic | Blow | Soil | | |
[(Ft.) L Count _|Class/Code |Visual Description | Remarks |
| o // | u/scLR |ctay: Sandy, brown with calcareous pebbles, damp, fine, | |
| | |semi - brittle, rootlets. | |
|1 | u/ssbLR |Send: Brown/green, clayey, with gravel up to 15 mm, | |
| | |very poorly sorted, moist, quartzose with calcareous | |
| | |pebbles. | |
| 1.5 | U/CLLR |Clay: As above, calcareous pebbles increased to 25%, |Probably fill. 3.5 |
| | |very brittle with oxidation blebs and black |ft. Recovery. |
] | |carbonaceous staining within lenses, less sandy. | |
| /l | | | |
I A I | | |
| 5 e | ussoLr |sand: Brown, loose, dry to damp, very fine grained, |Probably fill. 3.5
| '.'.'.' ) | |stightly clayey, poor - moderately sorted, quartzose |ft. Recovery. |
| . e e e | |with calcareous pebbles, oxidation lenses and asphaltic | |
| | |pebbles. | |
|7 V. | uscLLr |Clay: Light brown orange, firm, semi-plastic with | |
| /N | |calcareous pebbles to 8 ft. | |
|8 B-O-O- | U/SDLR  |Sand: As above. | |
| [57s7 | | | |
| SENPN I | I |
| 9.5 A | uscLir |Clay: As asbove. | |
| 10 ;jif:z'gl | u/ssbLRr |sand: Orenge brown, clayey, silty, very fine grained, |Fill, Concrete |
| 0-0O-( | |poorly sorted, oxidation stained, quartzose with > 95X |block in sample ~ 2
| tj.. '.tj | |quartz, subrounded, with 5% carbonaceous flecks and |in. across. Sarp |
| '.tj.tj.b | |several large (40 mm) gravel chunks, moist to 12 ft., |contract. 3 ft. |
| NN | |wet at 13 ft., minor carbonaceous stresking. |Recovery. |
0-0-Q
I NG I | | |
| 13 | uscur |Clay: Buff yellow, wet, silty, oxidized, soft to firm, |Bottom of fill - |
| r/// | |plastic, caliche at top, minor pebbles (calcareous) to |sharp. MWater in |
| | |14 ft. |hote. |
| 14 | uscLir |Clay: very stiff, green/grey, abundant calcsreous | |
| | |debris, semi-brittle, wet carbonaceous stained. | |
| 1.8 | uscLr |Clay: Dark brown/black, very brittle, organic rich, |sharp contract. |
| | |moist, fine rootlets, gradual color change to |Musky odor. |
| | |green/grey with an increase in cerbonaceous debris and | |
| | |plasticity; very stiff; similar to clay at 14 ft. |
| I | I |
] 18 | U/CLLR IClay: As above with an incresse in gravel and sand to  |Calcareous zones |
| | |20 fr. (clay and gravel). Green/grey, stiff, brittle, |‘calichified’. |
| | |calcareous pebbles concentrated in 0.5 ft. intervals to | |
| | |23 ft.; sandy in these intervals (CaCO3 sand?). |
| I | I |
| | | | |
| I | I |
| A | | | |
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. YOTAL DEPTH OF HOLE: 28.3 ft BGL 1
| IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea_level 1
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1
| 4. HOLE NO.: LF05-04 ] 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 617.30 ft MSL !
L X: 2019719.98  ¥:  399313.92 | 14. BACKGROUND: i
i | 15. MEASURING POINT ELEVATION: 1l
|[pepth| Graphic | Blow | Soil ] |
[¢Ft.) L Count ]Class/Code |visuat Description | Remarks
I I
I I
/ I I
v | |
23 00 U/SDGR |Sand and Gravel: Send is very fine to coarse grained, |very sharp
O’ OO |saturated, very poorly sorted, buff/tan, sub-rounded, |contract.
OO% |quartz and CaC03, (60X quartz) and < 5X% heavy minerals, |
QRN |minor oxidation stsining, ‘gravel’ average size 5 mm, |
OOO |but up to 35 am, quartz and CaCO3, approximately 40% of |
‘0O |sample |
0-0-0 I !
0O | |
-0 0 | l
-0 | I
28 50 U/MARL |Mart: Fissile, calcareous, hard, wet, chalky, W/ shelt |1 ft. Recovery

| fragments; (description from bit sample and portion of
|Ss recovery).

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

— — — — — — .~ — — — — —— — —— — — — — — — —— — — — — — —

jtast ST; drive SS.
|SS refusal. Went in
jwith auger to
Jcheck, auger
|refusal. T.D. =
|28.3 ft.

— e — —— — — — — — — — — — — — — —— —— — — — — ——— —— —— —— ——————— ————— —— | s
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| ORILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF WOLE: 26.2 ft BGL

] IRP_PHASE Il STAGE 2 1 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1

| 6. HOLE NO.:

LF05-05

| 11. ELEVATION GROUND WATER:

]
[ 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 |
l 6. COORDINATES OF WOLE: I 13. SURFACE ELEVATION: 616.10 ft MSL 1
[ _X: 2019785.85  Y:  399388.49 | 14. BACKGROUND: |
] | 15. MEASURING POINT ELEVATION: |
[Depth| Graphic | Blow | Soil | | I
[¢Ft.)|  tog Count |Class/Code |Visual Description |_Remarks 1
[0 c e e . | urssocL |sand and Clay: Orange/red, very fine grained, damp, |Full sample uniess |
| T | |with asphalt, gravel, roots, calcareous fragments, very [otherwise ]
] ’ | |poorly sorted sand, cohesive (clay). |indicated. 1 ft. |
| | | |Recovery. Fill sand |
| | | Jtop 2 ft. }
| | uscLer |Clay: Brown, with minor orange mottling, firm, semi - |Fill clay. |
| | |plastic with abundant calcareous pebbles (up to 20 mm), | |
| | [damp to moist, minor black (carbonaceous?) streaking. | |
| | u/cLLr  |clay: As above - light brown, mottling increased. |[Fitl clay? |
| | |Asphalt? mixed with sample. j ]
| | | | I
| | I | |
| | u/cuir |clay: As above. ] |
| | | | |
| | | | |
f | | | I
| | U/CLLR  |Clay: As above, few large (S0 mm) gravel chunks. ] |
| | | | I
| | I I |
| | | | |
| | usasPh |Asphalt: Solid ®asphalt* - tar and pea gravel with some |Fill. Could not |
| | |brown clay. |push at 10 ft.; |
| | | |meterial very hard. |
| | | | |
| | uscLir |Clay: Dark grey/very dark grey mottied, firm, |Limestone |
| | | semi-plastic with abundant calcareous pebbles (1 to 15 |lithoclast? |
| | |mm) and fragments, damp to moist with indurated sandy | ]
| | |caliche layer - light orange/buff at base. | |
| | U/CLLR  |Clay: As at 12 ft. Few very large cobbles (80 mm); | |
| | |sitty 14.4 - 14.8 ft.; color lightening. } |
f | | | I
| I | | |
| | u/cLLr |clay: As above, color change at 16.4 ft. to | |
| | |buff/tan/yellow; continued large cobbles to 18.5 ft., | |
| | |catcareous debris abundant at 17.2 - 17.6 ft. then ends | |
I I |sbruptly. I |
| | u/cLr |Clay: Soft to slightly firm, buff/yellow, 20% small | ]
| | |calcareous fragments snd sand and silt, moist to wet, | |
| | |semi-plastic, few 15 mm pebbles. | |
| | | } }
| | ussowr |Sand, Gravel and Clay: As sbove, sand or gravel up to |Samples l
| I |
| | |
I | |

|S0%; soft, wet at top. Firm, plastic at base;
|semi-brittle due to inclusions; calcareous fragments
|increase to base, clayey sandy gravel to base (clayey

|preferentially wet

| (soggy) on top;
|probably a function

A-34
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| DRILLING LOG
| 1. PROJECT: CARSWELL AFB,
IRP_PHASE 11 STAGE 2

|

| RADIAN CORPORATION

] INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

| 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL

] 8. DATUM FOR ELEVATION SHOWN: sea level

] 2. LOCATION:

| 3. DRILLING AGENCY:
| 4. HOLE NO.:

Flightline Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Orill B-61

Environmental Orillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14

LF05-05

] 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST:

S. B. Blount

_| 12, DATE MOLE ESTABLISHED: 3/22/90

| 6. COORDINATES OF HOLE:

] 13. SURFACE ELEVATION:  616.10 ft MSL

| 14. BACKGROUND:

| 15. MEASURING POINT ELEVATION:

| Remarks

|__X: 2019785.85  Y:  399388.49

!

|[Depth| Graphic | Blow | Soil |

JCFt.)] log | Count [Class/Code |Visual Description
0.0d |gravely sand).
5.0-0 |

24.9
25.3

— — — — — — — — — — — — — — — — — — — — — — — — — — — ——— — —

w
Q

U/GRCL
U/SOSM

U/MARL

|Gravel: Clayey gravel.

|Sand: Clay bound gravelly sand; sand composed of shell
|¢calcareous) fragments, coarse grained, wet, poorly
|sorted.

|Marl: Buff/yellow, fissile, shells, clayey shale
|sppearance, semi-indurated, chalky.

|of the sampler.
|Clay, sand, and
|gravel equat
|proportions.

|Refusal at 26 ft.,
|prive sS. T7.D. at
|26.2 ft.

— . — — — — — — —— —— — — —— —— — — — — — ———— — — — ——— — — — — o e [ e e | e e e e §— p— }—
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| _DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS |

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 7.7 ft BGL |

] IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 1

| 2. LOCATION: Flightline Ares ] 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |

| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 5 1

| 4. HOLE NO.: LF05-06 | 11. ELEVATION GROUND WATER: 1

| S. NAME OF GEOLOGIST: S. B. Blount ] 12. DATE HOLE ESTABLISHED: 3/22/90 1

| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 598.30 ft MSL |

| Xz 2020129.68  Y:  399156.86 ] 14. BACKGROUND: |

] | 15. MEASURING POINT ELEVATION: |

|Depth| Graphic | Blow | Soil | | |

[¢Ft.)| Log Count |Class/Code |Visual Description | Remarks 1

| 0 _'Ffi;ﬁq', | u/sbGr |Sand, Gravel, and Clay: Buff/yellow, very poorly |Full recovery |

| EQ'(I'gz | |sorted; sand is very fine to very coarse grained, |unless otherwise |

-0-014 | |quartzose with calcareous pebbles/fragments, moist to 3 |noted. |

tj.tj.tj | |ft., wet below; clay content increases below 3 ft.. | |

s tj_tj_h I |Gravel (20X) up to 20 mm, size increases at base. Unit | |

Cj'tj'tj | |is brittle. | |

ood | | | |

. 00 | ussber | |1.5 ft. Recovery, |

.'F2°;2'§ | | |ST refusal at 5.5 |

;2';2';2 | | |ft., go in with |

'F}'FQ'Q | | |auger to 5 ft. |

0-0:0 I | |samples. I

5.8 OO0 | U/GRSM |Gravel: Average 70 mm, minor fine sand and clay, | |

000 | |u.>derately b-oell sorted, subrounded, composed of | |

. I |Uimestone Llithoclasts. | |

6.5 | uscLay |Ctay: Stiff to very stiff, buff/yellow, with grey | |
I |mottling, brittle, moist; oxidation staining |

/ | |throughout, fissile in zones. | |

7 I —4s0 | U/MARL |Marl: Dark grey, semi-indurated, very fissile, highly |Refusal at 7.5 ft. |

| ] | |calcareous, leached ‘caliche’ type zone at base (0.1 |(limestone), drove |

| | | |ft.). |ss at 7.5 ft.. Less |

| | | | |than 3 in. with 50 |

| | I | |blows. T.D. at 7.7 |

| | | | [fr.. wL = 3.38 ft. |

| | | I |BGL. |

I I | I I I

I | I I I |

I | I I I |

I I | I I |

| | | | I |

| | | I I |

| | | | I |

| | | | I |

| | I | I |

I | | | I |

| | I | I I

I | | I I I

| | I | I |

| I I | I |

I | I I I I

I | I I I I

I | I I I |

| I | | | |

| I | I I |
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| DRILLING LOG 1 RADIAN CORPORATION

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

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

1 7. TOTAL DEPTH OF HOLE: 7.2 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flightline Ares

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

3. ORILLING AGENCY: Envirormental Dri

Mobile Drill B-61

Llers, Inc. | 10. NO. OF SAMPLES TAKEN: 6

| 4. HOLE MO.: LF05-07

] 11. ELEVATION GROUND WATER:

] 5. NAME OF GEOLOGIST: S. B. Blount

| 12. DATE HOLE ESTABLISHED: 3722790

| 6. COORDINATES OF HOLE:
| X: 2020230.22 Y: 399192.73

| 13, SURFACE ELEVATION: 598.00 ft MSL

| 14. BACKGROUND:

|

| 15. MEASURING POINT ELEVATION:

Class/Code |Visual Description

|Depth| Graphic |  Blow soil
[CFty) Count
0 /P// U/CLLR
1 )00 U/GRSM
000
1.4 -0-0- U/SDGR
0-0- 0l
004
g I
000
5 V U/CLAY
g7
5.8 1 | 1iso U/MARL

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

|Clay: Brown/grey, moist, soft, plastic, roots, sandy,
|with incressed sand to 0.8 ft. becoming clayey sand.
|Gravel: Clayey, light brown/grey, calcareous gravel up
jto 25 mm (mostly 2 - 3 mm), moist, very poorly sorted.
|Sand and Gravel: Very fine grained, poorly sorted,
|ctayey, orange, dry to damp, with moisture increasing
|to base. Clay content variable, clayey and cohesive in
|lenses; gravel ~ 20X, 3 - 25 mm, very poorly sorted.
|Gravel: Quartz and calcareous pebbles with minor sand,
|wet, very poorly sorted; 98X gravel, aversge 10 mm up
|to 20 wm.

|Clay: Stiff to very stiff, buff/yellow with gray
[moteling, oxidation seams, semi-fissile, brittle,
jmoist.

[Marl: Dark gray, semi-indurated, very fissile, highly
|calcareous, alternating with stiff ‘clay’, minor
|oxidation mottling.

—— — — —— — — — — — — — — — —— —— — — —— — ——t —— o— v—— —

|
| Remarks
l

|sharp contact. 2
|ft. Recovery.
|sharp contact.
|Assume some gravel
Jtost in first
|sample.

|sharp contacts.

|

I

|3 ft. Recovery.
|Refusal at 5.8 ft..
I

[prilled into marl
|1.4 ft. to good
|auger refusal. T.p.
|= 7.2 fr.. No WL
|hote caved to 3.5
|fe.

———— e ——— e ———_— e e ———, —_— e —_—_——_ e —_ e —_— — e e e e e — e e r——r—-r—-I-—I—-r—-
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX

| SHEET 1 OF 1 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 18.3 ft BGL

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

|from 17.5 - 18.3 ft.

|ft. (BGL).

| 2. LOCATION: Flightline Area L9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritt B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9
| 4. HOLE NO.: LF05-08 | 11. ELEVATION GROUND WATER:
5. NAME OF GEOLOGIST: S. B. Blount 312. DATE HOLE ESTABLISHED: 3/22/90
| 6. COORDINATES OF HOLE: l 13. SURFACE ELEVATION: 606.80 ft MSL
|__Xx: 2020350.89  Y:  399030.31 | 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
|Depth| Graphic | Blow | Soil | |
J(Ft.)] tLog Count |Class/Code |visual Description | Remarks
| o r//’ | u/ctaY  |Clay: Brown, soft, dawp, brittle, root bound with fine |
| I |rootlets, minor other plant debris. |
I I I I
I I I I
| 2 | u/cLay |Clay: Medium brown, firm, plastic, moist, minor |
| | |rootiets, few caicareous flecks at base. |
I I I I
I I I I
| 4 | u/CLAY |Clay: Grey/grey, mottled, very stiff, dry to damp, very |Could not cut w/
| | |minor fine rootlets, sbundant calcareous debris. |carpet knife.
I I I I
I I I I
I I I I
I I I I
I I I I
| I I I
| 8 | u/scLLr [Clay: As above, calcareous pebbles up to 15 mm; stiff. |Pebbles effervesce
| | |Predominately debris 1 - 2 mm. |in HCl solution.
I I I I
I I | I
| 10 | U/CLLR  |Clay: As sbove, firm, plastic. |
I I I I
| 1 /////////J | u/cLLr |clay, Sand, and Gravel: Very poorly sorted, rounded |Musky odor.
| | |gravel, moist. Clay dominates to 12 ft. with small soil |Terrace dep.?
| / I |developed on top, buff/yellow. Sand content increases |(Soil).
| % | |to base. O
|2 |- | u/saNp |Send: Buff/yellow, very fine to fine grained, slightly |Water in hole at
| O L | |clayey/cohesive at top, loose below 12.3 ft., moderate |12 ft.; go to 5 ft.
| e | |rounding, well sorted, > 95% quartz. | samplers.
| 14.5 | | u/LMSN |Limestone: Grey to light grey, merly, fissile, |oritled slowly
| I [ | |weathered. 10 mm indurated layers with thin marls |into Limestone.
| I T T | |between, no shells, micritic appearance. |Refusal at 14.5 ft.
| | | | |0.5 ft. Recovery.
| IAI T I | | [oriller says
| T | | |tayered mart, drive
| [ | | [SS; 1 ft. Recovery.
| 17.5h L I [ Js0 | u/sLmsh |Limestone: Well indurated, calcareous shale - fissile, |T.D. at 18.3 ft..
| | |medium grey, slightly ’carbonaceous’; contiguous ‘bed’ |Water level = 12.67
I I
I I
I I
I I
I I
I !
I I

[ —
|
1

j -
l

|
',—~
]

]

|
I_.‘
1

I

| —
I

I
|
I

I

I
I.—.\
I

I

| —
I

I

| _
I

I

I
I,._
I

I

| —
I

I
|
I

I

I
IA
I

I

| —
I

I
|
I

I

I
I._.
I

I
|—
I

I

|
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I JT.D. at 14.5 ft.

|

| DRILLING LOG | RADIAN CORPORATION | _INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  14.5 ft BGL |
| IRP_PHASE II STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL:  Mobile Drill 8-61 {
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6 |
| 4. MOLE NO.: LF05-09 | 11. ELEVATION GROUND WATER: |
] 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 |
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 604.90 ft MSL |
| Xx:  2020361.60  v:  398918.32 | 14. BACKGROUND: 1
1 | 15. MEASURING POINT ELEVATION: |
|oepth| Graphic | Blow | Soil | | |
JCFed |t Count |Class/Code |Visual Description | Remarks ]
|0 ; | uscLLr |Clay: Orange/brown mottled, very sandy, silty with some |Full recovery |
| | |gravel, brittle, dry to damp, fine rootlets to 3.5 ft., |unless otherwise |
| | | few calcareous flecks, siternating zones: brown then |indicated. |
| | |orsnge spproximately 0.5 ft. thick. | |
| | I I |
| / | | | |
| g | | | |
| 3.5 |+ ¢ = ¢ | ussosm |Sand: Buff/yellow with orange color taminations, |sharp contact. |
| | |stightly clayey at top, loose below, rounded quartzose | |
| . | |grains; clay lenses 5 - 5.3 ft., 5.7 -5.9 ft.; damp to | |
| te | |moist, > 95% quartz, well sorted, cohesive in clayey | |
| R | |intervals, lLoosely consolidated otherwise. | |
| .. | | | |
| oo | I | |
| e I | I |
""" T EEEE | | l |
|18 °° " | ussosM  [Sand: As above, thinly laminated orange color laminae | |
i SO0 | |are contorted, slightly clayey at base. | |
| soeoe | ! I I
| | | I I
|10 |..... | U/sDSM |Sand: As sbove, moist to wet, clayey at top. Shell |Water in hole ~ 11 |
| .« .. | |fragment layer 10.6 - 11.4 ft.. Clayey and silty below. |ft. |
| I I I I
| S I I | |
| 12 O O‘ | ussoLr |Sand: Orange, very minor gravel, wet loose, few |3 - 6 pieces of 10 |
- | FO' . | |carbonacecus streaks. |- 20 mm gravel. |
L Se | | | |
| (220 | | | |
- | 16 T 50 | U/MARL |Mari: Indurated, dark grey/green shale, very |Refusal at 14 ft.; |
| K ! | |calcareous, some orange oxidation, fissile, few shell [drove SS, bottomed |
) ] | fragments, minor carbonaceous debris, dry to damp. Jless than 0.5 ft.. |
| | 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 I
| I
| I

]



Lo
44".’) Wias Pa)

] DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS _
| 1. PROJECT: CARSWELL Af8, | 7. TOTAL DEPTH OF WOLE: 36.2 ft BGL B
| IRP_PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level A
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 ]
] 4. HOLE NO.: LFO0S-10 | 11. ELEVATION GROUND WATER: 1
5. NAME OF GEOLOGIST: S. B. Blount ] 12. DATE WOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 623.90 ft MSL {
| X:  2019456.19 Y: 398656.87 | 14. BACKGROUND: 1
] | 15. MEASURING POINY ELEVATION: i
|oepth| Graphic | Blow | Soil | | |
Ft. L Count [Class/Code ]Vvisual Description | Remarks 1
| o f 2 | uscLLr |Clay: Medium dark brown with minor carbonacecus |Full recovery |
| | |streaking, firm, plastic, moist. Calcareous pebbles |unless otherwise |
| | |sbundant to 0.4 ft., minor roots, few pebbles to 3 ft. |noted. |
| | I I |
I I I I I
| I I | |
I % I I I |
| 3.2 | | u/cLLR |Clay: Very stiff, dark brown with obvious carbonaceous |Can not cut - |
| //// | |streaking, minor sandy lenses, damp to moist, brittle, |seems too dense to |
| | |hard, sand lamination at upper contact is parting; fine |be fill. 1 ft. |
] | |rootlets and intervals with coarse sand/pebbles to 6 |Recovery in ST. |
| | |ft. |crushed heavy guage |
I | | |sampler. |
| 6 | U/CLLR  |Clay: Calichified (leached) white to buff, brittle, JFull 2 ft. push |
| | |firm, shell fragments, damp, abundant calcareous [with no recovery. |
| | |debris, abundant orange oxidation seams, visible ISS pushed 6 - 8 and |
| | |suthigenic mineralization, silty appearance. |got 0.9 ft. |
| | | | |recovery. |
| 7.5 | uscter |ctay: stiff, as sbove, interlayered with calichified |Pushed SS - 0.8 |
| ] |zones to 13.2 ft.; stiff clay has intervals of sbundant |ft. Recovery; used |
| | |calcareous debris and grades into caliche then abruptly |5 ft. sampler from |
| | |goes back to clay as 6 - 7 ft. |12 - 14.5 ft.; 0.3 |
| | | |ft. recovery. |
I I I I |
| I I I |
I I I I |
I | | | |
| 13.2 | U/CLLR  |Clay: Medium brown/yellow, moist to wet, brittle, |
| ,//ij | |silty, abundant calcareous debris. | |
| 1.5 [ | | U/MARL |Mart: Westhered Limestone marl at 14.5 ft.; clay rich, |Water in hole 14.5 |
| FI I | |soft, oxidized in seams, abundant broken micritic |- 19.5 ft.. 3.5 fr. |
| T | |limestone fragments, wet (saturated - soggy), |recovery. |
| . | |semi-plastic, buff/yellow. | |
116 V7 | U/CLLR |clay and Gravel: Gravel < 20X, clay is buff, firm to | |
| l/ 1 | |stiff, moist, oxidation seams, chalky, CaCO3, rich, | |
| 1//ij | |with coarse fragments, silty, semi-fissile. ] |
| 18 I;jgl | u/marL |Merl: Dark grey, semi-indurated, highly calcareous, | |
| T | |shaley, fissile, dense, dry to damp. | |
| L1 I I I |
| 19.5 ;Ef;,tj:} | U/GRSM |Gravel, Sand, and Clay: Gravel up to 80%, |6.2 ft. Recovery. |
| tj.i:i.tj | |orange/yellom, brittle/friable, soft, wet to moist. | |
| Q0 | |sand very poorly sorted, very fine to coarse grained, | |
| OO-C ] |subangular, wet, gravel up to 40 mm, quartz and CaCO3 | |
| k%iﬁ:iif:a I |and minor shell fragments, slightly cohesive. | |

A-40
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] DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL

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

| 2. LOCATION: Flightline Area 1 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13

| 4. HOLE NO.: LF05-10 ] 11. ELEVATION GROUND WATER:

LS. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90

| 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION:  623.90 ft MsL

1 X:  2019456.19  Y: 398656.87 | 14. BACKGROUND:

1 | 15. MEASURING POINT ELEVATION:

|[Depth| Graphic | Blow | Soil |

I
I
|
I
I
|
|
|
I
I
}

1

]

A

]

|

1

1

|

{

1

I |

Visual Description | Remarks 1

I I I | I
| | | | I
TR Rt I I | I
oo | | | |
| R:OQ | | | |
| 23.9 | urssLct |silt: Orange, clayey (slightly), wet, soft, minor |very sharp ]
| | |oxidation staining in laminae, very uniform Lithology |contact. |
| | | throughout interval, saturated, | -
I I I |
I I I } I
| I I | |
I | | | |
| I I I I
I I 2 | |
| 28.5) . . .. | Uu/SDLR |Sand: Orange/yetlow, very fine grained, loose, |very sharp |
| e e e | |saturated, > 95X quartz, moderately well sorted, |contact. )
| RN | |subrounded grains, no sedimentary structures, minor J )
| . | |oxidation pods, very minor carbonaceous flecks; with | ]
| RN | |few Large ( 50 - 100 mm gravel fragments) | )
| 00 I I | |
I e I I | |
I I I I I I
I 00 I I I I
| b | } | {
| 33.2}.O-0O- 4 | U/GRsM |Gravel: Quartz and calcareous fragments, poorly sorted, |Sharp contact. |
| bOO | |wet, stightly sandy, slightly silty, loose, average 2 - |34.5 - 36 ft. = )
| OOG | |6 mm of subangular fragments up to 75 mm; buff/orange. |NR.. Auger refusal |
| OOO | | |at 36 ft.; drive |
| SO0 | | |ss. Grout sS ]
] OOQ | | |refusal. |
|36 [[ T 50 | u/MARL [Marl: Limestone fragment - well indurated, micrite. |7.0. at-356.2 fr.. J
| | | [Buff, few recrystallized fossils, chaulky exterior. |[Poor recovery sS, |
I I I |description from |
I | |one fragment. WL = |
| | |26.2 ft. |
| I |
| I I
| I I
| [ |
I | |
I I ]
I I |
! I |
I | |




W3 278

| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 10.1 ft BGL
i IRP PHASE 11 STAGE 2 _| 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Area _| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobitle Drill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. ]| 10. NO. OF SAMPLES TAKEN: [
| 4. HOLE NO.: LFO05-11 ] 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90
l 6. COORDINATES OF HOLE: { 13. SURFACE ELEVATION: 597.60 ft MSL
| X:  2020446.51 Y: 398619.94 | 14. BACKGROUND:
] | 15. MEASURING POINT ELEVATION:
|pepth| Graphic | Blow Soil | |
J(Ft.)|  Log Count ass/Code |Visual Description | Remarks
| o U/CLAY |Clay: Dark brown, dasp, calcareous nodules, roots. |Futl recovery
| | |unless otherwise
| |noted.
I I
2 U/CLLR |Clay: As above, slightly silty and sandy. |
| I
I I
| I
4 U/CLLR |Clay: Dark brown, hit root at 5.5 ft., wet. |1.2 ft. Recovery.
|
|

I
I
I
I
I
I
|
|
I
I
I
I
I
I
I
I
|
I
I
I I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
|
I

— — — T — — e — — — — et Tt — — — — — —— — — — —
— — — —— — — — — ——— — — — — — — —— — — — —— — —

|
Jct
I
I
|
|
I
I
|
I
I
I
|
|
|
I
|
. |
. e e . | |increasing gravel to 20X at bottom of sampler.
|
|
I
I
I
I
I
I
|
I
|
I
I
I
I
I
I
I
I
I
|
|
I
I
I
I
I
I

|W.L. measured at
|3.05 ft. BLS.

