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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, LFOS, 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,
iddresses these data gaps and presents a summary of the current understanding
of the hydrogeologic setting and Upper Zone ground-water characteristics of

:he Flightline Area.

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

eXisting contamination sources. A comprehensive sampling of all Upper Zone

1-1
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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 LFO8 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. 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 LFO4, LFO5, WPO7 and FTO9 are
described in terms of their physical features, historical uses, and the

significant hydrogeologic findings from previous investigations performed in

che Flightline Area. Historical descriptions of these sites and the wastes

1-2

12



Weapons

BENBROOK
RESERVOIR

Lubbock
L ]

Fort Worthee Dallas

TEXAS

Austin
L]

Houston
L

Sane
Antonio

. ’Corpus

&Christi

Aws? 13

NORTH

MILES

C1503

Figure 1-1. Regional Setting of Carswell AFB, Texas



S 14

AR FORCE

:

7

1000 2000

Landfill 3
Landfill 4
Landfill §
Waste Burial Area

Fire Department Training Area 1
Fire Department Training Area 2

ARDIA

CORPORATYIONM

810088

Figure 1-2. Location of Six Sites Included in the Flightline Area,

Carswell AFB, Texas

1-4



S9

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 - lLandfill 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
rerm 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.
‘lightline wastes typically include such substances as oils, thinners,
strippers, and paints. Waste materials in the landfill were burned regularly

ind buried.

7.2.3 Site WPO7 - Waste Burial Area

Site WPO7 is located adjacent to and north of White Settlement Road
here 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
f cleaning solvents, leaded sludge, and possibly ordnance were reportedly

disposed of at this site.

1L.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

1-5
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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, 1990) to fill
data gaps remaining after the initial Phase II Stage 2 effort (Radian, 1989).

Most notably, further characterization efforts included:

° Source definition;

. Determination of surface water - ground water relationships;

'y Definition of vertical and lateral extent of contamination:
and

. Estimation of Upper Zone Aquifer hydraulic properties.

lith information obtained from the additional Phase I1 Stage 2 activities,
more complete characterization of contaminant source(s), surface water,

,eology, and ground water in the Flightline Area was achieved.

The following paragraphs summarize the activities performed
throughout the Phase II IRP to characterize the contaminant sources and
nvironmental media of concern in the Flightline Area af Carswell AFB. All
~-leld and analytical data from these investigations are contained in the

various reports, including the Phase I investigation (CH2M Hill, 1984), the

1-6
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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:

tasks:

1.3.2

Area are:

. 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

. 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

o 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.

Surface Water Characterization

The major surface water features associated with the Flightline

1-7
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water features:

1.

3.

3

59

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

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.

Geologic Characterization

The objectives of the geologic characterization activities per-

lormed 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;

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.

1-8
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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:
& aq prop
. 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

ronditions in the Flightline Area:

. Test well installation in both the Upper Zone and Paluxy
Aquifers;

° Sampling and describing the sediments that contain the ground
water;

1-9
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] 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, 1988), the Flightline Area of Carswell AFB is characterized by
surficial alluvial deposits of gravel, sand, silt and clay which are unconfor-
mably 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
chan 40 feet thick. In general, silt and clay, with variable amounts of sand
and gravel, dominate the upper five to EEQ] feet of the section. Below this
lepth, sand and gravel occur in increasing proportions, and in general, tend
to %ncrease in grain size with depth. Basal gravel deposits also occur in
raleochannel features eroded into the surface of the underlying bedrock. The
gravel consists mainly of limestone and shell fragments that range in size

“rom fine gravel to cobbles.

1-10
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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 FTO9
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
eneath the Flightline Area. The potentiometric surface of ground water in
the Upper Zone tends to mirror the configuration of the alluvium/bedrock
:ontact. The position of the water table also reflects to a lesser degree the
land surface topography. Downgradient is generally to the east toward a
ributary 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

teeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone

contamination by several volatile organic compounds, most notably TCE at con-
entrations ranging up to approximately 5000 micrograms per liter (ug/L).
Soil samples from the Flightline Area also contained detectable concentrations
f 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
zarly 3300 pg/L were also detected in samples froﬁ wells located upgradient

£ Landfill 5, within 900 feet of the flightline. No contaminants were

detected in the Paluxy Aquifer monitor wells.

1-11
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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
ICE plume in the Flightline Area was not completely defined upgradient (west)
or downgradient (north and east) of the flightline IRP sites. Based on the
zenerally west-to-east shallow ground-water flow direction, the existence of
ICE 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
che 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

che 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
“one 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
‘ontamination; 3) define the maximum lateral, downgradient, and vertical
extent of the contaminant plume on Carswell AFB; and 4) define the site-
pecific hydrogeological characteristics of the Upper Zone in the Flightline
Area in sufficient detail to design and implement an appropriate remedial

ction.
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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
vith respect to the contaminant source, surface water, geological, and ground-
vater 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

sjection 5 addresses contaminant fate and transport.

1-13
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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.

2-1
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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 recovéry 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 (1985) with a Gardner-Denver 1500 CD truck-mounted rig. A 6-inch
>it 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
-imestone. 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
nstalled 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
tiameter bit to the final depth at the shale unit ;eparating the upper and

-ower Paluxy Formation. Bentonite drilling fluid was used while drilling in

2-2
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the Paluxy Formation owing to borehole instability during air rotary opera-

tions.

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 LFO03, LFO4, LFO5, WPO7, FTO8, and FTO9 using two devices: the
Seonics 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
>rovided by the EM34-3 depends on the coil separation and orientation, applied
frequency, and to some extent, the conductivity profile of the subsurface.

‘he techniques and conditions at Carswell AFB resulted in an effective
investigation depth of 50 feet with the EM34-3. The resulting data are

veported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500
roton magnetometer or a Geometrics G856AX magnetometer. Magnetometer surveys
were performed because the over-burden at Carswell has a low magnetic suscep-
ibility; the buried objects were believed to contain a significant amount of
iron that would create a noticeable magnetic anomaly. Readings of the total
“"ield and magnetic gradient were taken at each location. The units for these
.eadings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of WPO7 during Phase II Stage 2 activities was

2-6
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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
nonitor 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
oentonite were made in the field by the Radian Supervising Geologist based on
the static water level and saturated thickness of Upper Zone sediments.

fonitor wells were installed using the following procedures:
1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.

2-7
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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: Two feet (minimum) of pelletized bentonite placed above
the sand pack.

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

Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a-solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in 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 1lid 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
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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 LFO04-4F

and -4H, and LF05-5F, -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 1id 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 1id 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. lA) 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
co 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 éteel
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
aours, the Upper Zone wells were developed by either bailing using a bottom-
antry bailer or pumping with a Triloc® hand pump (l.7-inch diameter). As

sreviously 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
rater and were developed in a single effort, without a recovery period.
Development was considered complete when the water in the well was relatively

‘ediment free, or pH, temperature and conductivity had stabilized. 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 II
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
iliquot of each sample. Specific conductance and pH were measured with a
DSPH-1 meter and the temperature was taken with a mercury thermometer.
\lkalinity measurements were made in the field using a Hach Alkalinity Test
Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-
tents, the pH meter was calibrated with pH &4, 7, a;d lO standard solutions and
che conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

YCl conductivity standard solution.
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2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of
he 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
cead to the nearest 0.0l-foot. Between measurements, the probe and associated
electrical line were washed with laboratory grade detergent, rinsed with
>otable 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
7ater were bailed from the well using a bottom-entry Teflon™ bailer attached
co a nylon monofilament line. This procedure ensured that representative
formation water was collected. Purged water was placed in 55-gallon drums for
‘inal disposal pending the outcome of chemical analyses (provided to the Base
Environmental Coordinator). Between wells, all equipment used for bailing
perations was cleaned with laboratory grade detergent (Alconox), rinsed with
potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-
rade methanol, and finally pesticide-grade hexane. The equipment was allowed
to air dry completely before reuse. The nylon line was replaced between

ells.

Specific conductance, pH, temperature, and alkalinity were deter-
ined 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-

ater samples were collected using a Teflon bailer. After collection, samples

were placed directly into prelabeled sample bottles and preserved according to
he 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

nd were shipped for overnight delivery to Radian’s laboratories in Sacramen-

.o, 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 (LF04-4A, -4B, -4D,
-4E, -4G, LF05-5A, -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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pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic
data logger, capable of measuring and recording pressure changes on a log-
arithmic frequency, beginning every 0.2 seconds in the first few seconds of
the test. Before introducing the slug, the water level in the well was
allowed to return to static conditions. Then, as the slug was rapidly poured
in the well, the data recorder was activated to measure the response of the
water level. At least two slug tests were 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.O. 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. A 2-inch diameter observation well (LF04-02) was also installed.
The location of this observation well is about 50 feet north of the pumping
well. The observation well 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 establish the optimum pumping rate. A step test is used to assess aquifer

response at multiple incremental pumping rates to determine the optimum
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pumping rate for the aquifer test. The optimum pumping rate for the Flight-
line Area pumping test was determined to be the full capacity of the submer-
sible 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. Maﬁ@al 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,
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conductivity, temperature and the visual characteristics of the discharge

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 air (headspace) was 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. Comparison of the pre-aeration and post-aeration volatile
organic concentrations 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 aquif;f 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 + 0.0l 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 envirommental 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 10™* cm/sec.

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 (%TOB).
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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. 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 Site 12 (FT09), and 3) the eastern edge of the Flight-
line Area (see sample location LF05-07, Figure 3-1). Southwest of Landfill 4
(LFO4), the stream 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 contaminants 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 communication is provided in Section 4 of this report

(Nature and Extent of Contamination).

Estimates of flow volume in Farmers Branch and the small tributary
were made. Flow volumes were calculated by measuring the width and average
depth of the stream(s), and 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 6.0 cubic
feet/second (cfs) for the four locations on Farmers Branch and 0.2 cfs for the
small tributary to Farmers Branch. Water in the t;o ponds appeared stagnant

at the time of sampling. Observed flow in Farmers Branch during field
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activities was extremely variable, 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, Incj; 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. 1In 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 (FT08) and 2 (FT09). 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 fiéking, 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 contains 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 3-2), 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

Beneath 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 %ine-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
LF04-4A 624.6 18.0 606.6 11.0
LF04-4B 618.4 17.5 600.9 10.0
LF04-4C 610.9 29.0 581.9 23.0
LF04-4D 613.1 29.0 584.1 25.0
LFO4-4E 617.5 33.5 584.0 28.0
LF04-4F 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
LF05-5A 619.4 31.0 588.4 13.5
LF05-5B 597.4 8.0 589.4 3.0
LFO05-5C 606.8 21.0 585.8 16.0
LF05-5D 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
LF05-5H 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
LF05-07 588.0 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

1D (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF05-10 623.9 36.0 587.9 12.0
LFO05-11 597.6 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
LF05-14 603.2 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
LF05-17 606.5 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
WP07-10A 624 .2 >39.0 <585.2 26.5
WP0O7-10B 621.1 33.0 588.1 27.0
WP07-10C 615.4 31.0 584 .4 20.0
WP07-10D 623.3 >29.0 <594 .3 >13.0
WP07-10E 622.5 >29.0 <593.5 >17.0
WP07-10F 621.5 >29.0 <592.5 >20.0
FT08-11A 604 .8 13.5 591.3 9.5
FT08-11B 603.8 14.0 589.8 11.0
FT09-124 632.0 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
FT09-121 629.2 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

3-9
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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
(LFOS) 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 LF05-15 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 LFO5-15 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 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 FTO9-12A>(B-B') is also reflected

3-13
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on this cross-section at location LFO4-4A. 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 LFO4-4B, like LF04-4A (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 1s 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 LFO04-10 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 eof LF05-19, rather than parallel to the depositional

trend, as might be expected.

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
Walnut Formations; 3) an aquifer in the Paluxy Sané; 4) an aquitard of

relatively impermeable limestone in the Glen Rose Formation; and 5) a major

3-17
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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 Phase II Stage 2 (June, 1990)
synoptic water-level survey. Figure 3-12 contains the resulting potentio-
metric surface map of the Upper Zone Aquifer. Ground-water flow in the Upper
Zone 1s 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
(vhich 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
the Flightline Area, being generally northeastward: intercepts Farmers Branch

in the northern and northeastern portion of the Flightline Area site. The
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Approximate Elevation,

Hydrogeoiogic Units M.':e:gmﬂ Geologic Units

700 r-
Upper Zone 600 - W4 Alluvium
. ‘ Goodland Limestone
Goodland/Wainut Aquitard Walnut F Ny
alnut Formation
500 p=-
Paluxy Aquifer Paluxy Formation
400 —
300 - e
Glen Rose Aquitard 200 — E== — Glen Rose Formation
i S Legend:
100 ——r—
@ ]  Alluvium
E Limestone
°r Sandstone
Twin Mountains Aquifer Twin Mountains Formation
-100 +—

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 26.23 587 .45
LF04-03 1735 623.25 25.67 597.58
LF04-04 1756 612.07 16.75 585.32
LF04-10 1801 626.54 30.49 596.05
LFO4-4A 1813 625.76 10.48 615.28
LF04-4B 1818 619.90 18.27 601 .63
LF04-4C 1809 613.04 16.42 586.62
LF04-4D 1749 615.35 18.06 587.29
LFO4-4E 1746 618.54 21.35 597.19
LFO4-4F 1731 625.36 26.96 598.40
LF04-4G 1740 620.02 23.69 5986.33
LFO4-4H 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
LFO05-14 1700 602.98 8.84 5984 .14
LF05-18 1834 611.84 17.73 594.11
LF05-19 1650 606.08 12.54 583 .54
LF05-5A 1618 623.18 22.67 600.51
LF05-5B 1708 600.45 3.73 586.72
LF05-5C 1627 608.68 9.56 589.12
LF05-5D 1624 611.71 10.98 600.73
LFO5-5E 1615 626.89 26.60 600.29
LFO5-5F 1721 618.95 21.83 587.12
LF05-5G 1714 615.39 19.31 5986 .08
LFO5-5H 1711 610.62 14.54 596.08
FT09-12A 1557 635.66 17.10 618.56
FT09-12B 1603 627 .55 28.38 589.17
FT09-12C 1601 628.05 29.23 598.82
FT09-12D 1611 627.45 28.13 589 .32
FT09-12E 1606 627.48 28 .68 598.80
FT08-11A 1634 608 .22 11.23 596.99
FTO8-11B 1630 608 .14 8.63 599.51
WP07-10A 1620 626.70 26.68 600.02
WP07-10B 1728 624,46 _25.63 5988.83
WP07-10C 1726 617.24 18.59 588.65
Staff Gage 1840 579 .44 0.57 579.01

(1.0 ft mark on gage) (water reading on gage)
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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
tests (slug tests). These tests were performed as described in Section 2.2.5,

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

3-26



S9 71

The calculated hydraulic conductivity values ranged from 7.98 x 1073
cm/sec (22.6 ft/day) at well LFO4-4D to 4.1 x 10™* cm/sec (1.2 ft/day) 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 FTO-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. 1In 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 Jacob-Cooper
method. In 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 (Jacob-Cooper)
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. The
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equations used in the Jacob-Cooper 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.

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 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 (LF04-02) 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 (Freeée 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 testing. 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. 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 formation,
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, reachiné 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 formation 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 11 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. 1In 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 Summary of QA/QC

Carswell AFB ground water and surface water may be characterized by
the primary data set generated from samples collected during April and May
1990. QA/QC results indicate this primary data set was generated under
controlled analytical conditions. However, chemical concentrations should be
qualified during site interpretation to incorporate uncertainty in terms of
both measurement error and environmental variability. Qualifications to the

data include:

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

are presented with specific analytes.

EPA 601 - tetrachloroethene  0.17 ug/L,
trichloroethene 1.3 pg/L,
EPA 325.3 - chloride 1.5 mg/L,
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SW6010 - aluminum 0.53 mg/L,
beryllium 0.0023 mg/L,
coppexr 0.053 mg/L,
nickel 0.021 mg/L,
silver 0.051 mg/L,
strontium 0.0047 mg/L,
vanadium 0.025 mg/L,
zinc 0.044 mg/L,

EPA 365.2 orthophosphate 0.012 mg/L,

SW7421 lead 0.0099 mg/L.

. Field blanks indicated a potential for false-positive results

due to field contamination. Generally, field blanks contained
very low level concentrations for common organics and inoxr-
ganics. Natural sample results near laboratory and field
blank concentrations may be considered false-positive results
due to incomplete decontamination of sampling equipment oxr

air-borne contamination.

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

increases near detection limits even though absolute variab-

ility is very small.

The results of the recent ground-water sampling effort are dis-

cussed in the following subsections.
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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. Seveﬁ 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 4-1. 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. 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 proposed MCLs; these included tetrachloroethene and

cis-1,2-dichloroethene.

Four inorganic compounds exceeded federal 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. Iron and manganese were
detected in numerous wells exceeding EPA Maximum Containment Level Goals
(MCLGs). Other metals, such as calcium and silicon were common in ground-

water samples.

4-3
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TABLE 4-1. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,

FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Heavy Metals

Non-Metals

,1,1-Trichloroethane
,2,2-Tetrachloroethane
,2-Trichloroethane
-Dichloroethane
-Dichloroethene

1,1
1,1
1,1
1,1
1,1
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloropropane
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2-Chloroethylvinyl ether
Bromodichloromethane
Bromoform

Bromome thane

Carbon tetrachloride
Chlorobenzene
Chloroethane

Chloroform

Chloromethane
Dibromochloromethane
Methylene chloride
Tetrachloroethene
Trichloroethene
Trichlorofluoromethane
Vinyl chloride
cis-1,2-Dichloroethene
cis-1,3-Dichloropropene
trans-1,2-Dichloroethene
trans-1,3-Dichloropropene

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

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

Chloride

Fluoride

Nitrate as N

Orthophosphate

Sulfate

Total Dissolved
Solids
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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 4-2 summarizes the findings of the laboratory analyses for
organic constituents in Flightline Area monitor wells, with respect to federal
drinking water standards. TCE exceeded the MCL in 27 of the 35 wells sampled.

Vinyl chloride exceeded federal MCLs in seven wells.

Tetrachloroethene (PCE) was detected in a total of six wells,
exceeded proposed MCLs in three wells. Proposed MCLs were exceeded by cis-
1,2-dichloroethene in 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 proposed MCL (100 ug/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 Areé.
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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 reaches
maximum levels in monitor wells LF04-4G and LF04-02, with detected values of
4400 and 4000 micrograms per liter (pg/L), respectively. The defined TCE
plume has an aerial extent of approximately 50 acres, with the majority of the
contamination underlying the base golf course. The limits of the plume are
fairly well defined, except in the extreme eastern and western portions of the
Flightline Area. In the west, a concentration of 2700 pg/L was detected in
monitor well LF05-01, with no accompanying downgradient well analyses to
tightly enclose the downgradient contours. Therefore, the limit of the TCE
plume extends west beyond this well. A detection of 1200 pg/L TCE in monitor
well LFO5-5E, located hydraulically upgradient of Landfill 5, prevents the
precise definition of the TCE plume in that upgradient edge. Evidence of
"black staining” at 39.5 feet in the log of borehole LF05-15 may be further
evidence of the upgradient extension of TCE contamination. The TCE plume
appears to intersect Farmers Branch (Figure 4-1) in the northeastern portion

of the Flightline Area,

Figure 4-3 is an 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 paleo-
channels filled with basal sands and gravels. When compared to the isocon-
centration 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.

4-8
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The center of the TCE plume appears to be bimodal and is located
hydraulically downgradient from Landfill 4, with TCE concentrations above 3000
p#g/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. It is apparent
when comparing the plume shape and locations in the April, 1988 isoconcen-
tration map with that of the Spring, 1990 map that the plume has migrated in
an easterly, hydraulically downgradient direction. In addition, the maximum
concentration observed between the two sampling efforts has decreased, from
6400 pg/L in April 1988 to 4400 upg/L in the most recent analysis. The sig-
nificance of this decrease with respect to the fate and transport of the
contaminants in the ground water will be discussed in Section 5.0 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. It is understood
that continued monitoring of the wells in the Flightline Area will be neces-

sary to confirm 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
types of waste material believed to be present at Landfills 4 and 5 (LFO4 and
LFOS) are consistent with the types and amounts of contamination observed in
downgradient wells. 1In addition, it is reasonable to assume that infiltration
of flammable solvents associated with the fire training activities at site
FTO9 has contributed to the presence of contamination in the Upper Zone.
Repeated evidence of TCE contamination in monitor wells located hydraulically
upgradient of these sites suggests an additional upgradient source. Sig-
nificant concentrations of TCE detected in monitor wells LF05-SE and LF05-S5SA
(1300 pg/L and 1200 ug/L), which are upgradient to LFOS, strongly supports the
assumption that a source exists upgradient of the known disposal areas in the

vicinity of the flightline.

4-11
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Air Force Plant &4 has been suggested in past reports as the prob-
able upgradient source, but limited borehole and analytical data in the
western and northwestern Flightline Area preclude this conclusion being drawn
definitively. A TCE concentration of 2700 pg/L in monitor well LF05-01, in
the extreme northwestern portion of the Flightline Area site (Figure 4-2)
indicates a significant source to the northwest. Further evidence supporting
this conclusion is the contamination detected around site FT08. Monitor well
FT08-11B was found to contain 35 pg/L TCE. While this well is downgradient to
the site, no contamination was detected in previous sampling efforts, and the

site was not considered to be a contributor to the main TCE plume.

Contamination in the subsurface associated with FT09 was not
considered to be part of the primary TCE plume in the RI/FS Stage 2 Report.
Evidence cited included the lack of ground water in boreholes beneath the site
and ground-water contamination being limited to monitor wells which might
receive runoff from the site. During the most recent investigation, TCE con-
tamination was detected in each of the three wells at the site. This, coupled
with the fact that multiple sources have been recognized as contributors to
the main TCE plume, suggest that the contamination detected at FT09 may be
logically included in the principal TCE plume for the purpose of this report.
As with other sites, the contamination present may have resulted from ac-

tivities conducted at the site, or may be from an upgradient source.

Vinyl Chloride

With respect to EPA primary standards for drinking water, vinyl
chloride was the second most dominant contaminant present in the Flightline
Area, exceeding EPA limits (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 as-

sociated with Landfill 5 (LFO05).

4-13
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Each of the wells in the main plume in which the vinyl chloride was
detected is immediately hydraulically downgradient of LFO5. The maximum
concentration of vinyl chloride detected in the Flightline Area was 170 pg/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 LFO5 contained vinyl chloride, suggesting

LFO5 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 ug/L, which is a higher con-
centration than was detected in the April 1988 sampling, in which 3.8 ug/L was
detected. This is the only well downgradient from LFO4 in which vinyl
chloride has been detected. Vinyl chloride was also detected in LF05-01 (100
pg/L), again suggesting a contaminant source upgradient 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 will be discussed in Section 5.0.

Tetrachloroethene

The presence of tetrachloroethene (PCE) was confirmed in six
monitor wells in the Flightline Area. The EPA PMCL of 5.0 pg/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 4-3 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.
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TABLE 4-3. SUMMARY OF RESULTS FOR GROUND-WATER SAMPLES WITH
CONFIRMED DETECTED CONCENTRATIONS OF TETRA-
CHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number Tetrachloroethene Concentration (pg/L)
LFO4-4C 3.1
LF05-02 0.55
LF05-19 17.0
FT09-12B 30.0
FT09-12C 8.1
FTO9-12E 0.82

4-16
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Two of the three wells found to exceed federal standards for PCE
were in Site FT09 (FT09-12B and FT09-12C). FT09-12B had the highest confirmed
level of PCE at 30 upg/L. PCE was not detected at this site during the April,
1988 sampling event. Since PCE can be a sister product of TCE, it is believed
the appearance of PCE is related to the TCE plume. Therefore, for the purpose
of this report, the PCE contamination detected in the Flightline Area will be
treated in conjunction with the TCE plume. It is possible that the presence
of PCE in the Flightline Area is more pervasive than what is depicted by the
confirmed results. Unconfirmed (second column) PCE results of up to 1300 pg/L
were reported in ten wells, eight of which were in levels exceeding proposed

EPA standards.

Total-1,2-Dichloroethene

Cis-1,2-dichloroethene (cis-1,2-DCE) was confirmed in thirty
monitor wells in the Flightline Area, with concentrations ranging from 0.37
pg/L to 730 pug/L. Trans-1,2-dichloroethene (trans-1,2-DCE) was confirmed in
six wells, with concentrations ranging from 0.72 to 44.0 pg/L. Trans-1,2-DCE
was detected only in wells in which cis-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 LFO4 and LFO5, 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 pg/L. This level of contamination,
coupled with multiple confirmed detections of 1,2-DCE in wells immediately
upgradient from sites LFO4 and LF05, strongly support the presence of an

upgradient contamination source. A confirmed detection of 540 pg/L of 1,2-DCE
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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 detected in the ground
water in the Flightline Area (Table 4-2). These include the detection of
1,1,1-trichloroethane, 1,1-dichloroethane, 1,1-dichloroethene, 1,4 dichloro-
benzene, chlorobenzene, chloroethane, and methylene chloride. None of these

compounds were detected in levels exceeding current EPA standards.

The presence of methylene chloride was confirmed in two wells,
LF05-5A and LF05-5C, at 64.0 and 90.0 ug/L, respectively. As in the case of
PCE, numerous monitor wells had unconfirmed levels of methylene chloride
detected. Unconfirmed concentrations ranging from 0.66 ug/L to 120.0 pg/L
were detected in eight wells. Based upon the number of unconfirmed detections
and the significant concentration of methylene chloride attained, it is
conceivable that methylene chloride might be more prevalent than depicted on

the basis of confirmed results only.

4.2.1.2 Inorganic Ground-Water Constituents

Four inorganic constituents, arsenic, mercury, chromium and lead,
identified in the shallow Flightline Area ground water were found in excess of
EPA MCLs. 1In addition, iron and manganese were found in concentrations that
exceed EPA Maximum Contaminant Level Goals (MCLGs). Numerous other non-
contaminant metals and inorganic ions were also detected in the ground water.
Following is a discussion of inorganic contaminants detected in the shallow

ground water of the Flightline Area.

4.2.1.3 Heavy Metals

Arsenic and mercury were each detected above MCL values in single

monitor wells in the Flightline Area. Table 4-4 shows the metals detected for

4-19
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which federal standards have been exceeded. As is evident from the table,
arsenic, with an MCL of 0.05 milligrams per liter (mg/L), narrowly exceeded
the limit (by 0.003 mg/L) in the well in which it was detected (LF05-02).
Mercury exceeded federal standards by 0.0042 mg/L in FT09-12D. Arsenic was
detected in concentrations above the MCL in eight monitor wells in the
Flightline Area during the April 1988 sampling, mercury was not detected in

this previous sampling.

Lead was found to exceed the federal standard of 0.05 mg/L in two
monitor wells in the Spring 1990 sampling effort, as compared with detections
exceeding MCLs in eight wells in the April 1988 sampling. Chromium exceeded
the federal MCL of 0.05 in three wells in the Spring 1990 sampling, as
compared with twelve in 1988. No two heavy metals were found above estab-
lished MCLs in the same well. The lead contamination detected in monitor
wells LF05-01 and LF05-14 exceeded federal standards by a maximum of 0.021
mg/L. Chromium was detected at a maximum of 0.15 mg/L above federal standards

in monitor well FTO8-11A.

Figure 4-7 depicts the locations of the seven wells in which MCLs
for metals were exceeded. The random nature of the occurrence of the con-
taminants makes delineation of a specific source difficult. Multiple sources
are possible for the metal concentrations as in the case of the organic
contamination. In general, the metal concentrations detected in Flightline
Area wells were down considerably from previous sampling events. Heavy metals
such as cadmium and barium, detected in several wells at levels exceeding MCLs
in the April 1988 sampling event, were not detected at levels exceeding

federal standards in any wells in the Spring 1990 sampling effort.

As stated above, no two metals were detected in excess of federal
standards in the same well. In addition, in each case where the federal
standard was exceeded, the metal contamination indicated was from the 'Total’
metal laboratory analysis and not the ‘Dissolved’ metal analysis. Total metal
analyses are performed on unfiltered samples and as such may yield elevated

metal results. Fine suspended material in the unfiltered sample can break
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down during sample acidification and may release ions into the fluid medium.
The dissolved metal analysis, performed on field-filtered samples, are
considered more representative of the actual ground-water chemistry. In light
of this, there is no evidence to support the existence of metal contamination
in the Flightline Area at this time. In addition, the fact that a dissolved
metal analysis was not performed during earlier sampling efforts, suggests
that the previous data on metal contamination in the Flightline Area are

inconclusive.

Metals such as iron and manganese were found to exceed MCLGs in
most of the wells in the Flightline Area. However, the spatial distribution
of these metals in both upgradient and downgradient locations probably
reflects naturally occurring concentrations. Calcium and silicon were also
pervasive, as would be expected where soils are composed primarily of clay,

silica sand and weathered limestone.

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 4-5 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 (éxcept potassium) is
provided which is considered ‘typical’ for Tarrant County. Concentrations for

each analyte are in milligrams per liter.
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At each site, calcium concentrations are elevated above the ‘typ-
ical’ range. In contrast, sodium concentrations fall uniformly below the
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 small 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 4-6 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 pg/L at LF05-S3 to 1400 pg/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 concent;ations of TCE in samples

collected from the upstream portion of Farmers Branch appear to be the result
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of an upgradient contaminant source. This is particularly evident at surface
water sample location LFO5-S1, which is located where the underground aqueduct
emerges following transporting Farmers Branch water under the runway area of
Carswell AFB. Theoretically, 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 influences in the direction
of Air Force Plant 4 further upstream. Nevertheless, surface water sampled at

this location contained a TCE concentration of 39 ug/L, above the MCL (5
pg/L) .

TCE was also confirmed in the Phase II Stage 1 investigation. Two
rounds of samples were collected, with TCE being detected upgradient of LFO4
in both rounds and immediately downgradient from LFO45 in the second round.

No detected levels of TCE exceeded federal MCLs. No relationship was es-
tablished between surface water and ground-water TCE concentrations during the

Stage 1 study.

Vinyl chloride was the only other organic contaminant detected in
the surface water samples in excess of current federal standards during this
investigation. Vinyl chloride was detected at two locations in 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 pg/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 remaining organic constituents confirmed at the surface water
locations during the Spring 1990 sampling event were cis- and trans-1,2-
dichloroethene (-DCE), which have proposed federal guidelines. 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. éoncentrations of cis-1,2-
DCE ranged from 3.1 ug/L to 310 ug/L. Trans-1,2-DCE was confirmed in samples

from two surface water locations, LF05-S2 and LF05-S3, with concentrations of
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0.46 pg/l and 0.66 pg/L, respectively. Of significance is that as in the case
of the ground water, a direct relationship existed between TCE and cis-1,2-DCE
with regards to the relative concentrations and the occurrence of each.
Surface water sample LF05-57 had the highest confirmed concentration of both
TCE and cis-1,2-DCE. 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 heavy metals were detected in the surface water samples in
excess of EPA MCLs. Barium was detected at each location in levels below the
federal MCL of 1.0 mg/L. Lead is common, being detected at all locations
except LF05-S4 and LF05-S7 at levels below the MCL for lead (0.05 mg/L).

Minor amounts of arsenic (below the MCL) were detected at LF05-S3. These
concentrations are not considered significant, since both barium and lead were
common in levels below the MCLs in the ground-water samples. Arsenic con-

centrations at these levels were also common in the shallow ground water.

Both iron and manganese were found in excess of MCLGs in the
surface water samples. Iron was found exceeding the MCLGs at four locations,
with a maximum detection of 2.6 mg/L. Manganese was found exceeding the MCLGs

at three locations, with the maximum level detected being 1.1 mg/L.

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:

e Total Dissolved Solids;

° Calcium;

° Magnesium;

. Potassium; )
. Sodium;
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. Chloride; and

. Sulfate.

Table 4-7 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. 1In addition, the weighted averaged results for the same indicators

are provided for the ground-water samples collected in the Flightline Area.

As is evident from the table, only sodium occurs outside the range
provided for the indicators analyzed, being considerably below what would be
considered a 'mormal’ concentration. This was also the case in the ground-
water samples. The significant similarity between the averaged surface water
results and the averaged ground-water results strongly supports the inter-
relationship of the two water systems. This interrelationship has previously
been discussed, and data generated at the site shows the 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 federal pri-
mary drinking water standards in Upper Zone monitor wells in

the Flightline Area.
° Multiple sources, including sites LFO04, LF05, FT09, and Air

Force Plant 4, have been postulated for the varjous organic

contaminant plumes which occur in the Flightline Area.
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Some downgradient migration of the plume apex and a decrease
in total TCE concentration may have occurred since the monitor
well network was last sampled. However, continued monitoring
will be necessary to verify this trend, which may also be
affected by variability inherent in field and laboratory

procedures.

The extreme western edge 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 strongly supports the existence of a significant

upgradient source, possibly Air Force Plant 4.

The extreme eastern limit of the TCE contaminant plume in the

Upper Zone is also undefined.

The vertical extent of contamination in the Flightline Area
corresponds to the upper surface of the underlying Good-
land/Walnut aquitard. Previous sampling of the two Paluxy

Aquifer monitor wells have not revealed any contamination.

It is probable that no heavy metal contamination exists in the
Upper Zone Aquifer of the Flightline Area, as no con-
centrations exceeding federal drinking water standards were

reported in the dissolved metal analyses.

Both TCE and vinyl chloride were found in excess of federal

standards in the surface water samples collected.

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

appears to be a zone of ground-water discharge.
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A pronounced similarity between surface water and ground-water
quality indicators supports the existence of zones of com-

munication between the two water systems.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to define the interrelationship
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.

Organic contaminants found in both the ground water and the surface
water in the Flightline Area are the only hazardous waste constituents having
a potential for off-site or off-base migration at levels of concern. No
dissolved concentrations of inorganic constituents, specifically heavy metals,
were identified in the ground water at levels exceeding federal primary
drinking water standards. Risk assessments were performed earlier during the
Phase 11 Stage 2 investigation, however these focused principally on airborne

hazards.

The ground-water contaminant plume in the Flightline Area is best
described in terms of trichloroethene (TCE). As stated in Section 4.0, TCE is
the principal contaminant at the site, with detected concentrations of up to
4400 pg/L and exceeding EPA’s MCL (5 pg/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:

aS
Ky = ‘—:;:—‘
where: K4 = 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 (K4) 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. Tetrachloroethene (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 Are= It is noteworthy that the half-lives for these pathways vary
from tens of ¢ s, and the pathway to cis-1,2-DCE is
generally favc formerly were both widely used in-

dustrial solv ot OQ/ is probably from a primary source. It
/ W24 004 Y y
is doubtful t

6514{7&)
from the brec 22 / /ﬁ? <7;2*

“ O s
either a sigL_‘Sz ‘40/

'‘CE detected in the Flightline Area is
with the limited amount of PCE detected,
YQGW/ AZHé/ >riginal 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. This northern plume is
not fully characterized and available data indicated that it is hydraulically
separate and probably stems from a different source(s), than the plume

underlying the golf course.

Based on the previous discussion and the knowledge 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:

. During the Spring 1990 ground-wate£ sampling, the apex of the
TCE plume was centered along White Settlement Road, roughly
hydraulically downgradient from Landfill 4 (LFO4);
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Figure 5-1. Potential Degradation Products and Reaction Mechanisms

for Reduction of Chlorinated Ethanes and Ethylenes
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. A small irregular area of elevated TCE concentrations is
present around monitor well LF05-14, downgradient from Land-

fill 5 (LFO05);

° The 1,2-DCE (Figure 5-3) plume has highest concentrations
immediately downgradient from LFO5 and LFO4, with gradually

decreasing concentrations downgradient of both landfills; and

. Finally, vinyl chloride is present almost exclusively hydraul-

ically downgradient of LFO5.

