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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, LFO5, WP07, and FTO9) 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-

tamiriant plume(s) were not defined.

Previously available evidence suggested multiple sources of the

contamination, including source(s) located upgradient of all potential sources

in the Flightline Area of the base. The monitoring network existing at that

time was insufficient to identify and determine the relative contributions

from these other sources. This report, based on additional IRP RI/FS Stage 2

field and analytical efforts performed between 5 March and 22 June 1990,

addresses these data gaps and presents a summary of the current understanding

of the hydrogeologic setting and Upper Zone ground-water characteristics of

the Flightline Area.

Four major field tasks were designed to address existing data

gaps. Soil borings were drilled and sampled to better define the distribution

of basal gravels deposited in ancient river channels (paleochannels) which

might serve as preferential pathways for contaminant migration. Monitor wells

were installed to provide additional sampling sites to better characterize the

vertical and lateral extent of ground-water contamination and potential or

existing contamination sources. A comprehensive sampling of all Upper Zone
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wells and numerous surface water sites was conducted to determine the nature

and extent of contamination present. Finally, aquifer testing was performed

to define the hydraulic conditions in the Flightline Area to aid in a more

accurate characterization of contaminant transport.

1.2 Site Descrittion

Carswell AFB is located si 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;

Y1'08 - Fire Department Training Area 1; and

Y1'09 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-

dence that Sites LFO3 and YO8 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 FO8 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

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

cadniium batteries.

1.2.2 Site LFO5 - Landfill 5

Landfill 5 is located northwest of Landfill 4, adjacent to a small

tributary to Farmers Branch. The landfill was constructed by building a clay

berm along the creek and filling the area behind the berm up to the existing

level. The landfill received all types of flightline wastes and refuse.

Flightline wastes typically include such s.ibstances as oils, thinners,

strippers, and paints. Waste materials in the landfill were burned regularly

and buried.

1.2.3 Site WPO7 - Waste Burial Area

Site WPO7 is located adjacent to and north of White Settlement Road

where it comes to a dead end at the taxiway. The area was used for burial of

wastes during the 1960s. Various types of hazardous wastes, including drums

of cleaning solvents, leaded sludge, and possibly ordnance were reportedly

disposed of at this site.

1.2.4 Site FTO9 - Fire Department Training Area 2

Site FTO9 is located between Taxiway 197 and the radar facility.

This site, with only slight modifications, has been used for fire department
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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 Sunimary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations

performed during two separate Stages of the lit? 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 in 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;

Definition of vertical and lateral extent of contamination;

and

Estimation of Upper Zone Aquifer hydraulic properties.

With information obtained from the additional Phase II Stage 2 activities,

more complete characterization of contaminant source(s), surface water,

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

The following paragraphs summarize the activities performed

throughout the Phase II IRP to characterize the contaminant sources and

environmental media of concern in the Flightline Area at Carswel]. AFB. All

field and analytical data from these investigations are contained in the

various reports, including the Phase I investigation (C1-i2M Hill, 1984), the
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Phase II Stage 1 investigation (Radian, 1986), and the previous Phase II Stage

2 investigation (Radian, 1989).

L3.l Contaminant Source Characterization

The following activities were performed to characterize the

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

Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

Delineating the lateral and vertical extent of the waste

areas; and

Assessing the chemical and physical characteristics of wastes

disposed of in the Flightline Area IRP sites.

These activities were accomplished by completing the following

tasks:

Reviewing the Phase I Records Search and personnel interviews;

Performing geophysical surveys to accurately define the lat-

eral and vertical extent of the former waste disposal areas;

and

Collecting enviroiunental samples (soil, ground water, and

surface water) to determine the types and amounts of containin-

ants associated with individual waste disposal units within

the Flightline Area.

1.3.2 Surface Water Characterization

The major surface water features associated with the Flightline

Area are:
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Farmers Branch;

An urirLamed tributary that flows into Farmers Branch; and

Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

Chemical analysis of surface water samples collected from

Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and

Installing and surveying a staff gage in Farmers Branch to

help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

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

ment of Upper Zone monitor wells;

Determine the depth to the shallow aquitard (Goodland/Walnut

Formation) in the Flightline Area;

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.
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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:

Determining the physical and hydraulic properties of the

aquifers;

Identifying and quantifying the concentrations of contaminants

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

Delineating the lateral and vertical extent of ground-water

contamination.

Radian performed the following tasks to characterize ground-water

conditions in the Flightline Area:

Test well installation in both the Upper Zone and Paluxy

Aquifers;

Sampling and describing the sediments that contain the ground

water;
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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 Flizhtline Area Investigations

Geo logy

Eased 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

than 40 feet thick. In general, silt and clay, with variable amounts of sand

and gravel, dominate the upper five to 10 feet of the section. Below this

depth, sand and gravel occur in increasing proportions, and in general, tend

to increase in grain size with depth. Basal gravel deposits also occur in

paleochannel features eroded into the surface of the underlying bedrock. The

gravel consists mainly of limestone and shell fragments that range in size

from fine gravel to cobbles.
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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..

Zedrock 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

beneath the Flightline Area. The potentiouietric surface of ground water in

the Upper Zone tends to mirror the configuration of the alluvium/bedrock

contact. The position of the water table also reflects to a lesser degree the

land surface topography. Downgradient is generally to the east toward a

tributary of Farmers Branch, parallel to the surface slope. The hydraulic

gradient is very low (on the order of 16 feet per mile) beneath most of the

Flightline Area, except in the extreme southwestern area where it is notably

steeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone

contamination by several volatile organic compounds, most notably TCE at con-

centrations ranging up to approximately 5000 micrograms per liter (pg/L).

Soil samples from the Flightline Area also contained detectable concentrations

of TCE. Most of the detected contamination was apparently centered to the

east of the Flightline Area at the golf coarse, but TCE concentrations up to

nearly 3300 pg/L were also detected in samples from wells located upgradient

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

detected in the Paluxy Aquifer monitor wells.



During the Stage 2 effort, flightline monitor wells were sampled in

January-February, and again in April, 1988. The following analytes were

detected in concentrations above their respective EPA Maximum Contaminant

Levels (MCLs) in one or more samples: arsenic, barium, cathnium, chromium,

lead, selenium; and trichloroethylene, vinyl chloride, and benzene. Of the

metals detected in concentrations exceeding their MCL5, chromium was the most

widespread. Rowever, all ietals analyses were performed on unfiltered ground-

water samples, and therefore reflect total, rather than dissolved metals con-

centrations.

As determined in Stage 1, the dominant organic contaminant iden-

tified in Stage 2 Upper Zone ground-water samples was TCE. The extent of the

TCE plume in the Flightline Area was not completely defined upgradient (west)

or downgradient (north and east) of the flightline IRP sites. Based on the

generally west-to-east shallow ground-water flow direction, the existence of

TCE in samples from monitor wells located west of the IRP sites was inter-

preted as indicating one or more additional upgradient sources not related to

the sites subject to ongoing investigation. Also, TCE contamination of Upper

Zone ground water in the area east of Air Force Plant 4 (i.e., upgradient of

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

Additional Stage 2 activities in the Flightline Area were recom-

mended to: 1) determine to what extent, if any, the TCE-contaminated Upper

Zone ground water east of Plant 4 and that beneath the Flightline Area

constitute a contiguous plume; 2) determine to what extent, if any, the IRP

sites on Carswell AFB are contributing to the existing Upper Zone ground-water

contamination; 3) define the maximum lateral, downgradient, and vertical

extent of the contaminant plume on Carswell AFB; and 4) define the site-

specific hydrogeological characteristics of the Upper Zone in the Flightline

Area in sufficient detail to design and implement an appropriate remedial

action.
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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

- with respect to the contaminant source, surface water, geological, and ground-

water investigations that were included in the comprehensive Phase II scope of

work. Section 3 presents a detailed description of the physical environmental

setting of the Flightline Area based on interpretation of data from the

current investigation and from previous studies. The nature and extent of

surface water and ground-water contamination, determined from the most recent

round of sampling and analysis (May-June 1990) are discussed in Section 4, and

Section 5 addresses contaminant fate and transport.
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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 AFZ was accomplished using a hollow-stem auger

rig for the Upper Zone monitor wells and soil borings and a rotary drilling

rig (using both niud 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 photoioriization detector (HNu)

readings were placed in steel 55-gallon drums. Selected samples of cuttings

were collected and submitted for analysis of EP Toxicity.

The following paragraphs describe the drilling and soil sampling

procedures.
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2.1.1 Hollow-Stem Augering

A Mobile Drill B-61 or a CME-75 hollow-stem auger drilling rig was

used to perform shallow soil borings and installation of the Upper Zone

monitor wells. The hollow-stem auger method allows for recovery of relatively

undisturbed subsurface soil cores, determination of subsurface lithologies and

structures, and accurate identification of the position of the water table.

The boreholes were drilled dry; no drilling fluids or additives were used.

Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5-foot eontinuous 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

bit was used to advance a pilot borehole through the Upper Zone alluvial

material to a depth of at least five feet into the underlying Goodland

Limestone. The borehole was then reamed to a diameter of 14 inches. In order

to seal off different water bearing zones, a 10-inch diameter steel casing was

installed to the full depth of the borehole and the annular space was grouted.

Upon achieving a positive seal, the borehole was advanced using a 6-inch

diameter bit to the final depth at the shale unit separating the upper and

lower Paluxy Formation. Rentonite drilling fluid was used while drilling in
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TABLE 2-1. SUMMARY OF RI/FS PHASE II SOIL SAMPLING AND ANALYSIS REQUIREMENTS, CARSWELL AFB, TEXAS

Notes: 1. ICP Inductively Coupled Plasma Emission Spectroscopy
AA Atomic Absorption
JR Infrared Spectros copy

GC/PID Ga8 Chromaograph/Phooion1zaion Detector
GC/HSD Gas Chronatogrph/Halide Specific Detector

2. N/A - Not Applicable
N/S Not 3pecfod
SM Standard Method

Preservation Smp1e
Containet Type, and Stora8e Extraction

Method Type1 No. and Volume Requirements Procedures

250 mL glasB Refrigerated
bottle at 4C

250 inL glftss Refrgerated
bottle ftt 4C

250 mL glass Refrigeratød
bottle at 4C

250 mL glass Refrigerated
bottle ftt 4C

250 mL glass Refrigerated
bottle at 4C

250 mt glftss Ref rigerted
bottle at 4C

250 mL 81ass Refrigerated
bottle at 4C

250 mL gIss Rfr1gerated
bottle at 4C

250 mL Refrigerated
stainless steel at 4C
sleeve or
250 mL glass
bottle

Acid digestion (3050R) N/S

Acid digeStion (3050R) N/S

Acid digestion (3050R)N/S

Acid digestion (3050R) N/A

Acid dige!tion (3050R) N/S

Freon extraction N/S
by sonication (2550)

Sonication extraction N/S
(3550) with freon

Purge nd tr6p (5030) 24 days

Sonicfttion (3550) 14 days

Maximum Maximum
Molding Time Holding Time
(Preparation)2 (Analysis)

6 months

6 months

6 months

28 days

6 months

28 days

28 days

14 days

40 dy8

(Continued)

EPA 8150 Chlorinated 0.1 - 160 jg/g GC/ECD 250 mt glftss Refrigerated Extraction, hydrolyi 7 days 40 days
Phenoxy Herbicides bottle at 4C GC

EPA 8080 Organochloride 0.01 - 0.2 jg/g GC/ECD 250 mL glass Refrigerated Sonication extraction 7 days 40 days
Pesticides and PCB's bottle at 4C (3550)

Method
Reference Detection
Method Parameter Limit

EPA 6010 Metals 0.2 - 90 g/g ICP

EPA 7060 As 0. igfg rurnace AA

EPA 7740 Se 0.5 jg/g Furnace AA

EPA 7471 Hg 0.5 g/g Cold Vapor
AA

EPA 7420 Pb 0.5 mg/s AA (furnace)

EPA 413.2 Ol and Grease 10 zg/g

EPA 418.1 Petroleum 50 ug/g JR
Bydrocarbons

EPA 8240 Volatile Organic 0.1 g/g GC/MS
Compounds

EPA 8270 Semi-Volatile I ig/g GC/MS
Organic Compounds



TABLE 2-i. (Continued
Method Preservation Sample Maximum Maximum
Detection Container Type, and Storage Extraction Holding Time Holding Time

Limit Method Type1 No. and Volume Requirements Procedures (Preparation)2 (Analysis)

28 days

40 days

Notes: 1. ICP Inductively Coupled Plasma Emission Spectroscopy
AA Atomic Absorption
IR Infrared Spectroscopy

GC/PID - Gas Cbromatograph/Photoionization Detector
GC/HSD - Gas Chromatograph/Halide Specific Detector

2. N/A - Not Applicable
N/S - Not Specified
SM Standard Method

40 CFR EP Toxicity 0.002-0.5 mg/L AA, ICP 250 mL glass Refrigerated Extraction Il/S

261.21 bottle at 4C
(EPA 1310)

EPA 6140 Organophosphoxus 0.5 - 5 u8I GC 250 mL glass Refrigerated Sonication, extraction 7 days
Pesticides bott le at 4C (2550) with freon

ASTM 02216 Soil Moisture

Reference
Method Parameter



the Palwy 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 contaBination, 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 Schluinberger

soundings (vertical electrical soundings - VES) at all IRP sites in the

Flightline Area. The Bison Model 2350 Earth Resistivity meter was utilized
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for the VES measurements. Current electrode separations used were (in

meters): 1, 2, 3, 4, 6, 10, 14, 20, 30, 40, and 50 (1 meter equals 3.28

feet). Due to variable ground conductivity, potential electrode separations

varied slightly from site to site. The sounding data were processed using the

ABEM VES iteration process to obtain a best fit curve and were plotted

logarithmically as resistivity in ohm-meters versus half the current electrode

separation in meters. The plot also includes the layered earth model giving

the best match. At most VES sites, orthogonal electrode arrays were used to

test for distortions of the data due to lateral inhomogeneities in the ground.

2.2.2 Electromagnetic Surveys

Electromagnetic profiling (EMP) surveys were conducted at Flight-

line Area Sites LFO3, LFO4, LFO5, WPO7, FTO8, and FTO9 using two devices: the

Ceonics EM31 and the Ceonics 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 1oops for transmis-

sion and reception of low frequency electromagnetic waves. The effective

depth of investigation of the EM31 is six meters; the depth of investigation

provided by the EM34-3 depends on the coil separation and orientation, applied

frequency, and to some extent, the conductivity profile of the subsurface.

The techniques and conditions at Carswell AFB resulted in an effective

investigation depth of 50 feet with the EM34-3. The resulting data are

reported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500

proton magnetometer or a Ceometrics C856AX magnetometer. Magnetometer surveys

were perfornied because the over-burden at Carswell has a low magnetic suscep-

tibility; the buried objects were believed to contain a significant amount of

iron that would create a noticeable magnetic anomaly. Readings of the total

field and magnetic gradient were taken at each location. The units for these

readings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of WPO7 during Phase II Stage 2 activities was
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performed to determine if metal objects we-e buried at any of the proposed

drilling locations.

2.3 Monitor Well Construction and DeveloDment

During the Phase II activities in the Flightline Area, a total of

35 Upper Zone monitor wells and two Paluxy Aquifer monitor wells were

installed. The construction specifications and well development procedures

are described in the following sections. One aquifer (pump) test well and an

observation well were also completed in the Upper Zone. The construction of

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

2.3.1 Upper Zone Well Construction

Upper Zone monitor wells were installed either immediately after

completion of the drilling operations or after the borehole produced enough

water to warrant a well. Construction specifications for the Upper Zone

monitor wells are presented in Table 2-2. Well completion summaries for

Flightline Area monitor wells completed in the most recent (1990) inves-

tigation are provided in Appendix B. Construction methods were generally

consistent with the specifications provided in the SOW. Any changes neces-

sitated by unanticipated field conditions were made with the knowledge and

approval of the HSD/YAQ Technical Program Manager. Decisions regarding the

setting of the screen and casing, length of screen, amount of sand pack and

bentonite were made in the field by the Radian Supervising Geologist based on

the static water level and saturated thickness of Upper Zone sediments.

Monitor wells were installed using the following procedures:

1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.
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TAZLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
FLIGHTLINE AREA, CARSWELL AFB, TEXAS

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

Screen: Two-inch diameter, threaded arid 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 lid to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

B. Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).
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2 Screen and casing sections were assembled, then lowered care-

fully into the borehole. As the string of screen and casing

was lowered, additional sections of casing were added until

the bottom of the screen reached the bottom of the borehole.

The top of the casing was capped to prevent any completion

materials (sand, bentonite pellets, and grout) from entering

the casing during well construction activities. 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 LFO4-4F

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 lid was cemented into

place. Three steel guard posts were then placed around the

well. If above-ground stickups were of concern in an area,

the well was completed flush with the land surface. For flush

completions, the lid to the valve box was secured with allen

bolts.
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After all wells were completed, well locations and elevations were

professionally surveyed. Table 2-3 presents the elevations of the ground

surface, the wellhead, and the screened interval of the Upper Zone monitor

wells in the Flightline Area.

2.3.2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section

2.1, two Paluxy Aquifer monitor wells were installed as follows: Screen and

casing, consisting of 5-inch diameter Schedule 80 PVC, were installed into the

10-inch diameter borehole. Screen length was 37.5 feet. Gravel pack material

(Texas Blast Sand No. 1A) was placed in the annular space to a level of five

feet above the top of the screen. Bentonite pellets were added to form a 2-

foot thick seal, and the remaining annular space was sealed to the surface by

the tremie method using bentonite-cement grout. After the grout was allowed

to set for a minimum of 24 hours, the well was developed by bailing until a

sediment-free discharge was produced. A 1/3 horsepower stainless steel

submersible pump was installed after development. Protective casing, surface

electrical connections, and a concrete well pad were placed after the pump was

installed.

2.3.3 Well Development

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

hours, the Upper Zone wells were developed by either bailing using a bottom-

entry bailer or pumping with a Triloc® hand pump (1.7-inch diameter). As

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

Water levels in some of the Upper Zone wells recovered slowly and

the wells were bailed dry several times. Other wells produced sufficient

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

Development was considered complete when the water in the well was as sediment

free as possible. The pH, temperature and conductivity of the development

discharge water were measured and recorded at frequent intervals to confirm
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MSL = Mean Sea Level
BLS Below Land Surface

TABLE 2-3. SPECIFICATIONS FOR FLIGHTLINE AREA UPPER ZONE MONITOR WELLS, CARSWELL AFB, TEXAS

Monitor Previous Measuring Point1 Ground Level Screened Screen Total
Well Monitor Elevation Elevation Interval Elevations Depth
Number Well Number (feet MSL) (feet MSL) (feet BLS) (feet MSL) (feet BLS)

LFO3-3D 3D 625.25 621.6 8.5-14.4 613.1-607.2 15.4

LFO4-4A 4A 625.76 624.6 14-24 610.6-600.6 24.0
LFO4-4B 4B 619.90 618.4 13-23 605.4-595.4 24.0
LFO4-4C 4C 613.04 610.9 18.5-28.5 592.4-582.4 29.5
LFO4-4D 4D 615.35 613.1 18-28 595.1-585.1 30.5

LFO4-4E 4E 618.54 617.5 15-35 602.5-582.5 35.0
LFO4-4F 4F 625.36 622.8 21-34 601.8-588.8 35.0

LFO4-4G 4G 620.02 619.1 22-35 597.1-584.1 36.0
LFO4-4H 4H 613.43 610.5 14-27 596.5-583.5 28.0

LFO4-0l NA 629.24 626.5 30.0-39.7 596.6-586.8 40.1
LFO4-02 NA 623.68 621.0 23.1-37.5 597.9-583.6 37.7
LFO4-03 NA 623.25 620.5 22.4-36.7 598.1-583.8 37.6
LFO4-04 NA 612.07 609.4 15.2-24.9 594.2-584.5 25.2

LFO4-l0 NA 626.54 626.9 39.2-49.0 587.7-577.9 49.5

LFO5-5A 5A 623.18 619.4 18-28 601.4-591.4 32.0

LFO5-5B 58 600.45 597.4 4-9 593.4-588.4 9.0

LFO5-5C SC 608.68 606.8 7-22 599.8-584.8 22.0

LFO5-SD SD 611.71 608.5 10.5-19.5 598.0-589.0 20.5

LFOS-SE SE 626.89 623.9 25.1-38.1 598.8-585.8 39.1

LFO5-5F 5F 618.95 619.4 23-36 596.4-583.4 37.0

LFOS-SG SG 615.39 612.0 15.3-26 596.8-586.0 27.0

LFOS-SH SH 610.62 608.4 13.9-24.6 594.6-583.8 25.6

LFOS-0l NA 621.96 619.3 15.0-24.7 604.4-594.6 25.2

LFOS-02 NA 622.69 620.0 17.0-26.7 603.1-593.3 27.2

Notes: 1. Measured from top of casing. (continued)



TABLE 2-3. (Continued)

MSL Mean Sea Level
BLS - Below Land Surface

Monitor Previous
Well Monitor

Number Well Number

Measuring Point
Elevation
(feet MSL)

Ground Level
Elevation
(feet MSL)

Screened
Interval
(feet BLS)

Screen
Elevations
(feet MSL)

Total
Depth

(feet BLS)

LFO5-14 NA 602.98 603.2 5.1-13.0 598.1-590.2 13.3

LFO5-18 NA 611.84 612.1 13.9-23.7 598.2-588.5 23.95

LFO5-19 NA 606.08 606.3 10.3-20.0 596.1-586.3 20.75

WPO7-1OA bA 626.7 626.7 27-37 599.7-589.7 39O
WPO7-1OB lOB 624.46 621.1 23-33 598.1-588.1 36.0

WPO7-1OC 1OC 617.24 615.4 20-30 595.4-585.4 32.5

FTO8-11A 11A 608.22 604.8 4-14 600.8-590.8 14.5

FTO8-11B llB 608.14 603.8 3.5-13.5 600.3-590.3 15.0

FTO9-12A 12A 635.66 632.0 1.3-23 619.0-609.0 25.0
FTO9-12B 12B 627.55 625.6 27.5-37.5 598.1-588.1 40.0
FTO9-12C 12C 628.05 625.5 27.5-37.5 598.0-588.0 38.0

FTO9-12D 120 627.65 624.8 21.1-31.1 603.4-590.4 35.4
FTO9-12E 12E 627.48 624.5 24-27.5 600.5-597.0 38.5

Notes: 1. Measured from top of casing.



that representative formation water was entering the well when development was

completed. The ground water removed from the wells was placed in steel 55-

gallon drums, sealed and 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

oth ground-water and surface water samples were collected fron the

Flightline Area. The following subsections describe the sa.tnpling 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-contain-

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 saiuples were collected at Farmers ranch, a small

tributary that runs into Farmers Branch, arid two ponds located on the Carswell

AFB golf course. Additionally, during the most recent Stage 2 investigation

(1990), estimates of flow volume were made at each surface water sample

location at the time of collection.