6 U/CLLR |Clay: Green/orange, very fine grained sand.
|
7 U/SDLR |sand: Orange/tan, fine to medium grained, wet,
e |quartzose; at 8 ft., brown, musky odor. 8.5 - 10 ft.
<t |Ssturated, shetls.
... |
10 I—III U/MARL |Marl: Green/gray, indurated, fissile, exogyra fossils. |Auger refusal at

|10 ft. Drove S.S.
J€1 172 ft.); 50
|blows = 0.1 ft.;
[T.0. = 10.1 ft.
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, Tx | SNEET 1 OF 1 SHEETS l
l 1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 9.2 ft BGL {
1 IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level i1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill 8-61 |
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10, NO. OF SAMPLES TAKEN: 6 ]
| 4. HOLE NO.: LF05-12 f 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE WOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 594.40 ft MSL Bl
]| X:  2020606.71 398699.09 | 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
|Depth| Graphic | | soil | ]
f(FtY] tog | {Class/Code |Visual Description | Remarks
lo | U/CLLR  |Clay, Sand, Gravel: Clay is Light brown/orsnge, moist, |[Full sample unless
| | |semi-plastic, soft with abundant oxidation. Gravel is |otherwise
A {10 - 20 mm calcareous pebbles. |indicated.
1.5 | » = = » U/SDSM |sand: Orange, moist, clayey 2 - 2.5 ft., silty, very |Gradationat
T |fine grained, pooriy sorted. |contact.
2.5 U/CLLR |Sandy Clay: Clay as above, without gravel (calcsreous |Water in hole at 5
/ |debris minor), sendy and silty to 4 ft.; silty to 6.8 |ft.
|ft.; clay is grey/brown, moist, soft; very soft and wet |
|at 5 ft., minor oxidized sand seams, few very fine |
|rootiets, semi-plastic. |
| |
| |
I |
| |
6.8 U/CLAY |clay: Dark grey/black, soft, plastic, wet, highly |sharp contact.
|organic, few fine rootlets, silty (minor). |Musky odor. 1 ft.
/ | |Recover ST. Mart at
/A | |sample bottom.
88| .- U/SDVF |Send: Very fine grained, moderately sorted, dark grey, |
e e e |carbonaceous streaking, wet, quartzose. |
9 —— 50 U/MARL |Hari: Medium grey, fissile, well indurated, micritic, |7.D. at 9.2 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
|
I
I

|brittle in chaulky zones. WL = 2.73 ft.

e e e . — — — — —— — — — — — — —— — — — — — — — — — — — — o— — — — —— — ———— ———t— s fp o e {ntin

— e —— — —— . — — —— —— — — —— — — — — —— — — — ———— G—
— — —— — — — — — — — — — — — — S V— ——— —— —— —— — —
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T3 B89
| DRILLING LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 17.1 ft BGL 1
1 IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOMN: sea level 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Environmental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 9 1
| 4. HOLE NO.: LFO05-13 ] 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION:  605.00 ft MSL |
| x: 2020738.54 _ Y:  398406.77 1 14. BACKGROUND: 1
1 ] 15. MEASURING POINT ELEVATION: 1
|[Depth| Graphic | Blow | Seil | | |
[(Fedl L Count _|Class/Code |Visual Description | Remarks 1
| o | usctay [Clay: Dark brown, demp, roots, plastic; calcareous zone [Full recoveries |
| | |starts at 1.8 ft. untess noted. |
I I I | I
I | | I |
| 2 | uscLLR |ctay: Orange/brown, very silty, sbundant calcareous |1.6 ft. Recovery. ]
| | |material (caliche), dry, slightly cohesive. | |
| I I | I
I I I I |
| & | uscLr |clay: As above, 20 - 30X calcareous material. | |
| I I I I
I I I I |
| / | l | |
| 6 | u/cLLR |Clay: As above, moist; increased calcareous material, |1.4 ft. Recovery. |
| ///////// | |8.7 - 9.3 ft. Aalmost completely calcareous meterial. | |
| | | | |
| | | | I
7. : :
| /Z | | | |
|93 )" | U/SAND |Sand: Orange/tan, fine to medium grained, loose, demp, |Pushed S.S. |
] U000 | |subround, qusrtzose, minor oxidation staining. |sampler (1.5 ft.). |
| e ] | | | |
T | | | |
I ee e o I I { I
| 12 }-O-0-(q | u/ssoLrR |Sand: As above, calcareous zones (~ 0.5 ft.) at 13 ft. |[Could not get W.t. |
| Oob | |and 14 ft.; siso gravelly in these zones. Material |down hole after J
| .00 | |saturated at ~ 13.5 ft. |augers putted; 4.5 |
| Cj'tj'tj | i | ft. Recovery. ]
| 0O+ I | | |
St | | | |
| 15 AR | Uu/sbLrR |Sand: As above. | |
| . 190G | | | |
| 16 DOQ | Uu/soGR |sand and Gravel: 50/50, very fine sand to pebble size |[Sampler refusal at |
] -0-0-( | |gravel, saturated, rumerous shells. |17 fe. |
|17 1T Lso | U/MARL |Marl: Gray/green, fissile, indurated, iron stained in |Driving 1 1/2 ft. |
| | | |fractures, catcareous. Is.s. 1 /4 in. for |
| | | | |50 blows; T.D. = ]
| | 117.1 fe. ]
| | |
| | I
| J !
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, | 7. TOTAL DEPTH OF HOLE: _13.3 ft BGL 1
| IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level |
| 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: _ Mobile Drill B-61 |
] 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 8 1
| 4. HOLE NO.: LFO5-14 | 11. ELEVATION GROUND WATER: 596.14 ft MSL (6/18/90) 1
] 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 603.20 ft MSL 1
|__x: 2020910.08  Y:  398467.53 | 14. BACKGROUND: 1
] 1 15. MEASURING POINT ELEVATION: 602.98 ft MSL 1
|Depth| Graphic | Blow | S$oil | ] I
[(Ft.) L Count |Class/Code IVvisual Description _{ Remarks 1
| o ; ; | u/cLLRr |clay: Very dark brown, soft, dry to damp, JFull recovery |
| | |brittle/crumbly, fine rootlets and calcareous pebbles, |unless noted ]
| | |sbundant calcareous debris 1.5 - 2 ft.; silty, sandy. |otherwise. 3 ft.

| / [ | |Recovery. |
| 2 | uscLay |Clay: Brown/tan, firm, dry to damp, abundant calcareous | |
| | |debris, ‘crumbly’ carbonaceous particles, stiffens to | |
| | |bese. | |
| 3.5 | uscLLr |clay: As above, calichified to 4 ft., very stiff, dry, |3.5 ft. Very hard

| | |silty, sandy to 4.7 ft., clay below is orange brown, |to cut. |
] | |very stiff, damp with abundant calcareous debris and | |
| | |carbonaceous streaks/particles, brittle, sandy. | I
| | I | |
: ] : :
l // | | | |
| 7.2 ] | u/MARL |Mart: Light grey, very stiff, silty clay with abundant | I
| L T I ] |large CaCO3 fragments, oxidized in seams, brittie, | |
| T | [moist, ’slickensided’. | |
|85 )" " | u/sDEN |sand: Fine grained, orange tan, oxidized, moderately ]2.5 ft. Recovery.

] U ] |sorted, subrounded, wet, loose, quartzose with > 95X | |
| e e e | |auartz and < 5X heavy minerals. | |
| 8.7 Ej'_ "Fq | ussoGr |sand and Gravel: Sand as above with gravel at 8.7 ft., |Water in hole at 9

| -0-0-( | |gravel is predominately CaCO3 fragments, poorly sorted |ft. |
| bO’O | |(some quartz) average 3 mm, up to 30 mm. Approximately | ]
i 0.0 | |40% of sample; subrounded. | |
| 10.5¢ "i:i.' Y | U/GRSM |Gravel and Sand: As above, only gravel 60 -70X of |orittler says |
| JP PN | |sampie, few large > 70 mm fragments. |limestone at 13 ft. |
] 13 50 | u/mARL |Marl: Very hard - no recovery. |orove 5S; 50 blows

| | ] | | |went 1 in.; no |
| ] | | | |recovery; T.D. at |
1 | [ | | ]13.3 ft.; WL - 9.43 |
| | | | |fe. |
| | | | | I |
| I I | | | |
I | | I | I |
| | | | | | |
I | | | I | I
| | I | I I I
| | | | | I |
I I I | | | |
| | I | I | |
| | | | I | |
| I I I I | |
| l | | I | |
| | I | | | !
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| DRILLING LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET

1 OF 3 SHEETS

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

| 7. TOTAL DEPTH OF HOLE: _ 40.6 ft BGL

| B. DATUM FOR ELEVATION SHOWN: sea level

] 2. LOCATION: Flightline Area

] 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 26

| 4. HOLE NO.: LF05-15

| 11. ELEVATION GROUND WATER:

| 5. NAME OF GEOLOGIST: S. B. Blount

] 12. DATE HOLE ESTABLISHED: 3/19/90

| 6. COORDINATES OF HOLE:
| X: 2019457.49  Y:  398082.81

|_13. SURFACE ELEVATION: 626.50 ft MSL

] 14. BACKGROUND:

!

] 15. MEASURING POINT ELEVATION:

jVisual Description

| Remarks

|Depth| Graphic | Blow | Soil
1¢Fe.3|  Log Count _|Class/Code
| o V | U/cLLR
| |

| |

| |

| 2 | urcLr
| / } I

| 2.1 | urcLLr
| |

| |

I |

| / I

I |

| 6 | urcur
I / |

I I

| / I

| 8 | uscur
I / I

| I

| / |

| 10 | uscLr
| |

| |

| |

! |

| 12.1 | uscLr
| |

| I

I ] | |

R TR | ussocL
| |

| c e |

| 15 I// | uscLLR
| 15.9 /] | uscLr
117 - | ussoct
| 17.5[’/// | u/scLr
| I

| /1 |

|18 )"0, | ussosm
| S |

| 19 V | usettr
| 19.9 | Uu/cLLR
I I
778

|clay: Dark brown, firm, moist, semi-plastic to 1.8 ft.;
|calcareous pebbles sligned horizontal in “beds® to 1
jft.; rootlets, orgenic, stightly silty 1 - 2 ft.

|

|Clay: As above, Leached to buff color with oxidation
|staining, abundant calcareous pebbles 1.8 - 2.1 ft.
|Ctay: As first clay with pebbles and semi-leached zone,
|pebbles and clay 3 - 3.2 ft., interval from 2.1 - 4.4
|ft. orange/brown. Alternating zones of dark brown firm
|clay with sbundant calcareous debris and orange/brown,
|softer with pebbbies; thin sand 3.6 - 3.8 ft., very
|fine gra

|Ctay: Stightly sandy, silty, minor calcareous debris,
|very soft, saturated (soggy), oxidation stained

|throughwt, minor carbonaceous streaking, few very fine

|rootlets, orange/brown.

|Clay: As above, firm, dark brown clay with few pebbles
|from 9.8 - 10 ft.; no silt, very sandy at top.

I

I

|Ctay: As above, very sandy at top with dark brown, firm

|to stiff clay at 11 - 12.1 ft., oxidation streaked.

|

|

|

|clay: As sbove, no roots, minor calcareous debris.

|

|

|

|Clayey Sand: Orange - very fine grained, saturated,
|cohesive, very poorly sorted, cquartzose, minor
|carbonaceous stain, 14.1 - 14.8 ft.

|Clay: Dark brown-btack, firm to stiff.

|Clayey Sand: As above, 15.9 - 16.3 ft.

|sand: As above.

|Clay: As above, dark brown to black, minor calcareous
|pebbles, firm to stiff, moist to wet, abundant
|carboneceous stains, minor oxidation.

|sand: Silty, clayey, saturated, as above 18 - 18.6 ft.
|

|Clay: As above.

|Clay: Caliche layer between 19.9 - 20 ft. and between
|21.8 - 22 ft. with intervening clsy, as above.

|Full recovery
junless otherwise
|indicated.

I

I

|

|Alternating zones
|3 - 6 fr. each
|approximately 0.3
|ft. thick.

|

|

|Weter in hole at 7
|ft. Perched?

Clayey sand?

|

| sandy/soggy top
|very regular -
| function of
|sampler?

|very regular -
|fitL?
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L DRILLING LOG

| RADIAN CORPORATJON

| INSTALLATION: CARSWELL AFB, TX

| _SHEET 2 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,

| 7. TOTAL DEPTH OF HOLE:  40.6 ft BGL

1 IRP_PHASE 1! STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea level
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

] 3. DRILLING AGENCY:

| 4. HOLE NO.:

LF05-15

Envirorwental Drillers, Inc.

10. NO. OF SAMPLES TAKEN: 26

] _11. ELEVATION GROUND WATER:

] 5. NAME OF GEOLOGIST:

S. B. Blount

| _12. DATE WOLE ESTABLISHED: 3/19/90

| 6. COORDINATES OF HOLE:

] 13. SURFACE ELEVATION:  626.50 ft MSL

|sorted, very Loose, with broken shell fragments.
|
|
|

1

1

1

1

1

|

1

1

] X: 2019457.49  Y:  398082.81 ] 14. BACKGROUND: 1
] ]| 15. MEASURING POINT ELEVATION: 1
|[Depth| Graphic | Blow | Soil | | |
JCFt.)] tog ]| count |Class/Code |Visual Description | Remarks ]
| // | | | |
I I | | |
| 22 | uscLLr |Clay: As above, with sbundant calcareous debris. | |
| ) | l | |
I p, | | ! I
| 23.4° ° " ° ° | usstct |Silt: Tan/orange, slightly clayey, wet, slightly sandy, [First push on ST |
| SO0 | |[no sedimentary structures, cohesive. |had no recovery; |
| . | | |pushed sS - full ]
| T | | |recovery. I
| 25.4f, . . . . | ussosM |sand: Tan/orange, very fine grained, moderately well |sharp contact. ]
| ... | |sorted, quartzose with > 95X quartz, minor carbonaceous |Driller says hard |
[ T | |lamina, subrounded, wet/saturated, loose, grading to  |and soft layers |
| R | |sile. |when augering ]
| | | |betueen 15 and 25 |
T | | Ife. |
| 26 | wssier |silt: As above, no clay, grading to silty sand (sand as | |
| | Jebove); silty to 29.3 ft. | |
] 29.3 . | U/sDSM  |Sand: As sbove, no silt, no sediment structures, except | |
| LR ] |minor dark carbonaceous leminae. ] |
| L I | | |
} . I | I I
I R | | | |
oL | | | |
| 32.2 OOOI | u/sGrsM |Gravel: Orange, very poorly sorted, CaCO3 and quartz; |Sharp Contact. i
| '004 | |caco3 fragments all > 15 »m; quartz fragments most of | |
| bOO | |smaiier; subrounded, slightly sandy, wet, loose, | ]
] DR ] |average fragment equals 5 - 10 mm up to 75 mm, slight | |
| OO(I | [clay/chalkiness. | |
| P20 | | | |
| 1190 | | | |
|3 § OO0 ] U/GRVL |Gravel: Very ‘clesn’, better sorting, predominately |sharp Contact. |
| OO0 ] |quartz, no sand/clay, minor shell fragments. ] . |
I N O O I | I |
] 37.1 00O | usGrVL |Gravel: Clean as above. ] |
| b0 O | | | |
| ] | | I
1 |©0 1 1 | |
] 39.5p O O | U/GRVL |Gravel: Darker in color, black staining throughout. | TCE? No reading ]
| | | |HNU/Drager. ]
| 40 | U/SDGR |Sand and Gravel: Fine grained gravel and sand, poorly | ]
I I [
I I |
| I |
| I |
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| DRILLING LOG

| RADIAN CORPORAT ION

| INSTALLATION: CARSWELL AFB, TX | SHEEY

3 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB,
IRP PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

Flightline Area

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Dritt B-61

. DRILLING AGENCY:

Environmental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 26

. HOLE NO.:

LF05-15

1 11. ELEVATION GROUND WATER:

3
4

| 5. NAME OF GEOLOGIST:
6

S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90
| 6. COORDINATES OF WOLE: | 13. SURFACE ELEVATION:  626.50 ft MSL
| X: 2019457.49  Y:  398082.81 _1 14. BACKGROUND:
l ] 15. MEASURING POINT ELEVATION:
|oepth| Graphic | Blow Soil | |
f(Fe.) L | Count |Class/Code |Visual Description | Remarks
l.o.l.Ijij]so U/MARL |[Marl: Buff, clayey/chaulky, predominantly welded |39.5 - 44.5 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
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

|crystallized shetl fragments, fissile to brittle,
|semi-indurated, wet.

|recovered 2.5 ft.,
|but 1.5 ft. was
|sluff. Auger
|refusal at 40.5
|ft., went in with
|SS; 50 blows and
|1.5 in. recovery;
|7.D. at 40.6 ft.

|
1

|

I

I
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1 DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, 1 7. YOTAL DEPYH OF WOLE: 23.1 ft BGL |
| IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level ]
] 2. LOCATION: Fiightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 1
| 4. HOLE NO.: LF05-16 ] 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. 8. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 1
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION:  612.30 ft MsL 1
| X: 2021041.70 Y:  398229.39 | _14. BACKGROUNO : 1
| | 15. MEASURING POINT ELEVATION: 1
|[Depth| Graphic | Blow | Soil | | |

Ft. L | Count |[Class/Code |Visual Description | Remarks 1
| o E:::/// ] u/cLAY |ctay: Brown with orange cast, soft to firm, soil top, |Full sample |
| | |rootlets to bottom, dry to demp, semi-plastic. |recovery unless |
| | | |otherwise noted. |
| | | | |
| 2 | u/cLLr |Clay: Brown, very stiff, brittle, abundant calcareous |Can not cut with |
| | | fragments/shelis, very minor rootlets, minor |knife. |
| | |carbonaceous flecks, dry to damp. | |
| | | I |
| 4 | u/sctir |Clay: ‘Caliche’ - dessication cracked, white/brown/buff |0.2 ft. Sample |
| | |mottled, calcareous debris up to 10 mm, dry, ‘hard’ - |recovery. |
| | |stiff/brittle. I |
| | | I |
| 6 | usctir |ctay: ‘caliche’ as sbove, well indurated intervals, |1 ft. Recovery to |
| | |brittle, dry; limestone inclusions up to 20 mm. | refusal at 7 ft. |
| 7 | U/CLLR  |Clay: Caliche as above, thin indurated zones; mostly [Driller says |
| ] |dry, very stiff, highly calcareous buff/orange clay JUimestone; will |
| //j } |with inclusions as above, minor carbonaceous flecks; |drive 7 - 8.5 ft.; |
| | |sandy from 8 - 8.5 ft. |full recovery SS. |
2 | U/sDSM  |Sand: Abundant calcareous debris to 9.6 ft. - red, fine |ST from 9 - 10 ft. |
| .« s e .- | |grained with silt, quartzose, dry and angular to 9.6 |Full recovery. |
| s | |ft.; sand below 9.6 ft. is orange/yellow, very fine | |
| T | |grained, loose, subsngulsr, > 95X quartz, dry. | |
| 10 0 | U/SDLR  |sand: As above, thin gravel horizions developed 10.5 - | |
| OO# | [10.8 ft., 12 - 12.6 ft.; color laminse ~ 3 mm - | |
| 3 OO | |orange/yel low. Gravel up to 30 mm; minor gravel in sand | |
| 'EQ'FQ'F | |very fine grained - fine grained, orsnge to 15 ft. | |
I ©-00 | [ | |
| -0-0-4 | | | |
| 16 OOO | u/soLr |sand: As above. | ]
| -0-0- I | I |
B | | | |
| 0-0-4 | | | |
| 16 OO | ussbLR |Sand: As above, few gravel/calcareous concretions |Not sufficient |
| O O | |throughout, moist st 16.5 ft, wet at 18.5 ft., gravel |gravel to be |
| OOQ | |up to 50 mem, minor color laminae. |classified as sand |
| p O I | |and gravel (10%); |
I -0-0-4 I l |water at ~ 19 fr. |
I -0O-0 | | I |
| 19 ’OOU | usspLR |Sand: As above, minor very cosrse sand/fine gravel, | |
| OO | |sand is tan/orange, very fine grained, saturated, | |
| %" O I |qusrtzose, subengular, > 95% quartz with moderate | |
I S p ... b I |;or[in°. I |
1 B2 -O.J ( | 1 |
| Q0O | | | |

JON®)
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| |epparently very
|hard. T.D. at 16.6
|fe.

— e — — — — — — — —
— — — — —— — — — — —

— e — — — — —

| ORILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 16.6 ft BGL |
| IRP_PHASE 11 STAGE 2 _| 8. DATUM FOR ELEVATION SHOWN: sea level il
| 2. LOCATION: Flightline Area ]| 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. ORILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9 1
| 4. HWOLE NO.: LF05-17 | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 ]
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 606.50 ft MSL 1
| X: 2021241.43  Y:  398317.23 ] 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: |
|Depth| Graphic | Blow | Soit | | |

Ft. L Count [Cless/Code |Visual Description ] Remarks 1
| 0 // | u/scLLR |Clay: Brown, soft - firm, silty with minor very fine |Full recovery |
] | |grained sand, roots, moist, minor calcareous pebbles |unless otherwise |
| | |and carbonaceous staining, semi-plastic. |noted. |
| I I I I
! / | | | |
| I I | |
13 | uscLLr |Clay: As above at 3 ft., with abundant calcareous | |
I A I |pebbles. | |
| 3.2 IOO | usGRCL |Gravel, Clay, and Sand: Gravel is calcareous, dry to |Gravel Contacts. I
| 0-0-0 | |demp, calichified, < 15 mm, buff, wetness increases [ |
| 00 ( | |with depth, very poorly sorted with clay lenses. Clay | |
| Wal | |is as above. | |
|45 ]« | u/sAND |sand: Sand is very fine grained - fine grained, orange [Sharp Contact. |
| AR | Joxidized at top grading to butf/yellow at 5 ft., ] |
| ,l | | subrounded, moderately well sorted, moist, quartzose | |
| e | |with > 95X quartz, small shell fragments abundant to 10 | |
| R | |ft. Grain size up to sand/gravel at 6.8 ft., then very | |
T AR | |ine grained | |
| e | | I I
| 9.4 / | uscLLR  |Clay: Minor shell fragments. | I
[10 """ "1 | u/sovr |sand: As above, very fine grained, well sorted, |2.5 ft. Recovery. |
I 1. ... | |subangular to subround, moist to wet, color laminated, | |
T R | |> 95% quarcz. | |
I oo I I I |
I [-- ... I | | I
| R I | | I
| | I | I
I | R | | I I
e |- | ussovF |Sand: As above. |No visible |
| | I I |contamination, but |
| e e | | |high Drager |
| ML | | |readings 1 ft. |
A | | [Recovery. l
| 16 L . .. | u/sbve |Sand: As above. |No odor. |
| 16.5 I 1 }s0 | U/mMARL |[Marl/Limestone: Micritic, Light grey, dense, many smail |Sample description |
| | |fossils (recrystailized), well indurated, chaulky | from small |
| | | surface. | fragments, |
I 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 2 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL ODEPTH OF HOLE: 24.0 ft BGL
] IRP PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
| 2. LOCATION: Flightline Ares | 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.: LFO05-18 | 11. ELEVATION GROUND WATER: 594.11 ft MSL (6/18/90)
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 37/21/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 612.10 ft MsL
| x: 2021280.30 Y: _ 398169.30 | 14. BACKGROUND:
| ] 15. MEASURING POINT ELEVATION: 611.84 ft MSL
|[pepth| Graphic | Blow | Soil | |
I(Ft.)! Llog Count__|Class/Code |Visual Description | Remarks
| SO0 | |comptetion. No
A | |gravels.
..c.-.-.- | I
c e I I
.. | |
3.2 U/MARL |MarL: White/gray, indurated, oxidation staining in |orove 1 172 ft.
| fractures. |s.s., 50 blows. 2
| |in. recovery. T.D.
|= 23.95 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
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 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL 1
] IRP PHASE 11 SVAGE 2 | 8. DATUM FOR ELEVATION SHOWMN: sea level |
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL:  Mobile Dritl B-61 {

3. DRILLING AGENCY: Envirornmentsl Dritlers, Inc.
| 4. HOLE NO.: LF05-19 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)
] 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE MOLE ESTABLISHED: 3/21/90

| 10. NO. OF SAMPLES TAKEN: 9
|
l
| 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION: 606.30 ft MsL
|
]

| Xz 2021663.85 Y: 397850.57 14. BACKGROUND:
| 15. MEASURING POINT ELEVATION: 606.08 ft MSL

e —————— e -

[pepth| Graphic |  Blow | soil i |

I¢Fe.) Log tount |Class/Code |Visuai Description | Remarks

|0 V | U/CLAY  |Clay: Dark brown first 1 ft., then orange/brown with  |0.3 ft. Recovery.
| | |sbundant calcarecus material, demp, cohesive. |Stuck in shelby
| / | | eube.

1 /| | | |

| 2 e e | ussomo |sand: Orange, cemented 3 - 4 ft., medium grained, dry. |

| | | |

T | | |

| . o . | I |

T | ussAND  |sand: Orange, fine to medium grained, quartzose, damp, |1 ft. Recovery.
| e e | | toose. I
R | | |

I IR | | |

| 6 Lll | U7LMSN  |Limestone: 1 in. limestone bed underlain by 2 in. I

I T | |cemented sand at 6.0 ft. |

| 6.3 P | U/SDGR  |Sand and Gravel: Orange, poorly sorted, very fine |1 ft. Recovery.
| O q | |grained sand to pebble size gravel, damp. Gravel is |

| pOO | | subround. _ |

| 1O0 | | |

I P20 I | l

| }-0-0-¢ | | |

| 10 boo | u/ssbGr |Sand and Gravel: Orange, 60X sand, 40X gravel, damp, |4.2 ft. Recovery.
| Ood | [oxidation staining 11 - 13 ft; occasional limestone |

| OOO | ~ |cobbles and thin beds, saturated at - 13.5 ft. |

| oo | | |

| pogl | |

1 1O 0 | | |

| RQ0Q | | |

| 13.7 OO Q | U/GRsM |Gravel and Sand: As above but > 80X gravels (mainly 2 - |W.L. measured at
| D00 | |10 mm), saturated, assorted sand sizes, gravels mainly |13.6 ft. 3.6 ft.
I OOd ] Jsubround chert and angular imestone clasts. |Recovery.

| Boo l | !

A 5SS I B |

| boo | 1 |

| 100 | | |

I RO0 I | |

| 1100 I I I .

v O-0-Q | U/GRSM  |Gravel and Sand: BOX gravels 2 to 25 mm, 20% assorted |

| 0-0-( | |sand sizes, saturated, numerous shells (gryphea?); 19 - |

I b-oo | |19.3 ft. medium sand bed. I

| Joot | | ;

| boo | : '

| 750 | |
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RILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

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

]

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL
]

]2

. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

| 3. DRILLING AGENCY: Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9

| 4. HOLE NO.: LF05-19 | 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)
| 5. NAME OF GEOLOGIST: S. E. Fain |_12. DATE HOLE ESTABLISHED: 3/21/90
| 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION: 606.30 ft MSL
1 x: 2021663.85  v:  397850.57 | 14. BACKGROUND:
1 | 15. MEASURING POINT ELEVATION: 606.08 ft MSL
[oepth| Graphic |  Blow | Soil | I
I¢Ftd] L Count |Class/Code |visual Description | Remarks
20.5§ 50 U/MARL |Mari: Limestone, weathered, tan/white, indurated but |Sampling hard at
|heavily fractured, oxidstion staining on fracture |20 - 20.5 ft.;
| faces. [Drove 1 172 ft.
I |s.S., 50 biows =
|2.5 in. T.D. =
|20.75 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
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I
|
|
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
|
I
I
I
|
I
|
I
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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I
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I
I
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I
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I
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APPENDIX B
Well Completion Summaries

(Previous Well Completion Summaries may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))

Lot
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1

WELL COMPLETION LOG

| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB

!

| 9. INSTALLATION DATE: 3/23/90

| 10. WELL COMPLETION METHOD:

GRAVEL PACK W/SCREEN

2. LOCATION: Site LF04 | 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 28.00 ft

4, WELL NO.: LF04-01 | 13. MEAS. POINT ELEV.: 629.24 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: 29.95 ft

8. LOCATION TYPE: WL

] 17.

SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-10’x2%x0.02* Screen,3-10’x2% Risers, Bottom Plug 1-Locking Cap,1-5/x2" Riser

|
|
]
!
|
|
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
I
I
I
I
I
I
I
I
I
I
I
l

TOP_OF CASING

| |
GROUND SURFACE 1 ]
t | | | | 1
| | | | | |
| BACKFILL MATERIAL: | | | [ |
| Cement-Bentonite Grout | | | | |
| | | | | |
| \| | | I£ BOREHOLE DIAMETER: |
| 74 | | I\ 8.000 in |
BOREHOLE | | | | |
DEPTH: I I I I I
40.10 ft | | | | : I
| | | | | SEAL MATERIAL: |
| | | | | Bentonite |
I 1 L1 |
| t | | | | |
| SEAL LENGTH: | | | | |
| 2.00 ft | | | | CASING DEPTH:
| | | | | | 40.00 ft
I ¥ 1 L1 |
| t | | | | |
| | | | | | |
| | | I | |
I | | | — | | t |
| | | I | | |
| | | | — | | | |
| | | [ | | |
| | | | | | SCREEN LENGTH: |
| | | — | 9.75 ft I
| FILTER PACK | | | | . |
| LENGTH: | ] | | |
| 12.10 ft | | — | | | |
| | | I | ¥ |
| | | | | | t |
| | | | | | | |
| | | | | | BLANK LENGTH: |
| | | | | | 0.30 ft I
| | | | | | | |
I | | 1 | ¥ ¥
| | | |
¥ ¥ 1 !