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 LFO5 into shallow ground water, with sig-
nificant degradation to 1,2-DCE and vinyl chloride having occurred, and a
later release from LFO4, where time has allowed only degradation to 1,2-DCE to
occur. Furthermore, the overall release of contaminants from LFO4 may have
declined somewhat with time, as concentrations of TCE immediately downgradient

from LF04 have declined since 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 conclusions in this section
must be viewed with caution. Review of the historical ground-water chemical
data from the Flightline Area indicates considerable variability in con-
centrations 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.
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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 4.0, 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. Each of these
points of conformity supports the notion of a 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 into Farmers Branch. To simplify
the discussion of contaminated migration, 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 WP07-10B, 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 several hundred feet.

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
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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 o=
¢
where: v = average ground-water flow velocity

=
1

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).

Based on this calculation, the position of the TCE plume is migrating ap-
proximately 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.

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 pg/L TCE, respectively, in the

Spring 1990 sampling event. However, given historical observations and at the
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estimated rate of contaminant transport, the apex of the contaminant plume
would not be expected to migrate beyond the general locations of LFO04-04 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, east (downgradient) of the small tributary. While
potentiometric contours are interpreted to wrap around the tributary at LFO5-
19, migration of a portion of the contaminants continues in an east-south-

easterly 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
migration in that direction. TCE concentrations of 1.8 and 4.5 pg/L, found in
surface-water samples collected in two small ponds located immediately north
of monitor well LF04-14, 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
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water on that side of the stream is contaminated. Contamination in Farmers
Branch and the 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. Preferential migration (following the
configuration of the aquitard) in the Flightline Area is not expected to occur
with the solvent concentrations encountered, as the difference in density

between the contaminated solution and the ground water is not significant.

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
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, the Farmers Branch is fed by the small 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
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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 identifies the three divided reaches of Farmers Branch. 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.
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
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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 ug/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 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:
Q = vA
where: Q = discharge
= velocity
A = cross-sectional area

Applying this equation to values obtained in the field, the slow
moving tributary had a calculated 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 was approximately
6.0 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 tributary. Surface-water
sampling results confirmed this, as the TCE concentrations between samples
LF05-S7 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 pug/L at LF05-S6) appear diluted by a factor of 37. )
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It may be concluded that as the ground-water plume continues
migrating to the east, the concentrations of organic contaminants detected in
the small tributary, and hence in Farmers Branch, may increase pro-
portionately. 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 pg/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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AA
AFB

Alluvium

Aquifer

Aquitard

Artesian

BLS
DOD
ECD
EICP

EPA

Evapotranspiration

Extraction

FDTA
FS

GC
GC/HSD
GC/MS

GFAA
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

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 ater 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
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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
pPpPb
ppm
QAPP
QA/QC
RI/FS

Sow

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

0il 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 a known amount of a compound added to a sample
and analyzed to determine the accuracy of
analysis

SW-846 EPA test methods for evaluating solid wastes,

physical and chemical methods

TCE trichloroethene

TDS Total Dissolved Solids

TOC Total organic carbon

TOX Total organic halides

TPM Technical Program Manager

Transmissivity the rate at which water is transmitted through a

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

USAF United States Air Force

USAFOEHL United States Air Force Occupational and
Environmental Health Laboratory

USDA United States Department of Agriculture

USGS United States Geological Survey

voc volatile organic compound

water table the elevation of the ground water surface in an

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

Multiplication Factor Prefix Symbol
1,000,000,000,000,000,000=10}§ exa- E
1,000,000,000,000,000=1012 peta- P
1,000,000,000,000=109 tera- T
1,000,000,000==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=1o:12 nano - n
0.000 000 000 001--10_15 pico- p
0.000 000 000 000 001=1O_18 fento- f
0.000 000 000 000 000 001=10 atto- a

ppm(parts per million)
ppb (parts per billion)
ppt (parts per trillion)

mg/kg, ug/g, ng/mg, pg/ug, mg/L, ug/mL, ng/ulL
ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/ulL
ng/kg, pg/g, fg/mg, ng/L, pg/mL, fg/uL
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APPENDIX A
Lithologic Logs

(Previous Lithologic Logs may be found in CH2M Hill (1984),
Radian (1986), and Radian (1988))
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| DRILLING LOG | RADIAN CORPORATION

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

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

| 7. TOTAL DEPTH OF HOLE:  40.1 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

| 2. LOCATION: Flightline Area

|

[

|

1

| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 |
| 4. HOLE NO.: LF04-01 | 11. ELEVATION GROUND WATER:  600.26 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/23/90 |
| 6. COORDINATES OF HOLE: | _13. SURFACE ELEVATION: 626.50 ft MSL 1
| x:  2019579.19 Y: 397653.57 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION:  629.24 ft MSL |
|pepth| Graphic | Blow | Soil | | |
[(Ft.) Log Count |Class/Code |visual Description __| Remarks ]
| 0 / | U/CLLR |cley: Dark brown, slightly silty, very stiff, damp |Full recoveries |
| | |minor small gravel. Junless noted. |
| | | | |
| | | ! |
| 2 | U/CLLR |Clay: As above, 5 - 10% calcareous material (nodules, | |
| | |mottling). | |
| I | | I
| / | | | |
| 4 | U/CLLR |clay: orange/Brown, silty, minor fine sand, calcareous |Could mot cut with |
| / I |material ~ 10 - 20% of sample, very stiff. |knife. |
| ! | | |
| I I | |
| 6 | u/CLLR |Clay: As above, mottling of various colors is disturbed | |
| | | Looking. [ l
| I | | |
| I | | |
| 8 | U/CLLR |clay: As above, ~ 20X green silty clay. |Boring does not |
| | | |appear to encounter |
| / | | |fill material (Like |
| | | |LFO5-02). |
| 10 | u/cLLR |Clay: Orange/brown with greenish mottling, silty, | |
| | |sandy, ~ 1% calcareous material, firm. | |
| I | | |
| / | | | |
| A I I I |
| 12.3)- + - - - | ussbsk |sand: Orange/brown, very clayey and silty; very fine to | |
| | |fine grained, bedding Chorizontal) evident, damp: Clays | |
| e e | |oceur mainly in 2 - 4 in. seams ~ every foot. | |
|4 |- - - | U/sDsM  |Samd: As above. | |
| o | | I |
| SRR | | | |
] .------.- I I I I
16 |, ... | U/sDsM |sand: Burnt orange, fine grained, slightly clayey, |1.2 ft. Recovery |
| .« e e | |damp, quartzose, Clay occurs as thin seams. | |
| | | | |
| c e e I | | |
I SR | | | |
| | | | [
|19 ... .. | UssoFN |sand: Tan, fine grained, loose, >95%X quartz, damp; |4.2 ft Recovery. |
| .« o e e | |oxidation stained laminae 21.5 - 22 ft.; 0.4 ft. clay [ |
| 1 |seam 21.1 - 21.5 ft. [ |
[ PR | | I I
| e e | | | 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 DEPTH OF HOLE: 40.1 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 Dritlt B-61 |
| 3. DRILLING AGENCY: Envirornmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 ]
] 4. HOLE NO.: LF04-01 | 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90) |
| 5. NAME OF GEOLOGIST: S. E. Fain ] 12. DATE HOLE ESTABLISHED: 3/23/90 i
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 626.50 ft MSL |
| X: 201957%.19 Y: 397653.57 | 14. BACKGROUND: |
] | 15. MEASURING POINT ELEVATION:  629.26 ft MSL |
|[Depth| Graphic | Blow | Soil | | |
[(Ft.) Log Count |Class/Code |Visual Description | Remarks |
| .. | | I |
[ | | I I
I PR I I I I
| [ | I |
I SRR I | I I
I .. I I | |
| 26 S | u/sDFN |sand: As above, heavily oxidized 24 - 25 ft. | |
| ) | | | |
| 25 | uscuLr |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 I I I I
I I I I I
| / | I I |
| I | I I
| 29 | u/cLLr |Clay: Brown, very sandy, saturated, slightly cohesive; |[W. L. Measured |
| / | |sand is very fine to fine grained, ~ 30 - 40X; 31 - 32 |down augers at 29.6 |
| | |ft. clay, little sand; 32 - 34 ft. sand with minor |ft. BLS, W. L. |
| | |ctay. |after completion = |
| / [ | |27.5 BLs, 3.6 ft. |
| A | | |Recovery. |
| 32 . | ussosu |sand: Burnt orange (heavily oxidized), fine to medium | |
[ ERCC | |grained, slightly clayey, slightly cohesive. Increasing | |
[ | |coarseness and 10 - 20X gravels (small) 33 - 34 ft. | |
| c ... I | | |
| 3 P | u/sDGR |sand and Gravel: Orange, 50/50, wet; sands very fine to |3.0 recovery at 36 |
| OO . | |very coarse grained, poorly sorted; gravels bimodal: |ft. |
| OOO | |chert and quartz gravels, mostly granule and small | |
| 0-0-4 | |pebble size; Large gravel (20 - 50 mm) is very | |
| 0-0-0 | |fossiliferous Limestone clasts. | |
| |-0-0 | | | |
I sEelfe | | | |
| oo | | | |
| D-0-0 I | I I
I OO(I I I I I
|39 Lo o | ussDGR |sand and Gravel: As above, numerous shell fragments |sampler Refusal at |
| 0-0-0 | | |40.0 ft. |
|0 [T 1T so | U/MARL |[Marl: Limestone, weathered, chalky, fissile. |[orove 1 1/2 in. |
I I I [5.5 ft. sampler; 50 |
| | | |blows = 1 in.; T.D. |
| | | |= 40.1. |
| 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 AfFB, | 7. TOTAL DEPTH OF HWOLE: 37.7 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
1 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1
| 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 HOLE ESTABLISHED: 3/28/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 621.00 ft MSL 1
1 X 2020510.50  ¥:  397732.54 | 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION: _ 623.68 ft MSL 1
[Depth| Graphic | Blow | Soil | | |
[(Ft.) Log Count {Class/Code |visual Description | Remarks ]
| o V | urscLLr |clay: Dark brown, silty, firm, roots, damp, |Full samplers |
| | |carbonaceous staining. |unles noted. [
| I | I |
| I I I |
| 2 | uscLLR |clay: As above; at 3.0 ft. going to orange/brown, silty | |
| | |clay with 5 - 10% calcareous material. | |
| l | | |
| | | I |
| 4 | uscLLR |Clay: As above. |1.5 ft. Recovery |
| | | | |
| / | | | |
| | | | |
| 6 | uscur |clay: orange/brown, very silty, minor very fine grained | |
| / | |sand, stiff, calcareous nodules, carboaceous streaking. | |
| I | I |
| | | I |
| 8 | u/cLr |Clay: As above, increasing calcareous material to 30X. | |
I | | | |
| | | I |
| | | | |
| I | I |
| L | | 1 |
| 1 PP | u/sbGrR |sand and Gravel: Orange, very poorly sorted, cohesive, | |
| O O 4 | |clayey, silty, damp, abundant calcareous material. | |
| O.'.O.'.Oi | | | |
| 1100 | | | |
113 000 | U/sDLR  |Sand: Orange, fine grained, minor larger sizes to | |
| -0O-0-q | |coarse, slightly clayey and silty, damp. | |
| 13.5 OOO | u/soLrR |Sand: As sbove, increasing coarseness with depth, 5 - | |
[ -0-0- | [10% small gravels. [ |
| Boo | | | |
oot 1 | | |
| 5-0-0 I I I |
| 165 -~ -~ | u/ssoLr |sand: As above, gravelly; changing to tan, fine to | |
| OO# | |medium grained, loose, quartzose at 18.0 ft., damp. | |
| R-00 | | | |
I 100 | | | |
| 18.SO-Q-Q | u/sbLr |sand: As above, well sorted, medium grained, damp; 0.4 |[3.5 ft. Recovery |
| Ood | |ft gravelly zone at 21.5 - 21.9 ft. | |
| boo | | | |
| 00# | | | |
. pog | | |
J Kelielt | | | |
SHeNS!

A-5
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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: 37.7 ft BGL
L 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
1 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 HOLE ESTABLISHED: 3/28/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  621.00 ft MSL
] X:  2020510.50  Y:  397732.54 | 14. BACKGROUND:
1 | 15. MEASURING POINT ELEVATION:  623.68 ft MSL
|Depth| Graphic | Blow Soi l | |
[¢CFt.) Log Count [Class/Code |Visual Description __| Remarks
. |
|
|
|
l

|
|
|
|
|
U/SDLR |sand: Orange/tan, medium grained, well sorted, |4.0 ft. Recovery
|subround, >90% quartz; 0.3 ft. gravelly zone at 27 ft., |
|saturated at 28 ft. |
|

|

|

|

|

|

|

28.51. Sand: As above, 1-3X granule size gravel. |H. L. measured at
{28.1 ft. BLS, 5.0

|ft. Recovery

33.5 U/SDLR |sand: Tan, medium grained, quartzose, loose, wet, 5%

|gravels to 25 mm.

|
|
I
|
I
I
|3.7 ft. Recovery.
I
I
I
I
I
I
U/MARL {Limestone: Marly, weathered sand and gravel intermixed, |T.D. = 37.7 ft.
I
I
I
|
I
|
I
|
|
I
I
I

37

|fissile.

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

I

I

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

————— R R
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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: 37.6 ft BGL

{ 1IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

1

|

]
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl B-61 1
] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1
| 4. HOLE NO.: LF04-03 | 11. ELEVATION GROUND WATER: 597.58 ft MSL (67/18/90) |
| 5. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain ] 12. DATE HOLE ESTABLISHED: 3/20/90 1
| 6. COORDINATES OF MOLE: | 13. SURFACE ELEVATION:  620.50 ft MSL 1
| __X: 2020506.79  Y:  397683.46 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION: 623.25 ft MSL |
|Depth| Graphic | Blow | Soil | | |
1¢Ft.)] tLog Count |Class/Code |Visual Description | _Remarks ]
| 0 4 | u/scLAY |clay: Brown, soft to firm, semi-plastic, with fine |Full recovery |
| | |rootlets and minor carbonaceous streaking and |unless otherwise |
| | |particles, moist to wet. | indicated. |
| { | | |
| 2 | u/CLAY |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. | ]
| | | | |
| 4 | U/CLLR |clay: orange/brown at 4.1 ft; brittle, damp, abundant |Hard pushing. |
| | |caleareous debris, slickensided, calichified with some | |
| | jauthigenic mineralization (crystals of CaCO3 in shell | |
| | |frags.); very hard, silty. | |
| 6 | U/cLLR |clay: As above, very stiff, slightly sandy and silty. | |
[ | | | |
| | | | |
| / | ! | |
| 8 | U/CLLR |Clay: As above, few large CaCO3 pebbles (25 mm), |1 ft. recovery, |
| | |increasing clacareous material with depth, very fine |ST. Rig broken. |
| i |grained sand. |continue after |
| 1 | Irepairs. t
| 10 | uzcLLR |clay: Orange/brown, silty, cohesive, damp, > 30% |caliche layer at |
| | |calcareous material, stiff. |12 ft., drilling |
| | I | through. |
| / | I | |
| / l | | |
| 12.1 .. | U/SDFN |sand: orange, fine grained, loose, damp, quartzose, | |
I PR | |well sorted; at 14.3 ft. sharp change to tan, very fine | |
| e | |grained sand, heavily oxidized in laminae. | |
| | | | |
| 16.5]- - « .. | U/SaND |sand: orange, fine to medium grained, quartzose, damp, |3 ft. Recovery. |
| R | |toose; gravelly seam 15 - 15.5 ft. J }
| | | | |
! .. | | | |
R t 1 | |
l ce | | I |
l e v e e . I | | |
I | ‘ | |
| c. . | | I |
| g | | 1 s
| 19.5 OOO | U/SDLR |sand: orange/tan, fine to medium grained, damp, loose, |4 ft. Recovery. |
| JOOI | |subround, > 90% quartz, 1 - 3% small gravel and shells. | |
| 580 | | | |
1 : :

0-0-9
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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: 37.6 ft BGL
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level
1l 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
1] 3. DRILLING AGENCY: Envirornmental 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. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/20/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  620.50 ft MSL
| X: 2020506.79 Y: 397683.46 | 14. BACKGROUND:
l | 15. MEASURING POINT ELEVATION:  623.25 ft MSL
|Depth| Graphic | Blow | Soil | |
L(Ft.) Count |Class/Code |Visual Description | Remarks
| I I
I |
I |
I |
I I
I I
. | I
24.5| U/SDLR |Sand: Orange/tan, fine to medium grained, wet, loose, |U. L. measured at
|o.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft. [26.3 ft. Bls. 2.6

| |ft. recovery.

29.5 U/SDLR Sand: As above, saturated. 3.2 ft. Recovery.

32
|<10X sand, saturated.

U/GRVL |Gravel: As above, mainly small pebble size (5 - 10 mm),
|shells, subangular to subrounded, large percentage of
|chert.

U/MARL |Marl: Chalky gray, indurated, oxidation stained |sampler refusal at
| throughout. |37.5 ft., drove 1
| |1/2 in. s.S. 50
|blows = 1 in.; T.D.
|= 37.6 ft.
I

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

37.5]

|
I
I
I
I
I
I
I
I
I
I
|
|
I
I
I
I
I
|
I
I
I
| U/GRVL |Gravel: varicolored, up to pebble size (30 mm), shells,
I
I
I
I
|
I
I
|
I
|
I
I
I
I
I
I
|
I
I
I
I
I

|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
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: 25.4 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: 10 |
| 4. HOLE NO.: LF04-04 | 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) J
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/20/90 |
I 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 609.40 ft MSL |
| X: 2021365.82  Y:  397554.53 | 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION: 612.07 ft MSL |
|pepth| Graphic | Blow | soil | | |
[¢Ft.)] __Llog Count |Class/Code |Visual Description | _Remarks 1
| o | u/cLLR |clay: Red/brown, sandy, silty, damp, cohesive, roots; |Full sample |
| | |increasing sand with depth. |recoveries unless |
I I | [noted. I
| 1.5 - - .- | UsspsM |sand: Red/brown, clayey, cohesive, minor small gravel, |1.6 ft. Recovery. |
| o | |damp, decreasing clay content with depth. | |
I I I | |
T ORI | | | |
| o0 | | | |
| & | U/saND |Sand: Orange, fine to medium grained, slightly | |
I L | |cohesive, quartzose, damp, subangular to subrounded. | |
N P | I | I
| | I | I
|6 |+ | U/SAND |sand: As above, only tan and loose. |1.7 ft. Recovery. |
I A | | | I
| I I I I
I ..... I l l I
|8 |, . | U/sAND |sand: As above, damp. |1.5 ft. Recovery. |
I | I I I
[ MR | I I |
l PR I | | |
| 10 OVOVEI | U/SDLR |sand: Tan with occassional iron stained thin beds, |3.7 ft. Recovery. |
| Lo | |loose, damp, fine to medium grained; 1 - 3X graveis | |
| poo | |starting at 12.5 ft. | |
| Q-0 ! | | |
| RO0 | | | |
| )00 | | | |
| B-GC | | l |
I 0-0-( I I | I
| 137000 | U/SDGR |sand and Gravel: Fine sand to pebble size gravel, |3.5 ft. Recovery. |
| OOE | |stightly clayey, shells, 50/50 sand to gravel, mainly | |
..... rtz/chert, wet.
| bioo | i I |
| OO | | l |
| -0-0 | | | |
| -O-0- ¢ | I I I
| 0-0-0 I | I I
Bk | | | |
I ‘00 I I I I
| 19 OOC | U/GRSM |Gravel and Sand: As above, but gravel content |4.0 ft. Recovery. |
| OOO | |increasing to 70X, gravels mostly 5 - 10 mm; but some | |
| P | {to 40 mm, sand mainly coarse grained, limestone clasts; | |
| OO( | |23 - 24 ft. slightly indurated - increased limestone | |
| po‘o | |content, | |
| 1100 | | | |
0-Q-0
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1 DRILLING LOG |_RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 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 1
] 2. LOCATION: Flighttine Area | 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 |
] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 10 il
] 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 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 609.40 ft MSL |
| X: 2021365.82  Y:  397554.53 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION:  612.07 ft MSL ]
|Depth| Graphic | Blow Soil | | |
[¢Ft.) Log 5?%; Count [Class/Code |Visual Description | Remarks 1
00 | | |
efiefie . | |
'F2°;2'H | | |
0-0-0 | | |

24 Cj-tj-(j U/GRSM |Gravel and Sand: As asbove. | |
00 | | |

25 11 Jso0 U/MARL |Limestone: (Marl) white/gray with iron staining in |sampter refusal at |
|fractures, indurated, shaley parting. |25.0 ft., well |

| |drive 5.5 ft.; S0 |

|blows = 4.0 in.; |

|T.D. = 25.4 ft. |
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|
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|

|
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 S:I‘EE‘T’S i xvi
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 26.1 ft BGL 1
] IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level l
| 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: 12 1
| 4. HOLE NO.: LF04-05 | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. 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: 1
] _| 15. MEASURING POINT ELEVATION: 1
|Depth| Graphic | Blow | Soil | | |
[¢Ft.) Log Count |Class/Code |visuasl Description | Remarks 1
| o | uscLLR |Clay: Dark brown grading to brown and orange mottled, |Full samplers |
| | |fine roots, soft to firm, damp, silty with minor (< 5%) |unles noted |
| | |calcareous debris and carbonaceous streaking. |otherwise. |
| | I | |
| 2 | U/CLLR |Clay: As above, calcareous debris in small caliche |1 ft. Recovery. |
| | |pockets (<5 mm). | |
| | I | |
| I | | |
| 4 | U/sCLLR |Clay: As above, calcareous debris zone 4.6 - 4.9 ft., |1 ft. Recovery. |
| | |otherwise less than 5%; softer, moist. | |
| | I | |
| I I | |
| 6 | UsCLLR |Clay: As above, mottling decreased - uniform orange |1.5 ft. Recovery. |
| | |color; calcareous debris and rootlets < 2X; increased | |
| | |silt to almost clayey silt. | |
| | I | |
| | | | |
| / j | I | |
|88 |- -- -] | U/sDSM |sand: Tan/buff at 8.8 ft.; very fine to fine grained, |1.5 ft. Recovery, |
| R | |moderate to poor sorting, subangular, quartzose with > |Very sharp contact, |
| N | |95% quartz and heavy minerals, very loose, damp, minor |sample disturbed |
| S | |clay lenses at top, few coarse shell fragments. |¢in pile). |
N | | | |
| 11.1 _E:j_tj_' | U/SDGR |Sand and Gravel: at 11.1 ft. sand is as above, oxidized |1 ft. Recovery. |
| tj_tj_tj | |orange, wet, very poorly sorted; gravel is ~ 30X, | |
| T | |average 10 mm, CaCQ3, minor clay makes entire sample | |
| 00 | |f8irly cohesive; Clay increases to 13 ft. | |
| 12 speye | u/sGrRSM  |Gravel, Sand, and Clay: As above, gravel up 40X%. |Water in hole at |
| SO EN( | | [12 ft.; W. L. = |
| 0-0C-0 | | [12.72 ft., 13 to 14 |
| ) -0 | | |ft. no recovery. |
| 14 00 | U/GRSM  |Gravel and Sand: As above, with minor clay. | |
| 16 I.E:j.tj.a | U/GRSM |Gravel and Sand: Orange, 60% + gravel, average 20 mm up |Poor recovery; |
| tj,t:i,tj | |to 80 mm; very poor sorting, subrounded; coarse |gravel slipped out. |
| _tj.tj.q | |fraction predominantly CaCO3 frags; finer fraction | |
| 'OOO | |predominantly variclored subrounded quartz grains; some | |
| RO a | |small shell frags (sand sized), very loose; wet. | |
B SR ! ! | |
| 19 §2'£:2‘§2 | U/GRSM |Gravel and Sand: As above, gravel is ‘coarse’ as above |Possibly gravel |
| 4 FE‘E:Q'Q | |- average 20 mm; sand is fine to coarse grained, |only; sample poor; |
| ,';2';1 | |quartzose, loose, wet, very porly sorted, subangular. |sand recovered may

| -0O-0-( | | |be sluff. |
: 500 : | l :

3
O:
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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 BGL 1
1 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: 12
] 4. HOLE NO.: LF04-05 | 11. ELEVATION GROUND WATER:
| 5. NAME_OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 608.80 ft MSL
1 Xx: 2020805.42 Y: 397347.91 ] 14. BACKGROUND:
l | 15. MEASURING POINT ELEVATION:
|Depth| Graphic | Blow soil | |
J¢Ft) Log Count |class/Code |Visual Description | Remarks
I R | |
200 l '
-0-0- | '
5-0-0 | |
0-0-1 | I
NG o ! n
24 OOE U/GRSM |Gravel and Sand: As above, good coarsening downward |
OO |seq., fine to medium grained sand to sand and gravel to |
OOO |clean fine gravel to coarse gravel; sand is same as 11 |
-0-0 [to 12 ft. |
25.8 ij7—' 50 U/MARL |Marl: Highly calcareous, fissile, semi-indurated, |Refused at 26 ft.
|shaley clay; Light to medium grey, heavily oxidized |went in with ss; 50

|between lamina, harder to base (clay-like at top),
|brittle, wet.

e e -

|blows went < 0.1
|ft. Abundant coarse
|gravel on augers
|when removed. T.D.
|at 26.1 ft.. Hole
|caved to 14.5 ft.
|after auger

| removal .

A-12



59 151

| DRILLING LOG | _RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL Bl
| IRP PHASE II STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flig_\&;line Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 1
| 3. DRILLING AGENCY: \Envirormental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 1
| 4. HOLE NO.: LF04-06\ | 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90 1
| &. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: _ 613.30 ft MSL 1
| X: 2020593.25 Y: 397210.60 | 14. BACKGROUND: R
1 | 15. MEASURING POINT ELEVATION: 1
|[Depth| Graphic | Blow | Soil | | |
[¢Ft.) Log Count |Class/Code |[Visual Description | Remarks 1
| 0 | uscLLR |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. |
| V////// | | |Recovery. |
| 2 | uscLLR |Clay: As above. | |
I I I I I
I / I I | I
| 3.3 | uscLr |Clay: Brown, firm semi-brittle, abundant calcareous | |
| l////// | |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. | |
| / | | | |
I | | I I I
| 8 e | ussoLRr |Sand: As sbove, clayey soil horizion at top with |[Musky odor. |
| Fqlgq'ﬁ | |pebbles (calcareous), roots. [ |
I P20 | | | |
I 1100 | | | |
| 10 [2-;:2-;2 9,17,17 | U/SDLR |Sand: As above, thin pebble layer at 10.2 - 10.5 ft. |ST refusal at 12 |
| -0-0-q | |¢(pebbles calcareous and up to 15 mm); sand below very |ft.; drive SS. |
| kj.t:i.tj | |fine grained with some coarser fraction, poorly sorted, | |
| ',t),tj,t | |few calcareous pebbles < 10 mm, minor shell frags, |

| 'OOO | |single gravel clast - 25 mm. [ |
| T | | | |
R | | l |
I P | I I I
| 14 OO | U/SDLR  |sand: As above. | |
I 0-0-0 I I I I
I Q-QO-¢ I | | |
| Boo | | | |
| 16 tj_k:;_b | ussoLR |sand: Yellow-orange, very fine grained, subangular, | |
| LS~ | |moderately well sorted, quartzose > 95% quartz, loose, | |

0-0-0 . -
| DR [ |moist to 17.5 ft., moist to wet to 19 ft., wet below; | |
| 'I:Q'F:Q'a | |minor gravel < 1% throughout; color | |
| CQ'F:I'FQ | | laminations/mottling, coarsening downward. | |
| Q-0 ¢ | | | |
| RQQ | | | |
I -0-0( I | I I
|20 D-0O-0O | U/SDLR |sand: Light brown/tan, very fine to medium grained, |Water in hole at |
| .E:j.tj.t | |very poorly sorted, angular, quartzose with 5 - 10X |20 ft. Sand and |
| Ej.t:j.tj | |heavy minerals, loose, saturated, rock fragments (very |gravel. |
| [.tj,tj,q | |coarse sand/fine pebbles) increase to base ~ 25X from | |
IR
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| DRILLING LOG |_RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
l 1. PROJECT: CARSWELL AFfB, | 7. TOTAL DEPTH OF HOLE: 31.5 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 B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 |
| &. HOLE NO.: LF04-06 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/28/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 613.30 ft MSL 1
] X: 2020593.25 Y: 397210.60 | 14. BACKGROUND: 1
i | 15. MEASURING POINT ELEVATION: ]
|pepth| Graphic | Blow | Soil | | |
1CFt. Log | count |Class/Code |Visual Description _| Remarks 1
| OO | [23 - 24.1 ft.; sand at base, few large cobbles. |
| e e | | | |
I Rekel | | | |
R eNelle] | | | |
B Beltell | | | |
| b-ool ! | | |
opeet | | |
| 25 OOO | U/SDLR |sand: As above. | |
R Eekek | ! | !
| .0.'.0.'.0.& | | ! |
| 26.2,'F:2';2'_ | U/GRSM |Gravel and Sand: Gravel is very poorly sorted from 2 to | |
| ( _'F}'F:g | |30 mm, composed of quartz, calcareous lithoclasts and | |
| 0-0- | |shell fragments. Sand is as above. | |
N eNelle] | | | |
| Nolel | | I |
: pOO l I I |
elelk: | | . L |
| 9.6} -~ > . | UsGRSM |Gravel, Sand, and Clay: Highly calcareous, chaulky, |Mild HC odor at |
| OOOI | |soft. |bottom of sample. |
| 31 T | | U/MARL |Marl: Fissile, indurated, light grey, calcareous, |Refused at 31 ft. |
| | | | |brittle, shaley. (Minor marly frags at bottom of sample |Could not sample |
| | | | |= basis for description) |with ss. cave in. |
| | | | | |Will enter with bit |
| | | | | |and obtain solid |
| | | | | |bit refusal. Entire |
| | | | | |recovery fell; |
| | | | | |oriller says bit |
| | | | | |refusal at 31.5 ft. |
| | | | | |T.D. at 31.5 ft. |
| | | | I I |
| | | | | I |
| | l | | I |
| | | I | | |
| | | I | | [
| [ I I l | [
| | | I | | |
| | | I | [ [
| | I l | | |
l | I | | I [
l | | | | | |
| | | | | I |
| | I | | I |
| I | | | | [
l l I | l | |
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] DRILLING LOG | RADIAN CORPORATION _| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

| 1. PROJECT: CARSWELL AF8, ] 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 Drill B-61
] 3. DRILLING AGENCY: Environmental 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

] x: 2020897.22 Y: 396819.74 | 14. BACKGROUND:

| | 15. MEASURING POINT ELEVATION:

[Depth| Graphic | Blow | Soil | i

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

|o V// | U/CLLR |clay: Dark Brown, silty, firm to stiff, damp, roots; [Full sample

| | |calcareous nodules abundant 3 - 4 ft., carbonaceous |recoveries unless
| | |streaks. |noted. 1 ft.

| | | |Recovery.

I I I I

| I I I

I I I I

I I I I

| 4 | U/CLLR [Clay: As above, Orange/Brown, getting siltier, stiff. |

I I | I

I I I |

I /I | I I

I | I I

| 6.5 | ussiLt |Silt: Orange/Brown with very fine sand, dry, cohesive, |

| | | jabundant calcareous nodules and infilled fissures, |

| | | |carbonaceous staining in Laminae. |

I I I I

I I I |

I I I I

| I I I

fo.8 " " "7 | U/SDVF |sand: Tan, very fine grained, loose, dry, well sorted. |[Pushed 1.5 ft. SS.
Y SO | i |sampler.

| 10 - | U/SDVF |Sand: As above, dry. 1.5 ft. Recovery.
I I I I

I PP | | |
R | | |

I . . I I |

I S I I |

S R | | |

I C e I I I

f1s |- .. | U/SDVF |Sand: As above, slightly indurated in places. |2.5 ft. Recovery.
I | I |

I C | | I

[ CEPR | | |

R | | |

I C. . I I I

|18 {-- ... | Uu/ssaND |Sand: Orange/Tan, very fine grained to fine grained |

| S | |slightly indurated in places, trough cross-laminated, |

| O | |oxidation staining in laminae. |

| . .. | | |

f20 |° """ | U/SAND |sand: As above, dry. |3.0 ft. Recovery
I .. I | I

T B | I |

| SO I ! I

e e — ——— — —— — i ——— — —— —— — —— e o . s e e s e e oo e s e s e s . e e e | s [ o e e e e e e e
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| INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS

DRILLING LOG | RADIAN CORPORATION
1

. PROJECT: CARSWELL AFB,

IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

LOCATION: Flightline Ares

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 15

| 11. ELEVATION GROUND WATER:

NAME OF GEOLOGIST: S. E. Fain

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

2.
3.
4. HOLE NO.: LFO04-07
S.
6.

COORDINATES OF HOLE:

| 13. SURFACE ELEVATION: 630.40 ft MSL

!
I
]
|
|
|
]
|
l
!

X:  2020897.22 Y: 396819.74 | 14. BACKGROUND:
| 15. MEASURING POINT ELEVATION:
|Depth| Graphic | Blow | Soil
|class/Code |Visual Description Remarks

[(Ft.3]| log | Count

23.7 OOO

U/SDGR

U/SDGR

U/SDVF

U/SDFN

U/SOFN

U/SDLR

U/NARL

|sand and Gravel: Tan, 50/50, gravel is mainly granule
|size (chert and shell fragments), loose, dry,

| subrounded.

|5and and Gravel: As above, dry, poorly sorted, very
|fine sand to pebble size gravel (10 mm).

I

I

I

|Sand: Orange, slightly clayey (28 - 29 ft.), damp, very
|fine grained.

|

|

|5and: orange/Tan, fine grained, loose, slightly damp,
|well sorted, quartzose.

I
I
I
I
|Sand: As above.
I
|
I

|Sand: Orange/tan, damp, fine to medium grained, loose;
|1 - 3% small gravel 37 - 38.2 ft., wet, medium to
|coarse grained.

I
I
|
I

|Marl: whitish - Gray with oxidation staining,
|calcereous, indurated.

2.7 Recovery.

2.3 ft. Recovery.

|W. L. measured at
|37.0 ft., 2.5 ft.
|Recovery, Auger

|refusal at 38.5 ft.

|orove 15 in. s.5.;
|S0 blows/ 3/4 in.;
|38.6 ft. T.D.