Specific conductance, pH and temperature were measured on an

aliquot of each sample. Specific conductance and pH were measured with a

DSPH-1 meter and the temperature was taken with a mercury thermometer.

Alkalinity measurements were made in the field using a Hach Alkalinity Test

Kit (Model AL-DT) and digital titrator. Prior to obtaining the field neasure-

ments, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and
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the conductivity meter was calibrated using either a 1413 or a 1504 unihos/cm

KC1 conductivity standard solution.

2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of

the monitor wells with an Olympic Actat water level meter, and were recorded

in a field notebook or on appropriate IRPIMS data collection forms. Measure-

ments were taken from the surveyed mark point at the top of the casing, and

read to the nearest 0.01-foot. Between measurements, the probe and associated

electrical line were washed with laboratory grade detergent, rinsed with

potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of

water were bailed from the well using a bottom-entry Teflon bailer attached

to a nylon monofilament line. This procedure ensured that representative

formation water was collected. Purged water was placed in 55-gallon drums for

final disposal pending the outcome of chemical analyses (provided to the Base

Environmental Coordinator). Between wells, all equipment used for bailing

operations was cleaned with laboratory grade detergent (Alconox), rinsed with

potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-

grade methanol, and finally pesticide-grade hexane. The equipment was allowed

to air dry completely before reuse. The nylon line was replaced between

wells.

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

mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

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

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

were placed directly into prelabeled sample bottles and preserved according to

the requirements listed in Table 2-4. Ground-water samples for dissolved
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Notes: 1. ICP - Inductively Coupled Plasnrn Emission Spectroscopy
AA Atomic Absorption
IR - Infrared Spectroscopy

GC/PID - Gas Chromatoraph/Photoionization Detector
GC/HSD - GaB Chroinatoraph/Halide Specific Detector

2. N/A - Not ApplicBble
N/S Not Specifiec

SM Standard Method

(Continued)

TABLE 2-4. SUMMARY OF FLIGHTLINE AREA WATER SAMPLING AND ANALYSIS REQUIREMENTS, CARSWELL AFB, TEXAS

Reference
Method Parameter

Method
Detection

Limit Method Type1
Container Type,
No. and Volume

Pre8ervation
and Storege
RequirementB

Sinple
Extraction
Procedures

Maximum
Jolding Time

(Preparation)2

Maximum
Holdini Time

(Analysis)

SM403 Alkalinity-
Carbonate, Bi-
carbonate & Hy-

10 m8/L Titration (1) 1-Liter
Polyethylene or
Borosilicate

Refrigerated
at 4C

None N/s Analyze
ininediately

droxide (Field Te5t) glass bottle

EPA 120.1 Specific
Conductance
(Field Test)

N/S WheatBtone
Bridge-type
conductivity
meter

None None None N/A Analyze
imeditely

EPA 150.1 pH (Field Test) N/S Electroinetric
pH meter

None None Nona N/A Aralyze
irtinediately

EPA 170.1 Temperature
(Field Test)

fl/A Thermometric (1) 500 mL
pla8tic bottle

None None N/A Analyze
iniiediately

EPA 200.7 Metals 0.002-0.9 mg/L ICP (1) 500 mL
polyethylene
bot.tle

pH<2 w/HNO3 HNO3/RC1 diEestion N/S 6 months

EPA 206.3 As 4 jzg/L AA (furnace) (1) 500 mL pH<2 w/HNO3 HNO3 digestion N/S 6 months

EA 270.3 Se 2 ,ig/L AA (furnace) Polyethylene p11<2 w/flNO3 HNO3 digestion N/S 6 months

EPA 245.1 H 0.2 j/L AA (vapor) (1) 500 mL
polyethylene
bottle

pH<2 w/HNO3 IcMnO4, HNO3,
H2504 digestion

N/S
N/S

6 months
28 days

EPA 239.2 Pb 0.005 jg/L AA (furnace) (1) 500 mL
Polyethylene

4C. pH < 2
w/HNO3

HNO3 digestion N/S 6 months

EPA 413.2 Oil and Grease 0.2 g/L IR (1) 1000 mL
glass bottle

pfK2 w/HCI
refrigerated
at 4C

Freon extraction N/S 28 dayB

EPA 'i18.1 Petroleum
Hydrocarbons

1 mg/L IR (1) 1-L gls
bottle

4C, pH<2
w/HC1

Freon extraction N/S 28 days

EPA 160.1 Total Dissolved
SoUd8

10 ing/L Gravimetric (1) 1000 mL
plastic bottle

Refrigerated
at iC

N/A None 14 days



EPA 8020 Purgeable
Aromatic

EPA 601 Purgeable
Halocrbons

EPA 325.3 Chloride

EPA 2'*0.2 Fluoride

EPA 353.1 Nitrate

EPA 375.4 Sulfate

EPA 365.1 0-Phosphate

EPA 604 Pbenol 0.5 - 80 jg/L GC

EPA 625 Priority 50 jg/L CC/MS
Pol1utanIs

EPA 608 Organochloride 0.05 - 1 jig/L GC
Pesticides

SM5O9b Chlorinated Phonoxyo.01 g/L
Acid Herbicides

Notes: 1. ICP Inductively Coupled Plasma Emission Spectroscopy
U Atomic Absorption
IR Infrared Spectroscopy

GC/PID = Gas Chromatograph/Photoioniation Detector
GC/HSD Gas Chromatograph/Halide Specific Detector

Z. N/A Not Applicable
N/S Not Specified

SN Standard Method

TABLE 2-4. (Continued)
Preservation Sample

Container Type, and Storage Extraction
Method type1 No. and Volume Requirements Procedures

(2) 1-L glass
bottle

(2) 1000 niL
glass; TFE-
lined cap

(2) 1-L glass
bottle

CC 1-L glass bottles 4C
w/TFE lined caps

pH<2, w/1:1 Nitrogen purge N/S
HC1, refrig-
erated at 4C

Refrigerated Nitrogen purse N/S
at 4C

Refrigerated None N/S
at 4C

Refrigerated None N/S
at 4C

4C, pH<2 None N/S
w/H2504

Refrigerated None N/S
at 4C
4C, pH<2 None N/S
w/H2504

Refrigerated tiethylene chloride 7 days
at 4C extraction

Refrigerated Continuous extractioi 7 days
at 4C with methylene chloride

4C tiethylene chloride 7 days
pH 5 to 9 extraction

Hydrolyze, esterify 7days

Maximum Maximum
Holding Time Holding Time

(Preparation)2 (Analyi)

Method
Reference Detection
Method Parameter L iriiit

0.2-0.4 /L GC/PID (3) '*0 mL VOA
vial w/Teflon

epta

0.02-5 Ug/L GC/HSD (3) 0 mL VOA
vial w/Teflon
sept a

1 mg/L Titration (1) 1-L
Polyethylene

0 . 1 nig/L Ion Selective (1) 1L
Electrode Polyethylene

0.02 rng/L Colorimetry (1) 500 mL
Polyethylene

1 ing/L Turbidimetry (1) 1-L
Polyethylene

0.02 mg/L Colorimetry (1) 500 mL
Polyethylene

14 days

14 days

28 days

28 days

14 days

28 days

28 dayB

40 days

40 days

40 days

'iO day!



metals were filtered in the field. Saiples were placed in ice chests with ice

and were shipped for overnight delivery to Radian's laboratories in Sacranien-

to, California, or Austin, Texas; or were hand delivered to the laboratory in

Austin. To ensure that sample integrity was maintained during shipping and

handling, custody seals were affixed to each ice chest and chain-of-custody

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

2.5 Aauifer Testing

Single-well in situ permeability aquifer tests (i.e. , slug tests)

and an aquifer pumping test were performed to determine the hydraulic proper-

ties of the Upper Zone Aquifer in the Flightline Area. Following is a

discussion of the aquifer test methods.

2.5.1 Slug Tests

Slug tests were performed in 13 monitor wells (LFO4-4A, -4B, -4D,

-4E, -4G, LFOS-SA, -SB, -SC, -SD, -SE, FTO9-12A, -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-

mati.on, 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 f 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
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segregated for use as the slug. After the desired volume of water was removed

from the well, a pressure transducer and attached cable were lowered into the

well and suspended at a point just above the bottom of the well screen. The

pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic

data logger, capable of measuring and recording pressure changes on a log-

arithniic 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 puniping test was performed to evaluate the hydraulic

characteristics of the Upper Zone deposits in theFlightline Area. One 6-inch

diameter well (LFO4-03) was installed during field activities performed in

1990 to accommodate the 4-inch submersible pump used in the test. The pumping

well was constructed of Schedule 80 Pvc (slot size 0.020 inches) and was

screened over the entire saturated thickness of the Upper Zone. In order to

measure the aquifer's response to pumping, a 2-inch diameter observation well

(LFO4-02) was installed about 50 feet north of the punping well. The obser-

vation 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 wGll and observation wells.

Each of these calculated parameters can ultimately be used to estimate ground-

water flow rates and contaminant plume migration.
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Step Punrning Test

Prior to the start of the pumping test, a step test was performed

to assess aquifer response at multiple incremental pumping rates to determine

the optimum pumping rate for the aquifer test. The optimum pumping rate for

the Flightline Area pumping test was determined to be the full capacity of the

submersible pump (Gould 1/2 HP, Model 10 EJ) or approximately 20 gallons-per-

minute (gpm). The pump was rated at approximately 25 gpm with the amount of

hydraulic head encountered in the pumping well. However, travel of discharge

water through over 300 feet of polyethylene pipe before ultimate discharge to

the City of Fort Worth sewer system reduced discharge rates because of

friction losses. Background water-level data in the pumping well and the near

observation well were collected electronically (at 10 minute intervals) with a

Hermit brand model SE1000B data logger for approximately 40 hours prior to the

step test. The background data are useful for defining natural trends (i.e.,

variability) in the Upper Zone. Aquifer water level, such as increases from

recharge or decreases due to evapotranspiration. The background data can also

be useful in preventing misinterpretation of a water level decline as being

caused by pumping, rather than by natural factors.

Pumping Test

The pumping test was conducted on 21 and 22 June 1990, and ran for

20 hours. The pumping test began about 16 hours after the end of the step

test, when the measured water levels had recovered to over 99 percent of their

pre-step test levels. The 4-inch submersible pump (used in the pump and step

test) was powered by a 3500 watt portable generator. Pump test discharge

water underwent aeration before being discharged to the City of Fort Worth

sewer system, with air for the aeration provided by a portable 125 cfm air

compressor. During the step and pump tests, the pumping rate was determined

by timing discharge into a 5gallon 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.
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Because drawdown is more rapid at the beginning of a pumping test,

electronic recording of water levels (in the pumping well and nearest obser-

vation well) was in a logarithmic progression. Manual water level measure-

ments in seven additional Upper Zone monitor wells were also made at more

frequent intervals during the early stages of the test. During the test, pH,

conductivity, temperature and the visual characteristics of the discharge

water were recorded at regular intervals. In addition, the pumping rate and

drawdown of the pumping well were periodically checked to ensure consistency

throughout the test, as wells will typically show a slow decline in discharge

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by

hand during the test. This allowed for construction of time-drawdown plots,

or hydrographs, in the field for all wells being monitored during the test.

These plots were used for preliminary determination of aquifer charac-

teristics. Discharge water was pumped into a temporary holding tank to allow

observation of water characteristics and recording of water quality data.

Periodically during the pump test, water samples going into the holding tank

(pre-aeration) and exiting the holding tank (post-aeration) were collected.

These samples were collected in 40 mL VOA vials, filling each approximately

two-thirds full with water. These water samples were allowed to sit in the

direct sunlight for several hours prior to a headspace analysis for volatile

organic content. During the time spent in the sunlight, volatile organics in

the ground-water volatilized to the overlying air column. The volatile

organic content of the headspace was measured with an HNu photoionization

detector (PID). This was accomplished by cutting a small slit in the Teflon

septu1I in the cap of the vial and quickly inserting the probe of the HNu PID.

Comparison of the pre-aeration and post-aeration volatile organic concentra-

tions allowed for gross determination of the aeration system efficiency.

At the conclusion of the 20-hour ground-water pumping period, water

level monitoring and observations continued during the recovery period.

Recovery data were included on the hydrographs for each well. Data from the

aquifer pumping test were used to calculate hydraulic parameters for the Upper

Zone Aquifer.
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A more complete description of the aquifer pumping test procedures

and methods of analysis is provided in Appendix F.

2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,

Inc. , Registered Land Surveyors, of Fort Worth. These activities consisted of

neasurenents of the horizontal location of wells, boreholes, hand-auger holes,

and surface water sampling locations in terns of State Plane Coordinates; and

of n1easurenents of reference point elevations to an accuracy of ± 0.01 foot.

The survey was conducted to an accuracy needed for a second order survey. All

of the data were provided as values posted on a map, and in tabular form

(Appendix E).
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3.0 PWfSICAL CHARACTERISTICS OF THE FLIGHTLINE AREA

This section describes the physical characteristics of the Flight-

line Area, with respect to local surface features, surface water bodies,

geology, and ground-water occurrence. The primary basis of this charac-

terization is interpretation of field and laboratory data obtained from the

Installation Restoration Program (IRP) at Carswell AFB, Texas. Radian

maintains a database containing all environmental data from the Flightline

Area developed during the Phase II Stage 2 field program using the U.S. Air

Force required Installation Restoration Program Information Management System

(IRPIM5) 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 l0 to 3 x l0 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 (FTO8).
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3.2 Surface Water

The main surface water bodies in the Flightline Area are Farmers

Branch, an unnamed tributary that flows into Farmers Branch, and two ponds on

the Carswell AFB golf course (Figure 3-1). Surface drainage in the Flightline

Area is generally to the north and east toward Farmers Branch. During the

Stage 2 investigation performed in 1990, water was present in tributaries to

Farmers Branch at 1) the southwest side of Landfill 4 (LFO4), 2) the eastern

side of Landfill 5 (LFO5) and Fire Department Training Area 2 (FTO9), and 3)

the eastern edge of the Flightline Area in the unnamed tributary (Figure 3-1).

Southwest of Landfill 4 (LFO4), the unnamed tributary flows over limestone and

shale outcrop, but becomes an influent streai as water percolates into terrace

(Upper Zone) deposits south and east of the landfill. The tributary west of

Landfill 5 (LFO5) and Fire Department Training Area 2 (F109) 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 com-

munication is provided in Section 4 (Nature and Extent of Contamination) of

this report,

Estimates of flow volume in Farmers Branch and the unnamed tributary

were made, Flow volumes were calculated by measuring the width and 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

unnamed tributary. Water in the two ponds appeared stagnant at the time of
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sampling. Observed flow in Farmers Branch during field 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 1Jpper Zone," a term initially applied to similar alluvial

deposits at AF Plant 4 (Hargis and Montgomery, Inc., 1983). The Upper Zone is

a hydrogeologic unit at Carswell AFB that is a mixture of clay, silt, sand,

and gravel of variable thickness and degree of saturation.
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Drilling on the base indicates that the alluvial deposits (and fill)

range from a few feet to greater than 45 feet of interbedded clay, silt, sand,

and gravel. The irregular thickness of the alluvium is due to depositional

events, stream channeling, and erosion. In general, silt and clay with

variable aniounts of sand and gravel occur at the land surface down to depths

- of five to 10 feet. Underlying the silt and clay is a sand and gravel unit

that normally increases in grain size with increasing depth. These strata

appear to be relatively continuous across the area of investigation, although

coarse gravel deposits occur in limited areas generally east of the Fire

Department Training Areas 1 (FTO8) and 2 (FTO9). The sand deposits are fine-

grained to coarse-grained, tan to rust in color, and composed predominantly of

quartz grains. Gravel is mostly limestone and shell fragments ranging in size

from fine gravel to cobbles. A sand and gravel isopach map of the Flightline

Area is presented in Figure 3-2.

During the most recent drilling activities in the Flightline Area,

efforts were made to characterize the paleochannels (old stream channel

patterns) believed to exist in the area. Examination of Figure 3-2 shows

thick sand and gravel sequences, indicative of channel deposits, to occur east

of Taxiway 197 and roughly paralleling White Settlement Road. Sand and gravel

thicknesses greater than 20 feet occur in an approximately 800 feet-wide area,

- with White Settlement Road serving as the approximate median to the pattern.

Additional evidence of the channel pattern is seen in the eroded nature of the

bedrock in this area and the extensive limestone gravels (scoured bedrock).

The gravels were deposited as channel lag deposits on the scoured upper

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

3.3.2 Cretaceous Goodland Limestone and Walnut Formation

Underlying the alluvium are the Cretaceous-age Goodland and Walnut

Formations. Both formations consist of interbedded, fossiliferous, hard

limestone and calcareous shale, and are thus discussed together. The rock is

fractured and there is considerable jointing and flaking, which gives the

limestone a fractured appearance. These strata are generally dry, although

small amounts of water are occasionally present in the shale and clay units.

3-5



iiv.aiui

I3id

00i 00 C.)

sxaj, 'v jjs.w eaiv eujq 'd qodosI IeA.o pu pu a.mu

os-coil

4
ji Odl

31

01

-601j
<e-6o1J

"4

0Z-601i

il'
AP-POil o-oii

Vol -LOdM

aol-IodM

)-L0dM

fr,4

]01-LOdM
OI-LOdM

S U1l-01J

3s-coil

VssoJl
S150i

I
ac-coil

(4,
ciioi

0
01-coil

-"'"""n

90_PQfl°i

Ol-POil

o,. ,
60-Pail I , 90-P011

,- /
__ c1.

. , 3P0J1

________________ c: co-toil°

0

z 4.odA

0.
i i-soii

VP-tOil

60-Soil
. V1l-801i

\
°a-soii ..o-oi1

\
I

I

/
HIdON

014

HzIi 60.14

IO1lJO8
IlM JO1UOIA

(j) inouo qodos OL-
ON3DI1

NO

01

'0-Soil

p-poil
0

..LO-POil

to -toil HP-P0il
3t-tOi1

S0-PO4l

OV0.:. 1N3V3liLJS .iIIHM . 0-P0ii.

Os

-..
op-poll

is-coil

sc-soil.