FILTER PACK MATERIAL: 8-20 Silica Sand
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB $ o 29 4 ]
| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 3/28/90 1
L | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN |
] 2. LOCATION: Site LF04 | 11. ZONE OF COMPLETION:  Aquifer {
| 3. INSTALLING €O.: Radian Corporation | 12. SEAL END DEPTH: 20.90 ft 1
| 4. WELL NO.: LF04-02 | 13. MEAS. POINT ELEV.: 623.68 ft MSL |
L 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: 23.10 ft 1
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE:  0.02 in 1
| 18. REMARKS: 1-10’x2"x0.02" Screen,3-10’x2% Risers,1-Cut piece (~0.4’),1-Locking Cap, 1-bottom Cap |
| 1
| |
| TOP OF CASING |
I I | |
| GROUND SURFACE ! ] |
| 1 I | | | t |
I I | I | | | |
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
| | | | | I | |
| | — | | |{____ BOREHOLE DIAMETER: | |
| | /| | | A 8.000 in ] |
I BOREHOLE I | | | I |
| DEPTH: I I | | | I
I 37.70 ft I { | [ I [
] | ] | ] | SEAL MATERIAL: | ]
| I | | I I Bentonite I I
I I | 1 | | | I
I | t I | | | | |
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: |
| I | | I | | 37.65 ft |
| | ¥ | 1 | | | |
| I t I I I | | |
I I | | | | | | |
I | I I |1 | | |
| | | | I — | | t | |
| | | | |1 | | I |
I I | | I — | | | |
I | I | f— | A | |
| | | | I — | SCREEN LENGTH: | |
I I I I R | 14.35 ft I |
| | FILTER PACK | I — | | | | ]
| | LENGTH: | el | I I |
I I 16.80 ft | | — | I | I |
| | | I | I ¥ | |
| | | | I | I t | |
I I I I I I | | | |
| | | | | | | BLANK LENGTH: | |
I | | | | | | 0.20 ft | I
I | I | I | | I I |
| | | | L1 | ¥ 4 I
I I | | I |
| ¥ ¥ 1 1 |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
L |
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| WELL COMPLETION LOG | RADIAN CORPORAT ION | INSTALLATION: CARSWELL AFB
| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 4/3/90
] | 10. WELL COMPLETIOM METHOD: GRAVEL PACK W/SCREEN
| 2. LOCATION: Site LF04 | 11. 20NE OF COMPLETION:  Aquifer
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 19.40 ft
| 4. WELL NO.: LF04-03 | 13. MEAS. POINT ELEV.: 623.25 ft MSL
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER:  6.00 in
6. WELL TYPE CLASS: MONITORING WELL ] 15. CASING MATERIAL: Schedule 80 PVC
7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH:  22.40 ft
8. LOCATION TYPE: WL | 17. SCREEN SLOT SI2E: _ 0.02 in

18. REMARKS: 1x10’x6" PVC 0.020 screen, 1x5/x6" screen, 2x10/x6" PVC riser, 1x5/x6" riser.

TOP OF CASING

GROUND SURFACE

FILTER PACK MATERIAL: 8-20 Silica Sand

|

|

|

I

]

|

I

| | |

| l |

| t [ oo t
I | b oo !
| | BACKFILL MATERIAL: | | | | I
| | Cement-Bentonite Grout | | ( | |
| | I I b I
I | Al I | |[{___ BOREHOLE DIAMETER: |
' | noo| I\ 14.500 in |
| BOREHOLE | | | | I
| DEPTH: | | | | |
| 37.52 ft | | | | [
' I I I (. SEAL MATERIAL: |
| l | | Bentonite |
I | I 1 |
I | t [ b I
| | SEAL LENGTH: | | | | |
| | 2.30 ft | | (I CASING DEPTH:
I I I I b 37.42 ft
| | ¥ i I ] ] |
I | 1 | I |
I | | (. P |
| | I I | I
I | I P — t I
I I I I 1 | I I
l | [ 1 | [
| | I [ PN I I
I | I | | — | |  SCREEN LENGTH: |
I | [ I P 14.26 ft |
I l FILTER PAGK | | __ | | | |
| | LENGTH: | | | | |
| | 1826 | | __ | | | |
I | I | 1 | ¥ I
| I | P I 1 I
| I I I I I I |
| I | I | | BLANK LEWGTH: |
| I ! I I I 0.76 ft |
I I | I I I I |
| l | I L1 | t ¥
| l | | |

| ¥ ¥ ] !

I

I

l

I—-——-—_.—-—__——_—-—————.———___——_.._-——-.._—————-—-—-—-——.-——.——-—_.— e fom o b b = e = = — —

B-5




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

| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/20/90

| | 10. WELL COMPLETION METHOD: GRAVEL PACK %/SCREEN
| 2. LOCATION: Site LFO4 | 11. Z0NE OF COMPLETION: Aquifer

|3, INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 13.20 ft

| 4. WELL NO.: LF04-04 | 13. MEAS. POINT ELEV.: 612.07 ft MSL

L5. 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: 15.20 ft

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

18. REMARKS: Sounded Well after Completion, 25’ BLS. * Cave-in from 25.2' - 24.8'

TOP OF CASING

GROUND SURFACE

|

l

I

I

| |

| 1

I 1 | I I 1
I I I I I I
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
I I I I I I I
| I —l T BOREWOLE DIAMETER: |
I | Nl I I 8.000 in |
| BOREHOLE | | | | I
| DEPTH: | | | | I
| 25.20 ft | | | | I
| I [ I SEAL MATERIAL: |
I I | | | | Bentonite |
I | ] | | |
I I 1 | I I | |
| | SEAL LENGTH: | | | | |
I | 2.10 ft | I I | CASING DEPTH:
| | | | | 25.20 ft
I I ¥ | | l | |
I I 1 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 | |—| I I |
I I I | | — | |  SCREEN LENGTH: |
| I I [ P 9.73 ft |
| | FILTER PACK | | | | | |
I | LENGTH: | | | | |
I I 11.60 ft | | | | | |
| I I I — | I ¥ I
I I I | I I I 1 I
I I I I | | I I I
I | I | | | |  BLANK LENGTH: |
I I I | | 0.32 ft |
| I I I I I I I I
I | | I L1 | ¥ ¥
l I | | |

| | 2 ¥ ] ]

|

I

FILTER PACK MATERIAL: 8-20 Silica Sand
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: 4/2/90

L | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
| 2. LOCATION: Site LFO4 | 11. 20NE OF COMPLETION:  Aquifer

| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 30.00 ft

] 4. WELL NO.: LF04-10 | 13. MEAS. POINT ELEV.:  626.54 ft MSL

| 5. WELL DWNER: 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:  39.22 ft

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

18. REMARKS: 4x10’x2* Riser (-1.25), 1x2"x10’ Screen (0.020 SL), 1x2%x0.2’ Sed. Trap, 1 - Locking 2" topcap,
Flush mount in cast iron vault - grout.

JOP_OF CASING

GROUND SURFACE

FILTER PACK MATERIAL: 8-20 Silica Sand

|

1

|

|

I I I

l 1 1

I t I | I | t
| | I | I | I
I | BACKFILL MATERIAL: | | | | |
I | Cement-Bentonite Grout | | | | |
I I I I | | I
I I ——\ | | |[____ BOREHOLE DIAMETER: |
| I /| [ 8.000 in |
| BOREHOLE | [ | | I
| DEPTH: | | | | I
| 49.50 ft | | | | I
I I | | | | SEAL MATERIAL: |
| ! I | Bentonite |
I I | L1 I
| I t I I I I |
I | SEAL LENGTH: | | | | |
| | 4.20 ft | | | | CASING DEPTH:
I I | P - 49.10 ft
| | 4 1 l ] |
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 | —— 1 ]  SCREEN LENGTH: i
| | I [ P 9.73 ft |
I | FILTER PACK | I — 1 | |
I | LENGTH: | | I I
I l wsoft | | | | | I
I I | I | I ¥ I
| I I I | I I t I
| I | I | | I | |
| I | I | | | BLANK LENGTH: |
| I I | | 0.15 ft |
I I I I I I I I |
| I I |1 L ¢ §
I | | I I

| ¥ ¥ ] 1

|

I

]

— — e — — — . — — — — — ———— — —_ f— — | —
- —_———— e —— e — e — e —— e, ———_ e ————— —~— — e o b— — — |
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB ~
| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/22/90

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

| 2. LOCATION: Site LFOS5 | 11. 20ME OF COMPLETION: Aquifer _
| 3. INSTALLING CO.: Redian Corporation | 12. SEAL END DEPTH: 11.80 ft

| 4. WELL NO.: LFO05-01 ] 13. MEAS. POINT ELEV.:  621.96 ft MSL

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

| 6. WELL TYPE CLASS: MOMITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC -
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH:  14.95 ft

| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SI2E:  0.02 in

18. REMARKS: 1-107x2%*x0.02" Screen, 2-10’x2* Risers, 1-0.2 Bottom, 1-Locking Cap

TOP_OF CASING

GROUND SURFACE

BACKFILL MATERIAL:
Cement-8entonite Grout

——— . ——— — —

FILTER PACK MATERIAL: 8-20 Silica Sand

I

|

I

|

' I

I | L

| | | 1

| I | |

I | | I |

| | | |

' | | |

| —Al | |/___ BOREHOLE DIAMETER: |

| 11 I N 8.000 in |

I BOREWOLE | | | I I )
I DEPTH: | | | [ I

I 25.20 ft I I |

I I | | | | SEAL MATERIAL: |

| I I I | I Bentonite | -
I I L1 | |

| | t I | |

I I SEAL LENGTH: | | P I B
| | 2.00 ft | | | | CASING DEPTH:

I I I I I 25.00 ft

| I ¥ l ] ! | I —
| I 1 I | |

| | | | I |

| | | [ P B |

I l | L — 1 1 | -
| ! | I P R | |

| l I T | |

I | | | | | -
| I | | I — | | scReeN LencTh: |

l [ I I P 9.75 ft |

I I FILTERPACK | | __ | | | I B
I I LENGTH: | | I | I

I | B3e0fe || || | I

l I | I P ¥ |

| I I | | 1 ,
I | [ [ | I I

| I I (. | | BLANK LENGTH: |

| I I I | 0.30 ft | _
' I | I | | |

I I I I 1 I 2 ¥

! I | I I

I ¥ ¥ { 1

I

I

L

A
1
1
1
|
]
1
]
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
|
I
|
I
I
|
I
I
I
I
1
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LOCATION TYPE: WL

17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-10'x2"x0.02* Screen, 2-10’x2" Risers, 1-0.2 Bottom Trap, 1-Locking Cap

WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB
- PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 3/22/90
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
. LOCATION: Site LFOS ] 11. ZOME OF COMPLETION: _Aquifer
. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 15.00 ft
. WELL NO.: LF05-02 | 13. MEAS. POINT ELEV.: 622.69 ft MSL
- WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in
- WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC
» FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 16.95 ft
|

TOP _OF CASING
| |
GROUND SURFACE 1 |
1 I | I | 1
| | | | | |
| BACKFILL MATERIAL: | | | | ]
| Cement-Bentonite Grout | ] | | |
| | | I | |
| — Al | | |{____ BOREHOLE DIAMETER: |
| | | | I\ 8.000 in |
BOREHOLE ] | | | ]
DEPTH: | | | | |
27.20 ft | | | | |
| | | | | SEAL MATERIAL: |
| | ] | ] Bentonite ]
| | 1 | ] |
I 1 | I | I I
| SEAL LENGTH: | | | | |
] 2.00 ft | | ] ] CASING DEPTH:
| | | | | | 27.00 ft
| ¥y | l ] | |
I 1 | | | | I
I | | I I I I
I | | o | I
I | | I — | | 1 I
I I I I I I I
I | | I | | I
| I I | ] | I
| | | | — | SCREEN LENGTH: |
I I I ! I 9.75 ft I
|. FILTER PACK | I — | | | |
] LENGTH: ] 1 ] ] ]
I 12.20 fr | I — | | | I
| | | I | ¥ |
| I | | | I 1 |
I I | | I | | I
| | | | | | BLANK LENGTH: |
I I | | I I 0.30 ft I
I | | | | I I I
| | | 1 | ¥ ¥
I | } I
4 ¥ 1 |

FILTER PACK MATERIAL: 8-20 Silica Sand

IO UNY SUPUINY T Sy Sy Ry Iy 5y oy

B-9
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16 T8 WuN
WELL COMPLETION LOG |_RADIAN_CORPORAT ION | INSTALLATION: CARSWELL AFB ki
. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: _4/2/90
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

. LOCATION: _Site LFO5 | 11. ZONE OF COMPLETION: _ Aquifer
. INSTALLING CO.: Radian Corporation ] 12. SEAL END DEPTH: 4.80 ft
. WELL NO.: LF05-14 | 13. MEAS. POINT ELEV.:  602.98 ft MSL
. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: _ 2.00 in
. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: _Schedule 40 PVC
. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: __ 5.12 ft

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

18. REMARKS:
w/_cast-iron vault-grouted.

1x2*x5.0’ Riser (-0.2’), 1x2"x10’ Screen (-1.83’), 1x2"x0.13 Bottom cap, 1 Locking top, Flush Mount

TOP OF CASING
| I
GROUND_SURFACE o |

t | | 1
| | | |
| BACKFILL MATERIAL: | | | | I
| Cement-Bentonite Grout | | | | I
| | | |
I — I | I BOREHOLE DIAMETER: |
| 7| | | I\ 8.000 in |

DEPTH: I I I I |

13.30 ft | | I I |
I I I I I SEAL MATERIAL: |
I I I I Bentoni te |
I L1 [ |
| t | | |
| SEAL LENGTH: | | | | I
| 2.00 ft | | I CASING DEPTH:
| I I I 13.15 ft
I ¥ ] { | | |
I t I I I | |
I I | I I I |
I | I | I |
I | I — t |
I I I R | | |
I I | | — | | |
I I | R I | |
I | I | — | |  SCREEN LENGTH: |
| | I N 7.90 ft ,
I FILTER PACK | | ] | | I
I LENGTH: | | | | | I
I 8soft | | _ | | | I
I I | I I ¥ |
| | | I t |
I | | || | |
I | | | |  BLANK LENGTH: |
I | I | | | 0.13 ft |
I I | I I I | |
I | | L1 | ¥ 4
I | | |
\ 2 ¥ ! |

FILTER PACK MATERIAL: 8-20 Silica Sand

]
|
|
|
|
|
l
I
|
L
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
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

B-10



w3 301

WELL COMPLETION LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB

. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB

| 9. INSTALLATION DATE: 3/21/90

| 10. WELL COMPLETION METHOD:

LOCATION: Site LFO5

GRAVEL PACK W/SCREEN

| 11. ZONE OF COMPLETION: _Aquifer

INSTALLING CO.: Radian Corporation

| 12. SEAL END DEPTH: 11.460 ft

WELL NO.: LF05-18

| 13. MEAS. POINT ELEV.:

611.84 ft MSL

| 14. CASING DIAMETER: 2.00 in

WELL TYPE CLASS: MONITORING WELL

] 15. CASING MATERIAL:

Schedule 40 PVC

FORMATION OF COMPLETION:

| 16. SCREEN BEGIN. DEPTH:

13.90 ft

2.
3.
4.
5. WELL OWNER: U.S. AIR FORCE
6.
7.
8.

LOCATION TYPE: WL

| 17. SCREEN SLOT SIZE: 0.02 in

FILTER PACK MATERIAL: 8-20 Silica Sand

' I
| !
L 1
' 1
' I
l l
L 1
' ]
l {
1 1
| 18. REMARKS: I
l 1
| |
| TOP_OF CASING |
| I I |
I GROUND SURFACE 1 I I
| t I I I | t |
I I I I I I I I
| | BACKFILL MATERIAL: [ [ | | | |
I | Cement-Bentonite Grout | | | l | |
| | | | I I | |
| | — | | |/___ BOREWOLE DIAMETER: | |
I ] /| | | N 8.000 in | |
| BOREHOLE | | | | | I
| DEPTH: | | | | | |
| 23.95 ft | | I | I |
| | I I | | SEAL MATERIAL: | |
| | | | | ] Bentonite | |
I l L | L1 | |
| | t | | | | | |
I | SEAL LENGTH: | | | | I
| | 2.00 ft | | | | CASING DEPTH: |
I | I I I I I 23.95 ft |
| | ¥ I I i |
| | t | | I | | |
| | | | || | |
I | I | I | | |
| I I I | — | | 1 | |
| I | | o I | I |
| I ! I I — I | | I
| I I | eI I I | |
I | | | | —_ | |  SCREEN LENGTH: | |
| ! | [ P I 9.7 ft | |
| | FILTERPACKK | | __ | | | | |
| I LENGTH: | | | | | ] |
I | w2 | | | | | |
| | | I | I ¥ | |
! I | | | | I t | |
| I | I I I I I I I
| | I I | |  BLANK LENGTH: | |
I I | | | | I 0.30 ft | I
| | I | I | | I | |
| | | [ N ¢ ' |
l ¥ ¥ 1 1 |
' |
| |
L 1

B-11
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] WELL COMPLETION LOG | RADIAN CORPORATION INSTALLATION: CARSWELL AF8

| 1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/21/90

] 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

| 2. LOCATION: Site LFO5 11. ZONE OF COMPLETION:  Aquifer

| 3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 8.15 ft

| 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: 10.25 ft

]
|
|
]
l
| 4. WELL NO.: LFO5-19 | 13. MEAS. POINT ELEV.:  606.08 ft MSL
|
|
l
1

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

| 18. REMARKS: Casing is actually 19.9’ but sits 0.4’ below land surface; 1-10’x2" Screen, 1-10’ Riser, 1-0.2’
Bottom Trap, 1-locking Cap

TOP_OF CASING

GROUND SURFACE

FILTER PACK MATERIAL: 8-20 Silica Sand

|

I

I

I I I

I | |

| t | | 1
I I I | I
I | BACKFILL MATERIAL: | | |
I |  Cement-Bentonite Grout | | | | |
I I I | I
| I - | |£___ BOREWOLE DIAMETER: |
| | Nl | I 8.000 in |
| BOREHOLE | | | | I
I DEPTH: | | | I I
| 20.75 ft | | | | I
| | I | SEAL MATERIAL: |
| I I I I I Bentonite |
I I | ] L1 |
I I t I [ I
I | SEAL LENGTH: | | | I
| | 2.55 ft | | | | CASING DEPTH:
| I I | | 20.30 ft
I I ¥ ] I ! | |
| I t | | |
| I | | | |
I I I [ N R I
I I I I — 1 t I
| I | I P | |
I I I I — I I
I I I [ N B I I
I | | | I — | |  SCREEN LENGTH: |
I I I [ P B 9.75 ft |
I I FILTER PACK | | | | | |
I I LENGTH: | | | | |
I | 1260 ft | | __ | | | I
I I I o ¥ I
l I | | | t |
I I I I | I I
| | | | | | |  BLANK LENGTH: |
| I I | | 0.30 ft |
I I I I | I I
I I I [ SR S ¥ ¥
! I | | !

| ¥ ¥ l |

I

I

1

e — — e — — — e . — — e — — — . — — — —— — — — — — — — — —— —— — — — —— —— — e —— —— e
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APPENDIX C
Well Development Information

(Previous Well Development Information may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))

i
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APPENDIX D
Water Quality Sampling Records

(Previous Water Quality Sampling Records may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))




GROUND WATER QUALITY SAMPLING RECORD

PAGE 1 9F%
INSTALLATION 1D (544 10G DATE /220 LOG TIME __LZ%)
LOCATION ID L2222 -2/ LOT CONTROL NO.
SAMPLE TYPE ALLA/5 44752 SAMPLE ID SAMPLE DEPTH (FT) o8 B7¢
— T-Q =R B LoDy -
INITIAL GROUNDWATER DEPTH (FT) _ZZ5 Bz 795" M/Zoj 54@?, sae 3 s
SAMPLING PERIOD: sugr 240 COMPLETE
SAMPLING METHOD LOGGER CODE _@
LAB CODE _ /2o e DATE SENT Z-Z5-%0
PRESERVATION METHOD___Z5& [ A — czzes
COMMENTS
FINAL PARAMETER MEASUREMENTS: DE‘UMEC'T' 1ON
POTENTIAL OF HYDROGEN pH s.uU. £ 85 .0/
SPECIFIC CONDUCTANCE sC umhos/cm Nz
REDOX POTENTIAL Eh mvoits — _
TEMPERATURE TEMP °C A/
ALKALINITY (CaCOg) ' ALK mg/t -
Fue S ALk =0
TOTAL con/FriTELCEY Acu = {%”Y/L ToTIL  FriThesd Al = 344t T
. TOTAL VOLUME SC
TEMP
TIME WITHDRAWN PH liumnossemi| (e COMMENTS
(GALS) [Bore Voiumes)
V2 RS 0.0 - - - START PUMPING
Vit MR 22/ Fcp  \F’F | otrvet S nsre afos 780
vop| 2.0 872\ _Fro \FF ol
Vil 3.0 IA I \AF v
2 75| 755 |#5A Z
VAR 487 77 7 A %
Vot B S\ 762 457 ”
0- DUPLICATE FB - FELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP
R -  REPUCATE T8 - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER
S- SPKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ;2 42

PAGE t OF 2
INSTALATION ID _Z37V% _ LOG DATE 22770 LOG TIME __/2Z -,
LOCATION 1D 2524 - 22 LOT CONTROL NO.
SAMPLE TYPE A SAMPLE ID SAMPLE DEPTH (FT) -
N G i Y e 2
INITIAL GROUNDWATER DEPTH (FT) _Z24L 7L ZSPAE Crg = 3 ZET
SAMPLING PERIOD: snng A7 COMPLETE 2% _
SAMPLING METHOD LOGGER COOE _L42 .
LAB CODE . LAO-V - DATE SENT =270 -
PRESERVATION METHOD L “C. s — #7t7hes -
COMMENTS OF s Apott et ) Fogeped. 7= AN
FINAL PARAMETER MEASUREMENTS: OE UM' Ecn._" v
POTENTIAL OF HYDROGEN PH  S.U. £ 2L 22 |
SPECIFIC CONDUCTANCE SC umhos/cm £33 /
REDOX POTENTIAL Eh mvolits — -,
TEMPERATURE TEMP °C —_—l .
ALKALINITY (CaCOg) ALK mg/t -
THew. k. = P ‘ _ = =
TOTH awrrreaid Ae= 2 e TorAl Frrecéd sise oy
. TOTAL VOLUME sc ——
TEMP. -
TIME WITHORAWN PH ltumnos/emi| (o) COMMENTS
(GALS) [Bore Volumes)
/3% 0.0 0.0 - - - START PUMPING —
o 0 L76) BYZ N0 AT Bkmens s.irtrres Tl
vis|l /4 sl 233 |7msos Z N
vre |\ 3o cpi | L3Y Vos ¢
LT S0 83\ F3/ Ve ~E ” ~
750 S0 . y B0 VABFF ”
/56 2o 6.86 Z55 2.0 7] ALet0s7 kAL - _
SAMPLES TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE) S
D- DUPUICATE F8 - FIELD BLANK G- GRAS - SP . SUBMERSIBLE PUMP
R- REPUCATE TB - TRIP BLANK B- BALER AL - AR-UFT SAMPLER ~
S-. SPIXE L8 - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K-  KNOWN N- NORMAL | , SL- SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD Y3 213
PAGE 1 OF 2

INSTALLATION ID _CSV%_ LOG DATE ’{éi’/jﬂ LOGTIME __ 752

LOCATION ID __£L07 0 LOT CONTROL NO.
SAMPLE TYPE /4 SAMPLE ID SAMPLE DEPTH (FT) <2 +3_A72-
INITIAL GROUNDWATER DEPTM (FT) _Z Y3 (T0C) 4= /0.07' 3v-S,idgal
SAMPLING PERIOD: START 2222 COMPLETE _, 7935
SAMPLING ME‘I}IOD 5 LOGGER CODE . L720Y
LAB CODE __£z2n/ } | DATE SENT _ZLZ/70
PRESERVATION METHOO_Z. L /205 in/ slernes 4
COMMENTS :
: Wi =/ 2 o2’ Broc
FINAL PARAMETER MEASUREMENTS: /7 S L M DE?&TY'ON
POTENTIAL OF HYDROGEN pH  S.U. 4% BZ Py
SPECIFIC CONDUCTANCE SC  umhos/cm 777 /
REDOX POTENTIAL Eh  mvolts —
TEMPERATURE TEMP °C /4.4 2/
ALxAum/;v (CaCO3) ) ALK  mg/l -
ol Prete e, (P) Alltelinfe = 0.0
fﬁ:b/‘é/!ﬁ/;n;/y = 5942 Y s p=597 T (35Z Y. [rrEeio)
TOTAL VOLUME sc EMP
TIME WITHDRAWNZESTH bH | mnoerem| o'y ] COMMENTS
(GALS) [ Bore Volumes

g:25 0.0 0.0 - - - START PUMPING

Y. 535 2 //F et 790 1.5 | otdrat Fas - errod trtdid

g: o ~ Z.3# e sl 75 127 : .

Tl ey 3.2Z \epZ\ 797 s | - +

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

D - DUPUCATE 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 UFT PUMP

- ——

D-5




GROUND WATER QUALITY SAMPLING RECORD .

[N 314
PAGE 1 OF 2

INSTALLATION ID _C32L_ LOGDATE __ LA 7772 oG TME __/O/ 5 -

LOCATION ID —_£/2% /2 LOT CONTROL NO.

SAMPLE TYPE & SAMPLE ID SAMPLE DEPTH (FT) .28 Z72
INITIAL GROUNDWATER DEPTH (FT) 3L YK (Tv¢e) 10,12 %)7 2 2.9 g0 x 2875
SAMPLING PERIOD: START L0 COMPLETE /& -
SAMPLING METHOD & Loaaaa COOE gor/

LAB CODE . . E SENT L2150
PRESERVATION METHOO___ 2~ & n’zfvﬂ_;_ﬁw/ < 2 ) ni7H i s
COMMENTS

FINAL PARAMETER MEASUREMENTS: DELEMC"'TC’E
POTENTIAL OF HYDROGEN pH s.u. 6.6 2. o~
SPECIFIC CONDUCTANCE sC umhos/cm 850 /
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP °C /7 7 2/
ALKALINITY (CaCOg) ALK mgnt
Phencpthalem (P) Alkalait, = O 0 . -
|q+ﬁ| alkchindy nan-£3} tered = 370 h"S/L Fildered 336 mo/L ' .
TOTAL VOLUM sc |
TEMP.
TIME wumomwr/@ PH [(ummossem| oy COMMENTS .
(GALS) [Bore Voiumes
LB 0.0 - - - START PUMPING L
/034 2.0 267 591 6% |/85 ,
IW% wa p /3 ?’ ‘/ﬂ 55’ ?’ / 3-5 ﬂnﬁ”&/ér@»i‘h S/, 7/77/y ﬁ,,.é, v ]
o5 Zp z# \S#@| 820 |24 o
Ay, 278 &/S1 B0 /28 d l
1o 70 . 307 \eobl Z5D \2F|Lant 0 Slignity farkis
| l
|
—
|
SAMPLES TYPES: (WSACODE) Musmbn&(wsueooa -
0- DUPUCATE F8 - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R-. REPLICATE TB - TRIP BLANK 8- BARLER AL =  AIR-LIFT SAMPLER
S- SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-6 - ==
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GROUND WATER QUALITY SAMPLING RECORD -3 245

PAGE 1t OF 2
/ L —
INSTALLATION ID 5% oG oATE /7472 LOG TIME S50
LOGATIONID L0 - 4 LOT CONTROL NO.
SAMPLE TYPE 2/ SAMPLE ID SAMPLE DEPTH (FT) £./2 57C
- . , 7D. = 2458 ’}L(Sm’«oeo
INITIAL GROUNDWATER DEPTH (FT) 2= 22 Bic. B SY Gor- = 3 werkar s 7gy
SAMPLING PERIOD: sna} 1L, COMPLETE _ /.20
SAMPLING METHOD /2 LOGGER CODE L2074/
LAB CODE _£22 - DATE SENT _3/27 70
PRESERVATION METHOD_ <275 0y — VLTS
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DEmm
POTENTIAL OF HYDROGEN pH s.uU. L. 7, 20 L/
SPECIFIC CONDUCTANCE sC umhos/cm 27528 /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2.4
ALKALINITY (CaCOy) " ALK mg/n -
FHEV - BLre = 5.0 .
TOTHC Ly Fre7EA EY At = 285 TOTHL. 777 BRLy Alre = 268
. TOTAL VOLUME sc k
EMP]
TIME WITHDRAWN PH |iumnosscm| (vicy COMMENTS
(GALS) [Bore Volumes)
ey 0.0 0.0 - - - START PUMPING
535 | 2 5593 L7Z Npp Gk 7 TAV scienri e Tacde)
237 B A7 771 e 14684 ”
| /53T 5.0 1P Ge/ s ok o
w71y A epp oot
/64/5] 70 — — — E) e
SAMPLES TYPER: (WEACODE) SAMPLE METHODS: (WSMCODE)
D - DUPLICATE F8 - FELD BLANK G- GRAB " SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP BLANK 8. BALER AL -  AIR-UFT SAMPLER
S-. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD '/'? 216