—_—————————————————e—_——e—e—_———r——_——_—r—r—r—_—e———_—— —_——— e — b - -
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 47.4 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 i
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 1
| 4. WOLE NO.: LF04-08 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 )i
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 630.00 ft MSL |
| X: 2020021.91 Y: 396935. 08 | 14. BACKGROUND: |
1 ] 15. MEASURING POINT ELEVATION: {
|pepth| Graphic | Blow | Soil | [ |
J(Ft.)]  Log Count |Class/Code |Visual Description | Remarks |
| o | uscLAY |clay: Dark Brown, stiff, damp, roots, calcareous |Full sample |
| | |nodules at 3.5 - 4.0 ft. |recoveries unless |
| | | |noted. |
| | | I |
| 2 | u/scLLR |Clay: As sbove, silty. | |
| | | I |
I | | I |
| | | I |
| | | I |
I / | | I |
| 5 | ussILY |silt: Orange, sandy (very fine grained), dry, cohesive, |No Recovery; could |
| | | carbonaceous spotting. |not get sample out |
| | | |of shelby tube, |
| | | |[Description based |
| | | Jon top and bottom |
| | | |of sample. |
| | | | |
| 81 ). ... | U/SOFN |sand: Orange/tan, fine grained, loose, dry, well | |
| AR | |sorted, subround, quartzose. | |
| U | | | |
| 10 e | U/SOFN |sand: As above, horizontal bedding seen in/as minor | |
| A | |color changes, dry; going to tan at 12 ft. | |
R P I | | |
| JRIERE I I | |
TR R | | | |
[ | | | |
| . | | I |
| SRR | | | |
% ... .. | U/SDFN |sand: As above. |started with 5 ft. |
| | | |sampler at 14 ft., |
I AT | | |3 ft. Recovery. |
I P | | | |
| . | | I |
I | | I |
|17 ... .. | U/sAND |sand: Tan, very fine to fine grained, dry to slightly | |
| S | |damp, > 95% quartz, subangular to subround, frosted. | |
I ) | | I |
I | | I I
| 19 R | ussAND |sand: As above, still dry, mainly fine grained. |3.5 ft. Recovery. |
I | I I |
| .- . i | | |
I A I | | |
| c e I | I |
| s e | | I |
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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: 47.4 ft BGL

| ] 1
! | ]
1 IRP_PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
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: 17 |
L 4. HOLE NO.: LF04-08 | 11. ELEVATION GROUND WATER: i
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 |
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 630.00 ft MsL 1
L x: 2020021.91  Y:  396935.08 | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION: |
[Depth| Graphic | Blow | Soil | | |
J¢Ft.)] Log Count |Class/Code |Visual Description | Remarks 1
K | | ! |
l I | | |
| .. l l | |
| . l | | l
| " I | | l
N I l | |
| 24 . | u/sAND |sand: As above. | |
l ' | l | l
l ... I | l |
| 520 s | UssDLR |sand: Gravelly, very fine sand to pebble size (20 mm) |3.2 ft. Recovery |
| .004 | |gravel, dry to slightly damp, gravel mostly chert, 0.1 | |
| OOO | |ft. white fossilferous limestone bed at 28 ft. Tan fine | |
] OO& | |sand 28.1 ft. to 29 ft.; gravels ~ 5% - 10X, ] |
B seRe] | | l l
l JONON( | | | |
B eEelle! ! | | |
| 29 OOC | U/SDLR |sand: Tan, fine to medium grained, loose, dry, |4 ft. Recovery |
| OOO | |quartzose, 1 - 3% chert gravel. | |
olees | |
| SQOG % | | | [
| Q-Q | | | l
I el e | ! ! |
| NeyeR! | | l [
| 33 OOO | U/sOLR |sand: As above, increasing gravel to 5 - 10X at 33 - 34 | |
| 100 | |fe. | |
| 34 OOO | U/sOLR |sand: As above, wet, fine to medium grained. |[W. L. measured at |
| OO# [ | [35.2 ft. BLS.. 1.5 |
| OOO | [ |ft. Recovery. |
PR | | | |
| b'o' O | | | |
| 00O ! l | |
| 37 T | U/MARL |[Mart: Gray, fossiliferous, weathered; intermixed with  |Not good Limestone |
| | | |sand and gravel, wet, gravels are granule and pebble Jor shate. Still |
| T TJ | |size, mainly chert. |significant sand ]
| T | [ |and gravel. |
| 39 1 ]_J | U/MARL [Mart: Thin beds and gravel size pieces of limestone |3.6 ft. Recovery. |
| ] | |intermixed with sand, gravel, and shells, wet, shaley. | |
| l I | I |
e | | | |
| T l l | l
| L ! | | l
| I | | | |
l 1 I | l |
1
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 47.4 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: 17
| 4. HOLE NO.: LF04-08 ] 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: 630.00 ft MSL
| X: 2020021.91 Y: 396935.08 | 14. BACKGROUND:
] | 15. MEASURING POINT ELEVATION:
|[pepth| Graphic | Blow | Seoil | |
[¢(Ft.) Log Count |Class/Code |{Vvisual Description | Remarks
- | |
T 1 I |
[T | [
1 T | |
[ [T
T T I |
[ 1 | |
44 {::ijil U/MARL |[Marl: As above, indurated limestone beds (0.1 - 0.3 [orilling through
T 1 |ft.) intermixed with gravelly sand. |marl, looking for
I | |auger refusal.
— | |
T T | I
T 1 | |
47 | — 50 U/SHLE |shale: Dark Gray, indurated, fissile, no fossils, |Auger refusal at
|homogeneous. |47 ft.; 50 blows
| |for 0.4 ft.; T.D. =
|47.4 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

e e e e e . —— — — —— . — — — — — — — — —— e e —— — e —— . — — — — — —— e —— o — . —— e o — b — p— b— — — — — — —
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 3 SHEETS |
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL 1
| IRP PHASE 11 STAGE 2 ] 8. DATUM FOR ELEVATION SHOWN: sea tevel 1
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-41 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 17 1
| 4. HOLE NO.: LF04-09 1 11. ELEVATION GROUND WATER: |
] 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/6/90 l
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 627.40 ft MSL |
| x: 2021145.70 397136.15 | 14. BACKGROUND: 1
] | 15. MEASURING POINT ELEVATION: |
|Depth| Graphic |  Blow | Soil | | |
I¢Ft.)] Log | Count |Class/Code |Visual Description | Remarks ]
| 0 | uscLLR |Clay: Brown, going to red/brown at 2 ft., silty, moist; |Top soil first 1 |
| | |at 2.7 ft. dry, crumbly, very stiff, roots, minor jft.; Using 5 ft. |
| | | carbonaceous staining. |s.s. sampler; 4 in.

| | | lo.o., 3 172 in. |
I | | |1.0. |
| | l | | |
| | | l | |
| | | | | |
| & | | UscLLR |clay: Brown, silty, minor very fine grained sand, | |
| | I |catcareous nodutes 5 - 5.2 ft., carbonaceous staining | |
| I////////// | |in root areas, increasing very fine grained sand at 7.5 | |
I | I |fe. | |
| f | l | |
| | | | |
| / | | | |
| / | | | |
| 8 | U/CLLR  |Clay: As above, Red and Brown mottled, dry. | |
: T : :
| /] | ! | |
| 9.6 |7 = | U/sAND |sand: Orange, very fine to fine grained, quartzose, |3.5 ft. Recovery |
| S | |damp, loose. [(9 - 12.5 ft.). |
| - | | | |
| 11,5180 U | U/SDGR |sand and Gravel: Orange/tsn, poorly sorted, loose, | |
| DOO | |damp, numerous shetls, gravels to 20 mm. ] |
| |C-0-0 | | | |
| p-O-0O- | | | I
| AN an | | | |
| 14 .. | U/SAND |sand: Light tan, very fine to medium grained, loose, |2.5 ft. Recovery. |
| A | ]dry, various mineralogies. | |
I | | | |
| o | | | |
| 16 _tj_tj.a | U/SDGR |Sand and Gravel: Tan, very fine sand - pebble size ] |
| 'OOO | |gravel, loose, damp, numerous shells, various | |
| WG | |[mineralogies. | |
| 17 '_' . .' | U/SDVF |sand: Tan, very fine grained, quartzose, loose, dry, | |
| Lo | |well sorted, subround, slightly indurated and laminated | I
| .. | [18.5 - 19 ft. | |
| 19 tj.' .'tj | ussbeGr |sand and Gravel: Orange/tan, poorly sorted, 50% sand - |3.5 Recovery. ]
| FOO | |50% gravel, numerous pelycepod? shells, loose, damp; | |
| tj'tj'il | |0.2 ft. brown clay seam at 22 ft.; gravels to 30 mm, | |
| #. hp | | subround. | |
I OO | | | |
I 1900 | | | |

p-Q-Q-

A-20
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DRILLING LOG

| RADIAN CORPORATION

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

| 1. PROJECT: CARSWELL AFB,

L

IRP _PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL

| 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: 17

|

|

|

|

| |

1 4. HOLE NO.: LF04-09 | 11. ELEVATION GROUND WATER: ]
1 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 |
1 Xz  2021145.70  ¥Y:  397136.15 | 14. BACKGROUND : |
L | 15. MEASURING POINT ELEVATION: |
|Depth| Graphic | Blow | Soil | | |
J(Ft.) Log Count |Class/Code |Visual Description | Remarks |
I SRERS | I I I
B ReRel | | | |
| )0-0-0 | | | |
I p-QO-O I I | |
| C-0-0 I | | I
| b oo | | | |
I 0.0.0 | I I I
s bo0 | | | |
| 285 | o> | u/soLr |sand: Tan, fine grained, > 90X quartz, dry, loose, well |3 ft. Recovery. |
| &OOOI | |sorted, subangular to subrounded, minor small gravel. | |
| P OO | | | I
I G-0-0 I I | |
I Neliel | | | |
l 0-0-0 l | | |
o | | | |
| oo 1 I | |
| 29 FOO | u/sbLR |sand: As sbove, increasing gravel. | |
Rt | | | |
1209 | | | |
| 30.5 I | U/MARL |Marl: Limestone thin beds (0.1 - 0.3 ft.) with gravel |Still relatively |
| IT | |size material interlayered, semiconsol idated. jeasy drilling. |
| [ T I I I |
| 32 [ T | u/MARL [Mari: As above, damp, slightly consolidated, fissile in |Weathered |
| T ] T | |places, various gravel size particles. | Limestone? |
I [ I | | I
| — — | | | !
| 34 T | u/MARL |Marl: As above, numerous small shells, sbundant chert |Wet at 34 ft. |
| [ T | |gravel, wet; some gravels are subround. |(measured W.L. = 33 |
| 1 1 [ | [ft. 10 in.). still |
| J TJ | | |easy drilling. |
| ﬁ] | | | |
| . | | | |
= : :
| | | | I
| T I I | l
| 39 1 | u/MARL |Marl: As above. |auit sampling, |
| I T I | | |drilling to |
| T ] | | |determine depth to |
| [ I | [ |auger refusal. |
I i | I I
| I | I |
I I | | |
l | | | |

A-21
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 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 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: 17 i
| 4. HOLE NO.: LF04-09 | 11. ELEVATION GROUND WATER: a|
] 5. NAME OF GEOLOGIST: S. E. Fain _ | 12. DATE HOLE ESTABLISHED: 3/6/90 1
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION:  627.40 ft MSL !
1 X: 2021145.70  Y:  397136.15 | 14. BACKGROUND: |
1 ] 15. MEASURING POINT ELEVATION:
|Depth| Graphic |  Blow | Soil |
(Ft.) to | Count |Class/Code |Visual Description | Remarks
I
I
I
I
I
I
44 | U/MARL Marl: As above. |pescriptions based
|on returns and
jdrilling speed.
| |Auger refusal at 47
|ft.. No drager tube
|detection (2/9) at
|top of auger.
47 U/MARL Marl: As above. |

e e e e e

c
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
l
|
I
l
I
l
I
I
l
I
I
I
I
I
I
l
I
I
I
I
I
I
I

— — — — — — — — — — — — — — — — — — — —— — — — — — — — — —— —— — — — — —— — — — — — — —— ——{p— e s
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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: 49.1 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

1
1
| 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: 18 |
] 4. HOLE NO.: LF04-10 _ ] 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. 8. Blount | 12. DATE HOLE ESTABLISHED: 4/2/90 B!
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 626.90 ft MsL 1
|  x: 2021275.03  Y: 397025.34 | 14. BACKGROUND: 1
] _ 1 15. MEASURING POINT ELEVATION: 626.54 ft MSL |
Blow | Soil | | |
Count |Class/Code |Visual Description |_Remarks |
| uscLLr |clay: Brown with orange mottling, soft to firm, damp, |Full recovery |
| |minor carbonaceous streaking, semi-plastic, silty seam, |unless otherwise |
| |(perting) at 1 ft.. Coaly fragments. 0 to 0.05 ft. |noted. Windy. |
I I I I
| Uu/CLLR |clay: As sbove, very silty to 3.2 ft., below 3.2 ft. | ‘contact’ (fill |
| |has no silt, Orange/brown, plastic, firm, minor |material on top?). |
| |carbonaceous streaking. |

I I I I
| Uu/cLLR |Clay: Very silty to 4.7 ft.. Same as 2 - 3.2 ft.. | |
I I I |
| Uu/CLAY |Clay: Burnt orange, firm to stiff, semi-plastic, damp |[Sharp ‘contact’. |
| |with carbonaceous streaking, and minor calcareous i |
| |debris; with calcareous debris concentrated from 5.6 - | |
| |5.8 ft. | |
| U/CLAY |Clay: As above, to 7.8 ft., calcareous debris, |Hard pushing. |
| |concentrated in ’caliche’ layer 7.5 - 7.8 ft. | |
| U/SAND |sand: Very fine grained, moderately sorted, |sharp contact, 1.5 |
| | sub-rounded, Burnt Orange (oxidized), slightly silty in |Recovery (sand); |
| |intervals (lenses); clay pocket (dark grey/soft) at 8.5 |sand is loose, |
| |ft.; sand hav very minor carbonaceous streaks, damp, |cohesive w/ clay in |
| |moist, at base; quartzose W/ < 95X quartz, < 5% iron |lenses. i
| |magnesium. i i
| U/sosM |sand: As above, slightly silty to 11 ft., oxidation |1.5 ft. Recovery. |
| |decreasing to base with color laminations evident. Clay | |
| |lenses at 10 - 10.1 ft. and 10.6 - 10.7 ft.; sand is | |
| |buff yellow at 11 ft.. i |
| UssosM |sand: As above, lighter color (buff tan), silty |Pushed SS to 14 |
J |interval 13 - 13.3 ft., minor color laminae. |ft.; going to i
| | |augers. |
| u/sosM |sand: As above, minor clayey lenses, semi-indurated |2.5 ft. Recovery - |
| |sandstone layer at 14.9 - 15 ft.; damp, loose; with |MosS. |
| |color laminae and < 5% heavy minerals. | |
| I I I
I I I I
I I I I
I | I I
| I I |
I I I I

| UssosM |sand: Very fine grained, buff w/ orange clay lenses, 4.5 ft. Recovery.
| |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. | |

A-23
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 3 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  49.1 ft BGL B
L IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
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: 18 1
] 4. HOLE NO.: LF04-10 1 11. ELEVATION GROUND WATER: _596.05 ft MSL (6/18/90) 1
1 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 4/2/90 1
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  626.90 ft MSL !
Il X: 2021275.03  y:  397025.34 | 16. BACKGROUND: 1
L | 15. MEASURING POINT ELEVATION:  626.54 ft MSL |
[Depth| Graphic |  Blow | Soil | | |
[¢Ft.)]  Log Count |Class/Code |Visual Description | Remarks 1
I R | | I I
I I | I I
I PRSP | | | |
| | | | |
I Cee I | I |
| c e e e I | | |
| 24 OOCI | U/SDLR |sand: As above, buff to orange laminated, no clay or |3 ft. Recovery |
| | |silt, very fine grained, moderately well sorted, dry to | |
] DOO | |demp; layer of abundant ~ 5X% shell frags and calcareous | |
| OOC | |debris with some gravel from 26 - 26.5 ft.; gravel up | |
| DOO | |to 40 mm, minor gravel fragments to base. | |
I G-0-g I | I I
I Belfe] | | | |
I 0-0-d I | I I
I b.o.o | | | I
| (5757 | | | |
| 29 jOO | u/sDLR |sand: As above. [4.5 ft. Recovery. |
I QPO I I I I
| 980 | | | |
| 30.5 POO | U/SDGR |sand and Gravel: Ssand is very poorly sorted, buff, very |Sample wet at 32 |
| Ooq | |fine to coarse grained, subrounded, with minor |ft.. |
| D-O-0- | |oxidation seams, gravel is 2 - 100 mm, approximatly | |
| 0-0-d | |S0%, composed of calcareous debris of shells etc. up to | |
| b-0-0-] | |5 mm; large fragments are broken, well indurated | |
| 0-0-0 | |micritic limestone. ‘ | |
| 33 POO | U/SDLR  |Sand: Tan, medium grained with abundant carbonaceous |cobbles lengthwise |
[ SR | |streaking and gravel, as above, at base. |in sampler. |
| 34 OOO | U/GRSM  |Sand and Gravel: Sand as above up to 15X gravel is | |
| boo | |quartz and calcareous debris, aversging 5 mm and up to | |
| Ooq | |40 mm. Moderate to poor sorting, subrounded, wet. Large | |
| DOO | | fragments are CaC03, as above. Grain size increases to | |
I |S-C-0 | |bese. | |
| p-0-C- | | | |
I 0.0 I | I I
I RSiSE | | | |
S | | | |
| 30 |7 | U/SDGR  |sand and Gravel: As above, wet, averaging 10 - 15 mm. |2.5 ft. Recovery. |
| boo | |Continues coarsening to base, minor clay pockets 40 - | |
| OOO] | |42 ft. making fine gravel/slightly cohesive. Gravel up | |
| p-0-0O-) | |to 50 mm. Coarse Sand. | |
B elele | | | |
I NeleX | | | |
| 5o | | | |
| KisTs | | | |




59 163
| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE:  49.1 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 prill B-61
| 3. DRILLING AGENCY: 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. 8. Blount | 12. DATE HOLE ESTABLISHED: 4/2/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 626.90 ft MSL
] X: 2021275.03  Y:  397025.34 | 164. BACKGROUND:
L | 15. MEASURING POINT ELEVATION: 626.54 ft MSL
Depth| Graphic |  Blow soil | |
Ft. Lo Count |Class/Code |Visual Description | Remarks
T:?1T:E?TAJ | |
b.'.Q'.Oj ! |
oS | |
100 | |
©-0-g | |
D-O-0-| | I
In-0-d | I
1.4.1[/ U/CLLR |Clay: 44.1 ft. clay is soft, very plastic, moist to |64.0 ft. Recovery.
[/ |wet, grey tan in color with abundant oxidation pockets |Sharp contact. Clay
J¢< 5 mm) around fine grained sand. Abundant [not ’sandy’; has
|carbonaceous flecks; silty below 46.5 ft. with silt |few grains in each
|layer 46.5 - 46.7 ft. |pocket’.
| |
| |
| |
| I
49 4 U/MARL |MarL: Clayey coated micritic limestone w/ |49 - 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

|recrystellized fossils, grey to buff, well indurated,
| ‘mudstone’ .
|

|augered into marl;
| ‘core’ sample. No
|ss. T.p. at 49.1

| ft.
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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: 25.2 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

- LOCATION:

Flightline Area

9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

Environmental Drillers, Inc.

10. NO. OF SAMPLES TAKEN: 11

— }— — }— —

2
3. DRILLING AGENCY:
4. HOLE NO.:

LF05-01

11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90)

1

|

|

|

1

|
] 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/22/90 ]
| 6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: _ 619.30 ft MSL |
] x: 2018791.38 Y: 399361.24 14. BACKGROUND : 1
] 15. MEASURING POINT ELEVATION:  621.96 ft MsL |
|[Depth| Graphic | Blow | Soil | | |
J¢Ft.)|  tog Count |Class/Code |Visual Description | Remarks ]
| o V | u/scLLr |clay: Dark brown, firm, silty, red mottling, roots, |Fitl. |
| | |damp; minor sand and gravel. | |
| I | | |
| I | | |
| 2 !UD[ | u/ssoLr |sand: Tan, medium to coarse grained, loose, damp, ~ 5% | |
| { -Q-0 | |smatl gravel. | |
I 100 I | | |
| -0-0 | | | |
| 4 / | uscLLr |Clay: As above, damp. |1.2 ft. Recovery. |
| | | | |
| I | I |
| I | I |
| I | | |
| | | I |
| | | I |
| | | | |
| 8 | u/cLer |Clay: Brown and orange, mottied, very disturbed, Istill fill ]
| | |gravelly, soft to slightly firm, calcareous zones and |material. |
| | |nodules, damp; at 11 ft. going into a gray colored | |
| | |silty clay. | |
l I | | |
| | | | |
| I | | |
| | | I |
| 12 | uscLLr |clay: As above; at 13.5 ft. hard limestone zone. |0.2 ft. Recovery. |
| | | | |
| | | I |
| | | | |
| 14 | uscLir |clay: As above, still very disturbed. | ]
| | | | |
| | l | |
| | | | |
| 16 | uscLr |clay: As above, damp. | |
| | | | |
| | | I |
| // | | | |
| A | | | |
| 18.4) - - - | Uu/sosM |sand: Light brown, very silty and clayey, saturated, [Very "muddy*. |
| R | |minor small gravel, < 1X pebbles. | |
| N l | | |
| 20 -} | u/sspsM |Sand: As above. | |
| ) U | | l |
| A | | | |
I I | | | |

A-26
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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: 25.2 ft BGL
L 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: 11
] 4. HOLE NO.: LF05-01 | _11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90)
| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/22/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 619.30 ft MSL
| x: 2018791.38 Y: 399361.24 | 14. BACKGROUND:
1 | 15. MEASURING POINT ELEVATION:  621.96 ft MSL
[Depth| Graphic |  Blow | Soil | |
[¢Ft. Log | count |class/Code |[Visual Description | Remarks
I AR | | |
ey - I I
22 'ﬁQ'EQ’_ U/SDLR [sand, Clay and Gravel: About equal X of each, [still very
FQ'FQ‘() |saturated, shells, gravels to 20 mm, silty; 24.5 - 25 |“muddy“.
OO( [ft. mostly sand and gravel. |
0-0-0 ! !
I O-0-¢ I
SN I I
25 {50 U/MARL [Marl: Limestone, chalky, indurated, oxidation staining. [MOSS sampler

| [refusal at 25 ft.;
|drive sample 50
|blows = 2 in.; Fill
|probably ended
|about 18.1 ft. BLS;
|hole looked Like
[fill all the way
[TD. T.D. = 25.2 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
I
|
I
I
I
I
I
I
I
I

I
I
I
I
I
I
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

S D NS S SN WNNDUI WU SH SNy SN SiNy S WG SED S S




<9 166

| DRILLING LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 27.2 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 8-61 |
] 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 |
] 4. HOLE NO.: LF05-02 | 11. ELEVATION GROUND WATER: 597.83 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:  620.30 ft MSL

|

|
| X: 2019492.00  Y:  399280.64 | 14. BACKGROUND: !
| ]| 15. MEASURING POINT ELEVATION: 622.69 ft WSL |
|Depth| Graphic |  Blow | Seil | | |
J(Ft.) tog | Count |Class/Code [Visual Description | Remarks ]
| o I’/ | u/cLLR |Clay: Orange/brown, stiff, silty, abundant calcareous |Full sampler )
| / | |material, damp. |unless noted. |
I | | | |
| I I | I
| 2 | u/CLLR |Clay: As sbove, 0.5 ft. caliche zone 3 - 3.5 ft. [1.2 ft. Recovery. |
I | I | I
| I | | |
I | | I |
| 4 | u/scLir |Clay: Dark brown, stiff, carbonaceous staining, damp, |No calcareous |
| | Isilty. |material. |
I I I I I
| | I | |
| 6 | uscLir |Ctay: As above, minor gravei, silty. | |
I | I | |
| | I | |
| | | | |
| 8 | uscLAaY  [clay: Brown and tan mottled, distrurbed looking (not  |Looks like fill |
| | |natural layering), damp; some greenish/gray clay also. |material. |
[ | | ! |
I ! | | I
| 10 | uscLay |clay: As above, soft calcareous zone at 11 ft. |1.0 ft. Recovery. |
| I I | |
I I I I |
| I I | I
| 12 | u/cLay |Clay: Still heavily disturbed nature, 3 in. wet seam at |Still filt |
| ] |13 ft, |material. |
I I | | I
| | I I I
| 14 | uscLLr |Clay: Becoming siltier, moist, some greenish/gray | |
| | |cotoration. | |
I | I I !
| I I | |
| 16 | | U/CLLR |Clay: Brown snd green mottling, very disturbed nature, [Still looks like |
| | |gravel (1 - 5%), shells; 0.4 ft. fine sand seam at 16.6 |fill. |
| I [#t.; vet. I I
| | I I |
| 18 ] UsCLLR |Clay: As above, silty, not disturbed; greenish/gray at |Greenish/gray |
| ] [19 ft. |material looks |
| | | |natural - in situ. |
| | | I ! I
| 20 | u/cLLRr IClay: Greenish/gray, silty, oxidation stained mottling, |W.L. measured at |
| ] |firm, damp, 1 - 3X assorted size sand and small gravel, [21.05 ft. BLS after |
| | Jgravelly sand at bottom. |wetl completion. |
| / | I | |

yd
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| DRILLING LOG

| RADIAN CORPORATION

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

| 1. PROJECT: CARSWELL AFB,

|

IRP PHASE Il STAGE 2

7. TOTAL DEPTH OF HOLE: 27.2 ft BGL

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.: LF05-02

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 HOLE:

13. SURFACE ELEVATION: 620.30 ft MSL

]
|
]
]
Environmental Drillters, Inc. | 10. NO. OF SAMPLES TAKEN: 13
|
|
]
|
|

| X: 2019492.00  Y: 399280.64 14. BACKGROUND:
1 15. MEASURING POINT ELEVATION:  622.69 ft MSL
|Depth| Graphic |  Blow soil | |
[¢Ft.)]  Log Count |Class/Code |Visual Description | Remarks
I I I
I I
I I
I I
I I
I I
| I
I I
U/SDGR ISand and Gravel: Orange/brown, very clayey, saturated, |
numerous shell fragments, gravels to 40 mm, mainly |
[limestone clasts. |
I I
U/MARL [Marl: chalky, white/gray, shaley, indurated. |sampler (MOSS)

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

B T E——————— -

|refusal at 27 ft.;
|drive 1 172 ft. ss
|50 blows = 2 in.;
jT.0. = 27.2.

—— e — — — — — — — — — — — —— — — — — — — — — — — — ——— ——— — ————— — — — — — — — e — s f— b — — b b — p—
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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:  27.5 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 B-61 |
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 ]
| 4. HOLE NO.: LF05-03 | 11. ELEVATION GROUND WATER: B
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 620.60 ft MSL !
| X: 2019488.64  Y:  399182.10 | 14. BACKGROUND: _1
| | 15. MEASURING POINT ELEVATION:
|Depth| Graphic | Blow | soil | |
J(Ft.)] Log | count |Class/Code |Visual Description | Remarks
| o f | u/scLLr |clay: soft - firm, moist, clay fraction ptastic - semi |Full recovery
| ] ] |- brittle due to roots, calcareous pebbles, slightly |unless otherwise
| | |silty with clayey silt 1.7 - 2 ft., yellow orange | indicated.
] | |grading to brown. |Extremely windy.
| 2 | Uu/scLLR |clay: As above, calcareous pebbles concentrated in |Gradational
| ] |intervals, less silty, minor carbonaceous streaking at |changes.
| | |base. |
| | | |
| 4 ] uscLay |Clay: As above, Brown, firm, fairly plastic, layers of |
| L/////| ] |concentrated calcareous debris. |
| I I I
| I I I
| 6 | U/CLLR |Clay: 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
| 10 | U/CLLR |clay: As above, dark brown, soft, plastic, moist with  |Musky odor.
| i |silty/sandy lenses to 13.2 ft.; leached zones 13.2 - |caliche zones. 1.5
| | |13.5 ft., 14.3 - 14.4 ft., clay is white/buff, brittle, |ft. recovery.
| | |damp, with more frequent calcareous pebbles, |
| ] |intervening clay is as above; with silt/sand. |
| I I I
| ) I I I
| A I I I
| | | | |
| 14.4{:::/// i | U/CLLR  |Clay: As above soft/firm with abundant carbonaceous |
| /I | |lamina, fine roots, dark brown, minor leached pebble |
| //il | |zone 14.8 ft. |
| 15.2) < - - -] ] usspsM |sand: Buff. Moist to wet, very fine grained, silty, |water in hole ~ 15
] o000 ] |poor - moderate sorting. ]- 16 ft.. sharp
| | | | Jcontract.
| 16 1 | uscLLR |clay: As above, dark brown, carbonaceous stains, soft |
] | |to firm, moist, calcareous pebbles, minor oxidation |
i A | |stains. |
] 65|V | ussoLr |sand: As above, silty, color lamina (oxidation layers), |Few pebbles.
| Q'FQ'FQ' | {fine roots, gravel - 17.6 - 18 ft.; buff; sand is |
[ O-0:'a | jquartzose with > 95X quartz, minor cohesive clay |
| joo | |lenses, otherwise Loose, minor carbonaceous streaking; |
| el | |clay lenses and intermitent pebbles decrease to 20 ft. |
| 20 5 el | ussbGr |sand: As above, buff yellow, and gravel to 22 ft., sand |Not Likely fill
PN

— — — — — — — — —— — — — — — p— — — — — —— — — —— — ——— ———— —— —— —— —— ittt e [po i e
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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: 27.5 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 B-61 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 13 i
| 4. HOLE NO.: LF05-03 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE MOLE ESTABL I SHED: 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: 1
[Depth| Graphic | Blow | Soil | | |
{19 Log Count |Class/Code |Visual Description | Remarks |
| t:;f}:;“a | |is very poorly sorted; gravel approximately 20X, 2 - 15 |due to laminae |
| [ &~ > | |mm, clayey with clay content increasing to bottom. |above. Vague |
[ ) .;SE;E:Q [ | |’contacts’. |
| 22 L///7 | U/cLLR  |Clay, silt and gravel: Light to medium grey to 22.3 | |
| | |ft., changing to buff/orange. Clay is stiff, wet and | |
| | |brittle. Gravel appears concentrated in horizontal | |
[ | |planes. Abrupt color change to dark grey at 24 ft. Clay | |
| | |at 24 ft. is silty with minor calcareous pebbles, firm, | [
| | | semi -plastic | |
| | I I |
| /] | | | !
| 26.5 b 00 | usGRVL |Gravel: Clayey, silty, sandy, loose, wet, medium grey, |Auger refusal at |
| OO0 0 | |80% of sample caicareous gravel 5 - 50 mm, average size |27.4 ft.; went in |
| b O O [ |20 wm. [with sS. No |
| PN | | [Recovery. |
| 27477 1 |50 | U/MARL  |Marl: See description from LF05-04 (no sample |T.D. at 27.5 ft.; |
| o | | 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 | |
| f 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 | SHEEY 1 OF 2 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 28.3 ft BGL

L 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.: LF05-04 | 11. ELEVATION GROUND WATER: |
| 5. NAME OF GEOLOGIST: S. 8. Blount | 12. DATE HOLE ESTABLISHED: 3/22/90 |
| 6. CODRDINATES OF HOLE: | 13. SURFACE ELEVATION:  617.30 ft MsL L
| %z 2019719.98 399313.92 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: |
[Depth| Graphic | | Soil | | |
JCFE) Log | |Class/Code |Visual Description _| Remarks 1
|0 | U/CLLR |clay: sandy, brown with calcareous pebbles, damp, fine, | |
| | |semi - brittle, rootlets. | |
| 1 | u/soLR |sand: Brown/green, clayey, with gravel up to 15 mm, | |
| i |very poorly sorted, moist, quartzose with calcareous | |
| | |pebbles. | |
| 1.5 | u/scLLr |clay: As above, calcareous pebbles increased to 25X%, |Probably fill. 3.5 |
| | |very brittle with oxidation blebs and black | ft. Recovery. |
| i |carbonaceous staining within lenses, less sandy. | |
| ) | | | |
| A I | I |
] IR | u/sDLR |sand: Brown, loose, dry to damp, very fine grained, |Probably fill. 3.5 |
i T | |slightly clayey, poor - moderately sorted, quartzose | ft. Recovery. |
| | |with calcareous pebbles, oxidation lenses and asphaltic | |
| | |pebbles. | |
i | u/scLLr |clay: Light brown orange, firm, semi-plastic with | |
| i |calcareous pebbles to 8 ft. | |
| | UussoLR |sand: As above. | |
| I [ | |
| | | I |
| | U/CLLR  |Clay: As above. | I
| | U/sOLR |sand: Orange brown, clayey, silty, very fine grained, |Fill, Concrete |
| | |poorly sorted, oxidation stained, quartzose with > 95X |block in sample ~ 2 |
| | |quartz, subrounded, with 5% carbonaceous flecks and |in. across. Sarp |
| | |several large (40 mm) gravel chunks, moist to 12 ft., |contract. 3 ft. |
| | |wet at 13 ft., minor carbonaceous streaking. |Recovery. |
| I | I |
| | UuscLLR |[Clay: Buff yellow, wet, silty, oxidized, soft to firm, |Bottom of fill - |
| | |plastic, caliche at top, minor pebbles (calcareous) to |sharp. Water in |
| [ [14 ft. |hole. |
| 14 | uscLr |Clay: Very stiff, green/grey, sbundant calcareous | |
| | |debris, semi-brittle, wet carbonaceous stained. | |
| 14.8 | uscLLr |Clay: Dark brown/black, very brittle, organic rich, |sharp contract. |
i | [moist, fine rootlets, gradual color change to [Musky odor. |
| | |green/grey with an increase in carbonaceous debris and | |
| i |plasticity; very stiff; similar to clay at 14 ft. | |
| / I | | |
| 18 | u/scLLR IClay: As above with an increase in gravel and sand to  |[Calcareous zones |
| / I |
| | |
| | |
| I |
| I |
| I |
| I |

AN

|20 ft. (clay and gravel). Green/grey, stiff, brittle,
|calcareous pebbles concentrated in 0.5 ft. intervals to
|23 ft.; sandy in these intervals (CaC03 sand?).

|*calichified’.

A=-32
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] DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS |
I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 28.3 ft BGL |
| IRP_ PHASE I1 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
4 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 |
] 4. HOLE NO.: LF05-04 | 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:  617.30 ft MSL 1
1 Xz 2019719.98  v:  399313.92 | 14. BACKGROUND: 1
| ] 15. MEASURING POINT ELEVATION: 1
[Depth| Graphic |  Blow Soil | | |
[(Ft.) Log Count |Class/Code |Visual Description |_Remarks 1

| I

| I

| I

G4 | |

23 O-0-( U/SDGR |sand and Gravel: Sand is very fine to coarse grained, |Very sharp
OOO |saturated, very poorly sorted, buff/tan, sub-rounded, |contract.

‘Ood |q1:|artz ar}d C?COZ'., (6OX quartz) and < 5% heav-y minerals, |

---- |mmor oxidation staining, ‘gravel’ average size 5 mm, |

OOO |but up to 35 mm, quartz and Cac03, approximately 40X of |

OO.C jsample |

0-0-0 | |

RSN | |

Sylele] I l

Jatiat | I

28 50 U/MARL |Harl: Fissile, calcareous, hard, wet, chalky, w/ shell |1 ft. Recovery

|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
|

| fragments; (description from bit sample and portion of

|last ST; drive Ss.
|ss refusal. Went in
|with auger to
|check, auger
|refusal. T1.D. =
|28.3 ft.
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 26.2 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 [
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 |
] 4. HOLE NO.: LF05-05 | 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: _ 616.10 ft MSL |
1 X: 2019785.85  Y:  399388.49 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION: |
|pepth| Graphic | Blow | Seil | | |
1(Ft) Log Count [Class/Code |Visual Description | Remarks |
o o+ .- | ussocL |Sand and Clay: Orange/red, very fine grained, damp, |Futl sample untess |
| : | |with asphalt, gravel, roots, calcareous fragments, very |otherwise |
| T | |poorly sorted sand, cohesive (clay). |indicated. 1 ft. |
I CEE | | |Recovery. Fill sand |
AR | | Jtop 2 fr. |
j2 | | uscLLr |Ctay: Brown, with minor orange mottling, firm, semi - |Fill clay. |
| | |ptastic with abundant calcareous pebbles (up to 20 mm), | |
| | |damp to moist, minor black (carbonaceous?) streaking. | |
| 4 | u/eLtr jctay: As above - light brown, mottling increased. |Fitt ctay? |
| | |Asphalt? mixed with sample. | |
I | I I I
I I | | I
| 6 | U/CLLR |clay: As above. i |
I I I | I
| I I | I
| | | I |
| 8 | uscLLR |clay: As sbove, few large (50 mm) gravel chunks. | |
| | I | I
| I | I |
| | I | |
| 9.9 | usAsSPH |Asphatt: Solid "asphalt" - tar and pea gravel with some |Fill. Could not |
| ] |brown ctay. |push at 10 ft.; |
| | | |material very hard. |
| | I | |
] 12 11,13,17 | u/cLLR |Clay: Dark grey/very dark grey mottled, firm, |Limestone |
| | |semi-plastic with abundant calcareous pebbles (1 to 15 |lithoclast? |
| | |{mm) and fragments, damp to moist with indurated sandy | |
| ] |caliche tayer - Light orange/buff at base. | |
| 14 | uscLLRr |clay: As at 12 ft. Few very large cobbles (80 mm); | |
| | |silty 14.4 - 14.8 ft.; color lightening. [ |
| | I | I
I | | | |
| 16 | u/scLLr |ctay: As sbove, color change at 16.4 ft. to | |
| | |buff/tan/yel low; continued large cobbles to 18.5 ft., | |
| | |calcareous debris sbundant at 17.2 - 17.6 ft. then ends | ]
| | |abruptly. [ |
| 18 | u/scLLR |ctay: soft to slightly firm, buff/yellow, 20X smalt | ]
| | |catcareous fragments and sand and silt, moist to wet, | |
| | |semi-ptastic, few 15 mm pebbles. [ |
I | | | |
| 20 | urssor |sand, Gravel and Clay: As above, sand or gravel up to |Samples |
| I |
| | |
| | |

|50%; 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

s Sttt
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]| DRILLING LOG

| RADIAN CORPORATION

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

| 1. PROJECT: CARSWELL AF8,
IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL

| 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.: LF05-05 | 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: _ 616.10 ft MSL
| _X: 2019785.85  Y:  399388.49 | 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
|Depth| Graphic |  Blow soil | |
[CFe.) Log | Count |Class/Code |Visual Description | Remarks
0O-0-d |gravely sand). jof the sampler.
OOOI | |clay, sand, and
OO(‘ | |gravet ?qual
pOO| } :proportlons.
gelich | |
0-0-0j | |
‘0-0-4 | |
24.9 ﬁv U/GRCL |Gravel: Clayey gravel, |
25.3 . .. U/SDSN |sand: Clay bound gravelly sand; sand composed of shell |
L |(calcareous) fragments, coarse grained, wet, poorly |
T |sorted. |
26 : ] —50 U/MARL |Mari: Buff/yellow, fissile, shells, clayey shale |Refusal at 26 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
I
I
|
I

|appearance, semi-indurated, chalky.

|orive ss, T.D. at
j26.2 ft.