1SOl
1-SO4

0,
1-SOi1

t1soi1

1I.t -60

60JA



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 art

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

Palu.xy 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 art

intervening shale unit. The sands in the upper part of the Paluxy are

reported by drillers to be fine-grained and shaley. The lower sand member

generally consists of two separate and distinct sand strata, but the in-

dividual sand beds do not maintain constant thickness or lithology over long

distances. About one-half to three-fourths of the Paluxy is sand; the

remainder consists of clay, sandy clay, shale, lignite, silicified wood

fragments, and nodules of pyrite. In general, coarse-grained sand is in the

lower part of the Paluxy which grades upward into fine-grained sand with

variable amounts of shale and clay.
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3-8

(continued)

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)

LFO3-3A 633.47 18.0 615.5 0

LFO3-3B 633.84 19.5 614.3 0

LFO3-3C 635.39 12.0 623.4 0

LFO3-3D 621.6 15.0 606.6 0

LFO3-3E 622.87 16.0 606.9 0

LFO4-4A 624.6 18.0 606.6 11.0

LFO4-4B 618.4 17.5 600.9 10.0

LFO4-4C 610.9 29.0 581.9 23.0

LFO4-4D 613.1 29.0 584.1 25.0

LFO4-4E 617.5 33.5 584.0 28.0
LFO4-4F 622.8 >35.5 <587.3 >29.5
LFO4-4G 619.1 39.5 579.6 30.5

LFO4-4H 610.5 27.0 583.5 23.0

LFO4-0l 626.5 40.0 586.5 20.7

LFO4-02 621.0 37.0 584.0 26.0

LFO4-03 620.5 37.5 583.0 25.4

LFO4-04 609.4 25.0 584.4 23.5

LFO4-05 608.8 25.8 583.0 17.0

LFO4-06 613.3 29.5 583.8 24.1

LFO4-07 630.4 38.2 592.2 28.4

LFO4-08 630.0 47.0 583.0 38.9

LFO4-09 627.4 47.0 580.4 37.4

LFO4-l0 626.9 49.0 577.9 36.3

LFOS-SA 619.4 31.0 588.4 13.5

LFOS-SB 597.4 8.0 589.4 3.0

LFOS-SC 606.8 21.0 585.8 16.0

LFOS-SD 608.5 24.0 584.5 20.0

LFOS-SE 623.9 >40.0 <583.9 >31.0
LFOS-SF 619.4 >37.0 <582.4 >33.0
LFOS-SG 612.0 29.0 583.0 21.0

LFOS-SH 608.4 25.0 583.4 11.0

LFOS-0l 619.3 25.0 594.3 6.9

LFOS-02 620.0 27.0 593.0 2.1

LFOS-03 620.6 27.4 593.2 12.2

LFOS-04 617.3 28.0 589.3 5.3

LFOS-05 616.1 26.0 590.1 6.0

LFOS-06 598.3 7.0 591.3 6.5

LFOS-07 598.0 5.8 592.2 4.0

LFOS-08 606.8 14.5 592.3 2.5

LFOS-09 604.9 14.0 590.9 10.5



- - Not Determined

MSL - Mean Sea Level

3-9

TABLE 3-1. (Continued)

Location
ID

Ground Level
Elevation
(Ft. MSL)

Depth to
Bedrock
(Ft)

Elevation of
Bedrock
(Ft, MSL)

Sand and Gravel
Thickness

(Ft)

LF05-10 623.9 36.0 587.9 12.0
LFO5-1l 597.6 10.0 587.6 3.0
LFO5-12 594.4 9.0 585.4 0.5
LFO5-13 605.0 17.0 588.0 7.7
LFO5-14 603.2 13.0 590.2 4.8
LFO5-15 626.5 40.5 586.0 15.0
LFO5-16 612.3 23.0 589.3 14.0
LFO5-17 606.5 16.5 590.0 12 0
LFO5-18 612.1 232 588.9 12.2
LFO5-19 606.3 20.5 585.8 17.7

WPO7-1OA 624.2 >390 <585.2 26.5
WPO7-1OB 621.1 33.0 588.1 27.0
WPO7-1OC 615.4 31.0 584.4 20.0
WPO7-1OD 623.3 >29.0 <594.3 >13.0
WP07l0E 622.5 >29.0 <593.5 >17.0
WPO7-1OF 621.5 >29.0 <592.5 >20.0

FTO8-11A 604.8 13.5 591.3 9.5
FTO8-11B 603.8 14.0 589.8 11.0

FTO9-12A 632.0 18.0 614.0 7.0
FTO9-12B 625.6 39.0 586.6 26.0
FTO9-12C 625.5 31.0 594.5 15.0
FTO9-12D 624.8 >36.0 <588.8 >21.0
FTO9-12E 624.5 39.0 585.5 26.0
FTO9-12G 629.2 -- -- --

FTO9-121-I 629.1 25.0 604.1 6.0
FTO9-121 629.2 24.0 605.2 5.0
FTO9-12J 628.7 23.0 605.7 4.0
FTO9-12K 626.7 >25.0 <601.7 >5.0
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In the two Paluxy monitor wells (P-i and P-2) installed during the

initial Stage 2 effort, driliing 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, ciay, and

shale. The shale unit separating the upper and lower Paluxy 'sands" was

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

3.3.4 Cretaceous Gien 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 Gien Rose was not penetrated

during drilling in the Flightline Area, but typically consists primarily of

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

3.3.5 Cretaceous Twin Mountains Formation

The Twin Mountains Formation, with the Gien Rose Formation capping

it, is the oldest Cretaceous-age formation reported in the vicinity of

Carswell AFB. In ascending order, the Twin Mountains Formation is divided

into the Sycamore Sand Member, the Cow Creek Limestone Member, and the Henseii

Sand Member. The Twin Mountains Formation does not crop Out in Tarrant

County. The Twin Motintains Formation consists of a basal conglomerate of

chert and quartz, grading upward into coarse- to fine-grained sand inter-

spersed with varicoiored shaie.

3.3.6 Fli,ghtline Area Cross-Sections

Following the recent driiling activities at the Fiightiine Area, six

geologic cross-sections were constructed, showing borehoie lithologies (as

- well as the static water levels in the Upper Zone measured on i8 June 1990).

A iocation map for the newiy 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 froni the

Landfill 3 (LFO3) area to the area just east of Landfills 4 (LFO4) and 5

(LFO5) and the Waste Burial Area (WP07). 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 LFO3-3E and LFO5-15. Coincident

with the lower bedrock elevation in the vicinity of LFO5-15 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 FTO9-12A 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 FTO9-12A.

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



640-

Vederground
630- Aqomtoct' L 0

620

610

600

590

o 580

A
WEST

1103-3A h-Santh LFO3-3

LEGEND:

Clay end Fill Mot*riot

mull Silt

U Sand

Sand and Grovel

Li,nestone and Shale

1103-3(

Ioaiwoy
LFO5-l5

LF03-3A - Monito, Well

iop of Bedrock
Soft Contact

(c-C) Uned in Addftionol Cronn-Section

Water Level. June 18. 1990

f Scteened Interval

*141. Settlement
LF05-5E Reed

94

0 200 400

FEET
VrticoI Eooggerotiora:1 2So

Lrol-4r
(0- 1

ia

Wftilq Settlecn,nt -
Rood

1104-03 I 1104-40Pon,pin Wet
L104-4E

EAST

-640

630

620

610

600

7590 0

580 d

RADIAN4S

Figure 3-5. Geologic Cross-Section A-A' , Fltghtline Area, Carswell AFB, Texas



svxJ. 'il.1V j[I4S1e3 'ev auTI1qTI.4 UODS-SSO13 DTOTO3 '9-c -'L1

I0AiTUI PUJ3SG)NOILtivuavu 066L ' unI 'I'1 1°MN)

UOi1DSSSOJD 10U0!1!PPV UI Sfl

13DW03 lbs
pop o doj

I III jjl
OUt OO 0 UOITD3O1 IlM JOTiUO

xc :uoi1oJbbDx I°!A
1311

m U9

06c

::
::

!
Ucg

! Ot'9

ISVB

'a

OPOJ1 (3-])
HPOJ1

UjitOil

3ZI-601J I

i'Oil Oj!S az i 6p13

IA0JU UD jDUD5

PUDS

TI!S

lDbJT0 Ilbi pUD /OjJ

'I'll''

:çp.J]3]

f-n
F-m

O6 5
2:

P1

O9
2:

-oc9
601J llSw7_c,ij

P10t9

IS]M

a

oq5 UOTSUJ



SUXL MV IT'' 1V BUT 4TT1 J- UO ZBS-SSOV3 TOjo L-E -"1d

No,.'.NVIOU

:uoqoJ6ôox]
ia

I I 11111
OOt 0O 0

m

ogc- -

- 06c-
m
In-I

009
0
In

0L9

z
(i) 09

I-
oc-

in
I-

HIflOS

-z

VP-toil
A!JcJ

3Z-6O1J

DAJjU pueJ3S

066 '9 unr ''i JOM
UOflOS-SSOJ3 IOUOfl!PPV U! pSfl

PD1UOO IIOS

)IzOJP0 O doj

UOjD3O1 UM JOiUO

0POilI
iuwaos !qM

V-Oil

-

0N3031

I

L

/

HThON

- 08c

065

009

0L9o-oii
goJJ s

SOS1 !S

0 9

-0c9

pUD uoswi
A

(.3-3)
IA0.J pUO 'UD5

PUDS

'It''''

o-oJi ID!JBDA1 II!J JUO cDro



on this cross-section at location LFO4-4A. Monitor well FTO9-12C 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 LFO5-12, 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 LFO4-4A (C-C'), is located on a

relative high on the bedrock surface.

Geologic cross-section E-E' (Figure 3.9) shows the thickest sequence

of Upper Zone sands and gravels occurring in the vicinity of LFO4-4G. Monitor

well LFO4-4G occurs within the trend of the thickest Upper Zone sands and

gravels observed in the Flightline Area. The trend axis is situated approxi-

mately on White Settlement Road.

The easternmost cross-section through the Flightline Area, F-F'

(Figure 3-10), includes five newly installed ground-water monitor wells.

Although monitor well boring LFO4-l0 encountered the thickest sequence of

Upper Zone coarse-grained sediments, the potentiometric surface (derived from

water-level measurements taken on June 18, 1990) indicates ground-water flow

toward the location of LFO5-19, 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 Sand; 4) an aquitard of

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

3-17



630

620

610

600

590

580

LEGEND:

Clay and FrII Material

IIlW Silt

J Sand
Sand and Gravel

Limestone and Shale

LFO5-58
LFO5-11 (-E)

LFO5-5C

WPO7- bC
WPO7-1OB

LFO4-4F
(A.-A)

Lr05ji I
-

LFO5-5C Monitor Well Location

Top of Bedrock
Soil Contact

(c-c') Used in Additional Cross-Section

Water Level, June 18, 1990

Site LFO4

LFD4-4B

0 200 400
hr il

FEET
Vertical Exaggeration: 1 25x

630

620

- 610

600

590

580

RADIANION 0

Figure 3-8. Geologic Cross-Section D-D, Flightilne Area, Carswell AFB, Texas

D

NORTH
White

SetUertient
Rood

SOUTH

I Screened Interval



6.30-

620

610

600

590

580

Cody
Drive

- FTO8-1 I B
(CC)

LFO5-5B
(DD)

LEGEND:

Cloy and Fill Material

Silt

11 Sand
Sand and Gravel

Limestone and Shale

LEO:

White
Settlement

Road

LFO4-46
(AA)

(505-56 LFO4-4H (504-4C
5-5H LFO4-05

I
Il (504-07

LFO5-5G Monitor Well Location

Top of Bedrock
Soil Contact

(cc) Used in Additional Cross-Section

Water Level. June 18, 1990

Screened Interval

0 200 400Ill iii I

FEET
Vertical Exaggeration: 1 2.5x

630

620 l
V)

610

C

600

590

580

RADIAN

Figure 3-9. Geologic Cross-Section E-E, Flightline Area, Carswell AFB, Texas

E

NORTH SOUTH



610
Li>0
CE

< 600
Li
U-

590

-JLi 580

LEGEND:

Cloy and Fill Material

Sand and Gravel

Limestone and Shale

LFO5-19 Monitor Wefl Location

Top of Bedrock
Soil Contact

(cc) Used in Additional CrossSect:ion

Water Level, June 18, 1990

0 200 400

FEET
Vertical Exaggeration:12.5x

RADIANCOPATIOIS

-jLi

-J
620

610

:::

580

Figure 3-10. Geologic Cross-Section F-F', Flightithe Area, Carswell AFB, Texas

I Screened Interval

I'll''' Silt

ri Sand

F

NORTH

F'
SOUTH

LFO4-1O -630630

575 575



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 swmnarized 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 is generally northeastward, toward Farmers Branch, a tributary to the

West Fork of the Trinity River.

From the outlet of Farmers Branch from the underground aqueduct

(which conveys the stream under the Flightline) the stream flows over bedrock

at the Goodland/Walnut Formation until it flows into the Trinity River on the

eastern boundary of Carswell AFE. 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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Source: E. R. Legget C1957).

TABLE 3-2. GEOLOGIC FORMATIONS IN THE VICINITY OF CARSWELL AFB, TEXAS

Send, gravel., clay, and Terrace and flood-plain
i1t. deposits.

Impure lime8tone and
marl, which is blue
whBn fresh and straw-
colored when wethred.
Fossiliferous with
dtstinctive amonites.

Blue nd brownish-yellow
marl, thin limestoie
nd 8andstone flags.

Chalky-white fossil.-
iferous limestone, and
blue to yel.lowish
brown marl.

Shell BgglomerBte
fossiliferous clay Bnd
l.imestone, sandy clay,
and black shale.

UNCONFORMITY

Fine-grained sand,
.hale, sandy shale,
lignite and pyrite.

Fiie-grained 1imestoie,
shale, marl, and sand-
stone.

Coarse to fine-grathed
sandstone, red shal.e,
red Bnd yellow clay at
base.

Charactex of Rocks Topographic ExpreBs ion

Bench topography produced
by l.ower limestone unit.
Upper marl forms s1op
separating the Duck Creek
from Fort Worth limestone.

Grassy slope separBting
scarps of Goodland and
Duck Creek Format.ions.

Prominent glaring-white
escarpment along streams.

Forms conspicuous escarp-
ment and waterfalls in
western Cross Timbers
bel.t

Sandy soil, hui'miiocky top-
oraphy, heavily wooded
with oak8.

Not exposed hi Tarrrnit
County

Not exposed hi Tarrant
County.

Water-Eearing Properties

Small to moderate yields.
Water uirnatisfactory for
ue ulles8 treated.

Small to moderate yields.
Water unsaUsfactory for
use uTlesB treated.

Small to moderate yield!.
Water unsatisfactory for
u5e unless treated.

Small to moderate yields.
Water unsatisfactory for
use unl.ess treated.

Not known to yield water to
wells in Thrrant County.

Source of suppl.y for most
houeholdB, smaller citieB.
and some industries.

Sande yiel.d mll suppl.ie
to wells in Fort Worth and
western Tarrant County.
Water too highly
mineralized east of Fort
Worth.

Principal, aquifer in
Tarrant County. Yields
large aupplie for
municipBl and indu!trial
purpose8. Water th upper
sands east of Fort Worth
may be highly mineralized.

Sy'tem Series and Group ForinaLton and Member
Thickness
(It)

Queternary Recent nd Al.luvium 0-45
Pleistocene

Cretaceous Comaiche Series Duck Creek Format.ion 0-go
Washlta Group

Comanche SBres Kiamich Fomati on 0-40
FredertcksburS
Group

Goodland Limestone 0-130

Iqalnut Clay 0-28

Cretaceous Comanche Series Paluxy SBnd 140-190
Trinity Group

Glen Rose Limestone 250-1i50

TwiT Mouitains 250-450
Formation (formerly
Travis Peak Formation)
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TABLE 3-3. RESULTS OF FLIGHTLINE AREA UPPER ZONE SYNOPTIC WATER LEVEL
SURVEY CONDUCTED ON JUNE 18, 1990

Lo cat ion

ID Time

Measuring Point
Elevation
(Ft, MSL)

Depth to Water Level
Water Elevation
(Ft) (Ft, MSL)

LFO4-01 1553 629.24 28.98 600.26
LFO4-02 1738 623.68 26.23 597.45
LFO4-03 1735 623.25 25.67 597.58
LFO4-04 1756 612.07 16.75 595.32
LFO4-1O 1801 626.54 30.49 596.05
LFO4-4A 1813 625.76 10.48 615.28
LFO4-4B 1818 619.90 18.27 601.63
LFO4-4C 1809 613.04 16.42 596.62
LFO4-4D 1749 615.35 18.06 597.29
LFO4-4E 1746 618.54 21.35 597.19
LFO4-4F 1731 625.36 26.96 598.40
LFO4-4G 1740 620.02 23.69 596.33
LFO4-4H 1752 613.43 17.15 596.28

LFOS-01 1545 621.96 18.14 603.82
LFOS-02 1549 622.69 24.86 597.83
LFOS-14 1700 602.98 8.84 594.14
LFOS-18 1834 611.84 17.73 594.11
LFOS-19 1650 606.08 12.54 593.54
LFOS-SA 1618 623.18 22.67 600.51
LFOS-SB 1708 600.45 3.73 596.72
LFOS-SC 1627 608.68 9.56 599.12
LFOS-SD 1624 611.71 10.98 600.73
LFOS-SE 1615 626.89 26.60 600.29
LFOS-SF 1721 618.95 21.83 597.12
LFOS-SG 1714 615.39 19.31 596.08
LFOS-SH 1711 610.62 14.54 596.08

FTO9-12A 1557 635.66 17.10 618.56
FTO9-12B 1603 627.55 28.38 599.17
FTO9-12C 1601 628.05 29.23 598.82
FTO9-12D 1611 627.45 28.13 599.32
FTO9-12E 1606 627.48 28.68 598.80

FTO8-11A 1634 608.22 11.23 596.99
FTO8-11B 1630 608.14 8.63 599.51

WPO7-1OA 1620 626.70 26.68. 600.02
WPO7-1OB 1728 624.46 25.63 598.83
WPO7-1OC 1726 617.24 18.59 598.65

Staff Gage 1840 579.44 0.57 579.01
(1.0 ft mark on gage) (water reading on gage)
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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 a 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 Uer 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.
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The calculated hydraulic conductivity values ranged from 22.6 ft/day

(7.98 x lO cmn/sec) at well LFO4-4D to 1.2 ft/day (4.1 x lO cm/sec) at well

LFO4-4A. The lowest calculated hydraulic conductivities were from wells known

to be located outside the main pattern of channel deposits observed in the

Flightline Area. The lowest calculated values were from test wells LFO4-4A

and 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. In any case, slug tests usually provide aquifer

parameter values that are fairly representative of a small volume of porous

media in the immediate vicinity of the well. Aquifer pumping tests, however,

usually provide measurements of aquifer parameters that are averaged over a

niuch 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-

drawdowri and distance-drawdown measurements, hand plotted observation well

drawdown and pumping well recovery data were analyzed by the Cooper-Jacob

method. In addition, a coniputer aquifer analysis program was used. The well

hydraulics interpretation program used was WHIP, which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Cooper-Jacob)

analyses and Theis recovery analyses to obtain preliminary estimates of the

transmissivity and storage coefficient. Theis curves are generated using

these values and are graphically compared to the observed data. Portions of

the generated curves can be windowed so only reliable data are used for the

generation of final transmnissivity and storage coefficient values, The
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equations used in the Cooper-Jacob analysis of hand-plotted drawdown and

recovery data is provided in Appendix F.

In addition to standard semilog and loglog plots, the effects of

various time transformations on the data as well as first and second deriv-

atives of the drawdowns were performed. Observing the derivative drawdown

plots was useful for determining that portion of the test data displaying

Theis behavior. Additionally, the Dupuit correction for water table con-

ditions was applied to all computer analyses and the initial estimates of

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. The Dupuit correction allows for the

minimization of the irregularities inherent in field data and applies a more

sophisticated mathematical approach to the calculation of transmissivities and

storage coefficients.

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 (LFO4-03)

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 sunmiarized results of the Flightline Area

aquifer pumping test analysis. Both the pumping well (LFO4-03) and the obser-

vation well (LFO4-02) are completed in the generally west to east trend of

relatively thick sands and gravels observed in the Flightline Area, and both

wells are screened across the entire saturated thickness of the Upper Zone

aquifer. The calculated hydraulic conductivity and transmissivity values fall

within the range for clean sands and gravels (Freeze and Cherry, 1979) which
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TABLE 3-4. SUMMARY OF UPPER ZONE AQUIFER PUMPING TEST RESULTS, FLIGHTLINE AREA, CARSWELL AFB, TEXAS
(JUNE, 1990)

9771 ft2/day

8260 ft2/day

9501 ft2/day

835 ft/day 1.2 x 10-2
(2.9 x 10' cm/sec)

705 ft/day
(2.5 x 10' cm/sec)

812 ft/day
(2.9 x 10' cm/sec)

Average Values 9177 ft2/day 784 ft/day 1.2 x 102
(2.8 x 10-' cm/sec)

Distance Storage
Well Type of From Pumping Hydraulic Coefficient

Number Test Analyses Well (ft) Transniissivity Conductivity (Dimensionless)

LFO4- 02 Drawdown 50

Recovery 50

LFO4-03 Recovery Pumping Well



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 sniall 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 Fuilding 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 AF. In the

Carswell AFF area, water in the uppermost part of the Paluxy Foruiation 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 measurenents 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 Paluy 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 conununity of White Settlement. This

drawdown results locally in a more southerly flow direction within the Paluxy

Aquifer.

Transmissivities in the Paluxy Aquifer range from 1,263 to 13,808

gallons per day per foot (gpd/ft), and average 3,700 gpd/ft (CH2M Hill, 1984).