PAGE 1 OF 2

INSTALLATION 1D (552 |O0GDATE _5/Z/%0 o6 TiME /355 :
LOCATION 1D L Fo07 - < & LOT CONTROL NO.
SAMPLE TYPE N ELL  SAMPLEID SAMPLE DEPTH (FT) £5.42 &7e-
—~ _ 7D Til 7 BICC oD |
INITIAL GROUNDWATER DEPTH (FT) _£8.2Z 472 83/ ooz Buerred cs.vy >
SAMPLING PERIOD: START Vad e, COMPLETE /50 (/)
SAMPLING METHOD LOGGER CODE 22
LAB CODE Ao/ DATE SENT _3/Z/%0
PRESERVATION METHOO_Z "L faps - #/ETwes ,
COMMENTS .
FINAL PARAMETER MEASUREMENTS: °m"
POTENTIAL OF HYDROGEN pH s.u. N 2
SPECIFIC CONDUCTANCE sc umhos/cm S53 /
REDOX POTENTIAL Eh mvolits — il
TEMPERATURE TEMP °C L2
ALKALINITY (Cat:O;) ' ALK mg/l -
JHed pfe = o O : ~ -
Tor8z_ b Fresrasy gzic= 52 7072 G iy frc. = 286 s
, TOTAL VOLUME sC
TEMP. -
TIME WITHDRAWN PH liumnossomi| (oo COMMENTS
(GALS) [Bore Volumes)
e | 0.0 0.0 - - - START PUMPING -
oy 2.0 SA 5’50 16.0A Xicre 7 Lxowa 7
N ZQ 442 <y £2°5 o _
/L ENZ 6.4 A $52  43/8 “
JLE 0 2 -77 S 2Z) \&r0R Arswsr ceotrl Spipubizsy oo
7o) S$S | 577 g3 -
72\ A0 %7%{ 533 2304 - N
M ot By _
1456 20\ nozy VBrsH CiEAL )
kA W O A VN /7
SAMPLES TYPES: (WBACODE) SAMPLE METHODS: (WSMCODE)
0- DUPLICATE F8 - FIELD BLANK G- GRABR SP . SUBSMERSIBLE PUMP
R-. REPUICATE T8 « TRIP BLANK 8- BALER AL - AIR-UFT SAMPLER -
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD 3 317
PAGE t OF 2
INSTALLATION (D AL__ LOG DATE _Z-2¥-70 LOG TIME /522
LOGATION 1D £ 24 =7 E~ LOT CONTROL NO. v
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) LZ/0 Z7E
Vi = /‘éot/l =4 ) .
INTIAL GROUNDWATER DEPTH (FT) 7.2 Sz oy A i
SAMPLING PERIOD: snér /53% COMPLETE _ /
SAMPLING METHOD, LOGGER CODE .22
LAB CODE ’ DATE SENT ZX_Z£72
PRESERVATION METHOO_Z &, A/w?, e TFes
COMMENTS
FINAL PARAMETER MEASUREMENTS: °5753r’;,'°"
POTENTIAL OF HYDROGEN pH S.u. Xl 2.2/
SPECIFIC CONDUCTANCE sc umhos/cm 2267 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C _Z/
ALKALINITY (CaCOg) ALK  mg/l -
JHE. Avk =0
Torte pniiironed Ak =523 Y Teme Fuginid Ak = SSZ7 Y,
| TOTAL VOLUME &¢It
EMP/
TIME WITHDRAWN PH [iumnossemi|(ogy COMMENTS
{GALS) Bore Voiumes)
/520 0.0 0.0 - - - START PUMPING
<7 i e A e W2 R e
/524 z.0 234y /282 | &G | LT Bas, Secirired TudBp |
| 526 3.0 633|257 |b2SH // |
5280 Ao 435\ 1263 o] ” z
/G30| S0 6371 /263 474 '/ i
/533 6.0 gl /2L | 477 otrstfbtonis sciirrey Lioyay |
l
|
SAMPLES TYPES: (WSACCDE) SAMPLE METHODS: (WSMCODE)
0- DUPUICATE F8 - FELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP
R - REPUCATE TB . TRIP BLANK 8- BARER AL - AR-UFT SAMPLER
S-. SPIKE LB - LAB BLANK PP PERISTALIC PUMP 8P BLADDER PUMP
K - KNOWN N NORMAL SL SUCTION UFT PUMP




Y
GROUND WATER QUALITY SAMPLING RECORD ‘- <18

PAGE t OF 2
INSTALLATION ID CS522 _ LOG DATE _57 [Z/ED LOG TIME _/<.50 -,
LOCATION 1D Lz - L2 LOT CONTROL NO.
SAMPLE TYPE A/ & Al SAMPLEID SAMPLE DEPTH (FT) £Z25 A7
, O 27 P P S UV -
INITIAL GROUNDWATER DEPTH (FT) /258 B2 St g = OW«aé cert
SAMPLING PERIOD: START ___/>27 COMPLETE 22/ _
SAMPLING METHOD 22 LOGGER CODE ... Z0Y
LAB CODE Pr% DATE SENT /9/‘7@ -,
PRESERVATION METHOO__Z."C WM@-‘ -
COMMENTS .
FINAL PARAMETER MEASUREMENTS: °ELEM°EC
POTENTIAL OF HYDROGEN pH S.u. (2 _ 2L
SPECIFIC CONDUCTANCE sc umhos/cm £+43 —_
REDOX POTENTIAL Eh mvoits — I
TEMPERATURE TEMP °C -z _
ALKALINITY (CaCOy) " ALK mgfl - .
P/ Atre= O C .
Torbs satbrizesiyg s = 989 TP FreiBs S e = 5F0 G
. TOTAL VOLUME o
TEMP.
TIME WITHDRAWN PH |iumnossem| (oey COMMENTS
(GALS) [Bore Volumes)
75| 0.0 0.0 - START PUMPING -
se o i /ﬁ§ _&Mﬁ Ll |
[/ | 28 Lol BT VoA T B susizy Tooted
Sosl  Sp &8/ BYs s srvamet i
2 Y, B¥/ 754 7 -
3o ¢o |- VAN 24 54 ’
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
0. DUPUICATE f8 - FELD BLANK G- GRASB SP - SUBMERSIBLE PUMP
R-. REPLICATE T8 - TRIP BLANK 8- BALER AL « AIR-UFT SAMPLER
S. SPKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
X - KNOWN N - NORMAL SL. - SUCTION UFT PUMP

D-10




GROUND WATER QUALITY SAMPLING RECORD vt

'3 315
PAGE 1 OF 2
INSTALLATION ID _ 5422 LOG DATE 3 / Z/%2 ___ LOG TIME L i
LOCATION 1D L0/ = = LOT CONTROL NO.
SAMPLE TYPE M SAMPLE ID SAMPLE DEPTH (FT) 4 32 372

— Tz 2. 88 &re L SonadE
INITIAL GROUNDWATER DEPTH (BT __ LS L. P07 501 < Buvrtd oy iioss

SAMPLING PERIOD: sng & COMPLETE _ /27
SAMPLING METHOD LOGGER CODE _ L824

LAB CODE 1L - DATE SENT 327772
PRESERVATION METHOO___Z. "L~ 03 = plE77re

COMMENTS '

FINAL PARAMETER MEASUREMENTS: DE uul Ecn.' 10
POTENTIAL OF HYDROGEN pH s.u. L Z2S 2
SPECIFIC CONDUCTANCE sC umhos/cm 2728 _
REDOX POTENTIAL Eh mvoits — -
TEMPERATURE TEMP °C —c

ALKALINITY (CaCOg) ALK mg/l -
Pent s = 2 : - . B
TorAz_cikrizZged Fri =357 VY Torkz Fo.sBreQ gz =537 “U .

.| TOTAL VOLUME sc
TEWQ
TIME|  WITHDRAWN PH |iumnossem| (ocs COMMENTS
({GALS) Bore VolumesH
7L 0.0 0.0 - - - START PUMPING
/7 /P Y4 798 @ﬁ”ﬁi AUMPST—CLEAR  SL it T L wetrs I
/2 25 ” ﬁé 725"’/4 P
Ze ety 7| IPF s 7
PZARES] lezel 75 lees
SAMPLES TYPES: (WEACODE) SAMPLE METHOOS: (WSMCODE)
D- OUPLICATE FB - FIELD BLANK G- GRAB SP . SUBMERSIBLE PUMP
A. AEPUCATE TB - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER
S.- SPKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N - NORMAL D-11 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD '%'a 220

PAGE t OF 2
INSTALLATION 1D _(252L _ LOG DATE _ S/ 77 LOG TME __0%/&_ -
LOCATION 10 Xz ot LOT CONTROL NO.
SAMPLE TYPE 2V SAMPLE ID SAMPLE DEPTH (FT) 2.4 B7-
o f)a 573 8L sownIES]
INITIAL GROUNDWATER DEPTH (FT) 227 [ize 27 l= 3 s sy
SAMPLING PERIOD: STAR 42/ 2 COMPLETE - N
SAMPLING METHOD LOGGER CODE /KH"/
LAB CODE BIv DATE SENT /% —
PRESERVATION METHOD_Z "= //’/ﬁ; 272 B .
COMMENTS -
FINAL PARAMETER MEASUREMENTS: °E'UME°"_’“"
POTENTIAL OF HYDROGEN oM s.U. & 22 L
SPECIFIC CONDUCTANCE sC umhos/em gip 4
REDOX POTENTIAL Eh mvoits — e
TEMPERATURE TEMP °C 27
ALKALINITY (CaCOg) ALK mgfl - _
PV ALk = G _ . “g
TOTAL i/ freTELEY Oy p = 1/37 '"f/ TAAL FAULTELED Acx = 345 3
. TOTAL VOLUME sc  hewr
TIME WITHDRAWN PH [iumnossem| (s COMMENTS
(GALS) [Bore Volumes)
o57| 0.0 0.0 - - - START PUMPING -
755\ /P L78Y  $E7 Al Amiose piEae Sciainy oy
A7 Lo / 725 z2F % -
V727 34 B 502 74° “
% | S0 483 Zot Yzs A ~
210\ 60 . ¢80\ Blo WPSA LT TR Seisnms  Tintbs..
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE FB - FELD BLANK G- GRAS - SP - SUBMERSIBLE PUMP
R REPLCATE T8 - TRP BLANK B- BALER AL = ARLUFT SAMPLER .
S- SPIKE L8 - LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K- KNOWN N - W D_lz SLO SUC‘ﬂONLﬂPUIlP



GROUND WATER QUALITY SAMPLING RECORD /& J<1
PAGE 1 OF 2
INSTALLATION ID _ 524 LOGDATE L2 -0 106 IME L2
LOCATION ID LEod & LOT CONTROL NO.
SAMPLE TYPE 2/ SAMPLE ID SAMPLE DEPTH (FT) 245 37
, 78 = I35, BIC v pid) .
INITIAL GROUNDWATER DEPTH (FT) Z4% Z2 FiZ O17=L5G 3= 568 5 2 parye
SAMPLING PERIOD: START 2744 COMPLETE _/2%
SAMPLING ME /H Wo LOGGER CODE Lo
LAB CODE DATE SENT __Z-27-52
PRESERVATION us'mcn Tro oy - pemes
COMMENTS _ﬁ/A/ Qd.{t&"ﬂiﬁ A7 M_ﬂ Dare
FINAL PARAMETER MEASUREMENTS: °EL5§";'°"
POTENTIAL OF HYDROGEN pH S.uU. & 74 22/
SPECIFIC CONDUCTANCE SC umhos/cm 245 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOy) ALK  mg/l -
HEN. ALrd = o

/,’Z L/’VF/I é'-(M 4L(< "é]ﬁ‘%—

Torne [ForEEd i = 8 @é

. TOTAL VOLUME sc

TIME|  WITHDRAWN PH |iumnaorem| gy COMMENTS '
(GALS) Bore Volumes) ‘

pg75| 6.0 0.0 - - - START PUMPING :

Vadda /0 L2\  LzZé 680 12\ fm 057 LA Sieatts Ciowdy

L07%% 2.0 9Z _é’/; GO L7 Blpon Sti6Hr2d 7))

0733 30 6.9 o7 Nolo v

P37 5 e B A4 W 2

2735 7.0 Nia PHZ 475A 7

o548 <o 2798  B¥S |é7254 o !

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

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

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

K- KNOWN N-. NORMAL D-]3 SL- SUCTION LFT PUMP




GROUND WATER QUALITY SAMPLING RECORD - S%<

PAGE 1 OF 2

INSTALLATION ID _ &34/ LOG DATE _XZ7-70 LOG TIME ___ /270 -

LOCATION 10 _LE24 =44 LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) _
TD= 3,075 =

INITIAL GROUNOWATER DEPTH (FT) /272 7L T 234y ide

SAMPLING PERIOD:
SAMPLING METHOD
LAB CODE -
PRESERVATION METHOD_Z.> L 4y — Merde §

STA Rzg

L2

4. L%

COMPLETE _ 42

LOGGER CODE K22/

DATE SENT X272 70

COMMENTS OF ey Locteriza) AT JAATEL Z)f‘/'Z'-

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE

REDOX POTENTIAL
TEMPERATURE

ALKALINITY (CaCO4q)

Jht Ak = O

ToTh pt/ 1Tl Al = BT /’y/é,

pH S.uU.

SC umhos/cm
Eh mvoits
TEMP °c

ALK mg/l -

DETECTIL.{
UMIT
257 P
BAZ /
__ﬂ_'L—-

Torae FruiBal ek = 37/ 5 .

, TOTAL VOLUME sc

TEMP, _
TIME WITHDRAWN PH |umnossemi| (ocy COMMENTS

(GALS) Sore Volumesk

35| 0.0 0.0 - - - START PUMPING
/037 /0 BAH B2 660 AraesT poete
D) 2.0 A PBL 6o Y fopiz LTS _
Vwd S Yia B BV RY: '/
JP7S 45 &-.25 go# Voo & " KOOTLETS s wJATEC _
s I~ 2H  BEF ﬁgsﬁ# Dy tysT CLERAE
/750 #0 s Z72% Ussq 7 floore £ B
SAMPLES TYPES: (WSACODE) &NH'&EI&ETHGOQHHHD‘:HNB -
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 B8P - BLADDER PUMP -
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-14



GROUND WATER QUAUITY SAMPLING RECORD 3 I23

PAGE 1 OF 2
INSTALLATIONID _C24/4 _ |0GoATE L2457 oG TME L4222

LOCATION ID _£/75 ~2/ LOT CONTROL NO.

sampLe TYPE A/ £ O SAMPLE ID SAMPLE DEPTH (FT) ££25_ 87

» 0. 2 2258 BT (S IET), 0 g e g s
INITIAL GROUNDWATER DEPTH (FT) 225 572 "’fﬁfffﬂ 7 prye

SAMPLING PERIOD: sng 227 COMPLETE _ /5
SAMPLING METHOD LOGGER CODE
LAB CODE L2V DATE SENT __Z-X 70O

PRESERVATION METHOO__72< Wﬂ;z//ms

COMMENTS
FINAL PARAMETER MEASUREMENTS: °Er§M°“"°‘
POTENTIAL OF HYDROGEN pH S.u. .27 2.2/
SPECIFIC CONDUCTANCE sC umhos/cm L2582 /
REDOX POTENTIAL Eh mvoits —_— —
TEMPERATURE TEMP °C L
. ALKALINITY (CaCO3) ' ALK mg/l -
WEY- Reie = O _
TOTAL AR FreTERLL 4&//:-”‘/”% 7'177’1, ﬁ‘M M=438q
‘ TOTAL VOLUME 4 sc
TEMP.
TIME WITHDRAWN PH |iumnessemi| (oc) COMMENTS
(GALS) [Bore Voiumes)
<. 0.0 - - - START PUMPING
7497) 7 70 /éys;Léﬁ SA TH. Ritoni véRy Tods,0
adud WS s78| 27 \4257] ~
s 3-£ L8z  sees” |ezs A 7
\ i #5 Nsss|  s520 |s25sA “
20| S0 |. 155570 | 425 50, Beont 4t00. 70 vesty 72
/423 6-0 L. /3o 625K ”
/425  Fo 287 /320 4554 v
(27| S0 G688 1240 \g#$A -
)28\ 2o 287 1250 |gass v
SAMPLES TYPES: (WRACODE) ' SAMPLE METHOOS: (WSMCODE)
D OUPLICATE F8 - FELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R« REPLICATE T8 - TRIP BLANK 8- BALLER AL - AR-UFT SAMPLER
S. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWN N- NORMAL p_}5 SL- SUCTION LFT PUMP




GROUND WATER QUALITY SAMPLING RECORD ''2 224

PAGE 1 OF 2
INSTALLATION ID _£52V4_ LOG DATE 225 X LOGTIME ___/ 230 -
LOCATION 10 22258 —ZZ LOT CONTROL NO.
SAMPLE TYPE &/ SAMPLE ID SAMPLE DEPTH (FT) Z2.72 &+
7O 3//’7?’(: C SouridEd) -
INITIAL GROUNDWATER DEPTH (FT) L2722 8% PV OIF 2476323 7Bg "~
SAMPLING PERIOD: START L322 COMPLETE /%7
SAMPLING METHOD, 2 LOGGER COOE _£20 .
LAB CODE /42 DATE SENT 2572 —
PRESERVATION METHOD___ 2 < 0y - MET Al -
COMMENTS L.
FINAL PARAMETER MEASUREMENTS: | DELES"'{"
POTENTIAL OF HYDROGEN pH s.u. sL/ g0
SPECIFIC CONDUCTANCE SC umhos/cm /250 /
AREDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOa) ‘ ALK mg/l - .
ey JL( V74 , —
. TOTAL VOLUME s brew B
TIME WITHDRAWN PH |iumnossemi| (ocs | COMMENTS
(GALS) [Bore Voiumes)
1757 0.0 0.0 - - - START PUMPING —~
yrlsd /.0 .sS1 /250 “Z Rearosr com?, Pane 7wz
/25¢ Z.0 659 s260 |pHSF 1’ -
/250 S0 663 rzs¥ |68°F ”
/300 .0 &4/ 150 |675A ”’ —
SAMPLES TYPES: (WSACODE) SAMPLE METHOOS: (WSMCODE) h
0. DUPUICATE F8 - FED BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R- REPLUCATE TB - TRIP SLANK 8- BALER AL - AIR-UFT SAMPLER -
sS. SPIKE LB - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K- KNOWN N- NORMAL ;¢ SL- SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD i 255
DS S
PAGE 1 OF 2
NSTAUATIONID ol L0GDATE _Z/2/70 _ LocTME __CB00
LOCATION 1D L5225 /4~ LOT CONTROL NO. .
SAMPLE TYPE 4 SAMPLE ID SAMPLE DEPTH (FT) 224 ( 37
27 -BB =387 » -
INITIAL GROUNDWATER osp'm (FT) _Zﬁ ére Qb x 32 /% /?fi%ﬁfé
SAMPLING PERIOD: srg COMPLETE
SAMPLING ME LOGGER CODE L4204
LAB CODE __4 o . DATE SENT _ZL2/7
PRESERVATION METHOO_£C. Wﬂ a7/ A
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: DELE:"T‘o"
POTENTIAL OF HYDROGEN PH  S.U. 442 o0
SPECIFIC CONDUCTANCE SC  umhos/cm Ze0 /
REDOX POTENTIAL Eh  mvoits —
TEMPERATURE TEMP °C ./
ALKALINITY (CaCO3). ALK mgnt
P"’W"Gp“‘q’cm (Pe‘) Allialady = C C /L
Total  Alkaling, undiltered 1212 me/L Fildersd = 399 MJ/L
TOTAL VOLUME
SC TEMP
TIME WITHDRAWN PH [umnoeremi|\omy COMMENTS
(GALS) [Bore Volumes)
o840 0.0 0.0 - - - START PUMPING
o9Ys /.0 /Sy 668 980 fL‘F Lt orpage - 1r dnod. turksd
0¢8] 2.0 205 _|641] 900 v
09s2| 3.0 ~5c |6.63] 980 |o1S ”
2453 3.5 < 27 — — — Ened 7&,;((-4
SAMPLES TYPES: (WSACODE) 3‘l”ﬁ£ﬂl£THtﬂ!§ﬁ~$MC°°Ei
D - DUPUCATE F8 - FIELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP
R- REPUCATE TB - 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 LFT PUMP
D-17

- -——




GROUND WATER QUALITY SAMPLING RECORD 3 326
PAGE 1 OF 2
INSTALLATION ID _ 5’2" LOG DATE L7 5  oamme KD -
LOCATION ID LA /& LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) 22/ X707
. -, D= 23.7 87T 23.7 - ,8.2/ = &
INITIAL GROUNDWATER DEPTH (FT) _ 42/ 47C. A Ay
SAMPLING PERIOD: START /523 COMPLETE -
SAMPLING METHOD LOGGER CODE 222/
LAB CODE 4z , DATE SENT ¥4 7/70
PRESERVATION METHOD_ 2L 40y (P« 2) miryl_ feine’s
COMMENTS '
H.L. RETEL Zaiiie = /0.24 870 B
FINAL PARAMETER MEASUREMENTS: °ELE§|TI,’°"-
POTENTIAL OF HYDROGEN pH S.uU. & b 2Lr ~
SPECIFIC CONDUCTANCE SC  umhos/cm 7z2 /
REDOX POTENTIAL Eh mvolits ——
TEMPERATURE TEMP °C [8.5 2./
ALKALINITY (CaCOg) ALK  mg/l
Phtnc‘?*hd“"\ < 9.0 . .
Tetal alka'in &y u,',-{.Hu'(“ : 508 ma/L foldered = 393 rg&
TOTAL VOLUME S lrewp |
TIME |  WITHORAWNZT DioH |(umnosrem | (og) | COMMENTS -
{GALS) [Bere Volumas ‘
0.0 0.0 - - - START PUMPING l
453 1.Q /S OF (.48 400 (BS |ianmyn ben /vary Yorbid
waoe | 20 Z/# 1686| 900 8.5 " ) |
1906 390 3.2/ 6. & 830 \8.5 W W
151 | 40 “ 27 lese | A22 8.5 " o |
J
|
o
=
|
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) _
0 - DUPUCATE FB - FELD BLANK G- GRAB - SP - SUBMERSISLE 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 UFT PUMP

D-18




GROUND WATER QUALITY SAMPLING RECORD

WY 327
PAGE 1 OF 2
INSTALLATION ID _(ZS4¢/L  LOG DATE ‘// f”// b2 LOG TIME (30
LOCATION 10 _££528 =/F /" LOT CONTROL NO.
SAMPLE TYPE v SAMPLE ID SAMPLE DEPTH (FT) L2227 £7¢~
— T =
INITIAL GROUNDWATER DEPTH (FT) (Z£7 272 7 Crad
SAMPLING PERIOD: START 352 COMPLETE __/0
SAMPLING METMOD A LOGGER CODE o £404/
LAB CODE 2 — )DATE SENT 2L 2/ 77
PRESERVATION METHODZ éfl’é//’ £ P// <Z) prr¥ ez’
COMMENTS
Eant snd DEOTH =/2.88 B77
FINAL PARAMETER MEASUREMENTS: DELEMCEW
POTENTIAL OF HYDROGEN pH  S.U. VN e 2.2/
SPECIFIC CONDUCTANCE SC  umhos/cm Z2p /
REDOX POTENTIAL Eh  mvoits —
TEMPERATURE TEMP °C VA 2/
ALKALINITY (CaCO3g ALK mg/t -
Phew i primeen = DO
7P7AL = 75 /”7//, [A/ﬂdfF/pM) Frat e = 370 b
TOTAL VOLUME sC
TEMP]
TIME WITHORAWNZETA PH |iumnosiem| (o gy COMMENTS
(GALS) [Beore Volmno.
3/ 0.0 0.0 - - - START PUMPING
/327 /S /.29 7 LS50 | JB. A AL [Dopni Mo —ivbicr Tike
233/ 2. 2.05 g8t  pro | BS | szmee fronn riog Tt
(3351 S0 35 p8A  p30 | 4L 7
v S | 320 | — | — | — >
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) _
D - DUPLICATE FB - FIELD BLANK G- GRAB - SP . SUBMERSIBLE PUMP
R- RAEPLICATE T8 - TRIP BLANK B- BALER AL - AIR-UFT SAMPLER
S. SPKE L8 - LAB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION LFT PUMP

D-19 —_—— ——




GROUND WATER QUALITY SAMPLING RECORD '/ 128

INSTALLATION ID __ 25272 LOG DATE S22

LOCATION 1D
SAMPLE TYPE A/

L0 S 4

SAMPLE ID

PAGE 1 OF 2

LOGTIME 220 -

LOT CONTROL NO.

SAMPLE DEPTH (FT) 2. 25 7+

INITIAL GROUNDWATER DEPTH (FT) _ZZ.3% B7¢

SAMPLING PERIOD: START

7. = 3052 Bre o ka0l
4//1,’74/ = Baeriec (ST

COMPLETE s/ /3

SAMPLING METHOD LOGGER CODE .

LAB CODE - DATE SENT S 772 —
PRESERVATION METHOD -2 Al — 4erres

COMMENTS .

FINAL PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH  S.U. 6. 72 £,
SPECIFIC CONDUCTANCE SC umhos/cm E&k /
REDOX POTENTIAL Eh mvoits . —_—
TEMPERATURE TEMP °C ./
ALKALINITY (CaCOg) ALK mg/l -
Pﬁ‘k‘/‘ ALy = ) -
TOAL Len/Fre7Elbd HLu = 398 TPIAC FAciELES At = 395
. TOTAL VOLUME sc
TEMP. _
TIME WITHDRAWN PH |iumnossem| (oicy COMMENTS
({GALS) Sore Volumes)
/350 0.0 0.0 - - - START PUMPING —
/357 /.0 .70 Betih N\ Gl oA CRAVEE/E ppets 4fD0. 7Bl
/355 zZ.p b 74 B29 _|crA Denstt: [3 it Scignzy - 400 —
/357 3.0 &.73 5% \e.o'A “ "
/55| v o7/ 825 ltpo A Scrcwmiy geesd -
/0! S ﬁé 1A |éé./ A BentosiT CLEanr
SAMPLES TYPES: (WBACODE) SAMPLE METHOOS: (WSMCODE) T
D- OUPUICATE F8 - FIELD BLANK G- GRAS ° SP - SUBMERSIBLE PUMP
A REPUCATE T8 - TRIP BLANK 8. BARLER AL -  ARLUIFT SAMPLER

S- SPKE
K- KNOWN

L8 - LAB BLANK

N - NORMAL

D-20

PP . PERISTALIC PUMP
SL - SUCTION L¥FT PUMP

BP - BLADDER PUMP



GROUND WATER QUALITY SAMPLING RECORD

Y 229
PAGE 1 OF 2
msuuanomo_g’.&/é LOG DATE _S /- %2 LOGTIME __/Z25&
LOCATION 1D <708 =S /% LOT CONTROL NO.
SAMPLE TYPE yvd SAMPLE ID SAMPLE DEPTH (FT) S L BT
C 2 12.05 BTEL AT )

INTIAL GROUNDWATER DEPTH (FT) A V87 ot o gigi
SAMPLING PERIOD: sng COMPLETE #;
SAMPLING MET on LOGGER CODE n
LAB CODE DATE SENT 2 7/ 20
PRESERVATION METHOD._-Z /-, %Vﬂv ol a2
COMMENTS W ATEAL 222 Mgw‘/ﬂ pwELl
FINAL PARAMETER MEASUREMENTS: DE’UME""' 1o
POTENTIAL OF HYDROGEN pH s.u. 55 W4
SPECIFIC CONDUCTANCE sC umhos/cm 27 /
REDOX POTENTIAL Eh mvolts ""_‘
TEMPERATURE TEMP °C L
ALKALINITY (CaCO4q) . ALK mg/l -

ph-t'\ Mk‘ 00 .

Dkl Al = s RHed = 502

. TOTAL VOLUME sc
TEMP,
TIME WITHORAWN PH |rumnosscmi| =gy COMMENTS
(GALS) [Bore Voiumes)

(3o oo 0.0 - - - START PUMPING

/3l o LA Fos  eCoUE remtos cztan. |

3y | 28 egd| Gp7 \wod

35 35 7 97 keswk 7

ls3.51 So 483 L Y. 2 Y SteetRT Todbl)

SAMPLES TYPER: (WEACDOE) SAMPLE METHODS: (WSMCODE)

D- DUPLICATE F8 - FE&LD BLANK G- GRAB - SP - SUBMERSIELE PUMP

R« REPUCATE TB - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER

S. SPKE L8 - LAB BLANK PP -  PERISTALIC PUMP 8P - BLADDER PUMP

K+ KNOWN N- NORMAL D-21 SL - SUCTION LFT PUMP




l'm.g JEU .