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

DRILLING LOG |_RADIAN CORPORATION
1. PROJECT: CARSWELL AFB,
IRP_PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 7.7 ft BGL

1 8. DATUM FOR ELEVATION SHOWN: sea level

|
| 1.
|
| 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Orill B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 5
| 4. HOLE NO.: LF05-06 | 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: 598.30 ft MSL
| X: 2020129.68  Y: 399156.86 | 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
|Depth| Graphic | Blow Soil | |
[¢(Ft.)] Log Count |Class/Code |Visual Description | Remarks
' U/SDGR |sand, Gravel, and Clay: Buff/yellow, very poorly |Futl recovery
|sorted; sand is very fine to very coarse grained, |unless otherwise
|quartzose with calcareous pebbles/fragments, moist to 3 |noted.
|ft., wet below; clay content increases below 3 ft.. |
|Gravet (20X) up to 20 mm, size increases at base. Unit
|is brittle. |
| I
| |
U/SDGR | |1.5 ft. Recovery,
| IST refusal at 5.5
| |ft., go in with
| |auger to 5 ft.
| |samples.
U/GRSM |Gravel: Average 70 mm, minor fine sand and clay, |
|moderately well sorted, subrounded, composed of |
|limestone Lithoclasts. |
U/CLAY |clay: stiff to very stiff, buff/yellow, with grey |
|mottling, brittle, moist; oxidation staining |
|throughout, fissile in zones. |
U/MARL |Mari: Dark grey, semi-indurated, very fissile, highly |Refusal at 7.5 ft.

|calcareous, leached ‘caliche’ type zone at base (0.1
|fe.).

| (limestone), drove

|ss at 7.5 ft.. Less
|than 3 in. with 50

|blows. T.D. at 7.7

|ft.. WL = 3.38 ft.

|BGL.

—— e —_——_—_—_—— e ———_——e it - -

A-36



59 175

| DRILLING LOG ILAQIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 7.2 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 B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6
| 4. HOLE NO.: LF05-07 | 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. B. Blount _| 12. DATE HOLE ESTABLISHED: 3/22/90
| 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION:  598.00 ft MSL
] x: 2020230.22  ¥:  399192.73 ] 14. BACKGROUND:
| | 15. MEASURING POINT ELEVATION:
|oepth| Graphic | Blow | soil | |
J¢(Ft.)] Log Count |Class/Code |Visual Description | Remarks
|0 I// U/CLLR |clay: Brown/grey, moist, soft, plastic, roots, sandy, |
A |with increased sand to 0.8 ft. becoming clayey sand. |

1 OOE U/GRSM |Gravel: Clayey, light brown/grey, calcareous gravel up |Sharp contact. 2
SHeH® Jto 25 mm (mostly 2 - 3 mm), moist, very poorly sorted. |ft. Recovery.

1.4 Ood U/SDGR |sand and Gravel: Very fine grained, poorly sorted, |sharp contact.
OOOI |clayey, orange, dry to damp, with moisture increasing |Assume some gravel
OO(; |to base. Clay content variable, clayey and cohesive in |lost in first
SN |lenses; gravel ~ 20X, 3 - 25 mm, very poorly sorted. |sample.

3.8 OOO U/GRSM |Gravel: Quartz and calcareous pebbles with minor sand, |Sharp contacts.
OOd |wet, very poorly sorted; 98X gravel, average 10 mm up |
000 |to 20 mm. |

5 V U/CLAY |clay: Stiff to very stiff, buff/yellow with gray |3 ft. Recovery.

|mottling, oxidation seams, semi-fissile, brittle, |Refusal at 5.8 ft..
|moist. |

5.8 | |50 U/MARL |Marl: Dark gray, semi-indurated, very fissile, highly |Drilled into 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
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

|calcareous, alternating with stiff ‘clay’, minor
|oxidation mottling.

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

|1.4 ft. to good
|auger refusal. T.D.
|= 7.2 ft.. No WL
|hole caved to 3.5

| ft.

O S S 0 I I
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS 1
| 1. PROJECT: CARSWELL AFB, L 7. TOTAL DEPTH OF HOLE: _18.3 ft BGL 1
] IRP PHASE I STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
| 2. LOCATION: Flightline Area ] 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-561 ]
| 3. DRILLING AGENCY: Environmental Drillers, Inc. ]| 10. NO. OF SAMPLES TAKEN: 9 1
| 4. HOLE NO.: LF05-08 ] 11. ELEVATION GROUND WATER: 1
| 5. NAME OF GEOLOGIST: S. B. Blount 1 12. DATE HOLE ESTABLISHED: 3/22/90 1
| 6. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION:  606.80 ft MSL 1
1 x: 2020350.89 v:  399030.31 | 14. BACKGROUND: 1
I ] 15. MEASURING POINT ELEVATION: 1
|Depth| Graphic |  Blow | Soil | | |
[¢Ft.) Log Count _IClass/Code |Visual Description | Remarks |
| o | U/CLAY |Clay: Brown, soft, damp, brittle, root bound with fine | |
| | [rootlets, minor other plant debris. | |
l | I | |
| I | I I
| 2 | u/cLAy |Clay: Medium brown, firm, plastic, moist, minor | |
| | Jrootlets, few calcareous flecks at base. | ]
I I | l l
I | l : I I
| 4 ] u/scLAY |Clay: Grey/grey, mottted, very stiff, dry to damp, very |Could not cut w/ |
] | Iminor fine rootlets, abundant calcareous debris. |carpet knife. |
I I | l I
| | | | |
I I | | |
I I | l |
I | | | l
! I l | I
] 8 | U/CLLR |Clay: As above, calcareous pebbles up to 15 mm; stiff. |Pebbles effervesce |
| | |Predominately debris 1 - 2 mm. |in HEl solution. |
| | I | |
l I I I I
| 10 | uscLLR |Clay: As above, firm, plastic. | |
| | I | I
| 1 ] U/CLLR |Clay, Sand, and Gravel: Very poorly sorted, rounded |Musky odor. |
| | |gravel, moist. Clay dominates to 12 ft. with small soil |Terrace dep.? |
| | |developed on top, buff/yellow. Sand content increases |(Soil). |
| A l |to base. | |
12 |- | U/sAND |sand: Buff/yellow, very fine to fine grained, slightly |Water in hole at ]
| o | |clayey/cohesive at top, loose below 12.3 ft., moderate |12 ft.; go to 5 ft. |
| e | |rounding, well sorted, > 95X quartz. |ssmplers. [
| w5 | ] U/LMSN |Limestone: Grey to lLight grey, marly, fissile, |orilled slowly ]
| T L IAI I | |weathered. 10 mm indurated layers with thin marls |into limestone. |
| T 7 | |between, no shells, micritic appearance. |Refusal at 14.5 ft. |
| L1 ] | ]0.5 ft. Recovery. |
| T 1 T | | |pritler says |
] T | | |layered marl, drive |
| L T T | | |ss; 1 ft. Recovery. |
| 17.5 1 }so | usLMSN |Limestone: Well indurated, calcareous shale - fissile, |7.D. at 18.3 ft.. ]
| | I
| | I
I l I
l | |
| | |
l | I
l I l
I l |

|medium grey, slightly ’carbonaceous’; contiguous ‘bed’
[from 17.5 - 18.3 ft.

|Water level = 12.67
|ft. (BGL).

e —
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| DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 1 SHEETS 1
I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 14.5 ft BGL 1
| IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea 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: 6 i |
| 4. HOLE NO.: LFO5-09 ] 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: _ 604.90 ft MSL 1
| X: 2020361.60  Y:  398918.32 | 14. BACKGROUND: 1
L | _15. MEASURING POINT ELEVATION: |
|[Depth| Graphic | Blow | Soil | | |
[¢Ft.y] L Count |Class/Code |Visual Description | Remarks 1
| o ; | U/CLLR |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, alternating zones: brown then |indicated. |
| | |orange approximately 0.5 ft. thick. | |
I I I | I
I I | I |
I I | | |
[ 3.5 [ =" | usspsM |Sand: Buff/yellow with orange color laminations, |sharp contact. |
| S | |slightly clayey at top, loose below, rounded guartzose | |
| o .. | |grains; clay lenses 5 - 5.3 ft., 5.7 -5.9 ft.; damp to | |
| R | |moist, > 95% quartz, well sorted, cohesive in clayey | |
I S | |intervals, lossely consolidated otherwise. | |
I .- I I I I
T BRI I I I I
| . I I | |
| Ce [ [ | I
| 8 ce | u/sbsM |sand: As sbove, thinly laminated orange color laminae | |
| ) | |are contorted, slightly clayey at base. | |
I T | I | I
| R | I I I
1o |..... | u/ssbsm |sand: As above, moist to wet, clayey at top. Shell |Water in hole ~ 11 |
| . | | fragment layer 10.6 - 11.4 ft.. Clayey and silty below. |ft. |
I o I | | |
I | | I I
| 12 | u/SDLR |sand: Orange, very minor gravel, wet loose, few |3 - 6 pieces of 10 |
| | | carbonaceous streaks. |- 20 mm gravel. |
! ! I | |
| | | | I
| 14 | U/MARL |Marl: Indurated, dark grey/green shale, very |Refusal at 14 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 | |

|calcareous, some orange oxidation, fissile, few shell
| fragments, minor carbonaceous debris, dry to damp.

|drove sS, bottomed
|tess than 0.5 ft..
[T.D. at 14.5 ft.
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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 MOLE: 36.2 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.: LF05-10 ] 11. ELEVATION GROUND WATER:
| 5. NAME OF GEOLOGIST: S. B. Blount _| 12. DATE HOLE ESTABLISHED: 3/22/90
l 6. COORDINATES OF HOLE: § 13. SURFACE ELEVATION: 623.90 ft MSL
L x: 2019456.19 Y: 398656.87 | 14. BACKGROUND :
| | 15. MEASURING POINT ELEVATION:
[pepth| Graphic | Blow | Soil | I
Ft. L Count |Class/Code |Visual Description _| Remarks
0 | u/cLLR |Clay: Medium dark brown with minor carbonaceous |Full recovery
|streaking, firm, plastic, moist. Calcareous pebbles junless otherwise

|abundant to 0.4 ft., minor roots, few pebbles to 3 ft. |noted.

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
| |sampler.

U/CLLR |clay: calichified (leached) white to buff, brittle, |Futl 2 ft. push
|firm, shell fragments, damp, abundant calcareous |with no recovery.
|debris, abundant orange oxidation seams, visible |SS pushed 6 - 8 and
|authigenic mineralization, silty appearance. |got 0.9 ft.
| |recovery.

U/CLLR |clay: stiff, as above, interlayered with calichified |Pushed SS - 0.8
|zones to 13.2 ft.; stiff clay has intervals of abundant |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
|

U/CLLR jclay: Medium brown/yellow, moist to wet, brittle,
|silty, abundant calcareous debris.

13.2

_OTrOT;T

%.Ss) | | U/MARL  |Marl: Weathered limestone marl at 14.5 ft.; clay rich, |Water in hole 14.5
LJIW |soft, oxidized in seams, abundant broken micritic - 19.5 ft.. 3.5 ft.
T T 1 |limestone fragments, wet (saturated - soggy), recovery.
L' 1 |semi-plastic, buff/yellow.
16

|stiff, moist, oxidation seams, chalky, CaCO3, rich,
|uith coarse fragments, silty, semi-fissile.

_HH \
N

|
I
|
|
I
I
I
I
I
U/CLLR |Clay and Gravel: Gravel < 20%, clay is buff, firm to |
|
I
|
|
I
|
|
|
I
|

18 FL U/MARL |Marl: Dark grey, semi-indurated, highly calcareous,
T |shaley, fissile, dense, dry to damp.
L I
19.5 Ejo U/GRSM |Gravel, Ssand, and Clay: Gravel up to 80%, 4.2 ft. Recovery.
[~ N |orange/yellow, brittle/friable, soft, wet to moist.
0-0-0 . .
IR |sand very poorly sorted, very fine to coarse grained,
booq |subangular, wet, gravel up to 40 mm, quartz and CaCO3
OOOO |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

. 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: 13

|Buff, few recrystallized fossilts, chaulky exterior.

]

|

|

]

|
| 4. HOLE NO.: LFO05-10 | 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:  623.90 ft MsL |
| X: 2019456.19 Y: 398656.87 | 14. BACKGROUND: |
] | _15. MEASURING POINT ELEVATION: ]
|[Depth| Graphic | Blow | Soil | | [
J¢Ft.)]  Log Count |Class/Code |Visual Description _| Remarks {
| B.O.O | | | |
e : 1
I Ree | | | |
| O | | | |
| RO0 | | | |
| 23.9 | ussicL |silt: orange, clayey (slightly), wet, soft, minor |very sharp ]
| | |oxidation staining in laminae, very uniform tithology |contact. |
| ] | throughout interval, saturated. | ]
| | | | |
| | | | |
| | I | |
| | | | |
| | | | |
| | | | |
| 28.5) . . . | u/SOLR |Sand: Orange/yellow, very fine grained, loose, |very sharp |
| s e e | |saturated, > 95X quartz, moderately well sorted, |contact. |
| . T | |subrounded grains, no sedimentary structures, minor | |
| oo | |oxidation pods, very minor carbonaceous flecks; with | |
| - | | |few large ¢ 50 - 100 mm gravel fragments) | |
| . O | | | |
| . | | | |
b | | | | |
| U | | | |
AR | | | |
| 33.2).0-0-( | u/GRSM |Gravel: Quartz and calcareous fragments, poorly sorted, |Sharp contact. |
| boo | |wet, slightly sandy, slightly silty, loose, average 2 - [34.5 - 36 ft. = |
| OO# | |6 mm of subangular fragments up to 75 mm; buff/orange. |NR.. Auger refusat |
| OOO | | |at 36 ft.; drive ]
| « T | | |ss. Grout sS |
| OOQ | | |refusal. |
| 36 S0 | U/MARL  [Marl: Limestone fragment - well indurated, micrite. |T.D. at 36.2 ft.. |
| | |
| I |
| | |
| | |
| | |
| | |
| | |
| | |
| I |
| | I
I | |
I | |
I | |

|Poor recovery ss,
|description from
|one fragment. WL
|26.2 ft.

A-41
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| INSTALLATION: CARSWELL AFB, TX | SHEET

1 OF 1 SHEETS

DRILLING LOG | RADIAN CORPORATION
1. PROJECT: CARSWELL AFB,
IRP PHASE Il STAGE 2

| 7. TOTAL DEPTH OF HOLE:  10.1 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

I
]
I
I
I
I
I
I
I
I
I
I
I
I
I
I
l
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
|

1
I
|
| 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: &
| 4. HOLE NO.: LFO05-11 | 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: 597.60 ft MSL
| X:  2020446.51 Y: 398619.94 | 14. BACKGROUND:
1 | 15. MEASURING POINT ELEVATION:
|pepth| Graphic |  Blow Soi l | |
Count |Class/Code |Visual Description | Remarks
U/CLAY |clay: Dark brown, damp, calcareous nodules, roots. |Full recovery
| |unless otherwise
| |noted.
I I
U/CLLR |Clay: As above, slightly silty and sandy. |
I I
I I
I I
U/CLLR |clay: Dark brown, hit root at 5.5 ft., wet. |1.2 ft. Recovery.
| I
I I
| I
U/CLLR |Clay: Green/orange, very fine grained sand. |W.L. measured at
| |3.05 ft. BLS.
U/SDLR |sand: Orange/tan, fine to medium grained, wet, |
|quartzose; at 8 ft., brown, musky odor. 8.5 - 10 ft. |
|increasing gravel to 20% at bottom of sampler. |
|saturated, shells. I
I I
I I
U/MARL |Marl: Green/gray, indurated, fissile, exogyra fossils. |Auger refusal at

|10 ft. Drove S.S.
€1 172 ft.); 50
|blows = 0.1 ft.;
[T.0. = 10.1 ft.

gy Sy SO i By Ny S S S Sy iy o
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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: 9.2 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 B-61
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 6
] 4. HOLE NO.: LF05-12 | 11. ELEVATION GROUND WATER:
] 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION: 594.40 ft MSL
| x: 2020606.71 398699.09 | 14. BACKGROUND:
L | 15. MEASURING POINT ELEVATION:
|Depth| Graphic | ]  Ssoil | |
J(Ft.)] 1tog | Count |Class/Code Jvisual Description | Remarks
| 0 | uscLLr |Clay, sand, Gravel: Clay is light brown/orange, moist, |Full sample unless
| |semi-plastic, soft with sbundant oxidation. Gravel is |otherwise
///:J |10 - 20 mm calcareous pebbles. |indicated.
1.5« - - - U/SDSM |sand: Orange, moist, clayey 2 - 2.5 ft., silty, very |Gradational
N |fine grained, poorly sorted. |contact.
2.5 U/CLLR |sandy Clay: Clay as above, without gravel (calcareous |Water in hole at 5
r/// |debris minor), sandy and silty to 4 ft.; silty to 6.8 |ft.
|ft.; clay is grey/brown, moist, soft; very soft and wet |
lat 5 ft., minor oxidized sand seams, few very fine |
|rootlets, semi-plastic. ]
I |
I I
| I
I 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. Marl at
| |sample bottom.
8.8 | " " U/SOVF |sand: Very fine grained, moderately sorted, dark grey, |
e e e |carbonaceous streaking, wet, quartzose. |
9 f—TTTis0 U/MARL  |Mari: Medium grey, fissile, well indurated, micritic, |[T.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
I
I
I

|brittle in chaulky zones.

WL = 2.73 ft.
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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: 17.1 ft BGL
IRP PHASE Il STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level
LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61
DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: ¢
HOLE NO.: LF05-13 | 11. ELEVATION GROUND WATER:

|

1

|

!

{

1

NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/19/90 1
. COORDINATES OF HOLE: ] 13. SURFACE ELEVATION: 605.00 ft MSL 1
X: 2020738.54  Y:  398406.77 | 14. BACKGROUND: |
| 15. MEASURING POINT ELEVATION: 1

Blow | Soil | I |
Count |Class/Code |Visual Description | Remarks |
| U/CLAY |clay: Dark brown, damp, roots, plastic; calcareous zone |Full recoveries |
| |starts at 1.8 ft. |unless noted. |
| | | |
| | | |
| u/cLLR |clay: Orange/brown, very silty, abundant calcareous |1.6 ft. Recovery. |
| |material (caliche), dry, slightly cohesive. | |
| | I |
| | | |
| u/cLLR |Clay: As above, 20 - 30X calcareous material. | |
| | | |
| | | |
| | | |
| U/CLLR |Clay: As above, moist; increased calcareous material, [1.4 ft. Recovery. |
| |8.7 - 9.3 ft. Aalmost completely calcareous material. | |
| | I |
| | | |
| | | |
| | | |
| | | |
| U/SAND |sand: Orange/tan, fine to medium grained, loose, damp, |Pushed S.S. |
| |subround, quartzose, minor oxidation staining. |sempler ¢1.5 ft.). |
| | | |
| | I |
| | | |
| u/sbLR |sand: As above, calcareous zones (~ 0.5 ft.) at 13 ft. |[Could not get W.L. |
| |and 14 ft.; also gravelly in these zones. Material |down hole after |
| |saturated at ~ 13.5 ft. |augers pulled; 4.5 |
| | | ft. Recovery. |
| | | |
| | | |
| u/soLr |sand: As above. | |
| | | |
| usspbGR |sand and Gravel: 50/50, very fine sand to pebble size |Sampler refusal at |
| |gravel, saturated, numerous shells. |17 fe. |
| U/MARL |Marl: Gray/green, fissile, indurated, iron stained in |Driving 1 1/2 ft. |
| |
| I
| |
| |
| |
! |
| |
| f
| |
| |

|fractures, calcareous.

|s.s. 1 1/4 in. for
|50 blows; T.D. =
[17.1 ft.
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| |went 1 in.; no
|recovery; T.D. at
[13.3 ft.; WL - 9.43
|ft.

1 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
1 IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level 1
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: 8 ]
1 4. HOLE NO.: LF05-14 | 11. ELEVATION GROUND WATER: 594.14 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. B. Blount | 12. DATE HOLE ESTABLISHED: 3/19/90 I |
| 6. COORDINATES OF HOLE: ]_13. SURFACE ELEVATION:  603.20 ft MSL 1
] x: 2020910.08 Y: 398467.53 | 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION:  602.98 ft MSL 1
[Depth| Graphic | Blow | Soil | | |
I(Ft.)|  Log Count |Class/Code |Visual Description | Remarks |
| o V | uscLLr [Clay: Very dark brown, soft, dry to damp, |Full recovery |
| | |brittle/crumbly, fine rootlets and calcareous pebbles, |unless noted |
| | |abundant 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 | |
| / | |base. | |
| 3.5 | u/cLLr |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 |
| ! | | I
| / | | | |
I | I | |
| 7.2 ] ] | U/MARL |Marl: Light grey, very stiff, silty clay with abundant | |
| I | |large CaCcO3 fragments, oxidized in seams, brittle, | |
| T I |[moist, ‘slickensided’. | |
| 85| - | Uu/sOFN |sand: Fine grained, orange tan, oxidized, moderately |2.5 ft. Recovery. |
| T | |sorted, subrounded, wet, loose, quartzose with > 95% | |
| « v e ms | |quartz and < 5% heavy minerals. | |
[ 8.7 0-0-0 | ussoGr |sand and Gravel: Sand as above with gravel at 8.7 ft., |Water in hole at 9 |
| -0O-0-q | |gravel is predominately CaCcO3 fragments, poorly sorted |ft. |
| OOO | |(some quartz) average 3 mm, up to 30 mm. Approximately | |
l Yook | |40% of sample; subrounded. | |
| 10.5 OOO | U/GRSM |Gravel and Sand: As above, only gravel 60 -70% of |oritler says |
| | PPN | |sample, few large > 70 mm fragments. |limestone at 13 ft. |
| 13 S0 | U/MARL |Mari: very hard - no recovery. |prove SS; 50 blows |
| I I
I I I
| | I
I | 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 3 SHEETS

| 1. PROJECT: CARSWELL AFB,

| 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL

|

|
L 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: 26 |
| 4. HOLE NO.: LF05-15 | 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:  626.50 ft MSL ]
1 X: 2019457.49  Y:  398082.81 | 14. BACKGROUND: ]
L | 15. MEASURING POINT ELEVATION: ]
|Depth| Graphic | Blow | Soil | | |
[¢Ft.) L Count |Class/Code |Visual Description | Remarks |
| o | u/cLLR |Clay: Dark brown, firm, moist, semi-plastic to 1.8 ft.; |Full recovery |
| | |calcareous pebbles aligned horizontal in "beds" to 1 |unless otherwise |
| | |ft.; rootlets, organic, slightly silty 1 - 2 ft. | indicated. |
| | | | |
| 2 | uscLr |Clay: As above, leached to buff color with oxidation | |
| | |staining, abundant calcareous pebbles 1.8 - 2.1 ft. | |
| 2.1 | u/scLLr |Clay: As first clay with pebbles and semi-leached zone, |Alternating zones |
| | |pebbles and clay 3 - 3.2 ft., interval from 2.1 - 4.4 |3 - 6 ft. each |
| | |ft. orange/brown. Alternating zones of dark brown firm |approximately 0.3 |
| | |clay with sbundant calcareous debris snd orange/brown, |ft. thick. |
| r///////// | |softer with pebbbles; thin sand 3.6 - 3.8 ft., very | |
| | |fine gra | |
| 6 k///////// | u/scLr |clay: Slightly sandy, silty, minor calcareous debris, |Water in hole at 7 |
| | |very soft, saturated (soggy), oxidation stained | ft. Perched? |
| | | throughout, minor carbonaceous streaking, few very fine | |
| | |rootlets, orange/brown. | |
| 8 | u/scuLr |Clay: As above, firm, dark brown clay with few pebbles | |
| | |from 9.8 - 10 ft.; no silt, very sandy at top. | |
| | | | |
| l I | |
| 10 | U/CLLR |Clay: As above, very sandy at top with dark brown, firm |Clayey sand? |
| /////////A | |to stiff clay at 11 - 12.1 ft., oxidation streaked. | |
l | l I |
| | | | i
| | | | |
| 12.1 | u/cLLR |clay: As above, no roots, minor calcareous debris. | sandy/soggy top |
| | | |very regular - |
| | | | function of
| 422 | | |sampter? |
[IRCYS | CECEERE | | ussbcL |Clayey Sand: Orange - very fine grained, saturated, | |
| S | |cohesive, very poorly sorted, quartzose, minor | |
| C e | |carbonaceous stain, 14.1 - 14.8 ft. | |
| 15 E//7/////7 | uscLLr |ctay: Dark brown-black, firm to stiff. | |
| 15.9 | u/cLLr |Clayey Sand: As above, 15.9 - 16.3 ft. | |
|17 - - .. | ussoct |sand: As above. | |
| 17.5;;//> | u/cLLr |Clay: As above, dark brown to black, minor calcareous | |
| ////’ | |pebbles, firm to stiff, moist to wet, abundant | |
| | |carbonaceous stains, minor oxidation. |
| 18 _'.'."'. | U/sDSM |sand: Silty, clayey, saturated, as above 18 - 18.6 ft. |Very regular - |
I s .. | | [fitL? |
| 19 F:/// | u/cLer |Clay: As above. | |
| 19.9 | u/scLr IClay: Caliche layer between 19.9 - 20 ft. and between | |
| | |21.8 - 22 ft. with intervening clay, as above. | |
| / | | | |
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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: _40.6 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: 26 ]
| 4. HOLE NO.: LFO5-15 | 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: 626.50 ft MSL |
1l Xz 2019457.49  v:  398082.81% | 14. BACKGROUND: |
| | _15. MEASURING POINT ELEVATION: ]
[Depth| Graphic | Blow | soil [ | |
JI(2 ) Log | count |Class/Code |visual Description | Remarks |
| | | | |
| | | | |
| 22 | uscLLR |Clay: As above, with abundant calcareous debris. ] |
| | | | |
I | I | |
| 23.4 ) | ussLcL |silt: Tan/orange, slightly clayey, wet, slightly sandy, |First push on ST |
| e .. | |no sedimentary structures, cohesive. |had no recovery; |
| - | | |pushed ss - full |
I | | |recovery. |
| 25.4 | U/sDsM |sand: Tan/orange, very fine grained, moderately well |sharp contact. |
| .. I |sorted, quartzose with > 95% quartz, minor carbonaceous |Driller says hard |
| T | |tamina, subrounded, wet/saturated, loose, grading to |and soft layers |
I P | [silt. |when augering |
| .. | [ |between 15 and 25 |
| L | 1 Ife. |
| 26 | ussiLy [silt: As above, no clay, grading to silty sand (sand as | |
| | |above); silty to 29.3 ft. | |
| 20.3) . . .. | u/sspsk |sand: As above, no silt, no sediment structures, except | |
| R | |minor dark carbonaceous laminae. | |
| O | | | |
| .- | | I |
N IR | | | |
| L I | I |
| 32.2 OOOI | U/GRSM |Gravel: Orange, very poorly sorted, CaCO3 and quartz; |Sharp Contact. |
| OO P | |caco3 fragments all > 15 mm; quartz fragments most of | |
| OOO [ |smaller; subrounded, slightly sandy, wet, loose, | |
| Weltert | |average fragment equals 5 - 10 mm up to 75 mm, slight | |
| Q-0 4 | |clay/chalkiness. | |
| .‘.0.20.(1 | | | |
| 190 | x | |
I3 b OO | U/GRVL |Gravel: Very ’clean’, better sorting, predominately |sharp Contact. |
| OO0 0 | |quartz, no sand/clay, minor shell fragments. | |
l boo l | | |
: 37.1 00 O ; U/GRVL :Gravel. Clean as above. : !
A | | | |
A | | | |
| 39.5P ON® | usGRVL |Gravel: Darker in color, black staining throughout. |TCE? No reading |
| 00 Qg | | |WNU/Drager. |
| 40 00 | U/SDGR |sand and Gravel: Fine grained gravel and sand, poorly | |
| OOd | |sorted, very loose, with broken shell fragments. | |
| rolte | | | x
| ek | | | |
| el | | | |
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] DRILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 3 OF 3 SHEETS

| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 40.6 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 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: | 13. SURFACE ELEVATION: 626.50 ft MSL

| X: 2019457.49  Y: 398082.81 | 14. BACKGROUND:

| | 15. MEASURING POINT ELEVATION:

[Depth| Graphic |  Blow Soil I |

J(Ft.)] Log | count |Class/Code |[Visual Description | Remarks

i 40.4ﬁ___J.__:L|50 U/MARL |Marl: Buff, clayey/chaulky, predominantly welded |39.5 - 44.5 ft.

| | jcrystallized shelt fragments, fissile to brittle, |recovered 2.5 ft.,
| semi-indurated, wet. jout 1.5 ft. was
| [stuff. Auger

jrefusal at 40.5
[ft., went in with
|ss; 50 blows and
[1.5 in. recovery;
|T.D. at 40.6 ft.

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

U Y N I I I O Y
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] DRILLING LOG |_RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 23.1 ft BGL 1
L 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 1
| 3. DRILLING AGENCY: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 12 N
| 4. HOLE NO.: LFO05-16 1 11. ELEVATION GROUND WATER: B
| 5. NAME OF GEOLOGIST: S. B. 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 1 14. BACKGROUND: 1
] ] 15. MEASURING POINT ELEVATION: ]
Ipepth| Graphic | Blow | soil | | |
JCFt.)] Log | Count |Class/Code |Visual Description _| Remarks 1
| 0 E:i;// | uscLay |clay: Brown with orange cast, soft to firm, soil top, |Full sample |
| | |rootlets to bottom, dry to damp, semi-plastic. |recovery unless |
| | | |otherwise noted. ]
| | | | |
| 2 | uscLLr |clay: Brown, very stiff, brittle, abundant calcareous |Can not cut with |
| | | fragments/shells, very minor rootlets, minor |kni fe. |
] | |carbonaceous flecks, dry to damp. | |
| | l | |
| 4 | uscLLR |Clay: ’caliche’ - dessication cracked, white/brown/buff |0.2 ft. Sample |
| | |mottled, calcareous debris up to 10 mm, dry, ‘hard’ - |recovery. |
| | |stiff/brittle. | |
| | l I |
| 6 | u/CLLR |clay: ‘caliche’ as above, well indurated intervals, |1 ft. Recovery to |
| | |brittle, dry; limestone inclusions up to 20 mm. |refusal at 7 ft. |
| 7 | u/scLLr |Clay: caliche as above, thin indurated zones; mostly |Driller says |
| | |dry, very stiff, highly calcareous buff/orange clay |limestone; will |
| l/////J ] |with inclusions as above, minor carbonaceous flecks; |drive 7 - 8.5 ft.; |
| ,//{ | |sandy from 8 - 8.5 ft, | full recovery ss. ]
o |°°.7.70 | u/sbsu |sand: Abundant calcareous debris to 9.6 ft. - red, fine |ST from 9 - 10 ft. |
I PP | |grained with silt, quartzose, dry and sngular to 9.6 |Full recovery. |
| . | |ft.; sand below 9.6 ft. is orange/yetlow, very fine | ]
| T | |grained, loose, subanguiar, > 95% quartz, dry. | |
| 10 - o | U/SDLR  |sand: As above, thin gravel horizions developed 10.5 - | |
| 'F:?'F:? # ] |10.8 ft., 12 - 12.6 ft.; color laminse ~ 3 mm - | ]
| F?'F:I'FQ ] |orenge/yellow. Gravel up to 30 mm; minor gravel in sand | |
| ['F:Q‘F:%'g | |very fine grained - fine grained, orange to 15 ft. | ]
I RGO | | | |
| JONON | I | |
| 1% ©O.0-0 | U/SDLR  |sand: As above. | |
| ’O Q | I | |
' Boo ’ | | }
l -'O'-’o'-’# | l ! N |
| 16 QOO | U/SOLR |sand: As above, few gravel/calcareous concretions |Not sufficient |
| FQ'E:Q'F:Q | |throughout, moist at 16.5 ft, wet at 18.5 ft., gravel |gravel to be |
| 'E:?'E:%’Q | |up to 50 mm, minor color laminae. |ctassified as sand |
| (0-0-0 | | |and gravel (10%); |
| ] -0-0-( | | |water at ~ 19 ft. |
I olfelte | | | |
| 19 [ tj,tj,% | U/SOLR |sand: As above, minor very coarse sand/fine gravel, | |
| Cj'tj‘tj | |sand is tan/orange, very fine grained, saturated, | ]
| .tj_izj.q | |quartzose, subangular, > 95X quartz with moderate | |
| QOO ] |sorting. | ]
| BQ 'OJ | | l 1
| -O-0- I | I |
0-0-0
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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

|highly calcareous, fissile, minor oxidation flecks, few

|very smatt shell fragments.

| DRILLING LOG | RADIAN CORPORAT ION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS |
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF WOLE: 23.1 ftr BGL 1
| IRP _PHASE 1 STAGE 2 | 8. DATUM FOR ELEVATION SHOMN: ses 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.: LF05-16 | 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: 612.30 ft MSL ]
|  X: 2021041.70 _ Y: 398229.3¢9 ] 14. BACKGROUND: |
1 | 15. MEASURING POINT ELEVATION: 1
|Depth| Graphic |  Blow Soil | | !
({2 99) Log | Count [Class/Code |Visual Description | Remarks 1
I 1100 l l

| b-o-o | |

el ! |

| 22.5 000 U/SDLR | |Minor HNU hit at

PPN | |22.5 ft.
23 | [ 1150 U/MARL |Marl: Indurated shale, light grey, micritic appearance, |Refusal at 23 ft.;

|drive ss 0.1 ft.
|recovery on 50
|blows. T.D. at 23.1
|ft. Hole caved to
|18 ft.; no water in
|hole.
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| DRILLING LOG

| RADIAN CORPORATION

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

| 1. PROJECT: CARSWELL AFB,
IRP_PHASE 11 STAGE 2

|

| 7. TOTAL DEPTH OF HOLE: 16.6 ft BGL

| 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: 9

| 4. HOLE NO.:

LF05-17

| 11. ELEVATION GROUND WATER:

| 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 |
[ x: 2021241.43 _ Y:  398317.23 ] 14. BACKGROUND: |
L | 15. MEASURING POINT ELEVATION: ]
|Depth| Graphic | Blow | Soil | | |
[¢Ft.) Log Count |Class/Code ]Visual Description | Remarks ]
| 0 V | u/cLLR |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 I
| 3 /I | uscLLr |clay: As above at 3 ft., with abundant calcareous | |
| a I |pebbles. I |
| 3.2 OO | u/sGRCL |Gravel, Clay, and Sand: Gravel is calcareous, dry to |Gravel Contacts. |
| 000 | |damp, calichified, < 15 mm, buff, wetness increases | |
| OO[ | |with depth, very poorly sorted with clay lenses. Clay | |
| Helis | |is as above. | |
| 4.5 < | u/sanp |sand: sand is very fine grained - fine grained, orange |Sharp Contact. |
| : | | |oxidized at top grading to buff/yellow at 5 ft., | |
| A | | subrounded, moderately well sorted, moist, quartzose | |
| RN | | |with > 95X quartz, small shell fragments abundant to 10 | |
| R | | |ft. Grain size up to sand/gravel at 6.8 ft., then very | |
| I | |fine grained | |
| . I | I |
| 9.4 | uscLLr |clay: Minor shell fragments. | |
(R R | | u/sDVF |sand: As above, very fine grained, well sorted, |2.5 ft. Recovery. |
| ... .. | | |subangular to subround, moist to wet, color laminated, | |
N | |> 95% quartz. | |
I oo | I I |
([ P | | | I I
| SRR | | | |
| o | I | I
| . | I | |
| 14 R | u/sovr |sand: As above. |No visible |
| | I | |contamination, but |
| e | | |high Drager |
| | I | |readings 1 ft. |
| Tt | | |Recovery. [
|16 L. ... | U/SOVF |sand: As above. |No odor. |
| 16.5 I 1 }so | U/MARL |[Marl/Limestone: Micritic, light grey, dense, many small |Sample description |
| | |fossils (recrystallized), well indurated, chaulky | from small |
| | |surface. | fragments, |
I | I
I | |
I | |
I I I
I | I
I | I
| | I
| | |

|apparently very
|hard. T.D. at 16.6
| ft.
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| RADIAN CORPORATION

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

DRILLING LOG
1

. PROJECT: CARSWELL AFB,
IRP_PHASE 11 STAGE 2

| 7. TOTAL DEPTH OF HOLE: 24.0 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

. LOCATION:

Flightline Area

] 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill B-61

. DRILLING AGENCY:

Environmental Drillers, Inc.