The Paluxy Formation thickness ranges from 140 to 190 feet, averaging 160 feet

in Tarrant County. The actual water-bearing thickness in the Carswell AFB

area probably approximates the formation thickness, but the aquifer is

separated into two distinct water-bearing zones, denoted as the upper and

middle/lower Paluxy. In some cases, the middle and lower Paluxy are also

separated by low-permeability layers. The Paluxy dips uniformly at a rate

ranging from 35 to 40 feet per mile and averaging 37 feet per mile. It is

encountered at increasing depths eastward, reaching a maximum depth of about

900 feet. During the Phase II Stage 1 Flightline Area investigation (Radian,

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Palu.xy 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

Palu.xy 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 AFZ,

where the formation crops out. Ground-water movement is eastward in the

downdip direction. Like the ground water in the Palu.xy 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/ft2 and

average 68 gpd/ft2 in Tarrant County (CH2M Hill, 1984).
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFE IRP Phase II Stage 1 investigation (1984-85)

detected concentrations of TCE and other halogenated hydrocarbons in the Upper

Zone ground water in the vicinity of the flightline. In addition, con-

centrations of several metals exceeded federal drinking water standards in the

ground water. During Stage 2 (1987-88), additional work was done to define

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

The primary objective of the addition (Modification 0004) to the

original Stage 2 Statement of Work was to further characterize the nature and

extent of various contaminants in the Upper Zone ground water beneath the

Flightline Area. Specifically, the goal was to define the eastern and western

boundaries of the known TCE plume under the Flightline Area, and to collect

additional data such that a remedial action could be designed and impleirented.

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 pg/L,

trichloroethene 1.3 pg/L,

EPA 325.3 - chloride 1.5 mg/L,
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4-2

SW6O1O aluminum 0.53 mg/L,

beryllium 0.0023 mg/L,

copper 0.053 mg/L,

nickel 0.021 mg/L,

silver 0.051 mg/L,

strontium 0.0047 mg/L,

vanadium 0.025 mg/L,

zinc 0.044 mg/L,

EPA 365.2 orthophosphate 0.012 mg/L,

SW7421 lead 0.0099 rng/L.

S Field blanks indicated a potential for false-positive results

due to field contamination. Generally, field blanks contained

very low level concentrations for common organics and inor-

ganics. Natural saniple results near laboratory and field

blank concentrations may be considered false-positive results

due to incomplete decontamination of sampling equipment or

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,



4.2 Results of Cround-Water and Surface Water Analyses

Cround-water samples from thirty-five wells were collected during

April and May 1990 for laboratory analysis. Seven surface water samples were

also collected. Since contamination was previously found to exist only in

those wells screened in the Tipper Zone Aquifer, all ground-water samples were

collected from Tipper 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 Radians 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 Infonnation 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 Ti. S. Air Force MSD 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 Cround-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 primary drinking water

standards in the most recent water sampling. Chromium was found in excess of

the respective MCL in three monitor wells. Lead, arsenic and mercury were

found in concentrations exceeding the respective MCLs in one well each.
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TABLE 4-1. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,
FLIGHTLINE AREA, CARSWELL ATh, TEXAS

1,1, l-Trichloroethane Aluminum Chloride
1,1,2, 2-Tetrachloroethane Antimony Fluoride
1,l,2-Trichloroethane Arsenic Nitrate as N
1, l-Dichloroethane arium Orthophosphate
1, l-Dichloroethene Beryllium Sulfate
1,2-Dichlorobenzene Boron Total Dissolved
1,2-Dichloroethane Cadmium Solids
1, 2-Dichloropropane Calcium
1,3 -Dichlorobenzene Chromium
1, 4-Dichlorobenzene Cobalt
2-Chloroethylvinyl ether Copper
Bromodichloromethane Iron
Bromoform Lead
Bromotne thane Magnesium
Carbon tetrachioride Manganese
Chlorobenzene Mercury
Chloroethane Molybdenum
Chloroform Nickel
Chloromethane Potassium
Dibrotnochloromethane Selenium
Methylene chloride Silicon
Tetrachloroethene Silver
Trichloroethene Sodium
Trichlorofluoromethane Strontium
Vinyl chloride Thallium
cis-1, 2-Dichloroethene Vanadium
cis-1, 3-Dichloropropene Zinc
trans-i, 2-Dichioroethene
trans- 1, 3-Dichloropropene
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Contamination detected in the ground water of the Flightline Area

is limited to the Upper Zone Aquifer. The low permeability limestone of the

underlying Goodland/Walnut aquitard underlies the Upper Zone Aquifer. No

Flightline Area monitor wells are completed in the aquitard as past drilling

in the Goodland and Walnut Formations has shown the formations to be non-water

bearing. Ground-water samples from the Paluxy Aquifer, which underlies the

Goodland/Walnut aquitard in the Flightline Area, have had no detections of

contaninants. Therefore, the vertical extent of organic compound con-

tauiination 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 MCL5 were exceeded by cis-

1,2-djchloroethene 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 ig/L) for the trans- isomer was never exceeded

by Flightline Area water samples.

Following is a more detailed discussion of organic constituents

detected in the ground water of the Flightline Area.
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TABLE 4-2. SUMMARY OF ORGANIC GROUND-WATER SA11PLING RESULTS, SPRING 1990,
CARSWELL AFB, TEXAS

TotaL Ntmber of SampLes

EPA tndard sre deLgnated: H - Maximum Contaminant Level (MCL) and P - Proposed Mx&mum Contan,1nnt Level (PMCL).

AnalyticL Parameter

EPA Standards or
Proposed Stndard

(81L)

Rang,
of Detection

Limits

Range of
Concntration
of Constttuents

Detected

AnALyses for
Constituent
(No. of
WeLls)

With Constituent
Deected and Second
CoLumn Confirm.tton

(No. of WeLLs)

ExeeedIn EPA
MCL/PMCL
(No. of
WelLs)

PurgabLa IILocarbon (601) g(L

1,1, 1-Trichloroethane 200 (M) 0.2-50 0.37-0.70 74 (35 + 2 dup) 3 (3)
1, 1,2,2-Tetracliloroethane 0.15-38 ND 74 (35) 0
1, 1,2-Trich1orothan 0.2-50 ND 74 (35) 0

1, 1-DtchLoroethane 0.5-120 1.1 74 (35) 1 (1)
1, 1-DLchLorthene 7 (M) 0.2-50 1.3-1.5 74 (35) 2 (2)
1, 2-DichLorobenzn 600 (P) 0.5-120 ND 74 (35) 0
1,2-DLchLoroethane 5 (M) 0.1-25 ND 74 (35) 0

1,2 -D&chLoropropane 5 (P) 0.1-25 ND 74 (35) 0

1, 3-Dtchtorobenzan. 0.32-80 ND 74 (35) 0

1, 4-DLchLorobsnzene 75 (M) 0.24-60 9.6 74 (35) 1 (1)
2-Chioroethylvinyl ether 0.5-130 ND 74 (35) 0

8romodichioro(nthane 0.1-25 ND 7i (35) 0
Bromoforni 0.5-130 ND 74 (35) 0

romomethsn. 1.2-300 ND 74 (35) 0
Carbon tetrachLoride 5 (H) 0.12-30 ND 74 (35) 0

ChLorobenz.ne 0.23-63 2.3 74 (35) 1 (1)
ChLoro.thane 0.52-130 1.8 7'. (35) 1 (1)
Chloroform 0.1-25 ND 74 (33) 0
ChL oro,nethane 0.3-75 ND 74 (35) 0

D ibromochloromethane 0.2-50 ND 74 (35) 0

Methylene chloride 0.4-100 6490 74 (35) 2 2)
Te traoht oros then. 5 (P) 0.1-25 0.55-30 74 (35) 6 (6) 3 (

Trlchtoroeth.n. 5 (M) 0.2-50 0.56-1.400 74 (35) 32 (3) 29 (27)
TrLchtorofLuoromethane 0.2-50 ND 74 (35) 0 0
Vinyl chLoride 2 (M) 0.2-50 6.2-170 74 (35) R (7) R (7)
ets-1 ,2-Dtchloroethene 70 (P) 0.2-50 0.37-730 74 (35) 32 (30) 23 (22)
ei-1, 3-DichLoropropene 0.2-50 ND 74 (35) 0 0

trans-i, 2-DtchLoroethene 100 (P) 0.2-50 0.72-1.4 74 (35) 6 (6) 0

trans-i, 3-DjchLoropropene 0.34-85 ND 74 (35) 0 0



Trichioroethene

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 LFO4-4G and LFO4-02, with detected values of

4400 and 4000 micrograms per liter (jig/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. At the western limit of the sampling network, a con-

centration of 2700 jig/L was detected in monitor well LFO5-0l. With no

additional results farther upgradient the western extension of the isocon-

centration contours could not be constructed. Concentrations of 1200 and 1300

g/L TCE were detected in monitor wells LFO5-5A and LFO5-5E, located hydraul-

ically upgradient of Landfill 5. However, the lack of upgradient well control

between these wells and LFO5-0l prevents precise definition of the con-

figuration or continuity of the TCE plume in that direction. Although

examination of the ground-water flow direction (Figure 3-12) in the vicinity

of monitor well LFO5-Ol shows it to be away from wells LFO5-5A and LFO5-5E,

the contaminated ground-water flow direction does not appear to conform wholly

to that of the natural ground water. Therefore, the contamination observed in

monitor well LFO5-Ol and that seen in LFO5-5A and LFO5-5E could be continuous

but insufficient data in the intervening area would make this correlation

speculative. Evidence of "black staining" at 39.5 feet in the log of borehole

LFO5-15, located between wells LFO5-0l and LFO5-5E, may be evidence of the TCE

contamination being continuous between the wells. The TCE plume appears to

intersect Farmers Branch (Figure 4-2) in the northeastern portion of the

Flightline Area.

Figure 4-3 is a thickness map of the sand and gravel deposits in

the Flightline Area. The thick sand and gravel sequences evident on a east-

west linear trend through the Flightline Area are thought to represent a

paleochannel, which is the depositional remains of a former stream channel.

Past reports have suggested that, due to the greater density of TCE with
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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 plunie (Figure 4-2) this preferential migration is

clearly evident, as the configuration of the plume and the zone of maximum

concentrations closely resembles the location and configuration of the

thickest Upper Zone sand and gravel sequences. Also of importance is the

pattern of the relatively thick sand and gravels on the western side of the

Flightline Area sites. While data is sparse in the northwestern portion of

Figure 4-3, it appears the thicker sands and gravels might trend westward on a

line just south of LFO5-01. The bedrock surface (Figure 3-3) is also

relatively low in the vicinity of LF05-01. Both of these situations make the

- likelihood greater that contamination detected in monitor well LF05-01 may be

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

The center of the TCE plume appears to be bimodal and is located

hydraulically downgradient from Landfill 4, with TCE concentrations above 3000

ag/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 ag/L in April 1988 to 4400 ag/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. Continued monitoring

of the wells in the Flightline Area will be necessary to confirm trends in

contaminant migration.
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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 (LF04 and

LFO5) and Waste Burial Area 10 (WP07) are consistent with the types and

amounts of contamination observed in downgradient wells. In addition, it is

reasonable to assume that infiltration of residuum from flammable wastes as-

sociated with the fire training activities at Site FT09 may have 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. Significant concentrations of TCE

detected in monitor wells LFO5-5E and LFO5-5A (1300 g/L and 1200 g/L), which

are upgradient to LFO5, strongly supports the assumption that a source exists

upgradient of the known disposal areas in the vicinity of the flightline.

Air Force Plant 4 has been suggested in past reports (Radian, 1986;

Radian, 1989) as the probable upgradient source, but limited borehole and

contemporaneous analytical data in the western and northwestern Flightline

Area preclude confirmation of this interpretation. A TCE concentration of

2700 g/L in monitor well LFO5-Ol, in the extreme northwestern portion of the

Flightline Area (Figure 4-2) indicates a significant source to the northwest.

Further evidence supporting this conclusion is the contamination detected

around Site FTOS. Monitor well FTO8-11B was found to contain 35 Mg/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 FTO9 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 Fy09 may be

logically included in the principal TCE plume for the purpose of this report.
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As with other sites, the contamination present may have resulted from ac-

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

Available evidence indicates that an upgradient, non-Flightline

Area source (or sources) of TCE contamination in the shallow ground water

exists, although the exact location and characteristics are not defined. The

TCE concentrations detected in the ground water as it moves downgradient

through the Flightline Area suggest that incremental increases of TCE are

probably the result of release from the Flightline Area IRP sites (most likely

LFO4, LFO5, and WF07). Thus, both on-base and off-base sources are inter-

preted as contributing TCE to the contaminant plunie.

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 (LF05).

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 g/L

in monitor well LFO5-5C. This well constitutes the apex of the main plume.

Lesser amounts were detected in LFO5-5B and WPO7-1OC, with 160 g/L and 49

g/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 LFO4-4C contained vinyl chloride at 13 ig/L, which is a higher con-

centration than was detected in the April 1988 sampling, in which 3.8 g/L was

4-14
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detected. This is the only well downgradient from LFO4 in which vinyl

chloride has been detected. Vinyl chloride was also detected in LFO5-0l (100

zg/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 J2g/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.

Two of the three wells found to exceed the PMCL for PCE were in

Site FI09 (Fr09-12R and FTO9-12C). FTO9-12R had the highest confirmed level

of PCE at 30 J2g/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.

Total-l. 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

to 730 pg/L. Trans-1,2-dichloroethene (trans.-1,2-DCE) was confirmed in

six wells, with concentrations ranging from 0.72 to 44.0 J2g/L. Trans-1,2-DCE
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TABLE 4-3. StMARY OF RESULTS FOR GROUND-WATER SAMPLES WITH
CONFIRMED DETECTED CONCENTRATIONS OF TETRA-
CHLOROETHENE, SPRING 1990, CAR.SWELL AFB, TEXAS

4-17

Well Number Tetrachloroethene Concentration (J.Lg/L)

LFO4-4C 3.1

LFO5 -02 0.55

LFO5-.19 17.0

FTO9-12B 30.0

FTO9-12C 8.1

FTO9 - 12E 0.82



was detected only in wells in which cis-1,2-DCE was also detected. Because

trans-1,2-DCE arid 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 l,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 l,2-DCE nodes are located

hydraulically downgradient of LF04 and LF05, 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 plunie.

Monitor well LFO5-01, in the extreme northwest portion of the Flightline Area,

had a detected level of l,2-DCE of 240 /Lg/L. This level of contamination,

coupled with multiple confirmed detections of l,2-DCE in wells immediately

upgradient froni sites LF04 and LF05, strongly support the presence of an

upgradient contamination source. A confirmed detection of 540 pg/L of l,2-DCE

in monitor well LF04-04, in the southeastern portion of the Flightline Area,

again makes it impossible to enclose contaminant contours in that area with

confidence.

Other Organic Contaminants

Several other purgeable halocarbons were detected in the ground

water in the Flightline Area (Table 4-2). These include the detection of

1,1, l-trichloroethane, 1, l-dichloroethane, 1, l-dichloroethene, 1,4 dichloro-

benzene, chlorobenzene, chloroethane, and methylene chloride. None of these

compounds were detected in levels exceeding current EPA standards.

4.2.1.2 Inorganic Ground-Water Constituents

Four inorganic constituents, arsenic, mercury, chromium and lead,

identified in the shallow Flightline Area ground water were found in excess of

EPA MCLs. However, based on the nature of the metal occurrences they are not

believed to represent a ground-water contaminant problem at the site.

Following is a discussion of inorganic contaminants detected in the shallow

ground water of the Flightline Area.
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4.2.1.3 Metals

No two metals were detected in excess of MCLs in any samples

collected from the same well in 1990. In addition, in each case where an MCL

was exceeded, the exceedance was in the 'Total' metal 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 down during sample acidification and may

release ions into the fluid medium. The dissolved metals analyses, 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 from the 1990 analyt-

ical results. In addition, the fact that a dissolved metals analysis was not

performed during earlier sampling efforts, suggests that the previous data on

metal contamination in the Flightline Area are inconclusive.

In the 1990 sampling event, arsenic and mercury were each detected

above MCL values in single monitor wells in the Flightlmne Area. Table 4-4

shows the metals detected for 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 (LFO5-02). Mercury exceeded federal standards by 0.0042 mg/L in

FTO9-12D. 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 metals were found above established MCLs

in the same well. The lead contamination detected in monitor wells LFO5-01

4-20



TABLE 4-4. SUMMARY OF INORCANIC GROUND-WATER SAMPLING RESULTS, SPRING 1990,
CARSWELL AFE, TEXAS

FPA standard is designatedt M - Maimurn ConLmLnant Level (14CL).

Total Number of Sanples

Analytical Parameter

PA Standard
(14CL)

(mg(L)

Range
of DetectIon

Limits

Range of
Concfltrtions
of Constttu.nts

Detected

.nlys for
ConstLtunt

(No. of
Wll)

With Constituent
Detected

(No. of Wells)

Exceeding
EPA MCL
(No. of
WeJ.ls)

Metals

Aluminum 0.20-0.40 0.23-52 74 (35) 39 (35) 0

Antimony 0.10-0.11 ND 74 (35) 0 0

Arsentc 0.05 (H) 0.004-033 0.0041-0.053 148(35) 32 (24) 1 (1)
3rium 1.0 (14) 0.01-0.011 0.07-0.47 74 (35) 74 (35) 0

Beryllium 0.002-0.0022 0.003-0.004 74 (35) 2 (2) 0

Boron 0.60-0.66 0.061-0.92 74 (35) 4 (4)
Cadmium 0.01 (14) 0.005-0.0055 NI) 74 (35) 0

Calcium 1.00-2.00 99-740 74 (35) 74 (35)
Chromium 0.05 (H) 0.01-0.011 0.015-0.20 74 (35) 13 (12) 3 (31
Cobalt 0.01-0.011 0.012-0.039 74 (35) 12 (9) 0

Copper -- 0.02-0.022 0.024-0.047 74 (35) g (7) 0

Iron. -- 0.04-0.0&'. 0.041-61 74 (35) 62 (35) 0

Lead 0.05 (H) 0.003-0.055 0.003-0.09 148 (35) 55 (34) 2 (2)
l4agnesium 1.00-1.10 3.4-20 74 (35) 74 (35) 0

Manganese -- 0.01-0.11 0.012-5.00 74 (35) 60 (35) U

Mercury 0.002 (N) 0.0002-0.0018 0.0025-0.0062 74 (35) 2 (2) 1 (1)
Holybdernm 0.05-0.055 ND 74 (35) 0

NIckel 0.02-0.022 0.022-0.12 74 (35) i.2 (12)

Potassium 3.00-3.30 0.031-0 74 (35) 20 (13)
Selenium 0.010 (N) 0.005-0.33 ND 148 (33) 0

Silicon 1.001.10 4.2-110 74 (35) 74 (35)
Silver 0.05 (H) 0.01-0.11 0.011-0.027 74 (35) 10 (8)
Sodium 1.00-1.10 10-102 74 (35) 4 (35)
StrontIum 0.003-0.0033 0.029-1.1 74 (35) 74 (35)
Thallium 0.10-0.11 ND 74 (35) 0

Vanium 0.02-0.022 0.025-0.013 74 (35) 16 (14)
Zinc 0.02-0.22 0.024-0.012 74 (35) 59 (31)

Non-Metals

Chloride 1.00-1.00 5i-7. 74 (35) 37 (35) 0

Fluortdp 4.0 (H) 0.10-0.10 0.2-1.0 74 (35) 37 (35) 0

Nitrate as N 0.02-0.20 0.024-6.4 74 (35) 37 (35) 0

Orthophosphte 0.0l-0.0l 0.011-0.057 74 (35) 0 (9) 0

Sulfate 0.20-20.0 2.2-140 74 (35) 37 (35) 0

Total DIssolvEd Solids 9.00-9.00 9.0-760 74 (35) 37 (34) 0



and LF05-14 exceeded federal standards by a maximum of 0.021 mg/L. Chromiuni

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 MCL5

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. 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.

4.2.1.4 Ground-Water Quality Indicators

Analysis of nunierous 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 (except potassium) is

provided which is considered 'typical' for Tarrant County. Concentrations for

each analyte are in milligrams per liter.
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TABLE 4-5. SUMMARY OF GROUND-WATER QUALITY INDICATORS BY SITE, SPRING 1990,
CARSWELL AFB, TEXAS, WITH TYPICAL RANGE FOR TARRANT COUNTY

*Flightline Area averages were computed by the weighted probability method based upon the number of samples
taken at each site.