GROUND WATER QUALITY SAMPLING RECORD

PAGE 1 OF 2
INSTALLATIONID _CS4/2 L0G DATE S /=72 LOGTIME /820 .
LOCATIONID L2905 —5¢ LOT CONTROL NO.
SAMPLE TYPE___ 4/ SAMPLE ID SAMPLE DEPTH (FT) 245 27+
] 7D = 2057 72 (.Jo«we
INITIAL GROUNDWATER DEPTH (FT) _Z.78 37 5‘[ gt = i Sy J”‘
SAMPLING PERIOD: sng . comn.ns /520 _
SAMPLING MET 2 LOGGER CODE __LZ7
LAB CODE 2o/ DATE SENT_S /70 —~
PRESERVATION METHOO___ 2" s —Merrze .
COMMENTS .
FINAL PARAMETER MEASUREMENTS: ' OE lwecrrx ot
POTENTIAL OF HYDROGEN pH s.U. 682 Lo
SPECIFIC CONDUCTANCE sC umhos/cm 2/73 /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2
ALKALINITY (CaCO ALK mg/l .
"n‘W-/ = 0. . .
TORL U P L) ALic = 594G B ks '
, TOTAL VOLUME sc
TE”P- -
TIME WITHDRAWN PH |umnosrem| (o COMMENTS
(GALS) [Bore Volumes)
sosz| 0.0 0.0 - - - START PUMPING —
SN Z.v bAB) A Ve DA T S SLIH Ty T,
/8- 70 YA wSe  |4sA i -
/5 N4 6. 60 Vo 44 Mé 5AF GeATUST il Eanl. Serenrzs ¢,
/S0 yos 57 80 lelF o —
W78 B : L8 P2 VMoK o
SCH 4 A A Nbe.sd pr s wdesete-s iy wp _
S Fop sy /73 e, A AmteT coeme
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) o
D- DUPLICATE F8 - FELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R- REPLICATE T8 - TRIPF BLANK 8- BARLER AL = AIRUFT SAMPLER .
S-. SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP

K - KNOWN N- NORMAL [D-22 SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ;2 231

PAGE 1t OF 2
INSTALLATION ID _Z54/2— _ L.O0G DATE _ S Z7 LG TIME _2 722
LOCATION 10 __£/05 =5 D LOT CONTROL NO.
SAMPLE TYPE &Y SAMPLE ID SAMPLE DEPTH (FT) Z.75 B7¢.
B LT R
INITIAL GROUNDWATER DEPTH (¢T) _Z.78 B7L 557 100 = 3 werved cosiiy Vol
SAMPLING PERIOD: START 277 COMPLETE _ 947
SAMPLING METHOD A/Jg LOGGER COOE /72~
LAB CODE s . " DATE SENT 5/ 20
PRESERVATION METHODZ & /2 07 ~ /745
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: °ELEM¢;'°
POTENTIAL OF HYDROGEN pH s.u. £.t3 Ao/
SPECIFIC CONDUCTANCE sC umhos/cm w7i<s /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C | 2./
ALKALINITY (CaCOgq) ALK mgfl
Phen Al =voO .
Uﬁ“l’lﬁf‘(J T(;kl .81 § < f\o\: kl'f;q ;l\‘h"i’(l - GO” _l‘"’_‘)/l_
. TOTAL VOLUME sc b
EMP,
TIME WITHDRAWN PH |iumnassem] vy COMMENTS
(GALS) llon Volumes)h

7974 0.0 0.0 - - - START PUMPING

iz, s e 452 ¢S 5ol L Baswn] Scicprry Taws v

#33 3.p 4ef| ey \gSSOF 7/

Ve A RS 643 yée |£56°4 2

sy, se3\ A58 |use R

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

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

R - REPLICATE T8 - TRIP BLANK i 8. BALER AL « AIRLIFT SAMPLER

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

K « KNOWN N - NORMAL D-23 SL - SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD '/t 232
PAGE 1 OF 2
INSTALLATIONID _ %5/ LOGDATE _S/-70 LOG TIME /22 -
LOCATION ID __£/28 —5 & LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) Z£.22 /57~
— 70. = 3620 2*747_);44//_‘:}9
INITIAL GROUNDWATER DEPTH (FT) 2422 Zrce 4GSy = 3 werted £5iTy o
SAMPLING PERIOD: START /L0 COMPLETE __ /35 ]
SAMPLING METHOD LOGGER COOE L7221
LAB CODE Ao L DATE SENT /70 -
PRESERVATION METHOD____ 7 "¢~ LAns 37 27mes
COMMENTS ‘ _
FINAL PARAMETER MEASUREMENTS: DELEMC'#S’
POTENTIAL OF HYDROGEN pH sS.uU. LT 2.2,
SPECIFIC CONDUCTANCE sC umhos/cm FoZ /
REDOX POTENTIAL Eh mvoits - - -
TEMPERATURE TEMP °C 0./
ALKALINITY (CaCOgq) ALK  mg/l _
Frea Aeh = 0.0 : "
TOrAL iynteserZred ek = 1202 Torar. FrerBags v = 356
_ TOTAL VOLUME sc k B
EMP
TIME WITHDRAWN PH |iumnossem| (o) COMMENTS
{GALS) Bore Volumes)
= 0.0 0.0 - - - START PUMPING -
54 /O 6751 BuB 622 Lrmes/spac vl Tiop,,
sy 78\ Bol L7774 ‘7 -
/23] 3o sol  Zor WbFeA .’
25\ o .70 Fo/s 6FeA ”/ ~
2#| S0 7R soz |678A i/
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D-. OUPLICATE F8 - FIELD BLANK G- GRAB - SP . SUBMERSIBLE PUMP
R . REPLICATE TB - TRIP SLANK 8. BARLER AL =  ARLIFT SAMPLER .
S. SPIKE L8 - LAB BLANK PP . PERISTALIC PUMP 8F - BLADDER PUMP .
K - KNOWN N- NORMAL D-24 SL- SUCTION UFT PUMP >



GROUND WATER QUALITY SAMPLING RECORD W3 23 3
PAGE t OF 2
INSTALLATION ID L5442 LOG DATE 4= 222 LOGTIME 3¢
LOCATION ID L5055 -5/~ LOT CONTROL NO.
SAMPLE TYPE a mé/sp SAMPLE ID SAMPLE DEPTH (FT) 22 &2
- £ E
70 E 20 Biey wutVED)

INITIAL GROUNDWATER DEPTH (FT) _Z2.7¢ 5z N OIIL IR I 2Py

SAMPLING PERIOD: START
SAMPLING METHOD

/P4

LAB CODE _ [tz
PRESERVATION METHOD._Z2 L S pferhes

COMPLETE

el

LOGGER COOE 22
DATE SENT 22 -0

COMMENTS
FINAL PARAMETER MEASUREMENTS: °ﬁf$°
POTENTIAL OF HYDROGEN pH s.u. é[ﬁf il
SPECIFIC CONDUCTANCE sC umhos/cm 727 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C —_—t
. ALKALINITY (CaCOg) ALK mg/l - —_—
W AL = OCJ .
TUTHC W Fra ez mid. 402"‘ % TORL FIeiEehy Atk = 3 ( & ”7/;
. TOTAL VOLUME sC -
EMP.
TIME WITHDRAWN PH |iumnosrem| (wcy COMMENTS
(GALS) Bore Volumesh

/30 0.0 0.0 - - - START PUMPING

VR 7441 /0 Lps 705 M.u'}’{ LT Pl patios) Sotrerss AIDD. Tarillors)

352 2o s57\ _ B73  \st57 | Seennty Toosw

/554 3.0 .49 2/0 rra "/

L W ¢70) 72/ %7 572 5

355 50 ARV v

/00 4.0 S5 723 LB°F 7

JA0S A< A 727 V2 Sa “

EHNPuedr Busen
/822 — 6.65 / b6 F AL EA
Acwn}sinery = 20

SAMPLES TYPER: (WSBACODE) SAMPLE METHODS: (WSMCODE)

D- DUPLICATE F8 - FALD BLANK G- GRAB SP . SUBMERSIBLE PUMP

R. REPLICATE T8 - TRWP BLANK B- BALER AL - AIR-UFT SAMPLER

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

K- KNOWN N- NORMAL p_75 SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ‘< <34
PAGE 1 OF 2

INSTALLATION ID _ V2 L0G DATE %%ﬁ/ 20 LOG TIME ___ LF5

LOCATIONID & LZ0¢-5¢& LOT CONTROL NO.

SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) _ 2215 (Z7 .
= 70 :303 Ipi-gos=pr

INITIAL GROUNDWATER DEPTH (FT) _Z24s (77¢) T e e

SAMPLING PERIOD: START 222 COMPLETE _>727 ‘/@é“(’z’ el

SAMPLING METHOD 5. LOGGER CODE — /204

LAB CODE /Aoy - DATE SENT ___ZL2/%50 -
PRESERVATION METHOO__ %7 [ #47; KP*“Zl ntth pfesel's

COMMENTS

FINAL PARAMETER MEASUREMENTS: DELE$°"
POTENTIAL OF HYDROGEN pH S.U. é-?é»f 2.0/
SPECIFIC CONDUCTANCE sC umhos/cm 777 /
REDOX POTENTIAL Eh mvoits — _
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOg) ' ALK  mg/l

PR 0L 7ol raf el Revches T3] = O | -
WNVFIeTELEN TOTRL Arsl- = 4/5G Mf/& Toray. Qi FruslBeisd = <5 4’7&

, TOTAL VOLUME sc n
TIME| WITHORAWN, | oH [mnoeremi| (o] COMMENTS
(GALS) § Volumes) | J
p7iA 0.0 0.0 - - - START PUMPING K
2 A 2B 64  FLo \p3°5| 47 S iopvry 7H#25,D ,
/005 2.5 /5 1450 6o K5~ ” L
/607 £ 0 23 643 770 45 | Loewr 7an Seibpirsy Titon
sl 50 222 66l F70 |645A a N
/% sy . 37— — — ” |
|
|
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- SPKKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP ~
K - KNOWN N - NORMAL SL - SUCTION LIFT PUMP

D-26



GROUND WATER QUALITY SAMPLING RECORD

Lad] :_? ‘ e
PAGE 1 OF 3
INSTALLATION ID é”é_ LOG DATE 9// %/ 70 LOG TIME /550
LOCATION ID __££45— 5 " LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) L& 22(B7<

27 % 72 '?/JWra/ng

INITIAL GROUNDWATER DEPTH (FT) L2722 /ﬁfgl 3 WETTEY Choiiss

SAMPLING PERIOD: START /& 20 COMPLETE 7
SAMPLING METHOD LOGGER CODE
LAB CODE __ /42 DATE SENT X570

PRESERVATION METHOO_ 2 °C. | 44/ it AeTIS CPH T
COMMENTS

FINAL PARAMETER MEASUREMENTS: DELEMCI‘;’W
POTENTIAL OF HYDROGEN pH s.u. &. 40 oL/
SPECIFIC CONDUCTANCE sC umhos/em L2022 4
REDOX POTENTIAL Eh mvolits —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCO3 ALK mg/l -
?/t,{p/’”f’l‘/‘ -7 /4/" 0 &y
len s tevedl Tota! = 35 “~ o theread = T2 %
. TOTAL VOLUME sc
TEMP.
TIME WITHDRAW il PH lumnossem| ocy COMMENTS
(GALS) ilovrvolmn?ll
/ 0.0 0.0 - - - START PUMPING
ﬁ'éﬂﬂ Z-0 VA4 6.20 VL 7/{7] 3 ¥ '~ .Z‘/-fﬂ'f GG ) T o ey
lregel  Zs~ Lot 6ZA 270 ss A o i

oA P /82 560 /00 V64°A Harosr ceor

6/ | $.0 227 639\ 270 435°F

ol .ol Z73 Vbl oo 3K v
F

ol 2O B el oo 435 v

/6/% A8~ S | — — — Z e pesge:
SAMPLES TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE)

D- DUPLCATE  FB. FELD BLANK G- GRAS" SP - SUBMERSIBLE PUMP
R - REPLICATE TB - TRIP BLANK B- BALER AL - AR-UFT SAMPLER
S- SPXE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP

K-  KNOWN N- NORMAL -7 SL.- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD 3 <36

PAGE 1 OF 2
INSTALLATION ID <2542~ LOGDATE _S /-2 _ \OGTME /075 -
LOCATION ID 782 /4 LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) 298 487¢—
7D 2 1P OB BTC (SomdED) "
INITIAL GROUNDWATER DEPTH (FT) 278872 JAS py fo;w/g)/
SAMPLING PERIOD: snni VA COMPLETE _ /2 _
SAMPLING METHOD LOGGER CODE L2024,
LAB CODE _ K20 - DATE SENT > 7/~ %2 —
PRESERVATION METHOD % 24 /aps —sfE7ALS .
COMMENTS ' .
FINAL PARAMETER MEASUREMENTS: Dmd
POTENTIAL OF HYDROGEN pH s.U. 7085 2.
SPECIFIC CONDUCTANCE SC  umhos/cm 777 /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C =2 .
ALKALINITY (CaCO4q) ALK mg/l -
henol Ak 6 © :
\),g,::‘:l *,,L:\ AlC = Net diken Clleed = 353 mg/L
. TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |(umnossemi| (o'cy COMMENTS
(GALS) [Bore Volumes)

/044 0.0 0.0 - - - START PUMPING -

105/ /. 0 Zp7 723 $TA LT Blowa), iéwriy Terldm

Viid A F ¢ A2 4655A ”

wsFl A4S Zo# 7$¢ SCA U ScwenTey 70 Mol Tk i

w2se| S.p 7o\  FES 4534 ” _

[0/ sS | Z 057 779 |eSSF //

SAMPLES TYPES: (WSACOOE) SAMPLE METHOOS: (WSMCODE) -

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

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

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

K . KNOWN N - NORMAL D-28 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD ‘< J37

PAGE 1 OF 2
INSTALLATION ID _S54L _ LOG DATE S (/=72 LOG TIME ___ /220
LOCATION 10 728 245 LOT CONTROL NO.
SAMPLE TYPE 2/ SAMPLE ID SAMPLE DEPTH (FT) 2% &7C
— T D= /2.8 B7e CsrwiiZD)

INITIAL GROUNDWATER DEPTH (FT) _Z3L 8% " 3557 pes o ” Py
SAMPLING PERIOD: START 7225 COMPLETE ___ /72
SAMPLING METHOD /2 LOGGER CODE o/
LAB CODE po , ~ DATE SENT _S7(%2
PRESERVATION METHOO___Z 72, fop -l
COMMENTS '
FINAL PARAMETER MEASUREMENTS: OE uml Ecrr' 10
POTENTIAL OF HYDROGEN pH s.u. £ 75 28/
SPECIFIC CONDUCTANCE sC umhos/cm L2237 /
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP °C yevi
ALKALINITY (CaCOg) ALK mg/l - :

Phen ANk 0.2 R '
UNEILTERED ALK = NOT TAKEN FILTERED ALK = 562 ma/L

. TOTAL VOLUME _ sc
TEMP,
TIME WITHDRAWN PH |rumnossem]| (o'c) COMMENTS
{GALS) [Dore Volumes) .

1012 0.0 0.0 - - - START PUMPING

Wi d /0 &7% /(S NS ZA LT Blpes Serswiz v ToAB

(o7 2SS Bo| 787 \6SeA 7

Ll e ¢70 (232 W53 %

02/ S5 L7 /237 452°F v

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

D- DUPLICATE F8 - FIELD BLANK G- GRAS SP . SUBMERSIBLE PUMP

R. REPUCATE T8 - TRIP BLANK B- BARLER AL «  AIRLIFT SAMPLER

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

K- KNOWN N- NORMAL | .. SL- SUCTION UFT PUMP




GROUND WATER QUAUITY SAMPLING RECORD

T2 238

PAGE 1 OF 2
INSTALLATION ID _ (2542 LOG DATE _Z-20- 72 LOG TIME __%/$ -
LOCATIONID [ 787- /2~ LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) L& 2 A7t
. — O 2 2AT B  Sketidey) -
INITIAL GROUNDWATER DEPTH (FT) oo/ 37 f“’f"‘.ﬁz’/m%f:j:%
SAMPLING PERIOD: START 23> COMPLETE __ /%43
SAMPLING METHOD 2. LOGGER COOE —cCozu |
LAB CODE £/ . DATE SENT -0 -
PRESERVATION METHOO__Z (. iAtn— Meimes | sy —PET f e,
COMMENTS : _
FINAL PARAMETER MEASUREMENTS: DELEMC“RT
POTENTIAL OF HYDROGEN pH  S.U. 7 Loy
SPECIFIC CONDUCTANCE SC  umhosicm 227 Z
REDOX POTENTIAL Eh mvoits ' -
TEMPERATURE TEMP °C 24
ALKALINITY (CaCOy) ALK mg/t -
FHER . ALk 0 ‘ _
TVTAL g1 7Ed ALrc = 233 Torat [Frield Ate = 286
. TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnassem | (oa) COMMENTS
(GALS) [Bore Volumes) ,
o] 6.0 0.0 - - - START PUMPING =
o /7 Zov 635 | Hor A ATEL L fpr
ol A 212 §B) 685 sticwrs Leowos -~
ozt | 3.8 Frol  $Eo SSF 2/
/074 Sy Fol  S7B 45K ot —
29|\ AU FIA _$F A
SAMPLES TYPES: (WEACODE) SAMPLE METHODS: (WSMCODE) )
D- OUPLICATE F8 - FBELD BLANK G- GRAB SP - SUBMERSIELE PUMP
R- REPUCATE TB- TRIP BLANK B- BALER AL - AR-UFT SAMPLER
S- SPIKE LB « LAB BLANK PP - PERISTALIC PUMP BPF - BLADDER PUMP
K- KNOWN N- NORMAL 37 SL- SUCTION UFT PUMP




GROUND WATER QUALITY SAMPLING RECORD < 339

PAGE 1 OF 2
INSTALLATION ID _2S4VZ_ LOG DATE _Z-20-70 LOG TIME &%

LOCATION ID L7027 /25 LOT CONTROL NO.

SAMPLE TYPE o/ SAMPLE ID SAMPLE DEFTH (FT) 225 B7¢-
MTIAL GROUNDWATER DEPTH (1) 225 BT © 2 % C 57000 = G ot oy
SAMPLING PERIOD: snz'r 213 COMPLETE _ /<S5
SAMPLING MET LOGGER CODE

LAB CODE Do DATE SENT

PRESERVATION METHODL = " /s 4% LS - JHY — PTG ] Ok 0ee Do
COMMENTS

FINAL PARAMETER MEASUREMENTS: - DELEMC;W
POTENTIAL OF HYDROGEN pH  S.U. <. 77 7y
SPECIFIC CONDUCTANCE sC umhos/cm sz /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOy) ALK mg/l -
PHew. gLk = Q.0 : —
FOTHC wnFrIeTELED Ak = Q2 Torre FrerEerd gee= 395 .
| TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |(umnossemi| (o) COMMENTS
(GALS) Bore Voiumesi

/)19 c.0 0.0 - - - START PUMPING

1127 a8 (A 533 v= Y Y

w2 /s 6.6 528 754 7

niFl 2.5 L7 BzF sgoA

127) 5.0 473 227 VwzsF %z

/32| 4O | 672y Bz lezs A o

(/35| 4 kL 7A B2z k7oA 7

SAMPLES TYPER: (WEBACODE) SAMPLE METHODS: (WSMCODE)

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

R - REPLCATE T8 - TRWP BLANK 8- BALER ‘ AL «  AR-UFT SAMPLER

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

K- KNOWN N- NORMAL [ 3; SL- SUCTION UFT PUMP




P‘}l:} "
GROUND WATER QUALITY SAMPLING RECORD ‘< d=.
PAGE 1 OF 2
INSTALLATION ID _“55:¢ 2 LOG DATE 2 32-5% LOG TIME __/Fz0 -
LOCATION 1D L2727 ~/2C LOT CONTROL NO.
SAMPLE TYPE N &ES SAMPLE ID SAMPLE DEPTH (FT) _32.04 %
#— ’ ’/STG(MM Vs o7 = -
INITIAL GROUNDWATER DEPTM (FT) 302~ 37 w s /%"i
SAMPLING PERIOD: START >4 COMPLETE _/¢//7 “*
SAMPLING METHOD 73 LOGGER CODE /20’
LAB CODE /2o, DATE SENT 302> .
PRESERVATION METHOD A . /‘74//(7 -—W,m s — Ol A7 _
COMMENTS .
FINAL PARAMETER MEASUREMENTS: °ELE§“T“'
POTENTIAL OF HYDROGEN PH  S.U. .52 2.2
SPECIFIC CONDUCTANCE sC umhos/cm L50 /
REDOX POTENTIAL Eh mvoits — -
TEMPERATURE TEMP °C 2
. ALKALINITY (CaCO4) ALK mg/l -
e pue = QS . N
7O umFiLrened ALk = (22 Torre Frriatd Auc = 58
, TOTAL VOLUME sc
TEMP. -
TIME WITHDRAWN PH |iumnossemi| (o) COMMENTS
{GALS) Bore Volumes)
/A7/ 0.0 0.0 - - START PUMPING -
/3% LD YRV 9,3 oA er Bt/ 29 SLyén77 5 Tk
Sl 28 457 B7A et mr o -
1342 | 39 65| 880 "
12451 4.0 6.51 868 ‘ _
1350 { 5.0 6.52 £47 65 7 h
382 | 4.0 49| 80 X _
1359 1 §.5 ©.52 g 50 '
5 & 17Pus. r/';’ zlfu//( .
FL3 Opt £V | Lt Em72
] pe = 10
Sl 21 gk |= 0 C
SAMPLES TYPES: (WEACODE) Wmm
D- OUPLICATE F8 - FELD BLANK G- GRAS * sp SUBMERSIBLE PUMP
R. REPLICATE T8 - TRIP BLANK 8- BALER AL AlR-UFT SAMPLER —
S . SPKE L8 - LAB BLANK PP - PERISTALIC PUMP P BLADDER PUMP
K- KNOWN N - NORMAL D~32 SiL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORO

e
0'13

a1

= = : / — "
INSTALLATION ID _25:-L. LOGDATE __<=52-7¢ _ 10GTIME

PAGE t OF 2

. "\;}0

LOCATIONID L7258 = 122

LOT CONTROL NO.

SAMPLE TYPE £ 2 SAMPLE 1D

SAMPLE DEPTH (FT) <&.&5 S7¢

ma. N

INITIAL GROUNDWATER nsr'ru um B8 e G23 g s v Ay v
SAMPLING PERIOD: snz COMPLETE _/4&2Z
SAMPLING ME on LOGGER CODE L2
LAB CODE a2 DATE,SENT
PRESERVATION METHOO__25C e 'M'% et — PET Mo
COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELEM°'3°3
POTENTIAL OF NYDROGEN pH s.u. L6 e
SPECIFIC CONDUCTANCE sC umhos/cm 23 /
REDOX POTENTIAL Eh mvolits -
TEMPERATURE TEMP °C 2y
ALKALINITY (CaCOgq) ALK  mg/t -

BA«W Aegt. OO

TOTAL wi/FrorERGS A = S99

Tont. Frrreed A= 395 T

. TOTAL VOLUME
TIME|  WITHORAWN M |umis s ems o] COMMENTS
{GALS) Bore Volumes)
/72| _ 0.0 0.0 - - - START PUMPING
/524 L0 6.5/ Dot Jbriomtn 4100, 7ot 218
/SZA 2.0 Fov f %
[ (8Z7) S50 477 ' ”
/S3/1| <o ¢.7% : "
/$3% “+5 6.7 /”
SAMPLES TYPES: (WSACODE SAMPLE METHODS: (WSMCODE)
D- DUPLICATE f8 - FELD BLANK G- GRAR SP . SUBMERSIBLE PUMP
R. REPLICATE T8 - TRIP BLANK B- BARER AL -  AR-UFT SAMPLER
S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N- NORMAL D-33 SL - SUCTION LFT PUMP




GROUND WATER QUALITY SAMPUING RECORD- , 343

PAGE t OF 2
INSTALLATION ID _£544_ oG paTE _ S/~ 72 LOG TIME _250_
LOCATION 1D 4227 — 25 LOT CONTROL NO.
SAMPLE TYPE 2V SAMPLE 1D SAMPLE DEFTH (FT) ZX5.7/ A7Z
W2 92 £H7¢
INTIAL GROUNDWATER DEPTH (FT) __J5.7/ £7¢ 5-/5f,/‘?§’”””ff)
SAMPLING PERIOD: START 255 COMPLETE ﬁ
SAMPLING METHOD LOGGER CODE
LAB CODE L2z -, DATE SENT =/
PRESERVATION umoo_&ﬁ@z{éw
COMMENTS :
FINAL PARAMETER MEASUREMENTS: OETECTIC
. umrT
POTENTIAL OF HYDROGEN pH  S.U. Lhn _ _zor
SPECIFIC CONDUCTANCE SC  umhos/cm B3 /
REDOX POTENTIAL Eh  mvoits —
TEMPERATURE TEMP °C 2.7
ALKALINITY (CaCQg) ' ALK mg/l -
Phenel Mk=0.0
UnC‘HrJ Tohul A - net ken C(HYNJ = 94
| TOTAL VOLUME
SC TEMP.
TIME| WITHDRAWN BH [(umnansemi| (o) COMMENTS
(GALS) [Bors Volumes)

|\pg35] o0 0.0 - - - START PUMPING

2839\ /O ¥ A 72z L0 L77 T Sicwri TR Lorr)
Vo1 A 28\ 833 4874 o

Ve ok A ¢EA B3 \e2sA ”

23| S0 cPA  Sup |76F 7

V. yidll B . £3s \L50F i

D DUPLICATE FB - FELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP

R . REPUCATE TB - TRIP BLANK 8- BALER AL - AR-UFT SAMPLER

S-. SPIXE (8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K- KNOWN N- NORMAL D-35 SL- SUCTION LFT PUMP




GROUND WATER QUALITY SAMPLING RECORD 7’3 J334
. PAGE/{ or £
INSTALATIONID _ 5%/ Logpate 52/ =70 __ oamme /524 |
LOGATION ID . P78 LOT CONTROLNO. )
SAMPLETYPE /. SAMPLEID SAMPLE DEPTH (FT) 225 57
Ak 30 oideed - 390 . 2 86 pre (wshd Thel, Fvo
- 7= 3455 "Bre W
TME|  WITHDRAWN N Kot el
(GALS) [Bore Volumes
/512 — ~_S7z’('f- 5""4—/4/6-
Sy /. e\ 719 |\ GSE #eqosi Lo
(5797 X LEA  FGF | 498F L7 Btra Sccoizyg Tous,
5731 3.0 LKl 725 g2k i
/529 S0 LB 7T |eESE v )

ol

LE2\ — 7au 7| Sttt :
LA - G/a Prootie— |

D-36 i

g oy TR ¢ TR < gy -
WS T T LT T e foianniaiehis. il




',!

GROUND WATER QUALITY SAMPLING RECORD

by )
73 34

PAGE 1 OF 2

INSTALLATIONID _ 842 LOGDATE _SH/-H LOG TIME _/ 3¢S
LOCATION ID 24227 =/ Lo LOT CONTROL NO.

SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) LB.32 7%

7 2. 2200 B¢ (Soat/0E0)

INITIAL GROUNDWATER DEPTH (FT) _/2.20 477 556 gw= Poge 3 :
SAMPLING PERIOD: START /%73 COMPLETE /¢/¥ s
SAMPLING METHOD LOGGER CODE 2
LAB CODE /8o R ATE SENT & //-70
PRESERVATION METHOD SOl o 3 = MJETALS
COMMENTS '
FINAL PARAMETER MEASUREMENTS: OE uui Ec“: ION
POTENTIAL OF HYDROGEN - pH  S.U. b 48 _po/
SPECIFIC CONDUCTANCE sc umhos/cm 735 _7
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C ' Y224
ALKALINITY (CaCOg) ALK  mg/l -
/. = :
7”%‘2‘_’2&»%%& z 477 79/ 3 Hececl 440
. TOTAL VOLUME sc
TEMP
TIME WITHORAWN PH |iumnosscm | o'y COMMENTS
(GALS) Bore Volumes)
(3¢4| 0.0 0.0 - - - START PUMPING
eivd WY £ : 953 \Lpo% pemer Lroiep
7354 2.6 5.7/ Pc7  \pask WSty CLowd T
23§H 3.8 723 949 |ez28% %
A RN, LL8l 937 |L28%F “
wz| 5 1. — — — | Lot Frecs
SAMPLES TYPER: (WBACDDE) SAMPLE METHODS: (WSMCODE)
D. DUPLICATE F8 - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R-. REPLICATE TB - TRIP BLANK 8- BALER AL -«  AIR-UFT SAMPLER
S. SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL D-37 SL - SUCTION UFT PUMP




SURFACE WATER QUALITY SAMPLING RECORD

'

£
i~
NN
(+p]

INSTALLATION 1D _(EC—_ LoGDATE _S2°7 O LoG TIME __ 2830

LOCATIONID _££08 =S5/ LGT CONTROL NO.