] 10. NO. OF SAMPLES TAKEN: 10

LF05-18

| 11. ELEVATION GROUND WATER:

594.11 ft MSL (6/18/90)

2
3
4. HOLE NO.:
5
6

|

]

!

|

|

|

. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/21/90 i

. COORDINATES OF HWOLE: | 13. SURFACE ELEVATION: 612.10 ft MSL |

] X: 2021280.30  Y:  398169.30 | 14. BACKGROUND: ]
L | 15. MEASURING POINT ELEVATION: 611.84 ft MSL ]
|pepth| Graphic | Blow | Soil | | |
[¢Fed] L Count |Class/Code |Visual Description | Remarks ]
| o Y | u/cLLR |Clay: orange/brown, silty, stiff, damp, roots; |Full recoveries |
| | |calcareous nodules starting at 2 ft. |unless noted |
| | | |otherwise. |
| / | | | |
] 2 | u/cLLR |Clay: As above. |1.6 ft. Recovery. |
| | | | I
| | | | |
| | | | |
} 4 | u/CLLR jclay: orange/brown, abundant calcareous nodules and | |
| | |streaking, limestone gravels, damp. | |
l | | | I
| [ | | |
| 6 | u/scLir |Clay: As above, iron oxidation, carbonaceous streaking, | |
| | |less calcareous material. | |
[ | | | |
| l | | |
| 8 / | UsCLLR |Clay: Becoming siltier, damp, brick fragments. |Fitl material. |
| | | I |
| | I | |
l [ | l |
I | | l |
| / | | | |
| 10.8 | Uu/cLiR  |Clay: As above, 2 in. limestone zone. | |
(1 |70, | Uu/sAND  |Sand: Orange, fine to medium grained, loose, damp, |3 ft. Recovery. |
i e e e | |bedding evident in slight color changes. | |
R | | | |
| . | | | |
I SRELI | | l |
| SO0 | l | |
I . | | I I
| SO0 | I | |
f16 |.... | ussanp |sand: Orange/tan, fine to medium grained, loose, damp, |3.5 ft. Recovery.. |
{ N | |> 90X quartz; going to predominatly medium to coarse | |
| SO0 | |grained 18 - 20 ft., wet at ~ 19 ft. BLS. | |
| . | | | |
| | | | |
| SO0 | | | |
| | | | |
I | | | |
fao |* """ | ussanp |sand: As above, saturated, subrounded. |Measured W.L. is |
| . | | [19.35 ft. BLS; W.L. |
| s | i |measured at 18.65 |
| J0 | | [ft. BLS after well |

A-52
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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:  24.0 ft BGL l
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: Environmental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 10
| 4. HOLE NO.: LF05-18 | 11. ELEVATION GROUND WATER: 594.11 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:  612.10 ft MSL
[ X: 2021280.30  Y: 398169.30 | 14. BACKGROUND :
] | 15. MEASURING POINT ELEVATION:  611.84 ft MSL
|[pepth| Graphic |  Blow Soil | |
J(Ft.) Log Count |Class/Code |[Visual Description | Remarks
| S | |completion. No
.. | lgravels.
-.-.- I I
c.. | |
- | |
3.2 U/MARL [Merl: White/gray, indurated, oxidation staining in |[orove 1 172 ft.
|fractures. |s.S., 50 blows. 2
| |in. recovery. T.D.
|= 23.95 ft.

— —— —— — — — — — — — — — — — — — — — — — — — — — — — —— —— — — — — — — — — — — — — — — . —— e o e
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_| INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS

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

IRP PHASE 11 STAGE 2

1 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL

| 8. DATUM FOR ELEVATION SHOWN: sea level

|
l
L
l

2. LOCATION:

Flightline Ares

| 9. MANUFACTURER’S DESIGNATION OF DRILL:

Mobile Drill 8-61

| 3. DRILLING AGENCY:

Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9

il

1

1

1

|
| 4. HOLE NO.: LFO05-19 | 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90) 1
| 5. NAME_OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/21/90 1
| 6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 606.30 ft MSL M
| X: 2021663.85  Y:  397850.57 | 14. BACKGROUND: |
| | 15. MEASURING POINT ELEVATION: 606.08 ft MSL 1
|Depth| Graphic | Blow | Soil | | |
[(Ft.) Log Count |Class/Code |Visual Description _| Remarks 1
o } | uscLay |ctay: Dark brown first 1 ft., then orsnge/brown with |0.3 ft. Recovery. |
| / | |sbundant calcareous material, damp, cohesive. |Stuck in shelby |
| 7 | | |ube. |
| l | | |
| 2 - - | ussomo |sand: Orange, cemented 3 - 4 ft., medium grained, dry. | |
[ l | l I
l Cee | | | |
l ¥ | | l |
| 4 | U/SAND |sand: Orange, fine to medium grained, quartzose, damp, |1 ft. Recovery. |
| : I | toose. l |
| | I | l
l i | | | |
| 6 I | usiMsN |Limestone: 1 in. limestone bed underlain by 2 in. | |
| 17 [ T | |cemented sand at 6.0 ft. | |
| 6.3 ¢t DR | U/ssDGR |sand and Gravel: Orange, poorly sorted, very fine |1 ft. Recovery. ]
| OO# | |grained sand to pebble size gravel, damp. Gravel is | |
I P OO | | subround. | |
| RS | ! l |
N el eRe! | | | l
R Eelel: | | | |
| 10 OO0 | u/ssber |sand and Gravel: Orange, 60% sand, 40X gravel, damp, |4.2 ft. Recovery. |
| 1 Ood | |oxidation staining 11 - 13 ft; occasional limestone | |
| EQ'F:E';I | |cobbles and thin beds, saturated at ~ 13.5 ft. | |
Cleey | | |
RS | ! | |
| OO | | | !
I RQ0O | | | |
| 13.7]-O-O-( | U/GRSM |Gravel and Sand: As above but > 80% gravels (mainly 2 - |W.L. measured at |
| D.0.0 | |10 mm), saturated, assorted sand sizes, gravels mainly |[13.6 ft. 3.6 ft. |
| OOE | |subround chert and angular limestone clasts. |Recovery. |
| BT | ! | |
lest L : :
| LS | | ! |
| RPCa0 | | | |
| ‘00 | | I |
|19 OO0 | U/GRSM  |Gravel and Sand: BOX gravels 2 to 25 mm, 20X assorted | |
| OO[] | |sand sizes, saturated, numerous shells (gryphea?); 19 - | |
| olelle | |19.3 ft. medium sand bed. | |
oo | | | |
| b'-'O'-'O' | I | I
R RAREH | | | l
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mILLINC LOG_ | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS
I 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL
L 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: Environmental Drillers, Inc. | 10. NO. OF SAMPLES TAKEN: 9
| 4. HOLE NO.: LFO5-19 | 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)
1 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
L x: 2021663.85 _ Y: _ 397850.57 | 14. BACKGROUND:
| - | 15. MEASURING POINT ELEVATION:  606.08 ft MSL
|Depth| Graphic |  Blow Soi | |
1¢Fe.)| Log Count |Class/Code |visual Description | Remarks
| 20501 1 50 U/MARL IMarl: Limestone, weathered, tan/white, indurated but |sanpling hard at
I |heavily fractured, oxidation staining on fracture |20 - 20.5 ft.;
| faces. |orove 1 1/2 ft.
| |s.S., 50 blows =
|2.5 in. T.D. =
|20.75 ft.

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
I
I
I
I
I
I
I
I
I
I
I
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 (1988))
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] WELL COMPLETION LOG | RADIAN CORPORATION |_INSTALLATION: CARSWELL AFB |
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/23/90 i
| | 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: 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 i
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in |
| 18. REMARKS: 1-107x2"x0.02" Screen,3-10’x2" Risers, Bottom Plug 1-Locking Cap,1-5’/x2" Riser |
l {
I I
| TOP_OF CASING |
I | | I
| GROUND SURFACE | L |
I t | | I | t I
I | ! | | | | I
| ] BACKFILL MATERIAL: | ] | | | |
| | Cement-Bentonite Grout | | | | | |
I | ! | | | | J
| | A\ | | |/____ BOREHOLE DIAMETER: | |
| | /| | | A 8.000 in | |
| BOREHOLE | | | | | |
| DEPTH: I b | |
I 40.10 ft I | I |
| | [ | | | SEAL MATERIAL: | |
I I I | | | Bentonite I I
| ! 1 | 1 | I
| | ] I | | | I |
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: {
I I I | | | | 40.00 ft I
| | ¥ | ] ) 1 ] ]
[ I 1 | | | I I |
I | I | I | J I |
I | I I I | | |
I | I | f— | { | I
I | I | f I I | I
I | I I o | I | I
I I | | 1 | I | !
| | | | | | SCREEN LENGTH: | |
I | | | | | 9.75 ft | I
| | FILTER PACK | | | | | |
| I LENGTH: | 1 I I | I
I | 12.10 ft | e | | | I
I I I I R | ¥ | I
I I | I I | | 1 I I
! | | | I | I | I |
| | | | | | |  BLANK LENGTH: | |
I I | | | | ! 0.30 ft | I
! | [ | | | I | I I
I | | I 1 | v 4 |
I | | I I I
] R Y 1 | |
I I
| FILTER PACK MATERIAL: 8-20 Silica Sand |
L i

B-3
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| WELL COMPLETION LOG | RADIAN CORPORATION ] INSTALLATION: CARSWELL AFB 1
| 1. PROJECT: IRP PHASE I1 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/28/90 |
1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
| 2. LOCATION: Site LFO4 | 11. ZONE OF COMPLETION:  Aquifer |
1 3. INSTALLING CO.: Radian Corporation ] 12. SEAL END DEPTH: 20.90 ft 1
1 4. WELL NO.: LFO04-02 | 13. MEAS. POINT ELEV.: 623.68 ft MSL |
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in |
1 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC |
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 23.10 ft 1
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in 1
| 18. REMARKS: 1-107x2"x0.02" Screen,3-10’x2" Risers,1-Cut piece (~0.4'),1-Locking Cap, 1-bottom Cap |
I |
I I
| TOP OF CASING |
I I | |
| GROUND_SURFACE 1 L I
I | I I | I t I
I | | I | | I I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
I | I | | | | |
| | Ay | | Yi BOREHOLE DIAMETER: | |
| ‘ Nl I 8.000 in | |
| BOREHOLE | | | | | |
| DEPTH: | I | | | |
I 37.70 ft | I | | I |
| | | | | | SEAL MATERIAL: | |
I | | | | I Bentonite | |
| | ) 1 ] | | |
I | 1 I I | I I I
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: |
I | I | | I I 37.65 ft I
| | ¥ ] | | | | |
I | | | | | I | I
I I | | | | I I |
I | I | | I | I
I | | I | — | I 1 I |
I | I I I | I I I
I | I I | — | | I I I
I | I | — 1 I | | I
| ] | | | — | | SCREEN LENGTH: | |
I | I | [ I 14.35 ft I |
| | FILTER PACK | | | | | | |
I | LENGTH: I | | I I |
I | 16.80 ft | b | I | |
I | I I || | ¥ I |
I I | I | | I t I I
I | I | | | I I I |
| | | | | | |  BLANK LENGTH: | |
I I | | | | | 0.20 ft I I
I I | I | | I I I I
I I I I ) I | I \ ¥ I
I I | | I I
| ¥ ¥ L | |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
| i

B-4
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| WELL COMPLETION LOG __| RADIAN CORPORATION | INSTALLATION: CARSWELL AFB 1
| 1. PROJECT: IRP PHASE 11 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 |
| 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 SIZE: 0.02 in |
| 18. REMARKS: 1x10’x6" PVC 0.020 screen, 1x5/x6" screen, 2x10'x6" PVC riser, 1x5'xé" riser. |
| 1
I I
| TOP_OF CASING |
I | | I
| GROUND SURFACE 1 | |
I 1 I I | | | I
I I | I | | I I
| | BACKFILL MATERIAL: | | I I | |
| | Cement-Bentonite Grout | | | | | |
I | I I I I I I
| | Al | | |/____ BOREHOLE DIAMETER: | |
| | /| | i A 14.500 in | |
| BOREHOLE | | | | | |
I DEPTH: | I I I | |
| 37.52 ft | | | | | |
| | | | | | SEAL MATERIAL: | |
| | | | | | Bentonite | |
I | | | | | | I
I I | I I I | | I
| | SEAL LENGTH: | | | | | |
| | 2.30 ft | | | | CASING DEPTH: |
| I I I I I | 37.42 ft I
| | Y i 1 | ] | |
| | | I | I I I I
I | | | I | I | |
I I I I 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 | |
| | | | | — | | SCREEN LENGTH: | |
I I I I I I 14.26 ft I I
| | FILTER PACK | | | | | |
| I LENGTH: | I I I | |
I | 18.12 ft | | — I I I I
I I I I —— I Y I I
I | I | | | | | | I
I I I I I I I | I I
| | | | | | | BLANK LENGTH: | |
I I I ! I | | 0.76 ft | I
I I I I I | I I I I
I I I I L1 I ¥ ¥ I
I | I I I |
| ¥ ¥ | 1 |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
1 ]

B-5
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| w

ELL COMPLETION LOG

| RADIAN CORPORATION

_ | INSTALLATION: CARSWELL AFB

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

] 9. INSTALLATION DATE: 3/20/90

1 | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
] 2. LOCATION: Site LFO04 | 11. ZONE 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

] 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: 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

|

|

1

]

|

|

|

!

|

|

|

|

|

I

| I |

GROUND SURFACE ] | |

t I | | | t |
| | | I I | |
| BACKFILL MATERIAL: | | | | | |
| Cement-Bentonite Grout | | | | | |
| | | | | I |
| Y | | |{__ BOREHOLE DIAMETER: | |
| /| | | A 8.000 in | |
BOREHOLE | | | | | |
DEPTH: | | | | | |
25.20 ft | | | | | |
| | | | | SEAL MATERIAL: | |
| | | | | Bentonite | |
I 1 1 | |
| 1 | I | | I |
| SEAL LENGTH: | | | | | |
| 2.10 ft | | | | CASING DEPTH: |
| | | | | | 25.20 ft |
I ¥ L | L1 I |
| t I | I | | |
I | I | | | I |
| I I R I I |
| I | | — | | t I |
| I | R | | I |
| | I [ | | I |
| | I 1 | | I |
| | | | — | | SCREEN LENGTH: | |
I I I |— | I 9.73 ft I |
| FILTER PACK | | — | | | | |
| LENGTH: | |— | | I |
| 11.60 ft | I — | | | I |
I | I | | | i I |
I I I | | | t I |
I I I | I | I I |
| | | | | | BLANK LENGTH: | |
| I I I | | 0.32 ft | |
| I I | | | | I |
I | I I | | ¥ ¥ |
| I | | |
4 ¥ 1 | |
|

|

1

FILTER PACK MATERIAL: 8-20 Silica Sand

B~-6



FILTER PACK MATERIAL: 8-20 Silica Sand

| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB |
| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AF8 | 9. INSTALLATION DATE: 4/2/90 |
L | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
| 2. LOCATION: Site LFO04 | 11. 20ME OF COMPLETION:  Aquifer ]
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL _END DEPTH: 30.00 ft 1
| 4. MELL NO.: LF04-10 | 13. MEAS. POINT ELEV.: 626.54 ft MSL 1
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in |
|l 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC |
] 7. FORMATION OF COMPLETION: ] 16. SCREEN BEGIN. DEPTH: 39.22 ft B
| 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, |
L Flush mount in cast iron vault - grout. |
| |
] TOP_OF CASING ]
I I | I
[ GROUND SURFACE | L |
I t | I I | t I
I | | [ | I | [
] ] BACKFILL MATERIAL: ] ] ] ] | ]
| | Cement-Bentonite Grout | | | | | |
| | | | | | | |
| | Y | | [/___ BOREHOLE DIAMETER: | |
| | /) | | A 8.000 in | |
| BOREHOLE | | | | | |
| DEPTH: I | I | | !
| 49.50 ft | | | | | |
| | ] | | | SEAL MATERIAL: | |
| | | | | | Bentonite | |
| | ! ! L1 | |
I [ 1 I [ I I | I
| | SEAL LENGTH: | | | | | |
] | 4.20 ft | | | | CASING DEPTH: |
I | I I | | [ 49.10 ft |
I I ¥ | | 1 | I
| i t I I [ [ [ I
I | | I | | | | |
| | I | o I I I
I | | I b | I 1 | I
| | | I e I | I I
I | | | | | | | I
I | I I 1 I | I I
| | | | | — | SCREEN LENGTH: | |
| | [ | I | 9.73 ft | I
| ] FILTER PACK | [ | | | |
I I LENGTH: I | I ! I I
| | 19.50 fr | ([ | | | I
| | I | | | & | I
| I | | I I | 1 I I
| | I | | I | I | |
| | | | | | | BLANK LENGTH: | |
| | I ! | I I 0.15 ft I I
| I I I | | I | I |
| | | | | | | ¥ ¥ |
| | I I I I
| ¥ ¥ L 1 |
I |
| |
! |

B~7



9 203

| WELL COMPLETION LOG

| RADIAN CORPORAT ION

| _INSTALLATION: CARSWELL AFB

|
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/22/90 |
| | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
| 2. LOCATION: Site LFO05 | 11. 20NE OF COMPLETION: Aquifer 1
| 3. INSTALLING €O.: Radian Corporation | 12. SEAL END DEPTH: 11.80 ft ]
| 4. WELL NO.: LF05-01 | 13. MEAS. POINT ELEV.: 621.96 ft MSL |
| 5. WELL OWNER: U.S. AIR _FORCE ]| 14. CASING DIAMETER: 2.00 in B
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC 1
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 14.95 ft |
| 8. 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, 1-Locking Cap |
| |
| I
| TOP _OF CASING |
I I { I
| GROUND SURFACE | l |
I 1 | | I I 1 I
I I | | | | | |
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
I I | I I I | I
[ | A [ | £ BOREHOLE DIAMETER: | |
| | /| | | N 8.000 in | |
| BOREHOLE I I | |
| DEPTH: I | | |
| 25.20 ft . | | |
I | ] | | | SEAL MATERIAL: | |
| | [ | | [ Bentonite | |
| | | | | 1 | f
I I t | | | I | I
| | SEAL LENGTH: | | | | | |
| | 2.00 ft | | | | CASING DEPTH: |
I I I | I I I 25.00 ft I
| | ¥ L1 | ] | |
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
( | ( | [ | | SCREEN LENGTH: | |
| I | | |—— I 9.75 ft | |
| | FILTER PACK | b | | | |
I | LENGTH: | — | I I I
I I 13.40 ft | o — I I I |
I | | | — | 2 I |
I I I | ! I I 1 | I
I { | | | I I I | I
| | | | | | |  BLANK LENGTH: | |
I | I | | I | 0.30 ft I I
| I | | I | I I I I
I | | L1 | ¥ ¥ I
I I I | | I
| ¥ ¥ 1 I !
I |
| I
1 1

FILTER PACK MATERIAL: 8-20 Silica Sand

B-8
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB |
| 1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/22/90 |
L | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN i
] 2. LOCATION: Site LFO5 ] 11. ZONE OF COMPLETION:  Aquifer |
| 3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 15.00 ft |
] 4. WELL NO.: LF05-02 | 13. MEAS. POINT ELEV.: 622.69 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 |
1 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 16.95 ft |
] 8. 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 |
i |
| |
| TOP_OF CASING |
| | | |
| GROUND SURFACE | 1 |
I f I | | | 1 |
| ! I | I | I I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
| I I I I I | |
| | Y | | |{_____ BOREHOLE DIAMETER: | |
| | /| | | I\ 8.000 in | |
| BOREHOLE | | | | | |
I DEPTH: | | I I | |
| 27.20 ft | | | | | |
| | | | | | SEAL MATERIAL: | |
| | | | | | Bentonite | |
I | | | | | | |
I | t ! I | | I |
| | SEAL LENGTH: | | | | | |
| | 2.00 ft l | | | CASING DEPTH: |
I | | I | I I 27.00 ft |
| | ¥ | | | l | |
I I t | I | | I I
I | | | | | | | I
I I I | f—1 | | I
I I I | I — | I f | !
I I I | —1 | | I |
| | I I | — | I | I |
| I | | I | | I |
| | | | | — | | SCREEN LENGTH: | |
I | I | I I 9.75 ft | |
| | FILTER PACK | | | | | | |
I | LENGTH: | |— 1| | | | I
I I 12.20 fr | P | I I I |
I I I | I I . I |
I I I I I | I f | |
I | | I I | I I I |
| | | | | | | BLANK LENGTH: | l
I | I | I | | 0.30 ft I I
I | I | I I | | I |
I | | I S| I 3 i |
I I I | I |
| I ¥ | | |
I |
| FILTER PACK MATERIAL: 8-20 Silica Sand |
| |

B-9
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WELL COMPLETION LOG | _RADIAN CORPORATION | INSTALLATION: CARSWELL AFB
1. PROJECT: IRP PHASE Il STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 4/2/90
| 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN
2. LOCATION: Site LFOS | 11. 20NE OF COMPLETION: Aguifer
3. INSTALLING CO.: Radian Corporation | 12. SEAL END DEPTH: 4.80 ft
4. MELL NO.: LFO05-14 | 13. MEAS. POINT ELEV.: 602.98 ft MSL
5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in
6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: Schedule 40 PVC
7. FORMATION OF COMPLETION: ‘ | 16. SCREEN BEGIN. DEPTH: 5.12 ft
8. LOCATION TYPE: WL ] 17. SCREEN SLOT SI2E: 0.02 in

18. REMARKS: 1x2%x5.0¢ Riser (-0.27), 1x2"x10’ Screen (-1.83/), 1x2"x0.13 Bottom cap, 1 Locking top, Flush Mount
W/ cast-iron vault-grouted.

TOP_OF CASING

GROUND SURFACE

FILTER PACK MATERIAL: 8-20 Silica Sand

1

|

|

I

|

1

I

]

]

|

I

|

|

|

! | |

| | |

| | | I | | |
! | | | | | |
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
| | | | | | |
| | Al | | [/____ BOREHOLE DIAMETER: |
| I /] | | I\ 8.000 in |
| BOREHOLE | I | | |
| DEPTH: I I | | |
| 13.30 ft | | | | |
| | | I | | SEAL MATERIAL: |
| | I | | | Bentonite |
| I j — j B |
| | | | | | | |
| | SEAL LENGTH: | | | | |
| | 2.00 ft I | | | CASING DEPTH:
| | | | I | | 13.15 ft
I | ¥ | | 1 | |
| | 1 I | I I I
| I | | | | | |
! | | | f— | | |
I I I I | — | | | |
| I | I R I | I
| I ! | I — | | |
I I I I (R I | I
| | | | | — |  SCREEN LENGTH: |
I I | | | | 7.90 ft |
| | FILTER PACK | | — | | | |
| | LENGTH: | [ | | |
| | 8.50 ft | I — | | |
I | | I [ | ¥ |
I | I I | | | | |
| I | I | | | | |
| | | I | | | BLANK LENGTH: |
! | | b | 0.13 ft |
| I | I I | | | |
I I I | 1 | Y ¥
I I | I I

| ¥ ¥ 1 |

|

I

L

B-10
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| WELL COMPLETION LOG | RADIAN CORPORATION

] INSTALLATION: CARSWELL AFB

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

| 9. INSTALLATION DATE: 3/21/90

| 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: 11.60 ft

| 4. WELL NO.: LF05-18

13. MEAS. POINT ELEV.: 611.84 ft MSL

] 5. WELL OWNER: U.S. AIR FORCE

14. CASING DIAMETER: 2.00 in

] 6. WELL TYPE CLASS: MONITORING WELL

| 7. FORMATION OF COMPLETION:

16. SCREEN BEGIN. DEPTH: 13.90 ft

] 8. LOCATION TYPE: WML

|
|
| 15. CASING MATERIAL: Schedule 40 PVC
I
| 17. SCREEN SLOT SIZE:  0.02 in

FILTER PACK MATERIAL: 8-20 Silica Sand

1

1

1

1

|

1

1

|

1

|

| 18. REMARKS: |
1 ]
| |
I TOP_OF CASING |
| I | |
I GROUND SURFACE I | |
| t | | 1 |
| | I | | I | |
I | BACKFILL MATERIAL: b I I |
I | Cement-Bentonite Grout | | | | | |
| | I | | | I |
I I — | | Vi BOREHOLE DIAMETER: | |
I I N I N 8.000 in | |
| BOREHOLE | | | | | I
| DEPTH: | | | | I |
| 23.95 ft | | | | | |
I | | | | | SEAL MATERIAL: | |
I I | | | | Bentonite | |
| | - 1| | |
I | | I | | I I I
I | SEAL LENGTH: | | | | | |
| I 2.00ft | | P CASING DEPTH: |
I I I b b 23.95 ft |
| | ¥ | - | |
| I | I I I I I !
| | | I | | I I I
I I | | R I I I
I I I I | — | 1 | I
I I | I 1| I I | |
I | I I I — | I | I !
I I | | R | I I I
I | | | o |  SCREEN LENGTH: | |
| I I bl | 9.74 ft | |
I | FILTER PACK | | | | | | |
| | LENGTH: | | | | | | |
I I e | | || | | |
| I | | 1 | ¥ | |
I | | I I I I | | I
I | I | I | | I I I
I I I | | | |  BLANK LENGTH: | |
I | | | | | | 0.30 ft | |
I I | I I I | I I I
I | | | L1 | ¥ ¥ I
I | I I I I
I ¥ ¥ | B |
I I
! I
1

B-11
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] WELL COMPLETION LOG | RADIAN CORPORATION

| INSTALLATION: CARSWELL AFB

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

| 9. INSTALLATION DATE: 3/21/90

_] 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

] 2. LOCATION: Site LFO05

] 11. 20NE OF COMPLETION:  Aquifer

[ 3. INSTALLING CO.: Radian Corporation

| 12. SEAL END DEPTH: 8.15 ft

| 4. WELL NO.: LF05-19

| 13. MEAS. POINT ELEV.: 606.08 ft M

SL

| 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

| 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/

L Bottom Trap, 1-locking Cap

I

| TOP OF CASING

I I I

| GROUND SURFACE | 1

I 1 | | | | 1
I | | | | | |
| | BACKFILL MATERIAL: | | | | |
| | Cement-Bentonite Grout | | | | |
| I | | ! I I
| | Al | | IL BOREHOLE DIAMETER: |
| | /] | | A 8.000 in |
| BOREHOLE | | | | |
I DEPTH: | | |
| 20.75 ft | || |
[ | | l | | SEAL MATERIAL: |
| | | | Bentonite |
| I | i L1 |
I | | | | | I I
| | SEAL LENGTH: | | | | |
| ] 2.55 ft | | | | CASING DEPTH:
| | | | | | | 20.30 ft
| I ¥ | ] | | |
| I 1 | | I | |
I I ! i i ! | I
I I | | | | I
| | | | | | 1 |
I I | | | | I I
I I | | | | I I
I I I | | I | I
| | | | | — | | SCREEN LENGTH: |
I | | | 1 I 9.75 ft I
| | FILTER PACK | | — | | | |
I | LENGTH: | — | I |
[ | 12.60 ft | I — I | I
I | | | (R | i { I
I | | | | I | | |
| I | I I | | I |
| | | | | | | BLANK LENGTH: |
I | I | I | | 0.30 ft I
I | I | I | I | I
I I I | 1 | ¥ ¥
I | | | I

| ¥ 4 1 1

I

| FILTER PACK MATERIAL: 8-20 Silica Sand

|

B-12
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APPENDIX C
Well Development Information

(Previous Well Development Information may be found in
CH2M Hill (1984), Radian (1986), and Radian (1988))
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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 (1988))



GROUND WATER QUALITY SAMPLING RECORD &9 218

PAGE t OF 2
INSTALLATIONID 5L 106 DATE L2570 LOG TIME 2%
LOCATION ID L2227 -2/ LOT CONTROL NO.
SAMPLE TYPE A/ZA 55450 SAMPLE ID SAMPLE DEPTH (FT) X758 B7¢
. T Q=Y ERCoOuitdd )

INITIAL GROUNDWATER DEPTH (FT) 25 B2 B O1F 22033 = 4.0y 7 F E
SAMPLING PERIOD: su%'r 740 COMPLETE /5
SAMPLING METHOD LOGGER CODE 222
LAB CODE _Lzo DATE SENT %ZV?O
PRESERVATION METHOO___Z2& //’Vﬂz e
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELE&_‘;'C’"
POTENTIAL OF HYDROGEN pH S.U. 4 55 .0/
SPECIFIC CONDUCTANCE sC umhos/cm 72z
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP °C A/
ALKALINITY (CaCOg) * ALK  mg/t -

ToUE U ALK = 0 )

TOTAL crbrTECR) pik = SLE M, TOTAL  FILTEED AL < 344 Y

. TOTAL VOLUME sc
TIME |  WITHORAWN PH leummonscms “;Ehé'; COMMENTS
(GALS) [Bore Volumes)

0O/ 0.0 0.0 - - - START PUMPING

(243 x4 L2/ G50 NFo°F | Ofhvat /s prw) h 0. 7080

a2 A 87\ 20 \FOF o/

VirZa A 3.0 ¢IA 754 | AF W

g22p x’ £55 7s¢ |A25A 2
l2750) S0 | Lo 757 5 A v
| f22/3 v/ 69\ Fez VA Z

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

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

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

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

K - KNOWN N - NORMAL D=3 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

£9 219

PAGE 1 OF 2
INSTALLATION ID _Z37V< __ LOG DATE 770 LOG TIME /¢
LOCATION ID 252 - 22 LOT CONTROL NO.

SAMPLE TYPE N SAMPLE ID SAMPLE DERTH (FT)

INITIAL GROUNDWATER DEPTH (FT)

ZE LY 7

707 DS = 38 4% 0 C { Somnmied)

2 S7 A oYy = 3 zar

SAMPLING PERIOD: sua;- 2 EF COMPLETE _/Z/Z
SAMPLING METHOD ___~ LOGGER CODE L2201/
LAB CODE K207~ A DATE SENT . ~—27 20
PRESERVATION METHOD___ "L i, = pléTie s

COMMENTS

OF (er dLots 2T Forepen. Adee ASEL

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE

ALKALINITY (CaCOg)
THenv. gLe. =
TOTAL oyt Frer s o

pH S.uU.