II
I

Site/Locality

AveraEed Concentrations. mg/L

Calcium Magnesium Potassium Sodium Chloride Sulfate
Total

Dissolved Solids

FTO8 150 7.8 3.3 70 22 87 680

FTO9 140 5.4 3.1 23.8 13 64.2 484

LFO4 136.6 6.6 3.3 29 25.5 61.3 565

LFO5 167.7 11.3 5.3 28.9 33.9 65.2 782

WPO7 140 5.4 3.1. 23.8 13 64.2 570

Flightilne Area* 149.7 8.1 4.0 30.2 25.4 64.9 641.3

Tarrant County 1-114 0-11 141-670 14-650 21-579 381-1735



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 FTO9, which falls slightly below

normal. Of significance is that a pronounced uniformity is evident between

each of the sites in the Flightline Area, strongly suggesting an overall

aquifer continuity, and further implying that the contaminants in the subsur-

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

4.2.2 Surface Water

Seven surface water samples were collected from the locations shown

in Figure 4-8. Samples were collected from four locations along Farmers

Branch, one from the unnamed tributary to Farmers Branch, and one each from

the two small ponds near the golf course maintenance headquarters. Surface

water sampling sites were selected both to characterize the nature and extent

of surface water contamination and to determine the relationship, if any,

between surface water and ground water contamination. Surface water samples

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

4.2.2.1 Organic Contaminants

Table 4-6 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 LFO5-53 to 1400 g/L at LFO5-S7. The

elevated concentration at site LFO5-57 strongly suggests communication between

the ground water and surface water at that location, as the concentration

detected falls within the TCE isoconcentration contours generated for the

ground-water analysis (Figure 4-2). Lower concentrations of TCE in samples

collected from the upstream portion of Farmers Branch appear to be the result
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Analytical Parsmeter

to

TABLE 4-6. SUMMARY OF ORGANIC SURFACE WATER SAMPLING RESULTS, SPRING 1990,
CARSWELL AFB, TEXAS

Total Number of Samples
Range of Ma1yes for Wtth Constituent EceedLng

EPA Range Concentrations Cotituent Detected and Scona EPA Standara
Stanaard of Detection of Cotitunt (No. of Column Confirmation (No. of

(pg(L) Limits Detected Locations) (No. of Locations) Locations)

EPA standards are deLgnted H - Maxtnnun Contaminant Level (HCL) and P - Proposea Maximum Contaminant Level (PMCL).

1,1,1 -Trichloroethane 200 (H) 0.20-10.0 ND (7)

1,1,2, 2-Tetrachloroethane 0.15-1.5 ND (7)

1,1, 2-Trich1orothane 0.20-10.0 ND (7)

1, 1-Dichloroethane 0.50-25.0 ND (7)

1, l-Dtchlorethene 7 (H) 0.20-10.0 ND (7)

1, 2-Dichlorobenzene 600 (P) 0.50-25.0 ND (7)

1 ,2-Dichloroethane 5 (M) 0.105.0 ND (7)

1 ,2-DI.chloropropane 5 (P) 0.10-5.0 ND (7)

1, 3-Dichlorobpnzene 0.32-16.0 ND (7)

1 ,4-Dtchlorobenzen. 75 (ii) 0.24-12.0 ND (7)

2-Chloroethylvinyl ether 0.50-25.0 ND (7)

Bromodichloromethane 0.10-5.0 ND (7)

Brotnoform 0.50-25.0 ND (7)

Bromomethane 1.2-59.0 ND (7)

Carbon tetrachloride 5 (H) 0.12-6.0 ND (7)

Chlorob.nzene 0.25-13.0 ND (7)

ChI oroethan. 0.52-26.0 ND (7)

Chloroform 0.10-5.0 ND (7)

ChI oromethane 0.30-15.0 ND (7)

Dibromochlorometbane 0.20-10.0 ND (7)

M.thylene chloride 0.40-20.0 ND (7)

T.trachlorothene 5 (P) 0.10-5.0 ND (7)

Trichlorothne 5 (H) 0.20-10.0 1.8-1400 (7) 8 (7) 6 (5)
Trichloro*luoromethane 0.20-10.0 ND (7) 0 0

VLnyJ. chlortde 2 (H) 0.20-10.0 0.56-3.7 (7) 2 (2) 1 (1)
c L1 ,2-Dichloroethen 70 (P) 0.20-10.0 3.1-310.0 (7) 8 (7) 1 (1)
ci-1 , 3-Dichloropropene 0.20-10.0 ND (7) 0 0

tran-1 ,2-Dtchloroethene 100 (P) 0.20-10.0 0.46-0.66 (7) 2 (2) 0

trans-i, 3-Dtchloropropene 0.34-17.0 ND (7) 0 0

Purgeabi.. Halocarbon (601) us/ L



of an upgradient contanhinant source. This is particularly evident at surface

water sample location LFO5-Sl, 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 sanipled at

this location contained a TCE concentration of 39 jg/L, which is above the MCL

of 5 g/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 inmiediately downgradient from LFO5 in the second round. No

detected levels of TCE exceeded federal MCL5. No relationship was established

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, LF05-53 and LFO5-54. The MCL for vinyl chloride was exceeded in

LF05-53 where a concentration of 3.7 zg/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. Concentrations of cis-1,2-

DCE ranged from 3.1 g/L to 310 zg/L. Trans-1,2-DCE was confirmed in samples

from two surface water locations, LFO5-52 and LFO5-53, with concentrations of
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0.46 ig/L and 0.66 ig/L, respectively. Of significance is that as in the case
of the ground water, a direct relationship existed between TOE and cis-l2-DCE
with regards to the relative concentrations and the occurrence of each.
Surface eater sample LFO5-S7 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 metals were detected in the surface water samples in excess of
EPA MCLs. Pariuin 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 LFO5-
S4 and LFO5-S7 at levels below the MCL for lead (0.05 mg/L). Minor amounts of
arsenic (below the MCL) were detected at LFO5S3. These concentrations are
not considered significant, since both barium and lead were coirimon in levels
below the MCLs in the ground-water samples. Arsenic concentrations at these
levels were also common in the shallow ground water.

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

Total Dissolved Solids;
Calcium;

Magnes iuxn;

Potassium;
Sodium;

Chloride; and
Sulfate.
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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. In 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
Tarrant County range for the indicators analyzed, being considerably below
what would be considered a 'normal' concentration. This was also the case in
the ground-water saiuples. The significant similarity between the averaged
surface water results and the averaged ground-water results strongly supports
the interrelationship of the two water systems. This interrelationship has
previously been discussed, and data generated at the site shows the unnamed
tributary to Farmers Branch to be an influent stream in the Flightline Area.
Only calcium differs slightly, with an averaged concentration in the ground
water of approximately 45 mg/L greater than that of the surface water. This

phenomenon is probably due to minor differences in the alkalinity of the two
systems.

4.3 Suximiary 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 LFO4, LFO5, WPO7, FTO9, and
Air Force Plant 4, have been postulated for the various or-
ganic contaminant plumes which occur in the Flightline Area.



*Flightline Area averages were computed by the weighted probability method based upon the number of samples
taken at each site.

TABLE 4-7. SUMMARY OF SURFACE WATER AND GROUND-WATER QUALITY INDICATORS, SPRING 1990,
CARSWELL AFB, TEXAS, WITH TYPICAL RANGE FOR TARRANT COUNTY

Locality

Averaged Concentrations. mg/L

Calcium Magnesium Potassium Sodium Chloride Sulfate
Total

Dissolved Solids

Surface Water Samples

Flightline Area*

Tarrant County

105.7

149.7

1-114

6.2

8.1

0-11

3

4.0

26.5

30.2

141-670

28.7

25.4

14-650

69.3

64.9

21-579

447

641.3

381-1735



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 has not revealed any contamination.

It is probable that no metal contamination exists in the Upper

Zone Aquifer of the Flightline Area, as no concentrations

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 unnamed 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.

Available evidence indicates the existence of a significant

upgradient source (or sources) of volatile organic con-

tamination, detected in monitor wells located upgradient of

the Flightline Area IRP sites; the upgradient source(s) is

probably also contributing to the total contamination detected

in the dowrigradient Flightline Area wells; and Flightline Area

IRP Sites LFO4, LFO5, WPO7, and FTO9 are also contributing

some component of the detected dowugradient concentrations of

volatile organic compounds to the contsminant plunie.

Further investigation is required in the area between the

Flightline Area sites and the upgradient source(s) to deter-

mine the relative contributions of each to the overall con-

taminant plume.
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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 metals, were

identified in the ground water at levels exceeding federal primary drinking

water standards. Risk assessments were performed earlier during the Phase II

Stage 2 investigation, however these focused principally on airborne hazards.

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 Transforniation

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

resorption. Additionally, the nature of the contributing source(s), with
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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 'mobiles solute based

upon its relatively low affinity to adhere to particles in the solid matrix.

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

a

where: - the soil-water distribution coefficient;

a8 - the activity of the solute in the soil matrix; and

- the activity of the solute in the aqueous phase.

Mobility classes range from 'inimobile 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 (1d) 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 1d 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 l,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 Area. It is noteworthy that the half-lives for these pathways vary

from tens of days to two to three years, and the pathway to cis-1,2-DCE is

generally favored. Since TCE and PCE formerly were both widely used in-

dustrial solvents, some amourt of TCE is probably from a primary source. It

is doubtful that the sole source of TCE detected in the Flightline Area is

from the breakdown of PCE. However, with the limited amount of BCE detected,

either a significant portion of the original concentration of this solvent has

broken down into TCE or related daughter products, or the original volume of

PCE was much lower than TCE.

5.1.2 Flightline Area (Golf Course) Data

Figures 5-2, 5-3 and 5-4 present the isoconcentration maps gen-

erated for TCE, l,2-DCE and vinyl chloride, respectively. This discussion of

fate and transport of the ground-water contamination does not consider the

data north of the Farmers Branch underground aqueduct. There are insufficient

lithologic and hydrogeologic data from the area between monitor well LFO5-Ol

(to the north) and monitor wells LFO5-5A and LFO5-5E (to the south) to support

interpretation of contaminant relationship between the areas.

Based on the previous discussion and the knowledge that l,2-DCE and

vinyl chloride are not known to be used at the base, it is reasoned that the

presence of l,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-water sampling, the apex of the

TCE plume was centered along White Settlement Road, roughly

hydraulically downgradient from Landfill 4 (LFO4);
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A small irregular area of elevated TCE concentrations is

present around monitor well LFO5-14, downgradient from Land-

fill 5 (LFO5);

The l,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 l,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 l,2-DCE and vinyl chloride having occurred, and a

later release from LFO4, where time has allowed only degradation to l,2-DCE to

occur. Furthermore, the overall release of contaminants from LFO4 may have

declined somewhat with time, as concentrations of TCE inunediately downgradient

from LFO4 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 l,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 iany 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

l,l-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-tertn 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 l,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 WPO7-1OS, is now centered between

monitor wells LFO4-4G and LFO4-02. 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

where: v - average ground-water flow velocity

K - hydraulic conductivity of Upper Zone Aquifer

(average 2.8 x l0'' cm/sec or 785 feet/day),

i hydraulic gradient (0.0035) in the Upper Zone; and

- estimated porosity of the tipper 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 flat

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 math 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 directioxis 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 plwne 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, LFO4-04 and

LFO5-19 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 LFO4-04 and

LFO5-19 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 l,2-DCE were

found in high concentrations in surface-water sample LFO5-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 LFO5-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 l,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 g/L

in monitor well LF04-04, south (downgradient) of the unnamed tributary. Also,

test well LF05-19 is located east of the unnamed tributary and has a TCE

concentration of 1300 ig/L. Migration of a portion of the contaminants

continues in an east-southeasterly direction past the location of LFO4-04.

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 ig/L, found in

surface-water samples collected in two small ponds located immediately north

of monitor well LFO5-14, 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 Faruters 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 unnamed tributary to Farmers Branch is discussed in Section

5.2.2, below.

TCE has not been encountered as a dense non-aqueous phase liquid

(DNAPL) in monitor wells installed in the Flightline Area, however, if DNAPL

does exist, it would tend to sink due to the difference in specific gravity

between TCE and water. Figure 5-8 depicts a structural contour map drawn on

the top of the Goodland/Walnut Formation, which is the aquitard beneath the

Upper Zone and considered to be the limit of vertical contamination. It is

probable that migration of any DNAPL would be influenced by the configuration

of the top of the aquitard. The solubility of TCE in water is 1100 mg/L, and

based on the analyses received from the various sampling efforts, con-

centrations sufficient to warrant the presence of TCE as a DNAPL are not

expected in the Flightline Area. While TCE may have been released in a pure

phase from one of the source sites, immediate and extensive dilution occurs as

the leachate enters the ground water, as reflected in the TCE concentrations

detected in downgradient wells. Based on the concentrations of contaminants

detected in the Flightline Area contaminant plume, the density of the water

would not be expected to be much greater than that of fresh water. However,

preferential migration of the contaminant plume through the thickest Upper

Zone sand and gravel deposits and above the most eroded surfaces of the

underlying aquitard is occurring in the Flightline Area.

5.22 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 l,2-DCE based on the sample location. In

addition, the Farnzer Branch is fed by the small unnamed tributary draining

the southern portion of the study area, from which the most highly con-

taminated 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. Jhile 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

l,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 l,2-DCE contamination was

detected in sample LFO5-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 l,2-DCE in the ground water

(on the order of 1300 pg/L and 280 tg/L, respectively) are discharging as

surface water in the vicinity of surface-water sample location LFO5-57. This

water, in turn, discharges directly into Farmers Branch in the third reach,

and constitutes the principal pathway for off-site and off-base migration.

Since the unnamed tributary to Farmers branch is considered equivalent to a

direct discharge of the main TCE plume, the discharge of the tributary and

also Farmers Branch were calculated to determine the effects of dilution as

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

Q vA

where: Q - discharge

v - 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 unnamed tributary. Surface-

water sampling results confirmed this, as the TCE concentrations between

samples LFO5-57 and LFO5-56 (1400 pg/L and 43 pg/L) appear diluted by a factor

of 33 and l,2-DCE concentrations between the same two locations (310 pg/L at

LFO5-S7 and 8.4 pg/L at LFO5-56) appear diluted by a factor of 37.
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It appears that the most highly contaminated portion of the ground-

water plume is migrating to the east. The concentrations of organic con-

taminants in the unnamed tributary, and hence in Farmers Branch, may increase

in the future if the contaminant apex intersects the unnamed tributary.

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 l,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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Aquifer

Aquitard

ARAR

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

Artesian term applied to ground water confined under
hydrostatic pressure

BLS below land surface

DOD TLS. Department of Defense

ECD electron capture detector

EICP Extracted Ion Current Profile

EPA U.S. Environmental Protection Agency

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

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

FDTA Fire Department Training Area

FS feasibility study

CC gas chromatography

CC/HSD gas chromatography/halide specific detector

CC/MS gas chromatography/mass spectroscopy

CFAA graphite furnace atomic absorption spec troscopy

1

GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

atomic absorption

AFB Air Force Base

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



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

gpd gallons per day

gpm gallons per minute

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

IRP Installation Restoration Program

MCL Maximum Contaminant Level

MS mass spectroscopy

MSL mean sea level

MS/MSD Matrix Spike/Matrix Spike Duplicate

NCP National Contingency Plan

OEHL Occupational and Environmental Health Laboratory

OVA organic vapor analyzer

O&G oil and grease

PCB polychlorinated biphenyl

PID photoionization detector

piezometric/potentio - an imaginary surface representing the static
metric surface head of ground water defined by the level to

which water will rise in a well

PMCL proposed maximum contaminant level

ppb parts per billion

ppm parts per million

QAPP Quality Assurance Program Plan

QA/QC Quality Assurance/Quality Control

RI/FS Remedial Investigation/Feasibility Study

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

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

TGE trichloroethene

TDS Total Dissolved Solids

TOG 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

VOG 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.)

MultjDlication Factor Prefix Symbol

l,OOO,OOO,OOO,OOO,OOO,OOO..lO exa- E

l,000,000,000,000,000_1012 peta- P
lOOOOOOOOOOOO_lO9 tera- T

1,000.000,000-106 giga- G

l.00OOOOlO3 niega- M

1,000-102 kilo- k
100-10 hecto- h
10.-loll

O.11O2 deci- d
O.011O3 centi- C

O.00l_l06 inilli- a
0.000 001=109 micro- u

0.000 000 OOl_1012 '°
0.000 000 000 001-10 , pico- P

0.000 000 000 000 00ll0' fento- f
0.000 000 000 000 000 00ll0 atto- a

ppnl(parts per million) - mg/kg, ug/g, ng/nig, pg/ug, mg/L, ug/niL, ng/uL
ppb (parts per billion) - ug/kg, ng/g, pg/mg, ug/L, ng/inL, pg/uL
ppt (parts per trillion) - 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 (1989))
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J

I DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CARSELL AFB,

TRP PHASE I! STAGE 2

LOCATION: Ftigtittfne Area
DRILLING AGENCY; ErwirorinentaL DritLers Inc.
HOLE NO.: LFO4-01

NAME OF GEOLOGIST: 5. E. Fain
CXRDIMATES OF HOLE:

X: 2019579.19 Y: 397653.57

- Depthl Graphc BLc

(Ft.) L Cosat
0 U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/SDSM

U/SOFN

INSTALLATION: CARS'sELt. AFB. TX I SHEET 1 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 40.1 ft BGL
DATIJI FOR ELEVATION SH: sea LeveL
NA*IFACTURER'$ DESIGNATION OF DRILL: Nabie DriLl 5-61
NO. OF SAMPLES TAKEN: 17

ELEVATION GRJND JATER: 600.26 ft MSL (6/18/90)
DATE HOLE ESTABLISHED: 3/23/90
SURFACE ELEVATION: 626.50 ft MSL
BACKGR(XMD:

MEASIING POINT ELEVATION: 62924 ft HSL

Ct.y Dark bro, sLightLy siLty, very stiff, dan
minor sLL graveL.

Clay: As above, 5 - 10% caLcareous materiaL (noduLes,
mottLing).

CLay: Orange/8roe, silty, minor fine sand, calcarecus
materiaL - 10 - 20% of sairLe, very stiff.

CLay: As above, mottLing of various coLors is disturbed
Looking.

Clay: As above, - 20% green siLty cLay.

Clay: Orange/brown with greenish mottLing, siLty,
sandy, - 1% caLcareous materiaL, firm.

Sand: Orange/brown, very ctayey and siLty; very tine to
fine grained, bedding (horizontaL) evident, dan: CLays
occur mainLy in 2 - 4 in. se - every foot.
Snd: As above.

Sand: Burnt orange, fine grained, sLightLy cLayey,
d, quartzose, CLay occurs as thin seMIs.

Sand: Tan, fine grimed, Loose, 95% quartz, dan;
oxidation stained Lninee 21.5 - 22 ft.; 0.4 ft. clay
sew 21.1 . 215 ft.

A-3

Remarks

FuLL rcoverjes
..aLess noted.

CouLd not cut with
knife.

Boring does not
appear to encouter
fiLL materiaL (Like
LFOS-02).

1.2 ft. Recovery

4.2 ft Recovery.

2

4

6

S

10

12.3

14

16

19

Soil
Class/Cod. IvisuaL DscriøtOn



j

DRILLING LOG I RADIAN CORPORATION

PROJECt: CARSLL AFS,
JRP PHASE II STAGE 2

LOCATION: FLig$itLine Area
DRILLING AGENCY: Envir,rmontaL Drillers.
HOLE NO.: LFO4-Ol

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

X: 2019579.19 Y: 397653.57

25

29

32

34

39

40

INSTAI.LATIOSI: CARSILL AFB. TX I SHEET 2 OF 2 SHEETS

TOTAl. DEPTH OF NOtE: 40.1 ft BGL
DAT% FOR ELEVATION SN: sea LeveL
HAJIUFACTI*ER'S DESIGNATION OF DRILL: Nobile DriLL B-61

Inc. 10. NO. OF SAMPLES TAKEN: 17

ELEVATION GROUND WATER: 600.26 ft NSL (6/18/90)
DATE HOLE ES1ABLISHED: 3/23/90
SURFACE ELEVATION: 626.50 ft NSL
BACKGROUND:

IS. MEA*ING POINT ELEVATION; 629.24 ft NSL

Remorks

Sand: As above, heavily oxidized 24 - 25 ft.

Clay: Brown, gray In I - 2 in. seanm, oxidation
mottLing, sandy (fine grained), cohesive, moist;
getting sandier past 28 ft., wet at 28.5 ft.

Clay: Brown, very sandy, saturated, sLightLy cohesive;
sand is very fine to fine gralned, -30 . 40%; 31 -32
ft. cLay, LittLe sand; 32 - 34 ft. sand with minor
cLay.

Sand: Burnt orange (heavily oxidized), fine to mediuti
grained, slightly cLayey, slightly cohesive. Increasing
coarseness and 10 - 20% graveLs (smeLL) 33 - 34 ft.

Sand and Gravel: Orange, 50/50, wet; sands very fine to
very coarse grained, poorly sorted; gravels bimodal:
chert and quartz gravels, mostly granule and smeLL
peCbLe size; Large graveL (20 - 50 em) is very
fossiliferous limostone CLasts.

Sand and Gravel: As above, nuaeroia sheL L franents

NarL: Liaestcne, weathered, chaLky, fissiLe.

A-4

IL L. Neasured
down augers at 29.6
ft. BLS, V. L.
after conpLetion
27.5 BLS, 3.6 ft.
Recovery.

3.0 recovery at 36
ft.