SAMPLE TYPE N SAMPLE ID SAMPLE DEPTH (FT) Z.S 3B«
SAMPLING PERIOD:  STAR zy compLeTE __ Z23¢4

SAMPLING M = LOGGER CODE __ 7o

LAB CODE &./2% DATE SENT __S—2-%20

PRESERVATION METHOD ___£5C 405~ pTE7792 S
COMMENTS __AlprZw  Civw 07, ooy Criets

DETECTION
PARAMETER MEA SUREMENTS: LIMIT
POTENTIAL OF HYDROGEN pH s.u. oo 0.0/
SPECIFIC CONDUCTANCE sC umhos/cm &4y /
REDOX POTENTIAL . Eh mvoits e —
TEMPERATURE : TEMP °C 2/

AAUNTY (009 K gl -

ool Micalior by = 295 2T EMered = 20 ™/, 7EP 5827

INSTALLATIONID _CS4% oG pate _S8-70 _ oammMe _ L7258

LOCATION ID _£72¢ = 57 LOT CONTROL NO. - ‘
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) A{_Buls
SAMPUNG PERIOD: START __ /2L coMmPLETE __ /P35

SAMPLING MEI?D & LOGGER CODE __£B0

LAB CODE s DATE SENT __S5- 650

PRESERVATION METHOD _ ¥ C MO, ~Ajliae S
COMMENTS _ A7 e/

: DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH s.U. &. 74 2.0/
SPECIFIC CONDUCTANCE sC umhos/cm 22 /
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP  °C z./
ALKALINITY (CaCO3) ALK mg/|
FHeA! Fiv. = o TEAIP = L2 F
TOTHC AAF T e ED = 3300 My ToTHL e 7B Y ALu =340 ~“9
SAMPLE TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
O - DUPLICATE FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - R'EPUCATE TB - TRIP BLANK B - BAILER AL - AIR-LIFT SAMPLER
S-. SPIKE . LB - LAB BLANK PP - PERISTALIC PUMP . BP - BLADDER PUMP
K- XKNOWN N - NORMAL SL - SUCTION UFT PUMP ’

D-38




, SURFACE WATER QUALITY SAMPLING RECORD

Y2 2347
INSTALLATION ID _,% LOGDATE _5-£-22 LoG Tme L322
LOCATION ID _<£4£25 -5 LOT CONTROL NO.
SAMPLE TYPE Z AN SAMPLEID SAMPLE DEPTH (FT) _2.5_Ba%
SAMPLING PERIOD: STA 1305~ COMPLETE e
SAMPLING METHOD /= LOGGER CODE 272+
LAB CODE Z DATE SENT __S-5F2
A P oy —#HLS
PRESERVATION METHOD 2 AL
COMMENTS __ 2222 'V""E/
DETECTION
PARAMETER MEA SUREMENTS: LMIT
POTENTIAL OF HYDROGEN pH S.U. 272 20/
SPECIFIC CONDUCTA NCE e umhos/cm 225 /
REDOX POTENTIAL Eh mvoits il —
TEMPERATURE TEMP °C o/
Auu? ,/e';'/"?u (c-coy ALK  mg/i
¢ = —;pvo;
TOIAL g Fr  TELES ”t// /3] EirEled Aesc= yZ "‘V/A 750° &)
INSTALLATION ID s/l LOGDATE _S 220 LOG e _ A35p
LOCATION ID - LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) M
SAMPLING PERIOD: 51257 340 COMPLETE /(357
SAMPLING M D LOGGER CODE __AAd+/
LAB CODE B DATE SENT __ S~ 5720
J .
PRESERVATION METHOD _¥"C | #a 05 - -
COMMENTS __MRie.  fonip — Go7omad SEQMEAT 1s Kot 7 SPFT Biscic
AL O
DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN PH S.U. Z53 Y A74
SPECIFIC CONDUCTANCE SC  umhos/cm 7S Z
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP °C 2/
AL;AL:)NIT; t(c:aco 3) ALK  mg/! =
ToroL snkrrned suc=45% "I To7% L 1447’.5//«0 i ac//
SAMPLE TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) i
D - D}JPUCATE FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TP RLANK B- BALER AL - AR-UFT SAMPLER
S . SPIKE . LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL ’

SL - SUCTION UFT PUMP
D-39




SURFACE WATER QUALITY SAMPLING RECORD

Lad)

ya 248

INSTALLATION 1D _ 4L LOG DATE >~ &~ 72

LOGTIME /0SS
LOCATIONID _ {25 — S & LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) .28 B85 -
SAMPLING PERIOD: START /27 COMPLETE /A
SAMPLING METHO & LOGGER CODE szl -
LAB CODE por/ DATE SENT __S-8-72
PRESERVATION METHOD ¥/ /0 — pig74 &= -
COMMENTS _ SARTEA Se/ée? Jeswds SglEen/iSy TI7~
DETECTION
PARAMETER MEASUREMENTS: LINGT
POTENTIAL OF HYDROGEN PH  S.L. £.03 ool
SPECGIFIC CONDUCTANCE SC umhos/cm Vo7 a /
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE = . TEMP °C 2 _
ALKALINITY (CaCO3) ALK mg/|
e = Zo - - L7 F

A FreTEled = 237 T,

7En,
frer# eI ALn= zgoag[

? I -l
L Lowt \ogoaTE SB-7D

.
LOGTIME __/Z/S

INSTALLATION ID
LOCATION ID £ /£25§ — 355 LCT CONTROL NO. B
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT)
SAMPLING PERIOD: ~ START 230 compLeTE ____/Z¥5
SAMPUNG METHO & LOGGER CODE _ /22
LAB CODE Horn DATE SENT __S" 2 %0 _
PRESERVATION METHOD _Z2L #Ad; — #Z77es
COMMENTS _ SR 7ER Sc/enfs2 [lpwrds

DETECTION
PARAMETER MEA SUREMENTS: LIMIT
POTENTIAL OF HYDROGEN PH  S.U. £97 a0/
SPECIFIC CONDUCTANCE sC umhos/em 679 4
REDOX POTENTIAL Eh mvolts — -
TEMPERATURE TEMP  °C 1424
ALKALINITY (CaCO3) ALK mg/l

R Enr. ALl = 0.0
TS Al =77

TEYP = F5F
By 7ErEd A= 208 YL

SAMPLE TYPES: (WSACOOE)

D - D}JPUCATE FB - FIELD BLANK
R -  REPUCATE T8 - TRIP BLANK
S - SPIKE LB - LAB BLANK
K- KNOWN N - NORMAL

SAMPLE METHODS: (WSMCODE) —
G- GRAB SP - SUBMERSIBLE PUMP
B - BALRER AL - AIR-UFT SAMPLER

PP . PERISTALIC PUMP
SL - SUCTION UFT PUMP
D~40 _ -

BP - BLADDER PUMP




SURFACE WATER QUALITY SAMPLING RECORD

72 249
INSTALATION ID .30/, LoGDATE _ S 8-20 _ 106 TME __2¥/S_
LOCATION ID oS- SZ- LOT CONTROL NO.
SAMPLE TYPE £ D SAMPLEID SAMPLE DEPTH (FT) _ 2 Bnk
SAMPUNG PERIOD: START 7728 COMPLETE Vs

—

LOGGER CODE 227/
DATE SENT S B-50
s Lo, —AIE -

SAMPLING M D

LAB CODE 204/

PRESERVATION METHOD .

COMMENTS LA T2A ZLpud T, RS fa/fpestf COA870wcTioe’ LS, Tk
Foocs o5l T i}

ez B 72 DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pPH S, 2. 10 2.0/
SPECIFIC CONDUCTANCE sC umhos/cm P27 /
REDOX POTENTIAL Ehn  mvoits S— —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCO3) ALK mg/l

PHEM. Bre = 0.0/0.0 TENMIP = 725

TO7TAL wnFIeTBlEd =213/210  TorAe FrerEassy G = 205 S203

INSTALLATION ID __C3% oG DATE _S-F-22 LOG IME __ L2752

LOCATION ID _S2/3% -5/ LOT CONTROL NO. : '
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) _0.5 BWS
SAMPLING PERIOD:  STARy __O832 COMPLETE 0849

SAMPLING METHOD ____ (= LOGGER CODE &0

LAB CODE BOA DATE SENT .3 770

PRESERVATION METHOD X “& #pt ~4o2 £ 2H - /A/a} —APETHLS
COMMENTS \xter bhas Lmst\,, £dm

DETECTION
PARAMETER MEA SUREMENTS: LIMIT
POTENTIAL OF HYDROGEN pH S.u. _6.99 2.0/
SPECIFIC CONDUCTANCE sC umhos/cm 159 /
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP  °C -/
ALKA )

ALKALITY (Cag0s ALe mgi
Tolal ay - xat Fc“ﬂ'A :5}? T“‘\? - bq‘ooc,

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

D- O:JPUCATE FB . FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - REPUCATE TB - 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 PL!MP '

D-41 .
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HYCROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT wORTH, TEXAS

Texas State Plane Coordinate and Elsvation
- of
Test wells
S0il Gas Probes and
Sampling Points

April 8, 1988

Britraiy & Crawrorn

‘TS LAND SURVEYING &
TOPOGRAPHIC MAPPING
E-3 {§17) 928-0211 - Metro 429-5112

P O.8ox 11374 * 3908 Soulh Freewsy
Fort Wonh. Texas 78110
H



NUMBER

855 A(45)
855 &i34)
8ss Cl136)
8ss 0(38)
Pl (111}
P2 (96)
1A (131)
18 (132)
1c (134)
10 (137)
1E (135)
IF (136)
3A (121)
38 (118)
3c (117}
30 (120)
3JE (119)
4A (129)
48 (130)
4ac {98)
40 {97)
4E {(95)
4F (93)
4G (100)
4H (99)
SA {109}
58 (90}
5C {104)
50 (103)
5€ (110}
5F {94)
56 (88)
SH (89)
104 {108)
io8 {92)
10c {91}
100 {107)
10E (108)
10F  (105)
11A (101)
118 (102)
124 (124)
128 (113)
12 (115)
120 (112)
126 {114}
126 (127)
12 (126)
121 (125)
120 (128)
12k (116)

BOREHOLE AND MONITOR WELL SURVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding

NORTH

nymn

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
398,658.98292
398,358.43081

396,920.99434
396,940.34767
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
358,362.32313
397,802.46440
397,904.64236
398,174.57747
398,351.69445

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

358,941.02097
398,853.41765

397,175.89292
397,333.41782
397,213.82758
397,511.40056
397,324.25035
397,111.16499
397,175.34773
397,231.20475
397,175.26975
397,222.63773

EAST
axew

2,024,357.78905
2,024,331.93158
2,024,565.70484
2,024,487.37097

2,019,695.14307
2,020,627.90845

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
2,019,005.28691

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 of P.V.C. value)

ELEVATION OF
TOP OF P.V.C.

566.38
569.73
559.57
561.45

*524.58
*618.78

570.27
560.25
560.00
563.93
562.25
562.26

625.25

625.76
§19.90
6§13.04
615.35
618.54
625.36
620.02
613.43

623.18
600.45
608.68
611.71
626.89
618.95
615.39
610.52

626.70
624.46
617.24

&08.22
608.14

635.66
627.55
628.05
8§27.45
627.48

"3 354

ELEVATION OF NATURAL

GROUNQ AT #eLL

566.9
567.1
560.0

825.5
§15.5

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

633.47
633.84
635.39
821.6

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
6l12.0
608.4

624.2
621.1
§15.4
£§23.33
622.52
821.47

804.8
603.4

§32.0
6§25.6
625.5
624.8
§24.5
629.22
£29.06
269.15
§28.66
626.74



Page 2
NUMBER

154
158
15C

171
173
17K
17L
1™

*NQTE:

(149)
[148)
(144)

(75)
(56)
(72)
(61)
(65)

»Jaz-U..k AND MONITOR WELL SURVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding
elevation of top of P.V.C. value)

NORTH
"

400, 123.22038
399,506.57343
399,884.41824

400,225.13342
400,362.57881
400, 193.17235
400,394.21647
400,380.51204

EAST
"Yﬂ

2,025,232.61342 -

2,025,252.78758
2,025,168.58849

2,023,849.67063
2,023,809.58530
2,024,001,90555
2,023,966.04349
2,024,264.07312

ELEVATION GF TOP
P.v.C. PIPE

570.24
567.12
566.89

578.19
579.79
575.34
577.27
574.28

WELLS Pl & P2 - THE ELEVATIONS SHOWN ARE THE TOP OF

THE OPERATOR NUT.

E-5

Lag]

4

2 335

ELEVATION OF NATURAL
GROUND AT #ELL

570.7
564.2
564.3

575.2
577.0
573.8
574.4
572.6



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

%&

E-6 1817

Al & ORAWFORD
LAND SURVEYING &
TOPOGRAPHIC MAPPING

9750211 - Metro 429-8112

P.O. Box 11374 * 3908 South Freewsy
Fon

wonn, Teaas 76110




NUMBER

LF05~-01
LF05-02
LF05-03
LF05-04
LF05-05
LF05-06
LF05-07
LF05-08
LF05-09
LF05-10
LF05-11
LF05-12
LF05-13
LF05-14
LF05-15
LF05-16
LF05-17
LF05-18
LF05-19

NUMBER

LF05-S1
LF05-S2
LF05-S3
LF05~-S4
LF05-S5
LF05-S6
LF05-S7

STAFF GAUGE

TYPE

WELL
WELL
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
BORE
WELL
BORE
BORE
BORE
WELL
WELL

NORTH "Y"

399,361.2414
399,280.6409
399,182.0957
399,313.9245
399,388.4921
399,156.8559
399,192.7306
399,030.3142
398,918.3183
398,656.8688
398,619.9398
398,699.0930
398,406.7661
398,467.5329
398,082.8055
398,229.3914
398,317.2267
398,169.3001
397,850.5705

SITE LFO05

EAST "X"

2,018,791.3828
2,019,492.0018
2,019,488.6372
2,019,719.9840
2,019,785.8488
2,020,129.6754
2,020,230.2232
2,020,350.8946
2,020,361.5966
2,019,456.1935
2,020,446.5081
2,020,606.7127
2,020,738.5442
2,020,910.0778
2,019,457.4908
2,021,041.6970
2,021,241.4299
2,021,280.2972
2,021,663.8519

SURFACE WATER SAMPLES

NORTH "Y*"

399,327.1085
399,092.2352
398,638.2009
398,564.4359
398,383.9429
398,458.7264
397,873.1003

398,445.2564

EAST "X"

2,020,155.2125
2,021,029.0375
2,020,666.7173
2,020,956.6955
2,021,422.4749
2,021,661.6152
2,021,549.6706

2,021,286.7444

ELEVATION OF FLOWLINE OF CREEK AT GUAGE
WATER ELEVATION AT GUAGE

ELEVATION OF 1°'

NUMBER PE
LF04-01 WELL
LF04-02 WELL
LF04-03 PUMP
TEST WELL
LF04-04 WELL
LF04-05 BORE
LF04-06 BORE
LF04-07 BORE
LF04-08 BORE
LF04-09 BORE
LF04-10 WELL

MARK ON GUAGE

SITE LFO04

NORTH "Y"

397,653.5721
397,732.5422

397,683.4611

397,554.5294
397,347.9116
397,210.6006
396,819.7427
396,935,0825
397,136.0543
397,025.3443

EAST "X"

2,019,579.1905
2,020,510.5024

2,020,506.7895

2,021,365.8226
2,020,805.4209
2,020,593.2486
2,020,897.2163
2,021,021.9109
2,021,145.6966
2,021,275.0320

ELEVATION
TOP _OF PVC

621.96
622.69 -

602.98 -

611.84
606.08

ELEVATION

TOP OF PVC

629.24 -
623.68 -

623.25

612.07

626.54

W3 357

‘ELEVATION
NATURAL
GROUND AT

WELL/BORE

619.3
620.0
620.6
617.3
616.1
598.3
598.0
606.8
604.9
623.9
597.6
594.4
605.0
603.2
626.5
612.3
606.5
612.1
606.3

ELEVATION
OF WATER

590.25
584.73
591.07
591.21
578.89
576.63
589.7

578.2
579.07
579.44

ELEVATION
NATURAL
GROUND AT
WELL/BORE

626.5
621.0

620.5

609.4
608.8
613.3
630.4
630.0
627.4
626.9



NUMBER

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

NUMBER

sD13-01
SD13-02
SD13-03
SD13-04

NUMBER

SD13-S1
SD13-S2
SD13-S3
SD13-S4

TYPE

WELL
WELL
WELL
WELL

TYPE

WELL
WELL
WELL
WELL

NORTH "Yy"

399,886.0854
400,102.4353
400,672.3650
400,231.5326

SITE ST14

EAST "X"

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

sDl3

NORTH "Y"

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

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



1.0 INTRODUCTION

The IRP Phase I and Phase II investigations have identified the
Flightline Area at Carswell AFB as an on-base site where past waste disposal
practices may have led to contamination of soils and ground water. These
studies have identified a need to understand the hydrogeologic framework
controlling the occurrence of ground water and the factors influencing the
direction and rate of ground-water flow. Therefore, an aquifer pumping and
recovery test was conducted at the Flightline Area during June, 1990 as part
of an on-going IRP Remedial Investigation/Feasibility Study (RI/FS). The
objective of the aquifer tests was to determine the hydraulic characteristics
of the shallow ground-water bearing zone (Upper Zone Aquifer). The following
sections describe the geologic setting of the Flightline Area, aquifer test

procedures, and test results.

1.1 Principles of Aquifer Pumping Tests

The value of an aquifer as a source of ground water depends upon
water quality and the capacity of the aquifer to store and transmit water.
The latter two characteristics are referred to as the properties of storage
and transmissivity. The transmissivity is a function of an aquifer’s
hydraulic conductivity. The hydraulic conductivity is defined as the flow of
water in cubic feet per day through a cross-sectional area of one square foot
under a hydraulic gradient of one foot per foot (Davis and DeWeist, 1966).
Hydraulic conductivity has the dimensions of length/time, or velocity, and is

expressed in the units of feet per day.

Transmissivity is a measure of the volume of water which will flow
each day through a one foot wide vertical strip of aqﬁifer which extends the
fall saturated height of the aquifer. The transmissivity is equal to the
product of the hydraulic conductivity and the saturated thickness of the
aquifer, and indicates the capacity of the aquifer as a whole to transmit
water (Theis, 1935).
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The storage coefficient is a dimensionless term defined as the
volume of water the aquifer releases from or takes into storage per unit
surface area of the aquifer per unit change in the component of head normal to
that surface (Walton, 1962). The storage coefficients of unconfined aquifers
(e.g., water table aquifers), such as the Upper Zone Aquifer in the Flightline
Area, usually range from 0.05 to 0.30 (Ferris, et al., 1962). Unconfined
aquifers usually have higher values for storage coefficients than confined
aquifers, and these higher values reflect that releases from storage represent
mostly pore dewatering, whereas in confined aquifers, releases from storage
represent the effects of water expansion and aquifer compaction due to changes
in fluid pressure (Freeze and Cherry, 1979). The storage term for unconfined

aquifers is also known as the specific yield.

Storage and transmissivity are commonly determined by conducting
aquifer tests in wells completed in water-bearing units. Aquifer testing may
include constant discharge pump tests, variable rate (step) discharge tests,

constant drawdown tests, water level recovery tests, and slug tests.

At the Flightline Area, a constant discharge pump test and water-
level recovery tests were conducted to determine the hydraulic properties of
the geologic units which contain contaminated ground water. In a constant
discharge pump test, a well is pumped at a constant rate and water levels are
measured for the duration of the test in the pumping well and in the obser-
vation wells which penetrate the water-bearing unit. During the recovery
test, the change in the water levels in the wells are recorded after cessation
of pumping until near static water levels are attained. Graphs of drawdown
and recovery versus time after pumping started and stopped are compared to
graphs calculated from mathematical aquifer models to estimate the aquifer

parameters.
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2.0 GEOLOGIC SETTING

The geologic setting of the Flightline Area at Carswell AFB is
described in detail in the main body of this report. Specifically, Section
3.3 provides information about the geologic setting, topography, and strati-
graphy. Section 3.4 contains a detailed description of the hydrogeology for
the Flightline Area. The reader is referred to these sections prior to

proceeding with the remainder of this appendix.

The following paragraphs are provided to supply additional infor-

mation about the subsurface conditions in the area immediately affected by the

aquifer tests.

Soil boring data collected during well installation in the vicinity
of the aquifer test location has revealed a coarsening downward sequence of

lithologies from land surface to bedrock, which is comprised of the Goodland

and Walnut Formations.

The deposits from the surface to bedrock (referred to as "Upper
Zone" deposits) are generally 30 to 40 feet thick and consist of 10 to 15 feet
of fine grained materials (clay and silt) underlain by 20 to 30 feet of sands
and gravels. The thickest sequence of coarser grained materials (sands and
gravels) is generally oriented in an east to west trend through the Flightline
Area, roughly paralleling White Settlement Road. These deposits are uncon-

solidated and coarsen downward to predominantly limestone and chert gravels at

the contact with the underlying bedrock.

Bedrock of the Goodland and Walnut Formations consists of inter-
bedded, fossiliferous, hard limestone and calcareous shale. The thickness of
the Goodland and Walnut Formations in the vicinity of the pumping test
location is approximately 30-40 feet. The Goodland and Walnut Formations have
been dry when sampled during drilling activities in the area, and with the
thickness and hardness of the formations they are believed to form an effec-
tive confining layer between the Upper Zone water-bearing deposits and the

underlying water-bearing sands of the Paluxy Formation.
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The water-bearing zone (Upper Zone Aquifer) immediately adjacent to
the pumping well (LF04-03) is an unconfined, or water-table, aquifer. The
water table as encountered in the subsurface is under atmospheric pressure,
and wells completed in the aquifer will reflect the actual water level. This
is in opposition to confined aquifers where wells tapping the aquifer may have

water levels considerably above the top of the aquifer.

Water levels from wells LF04-02 and LF04-03 were electronically
monitored during the pump test and recovery test. The lithologic logs of

these wells and well construction data are located in Attachment A.

Well LFO4-03, the pumping well, is screened across the lower 14.3
feet of Upper Zone sediments. These sediments are mainly medium grained sand
with minor gravels in the upper 10 feet of screened interval, and the lower
section of the screen is across predominantly small pebble size gravels (< 10%

sand) .

Well LFO4-02, 50 feet north of the pumping well and the nearest
observation well, is screened across similar units as LF04-03. This well also
has 14.3 of screen. Again, the screened interval encompasses medium sands,
however, the gravel content is not as high near the bottom of the screened

interval (approximately 5% gravels) as in LF04-03.

The water table, prior to the start of the aquifer test, occurred
approximately 25 feet below land surface in the vicinity of the pump test
location. The saturated thickness of the Upper Zone Aquifer was calculated to

be 11.7 at the pump well (LF04-03).

In addition to the pump well and near observation well, seven other
monitor wells in the vicinity of the pump test location were used as obser-
vation wells. These wells are all screened across Upper Zone Aquifer sedi-

ments, and vary in distances of 100 to 450 from the pump well (Figure 2-1).
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3.0 FIELD INVESTIGATION

3.1 Pumping Test Procedures

The Flightline Area aquifer pump test was conducted June 21-22,
1990 and ran for 20 hours. The recovery test, which started with the ces-

sation of the pump test, ran for 7 2/3 hours.

3.1.1 Discharge Water

Discharge water produced during the pump test was run through over
300 feet of polyethylene pipe before being routed into the City of Fort Worth
sewer system. Pumping rates were measured approximately every hour using a
bucket and stopwatch (volumetrically). The temperature, pH, and conductivity
of the discharge water was also measured regularly. The discharge of the pump
remained constant through the test, with measured discharges (17) varying from
17.9 to 18.7 gallons-per-minute (gpm). The averaged discharge was 18.3 gpm,

leading to an approximate total discharge of 22,000 gallons during the pump
test.

At the request of the City of Fort Worth Water Department, the

discharge water was aerated for removal of volatile organic compounds (VOCs).

Aeration of the pump test discharge water, prior to sanitary sewer
discharge, was accomplished with a trailer mounted 125 cfm air compressor.
Air from the compressor was routed to a small holding pond which was receiving
water from the pumping well. A hole in the top of the holding pond (swimming

pool) allowed for discharge of the aerated water to the sewer system.

Periodically during the pump test, water samples going into the
holding pond (pre-aeration) and exiting the pond (post-aeration) were col-
lected. These samples were collected in 40 ml VOA vials, filling each
approximately 2/3’'s with water. These water samples were then allowed to sit

in the open sun for several hours prior to a headspace analysis for volatile
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organic content. The time spent in the sun allowed volatile organics in the
grouhd-water samples to volatilize to the overlying air column. The volatile
organic content of the air (headspace) was then measured with an HNu photo-
ionization detector (PID). This was accomplished by cutting a small slit in
the Teflon™ septum in the cap of the vial and quickly inserting the probe of
the HNu PID. Table 3-1 summarizes the results of the headspace analyses

performed on the discharge water samples from the Flightline Area pump test.

As seen from the table, the aeration of the pump test water prior
to discharging to the city sewer system reduced the volatile organic content
of the water in every sample analyzed. The average reduction, considering all
the analyses, was slightly over 40 percent. The HNu PID is not compound
specific, instead measuring the total volatile organic content in the air.

The instrument was responding very well, and duplicate (D) analyses performed

on the samples from 1630 showed only a three percent relative difference.

3.1.2 Test Types and Measurements

Background water-level data in the pumping well and the near
observation well were collected electronically (at 10-minute intervals) for
approximately 40 hours with a Hermit electronic data logger prior to the step
test. The background data are useful for observing natural trends in the
Upper Zone Aquifer water level, such as increases from recharge or decreases
due to evapotranspiration. A slight downward trend in water levels, followed
by a slight recovery, was observed in wells LF04-02 and LF04-03. The back-
ground water level data for the two wells, as well as hydrographs showing the

natural water level trends, are included in Attachment B.

A stép test was performed prior to the start of the pumping test to
establish the optimum pumping rate. The optimum pumping rate for the Flight-
line Area pumping test set-up was determined to be the full capacity of the
submersible pump (Gould 1/2 HP, Model 10 EJ), or approximately 20 gallons per

minute. The pump was rated at approximately 25 gpm (with the amount of




TABLE 3-1. HEADSPACE ANALYSIS

Y3 358

HNu Value (ppm)

Time Sample Water Going Water Going Time Sample Background
Taken Into Pool Into Sewer Analyzed HNu Reading
0945 20+ 2-3 1515 0.1
1030 4.5 3.8 1525 0.0
1130 4.6 3.3 1530 0.0
1315 9.4 2.2 1535 0.0
1430 11.6 7.9 1910 0.0
1530 10.3 6.0 1912 0.0
1630 10.4 7.3 1915 0.0
1630 (D) 10.3 7.5 1918 0.0
1915 12.0 6.8 2120 0.0

(D) - Denotes duplicate sample
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hydraulic head encountered in the pumping well); however, travel of discharge
water through over 300 feet of polyethylene pipe before ultimate discharge to

the sewer system reduced discharge rates proportionately.

The pump test followed the end of the step test by about 1é hours,
and measured water levels had recovered to over 99 percent of their pre-step
test level. The 4-inch submersible pump (used in pump and step test) was

powered by a 3500 watt portable generator.

During both the pumping and recovery tests, water levels in the
pumping well (LF04-03) and the near observation well (LF04-02) were recorded
using pressure transducers and an automatic data logger (Hermit Model 1000B).
The Hermit collected water-level data for the two wells, for both the pump and
recovery test, is included in Attachment C. Water levels were also manually
measured in surrounding monitor wells with a calibrated Olympic electric
water-level probe. The water-level probe was decontaminated prior to each
water-level measurement. The water levels in the pumping well and near
observation well were also checked regularly with the Olympic meter to verify
the accuracy of the Hermit data logger. The manual water-level measurements
are provided in Attachment D. The maximum water-level decline observed in the
manually measured observation wells was 0.09 feet (LF04-4E). Hydrographs of
the water levels in the observation wells during the pump test are also

provided in Attachment D.

As seen from the hydrographs, there appears to be a slight water-
level rise around 700 minutes into the pump test. The timing of the water-
level rise corresponds with a decrease in barometric pressure. Figure 3-1
shows the barometric pressure plotted with the water levels measured in well
LFO4-4H. This pressure phenomenon appears to have had a slight effect on the
water level of the Upper Zone Aquifer, but the barometric pressure goes back
up to roughly the same value as when pumping started by the end of the pump
test. The overall trend of water levels does not appear to have been affected
significantly by the pressure fluctuations. Unconfined aquifers are naturally

less affected by barometric pressure fluctuations than confined aquifers.
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4.0 TEST RESULTS

4.1 Analytical Methods and Assumptions

The data obtained during the June 1990 Upper Zone aquifer pumping
test were analyzed by several methods. In addition to field plotting of
drawdown and distance drawdown measurements, a computer aquifer analysis
program was used. The well hydraulics interpretation program used was WHIP"™,
which has the ability to simulate and analyze both drawdown and recovery

tests.

Attempts were initially made to interpret the pump test data using
;he techniques of Boulton (1963) and Neuman (1975) for unconfined aquifers.
These techniques consider the effects of gravity drainage in an unconfined
aquifer, which result in a delayed yield of ground water to the well and a
corresponding fluctuation in the time-drawdown data curve. As can be seen
from Figure 4-1, delayed yield was not pronounced (if evident) in the loglog
plot of the near observation well drawdown. Attempts at matching respective
portions of the drawdown curve with various Type A and Type B curves met with
no success. Therefore, in the analysis of unconfined aquifer data showing no
apparent delayed yield, the techniques of Theis and Cooper-Jacob were applied
to the data.

The Theis and Cooper-Jacob analyses were used as both field methods
and in later data analysis for estimating aquifer parameters. Time versus
drawdown for observation wells were plotted on semi-log paper. From this
plot, the change in drawdown over a particular log cycle was used in the

calculation of aquifer transmissivity and storativity, using the equations:

T = 2.3Q and S - 2.25Tt,
4xAh v
where: T = transmissivity

Q = pumping rate

Ah = the drawdown for one log cycle
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S = storativity
t, = time intercept where the drawdown line intercepts the zero
drawdown axis

v = radial distance from the pumping well to observation well

The WHIP™ diagnostic procedures also use semilog drawdown (Cooper-
Jacob) analyses and Theis recovery analyses to obtain preliminary estimates of
the transmissivity and storage coefficient. Theis curves are generated using
these values and are graphically compared to the observed data. Portions of
the generated curves can be "windowed” so only reliable data are used for the

generation of final transmissivity and storage coefficient values.

In addition to standard semilog and loglog plots, the effects of
various time transformations on the data as well as first and second deriv-
atives of the drawdowns were performed. Observing the derivative drawdown
plots was useful for determining that portion of the test data displaying
Theis behavior. Additionally, the Dupuit correction for water table con-
ditions was applied to all computer analyses and the initial estimates of
transmissivities and storage coefficients were optimized using an ordinary
least squares fitting criterion. This correction minimizes irregularities
inherent in field generated data to improve computer aided curve matching

techniques and allow greater accuracy in the calculation of aquifer par-

ameters.

Three different computer generated plots and analyses were deter-
mined to best represent the Upper Zone aquifer hydraulic properties of
transmissivity and storage coefficient. These were the observation well
(LF04-02) drawdown and recovery analyses and the pumping well (LF04-03)

recovery analysis.

Seven additional monitor wells were measured for response to the

pumping well and there was little if any noted.
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4.2 Water Level Behavior in Pumping Well and Near Observation Well

The observed maximum drawdown was 3.58 feet in the pumping well and
0.20 feet in the near observation well, located 50 feet north of the pumping
well.