SC mamhos/cm
Eh mvolts
TEMP °c

ALK mg/l -

ALy = -;'%/Z Mf/&

DETECTIC
| umr
L AL 2.0
%55 /
2 /

TOTAL Fro7etéd 4rse =0y

| TOTAL VOLUME sc  hew —

TIME|  WITHDRAWN PH |iumnoesem| (o) COMMENTS
({GALS) jBore Voiumes)

3s| 6.0 0.0 - - - START PUMPING
s /.0 /.75 LT fp.a"'/jglf FRRGRERS S0 1 P TLS T iah s 1)
/A /5 &6.7% £3% % s 7
Yol 39 .5/ 534 Vs~ 4
Vi B £B3\ Z3/ VoiE !
Vex Sv , £ Zr0 VB 7#A "/
A 2.0 46.86 £33 VAo~ Aag 057" LelEAL
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D. DUPLCATE FB - FIELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R . REPUCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER
S. SPKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N- NORMAL SL - SUCTION UFT PUMP

D-4



GROUND WATER QUALITY SAMPLING RECORD 59 220
PAGE 1 OF 2
INSTALLATION ID _C5Y% _ L0G DATE “///fj/%? LOGTIME 7752
LOCATION ID L0 DS~ LOT CONTROL NO.
SAMPLE TYPE v SAMPLE ID SAMPLE DEPTH (FT) «F~3 AB7¢-
INITIAL GROUNDWATER DEPTH (FT) L Z Y3 (7T0¢) h=Jo. 07" Ry- SYgal.
SAMPLING PERIOD: START L7080 COMPLETE /732,
SAMPLING METHOD LOGGER CODE _Z29%
LAB CODE 200/ . DATE SENT */// ZLZ0
PRESERVATION METHOO__Z - //4/&; il pAETALS
COMMENTS -
- W =/F 2’ Broc- ‘
FINAL PARAMETER MEASUREMENTS: ~ S8 L1 DE'ESEON
POTENTIAL OF HYDROGEN pH s.u. 46 52 L./
SPECIFIC CONDUCTANCE sC umhos/cm 777 /
REDOX POTENTIAL Eh mvolts -
TEMPERATURE TEMP  °C /.G 2
ALKALINITY (CaCO3) ALK  mg/l -
nol prehe e, (/7) Alltelinmitss = L) } ‘
7’2/ Dt = 55 L e ST T (352 7V Carreco).
TOTAL VOLUME sc k
- EMP
TIME WITHDRAWN 427 umhossem| (o0) COMMENTS
({GALS) fBere Voilumes
§.25 0.0 0.0 - - - START PUMPING
Vo5S 2 [/ Lot 790 185 N 01ctrat -2t - comod tuided
§ o 4 2.34 |46 745 /8 7 z
B3 55 3.22 \epZl #77 lpgs | "
SAMPLES TYPES. (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPLICATE F8 - FIELD BLANK G - GRAB - SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP BLANK 8- BAILER AL -  AIR-UFT SAMPLER
S . SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K - KNOWN N - NORMAL, SL - SUCTION LUFT PUMP

D-5




GROUND WATER QUALITY SAMPLING RECORD 9 221
PAGE 1 OF 2
INSTALLATION 1D _C34 4 LoG DATE L L7/ 770 ocTME _ L2/
LOCATION ID L2 —/& LOT CONTROL NO.
SAMPLE ID SAMPLE DEPTH (FT) _2/¢d &7z

SAMPLE TYPE

INITIAL GROUNDWATER DEPTH (FT) _3/. Y& (70¢)

7,712 x,/7:,?,7//ﬂ/)<g:y,7g

SAMPLING PERIOD: START i COMPLETE __ /4~
SAMPLING METHOD LOGGER CODE — 52+
LAB CODE ) DATE SENT A%
PRESERVATION METHOO_ 7~ C //ﬂ/% L ptlc 20 ni7d fesigs
COMMENTS
FINAL PARAMETER MEASUREMENTS: o&;r_ls&gon
POTENTIAL OF HYDROGEN pH s.uU. & 0L 0.0/
SPECIFIC CONDUCTANCE sC umhos/cm 250 /
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP °C /77 D/
ALKALINITY (CaCOg ALK  mg/! -
Pherm?‘\'ho(em (@) Alkala, \1)' 0.9 .
%Q' qlkdm,fy Aon- 'FJ‘{“’”‘(‘J = 370 MS/L \:Hered 336 '“9/’— .
TOTAL VOLUME sc - ]
EMP.
TIME wumomw@ PH |iumnosrem| (ocy COMMENTS
(GALS) [8ore Volumes '
/025 0.0 0.0 - - - START PUMPlNG 1
254 2.0 267 591 F6p /8.5 | Lk n S
DA S P 137 55l 257 /85| oreyifbrown s/, ,,,,/, ornds ) |
s LD 2+ \3#7 820 | /24 ’
Ay, 278 oSl BY0 /728 7 Bl
YOA TO 307 eobl  BSO \/2FN Lorr 40 Sliont?y Faurbiw
|
T
|
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPUCATE FB - FIELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP
R . REPLCATE TE - TRIP BLANK B - BALER AL - AR-UFT SAMPLER
S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

N-A



GROUND WATER QUALITY SAMPLING RECORD £9 222

PAGE 1 OF 2
INSTALLATION ID _Z.5“%_ L0G DATE _3/7/ %2 LOG TIME 2S5O0
LOCATIONID LA = <4 LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) B.72 57
P 7D 224 L8 T { Sow COED
INITIAL GROUNDWATER DEPTH (FT) 2= B2 27 P S7 qor = 3 werkid cis: 1y
SAMPLING rsmon- STAR /1- (LHL COMPLETE _ /&7
SAMPLING MET LOGGER CODE L2004/
LAB CODE fw«/ J DATE SENT _3/ZZ/ %0
PRESERVATION METHOO_=£.7C | “nDy = A7E7AZS
COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELE$°'
POTENTIAL OF HNYDROGEN pH S.u. La. i’é_; 2L
SPECIFIC CONDUCTANCE sc umhos/cm . ’
REDOX POTENTIAL Eh mvoits — ""
TEMPERATURE TEMP °C ‘ Y
ALKALINITY (CaCOg) "~ ALK mg/l -
FHE  BLre = O
TOTHC tyniFrerritd Arn = 285 TEFB Bl i = 208
. TOTAL VOLUME sc e
MP.
TIME WITHDRAWN PH |umnossem| (ocy COMMENTS
(GALS) Sore Volumes)
ey 0.0 0.0 - - - START PUMPING
535" ;S ‘ £25% LPZ Nlp  F 4T TEV scienri oy Tisle))
(S} 40 AN A e
537 S0 LIF bt/ NSk o
74 A Y R id B M7 “
(S¥5 s 1. ¢.9% G N\ ok ~
syl 70 — — — Er) [
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D DUPLICATE F8 - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R - REPLUCATE T8 - TRIP BLANK 8 - BAILER AL -  AIR-UFT SAMPLER
S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP



INSTALLATION ID _C-3 4% LOG DATE

LOCATION ID

GROUND WATER QUALITY SAMPLING RECORD 9 223

S Foof - <L A

S/

LOG TIME

PAGE 1 OF 2

35S

SAMPLE TYPE

AN FE LD SAMPLEID

LOT CONTROL NO.

SAMPLE DEPTH (FT) 522 &7

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: >

FS RS egvyY: AT Sove P )

/502 L7t

sn% /
SAMPLING METHOD

LAB CODE

Ao/

PRESERVATION METHOQ

COMMENTS

LOGGER CODE
- DATE SENT /%2
wf L A a — MTET RS

COMPLETE

/SO (A )

\53/747/:;de s v i

£Ao AL/

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE

ALKALINITY (CaCOg)
JHEad le = Oa -
TOTB Il Frsd el Bric = S|

DETECTI(
o UM
pH S.U. L7 )L
sC umhos/cm S&3 /
Eh mvoits — -
TEMP °C 1Ll
ALK  mg/t -

T JereT Bt E e, = 258 TV

| TOTAL vOowME sc he
MP
TIME{  WITHDRAWN PH |(umnossem | (og) COMMENTS
{GALS) [Bore Voiumes)

| 0.0 0.0 - - START PUMPING
/Ly 7 S 2 B X Y% A N tatrz 7 vovos

Vil /4 se2\  crz LA .

o N 1A S35 s 4

JL /5 < D & 72 §2) \eso@d avsmwsr coert Seigyny &
70| S5 o7\ 77 pi#A -

077y A0 A 533 23074 v

f&/%d)’w 3Ly
VoS 20\ no rsH (i AR
Terae\ prdpioaTy <\p o TV

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

D- DUPLCATE FB - FIELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R . REPLCATE TE . TRP BLANK 8- BALER AL - ASR-UFT SAMPLER
S- SPKE LB - LAB BLANK PP . PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N- NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD o 224
PAGE 1 OF 2
INSTALLATION ID LS4 \OGOATE _Z2%-70  \0GTIME _£5¢/Z
LOCATION ID _£47 — 7 LOT CONTROL NO.
SAMPLE TYPE 7V SAMPLE ID SAMPLE DEPTH (FT) LZ/0 Z7C
/a,zm SO O yé

INITIAL GROUNDWATER DEPTH (FT) _(Z/2 Gz ; 2z ST iy e
SAMPLING PERIOD: sn%'r /532% COMPLETE /S
SAMPLING METHOD __{ LOGGER CODE L2
LAB CODE DATE SENT _Z-Z%ZF2
PRESERVATION METHOO__Z_ < //M& LETRs
COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELE$°”
POTENTIAL OF HYDROGEN pH s.u. R 2.2/
SPECIFIC CONDUCTANCE sc umhos/cm [2¢% /
REDOX POTENTIAL Eh mvolits —
TEMPERATURE TEMP il o ZY
ALKALINITY (CaCOg) ALK  mg/l -

/7,/(4/ g =0

Torae pnbirened Ak <S35 M Time FurEaid Ak = ST Y

, TOTAL VOLUME sC T
EMP/
TIME WITHDRAWN PH |iumnosicm) *e) COMMENTS
{GALS) [Bore Volumes)k
/520 0.0 0.0 - - - START PUMPING
$22 /i L2 Zes NgF A\ mnTER Cisnn

524 z.0 2.3l /202 &G\ LT Brie, Stigrted Tod b
| f524) 3.0 33| 257 |685H /’

/525 < O 635y /263 |42~ ”

/530 $ 0 63 263 |ez°A 1/
/533 6.0 .5 /ZCF 47\ vinvstfbtonns scients Lio407
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

D - DUPLICATE FB - FIELD BLANK G- GRAB"- SP - SUBMERSIBLE PUMP

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

S- SPKE LB - LAB BLANK PP . PERISTALC PUMP BP - BLADDER PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD =9 225
PAGE 1 OF 2

INSTALLATION ID (402 LOG DATE _S/Z2/40 LOGTIME /230

LOCATION 1D Lpof - S0 LOT CONTROL NO.
SAMPLE TYPE N Z Al SAMPLEID SAMPLE DEPFTH (FT) <225 %
. S T O 2 PP e & Sy
INITIAL GROUNDWATER DEPTH (FT) (256 7o ccbrri> S ey
SAMPLING PERIOD: START /077 COMPLETE 22/
SAMPLING METHOD — 2 LOGGER COOE .20 Y -
LAB CODE __ K20/ DATE SENT 5/’7@7
PRESERVATION METHOD___Z."C- - 7 Zzzes
COMMENTS
FINAL PARAMETER MEASUREMENTS: Disﬁf’c
POTENTIAL OF HYDROGEN pH  S.U. LZ/ L&
SPECIFIC CONDUCTANCE sC umhos/cm 243 A
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP °C £/
ALKALINITY (CaCOg) ' ALK  mg/t -
Fon/ Aere= O . s/
Torbs pafreremcd g = 989 Ty i B A = S0 G
. TOTAL VOLUME sc rEMP
TIME WITHDRAWN PH |umnosscmi | (icy ] COMMENTS
(GALS) [Bore Volumesi i}
e 0.0 0.0 - - - START PUMPING
)7, /. 77\ S N\ i lar
/) 2.5 Gyl BsT ‘)“/:L LT, Bt ScrtnfTiy T AT,
505 < £355) HA s J_ég;”,ﬁ L7 sttt B
2u -7, _ AR AY, “
/oM o |- 2/ Ba2 s ’”
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) :
D DUPLICATE FB - FELD BLANK G - GRAB SP . SUBMERSIBLE PUMP
R - REPLCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER
S. SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

SO 226
PAGE 1 OF 2
INSTALLATION ID _25422 _ L0G DATE __ 5/ 7442 LOG TIME (05
LOCATION ID __£LF0f = 2 LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT)) L3232 57C
— . _ 70 = 20.88 &Z LS onA'd L
INITIAL GROUNDWATER DEPTH (FT) LS L7 107 Gor < B uerrd oy itioe
SAMPLING PERIOD: snu}g W COMPLETE _ /27
SAMPLING METHOD LOGGER CODE _L22/
LAB CODE v LY ) : DATE SENT 37277
PRESERVATION METHOO___Z. ‘4 403 - plE77re s
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: °T$°
POTENTIAL OF HYDROGEN pH s.uU. Nas 24
SPECIFIC CONDUCTANCE sC umhos/cm 724 /
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP °C L
ALKALINITY (CaCOg) ALK  mg/l

Jga ALse = O . .
TOTAL_ gy AbrisZpey Az = 557 b/

Tor7z e B2 g pzac =537 “U

, TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH [(umnosrem|(og) COMMENTS
(GALS) [Bore Volumes)
05~ 0.0 0.0 - - - START PUMPING
vez | /P bt FIL \Fpt A Aemtss itk Spiert7r ioen,
2l 25 ¢ Zte |75 A 7
Ze ety 70| FB7 \msic 2
lwe| 59 de75) 7o VA
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
0- DUPLICATE FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMD
R -  REPUCATE TB - TRIP BLANK B- BALER AL -  AIR-UFT SAMPLER
S-. SPIKE LB - LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD cQ 227

PAGE 1 OF 2
INSTALLATION ID _( 254 _ LOG DATE 5/ 7/ LOG TME /778
LOCATION 10 _Xozrse o/ LOT CONTROL NO.
SAMPLE TYPE __// SAMPLE ID SAMPLE DEPTH (FT) L.7% B
P T D373 B Csent OED)
INITIAL GROUNDWATER DEPTH (FT) _&7¢ iz S2F etz B atorrent sy
SAMPLING PERIOD: STAR L2102 COMPLETE _[225
SAMPLING METHOD LOGGER CODE L2277l .
LAB CODE it : DATE SENT _2(Z/%
PRESERVATION METHOD_Z- < LAn v, - 472777 <
COMMENTS '
FINAL PARAMETER MEASUREMENTS: °ELE$°‘
POTENTIAL OF HYDROGEN pH S.u. L Lo =z
SPECIFIC CONDUCTANCE sC umhos/cm S0 /.
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP  °C Y
ALKALINITY (CaCOgq) ALK mgft -
FHEV ALk = p 4 ‘ g
TOTAe iffreTER Dy e = S57 TV ToAL Bl ) Ak = 34 Vi
| TOTAL VOLUME sc |t
EMP
TIME WITHDRAWN PH [(umnosscmi| (o COMMENTS
({GALS) Bore Volumesh
sos7| 0.0 0.0 - - - START PUMPING
355 /L L.7% S2 7 Wg‘}— LFUATLET S EAL 5L 1dwsTor (i,
Vath S W7, AN Z
pps | 35 sl oz rsA “
i | S0 o83l Zpt LzsA
2/0 127, : L. B0 B0 RS A LT TR Sesemir  Tower,
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D - DUPLCATE f8 - FELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP BLANK B- BALER AL - AIR-UFT SAMPLER
S- SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP

K - KNOWN N - NORMAL D-12 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

o 228
PAGE 1 OF 2
INSTALLATION ID _ 547~ | 0GDATE L2 =72 \0GTME L%
LOCATIONID L/ 04 -+ & LOT CONTROL NO.
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) 242 57T

72 = 3'? B7E (&/ﬂ/ﬂj) .
455 2o purye

INITIAL GROUNDWATER DEPTH (FT) Z¥% Z2 B2 01 7=/55-
SAMPLING PERIOD: START ___27%¢¥ COMPLETE _/<¢/>
SAMPLING METHO LOGGER CODE Ao
LAB CODE _ /22 DATE SENT < -27 52
PRESERVATION METHOO__7 "< fhlos - afeme s
COMMENTS /% [loci £c7ED g7 [472L [DAT=
FINAL PARAMETER MEASUREMENTS: °ELE$°N
POTENTIAL OF HYDROGEN pH  S.U. 670 20/
SPECIFIC CONDUCTANCE SC umhos/cm 2y /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 0./
ALKALINITY (CaCOg) ALK mg/l -
HEV. ALid = o ,
TIAL Lot FrTEED Gl = 4 39 “%) Torhl [HeTERED Bpis = 3 sy
_ TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |umnosrem | (oc) COMMENTS
(GALS) [Bore Volumes)
975 | 0.0 0.0 - - - START PUMPING
77 H /.0 L7 526 680 TN AUMIDST LLEAR SirenTler £towos
L0%7%% 2.0 4.92 542 VN LT Blpun Siienzs Twed )
2935 | 3o AN 2L ”
37| 3.5 497 B4/ AW ”
I e A g
094%| <o 672\ 545 |é75°4 o
SAMPLES TYPES. (WSACODE) SAMPLEMETPIODS:MDE)
D- DUPUCATE FB - FIELD BLANK G - GRAB SP - SUBMERSIBLE PUMP
R. REPUICATE TB - TRIP S8LANK 8- BAILER AL - AIRUFT SAMPLER
S- SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL D-13 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD 59 229
PAGE 1 OF 2
INSTALLATION ID _ZS//__ LOG DATE 2 7-7C LOG TIME P70
LOCATION 1D {24 =44 LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT)
. gy /0’ &
INITIAL GROUNDWATER DEPTH (FT) _L2Z02 7L R g3 B g 7
SAMPLING PERIOD: START 52 COMPLETE _ /4
SAMPLING METHOD LOGGER CODE —£22 L. _
LAB CODE __ Z4zy/ DATE SENT _Z-27-2
PRESERVATION METHOD__£° L ,44/91 — Merac §
COMMENTS OF ey osti 72 gsr”pé4rz¥;,}3»725 .
FINAL PARAMETER MEASUREMENTS: DELE$°“
POTENTIAL OF HYDROGEN pPH  S.U. £77 Zey
SPECIFIC CONDUCTANCE SC umhos/cm EZ8 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP °C 2,
ALKALINITY (CaCO3) ALK  mg/l - .

T Ak = O P
Torpt prr Fre7Elld Aerl = 3BF T

Torke FriBAly sk = 37/ MY

TOTAL VOLUME

' SC TEMP.

TIME WITHDRAWN PH liumhosicmi| (ocy COMMENTS
(GALS] Bore Voiumes)

31 0.0 0.0 - - - START PUMPING
/039 /-0 LEAN B 4o 0 A ArutenT gesne
0t 2.0 AN Xy _ Hopiz £73
prd | 38 L7A 285 lg5sa
7S <5 4.9 Go# oA 7 iboreErs s waTEE
o A &0 P BFF é.b’ﬁi; AT LLESAREL
/P50 A0 4.5 %fﬁ e | 7 floorr T
SAMPLES TYPES: (WSACOOE) SAMPLE METHODS: (WSMCODE)
D - DUPLICATE FB - FIELD BLANK G- GRAB" SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP BLANK B - BALER AL -  AIR-UFT SAMPLER
S. SPKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-14



GROUND WATER QUALITY SAMPLING RECORD -2 230

PAGE 1 OF 2
7 [ D .
INSTALLATION ID _£24/4 oG DATE 4228 “7¢ 106 TME L4422
LOCATION ID _£/775 2/ LOT CONTROL NO.
sampLe TYPe A/ £ 2O SAMPLE ID SAMPLE DEPTH (FT) (225 872
e . O 22758 BIC (S IET), 1D g Pe g
INITIAL GROUNDWATER DEPTH (FT) (225 572 i3 LR R e
SAMPLING PERIOD: STARY i d COMPLETE ?%L
SAMPLING METHOD LOGGER CODE L7274
LAB CODE _LZ9Y o DATE SENT 725 70
PRESERVATION METHOO_Z2 & 0 Ay~ A/E772 S
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DELES;O
POTENTIAL OF HYDROGEN pH  S.U. VY 4 2.2/
SPECIFIC CONDUCTANCE SC  umhos/cm A /
REDOX POTENTIAL Eh mvoits —_— —
TEMPERATURE TEMP °C 4
ALKALINITY (CaCO4) ALK mg/l
'/724/- Acre = ¢ 3 , ¢
TOTAL QWF1eTERLD Rl = B3y ”% TIAL FreTEetkd LA = 389
| TOTAL VOLUME sc  hewr
TIME WITHDRAWN PH |umnossem| (ocy COMMENTS
(GALS) [Bore Volumesi
KX 0.0 - - - START PUMPING
750/ i ) /655" 672SA . Bl véry 7e84,0
i) 25 £78\ 127 |4osA &
Jeb 3-< Lozl seos \gmsA ”
w15 S Nsss|l r820 lezs'A4 Z
200 So |. 170 | 55T w0, Blode slod. 70 vty 7
1423}  b.0 XA 7 VLY. 1 -
/25| Fo £87 /320 4554 v
(22 B0 &5, 1260 |g9SA -
228\ 220 £ /250 V4557 ”
SAMPLES TYPES: (WEACODE) SAMPLE METHODS: (WSMCODE)
D -« DUPLICATE F8 - FIELD BLANK G- GRAB §P - SUBMERSIBLE PUMP
R- REPUCATE TB - TRIP BLANK 8- BALER AL - AIR-UFT SAMPLER
S-. SPIKE LB - LAS BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP

K - KNOWN N- NORMAL 1_;5 SL - SUCTION UFT PUMP



£9 3%
GROUND WATER QUALITY SAMPLING RECORD

PAGE 1 OF 2
INSTALLATION 10 _£5-2__ LOG DATE —Z_ 2570 oemme /220
LOCATION 1D 22258 —ZZ2 LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) 2272 6
VR 5//;3'4 T o)
INITIAL GROUNDWATER DEPTH (FT) _ééft’_éf.g 7S O7 212633789 "
SAMPLING PERIOD: START L322 COMPLETE __/3/7
SAMPLING METHOD 2 LOGGER CODE L2421~ .
LAB CODE _ K494 ) DATE SENT _Z-25-50
PRESERVATION METHOO___ 2 C . s ’M’/ ALl
COMMENTS
FINAL PARAMETER MEASUREMENTS: °E:'_IE::’°
POTENTIAL OF HYDROGEN pH s.U. —i i/ 20
SPECIFIC CONDUCTANCE sC umhos/cm /250 ‘.
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °C 2/
ALKALINITY (CaCOg) ALK mg/l -
V. Bl = O
TOTAL WtlFrTEEd L= Y0 Tormy FurBlbd Acw =47 Y
. TOTAL VOLUME sc
TEMP,
TIME WITHDRAWN PH |iumnassem | (oey COMMENTS
({GALS) Bore Voiumes)

126/ 0.0 0.0 - - - START PUMPING

/26 /.0 s5¢| 7250 *E\| Aemrosr cLEm?, e Tons7

/75 2.0 6-59 7260 \pH5F ¢

1258 S.D 665 /25 & |68 F o

/300 0 &4/ 1250 V675" o

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

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

R-. REPLICATE TB - TRIP BLANK B - BAILER AL -« AIR-LIFT SAMPLER

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

K- KNOWN N. NORMAL |_j5 SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

9 232
PAGE 1 OF 2
INSTALLATION 1D (2842 L 0G DATE ‘f/ﬂ,/ 70 ___ \0GTME __ L0
LOT CONTROL NO.

LOCATION 1D _LF25 /4%

A

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) 222 (37
- /Zg‘? W—— X s —

INITIAL GROUNDWATER DEPTH (FT) 278 57C 266325 /5‘@;9%:
SAMPLING PERIOD: sn}; V74" COMPLETE D5
SAMPLING ME LOGGER CODE - aDa
LAB CODE /M DATE SENT ‘{//f//@
PRESERVATION METHOO__ << 44/”5 bz A
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELES;:'ION
POTENTIAL OF HYDROGEN pH  S.U. 445 oy
SPECIFIC CONDUCTANCE SC umhos/cm /éﬁ /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP °c 24
ALKALINITY (CaCO3) ALK  mg/t -

%Q“QP“"C\)CM m) A\\ml‘m y = cc l““g,/l— .

Toal  Aisalond., gndildered L212me/L F\H%I‘J = 299 my/L

TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |iumnossemi| (ocy COMMENTS
(GALS) [Bore Volumesh

o840 0.0 0.0 - - - START PUMPING

o8Ys| 1o /S5y lesy] 980 §/F | Lt. orsage- 1 pod. turh,d
9 20 205 |64l 9o 4I5S ”

092| 3.0 <5z 16.63] 9g0 oS ”

_ﬂ?g 3.5 ; 20 — — — L 2«;444

I
|
1

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

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

R -  REPLICATE TB - TRIP BLANK 8- BALER AL - AIRJUFT SAMPLER

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

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-17 -




GROUND WATER QUALITY SAMPLING RECORD SS9 233
PAGE 1 OF 2
INSTALLATION ID _ 234’2 LoG DATE % (7% LOG TIME /KL
LOCATION D L% —/2 LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) L2 2/ AB7L.
D7, g 0 7 8C  Br-mz-siy,
INITIAL GROUNDWATER DEPTH (FT) L/ 7L ShGapite OFxS
SAMPLING PERIOD: START 2573 COMPLETE
SAMPLING METHOD LOGGER CODE —22Y
LAB CODE 47 | DATE SENT L7/
PRESERVATION METHOD_ 22, 405 (< 2) iy iferacs
COMMENTS ' -
L. AFTEL Sttliiv & = /9. 24 O7¢ )
FINAL PARAMETER MEASUREMENTS: DELESEW
POTENTIAL OF HYDROGEN pH s.U. A2 _Ll
SPECIFIC CONDUCTANCE sC umhos/cm 922 /
REDOX POTENTIAL Eh mvolits —_— —_—
TEMPERATURE TEMP °C /8.5 2/
ALKALINITY (CaCO3) ALK  mg/l
Fhenc F+hchw\ - S0 )
Tetal o lbetim by upddirerd 502 muju fiddeed = 293 g /L :
TOTAL VOLUME sc , i
WETT? I TEMP
TIME |  WITHORAWNYZT Dot |(umnosremi| (e COMMENTS
{GALS) f[Beore Volumas i
0.0 0.0 - - -~ START PUMPING L
453 ' Q S OF .48 40 (85 fianmsn ben /yery Yucloid .
\5¢e | 20 Z /4 le86] 900 8.5 ) u l
1506 | 3.0 32/ |6.4| 830 \8.§ , ‘ )
1910 | 40 729 oo | A2 9.5 X X o
|
i
SAMPLES TYPES. (WSACODE) SAMPLE METHODS: (WSMCODE)
D- OUPUCATE F8 « FIELD BLANK G - GRASB SP - SUBMERSIBLE PUMP
R- REPLICATE T - TRIP BLANK 8- BAILER AL - AIR-UFT SAMPLER
S - SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-18 -

- —



GROUND WATER QUALITY SAMPLING RECORD T9 234

~

PAGE 1 OF 2
INSTALLATION 1D _(Z52/L_ LOG DATE “// 7’/ Zo LOG TIME /3/0
LOCATION 1D _£/528 =/ 7 LOT CONTROL NO.
SAMPLE TYPE i SAMPLE ID SAMPLE DEPTH (FT) LZ£27 A7¢~
— G
INITIAL GROUNDWATER DEPTH (FT) /257 372 622 X‘//’} !
SAMPLING PERIOD: START 352 COMPLETE __ L
SAMPLING METHOD A LOGGER CODE L4094/
LAB CODE dn . Vo< ) PATE SENT ZL 7/
PRESERVATION METHOO__ <. YDy (DK <2) v # pfmars
COMMENTS '
Eoanl et DEPTH = /7. P Bre
FINAL PARAMETER MEASUREMENTS: Da‘fggon
POTENTIAL OF HYDROGEN pH S.u. Lo B .0
SPECIFIC CONDUCTANCE sC umhos/cm Z3p /
REDOX POTENTIAL En mvoits —
TEMPERATURE TEMP °C B L 2 /
ALKALINITY (CaCO4 ALK  mg/l -
PHEN AP yrimr e = 00
FOTAL = P /”7/,, (wo-FrorB s ) Fratnt £d = 370 )
TOTAL VOLUME sc n
WETT EMP/
TIME wnﬂonAwn(g%;;% PH liumnosrem | (ocy COMMENTS
(GALS) [Bore Voilumes
/,& 0.0 0.0 - - - START PUMPING
3220 ss 127 474  BSD | /BHA et/ fopnn mog—ivdscs 7k

/33/8 2. 2.5 \gsA  poro | EST Mn/éé/gﬁyn/a/ KOG Tt )

3351 Sp 378 WEBA £30 /L "

(5 A5 386 | — — | — p

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

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

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

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

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-19 - -



GROUND WATER QUALITY SAMPLING RECORD <9 235
PAGE 1 OF 2
INSTALLATIONID _ 542 LOG DATE 77 oG IME 320
LOCATION ID 405~ 54 LOT CONTROL NO. _
SAMPLE TYPE ___ A/ SAMPLE ID SAMPLE DEPTH (FT) £ % /&
1 D 7 [ = 30.52° 87 Aspunite
INITIAL GROUNDWATER DEPTH (FY) __ZZ 32 £7¢. AR A
SAMPLING PERIOD: sngr 777 COMPLETE £y 13
SAMPLING METHOD LOGGER CODE 4
LAB CODE - L DATE SENT 2772
PRESERVATION METHODL " 7u ey — e S
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DELESSm
POTENTIAL OF HYDROGEN pH  S.U. L5 s
SPECIFIC CONDUCTANCE SC  umhos/cm £t .
REDOX POTENTIAL Eh mvolits - —_——
TEMPERATURE TEMP °C O
ALKALINITY (CaCOg) ALK mg/l - —_—
FHed. bLie = :
TOAL LoW/Freidbd AL = 383 ToTA 2 TEALES Al = 335
| ToTtaL vowuMe sC )
TEMP.
TIME WITHDRAWN PH |umnossem] (ocy COMMENTS
(GALS) JBore Volumesi
/350 0.0 0.0 - - - START PUMPING
/357 /0 C.F0 Zetek bt o A oesnet/p o siog. TBD
/355 Z.0 L. 7o 897 \teo’A verer /73t . 5umg://o¢
35H 3.0 673 #7 \woA % it
/K £ Ff $9% +éép‘ﬁf Sér EXTLY  Tladi§sd)
/D) S i . .. 75 BEe \66.:°A #en1o57 cLean
SAMPLES TYPES: (WSACDDE) SAMPLE METHODS: (WSMCODE)
0 - DUPUCATE F8 - FELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK B- BALER AL -  AR-UFT SAMPLER
S-. SPIKE L8 -« LAB BLANK PP . PERISTALIC PUMP B8P - BLADDER PUMP

K - KNOWN N - NORMAL =20 SL - SUCTION UFT PUMP



GROUND WATER QUAUTY SAMPLING RECORD &9 236

PAGE 1 OF 2
INSTALLATIONID _Z54/L LogDaTE S /=72 (06 TME <252
LOCATION ID <408 =S /3 LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEPTH (FT) S B7T¢
— /e O 272.05 d"l(.swudadf

INITIAL GROUNDWATER DEPTH (FT) _J.70 47¢ 487 v {o{u
SAMPLING PERIOD: snng /3 F COMPLETE /iﬁ
SAMPLING MET LOGGER CODE
LAB CODE T DATE SENT :27/70
PRESERVATION METHOO_Z °<. /A/ﬂ pTETAy
COMMENTS /4774 _loudid _ﬁf?{z/‘fﬂ yolost
FINAL PARAMETER MEASUREMENTS: DELESSQ
POTENTIAL OF HYDROGEN pH s.u. %;» Lo
SPECIFIC CONDUCTANCE SC umhos/cm 4
REDOX POTENTIAL Eh mvolts ‘—‘_‘
TEMPERATURE TEMP °C =Y
ALKALINITY (CaCOg) . " ALK mgfl -

Phes Mk :0.0 .

Tkl Ak = So4 FHed — 502

, TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnosscm| (oicy COMMENTS
(GALS) fBore Volumesh

(’2_/;;% 0.0 0.0 - - - START PUMPING

(351 /.o LA P44 BN entosT ikl

3y | 28 egol Ge7 \work 7

351 35 L7l 97 kssa ‘
3.5l 5o s83  G7F sk 7 Sttt Teabid)

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

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

R - REPUCATE TB - TRIP BLANK 8- BAILER AL =  AIR-LIFT SAMPLER

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

K - KNOWN N-. NORMAL D-21 SL - SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD 59 237
PAGE { OF 2

INSTALLATION ID &34 L0G DATE S /=72 LOG TIME 520
LOCATION ID L5895 =5 LOT CONTROL NO.
SAMPLE TYPE ___// SAMPLE ID SAMPLE DEPTH (FT) 22577
— o ) .’zz/ 7/( CIHMANe o ) .
INITIAL GROUNDWATER DEPTH (FT) 278 2z 5’/ o7 B weritis Sy
SAMPLING PERIOD: sng g coam.s-re /520
SAMPLING MET LOGGER CODE 471/
LAB CODE éﬂ DATE SENT_S /20
PRESERVATION METHOO 2. s —lerrzs
COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELE$;'°
POTENTIAL OF HYDROGEN pH  S.U. 6<Z Lo
SPECIFIC CONDUCTANCE SC  umhos/cm 473 (.
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °c 7./
ALKALINITY (61003) ' ALK mg/l -
T Byl = '
ToBL W FrLrEAld AL/ = 59 - EMed 837
. TOTAL VOLUME sC
TEMP
TIME WITHDRAWN BH |iumnossem] (o'cy COMMENTS
(GALS) [Bore Volumes)

/| 6.0 0.0 - - - START PUMPING

Y Z.e . B /./"’S/"/ Al 7 A/z’ e Wi ..S-l/‘;f/ﬂ"/ ' ’r:,,j,-ﬁ//

/8. % A sy s 7

/5 P> NN 4 6. .60 Yl léé;) A tAesT i Fand SLIEATLS Lo,

(e BB Y 67H o e 2

sl 2o | 4 /172 46s?)

/SEF éé/ o AF 1/ F Ve A P ~hs wiwacses iy awp

Se7) Zo S2\ /73 e, A Ao coeme

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

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

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

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

K - KNOWN N- NORMAL D-22 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD "9 23¢

PAGE t OF 2
INSTALLATION ID _ &34/ L0GDATE _S~//-57C WG TME _L 770
LOCATION ID L5055 2 LOT CONTROL NO.
SAMPLE TYPE 7Y SAMPLE ID SAMPLE DEPTH (FT) 275 Bre.
7.0.220.25 BIC 5o ANEED
INITIAL GROUNDWATER DEPTH (FT) _Z.7% Brc- 587 100 = B werred cosity Vol
SAMPLING PERIOD: START 277 COMPLETE _ 747
SAMPLING METHOD — /2 LOGGER CODE 49
LAB CODE e - 9 DATE SENT _5//-20
PRESERVATION METHOO_ZL ' & /07 W42
COMMENTS '
FINAL PARAMETER MEASUREMENTS: °ELE$°
POTENTIAL OF HYDROGEN pH S.U. 6.43 Lo/
SPECIFIC CONDUCTANCE SC umhos/cm LSS 4
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °c 2./
ALKALINITY (CaCOg) ALK mg/l -
Phen A} =vo .
Ynirnireed  Todks! pg T oack e ;.HN((J = GO5 g /l_
. TOTAL VOLUME sc
EMP.
TIME WITHDRAWN PH [iumnasscm| (o COMMENTS
(GALS) [Bore Voiumes)

297, 0.0 0.0 - - - START PUMPING

iz A 657\ 4SS |50l L7 ot Sicpres THwebu

33\ 3.0 A A N ARV 2y 1 2/

g3y 75 bs3|  pée |L54°F /

s3p 4D 4iged /38 V4seA

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

0- DUPLICATE FB - FELD BLANK G- GRAB- SP - SUBMERSIBLE PUMP

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

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

K -  KNOWN N- NORMAL -3 SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD <9 <39

PAGE 1 OF 2

INSTALLATION ID 3472 LOG DATE S—/-70 LOG TIME /22

LOCATIONID __£/25 —5 & LOT CONTROL NO.