SmipLer RefusaL at
40.0 ft.
Drove 1 1/2 in.
5.5 ft. smter; 50
bLows I in.; 1.0.
= 40.1.

U/SOFN

U/CLLR

U/CLLR

U/SOSM

U/SDGR

U/SOGR

50 U/MARL

Depth Graphic

(Ft.) Log

24

B Low Soil
Cowfl class/code Visual DescriptiOn



DRtLLING LOG I RADIAiI CORPORATION

PRO4ECT CARLL AFB,
IRP PHASE II STAGE 2

1.00AIICN: FLlghtLine Area
DRILLING AGEWCY: EnvirormientaL DriLLers.
HOLE NO.: LFO4-02

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

X: 2020510.50 Y: 397732.54

j
Depth Graic
(Ft.) L

0

2

4

6

8

11

00'00

16.5

18.5

13

13.5

BLow

Cownt

Soil
CLass/Code

UICLLR

UI CL LR

U/CLLR

U/CLLR

UICLLR

U/SDGR

U/SDLR

U/SDLR

I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 2 SHEETS

TOTAL DEPTN OF HOLE: 37.7 ft BOL
DATIJi FOR ELEVATION SNONW: see LeveL

mANUFACTURER'S DESIGMATION OF DRILL: MobiLe DrILL B-61
inc. 1 10. NO. OF SAMPLES TAKEW: 14

1 11. ELEVATION GROL1 WATER: 597.45 ft KSL (6/18190)
12. DATE HOLE ESTASLISNED: 3/28/90

I 13, SURFAcE ELEVATiON: 621.00 ft HSL
I 14. BAcKGRaJHD:

t 15. NEASURING POINT ELEVATION: 623.68 ft MSL

Rearks
FULL smiiLers
ttLes noted.

VisuaL DescriDtion
Clay: Dark broiu'i, siLty, fine, roots, d,
carbonaceous staining.

CLay: As above; at 3.0 ft. going to orange/brown, siLty
clay with 5 - 10% caLcareous umteriaL.

CLay: As above.

Clay: Orange/brown, very siLty, minor very fine grained
sand, stiff, caLcareous niLes, cerboaceous streaking.

Clay: As above, increasing caLcareous amiterieL to 30%.

Sand and GraveL: Orange, very poorLy sorted, coflesive,
cLayey, silty, ebuidant caLcareous ,imiteriaL.

Sand: Orange, fine grained, minor Larger sizes to
coarse, sLightLy cLayey end siLty, deep.
Sand: As above, increasing coarseness with depth, 5
10% siiLL graveLs.

A-5

1.5 ft. Recovery

0000'
00' UISDLR Sand: As above, ILy; changing to tan, fine to

nadiijii grained, Loose, quartzose at 18.0 ft., dan.

00'
U/SDLR Sand: As above, weLL sorted, mediun grained, deep; 0.4 3.5 ft. Recovery

.0.0.1 ft graveLLy zone at 21.5 - 21.9 ft.

00
0.0.I
00

.0.0.1
0.0



DRILLING LOG I RADIAN CORPORATION

PROJECT: CARSILL AFS.

IRP PHASE ji STAGE 2

LOCATION: Ptiqtttfne Area
DRILLING AGENCY: Erwirorsientat Dritters. Ire.
HOLE NO.: LPO4-02

MAIIE OF GEOLOGIST: S. E. Fain
COGRDINATES OF HOLE:

X: 202051030 1': 397732.54

Depth Graiic
(Ft.)J _J00

00
o-c.
00
00'
000000

00
00'00
00'00

00
'OO00
-00
00
Q.Q.

U/SOLR

U/SDLR

U/SDLR

U/MARL

INSTALLATION: CARSWELL AF$. TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 37.7 ft BGL
DA1'I FOR ELEVATION SHQ: sea tevet
MAHUFACTt*EH'S DESIGHATIC* OF DRILL: Mobile Dritt 8-61

NO. OF S*ILES TAXEII: 14

EI.EVATION GRJC MATER: 597.45 ft MSL (6/18/90)
DATE HOLE ESTABLISHED: 3/28/90

.RFACE ELEVATION: 621.00 ft NSL
AcORJwD:

15. ASURING POINT ELEVATION: 6a.68 ft NSL

Sand: Orange/tan. edii. grained. watt sorted.
si.tw'oiz. >9OZiartz; 0.3 ft. graveUy zone at 27 ft.
saturated at 28 ft.

Sand: As aboye 1-3% gr.rjLe size gravel.

Send: Tan. medius gr.iried quartzose. toose wet. 5%
gravels to 25 me.

Limestone: Marty. weathered sand and gravet interanxed.
fissite.

A-6

Remarks

4.0 ft. Recovery

W. L. measured at
28.1 ft. BLS, 5.0
ft. Recovery

3.7 ft. Recovery.

1.0. 37.7 ft.

Description
Btow Salt I

ICtass/Code JVisuat



J

J

I 4. HOLE NO.:

DRILLING LOG I RADIAN CORPORATION

PROJECT: CARLL AFB,
1RP PHASE II STAGE 2

LOCATION: FLihttine Area
DRILLING AGENCY: Enviroia.ntat DrilLers.

Lr04-03
NAME OF GEOLOGIST: S.

COORDINATES OF HOLE:

X: 2020506.79 Y:

IDeoth Graphic SLow

Rt.)I Log Couit
0

2

4

6

8

10

12.1

14.5

0000
00

I INSTALLATION: CARSILL AFB. TX I SHEET I

I 7. TOTAL DEPTH OF HOLE: 37.6 ft BOL
8. DATIJ4 FOR ELEVATION SH,Nl sea LeveL

I 9. MANUFACTURER'S DESIGNATION OF DRILL; MobiLe DriLL
J 10. NO. OF SIJWLES TAKEN: 14

I 11. ELEVATION GRO.IID WATER: 597.58 ft MSL (6/18/90)
B. Btot,n. S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/20/90

1 13. S*FACE ELEVATION: 620.50 ft MSL
SACG*OUI:
NEASIMING POINT ELEVATION: 623.25 ft MSL

397683.46

SoiL

IClass/Code
U/CLAY

U/CLAY

U/CLLR

U/CLLR

U/CLLR

U/CLLR

UISDN

U/SAND

U/SDLR

Inc.

VisuaL Descrtption
CLay: Bro, soft to fir., sa.,-pLasttc, with fine
root Lets and .irlor carbensceoua streaking end
particLes, ist to wet.

Clay: As above, fir, to stiff (stiffena to base), minor
c.Lcareous debris, nere abisdant carbonaceous staining,
very stiff; 3.8 - 4.0 ft.

CLay: Orange/brom at 4.1 ft; brittLe, danp, W.aidant
c.tcareous debris, sLickensided, caLichified with sIw
authigenic mineraLization (crystaLs of CaCQ3 in sheLL
frags.); very hard, siLty.
Clay: As above, very stiff, sLightLy sandy and silty.

CLay: As above, few Large CaCQ3 pebbLes (25 lila),
increasing cL.careoua eateriaL With depth, very fine
grained sand.

CLay: Orange/brown, siLty, cohesive, daii, > 30%
catcareous materiaL, stiff.

Sand: Orange, fine greiried, Loose, deep, quartzose.
weLL sorted; at 14.3 ft. sharp change to tan, very fine
grained sand, heavily oxidized in Laeinae.

Send: Orange, fine to madius grained, jartzose, danp,
Loose; graveLLy sea. 15 15.5 ft.

Sand: Orange/tan, fine to mediun grained, daep, loose,
s&Eroisid, 90% qiartz, 1 - 3X smaLL graveL and sheLLs.

A- 7

O 2 SHEETS

Hard pushing.

8-61

Remerks

FuLL recovery
unLess otherwise
indicated.

Too stiff to cut.

1 ft. recovery,
ST. Rig broken.
Continue after
repairs.
Cat iche Layer at
12 ft., driLLing
through.

3 ft. Recovery.

4 ft. Recovery.



DRILLING LOG I RADIAN CORPORATION

PROJECT: CARSLL AFB,

IRD PHASE II STAGE 2

LOCATION: Ftightlfne Area
DRILLING AGENCY: Envirorantal Drillers. Inc.
HOLE NO.: LF04-03

NAME OF GEOLOGIST: S. B. Bloiz,t, S. E. Fain
COORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

'00'00000'00000'00000I
0c00'

Depthl Gr.Ølic
I

Ft. L.- C0uit

24.5

29.5

32

34.5

37.5fj 50

Soil

U/LR

U/SOLR

U/GRVL

U/GRVL

ode

U/MARL

sual Descri.tlon

Send: Orange/ten, fine to medu,. grained, wet, loose,
0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

Sand: As above, saturated.

Gravel: Varicolored, to pebte size (30 mu), shells,
C1OZ sand, saturated.

Gravel: As above, mainly small pebble size (5 . 10 urIs),
shells, s.tenguLer to souuded, large percentage of
chert.

Hart: Chalky gray, irojrat.d, oxidation stained
throughout.

A-8

Remarks

Ii. L. measured at
26.3 ft. BIs. 2.6
ft. recovery.

3.2 ft. Recovery.

Sler refuami at
37.5 ft., drove 1

37.6 ft.

i

1/2 in. S_S. 50
blows 1 in.; T.D.

INSTALLATION: CARSILL APB. TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 37.6 ft BGL
DATIJI FOR ELEVATION SNAI: sea level
NANUFACTIRER'S DESIGNATION OF DRILL: Mobile Drill B-61

MD. OF SAILES TAKEN: 14

ELEVATION G*WND WATER: 597.58 ft MSL (6/18190)
DArE HOLE ESTAILISHEP: 3/20/90
SI.FACE ELEVATION: 620.50 ft NSL
BACKGRJID:

PASIMING POINT ELEVATION: 623.25 ft NSL



Depths Graic
(Ft.)
0

.0.0.1
P00
p..0.0

P0-0
0.0.I
P00
P0-000'
P00
0.0.s00

1.5

4

6

8

10

Blow Soil
Cost class/Code

U/CI.LR

INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 25.4 ft SGL
DATI FOR ELEVATION SHOWN: sea levet
MA*JFAC1URER'S DESIGNATION OF DRILL: Mobile Drill B'61

Inc. I 10. NO. OF SAILES TAKEN: 10

ELEVATION GROUND WATER: 595.32 ft MSL (6/18190)
DATE HOLE ESTABLISHED: 3/20/90

J 13. SIIPACE ELEVATION: 609.40 ft MSL
BACKGRJlD:

MEASURING POINT ELEVATION: 612.07 ft MSL

Visual DescriOtion
Clay: Red/broi.. s.uy, si tty, d, cohesive, roots;
increasing sand with depth.

Sand: Red/breei, cl.yey, cohesive, minor smeLl gravel.
daep. decreasing cLay content with depth.

Sand: Orange. fine to mediija graineci, slightty
cohesive, qtartzose d, s,.tangutar to si.rorided.

Sand: As above, onLy tan and loose.

Sand: As above, d.

Sand: Ten with occassjcnal iron stained thin beds.
loose, danp, fine to meditja grain.d; 1 - 3% graveLs
starting at 12.5 ft.

Sand and Gravel: Fine sand to pebbLe size gravel,
sLightly clayey, shells, 50/50 sand to graveL, mainly
quartz/chert, wet.

Gravel and Sand: As above, but gravel content
increasing to 70%, graveLs meetly 5 - 10 ma; but some
to 0 , sand mainly coarse greined. Limestone clasts;
23 - 24 ft. slightly irójrated - increased limestone
content.

A-9

I Remarks

FuLl sa(.
recoveries uiless
noted.
1.6 ft. Recovery.

1.7 ft. Recovery.

1.5 ft. Recovery.

3.7 ft. Recovery.

3.5 ft. Recovery.

4.0 ft. Recovery.

DRILLING LOG I RADIAN CORPORATION

PROJECT: CARSLL AFB,
IRP PHASE II STAGE 2

LOCATION: Fliqhtline Ares
DRILLING AGENCY: Enyirereental Drillers.
HOLE NO.: LFO4-04

j 5. NAME OF GEOLOGIST: S. E. Fain
6. CXRDINATES OF HOLE:

X: 2021365.82 ': 397554.53

13.7

19

U/SDSI4

U/SAND

U/SAND

U/SAND

U/SDLR

U/SDGR

U/GRSM



I DRILLING LOG j RADIAN CORPORATION

I 1. PROJECT: CARLL AFB.

J IRP PHASE II STAGE 2

J 2. LOCATION: FtiQhtline Area

..- '- '-.
.o.o.c
cQ.p.
QP.c

I INSTALLATION: CA2LL AFB. TX SHEET 2 OF 2 SHEETS

J 7. TOTAL DEPTN OF HOLE 25.4 ft 861
I 5. DAUJ1 FOR ELEVATION ShOWN: sea level
I 9. MAWJFACTURER'S DESIGNATION OP DRILL: Mbik. Drill 8-61

AlU

blows 4.0 in.;
1.0. = 25.4 ft.

J 3. DRILLING AGENCY: Drillers. Inc. I 10. NO. OF SMLES T*EN: 10

4. HOLE NO.: LFO4-04 I 11. ELEVATIOSI GRUNO lTER: 595.32 ft RSL (6118/90)
J 5. sai OF GEOL GIST: S. E. Fain I 12. DATE ISOU ESTABUSHED: 3120/90

6. COORDINATES OF NOLE:

X: 2021365.82 Y: 397554.53
I 13. SImFACE ELEVATION: 609.40 ft MSL
I 14. BAUGRaJm:
I 15. MEA*ING POINT ELEVATION: 612.07 ft MSL

Depth Graphic Blow

(Ft.) Log J Cotrut

Soil
Class/Code [Visual DescriDtian R errks

24

25

coc
300

50

U/GRSI4

U/MARL

Gravel ar Sand: As above.

Limestone: (Marl) White/gray with iron staining in
fractures, irJrated, shaley parting.

Sacler refusal at
25.0 ft. well
drive 5.5 ft.; 50



Depth

(Ft.)
0

I DRILLING LOG RADIAN CORPORATION

I 1. PROJECT: CARS1LL AFB,

IRP PHASE II StAGE 2
2. LOCATION: FLightLine Area
3. DRILLING AGENCY; ErwiromentaL
4. HOLE NO.: LF0405
5. NAME OF GEOLOGISt: S. B. BLotrit
6. COORDINATES OF HOLE;

X: 2020805.42 Y: 397347.91

Graphic SLow Sell
Los Cotit ICLass/Code

LI/CLLR

)00
0-0s

.o.o.s00
*oc5
00
00'
.p.p.I

IVisuaL Description

INSTALlATION; CARSWELL AFB. TX I SHEET I OF 2 SHEETS

7. TOTAL DEPTH OF HOLE: 26.1 ft BGL
8. DATIJI FOR ELEVATION SNOlfl: sea LeveL

I 9. MANUFACTURER'S DESIGNATION OF DRILL:

DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 12

11. ELEVATION GRC*JND WATER:

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

J 13. SURFACE ELEVATION: 608.80 ft NSL
14. BACXGRUJID:

I 15. MEASURING POINT ELEVATION:

CLay: Dark brom grading to broel end orange mottled,
fine roots, soft to fir, d, silty with minor (C 5%)
celcareota debris ar carbonaceous streaking.

Clay: As above, calcareous debris in smoLL caLiche
pockets (C5 n119.

CLay: As above, caLcareous debris zone 4.6 4.9 ft.,
otherwise Less than 5%; softer, moist.

Clay: As above, mottLing decreased ia,if ore orange
coLor; caLcareous debris and rootlets c 2%; increased
silt to aLmost cLayey silt.

Sand: Tan/jff at 8.8 ft.; very fine to fine grained,
moderate to poor sorting, si.enguLar, ertzose with '
95% quartz and heavy mineraLs, very Loose, deep, minor
cLay Lenses at top, few coarse sheLL fragments.

Send and GraveL: at 11.1 ft. sand is as above, oxidized
orange, wet, very poorly sorted; gravel is - 30%,

average 10 ma, CaCO3, minor cLay makes entire sLe
fairLy cohesive; CLay increases to 13 ft.
GraveL, Sand, and CLay: As above, grCve& 4O%

GraveL and Sand: As above, with minor clay.
GraveL and Sand: Orange, 60% + graveL, average 20 ma
to 80 ma; very poor sorting, si.rouided; coarse
fraction predoninantLy CaCO3 frags; finer fraction
predoninantLy vericLored SLA)rot,Ided quartz grains; sone
smoLL sheLL frags (sand sized), very loose; wet.

GraveL and Sind: As above, graveL is 'coarse' as ebove
- average 20 ma; sand is fine to coarse grained,
qu.rtzo.e, Loose, wet, very porLy sorted, si.tanquLar.

A-il

MobiLe DriLL 8-41

I Remarks

FuLL s&ers
ulles noted
otherwise.

1 ft. Recovery.

1 ft. Recovery.

1.5 ft. Recovery.

15 ft. Recovery,
Very sharp contact,
seepLe disturbed
(in piLe).

1 ft. Recovery.

Water in hoLe at
12 ft.; U. L. =
12.72 ft., 13 to 14
ft. no recovery.

Poor recovery;
gravel sU.d out.

Possibly graveL
onLy; sLe poor;
s.nd recovered may
be sluff.

1

2

4

6

8.8

12

14

16

19

LI/CLLR

LI/CLLR

LI/CLLR

Li/SDSI4

LI/SDGR

Li/GRSM

LI/GRSN

U/GRSN

1.110*514



2.QO
o-oc:

_%. rs

25.8

24 GraveL and Sand: As aboy,, good coarsening dowiward
seq., fine to diva grained sand to sand & graveL to
cLean fine graveL to coarse graveL; sand is same as 11
to 12 ft.
MarL: I4igflLy caLcareous, fissiLe. semi-indurated,
shaLey cLay; Light to medi,.gn grey, heaviLy oxidized
between Lemma, hirder to base (ctay-Uke t top),
brittLe, wet.

A 12

Refused t 26 ft.
Went in with $5; 50
bLows went c 0.1
ft Aunt coarse
graveL on augers
when rejioved. T.D.
at 26.1 ft.. HoLe
caved to 14.5 ft.
after auger
re,nova L.

DRILLING LOG I RADIAN CPORATION INSTALLATION: CARS4EL&. AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSLL AFE,

IRP PHASE II STAGE

I 7. TOTAL DEPTH OF HOLE: 26.1 ft BOL
2 I 8. 0A1IM FOR ELEVATION SNOIl: see LeveL

2. LOCATION; FLhtLIn. Area I 9. NAIIUFACTURER'S DESIGRATION OF DRILL: MobiLe DrILL 5-61
3. DRILLING AGENCY: Envirws..taL DriLLers. Inc. I 10. NO. OF S**LES TAKEN: 12

4. HOLE NO.: LFO6-05 I 11. ELEVATION GECUIR) UATER:

5. NAME OF GEOLOGIST: S. . 8Loist 12. DATE HOLE ESTABUSHED: 3/28/90
6. DINATES OF HOLE:

X: 2020805.62 Y:

I ¶3. SI.FACE ELEVATION: 608.80 ft MSI.
397347.91 I 14. SAcGRU*:

15. MEA*ING POINT ELEVATION:
Depth Graphic
(Ft.)1 Loq

B Low

Couit
SOIL

CLass/Code IVisuaL DescriBtion Remerks

U/GASH

50 U/MARL



I DRILLING LOG I RADIAN CORPORATION INSTALLATION; CARSLL AFB. TX I SHEET 1 OF 2 SHEETS

PRDJECT: CARSWELL AFB, 7. TOTAL DEPTH Of NOt.E: 31.5 ft BGL
IRP PIASE II STAGE 2 8. DAUJI FOR ELEVATION SHOWN: sea Levet

LOCATION: FLightine Area 9. MANUFACTURER'S DESIGI4ATION OF DRILL: MobiLe DriLL 8-61
DRILLING AGENCY: \çnviro........taL DriLLers. Inc. 10. ND. DF SAMPLES TAKEN: 13

HOLE NO.: LFO4-06\ 11. ELEVATION GMJII) WATER:

NAME OF GEDLOGIST: 5. 8. BLout 12. DATE HOLE ESTABLISHED: 3/28/90
13. SURFACE ELEVATION: 613.30 ft MSL

397210.60 14. BACGRJI:
15. MEASURING POINT ELEVATION:

cCORDINATES DF

I X; 2020593.25

IDrthI Grapflic
I(Ft.) Log

0

2

3.3

5.4

8

10

14

16

20

- -
0.0

o.0..
Q.Q.
0000
00

09
c.0.I

>00
o.o.
iOO
o.o.
>00
o.o.
J0.

o.o

HOLE:

B Low

CoLrlt
I

SoiL

jc Lass/Code

U/CLLR

U/CLLR

U/CLLR

U/SA)ID

U/SDLR

U/SDLR

U/SOLR

U/SOLR

U/SOLR

IVisuaL Descrintion
CLay: Brown, soft to firm, si-pL.stic, sandy in
intervaLs (1 1.5 ft.), roots, moist, minor caLcerecus
fLecks.

CLay: As above.