4.3 Results

The results of the computer-assisted pump test analyses are pre-
sented in Table 4-1. The drawdown and recovery curves for the observation
well were analyzed as well as the recovery curve for the pumping well. The
average values for the parameters of transmissivity and hydraulic conductivity
and a value for storage coefficient are shown on the table. The averaged
values are representative of the types of aquifer materials encountered (clean
sands and gravels). The WHIP™ generated plots for the analyses are provided

in Attachment E.
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PRSERCICH

| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

]
| 1. PROJECT: CARSWELL AFSB, | 7. TOTAL DEPTH OF MOLE: 37.7 ft BGL |
| IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOMWN: sea level |
| 2. LOCATION: Flightiine Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: Envirormental Dritters, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1
| 4. HOLE NO.: LF04-02 ' _ | 11. ELEVATION GROUND WATER: 597.45 fr MSL (6/18/90) |
| 5. NAME OF GEOLOGIST; S. €. Fain | 12. DATE HOLE ESTABLISHED: 3/28/90 ]
I 6. COORDINATES OF HOLE: ] 13, SURFACE ELEVATION: 621.00 ft MSL |
] X: 2020510.50  Y:  397732.54 | 14, BACKGROUND: |
| ] 15. MEASURING POINT ELEVATION:  623.68 ft MsL |
[peptn| Graphic | Blow | Soil | [ |
[(Ft. Log Count |Class/Code |Visual Description ]| Remarks ]
| o V | uscLLr |Clay: Dark brown, silty, firm, roots, damp, [Full samplers |
] | |carbonaceous staining. |unles noted. |
l | | | |
| » I | | |
| 2 | u/cLer jclay: As above; at 3.0 ft. going to orange/brown, silty | |
| | |clay with 5 - 10% calcareous material. ] |
| | I ] |
| / | | | |
] 4 | Uu/cLLR |Clay: As above. |1.5 ft. Recovery |
| / | | | |
| | | | |
| | | | |
| 6 | usCLLR |ctay: Orange/brown, very silty, minor very fine grained | |
| | |sand, stiff, calcareous nodules, carbosceous stresking. | |
| | | | |
| | I | |
| 8 | u/scLLR |Clay: As sbove, increasing catcareous meterial to 30%. | ]
! | | | I
| | | I |
| | | I |
1 / | | | |
| / | | I !
| 1 SR | ussocr ISand and Gravel: Orange, very poorly sorted, cohesive, ] l
] OOJ} | |clayey, silty, damp, abundant calcareous material. | |
l ,O.'.O.'.Oa I | | |
I 190 | | | |
113 0-0-0 | ussotr |Sand: Orange, fine grained, minor larger sizes to ] |
| 001 | jcoarse, slightly clayey and silty, damp. | ]
| 13.5 O O | ussoLr |Sand: As sbove, increasing cosrseness with depth, 5 - | ]
| Ood ] [|10X smelt graveis. | |
| boo | | | |
| oo | | | |
| 5-0-0 | I | I
| 16.5p% ~ -~ | u/ssoLRr |Sand: As sbove, gravetly; changing to tan, fine to | |
| . Oq | medium grained, loose, quartzose at 18.0 ft., damp. | |
| 200 | | | |
I 110-04 | | | |
| 18.5 OO ) ] U/SDLR |Sand: As sbove, well sorted, medium grained, damp; 0.4 |3.5 ft. Recovery |
] cO-0-( | |ft gravelly zone at 21.5 - 21.9 ft. | |
I boo | | | |
| oo | | | |
| 0-0-0 | | | |
I PO | | ! |
I O | | | |

c-0-0
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Y3 388

| DRILLING LOG

| _RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB,

1

IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE:

37.7 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION:

Flighttine Ares

| 9. MANUFACTURER’S DESIGNATION OF ORILL: Mobile Drill B8-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc

| 4. HOLE NO.:

LF04-02

. 10. NO., OF SAMPLES TAKEN:

14

] 11. ELEVATION GROUND WATER: _597.45 ft MSL (6/18/90)

| S. NAME OF GEOLOGIST:

S. E. Fain

_ | 12. DAYE HOLE ESTABLISHED: 3/28/90

| 6. COORDINATES OF HOLE:

X:

2020510.50

Ye

397732.54

| 13. SURFACE ELEVATION:

621.00 ft MSL

| 14, BACKGROUND:

-~

] 1S. MEASURING POINT ELEVATION: 623.68 ft MSL

]

g

3

th| Graphic |

Blow

Count

|
I

Soil

Class/Code |Visual Description

Remarks

— —— —— — — — — — — —— — — — — — — — — — —— —— — —— —— ——— — —— — ——— ———— — ——

28.5

33.5

37

Ty

.....

.....

— — —— — — — — —— — — —

— e ——— ——— —— — — — —— —

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

U/SDLR

U/SDLR

U/SDLR

U/MARL

|Sand: Orange/tan, medium grained, well sorted,
| subround, >90X quartz; 0.3 ft. gravelly zone st 27 ft.,

|saturated at 28 ft.

—— —— — — — — — — — — — — — — — —

|Sand: Tan, medium grained, quartzose, toose, wet, S5X

|gravels to 25 mm

|fissile.

|
I
[
I
|
[
I
I
|
I

Sand: As sbove, 1-3X granule size gravel.

I
I
|
I
I
I
|
I
I
I
I
|
I
|Limestone: Marly, westhered sand and gravel intermixed, |T.D. = 37.7 ft.
I
|
|
I
I
I
|
|
I
I
|
I

I
]
I
I
|
I
I
|6.0 ft. Recovery
!
|
|
I
I
I
I
I

|[W. L. measured at
|28.1 ft. BLS, 5.0
| ft. Recovery

3.7 ft. Recovery.
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[ DRILLING LOG { RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX ] SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. YOTAL DEPTH OF WOLE: 37.6 ft 8GL 1
] IRP PHASE [! STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
] 2. LOCATION: Flightiine Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61 |

3. DRILLING AGENCY: Environmentsi Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 ]
| 4. WOLE NO.: LF04-03 | 1. ELEVATION GROUND WATER: _ 597.58 ft MSL (6/18/90) ]
| 5. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain ] 12. DATE NOLE ESTABLISHED: 3/20/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  620.50 ft MSL |
| X:  2020506.79 _ Y:  397683.46 ]| 14. BACKGROUND: 1
! ] 15. MEASURING POINT ELEVATION: 623.25 ft MSL ]
|oepth| Graphic | Blow | Sail ] ! | ]

Ft. 1Log Count |Class/Code |Visual Description | Remarks j
| o ' | u/sctay |Clay: Brown, soft to firm, semi-plastic, with fine |Full recovery |
| | |rootiets and minor carbonaceous streaking and |untess otherwise |
| | |particles, moist to wet. |indicated. |
| I | I I
| 2 | usctay  |Clay: As above, firm to stiff (stiffens to base), minor |Too stiff to cut. |
| ] |calcareous debris, more abundant carbonaceous staining, | ]
| | very stiff; 3.8 - 4.0 ft. | |
| | I | I
| 4 | uscuir |clay: Orange/brown at 4.1 ft; brittle, damp, abundant  |Hard pushing. |
| ] |catcareous debris, slickensided, calichified with some | |
| | |authigenic minerslization (crystals of CaC03 in shelt | |
| | |frags.); very hard, silty. | |
| 6 | uscLer |Clay: As above, very stiff, stightly sandy and silty. | ]
! | | | I
| I | ‘ I |
| I I I |
|8 | useLLr |Clay: As above, few Large CaCO3 pebbles (25 mm), |t ft. recovery, |
| | |increasing clacsreous meterial with depth, very fine  |ST. Rig broken. |
| | |grained sand. |Continue after |
I I | |repairs. |
| 10 | useLLR |Clay: orangesbrown, siilty, cohesive, damp, > 30% |Catiche Layer at |
| | jcalcareous material, stiff. 12 fr., dritling |
| | ] | through. |
! ! | I |
| / ! I | |
IRT2S | _' | U/SOFN |Send: Orange, fine grained, loose, damp, quartzose, | |
| . e e | |well sorted; at 14.3 ft. sharp chenge to tan, very fine | |
] R | |grained sand, heavily oxidized in Laminase. | |
| | | I |
| 14.5¢. - . .. | ussanp |Sand: Orange, fine to medium grained, quartzose, damp, |3 ft. Recovery. |
| LR | |loose; gravelly sesm 15 - 15.5 ft. | |
I I I | |
| o« s s s e | | | |
R | | I I
I c .. I ! J |
| SR | | ! |
A R | | | |
| <o | | I |
| AR | | I |
| 19.5 00’0 | U/SDLR  |Send: Orange/tan, fine to medium grained, damp, loose, |4 ft. Recovery. ]
] )'O,o | |subround, > 90X quartz, 1 - 3% smail gravel and sheils. | |
| 559 | ! | |
| -0-0- 1 l l { I
| SO ] | ] |

S0t
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Laff] L Yot
PRC AR |

I [1/2 in. S.S. 50

|= 37.6 ft.

= L —
| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF WOLE: 37.6 ft BGL 1
i IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 3
L 2. LOCATION: Flightline Ares | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14
| 4. HOLE NO.: LF04-03 _ | 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) ]
| 5. MAME OF GEOLOGIST: S. B. Blount, S. E. Fain | 12. DATE HWOLE ESTABLISHED: 3/20/90 -
| 6. COORDINATES OF HOLE: |_13. SURFACE ELEVATION:  620.50 ft MSL
| x: 2020506.79  Y: 397683.46 | 14. BACKGROUND: |
! | 15. MEASURING POINT ELEVATION: 623.25 ft MSL L
[Depth| Graphic | Blow | Soil | |
L(Ft.) : Lﬁfg Count |Class/Code |Visual Description | Remarks 1
| A } ] | |
| 50.'.0.'.0 | | |
| pOO | | | .
I O-0-g I I | I
| P00 | | | u
I 0-0-d | I | |
| b.o-o | | | |
| 26.50~ I~ | U/SDLR |Seand: Orange/tan, fine to medium grained, wet, loose, [W. L. measured at -
0-0-0

| j‘tj'tj' : lO.S ft. gravelly zone at 27 ft., quartzose; st 30 ft. :26.3 ft. Bls. 2.6 :
| - s ft. recovery.
1900 | | | |
I pOO | | | |
| 0-0-Q | I | I
| p-C-C | | | |
| |o-0-d | | | I
I D-0-0- | | I |
BN Xe | | | I
| 29.5 ﬁ'tj'tj' | u/sOLR |Sand: As above, satursted. |3.2 ft. Recovery. |-
| SRORE | | | |
RicNels | | | 1
I b A I | I |
I 19-0-0 | | | |
|32 MV~ | u/GRVL |Gravel: Varicolored, up to pebble size (30 mm), shells, | |
| ) O O { | |<10X sand, saturated. | |
| ©OO | | | |-
I O O { I I I I
I O O O | | | I
| 34.5) O O { | U/GRVL  |Gravel: As above, mainly small pebble size (5 - 10 mm), | |
| 000 | |shells, subsngular to subrounded, large percentage of | |
| 00 ? | |chere. | |
. poo | | |
| 1 90f] | | | |
| 37.S'T'*‘T“—7150 | u/mARL |Mari: Chalky gray, indursted, oxidation stained |Sampler refusal at |
| | | throughout . j37.5 ft., drove 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 I
I I
I I
I I
I I
I I

|blows = 1 in.; T.D.

F-26



PSRRI IS

| WELL COMPLETION LOG

__| RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB

| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB

| 9. INSTALLATION DATE: 3/28/90

| ] 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
| 2. LOCATION: Site LFO4 | 11. ZONE OF COMPLETION:  Aquifer
] 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 20.90 ft
| 4. WELL NO.: LF04-02 ] 13. MEAS. POINT ELEV.: 623.68 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
. FORMATION OF COMPLETION: |_16. SCREEN BEGIN. DEPTH: 23.10 ft
. LOCATION TYPE: WL ] 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-107x2%x0.02* Screen,3-10/x2" Risers,1-Cut piece (~0.4’),1-Locking Cap, 1-bottom Cap

1 7
L8
|
l
|
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
I
|
|
I
|
|
|
|
|
|
|
|
|
i

TOP_OF CASING

I I
GROUND SURFACE 1 |
t | | 1
| I I I I |
| BACKFILL MATERIAL: | | | | |
| Cement-Bentonite Grout | | | | |
| I I |
| —Al I .Y BOREHOLE DIAMETER: |
| | | N 8.000 in |
BOREHOLE | | | I |
DEPTH: | | | I I
37.70 ft I I I I I
| I | SEAL MATERIAL: |
I | | | | Bentonite |
| 1 1 ] i |
| t I | I | |
| SEAL LENGTH: | | | | |
| 2.00 ft | | | | CASING DEPTH:
| | I I 37.65 ft
I 4 | I L |
| t | | I I |
| l I I I I |
| | I l— | I |
| | = t |
| I I |— | I | |
| I I I — | I | |
| I I — I | |
| | | | — | |  SCREEN LENGTH: |
| l I P 16.35 ft [
I FILTERPACKK | | __ | | g |
I LENGTH: | | I | I
| 16.80 ft | | | | I
I | I — I ¥ I
| l I | I I t |
| | I I I I | |
| | I | |  BLANK LENGTA: |
| I | | 0.20 ft |
| I I I I I | |
I | | | I ¥ \a
| I I |
¥ 2 | 1

FILTER PACK MATERIAL: 8-20 Silica Sand
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| WELL COMPLETION LOG

| RADIAN CORPORATION | INSTALLATION: CARSWELL AFB |
] 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB ] 9. INSTALLATION DATE: 4/3/90 |
1 _] 10, WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN |
| 2. LOCATION: Site LFO4 | 11. ZONE OF COMPLETION:  Aquifer 1
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 19.40 ft |
| 4. WELL NO.: LF04-03 _| 13. MEAS. POINT ELEV.: 623.25 ft MSL |
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 6.00 in 1
| 6. WELL TYPE CLASS: MONITORING WELL | _15. CASING MATERIAL: Schedule 80 PVC |
] 7. FORMATION OF COMPLETION: _| 16. SCREEN BEGIN. DEPTH: 22.40 ft |
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in |
| 18. REMARKS: 1x10’x6" PVC 0.020 screen, 1x5’x6" screen, 2x10’/x6" PVC riser, 1x5/x6% riser. |
L |
I I
| TOP_OF CASING |
I I I I
| GROUND SURFACE [ ] |
I t I I I I 1 |
I | | I I I I I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
I | I I I I I I
] | A\ | | Vi BOREHOLE DIAMETER: | |
| | /N I N 14.500 in | |
| BOREHOLE I | | | | |
I DEPTH: I I I I I I
I 37.52 ft | I I I I I
| | | | | | SEAL MATERIAL: | |
I | | I I I Bentonite | I
I | 1 | 1 | I
! | 1 | I I I I |
| | SEAL LENGTH: | | | | | |
] | 2.30 ft | | | | CASING DEPTH: |
I I | I I | I 37.42 ft |
I I ¥ 1 j I I
I | t | 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 | I I
| | | | I | | SCREEN LENGTH: | |
| I I I I I 14.26 ft I |
| | FILTER PACK | I | | | |
| | LENGTH: | b I | | |
I I 18.12 fr | I — | | | | I
I I I I I | I 4 | I
I | I I I I I 1 I I
I | I I I I I I I |
| | | | | | | BLANK LENGTH: | |
I | I I I I | 0.76 ft I I
I | I I I I I | I I
I | I I | 1 I ¥ ¥y |
I | I I I - |
| ¥ ¥ 1 ] |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
l |
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ATTACHMENT B

Background Water-Level Data and Hydrographs
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Time Time Time Time
minutes minutes minutes minutes

0 0 600 -0.05 1200 -0.06 1800 -0.08
10 -0.01 610 -0.05 1210 -0.07 1810 -0.08
20 -0.01 620 -0.05 1220 -0.07 1820 -0.08
30 -0.02 630 -0.05 1230 -0.07 1830 -0.08
40 -0.02 640 -0.05 1240 -0.06 1840 -0.07
50 -0.02 650 -0.05 1250 ~0.06 1850 -0.08
60 -0.03 660 -0.05 1260 -0.06 1860 -0.08
70 -0.03 670 -0.05 1270 -0.07 1870 -0.08
80 -0.03 680 -0.04 1280 -0.07 1880 -0.08
90 -0.03 690 -0.04 1290 -0.07 1890 -0.08
100 -0.03 700 -0.03 1300 -0.06 1900 -0.08
110 -0.03 710 -0.03 1310 -0.08 1910 -0.08
120 -0.03 720 -0.03 1320 -0.07 1920 -0.08
130 -0.03 730 -0.05 1330 -0.06 1930 -0.08
140 -0.03 740 -0.03 1340 -0.08 1940 -0.08
150 -0.03 750 -0.03 1350 -0.08 1950 -0.08
160 -0.03 760 -0.03 1360 -0.08 1960 -0.08
170 -0.03 770 -0.03 1370 -0.08 1970 -0.08
180 -0.04 780 -0.03 1380 -0.09 1980 -0.08
190 ~-0.04 790 -0.03 1390 -0.08 1990 -0.08
200 -0.03 800 -0.03 1400 -0.08 2000 -0.08
210 -0.04 810 -0.03 1410 -0.08 2010 -0.08
220 -0.04 820 -0.03 1420 -0.09 2020 -0.08
230 -0.04 830 -0.03 1430 -0.08 2030 -0.08
240 -0.04 840 -0.03 1440 -0.09 2040 -0.08
250 -0.04 850 -0.03 1450 -0.09 2050 -0.08
260 -0.04 860 -0.03 1460 -0.09 2060 -0.07
270 -0.04 870 -0.03 1470 -0.09 2070 -0.07
280 -0.04 880 -0.03 1480 -0.09 2080 -0.07
290 -0.05 890 ~0.03 1490 -0.09 2090 -0.06
300 ~-0.04 900 -0.03 1500 -0.09 2100 -0.07
310 -0.04 910 -0.03 1510 -0.09 2110 -0.06
320 -0.05 920 -0.03 1520 -0.09 2120 -0.06
330 -0.05 930 -0.03 1530 -0.09 2130 -0.06
340 ~-0.05 940 -0.03 1540 -0.08 2140 -0.06
350 -0.05 950 -0.03 1550 -0.08 2150 -0.06
360 -0.05 960 -0.03 1560 -0.08 2160 -0.06
370 -0.05 970 -0.05 1570 -0.08 2170 -0.06
380 -0.05 980 -0.03 1580 -0.08 2180 -0.06
390 -0.05 990 -0.04 1590 -0.08 2190 -0.06
400 -0.05 1000 -0.04 1600 -0.07 2200 -0.05
410 -0.05 1010 -0.05 1610 -0.07 2210 -0.05
420 -0.05 1020 -0.05 1620 -0.07 2220 -0.05
430 -0.05 1030 -0.05 1630 -0.07 2230 -0.06
440 -0.05 1040 -0.05 1640 -0.07 2240 -0.06
450 -0.05 1050 -0.05 1650 -0.07 2250 -0.06
460 -0.05 1060 -0.06 1660 -0.07 2260 -0.06
470 -0.05 1070 -0.05 1670 -0.07 2270 -0.06
480 -0.05 1080 ~-0.06 1680 -0.07 2280 -0.06
490 -0.05 1090 -0.06 1690 -0.07 2290 -0.05
500 -0.05 1100 -0.06 1700 -0.08 2300 -0.05
510 -0.05 1110 -0.06 1710 -0.07 2310 -0.05
520 -0.05 1120 -0.06 1720 -0.08 2320 -0.06
530 -0.05 1130 ~-0.05 1730 -0.08 2330 -0.05
540 -0.05 1140 -0.06 1740 -0.07 2340 -0.05
550 -0.05 1150 -0.06 1750 -0.08 2350 -0.06
560 -0.05 1160 -0.06 1760 -0.08 2360 -0.06
570 -0.05 1170 -0.06 1770 -0.07 2370 -0.06

580 -0.05 1180 -0.05 1780 -0.08

590 -0.05 1190 -0.06 1790 -0.08
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Time Time Time Time
minutes minutes minutes minutes
0 0 600 0 1200 -0.03 1800 ~0.01
10 0 610 -0.02 1210 -0.05 1810 -0.01
20 0 620 ~0.01 1220 -0.05 1820 -0.01
30 -0.01 630 -0.01 1230 -0.04 1830 -0.01
40 0.01 640 -0.01 1240 -0.04 1840 -0.01
50 0.01 650 -0.01 1250 -0.03 1850 -0.02
60 0 660 -0.01 1260 -0.03 1860 -0.01
70 0 670 -0.01 1270 -0.04 1870 -0.01
80 0 680 0 1280 -0.04 1880 -0.01
90 0 690 0 1290 -0.03 1890 -0.01
100 0 700 0 1300 -0.03 1900 -0.01
110 0 710 0 1310 -0.05 1910 -0.01
120 0 720 0 1320 -0.04 1920 -0.01
130 0 730 -0.01 1330 -0.03 1930 -0.01
140 0 740 0.02 1340 -0.05 1940 -0.01
150 0 750 0 1350 -0.05 1950 -0.01
160 0 760 0.01 1360 -0.05 1960 -0.02
170 0 770 0 1370 -0.05 1970 -0.01
180 0 780 0 1380 -0.05 1980 -0.01
190 0 790 0 1390 -0.05 1990 -0.01
200 0 800 0.01 1400 -0.05 2000 -0.01
210 0 810 0 1410 -0.05 2010 -0.01
220 0 820 0 1420 -0.05 2020 -0.01
230 0 830 0 1430 -0.05 2030 -0.01
240 0 840 0 1440 -0.05 2040 ~0.01
250 0 850 0 1450 -0.05 2050 ~-0.01
260 0 860 0 1460 -0.05 2060 ~-0.03
270 0 870 0 1470 -0.05 2070 -0.03
280 0 880 0 1480 -0.05 2080 ~-0.03
290 0 890 0 1490 -0.02 2090 -0.02
300 0 900 0 1500 -0.02 2100 -0.02
310 0 910 0 1510 -0.03 2110 -0.02
320 0 920 0 1520 -0.03 2120 -0.01
330 0 930 0 1530 -0.02 2130 -0.03
340 0 940 0 1540 -0.02 2140 ~-0.02
350 0 950 0 1550 -0.02 2150 -0.02
360 0 960 ~0.01 1560 -0.02 2160 -0.02
370 0 970 -0.02 1570 -0.01 2170 -0.02
380 0 980 0 1580 -0.01 2180 -0.01
390 0 990 -0.01 1590 -0.01 2190 -0.01
400 0 1000 0 1600 -0.01 2200 -0.01
410 0 1010 -0.02 1610 -0.01 2210 -0.01
420 0 1020 -0.02 1620 -0.01 2220 -0.01
430 0 1030 -0.03 1630 -0.01 2230 -0.01
440 0 1040 -0.02 1640 -0.01 2240 -0.01
450 0 1050 -0.01 1650 -0.01 2250 -0.01
460 0 1060 -0.05 1660 -0.01 2260 -0.02
470 0 1070 -0.01 1670 -0.01 2270 -0.02
480 0 1080 -0.03 1680 -0.01 2280 -0.02
430 0 1090 -0.03 1690 -0.01 2290 -0.01
500 0 1100 -0.03 1700 -0.01 2300 -0.01
510 0 1110 -0.03 1710 ~0.01 2310 -0.02
520 0 1120 -0.02 1720 -0.01 2320 -0.02
530 0 1130 -0.01 1730 -0.01 2330 -0.02
540 0 1140 -0.03 1740 -0.01 2340 -0.01
550 0 1150 -0.04 1750 -0.01 2350 -0.03
560 0 1160 -0.05 1760 -0.01 2360 -0.02
570 0 1170 -0.03 1770 -0.01 2370 ~0.02
580 0 1180 -0.02 1780 -0.02
530 0 1190 -0.03 1790 ~-0.02
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ATTACHMENT C

Hermit Collected Water-Level Data for
Pump and Recovery Tests
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Pumping well drawdown - Pump test

Time  Drawdown Time Drawdown Time Drawdown Time Drawdown
minutes - f.  minutes fl.  minutes ff.  minutes ft.
0.0000 0.58 5.5 3.65 110 3.94 660 4.05
0.0033 0.42 6.0 3.67 120 3.94 670 4.03
0.0066 0.50 6.5 3.67 130 3.95 680 4.05
0.0099 0.51 7.0 3.69 140 3.95 690 4.06
0.0133 0.54 7.5 3.70 150 3.95 700 4.05
0.0166 0.63 8.0 3.70 160 3.97 710 4.06
0.0200 0.63 8.5 an 170 3.97 720 4.05
0.0233 0.65 9.0 3.72 180 3.96 730 4.05
0.0266 0.68 9.5 3.72 190 3.98 740 4.06
0.0300 0.7 10 3.73 200 3.96 750 4.05
0.0333 0.75 12 3.75 210 3.97 760 4.05
0.0500 0.88 14 3.77 220 3.97 770 4.06
0.0666 0.98 16 3.78 230 3.98 780 4.06
0.0833 1.09 18 3.79 240 3.99 790 4,07
0.1000 1.17 20 3.81 250 3.98 800 4.07
0.1166 1.26 22 3.82 260 3.98 810 4.06
0.1333 1.34 24 3.82 270 3.98 820 4.06
0.1500 1.40 26 3.82 280 4.00 830 4.06
0.1666 1.47 28 3.84 290 3.99 840 4.07
0.1833 1.54 30 3.84 300 4.00 850 4.07
0.2000 1.59 32 3.85 310 4.01 860 4.07
0.2166 1.65 34 3.86 320 4.01 870 4.07
0.2333 1.70 36 3.86 330 4.01 880 4.07
0.2500 1.76 38 3.86 340 4.01 890 4.07
0.2666 1.82 40 3.86 350 4.01 900 4.08
0.2833 1.85 42 3.87 360 4.01 910 4.08
0.3000 1.90 44 3.86 370 4.01 920 4.08
0.3166 1.94 46 3.88 380 4.02 930 4.08
0.3333 1.99 48 3.87 390 4.02 940 4.08
0.4167 2.16 50 3.87 400 4.02 950 4.09
0.5000 230 52 3.88 410 4.03 960 4.13
0.5833 2.42 54 3.88 420 4.01 970 4.1
0.6667 2.50 56 3.88 430 4.02 980 4.09
0.7500 2.57 58 3.88 440 4.03 990 4.08
0.8333 2.62 60 3.89 450 4.03 1000 4.07
0.9167 2.69 62 3.88 460 4.04 1010 4.07
1.0000 2.74 64 3.88 470 4.03 1020 4.10
1.0833 2.80 66 3.88 480 4.03 1030 4.09
1.1667 2.85 68 3.89 490 4.04 1040 4.08
1.2500 2.91 70 3.89 500 4.04 1050 4.08
1.3333 2.96 72 3.89 510 4.03 1060 4.10
1.4166 3.01 74 3.89 520 4.05 1070 4.09
1.5000 3.05 76 3.90 530 4.05 1080 4.08
1.5833 3.10 78 3.91 540 4.03 1090 4.09
1.6667 3.14 80 3.89 550 4.05 1100 4.09
1.7500 3.17 82 3.91 560 4.04 1110 4.12
1.8333 3.20 84 3.91 570 4.04 1120 4.1
1.9167 3.24 86 3.91 580 4.05 1130 4.10
2.0 3.27 88 3N 590 4.05 1140 4.10
25 3.41 90 3.92 600 4.03 1150 4.10
3.0 3.50 92 3.92 610 4.04 1160 4.12
35 3.56 94 3.93 620 4.04 1170 4.10
4.0 3.59 96 3.93 630 4.04 1180 4.10

45 3.61 98 3.93 640 4.05 1190 4.09
5.0 3.64 100 3.93 650 4.03 1200 4.08

-l
fao
€
\Q
1]

F-37




Observation well drawdown - Pump test

- othe ¢
Time Drawdown Time Drawdown Time Drawdown Time Drawdown|
minutes ft. minutes ft. minutes ft. minutes ft.
0.0000 0.05 5.5 0.08 110 0.15 660 0.19
0.0033 0.04 6.0 0.08 120 0.14 670 0.18
0.0066 0.05 6.5 0.08 130 0.15 680 0.18
0.0099 0.04 7.0 0.08 140 0.15 690 0.19
0.0133 0.05 75 0.09 150 0.15 700 0.18
0.0166 0.03 8.0 0.09 160 0.17 710 0.18
0.0200 0.05 8.5 0.09 170 0.15 720 0.19
0.0233 0.04 9.0 0.08 180 0.15 730 0.19
0.0266 0.04 9.5 0.08 190 0.17 740 0.2
0.0300 0.05 10 0.08 200 0.15 750 0.19
0.0333 0.04 12 0.1 210 0.15 760 0.2
0.0500 0.05 14 0.1 220 0.16 770 0.19
0.0666 0.05 16 0.1 230 0.16 780 0.18
0.0833 0.04 18 0.1 240 0.17 790 0.22
0.1000 0.04 20 0.11 250 0.15 800 0.22
0.1166 0.04 22 0.12 260 0.16 810 0.22
0.1333 0.05 24 0.11 270 0.15 820 0.22
0.1500 0.04 26 0.11 280 0.15 830 0.22
0.1666 0.05 28 0.11 290 0.16 840 0.23
0.1833 0.05 30 0.13 300 0.16 850 0.23
0.2000 0.05 32 0.13 310 0.17 860 0.22
0.2166 0.05 34 0.12 320 0.16 870 0.23
0.2333 0.05 36 0.13 330 0.16 880 0.23
0.2500 0.05 38 0.12 340 0.15 890 0.23
0.2666 0.05 40 0.13 350 0.17 900 0.23
0.2833 0.05 42 0.13 360 0.17 910 0.23
0.3000 0.05 44 0.13 370 0.16 920 0.23
0.3166 0.05 46 0.13 380 0.15 930 0.23
0.3333 0.05 48 0.13 390 0.17 940 0.23
0.4167 0.05 50 0.13 400 0.17 950 0.25
0.5000 0.05 52 0.13 410 0.17 960 0.26
0.5833 0.05 54 0.13 420 0.16 970 0.25
0.6667 0.05 56 0.15 430 0.17 980 0.24
0.7500 0.05 58 0.13 440 0.15 990 0.25
0.8333 0.06 60 0.13 450 0.17 1000 0.24
0.9167 0.05 62 0.14 460 0.18 1010 0.24
1.0000 0.05 64 0.13 470 0.19 1020 0.25
1.0833 0.05 66 0.14 480 0.18 1030 0.24
1.1667 0.05 68 0.14 490 0.17 1040 0.25
1.2500 0.05 70 0.14 500 0.18 1050 0.24
1.3333 0.06 72 0.15 510 0.17 1060 0.25
1.4166 0.06 74 0.14 520 0.19 1070 0.25
1.5000 0.05 76 0.14 - 530 0.18 1080 0.25
1.5833 0.06 78 0.14 540 0.17 1090 0.25
1.6667 0.06 80 0.15 550 0.17 1100 0.25
1.7500 0.06 82 0.14 560 0.17 1110 0.26
1.8333 0.06 84 0.14 570 0.18 1120 0.25
1.9167 0.06 86 0.15 580 0.18 1130 0.25
2.0 0.06 88 0.15 590 0.18 1140 0.25
2.5 0.06 90 0.15 600 0.17 1150 0.25
3.0 0.06 92 0.15 610 0.18 1160 0.26
3.5 0.07 94 0.15 620 0.17 1170 0.26
4.0 0.06 96 0.15 630 0.17 1180 0.25
45 0.07 98 0.15 640 0.18 1190 0.25
5.0 0.07 100 0.17 650 0.18 1200 0.24
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Pumping well recovery test