SAMPLE TYPE ___ 2 SAMPLE ID SAMPLE DEPTH (FT) 26.32 A7
<7 7 70 = Secr Dier S td e o)

INTIAL GROUNDWATER DEPTH (FT) 2422 Z7¢ Y gp) = Fwertead Eo4iy b

SAMPLING PERIOD: START /L2 COMPLETE 35

SAMPLING METHOD 22 LOGGER CODE £ 201

LAB CODE /322 e DATE SENT > /-7
PRESERVATION METHCD 7o sl iz

COMMENTS
FINAL PARAMETER MEASUREMENTS: oaﬁ'ﬂ °
POTENTIAL OF HYDROGEN pPH  S.U. L7 2.0,
SPECIFIC CONDUCTANCE SC  umhos/cm Loz L .
REDOX POTENTIAL Eh mvolts — —
TEMPERATURE TEMP  °C 2./
ALKALINITY (CaCOg) "~ ALK mg/l
Frbtd. Bk = 0.0 : "
TRt syl erZred A<k = 1202 TPrAz. ST By Ak = B ok
.| TOTAL VOLUME sc |
EMP.
TIME WITHDRAWN PH [(umnossemi| (ogy COMMENTS
(GALS) Bore Voiumes)
=1 oo 0.0 - - - START PUMPING )

2274 BV 6.7\ BB 6272 A Orames/srace v —o75,,

g2\ 2s L7\ Bol o7 7A ‘7

/123 5.0 L5\ B 4 A °

25| o 6.3 Bo/ t7iA // )

/27l So |. F o2 N8 A u

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

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

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

K- KNOWN N. NORMAL D-24 SL- SUCTION UFT PUMP N



GROUND WATER QUALITY SAMPLING RECORD CS9 240
PAGE 1 OF 2

INSTALLATIONID _45:¢2  LOGDATE __Z-24 52 LOG TIME /3,0

LOCATION ID _£&05 -5/~ LOT CONTROL NO.
SAMPLE TYPE £ ///‘f;/s; SAMPLE ID SAMPLE DEPTH (FT)) Z2.7C S
- £ £
T D 7 2 0 Biiy ot OED)
INITIAL GROUNDWATER DEPTH (FT) _Z27¢ B = AR R o N s
SAMPLING PERIOD: START 27 COMPLETE __[77%
SAMPLING METHOD 2 LOGGER COOE L7

LAB CODE 7y DATE SENT _Z-% -2

PRESERVATION METHOD_Z L Ay« 47270 S

COMMENTS
FINAL PARAMETER MEASUREMENTS: D"_f:r?c
POTENTIAL OF HYDROGEN pH  S.U. 247 il
SPECIFIC CONDUCTANCE sc umhos/cm 727 /
REDOX POTENTIAL Eh mvoits — -
TEMPERATURE TEMP °c -
ALKALINITY (CaCOg) ‘ ALK  mg/l —_—
Pl . A = 0.0 ,
TUTHE  ppalrriientss s 402”"% ToAL FPuiEibg A = 3(ET)
| TOTAL VOLUME sc e
EMP.
TIME WITHDRAWN PH |iumnossem| (o COMMENTS
({GALS) Bore Voliumes)

/20| 0.0 0.0 - - - START PUMPING

/ S/ ¥ S Y- 7V NLB AL rvwr vtsmses isvosw 1500, Tt

/3 57 Z.v YNz a gfé 680 " L Stieh7iy Tode

/55 3.0 4.%7 2/0 g0~ "/

2L Wl ¢\ 72/ W#se %

/3SH 5.0 : 087 926 4804

Tl sip 723 e~ &

S #< L. Y9 7277 |45~ o

ERAeds Eppen
/522 | — 665 / b deEnv
pewnbon Y = 20

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

D- DUPUICATE F8 - FELD 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 B8P - BLADDER PUMP

K« KNOWN N- NORMAL [p_o5 SL- SUCTION UFT PUMP



T9 241

GROUND WATER QUALITY SAMPLING RECORD

PAGE 1 OF 2
INSTALATION 1D _C5L2—_ L0G DATE #%9/ Zo LOG TIME 50
LOCATIONID 3¢ LFZ08-5¢& LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEFTH (FT) _Z2.08_ (27
INITIAL GROUNDWATER DEPTH (FT) _Z2u (rze) "7 5‘2/54{/5’?275??%/0)%% ‘
SAMPLING PERIOD: START 222 COMPLETE ;’Zﬂf//% kel
SAMPLING METHOD LOGGER CODE /%
LAB CODE _/(5os/ - DATE SENT ___ZL2/(%0
PRESERVATION METHOD__ £ | #tis (PHEZ ) vith supetals
COMMENTS ‘

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
REDOX POTENTIAL Eh
TEMPERATURE TEMP
ALKALINITY (CaCOg) ALK

FrAeA 0L et raf e ot Rcichii/ T = O
LVl TELEA TOTRL AsC- = 45 T

DETECTION
o UMIT
s.u. & b7 20/
umhos/cm 770 /
mvaoits —
°c 2./
mg/l -

Toray Jeu. Friterd = <05 ",

TOTAL VOLUME sc -
TEMP,
TIME WITHDRAWN, PH |iumhosrem| (vcy COMMENTS
(GALS) j¥ere Voiunres) )
pc| 0.0 0.0 - - - START PUMPING K
JovZ /o 255 4643 T60 \43° L\ 478 S rewszey TEAED |
foes| 2.5 (75 lesol  Fpo Bs~F “ |
07 <o Z.3/ 643 770 5=\ Lowr 7an/ Scispry Tnes,.,
sl 5.0 222 (6o 790 e A & i
7 &L S¥F 1 — — — ” ,
L
R
|
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE) .
D - DUPLICATE FB - FIELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP
R - REPUCATE T8 - TRIP BLANK 8 - BAILER AL - AIR-UFT SAMPLER
S - SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

D-26



GROUND WATER QUALITY SAMPLING RECORD £9 242
PAGE 1 OF 2
INSTALLATION ID L5442 LOG DATE YN8/ 7 \oaTme 557
LOCATION 1D __££U5 — S LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) /£ 22 (B«

CA2 TP 2 (20 x 007 = 7.

INITIAL GROUNDWATER DEPTH (FT) L2 72(B7L) S et T

“7

SAMPLING PERIOD: START /420 COMPLETE -2
SAMPLING METHOD LOGGER cooe — &
LAB CODE A0 DATE S 24228
PRESERVATION METHOO_ 2 °C |  p (o METALS pﬁ( <2y
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELE&:-!ON
POTENTIAL OF HYDROGEN pH s.u. 4.0 o
SPECIFIC CONDUCTANCE sC umhos/cm 222 /
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCO3) ALK  mg/l -
Fhewolphehafe:n A /L/ ¢ s
int teveil Tobal = 36 ", i tbeveet = 372 T
. TOTAL VOLUME sc
TEMP,
TIME WITHDRAW 2ol PH [iumnossem| (ogs COMMENTS
{GALS) iun-vmumf-u

/555]  o.0 0.0 - - - START PUMPING
ool 20 27 _&Z0\ (o0 L35 V" Lin groq siomly ciovay
\eoel 25~ Lot Nbz2A 270 kss A K ‘

09 L /82 560\ /0/0 \est’A Harost ctoor

o | S o | zz7z ezl 79, L@' - /

o 6o 273 Vbl o0 V355K ‘

A 2O L8 &vo\  ooo |638°A ”

V2% %4 Z5 S — — T Eped Dicrd &=

7 7

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

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

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

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

K- KNOWN N- NORMAL [ 57 SL- SUCTION LIFT PUMP



GROUND WATER QUALITY SAMPLING RECORD 2 243

PAGE 1 OF 2
INSTALLATION ID 25342~ LG DATE _S /-9 L LOG TIME __ /07 S
LOCATION 1D 7 ¥ & = //A LOT CONTROL NO.
SAMPLE TYPE A/ SAMPLE ID SAMPLE DEFTH (FT) B%4 472
TP =/708 BTe (SowdED)
INITIAL GROUNDWATER DEPTH (FT) LIS B STy fo P'f"/g-’)"
SAMPLING PERIOD: snag /A COMPLETE _ /2
SAMPLING METHOD / LOGGER CODE 204/
LAB CODE _£20% - DATE SENT 2772
PRESERVATION METHOD_ .2 & /el -afETALS
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: °ELE$C
POTENTIAL OF HYDROGEN pH  S.U. 705 - _ e
SPECIFIC CONDUCTANCE SC  umhos/cm 777 ‘
REDOX POTENTIAL Eh mvoits m— —
TEMPERATURE TEMP °C Y
ALKALINITY (CaCOg) ALK mgfl ]
h o ‘ G @ .
Unp;,f::ei ",{j\&j Al 2 Nev ddiea Cl-ered = 383 M/L
4 TOTAL VOLUME sc e
MP ]
TIME WITHDRAWN PH |iumnoercm| (o a; COMMENTS
(GALS) JBore Volumes)

/04 0.0 0.0 - - - START PUMPING

A /0 A7 F25 S LT Blguwi), itnters Tordb

s d A ZoAl A2 s55A o

wsFl 38 7oA 75¢ S SwewTry 1o Mod. Tk,

57| S0 7051 F£S \453°F ”

228 - o5l Fre s SF 7

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

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

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

S - SPIKE 8 - (AB BLANK PP - PERISTALIC PUMP B8P - BLADDER PUMP

K- KNOWN N- NORMAL .. SL. SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

£9 244
PAGE 1 OF 2
INSTALLATION ID _S5222_ \0G DATE _S /=2 LOG TME __ /220
LOCATION D 228 /28 LOT CONTROL NO.
SAMPLE TYPE __ A/ SAMPLE ID SAMPLE DEPTH (FT) 2% &re
— NV (_smwz‘o
INITIAL GROUNDWATER DEPTH (FT) 232 5% f o2 v/ Zpu,:,c/
SAMPLING PERIOD: START 7223 COMPLETE
SAMPLING METHOD /2 LOGGER CODE
LAB CODE po e Ao DATE SENT f’//"?ﬂ
PRESERVATION METHOO_ 7 % Ao~ /e
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELE%C
POTENTIAL OF HYDROGEN pH s.u. &£75 Loy
SPECIFIC CONDUCTANCE SC umhos/cm 74 an /
REDOX POTENTIAL Enh mvoits
TEMPERATURE TEMP °C yovi
ALKALINITY (CaCOg) ALK mgfl '
Phen Al -0 @ . _
UNBULTERED ALK = NOT TAKEN LTERED ALK = 562 me/L
, TOTAL VOLUME _ s hremp
TIME WITHDRAWN PH |(umnassemi| (oicy] COMMENTS
{GALS) [Bore Volumesi
7 0.0 0.0 - - - START PUMPING
SOt /0 L5 SrfF NS 2A LT Goren Seizwiz v ToPA
L) ZS POl /87 \SEH 4
217) SO ¢7 1239 14837 v
/02/) 55 L74 1237 |6s2%F p
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE FB « FIELD BLANK G- GRAB ° SP - SUBMERSIBLE PUMP
R - REPLICATE T8 - TRIP S8LANK B - BAILER AL - AIRUFT SAMPLER
S - SPIKE LB « LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
X - KNOWN N .« NORMAL SL - SUCTION UFT PUMP

D-29



GROUND WATER QUALITY SAMPLING RECORD

SS9 2435

INSTALLATION ID

(ISt LOGDATE - %p-Zc¢

LOG TIME

LOCATION ID 5 TOP- 2 fF

LOT CONTROL NO.

PAGE t OF 2

7S

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) L2757
7.0 2T Bip et
INITIAL GROUNDWATER DEPTH (FT) _/> (2 A7 Eir g2 22‘/4”“5,553,2
SAMPLING PERIOD: START 23> COMPLETE /773
SAMPLING METHOD .2 LOGGER CODE _cCozic_
LAB CODE /%24 DATE SENT _Z-307
PRESERVATION METHOD__Z-C - Merhes sy —PET F T
COMMENTS
FINAL PARAMETER MEASUREMENTS: DELESrrrm
POTENTIAL OF HYDROGEN pH  S.U. 719 Loy
SPECIFIC CONDUCTANCE sC umhos/cm 227 Z
REDOX POTENTIAL Eh mvoits :
TEMPERATURE TEMP °C 27
ALKALINITY (CaCOg) ALK  mg/l -
/'//ﬁ’o(/ AL - cO
TOTAC i TECED pird = 283 Torar Fraeid A = 28
, TOTAL VOLUME sc £
MP,
TIME WITHDRAWN PH |iumnossem) h;*c) COMMENTS
(GALS) [Bore Volumes)
| 0.0 0.0 - - - START PUMPING
ZaA: a 700 635 \FsF JUATEL (g 47
o) N7 F/ 7 S§G) \LESH Slictrs feowds
o7/ | 3.8 Frs sto 45 SF o/
pZe | S5 7o\ 578 ek Z
1227 7 2/ 7o lsced P
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D DUPUCATE F8 - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R- REPLICATE TB . TRIP BLANK B- BALER AL - AR-UFT SAMPLER
S - SPIKE LB « LAB BLANK PP - PERISTALIC PUMP 8P - BLADDER PUMP
K- KNOWN N- NORMAL _3; SL- SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD <9 246

PAGE 1 OF 2

INSTALLATION ID _/SYZ _ LOG DATE 23070 LOG TIME /L5

LOCATION ID _£7 07— /205 LOT CONTROL NO.

SAMPLE TYPE ___ 2/ SAMPLE ID SAMPLE DEPTH (FT) 225 B7¢C.
. - 722, 3m¢ ( St DEZ)

INITIAL GROUNDWATER DEPTH (FT) 2228 27 45T el = 3 whersed dusry

SAMPLING PERIOD: STABT /3¢ COMPLETE __L¥¢

SAMPLING METHOD LOGGER CODE

LAB CODE __LA0V DATE SENT

PRESERVATION METHOD_ =L A /li— METAES - [l — PET i  Ed gk b ponls
COMMENTS '

FINAL PARAMETER MEASUREMENTS: DELE:;;IO
POTENTIAL OF HYDROGEN pPH  S.U. .77 22
SPECIFIC CONDUCTANCE sC umhos/cm S22 /
REDOX POTENTIAL Eh mvolits -
TEMPERATURE TEMP °C 2./
ALKALINITY (CaCOg) ' ALK mg/l -
Prew. #LK. = Q0 . —
TOTHG nFILTECEd Al = L TOrre FretEesd sue= 395
. TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH |iumnossem | (o) COMMENTS
(GALS) [Bore Voiumes)
16 0.0 0.0 - - - START PUMPING

172/ g)-.f JA £33 7¢%] [l E87

2 x . Y A AR A | /

niFy 725 L7y Bz oA

2290 3.0 G753 527 s !

37| “o | 672y Bz 475/ -/

/735 <+ L FH H22 YrooA v

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

R - REPUCATE T8 - TRIP SLANK 8 - BALER AL -  AIR-UFT SAMPLER

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

K-  KNOWN N- NORMAL [ 3 SL- SUCTION UFT PUMP



INSTALLATION ID

GROUND WATER QUALITY SAMPLING RECORD T£9 247
PAGE 1 OF 2
i LOGDATE 327 LOG TIME __/Fci2
LOT CONTROL NO.

LOCATION ID X S TOT S

SAMPLE TYPE N EES  SAMPLEID

SAMPLE DEPTH (FT) 32.c

O
INITIAL GROUNDWATER DEPTH (FT) 3228~ 372

LV EY) - §.05 por = =

ez -

O/(/
e

3

SAMPLING PERIOD: START > _<¢ COMPLETE /¢~ -
SAMPLING METHOD 2 LOGGER CODE o0t ]
LAB CODE /2o’ DATE SENT 23022
PRESERVATION METHOO__Z."2_. S A ft — [OET AL
COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELE$°'
POTENTIAL OF HYDROGEN PH  S.U. (.82 2.
SPECIFIC CONDUCTANCE sC umhos/cm etk L.
REDOX POTENTIAL Eh mvoits — ’
TEMPERATURE TEMP °C 2,
ALKALINITY (CaCOg) ALK  mg/l
FHEV. fric = VRS
TOAL ynFirEdES 4L = 22 Toras. Erinid rAuc = 358
. TOTAL VOLUME sc |y
EMP]
TIME WITHDRAWN PH |cumnosremi| (oa; COMMENTS
(GALS) Bore Voiumes)
/374 0.0 0.0 - - - START PUMPING
/33y /. R 713 Nt AL Bevens trrsr Sisemw5249 Tinn
= ras 457 L7 64 rA ”
134 2 Q 5] g§80 ¢9 0 "
1345 | 4.0 6.5 868 685 X
1350 | 5.0 652] 847 |87 T
382 | 6.0 49 860 ARV T
1359 5 @.572 850 686 X
,QI/ R ZZ,f»u//’(
Flal  Ops 2 Sd Lo cse
V] pie = o
Lrdrfer 2 e = 0.4
SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
D- DUPLICATE F8 - FIELD BLANK G- GRAB SP . SUBMERSIBLE PUMP
R. REPUCATE TB- TRIP BLANK 8- BALER AL -  AIR-UFT SAMPLER
S . SPIKE LB - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K- KNOWN N - NORMAL D-32 SL - SUCTION LFT PUMP



GROUND WATER QUALITY SAMPLING RECORD 9 248
PAGE 1 OF 2
INSTALLATIONID _55:2L. LOG DATE /-3 7¢  LOGTIME 2572

LOCATION 1D o725 — /22

SAMPLE TYPE /L £ 7

SAMPLE ID

LCT CONTROL NO.

SAMPLE DEPTH (FT) <25 57¢C

AR A T T

y— /7 -
INITIAL GROUNDWATER DEPTH (FT) _Z£.&3 72 FLF s = 3 werredf cus Ty
SAMPLING PERIOD: sng DALY COMPLETE _ [4202
SAMPLING METHOD LOGGER CODE £ 201
LAB CODE __ /7 ' DATE, SENT
PRESERVATION METHOO_ S0~ —aiEtpes  pre - PET- 4.
COMMENTS ‘
FINAL PARAMETER MEASUREMENTS: DELEMCIPro
POTENTIAL OF HYDROGEN pH s.U. L 76 gLy
SPECIFIC CONDUCTANCE sC umhos/cm IZ8) /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP o o Y2y
ALKALINITY (CaCOg) ALK mg/l -
JHen. Aegt. 3O : »r
TOTAL iV FrurEnbd Avi. = S99 TRt 1 TEREL  Aui. = 3¥S 7/1, .
| TOTAL VOLUME sc n
EMP.
TIME WITHDRAWN PH |iumnossem| (oc) COMMENTS
{GALS) [Bore Voilumes)
/SR 0.0 0.0 - - - START PUMPING
524 g0 65/ Py 8.2 (. toms Jbrioains 4708, Towi B0
/S2A 2.0 Zoy|  prz- 475A *
/577 S0 L7\ BoF 16524 “
Szl <o ¢ 78 pre lpzA "
/S 3% S5 6.7 %15 2 A /1
D- DUPLICATE fB - FIELD BLANK G -~ GRAS ° SP - SUBMERSIBLE PUMP
R - REPUCATE TB - TRIP BLANK 8- BALER AL -  AR-UFT SAMPLER
S . SPIKE L8 - LAB BLANK PP - PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N- NORMAL D-33 SL - SUCTION UFT PUMP



GROUND WATER QUALITY SAMPLING RECORD <3 249

PAGE 1 OF 2

INSTALLATION ID 5S¢4~ LOG DATE S/ =70 LOG TIME __Z722

LOGATION D __£72% —/2 /= LOT CONTROL NO. —__ _

SAMPLE TYPE 44 L5 2750, SAMPLEID SAMPLE DEFTH (FT) 222 7
2 4 7D «J}yu; w’dz(.s.aou/gm)

INITIAL GROUNDWATER DEPTH (FT) 242 A7 P o) < 3 akornd casiny ot

SAMPLING PERIOD: sngn' Vi coum.ne L2

SAMPLING MET LOGGER CODE L20%/ )

LAB CODE 429"/ DATE SENT -/ 7P

PRESERVATION METHOD_Z"C—, /M’v// LA S | bt — PETRI g 4] IR0
COMMENTS

FINAL PARAMETER MEASUREMENTS: DELES;“C
POTENTIAL OF HYDROGEN pH s.u. T e
SPECIFIC CONDUCTANCE sC umhos/cm 745 /.
REDOX POTENTIAL Eh mvoits — —
TEMPERATURE TEMP °c A
ALKALINITY (CaCOg) ' ALK mg/l -
et A = Q.0 / _ ‘
TOTHL JAFITEAELD ALK ,43 [OHT Fiudilres Ao = 358
. TOTAL VOLUME sc
TEMP.
TIME WITHDRAWN PH |iumnosiem| (oc) COMMENTS
(GALS) Bore Voiumesi _

ot 0.0 0.0 - - - START PUMPING

043y /.0 473 75n  \cgo° CLEAR i

3| 2.8 4 o2 7 4pz'A o;zz//zl SELT 5Lt ¢

o3 3¢ LSl P47 aZA .

0737 #0 oo\ FL¥ Y7 7

g72) S < | toe\  Fet \4p0A v

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

D DUPLICATE FB - FELD BLANK G- GRAB - SP - SUBMERSIBLE PUMP

R . REPLCATE TB- TRIP BLANK B- BALER AL <  AIR-UFT SAMPLER

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

K- KNOWN N. NORMAL p-3; SL- SUCTION LIFT PUMP



GROUND WATER QUALITY SAMPLING RECORD 9 250

PAGE 1 OF 2
INSTALLATION ID _£54%-_ L0G DATE S/~ 72 LOG TIME 20

LOCATION 1D 227 21 LOT CONTROL NO.

SAMPLE TYPE /Y SAMPLE ID SAMPLE DEPTH (FT) 5.7/ A7¢

TR 3090 Bic [ SarAgEd)
INITIAL GROUNDWATER DEPTH (FT) __Z5.7/ £7¢ g A perze

SAMPLING PERIOD: STA;)T %7 COMPLETE __ (20
SAMPLING METHOD 2 LOGGER CODE .22z
LAB CODE L&z ' DATE SENT {4/ -22
PRESERVATION METHOO__Z & //W_; AEBL S

COMMENTS
FINAL PARAMETER MEASUREMENTS: °ELE§|TI,’°
POTENTIAL OF HYDROGEN pH  S.U. L8080 £y
SPECIFIC CONDUCTANCE SC umhos/cm B3 —_
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP o o 2./
ALKALINITY (CaCOgq) ALK mg/l -
Prencl Mk-0.0 ,
Ut\QHt'-J Tobal A - not &kon QH%NJ = 394 |
. TOTAL VOLUME sc |k
EMP
TIME WITHDRAWN PH |umnossem] (o COMMENTS
(GALS) [Bore Voiumes)
o956 0.0 0.0 - - - START PUMPING
0439 /L Py FG2 NLBOA L77 74, Ss W72y TR Loir)
oo | TS5 Zo\ 832 \ussq ”

V2 d o B (B B3 \eZsA ”

Z43| S0 s Fop 4785 <

A < | L 53 g0k %

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

K - KNOWN N- NORMAL D-35 SL- SUCTION UFT PUMP



- - h———

GROUND WATER QUALITY SAMPLING RECORD SS9 /251

/
PAGE 2 OF 2—-
Lo ogoate £ 770 LoaTMe /324

INSTALLATION ID

LOCATION ID L/ 77—/ 8 LOT CONTROL NO. _
SAMPLE TYPE —V SAMPLE ID SAMPLE DEPTH (FT) 2255 5:
m‘\“v\?j ;‘lou }Quaj - 390 Ay, 28 gre (ers £ TAPE, ECin
] 7= 345 "4re 7
TOTAL VOLUME SL2 pa/ Lo purges
TIME|  WITHDRAWN BH [ sem ooy COMMENTS
(GALS) [Bore Volumes)

/512 — ST Bt

/S7L /. ¢ L 7T |\ GEK Aieqest Cesdrl

Syl 2.0 b IA 797 090K 27 Btrcw Screqme 7u,

573 3.0 e 725 \izsk v

/5791 S0 L8 F \eESH 7

2832\ — <7zu 7| Sonsfe s :

s R VIR Y |
|
|
l
|

S

Bl

J

D-36 t




GROUND WATER QUALITY SAMPLING RECORD t©9 250

PAGE 1 OF 2
INSTALLATION ID _ L84/t L0G DATE _S /- LOG TIME /3¢S
LOCATION ID 24227 /0 £ LOT CONTROL NO.
SAMPLE TYPE A SAMPLE 1D SAMPLE DEPTH (FT) L2202 47«
— 7 0. 22000 B¢ (S )
INITIAL GROUNDWATER DEPTH (FT) _L2.50 472 L S %77 )
SAMPLING PERIOD: START 7%/ 3 COMPLETE i K
SAMPLING METHOD .3 LOGGER CODE aon/
LAB CODE s/ o ) ATE SENT &/ 70
PRESERVATION METHOO____ &, /a0y — pJETALS
COMMENTS '
FINAL PARAMETER MEASUREMENTS: DELES;'W
POTENTIAL OF HYDROGEN pH  S.U. — 465 2 /
SPECIFIC CONDUCTANCE SC umhos/cm 737
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP °C ' Y224
ALKALINITY (CaCO4) ALK mg/l -
A,
7”777}’2”24»&&%4 = ¥ FF PH(’NJ 440
A TOTAL VOLUME sc
TEMP
TIME WITHDRAWN PH [cumnossemi| oy COMMENTS
({GALS) Bore Voiumesh

| /348 0.0 c.0 - - - START PUMPING

Ve ivd WA AL . 953 0K AMEST LLEAR

(3SA 2.6 L7\ T57 NLASH | Scwniiy Clowd T
Viizz: RS 73 949 \p28% v
ooyl S0 LL8l 957 |L28°%F ,,

wzl S8 1. — — — |  Lws Favee

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

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

R- REPLICATE TB - TRIP BLANK 8- BALER AL -  AIR-UFT SAMPLER

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

K- KNOWN N- NORMAL [ . SL. SUCTION UFT PUMP



SURFACE WATER QUALITY SAMPLING RECORD

SS9 233

INSTALLATION ID (B4~ oG DATE _ S22 Z &

LOCATIONID _££08 - 5/

LOG TIME
LGT CONTROL NO.

LE30

SAMPLE TYPE A% SAMPLE ID SAMPLE DEPTH (FT) £.8 3w’
SAMPLING PERIOD: sm? 9/// COMPLETE 073 ¢

SAMPLING M = LOGGER CODE __£20%

LAB CODE e L% DATE SENT S-L-50

PRESERVATION METHOD SLCE A= AIETHES

COMMENTS __A/o7Zs  (idad T, [rway/Errea

DETECTION
PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH s.U. 200 oo/
SPECIFIC CONDUCTANCE sC umhos/cm % /
REDOX POTENTIAL - Eh mvoits — ——
TEMPERATURE . TEMP  °C 2/

ALALNTY (Ca00) a

Takba " Aice L' J’v.\: ‘2‘{5 /%); F\Hereé = 2/ ’”!/L ffﬁf:ég- Z
INSTALLATION ID _£5YC \ogpaTE _ S Z-70  LocTme _ L7285
LOCATION ID L7508 — S 7 LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) .2 Buss
SAMPUNG PERIOD: START __ 2L/ compLeTE /P35
SAMPLING METHOD ___ LOGGER CODE __£90 1/
LAB CODE 7 DATE SENT __5-8-20
PRESERVATION METHOD _ ¥ “C  M#AL, ~jfsas S
COMMENTS __AP7EY o/l

DETECTION

PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN PH s.U. &7 Lo/
SPECIFIC CONDUCTANCE SC  umhos/cm 22y /
REDOX POTENTIAL Eh mvolts — -
TEMPERATURE TEMP  °C 2.7
ALKALINITY (CaCO3) ALK mg/l

FHEr Fivr - ¢ .
TOTAL ATl D 3D M/,

TERL S = L2 F
TUTAL— Frr 7B Pl =340 9,

SAMPLE TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)
O- DPPU&W FB - FIELD BLANK G - GRAB

R - REPLICATE TB - TRIP BLANK B - BAILER

S - SPIKE LB - LAB BLANK PP .  PERISTALIC PUMP

K - KNOWN N - NORMAL SL - SUCTION UFT PUMP

- D-38

SP - SUBMERSIBLE PUMP
AL - AIR-UFT SAMPLER
BP - BLADDER PUMP




SURFACE WATER

QUALITY SAMPLING RECORD

SS9 254
INSTALLATION ID % LOGDATE _5-£-22  ocmMe L322
LOCATION ID _ £~ 25 -5 LOT CONTROL NO.
SAMPLE TYPE £ A SAMPLEID SAMPLE DEPTH (FT) B
SAMPUNG PERIOD:  START ___ /295 COMPLETE L34S
SAMPUNG ME‘I’?D = LOGGER CODE ___ £
LAB CODE 72 DATE SENT 5&4&
PRESERVATION METHOD _ ¥ “& 44Dy — 47E5A¢S
COMMENTS __22< /‘/ﬁ"E/
DETECTION
PARAMETER MEASUREMENTS: uMIT
POTENTIAL OF HYDROGEN pH s.U. A2 Dp/
SPECIFIC CONDUCTANCE sC umhos/cm 2725 /
REDOX POTENTIAL Eh mvoits - —
TEMPERATURE ) TEMP °C L/
A%uuz (CaOO%) ALK  mg/l
oL e = = or
TOIAL oy s LTELED ALl = 13/ N EurElid Gei= 2 W/A, % =)
INSTALLATION ID _L_ LOGDATE _S-£270  ocTMe /350
LOCATION ID L A25 — 33 LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) _<2S 2u/s
SAMPUING PERIOD: ST 350 COMPLETE /357
SAMPLING ME?OD = LOGGER CODE __£AI04"
LAB CODE _ /4o~ DATE SENT __\S~£B-70
PRESERVATION METHOD __Y“C A4 Vs - e72 5
COMMENTS __>t14ec Zor) — Boropad SEQAET JE T SPFT By
AT r O
DETECTION
PARAMETER MEA SUREMENTS: LMIT
POTENTIAL OF HYDROGEN pH S.U. #&3 2.0/
SPECIFIC CONDUCTANCE sc umhos/cm LOFS /
REDOX POTENTIAL Eh mvolts I —
TEMPERATURE TEMP  °C 2/
ALKAL:)NITJ ((CaCO 3) ALK  mg/l
PJEn. ALl = 2.0 TRt P BILF
TVTAL UNEITERED i = 43T Mf/& P é;r;/,v;g = 735" /1
SAMPLE TYPES: (WSACOODE) SAMPLE METHODS: (WSMCODE)
D - DUPUCATE FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP
R - HEPUCATE T8 - TUIP RLANK B - BAILER AL - AIR-UFT SAMPLER
S . SPIKE LB - LAB BLANK PP . PERISTALIC PUMP BP - BLADDER PUMP
K - KNOWN N - NORMAL SL - '

SUCTION UIFT PUMP
D-39




SURFACE WATER QUALITY SAMPLING RECORD

59 255

LOG DATE _ S~ 8- %%

INSTALLATION ID _C/L LOG TIME /2SS
LOCATION ID ps - S& LOT CONTROL NO.
SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT) .28 B45
SAMPUING PERIOD: START /27 COMPLETE Z1S
SAMPLING METHO , LOGGER CODE _ %22+

LAB CODE /o v DATE SENT __S-8-722

PRESERVATION METHOD _ ¥ ‘& 4/ — 41674 L5

COMMENTS _ _LRTER Se/smTZ 7 ey S pren/issyl Tr7

DETECTION
PARAMETER MEASUREMENTS: LIMIT
POTENTIAL OF HYDROGEN pH s.u. £ o5 O .0y
SPECIFIC CONDUCTANCE sC umhos/cm é’/ﬁ /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP  °C 22
ALKALINITY (CaCO3) ALK  mg/l
I =z Lo TEMP= L9 ) F
wAFre7Eled = 23) Y, Frerzaed piw= 220
/7 . ,

INSTALLATION ID __C24C  LogDATE _S=8-70 Lo TME __£Z/<
LOCATION ID «££225 — S5 LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT)

SAMPUNG PERIOD:  START /230 compeTE /29SS

SAMPUNG METHO LOGGER CODE _ /&2 1/

LAB CODE 4o DATE SENT __S" 2 %0

PRESERVATION METHOD 9. &anl — ifr7mes

COMMENTS __SPR7EZ SC/ens2q L per S

DETECTION

PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH S.U. £ 37 A0/
SPECIFIC CONDUCTANCE sC umhos/cm &Z7 /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP  °C Or
ALKALINITY (CaCO3) ALK mg/l

FH A ALl = 0.0
LIIVFTECES By = "ZZ na/,

TP ZZ.GPF
Ey7EtEg Aiec= 208 “YL

SAMPLE TYPES: (WSACOOE)

D. DUPUCATE  FB - FIELD BLANK
R- REPUCATE TB - TRIP BLANK
S- SPIKE LB - LAB BLANK

K- KNOWN N - NORMAL

SAMPLE METHODS. (WSMCODE)
G - GRAB SP - SUBMERSIBLE PUMP
B - BALER AL -  AIR-UFT SAMPLER

PP - PERISTALIC PUMP
SL - SUCTION UFT PUMP
D-40 -

BP - BLADDER PUMP




SURFACE WATER QUALITY SAMPLING RECORD

SO 256

INSTALLATION 1D ZLW_ LOGDATE _S 8- 70 LOGTIME /7S
ro0§— .S2

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE A ¥ D SAMPLE ID SAMPLE DEPTH (FT) _&S BuX
SAMPUNG PERIOD: START __ ~7Z& COMPLETE Vsl

SAMPLING METHOD & LOGGER CODE /22

LAB CODE /% DATE SENT __S_ B2

PRESERVATION METHOD _£5C 5 Ay - A7E7pes
COMMENTS A TEA ZLowd T, aidS JA/fpestslf CoABTcrcTiot LA, TA s ais—
Flocte LolsTwirnt i

’;‘;;‘; "f;/z/ Vi DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN oH s.u. 2. 10 0.0/
SPECIFIC CONDUCTANCE sC umhos/cm V27 /
REDOX POTENTIAL - Eh mvoits — —
TEMPERATURE =~ . TEMP °C 2./
ALKALINITY (CaCO3) ALK  mg/i

FHEM Az = 0,0 /0.0 TEP = F4.2°F
TOTAC AFILTEEY =213/210  Toraz FrurEepy Bre = 205 /203

INSTALLATION 1D _ L2 oG oaTe _S7-72 Lo TME __LFSD
LOCATIONID 025 -5/ LOT CONTROL NO.

SAMPLE TYPE ____ A/ SAMPLE ID SAMPLE DEPTH (FT) _0.5 BWS
SAMPLUNG PERIOD:  STARJ 0%3c COMPLETE 0649

SAMPLING Ms'n;?u = LOGGER CODE &0

LAB CODE BON DATE SENT ___3- 770

PRESERVATION METHOD Y& #et ~fo2 £ 2 Y ,o:/rz/f} —APETHCS
COMMENTS Mater _has o cysty film

DETECTION
PARAMETER MEA SUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH S.u. 6.8 2.0/
SPECIFIC CONDUCTANCE SC umhos/cm 159 /
REDOX POTENTIAL En mvoits — —
TEMPERATURE TEMP °C Q. /
ALKALINITY ( )

P&mig{-&ﬂ{l“( q\\‘c‘-aocﬁoa ALK mg/l
Tl A - et Faed. 3272 Temp = 9. 0°F

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

D- D}_JPUCA‘I"E FB - FIELD BLANK G- GRAB SP - SUBMERSIBLE PUMP

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

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

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

S N=-41




HYDROGEQLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE
FORT WORTH, TEXAS

Texas State Plane Coordinate ang Elevation
of
Test wells
Soil Gas Probes and
Sampling Paints

April 8, 1988

Brirraix & Crawrorn
TN LAND SURVEYING &
TOPOGRAPHIC MAPPING

(817) 26-0211 - Metro 429-5112
P Q. Box 11374 * 3908 South Freeway
Fort Worth, Texas 76110



NUMBER

8sS A(45)

8ss 8(34)

8ss ct3s)

8ss 0(38)

Pl (111)
P2 (96}

1A (131)
18 (132)
1C (134}
1D (137)
1€ (135)
1F (136)
3A (121)
J8 (118)
3C (117)
3D (120)
b3 (119)
4A (129)
48 (130)
4ac (98)

40 {97)

4E (95)

4F (93)

4G (100}
4H (89}

5A (109)
58 (90)

5C (104}
50 ({103)
SE (110)
SF (54)

56 (88)

SH (89}

10A (108)
108 (92!

1o¢ (51}

100 (107)
108 (106)
10F  (105)
11A  (101)
118 (102)
124 (124)
128 (113)
12C (115)
120 (112)
126 (114)
126 (127)
12H (126)
121 (125)
123 (128)
12K (116)

NORTH
"Y”

402,068.84192
402,390.17981
402,254.07567
402,418.08908

397,712.30601
397,542.85438

401,089.50010
401,268.84868
401,032.46237
400,852.84768
401,173.20809
401,002.55061

398,360.53325
398, 345.88397
397,831.27206
398,698.98292
398,358.43081

396,920.,99434
396,940.34767
397,217.02642
397,446,176594
397,651.12948
397,680.42416
397,836.73039
397,541.43725

398,061.75689
398,520.35788
398,339.27594
398,362.32313
357,802.46440
397,504.64236
398,174,57747
398,351.69445

397,5913.30549
397,899.01251
398,197.02603
397,857.53638
397,896.37914
397,946.08160

398,941.02097
398,653.41765

397,175.89292
397,333.41742
3597,213.82758
397,511.40056
397,324.25035
397,111.16499
397,175.34773
397,231.20475
397,175.26975
397,222.63773

EXISTING wELL SITES

EAST
"x"

2,024,357.78905
2,024,331.93158
2,024,565.70484
2,024,487.37097

2,0159,695.14307
2,020,627.50845

2,025,128.18992
2,025,291.18966
2,025,482.01757
2,025,642.78693
2,025,407.53205
2,025,607.46316

2,017,786.72397
2,018,291.54176
2,018,292.28878
2,017,477.40425
2,019,005.28651

2,020,042.15064
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

2,019,781.72457
2,020,283.72453
2,020,196.97152
2,019,960.19729
2,019,748.19597
2,020,535.56245
2,020,894.69337
2,020,546.591832

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
2,019,895.65480Q
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

ELEVATION OF
TGP GF P.V.C.