Clay: Brown, firm semi-brittLe, azant caLcareous
debris, dry to d. minor roots, cat iche zone to 5.4
ft.; caLche is dry wflite/bro.ii mottLed, brittLe,
sandy with caLcareous and carbonareous debris.
Sand: Drange, very fine grained, si.troued, moderateLy
sorted, quartzose wI c 95% q..rtz, dry, Loose w/ minor
roottets. few sheLL fraents 3 nia.

Sand: As above, cLayey soiL horizion at top with
pebbLes (caLcareous), roots.

Sand: As above, thin pebbLe Layer at 10.2 - 10.5 ft.
(pebbLes catcereous and t to 15 on); sand beLow very
fine grained with soem coarser fraction, poorLy sorted,
few catcareous pebbLes c 10 umi, minor sheLL frags,
singLe graveL cLast - 25 ian.

Sand: As above.

Sand: YeLLow.orange, very fine grained, su.anguLar,
moderateLy weLL sorted, q.mrtzose ? 95% qiiartz, Loose,
moist to 17.5 ft., moist to wet to 19 ft., wet beLow;
minor graveL < 1% throughout; coLor
L.minati oris/mott L ing, coarsening dowrward.

Sand: Light brown/tan, very fine to medii.ai grained,
very poorLy sorted, anguLar. qiiartzose with S - 10%
heavy mineraLs, Loose, saturated, rock fra9nents (very
coarse sand/fine pebbLes) increase to base - 25% fron

A 13

Revmrks

FuLL recovery
unLess noted
otherwise. 1 ft.
Recovery.

Sharp contact.

Musky odor.

ST refusaL at 12
ft.; drive SS.

Water in hoLe at
20 ft. Sand and
graveL.



DRILLING LOG I RADIAN CORPORATION

PROJECT: CAASILL AFB,

IRP PHASE II STAGE 2
LOCATION: FUghtLine Ares
DRILLING AGENCY: ErwirorrnentaL DriLLers.
HOLE NO.: LFO(.-06

NAME OF GEOLOGIST: S. B. BLotrt
COORDINATES OF HOLE:

X: 2020593.25 Y: 397210.60

Depth Gr.Øiic
I

ILow
Ft. L.- CO(rt

29.6

31

00
ocac
0.CI

00

SoiL

CLass Code

UIGRSM

U/MARL

INSTALI.ATIOW: CARSJELL AFB. TX SHEET

TOTAL DEPTH OF HOLE: 31.5 ft BGL
DATUN FOR ELEVATION SHOUW: sea Level
MANUFACTI*ER'S DESIGNATION OF DRILL:

NO. OF S*IqPLES TAKEN: 13

ELEVATION GROUND WATER:

DATE HOLE ESTABLISHED: 3128f90
13, FAE ELEVATION: 613.30 ft NSL

BAcKGRJND:

MEASUNING POINT ELEVATION:

VisuaL ORSOn

23 - 24.1 ft.; sand at b.se, few Lirge coboLes.

Gravel. Sand, and CLay: HighLy caIcareo, chalky,
soft.
MarL: FissiLe, indurated, Light grey, calcarrous,
brittLe. shaLey. (MInor uamrLy fregs at bottan of sailpLe

basis for description)

Remarks

MiLd NC odor at
bottmn of sanLe.
Refused at 31 ft.
Could not saaLe
with 55. Cave in.
uiLL enter with bit
end obtain soLid
bit refusaL. Entire
recovery feLL;
DriLLer says bit
refusaL at 31.5 ft.
T.D. at 31.5 ft.

.(fl
25 .'- "I U/SDLR Sand: As above.

0.0.1
.c.0I

26.2 UIGRSI4 GneveL and Sand: Gravel is very poorLy sorted fron 2 to

.0.0.1
ocI

30 am,. cIçosed of rtz, Ca L carecus Li thoct asts and
shelL fraents. Sand is as above.

2 OF 2 SHEETS

labiLe DriLL B-61



- I DRILUNG LOG I RADIAN CORPORATION

1. PROJECT: CARU. AFS,
IRP PHASE II STAGE 2

LOCATION: FLlahtLjne Area
DRILLING AGENCY: Envir..,.....,taL
HOLE NO.: LFO4-07

WANE OF GEOLOGIST: S. E. Fain
6. COORDINATES OF HOLE:

IDepthI Graic
j(Ft.) L0Q

0

4

6.5

15

18

20

2020897.22 Y: 396819.74

B Low

Co,t

I INSTALLATION: CARSWELL AFB. TX I SHEET

J 7. TOTAL DEPTH OF HOLE: 39.1 ft 801.
DATLJ4 FOR ELEVATION SH: sea LeveL
MANUFACT1.ER'S DESIGNATION OF DRILL:

DriLLers. Inc. I 10. NO. OF SAIWLES TAKEN: 15

11. ELEVATION GNMD WATER:

DATE HOLE ESTABLISHED: 3/19/90
SURFACE ELEVATION: 630.40 ft MSL
BACKGR5JND;

_AS1WING POINT ELEVATION:

ICtass/Code VisuaL Description
U/CLLR Clay: Dark Bro.,, siLty, firm to stiff, d, roots;

caLcareous noóLes tant 3 - 4 ft., carbonaceous
streaks.

Clay: As above, Orange/Brown, getting siLtier, stiff.

Silt: Orange/Brown with very fine sand, dry, cohesive,
abwndant caLcareous noó.jLes arid inf iL Led fissures,
carbonaceous staining in Laminae.

U/CLLR

U/SILT

Sand: As above, slightly iIjratad in places.

Sand: Orange/Tan, very fine grained to fine grained
sLightLy irójratad in pLaces, trough cross-Laminated,
oxidation staining in Laminee.

Sand: As above, dry.

A 15

1OF2SHEETS I

MobiLe Drill B-61

Rem.rks

FuLL sLe
recoveries uLess
noted. 1 ft.
Recovery.

9.8 U/SDVF Sand: Tan, very fine grained, Loose, dry, weLL sorted. Pushed 1.5 ft. SS.
sanLer.

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

U/SDVF

U/SAND

U/SAND

2.5 ft. Recovery.

3.0 ft. Recovery



j DRILLING LOG I RADIM CONPORATIOW

PROJECT: CARLL AFI,
I IRP PHASE II STAGE 2

LOCATION: FLjghtLine Area
DRILLING AGENCY: EnviroreritaL DriLLers. Inc.
HOLE NO.: LFO4-07

MAlE OF GEOLOGIST: S. E. Fain
6. COORDINATES OF HOLE:

X: 2020397.22 r: 396319.74

Depth GraØic
(Ft.) Loq I

23.7

28

30

33

35

38.2

BLow I SoiL

Cosmt fCLass/Code IVisuaL DescriDtion

INSTALLATION: CARSLL AFB. TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 39.1 ft BOL
DATI FOR ELEVATION SH.M: sea LeveL
MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61

NO. OF SA*tES TAXEW: 15

ELEVATION GN1 WATER:
DATE HOLE ESTA3LISMED: 3/19/90
s*mFACE ELEVATION: 630.40 ft MSL
BACEGRQJ:
PASURING POINT ELEVATION:

Sand and GraveL: Tan, 50/50, graveL is inLy granuLe
size (chert and sheLL fraents). Loose, dry,

Sand and GraveL: As above, dry, poorLy sorted, very
fine sand to pebbLe size graveL (10 'In).

S.r Orange, sLightLy cLayey (28 29 ft.). dasp, very
fine grained.

Sand: Orange/Tan, fine grimed. Loose, sLightLy daep,
weL L sorted, quartzose.

Sand: As above.

Sand: Orange/tan. d. fine to mediuti grimed, Loose;
1 3% smeLL griveL 37 - 38.2 ft., wet, mediun to
coarse grimed.

Ai 6

I Remer*s

2.7 Recovery.

2.3 ft. Recovery.

W. L. measured at
37.0 ft., 2.5 ft.
Recovery, Auger
refusaL at 38.5 ft.

38.6 ft. T.D.

50 U/MARL MarL: Whitish - Gray with oxidation staining,
ca Lcarecus, i rjrated.

Drove 15 in. 5.3.;
50 bLows/ 3/4 in.;

)OO
25 o.o.c

o.o.c

00
00 C

00 C00

U/SDGR

U/SDGR

U/SOVF

U/SOFN

U/SO FM

U/SOLR



Deptht Grapàlic Blow
I

SoiL
I

(Ft.) Log Coult ICLass/Code IVisueL Description
0 4 U/CLAY CLay: Dark Irow, stiff, d, roots, caLcareous

nojLes at 3.5 . 4.0 ft.

CLay: As above, siLty.2

5

8.1

10

UICLI.R

U/SILT

UI Sb FN

U/SDFN

SiLt: Orange, sandy (very fine grained), dry, coflesive,
carbonaceous spotting.

Sand: Orange/tan, fine grained, Loose, dry, weLL
sorted, si.rouid, jartzose.

Sand: As above, horizontaL being seen in/as minor
coLor changes, dry; going to tan at 12 ft.

Ali

Remarks

FuLL sa,fle
recover lea rlLess
noted.

No Recovery; couLd
not get smLe out
of sheLby t,
Description based
on top and bottom
of saiiLe.

14 U/SDFN Sand. As above. Started wIth 5 ft.
sanpLer at 14 ft.,
3 ft. Recovery.

17 U/SAND Sand: Tan, very fine to fine grained, dry to sLightLy
danç, > 95% quartz, s.ngutar to s'.rouid, frosted.

19 U/SAND Sand: As above, stilL dry, mainLy fine grained. 3.5 ft. Recovery.

- J DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 3 SHEETS

PROJECT: CARSIELL AFB, I 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL
IRP PHASE II STAGE 2 I 8. DATIJ1 FOR ELEVATION 511mM: sea LeveL

LOCATION: FLightLine area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 5-61
DRILLING AGENCY: Envfro,ot.L DriLLers. Inc. I 10. NO. OF SA1.ES TAKEN: 17 I
HOLE NO.: LFO4-08 I 11. ELEVATION GROUND WATER:

MANE OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/19/90
CDINATES OF HOLE: J 13. SURFACE ELEVATION: 630.00 ft MSL

X: 2020021.91 Y: 396935.08 I 14. BACICOROUIe:

I 15. MEASURING POINT ELEVATION:



24

p00
boc

29

-00
-0-0-'
0-0
00

33

34

o.o.o
37

39

Sand: As above.

Sand: Gravelly, very fine sand to pebble size (20 on)
gravel, dry to slightly d, gravel mostly chert, 0.1
ft. white fossilleroia limestone bed at 28 ft. Tan fine
sand 28.1 ft. to 29 ft.; gravels - 5% . 10%.

Sand: Tan, fine to mediva grained, loose, dry,
q.rtzose, I - 3% chert gravel.

Sand: As above, increasing gravel to 5 - 10% at 33 - 34
ft.
Sand: As above, wet, fine to mediva grained.

Marl: Grey, fossitiferot, weathered; intermixed with
send end gravel, wet, gravels are granule and pebble
size, meinly chert.

Marl: Thin beds and gravel size pieces of limestone
intermixed with sand, gravel, and shells, wet, shaley.

A 18

3.2 ft. Recovery

4 ft. Recovery

U. L. measured at
35.2 ft. BLS.. 1.5
ft. Recovery.

Not good Limestone
or shale. Still
significant sand
and gravel.
3.6 ft. Recovery.

DRILLING LOG RADIAN CORPORATION I INSTAU.aTIi; CABLL AFE. TX I SHEET 2 OF 3 SHEETS

1. PROJECT; CARSLL AFB,

IRP PHASE 11 STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.4 ft 801
I 8. DAT% FOR ELEVATION SIAd see level

2. LOCATION: Ftihtline Area I 9. NANUFACTI*ER'S DESIGNATION OF DRILL: Mobi Ic Drill 8-61
3. DRILLING AGENCT: Envirormentat Drillers. Inc. I 10. NO. OF SAW%.ES TAKEN: 17

4. HOLE MO.: LFO4-O8 1 11. ELEVATION GBOI3 IJATER:

5. NAIqE OF GEOLOGIST: S. E. Fain I 12. DAIS HOLE ESTABLISHED: 3/19/90
6. COORDINATES OF HOLE:

X: 2020021.91 Y: 396935.08
I 13. SLWFACE ELEVATION: 630.00 ft NSI..

I 14. BAr fr.Vt
I 15. ME*S*ING POINT ELEVATION:

Depth Graphic

(Ft.) Log Coirt
Sail

Class/Code jVlsuel Description Rr,rks

U/SAND

U/SOLR

U/$DLR

U/SDLR

U/SDLR

U/MARL

U/MARL



44

47 50

U/MARL

U/SHLE

Karl; As above, irwated tistone beds (0.1 - 0.3
ft.) interiinxed with gravelly send.

Shale: Dark Gray, rndurated, fissite, no fossils,

A 19

Drilling through
marl, looting for
auger refusel.

Auger refuse I at

DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARStELL AFB. TX I SHEET 3 OF 3 SHEETS

1. PROJECT: CARSLL AFB,
IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 47.4 ft BGL
8. DAUM FOR ELEVATION SNaI: see Level

2. LOCATION: Ftighttjne Area 9. NAIIJFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61
3. DRILLING AGENCY: Erwiri'entet Drillers. Inc. 10. NO. OF SANPLES TAKEN: 17

4. HOLE NO.: LF0608 11. ELEVATION GROUI WATER:

5. MANE OF GEOLOGIST; S. E. Fain 12. DATE HOLE ESTAILISNED 3/19,90
6. CDINATES OF HOLE:

X: 2020021.91 Y: 396935.08

13. SIFACE ELEVATION: 630.00 ft MSL
14. 8ACKGRJ*:
15. NEASLING POINT ELEVATION:

Depth! Graic Blod

(Ft.) Lo I Cou,t
Sol L

CLass/Code Visual Descriptthn Renrks

hONogeneous. 47 ft.; 50 bLows
for 0.4 ft.; 1.0.
47.4 ft.



j DRILLING LOG I RADIAN CONPORATION

1. PROJECT: CARSIELL. AFB,

J IRP PHASE II STAGE 2

LOCATION: FLiahtLine Area
DRILLING AGENCY: Erwir.......,tsL DriLlers.
HOLE NO.: LFO4-09

.L5. NAIiE OF GEOLOGIST: S. E. Fain
6. CDINATES OF HOLE:

I X: 2021145.70 'f: 397136.15

J
BLcw Soil

Cou,t ICLaSs/Code

U/CLLR

INSTALLATION: CARSIEU. AFB. TX I SHEET 1 OF 3 SHEETS

TOTAL DEPTH OF ROLE: 47.0 ft Bill.
DAUJ FO ELEVATION 511 sea level

9, NMIUFACTLWER'$ DESIGNATION OF ORILL: Mobile Drill 8-61
Inc. 10. NO. OF SA*LES TAXEs: 17

ELEVATION GRJND NATER:

DATE HOLE ESTABLISHED: 3/6/90
.*FAcE ELEVATION: 627.40 ft MSL.

$ACGRmJlD:

HEASIING POINT ELEVATION:

lYtsuaL Description
CLay: Broi, going to red/bro at 2
at 2.7 ft. dry, cr*.ly, very sf11,
carbonaceous Sten1fl9.

CLay: Bro1a,, siLty, minor very fine grained sand,
caLcarecus nojLes 5 . 5.2 ft., carbonaceous staining
in root areas, increasing very fine greined sand at 7.5
ft.

CLay: As above, Red and Brow antt&ed, dry.

Sand: Oranges very fine to fine greined, quartzose,
dmiç, Loose.

Sand and GraveL: Orange/tan, poorLy sorted, Loose,
d, nrous sietLs, graveLs to 20 sin.

Sand: Light tan, very fine to medius grained, Loose,
dry, various mineraLogies.

Sand end Gravel; Tan, very fine send . pebte size
gravel, loose, d, rnaerous shells, various
mineraLogies.
Sand: Tan, very fine grained, quartzose, Loose, dry,
welL sorted, si.roi.r, sLightly irijrated and Lsinin.ted
18.5 19 ft.
Sand and GraveL Orange/tan, poorly sorted, 50% sand
50% graveL, nuserous petycepod? sheLLs, Loose, d;
0.2 ft. bro.m clay sean at 22 ft.; graveLs to 30 an,

A-20

Reimrs
ft., silty, anist; Top soil first I
roots, minor ft.; Using 5 ft.

S.S. sLer; 4 in.
0.0., 3 1/2 in.
1.0.

U/CLLR

U/CLLR

U/SAND

UISDSR

U/SAND

U/SDGR

U/&VF

U/SDGR

35 ft. Recovery
(9 . 12.5 ft.).

2.5 ft. Recovery.

3.5 Recovery.



I DRILLING LOG I RADIAN cORPAT ION

1. PROJECT: CARSLL AFI,
I IRP PHASE II STAGE 2

I 2. LOCATION: Fliglitline Ara
1 3. DRILLING AGENCY: E,wirormmntal Drillers. Inc.

HOLE NO.: LFO4-09

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

I X: 2021145.70 T: 397136.15

Depth GraØiic Slow

Ft

00

.Q.Q.
P.O.

-0-000'00
P.P.l

:o29

00

25

30.5

32

34

39

L. Coat
SoiL

Class Code

U/SDLR

U/SDLR

U/MARL

U/MARL

U/MARL

U/MARL

Visual Descri.tion

Sand: Tan, fine greined, > 90% quartz, dry, loose, well
sorted, sengular to srouiOed, minor smat I gravel.

Sand: As above, increasing gravel.

Marl; Limestone thin beds (0.1 - 0.3 ft.) with gravel
size meterial interlayered, semiccinsolidated.

Marl: As above, dmiR, slightly consolidated, fissile in
places, various gravel size particles.

Marl: As above, rsmaroIa small shells, abtrwant chart
gravel, wet; s gravels are stround.

INSTALlATION: CAMS.IELL APE. TX I SHEET 2 OF 3 SHEETS

TOTAL DEPTH OF HOLE: 47.0 ft SGL
DATL FOR ELEVATION SHOWN: sea level
MAMJFACII*ER'S DESIGNATION OF DRILL: Mobile Drill B-61

NO. OF SAMPLES TAKEN 17

ELEVATION GR1ID WATER:

DATE HOLE ESTABLISHED 3/6/90
SIFACE ELEVATION: 627.40 ft MSI.
BAKGRaJND

MEASWING POINT ELEVATION:

Marl: As above.

A-2 1

Remarks

3 ft. Recovery.

Still relatively
easy drilling.

Weathered

limestone?

Wet at 34 ft.
(measured W.L. = 33
ft. 10 in.). Still
easy drilling.

Quit saapling,
drilling to
determine depth to
auger refusal.



DRILLING LOG RADIAN CORPORATION

PROJECT: CARSiLL AFB,

TRP PHASE II STAGE 2

LOCATION: FtiQfltUrl. Ares
DRILLING AGENCY: Envir....,taL DriLLers. Inc.
HOLE NO. LFO-O9

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

X: 2021145.70 i: 397136.15

47

U/KARL

U/KARL

J

Hart: As above.

Mart: As above.

INSTALLATION: CARSI.L AFB. TX I SHEET

TOTAL DEPTH OF HOLE: 47.0 ft BGL
DAUJI FOR ELEVATION SHOMI: sea LeveL
MAMJFACTURER'S DESIGNATION OF DRILL:

NO. OF SMtES TAXEN: 17

ELEVATION GROJND UATER:

DATE HOLE ESTABLISHED: 3/6/90
SURFACE ELEVATION: 627.40 ft MSL
BACgRQJND:

MEASURING POINT ELEVATION:

A-2 2

Descriptions based
on returns and
driLLing speed.
Auger ref usat at 47
ft.. No drager ti.e
detection (2/9) at
top of auger.

IDepthl GraØic BLow ISOIL I

I(Ft.) Loq I Co4XIt CLass/Code Ivisuat Description I Rr,uarks

3 OF 3 SHEETS

HøblLe Drill 8-61 I





J DRILLING LOG I RADIAN CORPATION
1. PROJECT: CANSUEU. AFI,

J IRP PHASE II STAGE 2

LOCATION: Ftighttfne Area
DRILLING AGENCY: Envir,.....ntaL DrlUers. Inc.
HOLE NO.: LFO4-1O

NANE OF GEOLOGIST: S. 8. Stou'%t
6. COORDINATES OF NOtE:

X: 2021275.03 Y: 397025.34

Depth Greçhic
(Ft.) CoUfl

24 boo
l.o.o.
1d.d.c

idb.

29

000
30.5

c.o.cr

0.0.0

).c.0.

c5.od

00
.o.o.

J.o.o.