Time Drawdown Time Drawdown Time Drawdown|
(minutes) (Ft) (minutes) (Ft) (minutes) (Ft)
0.0000 4.00 2.0 0.88 76 0.58
0.0033 4.01 25 0.84 78 0.58
0.0066 3.98 3.0 0.82 80 0.58
0.0099 3.95 3.5 0.80 82 0.58
0.0133 3.58 4.0 0.79 84 0.58
0.0166 3.84 45 0.77 86 0.58
0.0200 3.86 5.0 0.76 88 0.58
0.0233 3.81 55 0.75 90 0.58
0.0266 3.77 6.0 0.74 92 0.57
0.0300 3.74 6.5 0.73 94 0.57
0.0333 3.70 7.0 0.72 96 0.57
0.0500 3.56 75 0.72 98 0.57
0.0666 3.42 8.0 0.7 100 0.57
0.0833 3.31 8.5 0.70 110 0.56
0.1000 3.22 9.0 0.70 120 0.56
0.1166 3.17 9.5 0.70 130 0.56
0.1333 3.12 10 0.69 140 0.55
0.1500 3.08 12 0.68 150 0.55
0.1666 3.03 14 0.67 160 0.54
0.1833 2.98 16 0.66 170 0.54
0.2000 2.93 18 0.66 180 0.54
0.2166 2.88 20 0.65 190 0.54
0.2333 2.83 22 0.65 200 0.54
0.2500 2.78 24 0.64 210 0.53
0.2666 2.72 26 0.64 220 0.53
0.2833 2.67 28 0.63 230 0.53
0.3000 2.62 30 0.63 240 0.53
0.3166 2.56 32 0.63 250 0.53
0.3333 2.51 34 0.62 260 0.53
0.4167 2.24 36 0.62 270 0.52
0.5000 2.02 38 0.61 280 0.53
0.5833 1.85 40 0.61 290 0.52
0.6667 1.70 42 0.61 300 0.51
0.7500 1.56 44 0.61 310 0.53
0.8333 1.45 46 0.61 320 0.53
0.9167 1.35 48 0.60 330 0.51
1.0000 1.27 50 0.60 340 0.51
1.0833 1.20 52 0.60 350 0.52
1.1667 1.15 54 0.60 360 0.51
1.2500 1.10 56 0.60 370 0.51
1.3333 1.06 58 0.60 380 0.51
1.4166 1.03 60 0.59 390 0.51
1.5000 0.99 62 0.59 400 0.51
1.5833 0.96 64 0.59 410 0.51
1.6667 0.94 66 0.59 420 0.48
1.7500 0.92 68 0.59 430 0.49
1.8333 0.91 70 0.58 440 0.49
1.9167 0.89 72 0.58 450 0.49
74 0.58 460 0.49
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Observation well recovery test

Time Drawdown Time Drawdown Time Drawdown
(minutes) (ft.) (minutes) (ft.) (minutes) (ft.)
0.0000 0.24 2.0 0.23 76 0.19
0.0033 0.25 25 0.23 78 0.19
0.0066 0.24 3.0 0.23 80 0.19
0.0099 0.24 35 0.23 82 0.19
0.0133 0.25 4.0 0.23 84 0.19
0.0166 0.24 45 0.23 86 0.19
0.0200 0.24 5.0 0.23 88 0.19
0.0233 0.25 5.5 0.22 90 0.19
0.0266 0.24 6.0 0.23 92 0.19
0.0300 0.24 6.5 0.23 94 0.19
0.0333 0.25 7.0 0.23 96 0.18
0.0500 0.24 7.5 0.23 98 0.18
0.0666 0.24 8.0 0.23 100 0.18
0.0833 0.24 8.5 0.23 110 0.18
0.1000 0.24 9.0 0.23 120 0.17
0.1166 0.24 9.5 0.23 130 0.17
0.1333 0.24 10 0.23 140 0.17
0.1500 0.24 12 0.23 150 0.14
0.1666 0.24 14 0.23 160 0.13
0.1833 0.23 16 0.22 170 0.13
0.2000 0.23 18 0.22 180 0.13
10.2166 0.24 20 0.22 190 0.14
0.2333 0.24 22 0.22 200 0.13
0.2500 0.24 24 0.22 210 0.12
0.2666 0.23 26 0.22 220 0.12
0.2833 0.24 28 0.22 230 0.12
0.3000 0.24 30 0.21 240 0.12
0.3166 0.23 32 0.21 250 0.12
0.3333 0.24 34 0.2 260 0.13
0.4167 0.23 36 0.21 270 0.12
0.5000 0.23 38 0.2 280 0.15
0.5833 0.23 40 0.2 290 0.12
0.6667 0.23 42 0.2 300 0.1
0.7500 0.23 44 0.2 310 0.14
0.8333 0.23 46 0.2 320 0.14
0.9167 0.23 48 0.2 330 0.1
1.0000 0.23 50 0.2 340 0.1
1.0833 0.23 52 0.2 350 0.1
1.1667 0.23 54 0.2 360 0.12
1.2500 0.23 56 0.2 370 0.1
1.3333 0.23 58 0.2 380 0.11
1.4166 0.23 60 0.19 390 0.11
1.5000 0.23 62 0.2 400 0.12
1.5833 0.23 64 0.2 410 0.12
1.6667 0.23 66 0.2 420 0.09
1.7500 0.23 68 0.2 430 0.1
1.8333 0.23 70 0.19 440 0.11
1.9167 0.23 72 0.19 450 0.11
74 0.19 460 0.1
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ATTACHMENT D

Hand Monitored Water-Level Data and Hydrographs of the
Hand-Measured Water-level Data
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ADIAN
CORPORATION P / /
age of

AQUIFER TEST DATA

Owner L%ﬁ/é l‘—' Address Céj&/é A7 5 County State TX
Date Q/ \/"ﬂ¢ /??0 Measured DY _Q(l/d & ’r” 4 _{(fﬂ g/’v"’ /-
Well No. LF o4-02Z Distance trom pumping weli Type of test /9 e Vil Vs Test No.

Measuring equipment L{MJ /”/)7//0"5/ 1.«7/ E-/ine

Tlr7 Data Water Level Data Dlischarge Data
Pump on: Date &L /2/ Time €775 1y | stauc water level How Q measured
Pump off: Date /22 Time £377 (1) Measuring pont | Depth of pumpiair fine
Duration of aquifer test: ’ . Previous pumping? Yes No
) Elevation of measuring point
Pumping {i&__,_‘!_ Recovery 46’ 4 Ouration End
" Time | | | Time | |
Clock 1 Since | Water . Clock | Since Water !
Date Time Pump Oni Levei Remarka Date ! Time |(Pump On Level : Remarxs

621 0704 — | 26.27 ! |

oy 1179 126, 35

113251390 | 2636

15 1560 | 26 Y0

?204,; 17‘/] 26 Y/

192261875 | 20.49v

6l22 24091997 | 24.44

022911137 | 5¢ 45

|

1215 17200 1 2632 ypppiery .- | |
| , , ‘

|

SR IS

NS DU P SN (Y QU DI GUNN SIS S SEG N P RN U DI S
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CONPORATION

AQUIFER TEST DATA

Owner ML Address Cresw, L /?7‘ 5

oate __ 3/ "7;"*1& /990

Well No. LFoY- %

Distance from pumping well

County
Measured by S7eve  a ‘4, Sce# B ewu ™

State ; )<

> )
Type of test / bt/ £ddad ] Test No.

Measurnng equipment /’/amt/ eild 8104 r// w7 5’//4(

Time Data .
Pump on: Dateb 21/ Time 0775 t)

Pump off: Date MZé Timeﬂ_z_yl(t’)

Water Level Data
Static water ievel

How Q measured

Discharge Data

Measuring point Depth of pump/air line
Duration of aquifer test: Previous pumping? Yes No
Elevation of measuring point
Pumping _/_éQZ Recovery 6%_0._ Duration End
’ P time | [ Time |
Clock | Since | Water Clock | Since Water !
Date Time (Pump Oni Level Remarks Date Time {Pump Oni Level ' Remarks

0l 06! — | 1943

|

0900 I 75 | 18.%

|

1257|302 | V843

|

\/945 390 F8-/2

!/5*/5 Y50 /812

?w«s S0 | 19 M

19591729 | 1803

2203 |?53 2733

23591977 /8,0

6/zz 02191 Y109 1.5

11506 /o5 | 187
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ADIA W3 403

CORPORMUTION
Page /ﬁ ot .L_
AQUIFER TEST DATA
owner (ASU/IELL Address CKS Wl AFR County State _ 7 X
vate . Rl Seae 1990 Measured by Steve Far See? Blovr?™
Well No. L F 04/' ‘7’& Distance from pumping well _____ Type of test ﬂ”’,’// sl Test No.
Measuring equipment /’hl’j MNease l/// hz/ﬂ 5’///?
Time Data . Water Levei Data Discharge Data
Pump on: DateG - 2{_ Time P75 () | Static water level How Q measured
Lad . g . n
Pump off: Datem Time Q‘Q(t') Measuring point Depth of pump/air fine
Duration of aquifer test: Previous pumping? Yes _____ No
A Elevation of measurin n
Pumping /Z¢Z__ Recovery Yoo 9 PO Duration End
I Time | i [ Time !
Clock | Since | Water | Cloek | Since water i
Date : Time (Pump On| Lavel Remarks Date | Time {Pump On| Level : Remaris
Ga1toem2] — | 2140 1735l 5961 2775 |

lo745 ' — ] — (Stat Togt /80$ ] @202/ 46 |
logoo| «s | 2/ 40| 30l 095 |90 ve |
’0615 30 | .41 ‘ /90S| ugo| 21-Y¢
lossol 45 | 2p.47 | 1955|730 | 2046
logs | bo | 214 20591794 | 2116
0900125 | ory | 2200|855 | 0148
o030l sos | g4y 2357197221 0749 |
fvoo H;;: 2014/ ?o;//’//o(; 2147 |
030 L1065 | 2/ 72 !o;;ql it9Y | 21.49 |
oo | 195 1 Dfqa 1wy7 1682 2099 | reiecery

[
[
|

|

|

|

130 255 | 2042 l
|

|

|

! |
, |
|

|

|

|

|

|
zos | 2gs |2r. 93 |
| /230 385 | 2/ Y3 |
|

| /2551310 |27 97
330 1395 | 2799
|505 1380 | 2099 |
| rv3s [ 900 | 2).94 | |
|isio | 495 | o) vs | | |
I
|
|
|

syo (¢75 | 2-9 |
i/blb St | a2tys | f
1640 1535 | 2045 |
/05685 2045 ‘

11-88-30783



W3 404

CORPORATION Page_/_ot_L

AQUIFER TEST DATA -

Owner &lj a/Elé Address Cﬂsél/l%g COUHW State 77
Date O?/ \/V"’& /9 70 Measured by jf{ e /:;/0‘1 §07 7 &quf
weil No. £ FOY- YF Distance from pumping weil Type of test /‘/Q/’/’;/ Test No. B

Measuring equipment //M"/ M/@’l//ﬂ/ 7‘//;4 £E-Lrne

Time Data Water Level Data Discharge Data
Pump on: Datele =2/ Time %t) Static water level How Q measured
. - Y7 P_—
Pump off: Date é-2Z Timel3 7ty Measuring point Depth of pump/air line _
Duration of aquifer test: Previous pumping? Yes No
. 4 Elevation of measuring point
Pumping /202 Recovery %L Ouration End
[ Time | ! Time B
Clock | Since | Water ! Clock Since Water
Date Time Pump Oni| Level Remarks Date | Time (Pump Oni Levei Remarks

6/21 03001 — 127203 |
10904| 89 127,03
|/\3ﬂ 339 | @a7.02
7/700 S55 1 970/
izoo‘) 6412702
22171872 27.0v
2416 1991 | 29.0¢
0232 a7l 2707

|

ey

—_— R27.07

|
|
| | | |
| ; | | |
| |
|

11-88-30783
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CONPORMUNTION

Owner M Address

AQUIFER TEST DATA

Date °‘7/ \/Vn( /7 74

Wwell No.LFoy‘%

Measuring equipment

Distance from pumping wetl

//pm/— PG s v/e/

County

W3 A0S

Page / of /

T

State

Measured by SPeve ;4//!,‘, Seer?t Bleoa /'

Type of test ’(‘)'f’;ﬂ/n; /¢85 /~ Test No.

’Z‘//?zf E’//n/

T{me Data
Pump on: Date.b.[é/_ Time O7¥5

Pump off: Date Q& Time 03 /7t

Water Levei Data

Static water levei

Measuring point

Discharge Data
How Q measured

Depth of pump/air line

Duration of aquifer test: Previous pumping? Yes _____ No
Pumping %_ Recovery L‘ZQL Elevauon of measuring point Duration End
o | el et ' ciooe | e L v |
Date Time (Pump Onl Level Remarxs Date ! Time |Pump Oni Level Remarks
6/21 0653 — 1237 | | |
130¢| 3;9 1 23,74 | i
/650|545 | 23.2Y |
20071736 | 23.77 | | !
2209|849 | 23.7¢ | | |
G/2212406196) | 23.27 | |
(0222117 | 2378 | | |
/211 !/b 73‘ 23.76 | Veco very l |

|
!
|
|

— — —_——y 4 .}

F=47
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Page

AQUIFER TEST DATA

Owner [)Wﬁtl/f/é Address _ CAS bl S County State J X

Date 02/ )Z “n /77& Measured Dy j/(yt E/ﬂ / S’(,/’/ gA‘ vnf
' . —_—y

well No. & Foy- 44 Distance from pumping well ______ Type of test /?"wg 7 Test No.

Measuring equipment %"M/ /7/‘?) G'/(/( 1 H £’/fﬂe’

Time Data Water Level Data Discharge Data
Pump on: Oateé’_l_l_ Time M(l) Static water level How Q measured
. - ime 03774 it i
Pump oft: Datel "2 Z Time 43771 Measuring point Depth of pump/air line
Duration of aquifer test: Previous pumping? Yes ______ No
: Elevation of measuringpoint ____
Pumoing /208 Recovery fﬁ 4’0 Duration ______ _ End
Time ; ! Time
Clock « Since | Water . Clock | Since Water
Date Time :Pump On| Level Remarks Date ! Time |Pump On Levei Remaria

i
|

6/2) 0656 — | 129 | | ‘ |
7300 é?’.ﬁ’ I /7 /5 [Wa ’(/fl;'( greea l ‘

. ! 4
6YS | ST /276 ! t"‘a(ttfﬁ"’bﬂv) :

9581733 | 170y | |

22071862 | 42,7 | I

w22 w3 9768 ;2,5 |
o9 iy | 1749 |

HSY 1689 Yy Fecevery ! |

w./0 S—

11-pe ”"’183




AQUIFER TEST DATA

Ownerclﬁfsabfiéé Address C/ﬁs “/L

Date r;/ \/an /940

Well No. {o B

Distance trom pumping well

Measurea by

County

W 407

Page

State

{

ct

/

7T ox

Type of test pvm,ﬂ/ﬂ,r

Test No.

e e /""ﬂ/ﬂ."‘ S(:f/ 36;_‘,97“

Measunng equipment /'/il/h/ ”[;i.‘a’/’j 2/ ﬁ—//nd

Time Data -
Pump on: DateG_’:.J_' Time m_‘b_(t)
Pump oft: Date 6'22 Time 03:’1“’)

Water Level Data
Static water level

Measurning point

Oischarge Oata

How Q measured

Depth of pumprair line

Duration of aquifer test: Previous pumping? Yes No
Pumoing ZEL Recovery &‘_ Elevation of measurning point Duration End

Cock | meme | water ok | e |

Date Time Pump On| Lavel Remarks Date ¢ Time Pump Oni Lavel Remarks
62106580 — !3s.¢8 | | | |
i3 132¢ 12567 | | l i
es7 | 552 12507 ] |
2006 | 297 | 2567 | ] |
z2i5 1 Qip L2568 | | | |
243 | 965 12570 | | |
0229 127 257/ | | |
1200 1/701 1 257/ ' reco cerz | | | |

¥=-40Q

‘ 11-88 30783



RADIA 408
cCOmRPORATION Page ¢ of _ 1

AQUIFER TEST DATA
Qwner %M#\ddress Cﬂj{t’é z‘/’fB County State 7\7(

Date 6 -2 /’ qo Measured by SHeee Fam Vi Seert Blowa 7

Well No. 4F0§’ >’/

Distance from pumping well ___ Type of test / ‘-’*”",ﬁ/r;r Test No.

Measuring eauipment ”ﬁ*‘*j/ //4/6! v ’(0/ 4]// ﬁ'//h/

(-2
Time Data Water Level Data Discharge Data
Pump on: Dateg: Time 07‘75 t) Static water fevel How Q measured

Pump oft: Date b2 1ime 4377 () Depth of pump/air line

Measuring potnt

Quration of aquifer test: Previous pumping? Yes No
Elevation of measurning point -
Pumping /_2_2_2_. Recovery i’é_d__. Duration End
' Time | f [ Time | :
Clock ¢ Since | Water ' Clock | Since 1! Water
Date Time (Pump On| Levei Remarks Date | Time [Pump Ont Leve! Remarks

J

G- 06855 — | 2/ 95

|

| |
271322 21.89 |

|

|

6551550 | 21%9 |
20031738 | 2199 |

2213 1808 | 2190

S0 955 | 2192

6225 (11201 51.92

j202 1697 20,93 Leoctsy |

b

—
!

Fe—&n

|

11-88-30783
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Wa 417

ATTACHMENT E

WHIP™ Plots Used in Analysis
of Pump and Recovery Tests
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VREAW LW LFT)

TIME-DRAWDOWN FLOT FOR LFQ4-02

W3 443

1.E+04

1.E400 EE
=
r——'
%—
TEH L et ey
= el
- + 1 e
‘ i
» ! t 7 9
1.2-02 | i L
= 7 i
— A :
— / !
—_ /
— J
? !
1.3 j Co1on Loptriegs L1t tily TS RN [ BRI [N R
1.E=-22 1.E-M 1.E+00 1.E401 1LE+02 1.E+03
TIME {MINS}
Variables
Saturated thickness = 11.7 ft

Maxinum drawdown (pumping well) =
r = 50 ft
18.3 gpm
p well radius = 0.25 ft
ective casing radius = 0.7 ft

Q
P
E

Results

um
ff

3.5 £t

Transmissivity = 9771 ft?/day

Storage coefficient =

1.2 x 1072

(Results have Dupuit correction applied and have been optimized with seven
iterations by the Levenberg-Marquardt Minimization Algorithm) .

-,
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RESIOUAL DPAWDIN (FT)

T

13 420

1.E+04—

424 OBSERVATION WELL (LFQ4—-Q2) RECOVERY TEST
— -
(L2 =
=
— + A
E: t ff//
0.19 | " i
| P !
— 4 P i
= -
~ 7~
~ o — 7
i, bl '
- +
-~ 9_ -f ,v/b §
C.08 - §
— +/ i
L !
F £ |
oo 5
e !
[ !
L :
am T L1 1 NIRRT R RNy
1.E+00 1.E4+01 1.E+02Z 1.E+03
T / TPRIME
Results

Transmissivity = 8260 ft?/day
{Result has been optimized with seven iterations by the Levenberg-Marquardt
Minimization Algorithm).
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WEGUUAL DESWOOWS (FT)

Va3 421

&50 PUMPING WELL (LF04—Q3) RECOVERY TEST
=
275 O
— +
—
- L t
200
-
— +
TS0 +
e Jod :
- | " —— —
‘ i _—‘_J__'_’_~
| BT vecs NS INEINT I oLt SRR Nt SN IR EIT!
1.8=i10 1.E+M T E(2 1.E+{13 1E4 1.E=05 1. E+08
T / TPRIME

Windowed data (2,100, on T/TPrime plot used in analysis.

Results

Transmissivity = 9501 ft?/day

(Result has been optimized with seven iterations by the Levenberg-Marquardt

Minimization Algorithm).
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APPENDIX G

DPM Evaluation Worksheet for the
Flightline Area




Site identification: Flightline Area (Sites LF04, LF05, WPO7 and FT09)

SURFACE WATER PATHWAYS
Score Multiplier Product Max.

(circle (score x  score
Observed releases one) mult.)
1. Have contaminants been detected in surface water? o 100 1 100 100
1£ yes, assign score of 100 and proceed to item 10.
1f no, assign score of 0 and proceed to item 2.
Pathwav charascteristics
2. Distance to nearest surface water 0123 & ——— 12
3. Net pracipitation 0123 1 — 2
4. Surface erosion potential 0123 4 —_— 12
5. Rainfall intemsity 0123 4 ——— 12
. Surface permeability 0123 3 9
7. Sum of items 2 through 6 4“8
8. Normalized score (multiply item 7 x 100/48) PR
9. Flooding potential 0123 8 ——— 24
10. Adjusted pathways score
If item 1 is 100, enter 100, If item 1 is O, enter 00
sum of items 8 and 8. 1If sum exceeds 100, enter 100. 1
1.0
11. Waste containment effectiveness factor (Table 2)
' 100
12. Final score for surface water pathways (multiply item 10 x item 11) 0

COMMENTS ON SURFACE WATER PATHWAYS

Known surface water contamination
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Site identification: F]ljightline Area (Sites LF04, LF05, WPO7 and FTO09)

GROUNDWATER PATEWAYS

(circle (score x  score

Cbserved releases ane) malt.)
.3. Bave contaminants been detected in groundwater? 0 100 1 ,_199__ 100

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

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

waste Or contaminated zone 0122 9 e 27
1S. Permeability of the unsaturated zome 0122 5 ——— 15
16. Infiltration potential 0122 5 —_— 15
17. Sum of items l4 through 16 —_— 57
18. Normalized score (multiply item 17 x 100/57) am——
19. Potential for discrete features in the unsaturated

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

table 0122 5 15

20. Adjusted pathways score. I1f item 12 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)

FFF

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

COMMENTS ON GROUNDWATER PATHWAYS

Known ground-water contamination
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Site identificstien: Flightline Area (Sites LF04, LF05, WPO7 and FT09)

ZONTAMINANT HAZARD -- SURFACE WATER

-¢ contsminants have besn detected in surfsce 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 2§ through 32. Attach Hazard Worksheet or list
c{ contaminants., as sppropraiate.

Score Result Logarjthm
(circle (base 10)
one)
23. Sum of human health hazard quotisnts (from colum 10 of Bazard 2.9}(107 7.5
Worksheet)
24. Human bhealth hazard score 012 6@
25. Normalized human health hazard score (multiply item 24 x 100/6) 100
26. Sum of ecological hazard quotients (enter the larger of the sums of 9.97 1.0
column 11 or 12 of Hazard Worksheet)
2?7. Ecological hazard score 012
“56 50.0
28. Normalized scological hazard score (multiply item 27 x 100/6) e
29. Maximum human health hazard index 01234
567879 Cont.aminant :
30. Normalized human health hazard score (multiply item 29 x 100/9)
31. Maximan ecological hszard index 01246 Contaminant:
32. Nosrmalized ecological hazard score (multiply item 31 x 100/6) ev——

CONTAMINANT HAZARD -- GROUNDWATER

I£ contaminants have been detected in groundwater (score of 100 in item 13), complete items 33 through 38. .II contaminants
nave not been detected (score of 0 in item 13), complete items 38 through 42. Attach Hazard Worksheet or list of
contaminants, as appropriatse.

33. Sum of human health hazard quotients (from column 10 of Bazard 1 leoll 11.1
worksheet)
34, Human health hazard score 0124 {6)
v . ) 100
35. Normalized human heslth hazard score (multiply item 34 x 100/6) ——
36. Sum of ecological hazsrd quotients (enter the larger of the sums of 293.9 2.5
column 11 or 12 of Hazard Worksheet) :
37. Ecological hazard score 0123
. . . e 83.3
38. Normalized ecological hazard score (multiply item 37 x 100/6) er—
39. Maximum human health hazard index 012234
56789 Contaminant:
«J0. Normaljzed human health hazard score (multiply item 38 x 100/8) e
41. Maximum ecological hazard index 01246 Contaminant:

42. Normalized ecological hazard score (multiply item 41 x 100/6)
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Site identification: Flightline Area (Sites LF04, LF05, WP0O7 and FT09)
HUMAN HEALTH RECEPTORS -- SURFACE WATER PATEWAY
Score Multiplier Product Max.
(circle (score x
one) mult.)
43. Population that obtains drinking wster 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) 012 Q 3 __9__, 8
45. Population within 1000 £t (305 m) of the site 012 @ 1 _3____ 3
46. Distance to the nearest installation boundary 0123 1 3 __ >
47. Land use and/or zoning within 1 mile (1.6 km) of the site 012 @ 1 3 3
48. Sum of items 43 through 47 27 2
49. Final score for human health receptors on surface water pathways 100
(multiply item 48 x 100/27)
ECOLOGICAL RECEPTORS -~- SURFACE WATER PATHWAYS
0. Importance/sensitivity of biota/habitats in potentially affected 0 1@ 3 S _l‘_)____ 15
surface water bodies nearest the site
51. Presence of “critical enviromments"” within 1 mile (1.6 km) of the @ 3 1 0 3
site
52. Sum of items 50 and 51 ..lg__ 18
53. Final scors for ecological receptors on surface water pathways 55.6

(multiply item 52 x 100/18)

|

COMMENTS ON SURFACE WATER RECEPTURS

G-6
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Site identification: TFljghtline Area (Sites LF04, LF05, WP07 and FT09)
HUMAN HEALTE RECEPTORS -- GROUNDWATER PATBWAY
Score Mult L Product  Max.
(circle (score x score
one) malt.)
B 0
5¢. Estimated mean groundwater travel time fram current waste location to @1 23 9 27
nearest downgradient water supply well(s)
55. Estimated mean groundwater travel time from current waste location to 0 1@3 5 _}2__ 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 1/2/3 4 8 12
57. Population potentially at risk from groundwater contamination 06912 1 _2_7.__ 36
18
24 ) 36
58. Population within 1000 ft (305 m) of the site 012 é) 1 -3 3
9. Distance to the nearest installation boundary 0123 1 3 3
60. Sum of itmms 54 through 58 2 9
61. Final score for human health receptors on groundwater pathways 53.1
(multiply item 60 x 100/86) Pty
ECOLOGICAL RECEPTORS ~- GROUNDWATER PATHWAYS
62. Estimated mean groundwater travel time from current wasts location to 01 @ 3 3 __é___ 9
any downgradient habitat or natural aresa
63. Importance/sensitivity of downgradient biota/habitats that are 01 03 3 _6__ 9
confirmed or pected gr dwater discharge points
64. Presence of "c:itical environments” within 1 mile (1.6 km) of the é) 3 1 __(,)__ 3
site
12
65. Sum of items 62 through 64 ——— 21
66. Final score for ecological receptors on groundwater pathways _5_7_'_1_

(multiply item 65 x 100/21)

COMMENTS ON GROUNDWATER RECEPTCORS (attach additional pages 1f needed)

54. No downgradient wells.

55. Travel time 0.2 ft/day. 1,000 ft to surface water. 13.9 days.
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Site identificatien:F]ljghtline Area (Sites LF04, LFOS5, WPO7 and FT09)
SCORING SUMMARY SHEET
Contaminant
Pathways score hezard score Receptors score Overa score
67. Surfacs water/husan health scores ( 100 x lOQ x 100 ) /10,000 = 100 .
item 12 item 25/30 item 49
68. Surface water/ecological scores ( 100 x 59 x 85.6 ) /10,000 = 27 8
item 12 item 28/32 item 53
69. Groundwater/human health scores ( IQQ x Hm x 53.1 ) /10,000 = 53 1
item 22 item 35/40 item 61
70. Groundwater/ecological scores ( 100 x 83.3 « 57.1 » 10,000 = 47.6 —
item 22 item 38/42 item 66

OVERALL SITE SCORE:

71. (100 )215 + 27-8)2 + (53.1 )zxs + (47.6)2 - MG.GS

item 67 item 68 item 69 item 70

72. Overall site score = 67;136-653.464 - 19:381-25
item 71 -
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