566.38
569.73
55%8.57
561.45

*628.58
*618.78

570.27
560.25
560.00
563.93
562.25
562.26

625.25

625.76
615.90
613.04
615.35
618.54
625.36
620.02
613.43

623.18
600.45
608.68
611.71
626.89
618.95
615.39
610.62

626.70
624.46
617.24

608,22
608.14

635.66
627.55
628.05
627.45
627.48

<9 262

ELEVATION OF NATURA

GROUND AT #ELL

566.9
567.1
560.0

625.5
615.5

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

633.47
§33.84
635.39
621.6

622.87

624.6
618.4
610.9
613.1
617.5
622.8
619.1
6§10.5

619.4
597.4
606.8
608.5
623.9
619.4
612.0
608.4

624.2
621.1
615.4
623.33
622.52
621.47

604.8
603.8

632.0
625.6
625.5
624.8
624.5
629.22
625.06
269.15
628.66
626.74



9o 263

Page 2

NUMEBER NORTH EAST ELEVATION QF TOP  ELEVATION OF NATURAL
oy Myn P. V. C- PIE GROUND A T ﬁELL

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

158 (148) 399,906.57343 2,025,252.78758 567.12 564.2

15C (144) 399,884.41824 2,025,168.58849 566.89 564.3

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

177 (56) 400,362.57881 2,023,809.58530 579.79 577.0

17k (72) 400,193.17235 2,024,001.90555 575.34 573.8

170  (61) 400,394.21647 2,023,966.04349 577.27 574.4

17M  (65) 400,380.91204 2,024,264.07312 574.28 572.6

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

THE OPERATOR NUT.
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NUMBER TYPE
LF05-01 WELL
LF05-02 WELL
LF05-03 BORE
LF05-04 BORE
LF05-05 BORE
LF05-06 BORE
LF05-07 BORE
LF05-08 BORE
LF05-09 BORE
LF05-10 BORE
LF05-11 BORE
LF05-12 BORE
LF05-13 BORE
LF05-14 WELL
LF05-15 BORE
LF05-16 BORE
LF05-17 BORE
LF05-18 WELL
LF05-19 WELL
NUMBER

LF05-S1

LF05-S2

LF05~-S3

LF05-S4

LF05-S5

LF05-S6

LF05-S7

STAFF GAUGE

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 LFO0S

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 TYPE
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

E-7

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

£9 265

‘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

SDl13-sl
SD13-s2
SD13-S3
SD13-54

TYPE

WELL
WELL
WELL
WELL

TYPE

WELL
WELL
WELL
WELL

NORTH "y"

399,886.0854
400,102.4353
400,672.3650
400,231.5326

NORTH "Y"

399,964.3693
400,058.5313
399,934.,0917
399,931.9664

SITE sT14

EAST "X*"

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

SD13

EAST "X"

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

SURFACE WATER SAMPLES

NORTH "Y"

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

EAST "X"

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

ELEVATION

TOP _OF PVC

575.89 -
575.64 .
576.72

575.74 .

ELEVATION

TOP_OF PVC

573.24
573.39
571.54
569.24

$9 256

ELEVATION
NATURAL
GROUND AT

WELL/BORE

573.2
572.7
574.83 ASP
572.9

ELEVATION
NATURAL
GROUND AT

WELL/BORE

570.3
570.64 ASP
568.6
566.81 ASP

WATER
ELEVATION

551.64
551.14
549.72
548.95
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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).

Transmissivity is a measure of the volume of water which will flow
each day through a one foot wide vertical strip of aquifer 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).

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
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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 0.005 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.



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 Formatiors 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 LFO4-03 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 LF04-02, 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
ground-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 LFO4-02 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 step 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
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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 16 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 (LFO4-03) 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 (LFO4-4E). 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. 1In 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
the techniques of Boulton (1963) and Newman (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 Jacob-Cooper were applied
to the data.

The Theis and Jacob-Cooper 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 = 2.25T¢t,
4nAh v2
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 (Jacob-
Cooper) 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
(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 and there was little if any noted.
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4.2 Water lLevel 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.

F-16



S9 283

(o9s/wd | 0T X 8°2)

20T X 2°1 Kep/33 w8/ Kep/,33 (116 santep °8eiaay
(d9s/wd | 0T X 6°2)
Kep/33 718 Lep/,33 1056 11oM Burdumg 198009y £0-%041
(99s/wd | 0T X 6°7)
Lep/33 60/ Lep/,33 0928 0S £198009Y
(99s/wo . 0T X 6°2)
2-0T X 271 fep/33 ce8 Lep/,33 1LL6 0§ umopmeaq 20-%0d1
(sseTuoTsusmi() £31AT30NPUOYH A3TATISSTWSURIL] (33) T1°M sasf1euy 3s9] Jaqumpy
JUaTI0IJJe0)H o1IneaAPAH Buidumg woayg Jo ad{g 11°M
Omwuoum 20ue]ls1(

SYXdlL ‘94v

(0661 ‘ANNC)

TIIMSAVO VAV ANITIHOITA ‘SITNSAY LSAL ONIJWNd YAJINOV 0 XAVWWNS ~“T1-v TI4dVL

F-17



o 284

5.0 REFERENCES
Boulton, N. S. "Analysis of data from nonequilibrium pumping tests allowing
for delayed yield from storage." Proceedings of the Institute of Civil

Engineers, Volume 26, p. 469-482, 1963.

Davis, S. N. and R. J. M. DeWiest. Hydrology. John Wiley and Sons, New York,
p. 463, 1986.

Driscoll, F. G. Groundwater and Wells. Johnson Division, UOP Inc., St. Paul,

Minnesota, 1986.

Ferris, J. G., D. B. Knowles, R. H. Browne, and R. W. Stallmann. Theory of
Aquifer Tests. U. S. Geological Survey Water-Supply Paper 1536-E, 1962.

Freeze, R. A. and J. A. Cherry. Groundwater. Prentice-hall, Inc., Englewood
Cliffs, New Jersey, p. 604, 1979.

Jacob, C. E. Notes on determining permeability by pumping tests under-water

conditions. U. S. Geological Survey Mimeograph Report, 1944.

Neuman, S. P. "Analysis of pumping test data from anisotropic unconfined
aquifers considering delayed gravity response." Water Resources

Research, Volume 11, p. 329-342, 1975.

Theis, C. V. "The relation between the lowering of the piezometric surface

and the rate and duration of discharge of a well using ground water storage."

Trans. Amer. Geophysics Union, 2, 1935.

Walton, W. C. Selected analytical methods for well and aquifer evaluation.

Illinois State Water Survey Bulletin 49, p. 81, 1962.

Well Hydraulics Interpretation Program (WHIP), Version 3.22, by Hydro Geo
Chem, Inc., 1430 N. 6th Avenue, Tucson, Arizona, 1987.

F-18



z9 287

| 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

1 IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOMN: ses 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
| 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90) |

| 4. HOLE NO.:

LF04-02

ARENE

| 5. NAME OF GEOLOGIST: S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/28/90 i
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 |
|Depth| Graphic | Blow | Soil | | |
[¢Ft.) Log __Count |Class/Code |visual Description | Remarks |
o / | us/cLLR  |Clay: Dark brown, silty, firm, roots, damp, [Full samplers |
| | |carbonaceous staining. |unles noted. |
| / I | | |
I | | | I
| 2 | uscLr |Clay: As above; at 3.0 ft. going to orange/brown, silty | |
| / | |elay with 5 - 10X calcareous material. | I
I / I I I I
I | I I I
| & | Uu/CLLR |Clay: As above. |1.5 ft. Recovery |
| | | | |
I I | | I
I | I I I
| 6 | U/CLLR |Clay: Orange/brown, very silty, minor very fine grained | |
| | |sand, stiff, calcareous nodules, carboaceous streaking. | |
| | I I I
| | | | |
| 8 | U/CLLR |Clay: As above, increasing calcareous material to 30%. | |
| | | I I
| | | | |
I | I | |
I I | | I
| L | | | |
| 11 OOd | U/SDGR |sand and Gravel: Orange, very poorly sorted, cohesive, | |
| b | ciayey, silty, damp, abundsnt calcareous material. ] |
| PC0 | | | |
| 1100 | | | |
113 000 | U/SDLR  |Sand: Orange, fine grained, minor larger sizes to | |
| -0-0-4 | |coarse, slightly clayey and silty, damp. ! !
| 13.503.0-0 | U/SDLR  |Sand: As sbove, incressing coarseness with depth, 5 - | |
| OO( | [10% small gravels. | |
| Boo ! ! | !
B Frelfek: | | | |
| 5-0-0 | I I |
| 16.5p -~ . é | Uu/soLrR |Sand: As above, gravelly; changing to tan, fine to | |
| OO | |medium grained, loose, quartzose at 18.0 ft., damp. | |
| 200 | ! | |
I ‘00 | I I |
| 18.510-0-0 | U/sOLR [Sand: As above, well sorted, medium grained, damp; 0.4 |3.5 ft. Recovery |
| c0O-0-( | |ft gravelly zone at 21.5 - 21.9 ft. | |
I BoS | | | |
{ OO% I | ! |
N : :
J Rekel: | | | |
0-0-0

......




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

L IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea level

| 2. LOCATION: Flighttine Area | 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Dritl 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)
| 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:

1 | 15. MEASURING POINT ELEVATION: 623.68 ft MSL

|Depth| Graphic | Blow Soit

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

I
]
I I
I
I
I

U/SDLR |sand: Orange/tsn, medium grained, well sorted,

|
]
I
!
|
I
I
|4.0 ft. Recovery
|subround, >90X% quartz; 0.3 ft. gravelly zone at 27 ft., |
I
I
I
I
I
I
I

|saturated at 28 ft.

.————_—_______——________._.——_—______.___.._._._,_I_I—I—;—p—-»—

I
I
I
I
I
|
28.5 U/SDLR |s.nd: As above, 1-3X granule size gravel. |U. L. measured at
| |28.1 ft. BLS, 5.0
| |ft. Recovery
I I
| I
I I
I |
I |
I |
33.5).~ >~ . U/SDLR |Sand: Tan, medium grained, quartzose, loose, wet, 5% |3.7 ft. Recovery.
|gravels to 25 mm. |
I I
| I
| I
I |
I I
37 U/MARL |Limestone: Marly, weathered sand and gravel intermixed, |7.D. = 37.7 ft.

|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
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| ORILLING LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 1 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AFB, | 7. TOTAL DEPTH OF MOLE: 37.6 ft BGL |
] IRP_PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: ses level 1
] 2. LOCATION: Flightline Area | 9. MANUFACTURER’S DESIGNATION OF DRItL: Mobile Drill B-61 A

3. ORILLING AGENCY: Environmental Drillers, Inc. 10. NO. OF SAMPLES TAKEN: 14 1
| 4. MOLE NO.: LF04-03 | 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) 1
] 5. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain | 12. DATE HOLE ESTABLISHED: 3/20/90 I
I 6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 620.50 ft MSL 1
L X: 2020506.79  Y: 397683.46 | 14. BACKGROUND: 1
| | 15. MEASURING POINT ELEVATION: 623.25 ft MSL 1
|pepth| Graphic | Blow | Seil | : i )

Ft. Log Count [Class/Code |Visual Description | Remarks 1
| o ’ | ureay [clay: Brown, soft to firm, semi-plastic, with fine |Full recovery |
| | |rootiets and minor carboneceous streaking and junless otherwise |
[ | |particles, moist to wet. |indicated. |
| | | I |
] 2 | U/CLAY |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. | |
| l l I |
| 4 | U/CLLR |Clay: Orange/brown at 4.1 ft; brittle, damp, abundent |Hard pushing. |
| | |calcareous debris, slickensided, calichified with some | |
| | |authigenic mineralization (crystals of CsCO3 in shell | )
| | |frags.); very hsrd, silty. | |
| 6 | ureLtr [clay: As above, very stiff, siightly sandy and silty. | |
| | | | |
| | | | |
l | | I |
| 8 | U/CLLR |Clay: As above, few large CaCO3 pebbles (25 mm), |1 ft. recovery, |
| | |increasing clacareous material with depth, very fine |ST. Rig broken. |
| | |grained sand. |continue after |
| l | |repairs. I
| 10 | U/CLLR |Clay: Orange/brown, silty, cohesive, damp, > 30X |caliche Layer at |
| | |calcareous material, stiff. |12 fe., dritling |
| | | | through. |
l I | | l
| A | | ! !
| 12.1 .. ] U/SDEN |Sand: Orsnge, fine grained, loose, damp, quartzose, | |
| I PR | |well sorted; at 14,3 ft, sharp change to tan, very fine | |
| o | |grained sand, heavily oxidized in laminse. | |
l CO0) [ I | |
| 14.50. . . .. | ussaNp |sand: Orange, fine to medium grained, quartzose, damp, |3 ft. Recovery. |
| o | |locse; gravelly sesm 15 - 15.5 ft. | i
I SO0 | | i |
| SRR | | | !
R l I | |
| C e I | | I
| KNI | | l I
R | | | |
| C e I | I l
| ! ! | |
[ 9.5]|0-0-0 | U/SDLR |Sand: Orange/tan, fine to medium grained, damp, loose, |4 ft. Recovery. |
| jo O | |subround, > 90X quartz, 1 - 3X small gravel and shells. | |
| 557 l ! ! !
Rl N | | |

G-0-9
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| [1/2 in. s.S. 50
|blows = 1 in.; T.D.
|= 37.6 ft.

] ORILLING LOG ] RADIAN CORPORATION | INSTALLATION: CARSWELL AFB, TX | SHEET 2 OF 2 SHEETS 1
| 1. PROJECT: CARSWELL AF8, | 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL |
L IRP PHASE 11 STAGE 2 | 8. DATUM FOR ELEVATION SHOWN: sea Level |
| 2. LOCATION: Flightline Ares 1 9. MANUFACTURER’S DESIGNATION OF DRILL: Mobile Drill B-61 |
| 3. DRILLING AGENCY: Envirormental Dritlers, Inc. | 10. NO. OF SAMPLES TAKEN: 14 1
| 4. HOLE NO.: LF04-03 | 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) 1
| 5. NAME OF GEOLOGIST: S. B. Blount, S. E. Fain | 12. DATE WOLE ESTABLISHED: 3/20/90 !
| 6. COORDINATES OF HOLE: | 13. SURFACE ELEVATION:  620.50 ft MSL 1
| x: 2020506.79  v: 39768346 1 14. BACKGROUND: ]
| 1 15. MEASURING POINT ELEVATION: 623.25 ft MSL |
|pepth| Graphic | Blow | soil | | |
[(Ft.) Lolu Count [Class/Code |Visual Description | Remarks |
I T | | | I
(S0 | | | |
| poC ! | 1 |
I G-0-0 I I I I
| (-0-O | l | I
I 0-C-d | | I |
I 5-0-0O | I I I
| 24.5 OOO | u/SDLR |Sand: Orange/tan, fine to medium grained, wet, loose, |W. L. measured at |
| bOO | |0.5 ft. gravetly zone at 27 ft., quartzose; at 30 ft. |26.3 ft. Bls. 2.6 |
I e | | |ft. recovery. |
T SRS | | | I
IRSHER | | | |
ISHERS I 1 | |
N ReRer | 1 | |
| [C-0-d I | | |
I Q-0 | I I |
| (570 | | | |
| 29SPOO | Uu/sDLR |sand: As above, saturated. {3.2 ft. Recovery. |
o lgeg | | |
I RERY | I | I
I 1800 | | I I
[32 M Y | u/GRVL |Gravel: Varicolored, up to pebble size (30 mm), shells, | |
| QC O { | |<10% sand, saturated. | |
| C O | | | |
| O O (g I I I |
| o O O | I I I
| 3¢50 O O | U/GRVL  |Gravel: As above, mainly smsll pebble size (5 ~ 10 mm), | |
| O 00 | [shells, subangular to subrounded, large percentage of | |
l O O ﬂ ' |chert. I I
B cc : :
| OO« I | | !
| 37.5f~—T7"T4s0 | U/MARL  [Marl: Chalky gray, indurated, oxidation stained |Sampler refusal at |
| | | throughout . |37.5 ft., drove 1 |
I I I
I | I
I I I
I | I
I | I
I I |
| | |
I | I
I I |
I I I

» R @om W
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| WELL COMPLETION LOG | RADIAN CORPORATION | INSTALLATION: CARSWELL AFB ]
| 1. PROJECT: IRP PHASE 11 STAGE 2, CARSWELL AFB | 9. INSTALLATION DATE: 3/28/90 |
| | 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN 1
| 2. LOCATION: Site LFO4 | 11. ZONE OF COMPLETION:  Aguifer ]
| 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 1
| 5. WELL OWNER: U.S. AIR FORCE | 14. CASING DIAMETER: 2.00 in |
| 6. WELL TYPE CLASS: MONITORING WELL | 15. CASING MATERIAL: _Schedule 40 PVC ]
| 7. FORMATION OF COMPLETION: | 16. SCREEN BEGIN. DEPTH: 23.10 ft |
| 8. LOCATION TYPE: WL | 17. SCREEN SLOT SIZE: 0.02 in B
| 18. REMARKS: 1-10/x2"x0.02" Screen,3-10’x2% Risers,1-Cut piece (~0.4’),1-Locking Cap, 1-bottom Cap |
| |
I I
| TOP _OF CASING |
I | I I
| GROUND SURFACE | 1 |
| t I I I I t I
I I I I I | I I
| ] BACKFILL MATERIAL: | | | l ] |
l | Cement-Bentonite Grout | ( ( ( [ |
| I I | | I | I
| | Y | | |{____ BOREHOLE DIAMETER: | |
| | /| | | I\ 8.000 in I |
[ BOREHOLE I I | I I I
I DEPTH: | I [ | I I
| 37.70 ft | [ | |
] | | | | | SEAL MATERIAL: ] |
I [ I I I | Bentonite | I
| | L1 L1 | |
I I 1 I I I I I I
| | SEAL LENGTH: | | | | I |
| | 2.00 ft | | | | CASING DEPTH: |
I | I I I I | 37.65 ft I
[ | ¥ ] 1 L1 | |
I I t I I I I I I
| I I | | | | | I
I | I | —_— | | |
| I I | | I t I I
I I I I N | I | I
I | I I ' — | | I I
I I I | R I I I I
| | | | I — | | SCREEN LENGTH: I |
I | I I R | 16.35 ft I I
| | FILTER PACK | I — | | | | |
I | LENGTH: [ [ | [ | |
I I 16.80 ft | [ — | | I |
I | I I — | ¥ ' I I
| I I | I I | t I I
I I I I I I I | I I
| | | | | | | BLANK LENGTH: | |
I I I I I I | 0.20 ft | |
| I I I I | I I I I
I I I I | I Y ¥ |
[ | | I | I
| ¥ Y | 1 |
I I
| FILTER PACK MATERIAL: 8-20 Silica Sand |
| |
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| WELL COMPLETION LOG

| RADIAN_CORPORATION

| INSTALLATION: CARSWELL AFS

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

| 9. INSTALLATION DATE: 473790

!

|
| | 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: 19.40 ft |
| 4. WELL NO.: LF04-03 | 13. MEAS. POINT ELEV.: 623.25 ft MSL 1
| 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’/x&" PVC riser, 1x5/x6% riser. |
{ I
| |
| TOP _OF CASING |
| I I I
| GROUND SURFACE | ] |
| t I | I I t I
I I I I I I I I
| | BACKFILL MATERIAL: | | | | | |
| | Cement-Bentonite Grout | | | | | |
I I I | | I I I
| | Y| | | |[/____ BOREHOLE DIAMETER: | |
| | /| | | I\ 14.500 in | [
| BOREMOLE | ] | | | |
| DEPTH: | I I I | I
| 37.52 ft | I | [ I |
| | | | | | SEAL MATERIAL: | [
I I | | I I Bentonite I I
| | | ] | | | |
| I t | | I | | I
| | SEAL LENGTH: | | | | | |
| | 2.30 ft | | | | CASING DEPTH: |
| I | | | I I 37.42 ft I
| | ¥ ] | ] | | |
I I t | I I I | I
I I I | | | I | I
I | | I I | | |
| | | | I — | | t | I
| | I | R | I | I
I I I I |l — | I | I I
I I I | [ —I I | | I
| | | | | | SCREEN LENGTH: | |
| I | | — I 14.26 ft I |
| | FILTER PACK | | — | | | | |
I | LENGTH: I I I I I I
I I 18.12 ft | [ — | I I | I
| I | | | I ¥ I |
I I I | I I I t I I
| I | | | | I | | |
| | | | | | | BLANK LENGTH: | |
I I I | | I | 0.76 ft I I
I I | I | I I I I I
| I I I L1 I ¥ ¥ I
| I I | I I
| ¥ ¥ ] | |
I I
I I
] |

FILTER PACK MATERIAL: 8-20 Silica Sand
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Background water level data - Pumping well

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 1800 -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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Background water level data - Observation wall

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 1800 -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 0 830 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
490 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

590 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 ft.  minutes ft. minutes ft. 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 3.71 170 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 0.71 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 2.30 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 3.88 440 403 990 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 3.9 540 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 3.9 570 4.04 1120 4.11
1.9167 3.24 86 3.91 580 4.05 1130 4.10
2.0 3.27 88 3.91 590 4.05 1140 4.10
2.5 3.41 90 3.92 600 4.03 1150 4.10
3.0 3.50 92 3.92 610 4.04 1160 412
3.5 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
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Observation well.drawdown - Pump test

SS9

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 7.5 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 0.11 240 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
4.5 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

Drawdown

Time Drawdown Time 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 5.5 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 7.5 0.72 98 0.57
0.0666 3.42 8.0 0.71 100 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 K] 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 2.5 0.23 78 0.19
0.0066 0.24 3.0 0.23 80 0.19
0.0099 0.24 3.5 0.23 82 0.19
0.0133 0.25 4.0 0.23 84 0.19
0.0166 0.24 4.5 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
0.2166 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 0.11
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 0.11
1.1667 0.23 54 0.2 360 0.12
1.2500 0.23 56 0.2 370 0.11
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 0.11
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



ADIA 59 307

CORPORMTION Page / ” /

AQUIFER TEST DATA

A yy - f -
Owner éﬂlf@/flb Address Cg)“‘/" ﬁfg County State / X
Date :Q/ \/G'/’C /0/(7(‘ Measured by _{"it’(’ ;(-4 /M - {[“/ 3/" ) /-
Weli No. LF 07~ C2 Distance from pumping well Type of test Y2 LiY-2LY] Test No.

Measuring equipment éiﬁ/!wﬂ /{'5/771 4 ’Itd ‘l«r/ £ - /'*' (4

Time Data ) Water Level Data Discharge Data
Pump on: Date &/ 2/ Time £/7> (1) | Statc water level How Q measured
X - 2 XD .
Pump oft: Date ﬁ Time o377 (1) Measuring point Depth of pumprair line
Duration of aquifer test: Previous pumping? Yes _____ No
- L Elevation of measuring point
Pumping 72" Recovery Yec Duration End
Time | : [ Time |
Clock 1 Since ! Water Clock ' Since | Water
Date Time Pump On| Level Remarks Date - Time [Pump On| Lavel ' Remarks

6/ oy — | 26.27 |

tovd i79 126 35 ? |

73251390 | 20 36
s B‘w 2¢ Y0

20021777 (26 W

220 85 | g9y | \
6/22 2409 797 3,2@‘/}’ | l

s D S Y S B

0239 137\ o1 45 | |

1205 120 2032 o ery

NN D S

F-41 __| * '
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CORPORATION /

AQUIFER TEST DATA

Owner ML_ Adaress Crswy Ar*AR County State 7 X

Date 9/ \72"15 / (i (70 Measured by _S.f?vf r”/(r r47/ 54“'7,- 34..,, 7~

weil No. __& Fod- 9D Distance trom pumoing welt _________ __ Type of test /v as/sddal’ Test No.

Measuring equipment /"/(mt/ /)?(“ﬂvfff/ w. 7 & /ine

Ti Data Water Level Data Discharge Data
’ ime 01715
Pump on: Date (/21 Time 2 (1) | Static water ievel How Q measured
! . /22 timal Y7 v -
! Pump off. Date Q[Zg Timel 277 1y Measuring point Depth of pumpfair line
. Durauon of aquifer test: Previous pumping? Yes No
- /7 7, Elevation of measuning point
Pumping /Z(Z_ Recovery 76‘_ Duration End
! Time | ‘ | Time |
i Clock : Since | Water ! Clock | Since | Water !
Date Time Pump On| Levei Remarxs Date @ Time (Pump Oni Level Remarks

wli ot — | 1913 - |
O9ce | 95 i@,y | |

b ———e

|
1257 3/ i§.,3 |

1 & el -

rvss 390 | sgsa | | | |

N2 NR 27 AN TP

5 S0 | 19 N

b

95y 729 13,3 |

2z¢3 ' 933 | 1§45

) 235q?77/? /8 /0 | |
| 6/22 02r4 /o9 1§ 5 |

se (Jgp5 ! 1807 s
| |

5 |
| | | | |
‘ ‘ 1

\

I
j
1 |
i

e e et B
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cCoRPORMTION page | s
AQUIFER TEST DATA

Owner (AP ELL  pgaress LES 6/l AF 3 County ______ state _7 X

pate . Rl Sene (990 Measured oy _ 3 /¢ ue /::"”"Tz See” Bleon?

Well No. LF 0‘/ -49E Distance from pumping well —_— Type of test /""-’;'/’/"’i Test No.

: ' _
Measurng eguipment /’fd/’tl WMo red w72 E ~Vone

Time Data . Water Level Data Oischarge Oata
Pump on: DateG - 21 Time ¥795 (t) | Stanc water level How Q measured
Pump off: Date &2 22 Time 3771 Measunng pornt Depth of pumptair line
Duration of aquifer test: Previous pumping? Yes No
Pumomg-/& Recovery 4755 Elevation of measuning point Duration End
Time | 3 | Time |
Date  Time PumpOnl  Level Remaris Date e iPumpon) Lo Remarks
W2l oesal T D) qe \/735‘ gg‘oi 2/ ¥YS |
OIS | — = Shart Te pes | w202 o |
vBue | 1S ‘ A/ Fo R0 6YS | 21 Ye ‘
leps | 20 | 27wy [0Sl veal 21 9¢ |
vesel 45 ! 2 1955 730 | 21 Yo |
ogs | be | 31y | 2059199 | 21 ¢ |
e 75 L oiA 22e0l855 | 208 |
0930 105 Q) 4y 2357 972 1 01 47 |
jvee 7350 2747 0277 itict 21 4T |
03¢ jus /42 0339 19 2149
ee L rgs 0 14 iry7 | feea | 2099 [Clcvery

vzee | 288 12/ 93 |

i13e | 255 | 2/ 42 | | | |
j ; !
|

230 gps | 21 93 |
i/,z>'>"_i 300 'R/ vy

o5 1360 | 2199

!

I

T

V330 3YS D) 99 | |
‘ | |

| |

BRI IR |

s | Y95 21 YSs | ? |
isye y75 A4S | | |

1Ll S | 2145 { | | |
el 838 | 2745 | | |

S S . 25 i F-43 ;
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CORPORMTION

Owner Cﬁf} [L/E/l Address

Date b?/ \/w»ﬂc

AQUIFER TEST DATA

Clwd AFE

/990

Well No. Z’:O oS- I/F

Measuring equipment ZZ%W/ W[Wﬂ"’/f/ 7V/ﬁ £ - Jyrre

Distance trom pumping weil

Measured by

County

SHerve

-
State / x

/":Hn; it# g/c-'—,f'

Type of test

/0‘-’”2/—””7,‘/ Test No.

Time Data

Pump on: Datele =2/ Time gﬁ_m
Pump off: Date & 22 Time"i'____—" 7,7“’)

Water Level Data
Static water level

Measuring point

Discharge Data
How Q measured

Depth of pump/air line

e ——

Duration of aquifer test: Previous pumping? Yes No
Pumping [A@A Recovery ﬂ_ Flevation of measuring point Duration End
Cloek | ;::::: t Water Clock E ;4':::: ; Water |

Date Time :Pump On! Lavel Remarks Date Time (Pump Oni Level Remarks
6/21 03ce! — 2763 | |
Q9cq| B 12703 | ﬁ | |
341339 9702 | | |
/700 (555 | 270 | |
oy £67 2702 | | |
22171 8721 29,0 ] | |
24161991 | 27.0¢ | | |
0232 427 2707 |
‘ 2707 |
L I '
| | | | | | |
| | | | | | |
] | ] |
T IR
| ; i l ! |
> ; | ;
|
| |
! ! | i
| | | % |
F-44 | : |
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CORPORATION Page /

AQUIFER TEST DATA

}' - ————— o
Owner M Address County stae /X

Date Q/ \./Vru /‘Z?f‘ Measured by -S’f(',,{ /:l('//;,L 5(4‘/% E/; "n /‘
Weli NoLFO‘(j‘; Distance trom pumping weil Type of test /*";1’151,0 f8 r Test No.

Measunng equipment //ﬂ”'//' D "'/“"'/ ., E-/nr

Time Data . Water Level Data Discharge Data
Pump on: Date£e/2/ _ Time £ 7%2 (y | Static water tevel How Q measured
. ; . " & , .
Pump oft: Date Cgﬁl_ Time Cﬂ(l) Measuring point Depth of pump/air line
Duration of aguifer test: Previous pumping? Yes No
o, ! Elevation of measunng point _____
Pumping / 2<¢ < Recovery ZL{ Duration End
. Time ¢ Time (
Clock ' Since | Water ' Clock | Since | Water
Date Time :Pump On| Level Remarxs Date ! Time !PumpOnl Level Remarks

O/21 0653 — 237 | | |

307 3jq 1 23.79 L |

|
/030|595 | 2377 |

‘200/1736@ 23 7Y |

2209\ fuY | 23 7¢
G/22 24¢61 96/ | 23.77 | | |

022201117 | 23 78 | | | (

. —— :

| ' , . '
! ; i ! |

F-45 | | !
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CORPORAMTION page / of~L
AQUIFER TEST DATA

Owner fﬁ—g WELE  ragress _CAS et 75 County State X

pate _ 2! s ae /TG Measured by Sreve faon S Bhen”

Well No. L Fo - 61/'/ Distance from pumping well Type of test //‘)”rﬂ/;L F/‘;;f Test No.

4 ) .
Measuring equipment %A’L/ ///f/) v »'ll"( 2 7% £"//’M’

Time Data Water Level Data Discharge Data
Pump on: Date_é;‘l_L Time M(t) Static water levei How Q measured
) L7 o L5 F D
Pump off: Datev =2 Z Time _2_Z(t) Measuring point Depth of pump/air line
Duration of aquifer test: Previous pumping? Yes ____ No
c 1, ; ] Elevation of measuring point
pumoing £ %< Recovery 7L Duration End
Time [ Time |
Clock : Since | Water Clock | Since | Water
Date Time Pump Oni Level Remarks Date : Time [Pump On! Level Remarks

Gf2) OLse — 12/ F | | |

/300 '3 /‘; | /7 /j !29’. J("/II‘?‘ )

\ ; 7
ICYS S e t»‘liuti'fﬁ”--’('(/) ]
956 733 | 1207 |

/22 23 98 | ;s | 1

og it | 1719 |

|
|
|

2207862 1247 | s |
|

hSY 16T, 2fy  recovery |

11-88-30783
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ADIA 1

CoORPORATION sage i
AQUIFER TEST DATA

owner (AIME LL  pgaress _CIESL'E County State __ 1 X

Date 2/ Leae /9 %0 Measured by SH e f’(//n# Sc‘: 7 g/o wzr?

weil no. | O B Distance from pumping well Type of test /Qfm/’mr Test No.

Measuring equipment Jf/ti'hfz ﬂ/jjti.h /’j 2 ';/[ﬂc'

Time Data Water Levei Data Discharge Data

Pump on: Date@)__’_ Time QUD_(U Static water level How Q measured

Pump off: Date [i"'ZZ Time [5_'/2(1')

Depth of pump/air line

Measuring point

Duration of aquifer test: - Previous pumping? Yes No
” . Elevation of measuring point
Pumping /2CZ _ Recovery 6 ¢ Duration End
Time | Time | |
Clock 1 Since | Water Clock | Since | Water 1
Date Time Pump Oni Leve! Remarks Date ! Time Pump Oni Leve! Remarks
b/-)li()és’ﬁi — 12S.(E | | | I

130130618507 |
Hos7 1552 12867 |

(2000 | poy | 2567 |

?Zz;l’ i S | 9508

?

|

| |

2458 955 257 | |
0229 /2y 2574 | |

—

-

1284 1701 | 2571  rece.cery | |
. . 7 : )

‘ : F-47 | j i

11.88-30783




ADIA 59 314

COmRPORMTION o ¢ ,
age ot
AQUIFER TEST DATA
Owner Cﬁﬂb_”gée adaress C % e /FF3 County State r >
Cate 6 £ /’ qé Measured by Srree Frm g Seert Bl
e = g
well No. KFus 2~ Distance from pumping well _________ Type ot test % LM pP s Test No.
Ny = )
Measuring equipment //51-»:// (4R R R & / “'-/ yA '//af
G-¥
Time Data ) Water Level Data Discharge Data
Pump on: Dateg: Time ﬂim Static water level How Q measured

Pump oft: Date A2 Time m(t’) Depth of pump/air line

Measuring point

Duration of aquifer test: Previous pumping? Yes No
. - Elevation of measuring point
b ———
Pumping 1282 Recovery YEL Duration End
Time ' P Time |
Clock : Since Water Clock Since ! Water

Date Time Pump On! Level Remarks Date . Time :Pump Oni Levei Remarks
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2003733 299 T

22/3 8pE 2 90 I
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1 E+00 TIME-CRAWDOWM PLOT FOR LFI4—02
b o -
=
-
-
—
- e
1B Ly T 1T
= i T
- e !
1‘_- : ! + -}’Fﬁ :
1202 | ‘ L
= v
= & !
— v,,'
- i ,-‘/
—~ 5 o i
- |
) i j [
1.3 1otirtigl | 1LLJ N B 1 L bl Lot 1ieip o 1ororeag
1.E-32 1.E-01 1.E+D 1.E4+01 1.E+02 1.E+03 1.E+04
TIME [MINS)
Variables
Saturated thickness = 11.7 ft
Maxinum drawdown (pumping well) = 3.5 ft
r = 50 ft
Q = 18.3 gpm
Punp well radius = 0.25 ft
Effective casing radius = 0.7 ft

Results

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).



WEOWIEAY 1.

en
©

325
QOBSERYATION WELL {LFO4-Q2) RECOVERY TEST
7 — )|
t - g
— ; e }
— Lo !
— w4 i ] |
- . a
‘ A ¢ :
8 e
: + ; ?
= +
23t o o f
SR ‘— f_. A"Pf
- - = ;
n b | |
_ 1 : j
_;, -
Lo LY R S
— l
- i
—_ ]
sNo ¢ BRI i1 i L1l f Pl gl 1 *iili!
1.E400 1E+01 1.e+0Z 1.E+03 1.E4+0¢
T 7 TPRIME
Results
Transmissivity = 8260 ft?/day
(Result has been optimized with seven iteratiouns by the Levenberg-~’ juardg

Minimization Algorithom).
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Windowed data (2,100, on T/TPrime plot used iIn analysis.

Results

Transmissivity = 9501 ft?/day

T/ TERIME
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N U4 £33 HE R S S N S B B8 Lot 1 111t L1t itrit

-0 1=+ 1. E-(12 1LE+T3 [.E+4 1,205 1.E+=08

(Result has been optimized with seven iterations by the Levenberg-Marquardt

Minimization Algorithm;.
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