33

39

BLow SoiL

I Class/Code

U/SDLR

UI SO LR

U/ SO GR

U/SVLR

U/GRSN

U/SDGR

JVisu.L Description

I INSTAJ.I,ATION: CARS1LL AFB. TX I SHEET 2 OF 3 SHEETS

TOTAL DEPTH OF NOtE: 49.1 ft BOL
DAUJI FG ELEVATION SNOua: se LeveL

HA*JFACTIWER'S DESIGNATION OF DRILL: MobiLe DriLL 0-61
NO. OF SAILES TAKEN: 18

ELEVATION GRCL1 WATER: 596.05 ft MSL (6/18/90)
12. DATE HOLE ESTARLISHED: 4/2/90

J 13. SI*FACE ELEVATION: 626.90 ft MSL
RAUGROURD:

NEAsaING POINT ELEVATION: 626.54 ft NSL

Sand: As above, buff to orange La.inated, no cLay or
siLt, very fine Brained, moderateLy weLL sorted, dry to
d; Layer of abmdent - 5% sheLL f rags and caLcareous
debris with sone graveL frow 26 - 26.5 ft.; graveL t
to 40 me, minor grsv.t fr.ents to base.

Sand: As above.

Send and GraveL: Sand is very poorLy sorted, buff, very
fine to coarse Brained, sLroued, with minor
oxidation se, graveL is 2 100 me, approximetLy
50%, cosed of c.Lcareous debris of sheLLs etc. ç to
5 iii; Large fraente are broken, weL L indurated
micritic Limestone.
Sand: Tan, medii.m gr.ined with abudont carbonaceous
streaking and graveL, as above, at base.
Swd and GraveL: Sand es above t to 15% graveL is
quartz and caLcareous debris, averaging 5 mu nd t to
40 me. Noderste to poor sorting, si.rouided, wet. Large
frageents are CaCO3, us above. Grain size increases to
bus..

Sand and GraveL: As above, wet, averaging 10 - 15 mu.
Continues coarsening to base, minor cLay pocKets 40 -
42 ft. meking fine graveL/slightLy cohesive. GraveL t
to 50 me. Coarse Sand.

A-24

I RemerKs

3 ft. Recovery

4.5 ft. Recovery.

SaiiLe wet at 32
ft..

CobbLes Lengthwise
in sairçAer.

2.5 ft. Recovery.



DRILLING LOG I RADIAN CORPORATION

PROJECT: CARSI&LL AFB,

IRP PHASE II STAGE 2
LOCATION: Fliglittine Ares
DRILLING AGENCY: Enviror.mata( DrilLers.
HOLE NO.: LFO4-1O

NAME OF GEOLOGIST: S. B. BLoqiit
COORDINATES OF HOLE:

X: 2021275.03 Y: 397025.31.

Depth Grepflic Blow
(Ft.) Log J Coi.rit

44.1V

49

V

SoiL

IC Lass/Code

I INSTALLATION: CARSILL AFB. TX I SHEET 3 OF 3 SHEETS

TOTAL DEPTH OF HOLE: 49.1 ft BGL
DATUR FOR ELEVATION SHQAL: sea leveL
MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrilL B-61

Inc. 10. NO. OF SAILES TAKEN: 18

ELEVATION GROJND WATER: 596.05 ft NSL (6118/90)
DATE HOLE ESTABLISHED: 4/2/90
SURFA ELEVATION: 626.90 ft HSL
8ACKG*J:
MEASURING POINT ELEVATION: 626.54 ft HSL

jvfsuat Description

CLay: 44.1 ft. clay is soft, very plastic, moist to
wet, grey tan in color with aridant oxidation pockets
(c 5 ma) ero.rid fine grairied sand. AbU.nt
carbonaceous fLecks; siLty below 46.5 ft. with siLt
layer 46.5 - 46.7 ft.

MarL: Ctayey coated micritic limestone WI
recrystetLized fossils, grey to buff, welL indurated,
'IILtone'.

A-25

Remarks

4.0 ft. Recovery.
Sharp contact. CLay
not 'sandy'; has
few grains in eact
'pocket'.

49 . 49.1 ft.
augered into mart;
'core' si(e No
SS. T.D. at 49.1
ft.

.1

U/CLLR

U/MARL



I DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CAR$ELL AFB,

IRP PHASE II STA 2

J 2. LOCATION: F(iqhtLine Area
DRILLING AGENCY: Enviro..s..tal Drillers.
HOLE HO.: LFOS-01

NNE OF GEOLOGIST: S. E. Fein
COORDINATES OF HOLE:

X: 2018791.38 Y: 399361.24

Depth Grapflic
(Ft.)t L

o1//
Stow

Cout
SoiL

JCtass/Code
U/CLLR

U/SOLE

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/CLLR

I INSTALLATION: CARSLL AFB. TX I SHEET I OF 2 SHEETS
J 7. TOTAL DEPTH OF HOLE: 25.2 ft 801
I 8. 0ATLJ FOR ELEVATION SHi: sea level
1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61

Inc. I 10. NO. OF SAWLES TAKEN: 11

ELEVATION GRJHO JATER: 603.82 ft MSL (6/18190)
DATE HOLE ESTAILISHED: 3/22/90

JRFACE ELEVATION: 619.30 ft MSL
SACgRQMD:

1 15. )A*ING POINT ELEVATION: 621.96 ft MSL

Ivisust Descrtptbon
CLay: Dark bro4m, firm, silty, red ottLing, roots,
daep; minor sa grawL.

Sand: Tan, media to coarse gr.ned, Loose, daep, - 5%
suLL graveL.

Clay: As above, d.

CLay: Srowi and orange, mottLed, very disturbed.
graveLLy, soft to sLightLy firm, caLcareous zones and
noduLes, deep; at 11 ft. going into a gray coLored
siLty clay.

Clay: As above; at 133 ft. hard .iniestone zone.

Clay: As above, stiLL very disturbed.

CLay: As above, d.

S: Light brot, very silty and cteyey, saturated,
minor sLL gravel, < 1% peboLes.

Sand: As above.

A-26

Remarks

FiLL.

1.2 ft. Recovery.

StiLL fiLL
materiaL.

0.2 ft. Recovery.

Very Nnuddy.



DRILLING LOG I RADIAN P0RATION

PROJECT: CANSbELL AFE,

IRP PHASE II STAGE 2
LOCATION: FLiofltLine Are.
DRILLING AGENCY: Erwi teL riLLer
HOLE NO.: LFOS-01

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

X: 2018791.38 Y: 399361.24

Depthl GraØic SLow

(Ft.) LOG ) Cout

22

25 r i 50

SoiL

CLass/Code IVisueL Description

U/LR

U/KARL

INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 25.2 ft BOL
DATJ FOR ELEVATION SNa: see LeveL

9. MANUFACflER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61
Inc. 10. . OF SALES TAKEN: 11

11. ELEVATION GRMD Ii&TER: 603.82 ft KSL (6/18/90)
1 12. DATE HOLE ESTABLISHED: 3/22/90

SIMFACE ELEVATION: 619.30 ft KSL

I 15. MEASImING POINT ELEVATION: 621.96 ft MSL

Send, CLay end GraveL: About eieL of eacti,
saturated, shetLa, graveLs to 20 m, siLty; 24.5 - 25
ft. mostLy sand end graveL

Mart: Limestone, chaLky, irirated, oxidation staining.

A-2 7

I Rrks

StiLt very

MOSS saroLer

refusaL at 25 it.;
drive saupLe 50
btous = 2 in.; FILL
probabLy ended
about 18.1 ft. 81.5;
hoLe Looked Like
fILL aLL the way
TO. 1.0. = 25.2 ft.



I DRILLLUG LOG RADIAN CORPORATION j INSTAUTIOR: 9IRSIJELL AFB. TX SHEET 1 OF 2 SHEETS I

I 1. PROJECT: CARSLL AFB. 1 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL I

IRP PHASE II STAGE 2 I 8. DATIJI FOR ELEVATION SH: sea LeveL
1 2. LOCATION; FLightIlne Are. I 9. MANUFACTI*ER'S DESIOSATION OF DRILL: MobiLe DriLl 8-61 I

1 3. ORLLING AGENCY: Enyiro,lpmntaL DriLLers. Inc. I 10. $0. OF SAIIPtES TAKEN: 13

J 4. HOt.E NO.: LF0502 I 11. ELEVATION GRJ UATER: 597.83 ft MSL (6/18/90) I

J 5. NAME OF GEOLOGIST: S. E. Fain
6. COORDINATES OF HOLE:

X: 2019492.00 'Y: 399280.64

Depth Graphic Stow

(Ft.)I Log I Cou,t
a

2

4

6

8

10

12

14

16

18

20

U/CLLR

12. DATE NOtE1STASISHED: 3/22/90
I 13. JRFAE ELEVATION: 620.30 ft P4SL

114. BAJR.JND:

Clay: A shove, 0.5 ft. cat she ze 3 - 3.5 ft.

CLay: Dark brown, stiff, carbonacecus staining, dmep,
siLty.

Clay: As above, minor graveL, silty.

CLay: Broiel and tan mottLed, distrurbed Looking (not
natural La)'erng), daep; s greenish/grey clay also.

CLay: As above, soft caLcareous zone at 11 ft.

CLay: StILL heaviLy disturbed nature, 3 in. wet scan at
13 ft.

CLay: Becoming siLtier, moist, somo greenish/gray
coLoration.

C Lay: Brown and green mottLing, very disturbed nature,
graveL (1 . 5%), sheLls; 0.4 ft. fine sand sean at 16.6
ft.; wet.

Clay: As above, silty, not disturbed; greenish/grey at
19 ft.

CLay: Greenish/gray, siLty, oxidation stained mottLing,
firm. d, 1 3% assorted size sand and smaLL graveL,
graveLLy sand at bottom.

A2 8

1.2 ft. &ecovery.

No caLcarecim

materj*L.

Looks Like fiLl
material.

1.0 ft. Recovery.

StiLL fiLL
materiaL.

StILL Looks Like
fill.

Greenish/gray
materiaL Looks
naturaL - in situ.

W.L. .ieasured at
21.05 ft. BLS after
welL cLetiCn.

15. NEAING POLNT ELEVATION: 622.69 ft MSL
SOiL

IC L ass/Code IVlsu.L DescriOtion Remarks

U/CaR CL.y: Orange/bror.si, stiff, siLty, .bisuit c.Lcareous FuLL sLr
teriaL, d. ,flesg not*d.

U/CaR

U/CLLR

U/CLAY

U/CLAY

U/CLAY

U/CLLR

U/CLLR

U/'CLLR

U/CLLR



V//A

24.9 .o.o.( U/SDGR Said arC GraveL: Orange/brown, very cL.yey, saturated,

A-2.9

50 bLows 2 in.;
T.D. = 27.2.

I DRILLING LOG I RADIAN CONPORATION I INSTALLATION; CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 27.2 ft BILL.
8. DATIJ4 FOR ELEVATION SNGIM: sea LeveL

I 2. LOCATION: FLightLine Area 9. MAIIJFACTLMER'S DESIGNATION OF DRILL: MobiLe DriLL B-61

I 3. DRILLING AGENCY Envircw,tat DriLLers. Ire. 10. NO. OF SMPt.ES TAKEN 13

4. HOI.E NO.: LFOS-02 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90)
I 5. NAME OF GEOtOGIST: S. E. Fain 12. DATE MOLE ESTABLISHED: 3/22/90

I
6. CXRDINATES OF NOtE:

I X: 2019492.00 Y: 399280.64
J 13. SURFACE ELEVATION: 620.30 ft MSL

14. BACKGROUND:

1 15. PAS.ING POINT ELEVATION: 622.69 ft MSL
Depth Graphic

I
BLow

(Ft.)P Loq Coi.rit

SoiL

CL ass/Code VisuaL DescriOtion Remarks

b-oo r*arous sheLL fr.nts, gr.veLs to 40 am, mainLy

[OO Limestone cLasts.

27 i5o U/MARL MarL: chaLky, ite/gray, shaLey, irirated. Saiapter (MOSS)

refusaL at 27 ft.;
drive 1 1/2 ft. SS



1

I

DRILLING LOG I RADIAN CPORATOW

PROJECT: CARS'dELJ. AFB,

IRP PHASE I! STAGE 2

LOCATION: FLiqhtLine Area
DRILL.ING AGENCY: EnvireruuentaL DriLLers.
)401.E NO.: I.FO503

NAME OF GEOLOGIST: S. 8. BLou,t
COONDINATES OF HOLE:

X: 2019488.64 'r: 399182.10

Depthf GraØic BLOW

(Ft.) Loq I Coiit
SoiL

IC Last/Code

U/CLL.R

U/CLLR

U/CLA'!

U/CLLR

U/ CL LR

U/CLLR

U/SDl

U/CL%.R

U/LR

U/SDGR

I INSTALLATION: CARSWELL AFB. TX I SHEET

TOTAL DEPTH OF HOLE: 27.5 ft BGL
DATIM FOR ELEVATION SHONW: sea t.veL

1 9. MA*IUFACT1JRER'S DESIGNATION OF DRILL:

Inc. J 10. NO. OF SAMPLES TAKEN: 13

ELEVATION GRWND WATER:

DATE HOLE ESTABlISHED: 3/22/90
1 13. JRFACE ELEVATION: 620.60 ft MSL
I 14. PACGRu.R4p:

1 15. MEASIING POINT ELEVATION:

Ivisuat DescriptiOn
Clay: Soft - fira, moist, cLay fraction pL.stic semi

- brittLe a to roots, cMcar.ou. peebLes, sLightLy
sILty with ctayey siLt 1.7 2 ft., yeLLow orange
grading to brae.
Clay: As above, calGareous pebbLes concentrated in
intervaLs, Less siLty, minor carbonaceous streaking at
base.

Clay: As above, Brown, firm, fairLy pLastic, Layers of
concentrated caLçarecus debris.

CLay: As above, dark brown, grading darker, soft to
fine, very few caLcareous pebbLes, a,aflt
carbonaceous La*ina, very few fine rootLets, moist,
minor siLt in Lenses, pLastic - aears organic rich.

Clay: As above, dark brown, soft, pLastic, moist with
siLty/sandy Lenses to 13.2 ft.; Leached zones 13.2
13.5 ft., 14.3 - 14.4 ft., clay is white/buff, brittle,
dan, with more frequent catcareous pebbLes,
intervening cLay is as above; with siLt/sand.

CLay: As above soft/firm with abi.edant carbonaceous
Lwiria, fine roots, dark brown, minor Leached pebbLe
zone 14.3 ft.
Sand: Buff. Moist to wet, very fine grained, sILty,
poor - moderate sorting.

Clay: As above, dark brown, carbonaceous stains, soft
to firm, moist, catcareous pebbles, minor oxidation
stains.
Send: As above, silty, color maine (oxidation Layers),
fine roots, graveL 17.6 18 ft.; buff; sand is
qu.mrtzoae with , $5 quartz, minor cohesive cLay
Lenses, otherwise Loose, minor carbonaceous streaking;
cLay Lenses end intermitent pebbles decrease to 20 ft.
Sand: As above, buff yet Low, and graveL to 22 ft., sand

A-3 0

Remarks

FULL recovery
uLess otherwise
indicated.
Extremely windy.
GradationaL

changes.

Musky odor.
CaLiche zones. 1.5
ft. recovery.

Water in hole - 15
16 ft.. Sharp

cent act.

Few pebbles.

Not LikeLy fILL

1 OF 2 SHEETS

MobiLe DriLL B-61



DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSLL AFB. TX I SHEET 2 OF 2 SHEETS

Mobile Drilt B-61

22

26.5

27.4

)OO
oo
oo

50

U/CLLR

U/GRVL

U/MARL

Ctay, silt end gravel: Light to ii grey to 22.3
ft., changing to jff/orange. Clay is stiff, wet and
brittle. Gravel appears centrated in horizontal
pt.nes. Abrtçt cotor change to dark grey at 24 ft. Clay
at 24 ft. is silty with minor calcareous pebbles, firm,
semi-plastic

Gravel: Clayey. silty, sandy, loose, wet, mediu!i grey,
80% of sapple calcareous gravet 5 - 50 em. average size
20 em.

Marl: See description fr 1F05-04 (no sa,ile
recovery).

A-3 1

Reemrks

due to tainae
above. Vague
'contacts'.

Auger refusal at
27.4 ft.; want in
with ES. No
Recovery.
T.D. at 27.5 ft.;
WI approxiemtely 24
ft.. (grouted
before E - line).

1. PROJECT: CARSLL AFB,

IRP PHASE II STABE 2

7. TOTAL DEPTH OF HOLE: 27.5 ft BGL
8. DATIM FOR ELEVATION SN.M: see level

2. LOCATION: Ftfqlittine Area 9. MA$JFACTLMER'S DESIGNATION OF DRILL:

3. DRILLING AGENCY: Erwirontal On Iters. Inc. 10. NO. OF SAMPLES TAKEN: 13

4. HOLE NO.: LFOS-03 11. ELEVATION JID WATER:

5. NAME OF GEOLOGIST: S. 9. Blo,t 12. DATE HOLE ESTABLISHED: 3/22/90
6. COORDINATES OF HOLE:

X: 2O19488. Y: 399182.10
13. SI*FACE ELEVATION: 620.60 ft MSL
14. BACKGRUJRD:

15. NEASIWING POINT ELEVATION:

Depth

(Ft.)
Grapfl:c

L I

Blow I Soil
Coult Ictass/Code IVisual Description

00'
3'00

is very poorty soeted; gravel approxiemtely 20%, 2 - 15
em, clayey with ctay cantent increasing to bottem.



I DRILLING LOG RAOIAN CORPORATION

PROJECT: CARSELL AFE,

I IRP PHASE II STAGE 2

LOCATION: FLiehtLine Are.
j 3. DRILLING AGENCY- Envi...,taL DriLLers.
I 4. HOl,E NO.: LF0-04
3 5. NAME OF GEOLOGIST: S. B. BLo.mt

I 6. COGRDINATES OF HOLE:

J X: 2019719.98 Y: 399313.92

Depthf Griic
Ft. L

0

9.5
10

13

14

14.8

18

OOO
.o.O.(

BLow

Cownt

SOIL

CLass Code

U/CU..R

U/LR

U/CLLR

U/SDLR

U/CLLR

U/SDLR

U/CLLR

U/SDLR

U/CLLR

U/CLLR

U/CLLR

U/CLLR

INSTAI.LATION: CARS1.EU. AFt TX I SHEET 1 OF 2 SHEETS

I 7. TOTAl. DEPTH OF HOlE: 28.3 ft BGL
8. DATIJI FOR ELEVATION S$lmI 5.. LeveL

I 9. MAMUFAC1'URER'S DESIGNATION OF DRILL: MobiLe DriLl 8-61
Inc. 10. NO. OF SItES TAXEN: 14

I 11. ELEVATION ORV WATER:

12. DATE MOLE ESTAIUSNED: 3/22190
SI*FACE ELEVATION: 617.30 ft MSL
BACKlfI:
MEASL*ING POINT EL.EVATION:

VisuaL Descri .don
CLay: Sandy, brown with catc.reoia pebbLes, d, fine.
.1.1 brittLe, roottets.
Sand: Brcwn/gr.n, cLaysy, with graveL to 15 .,
very poorly sorted, .oist, q.rtzose with catcareous
pebbles,
Clay: As above, caLcareous pebbLes increu.d to 25%,
very brittLe with oxidation bLabs and bLack
carbonaceous staining wthin tenses, Less sandy.

Sand: Brown, Loose, dry to da, very fine grained,
sLightLy cLayey, poor moderateLy sorted, quartzose
with calcareous pebbLes, oxidation Lenses and asØiaLtic
pebbLes.

CLay: Light brown orange, firm, sani-pLastic with
caLcarecus peobLes to 8 ft.
Sand: Ag above.

CLay: As above.
Sand: Orange brown, cLayey, Si Lty, very fine grained,
poorLy sorted, oxidation stained, quartzose with > 95%
quartz, suArownded, with 5% carbonaceous fLecks and
several Large (40 an) graveL ch&a*s, naist to 12 ft.,
wet at 13 ft., minor carbonaceous streaking.

CLay: Buff yeLLow, wet, siLty, oxidized, soft to firm,
pLastic, caLiche at top, minor peobLes (caLcareous) to
14 ft.
CLay: Very Stiff, green/grey, eIant caLcar.ous
debris, si-brittle, wet carbonaceous stained.
CLay: Dark brown/black, very brittLe, organic rich,
esist, fine roottets, gra.zaL coLor change to
green/grey with an increase in carbonaceous debris and
pLasticity; very stiff; simiLar to cLay at 14 ft,

CLay: As above with an i in gravel and sand to
20 ft. (cLay and graveL). Green/grey, Stiff, brittle,
caLcareous pLes conantrated in 0.5 ft. intervaLs to
23 ft.; sandy in these intervaLs (CaCO3 sand?).

A-32

1.5

5

7

8 .o.o.

Rerks

ProbabLy fILL. 3.5
ft. Recovery.

ProbabLy fiLl. 3.5
ft. Recovery.

piLL, Concrete
bLock in sasLe - 2
in. across, Sarp
contract. 3 ft.
Recovery.

Bottom of fiLL
sharp. Water in
hoLe.

Sharp contract.
Musky odor.

CaLcarsoug zones

calichified'.



DRILLING LOG RADIAN CORPORATION

PROJECT: CARSILL AFB,

IRP PHASE II STAGE 2
LOCATION: F(iqht(fne Are.
DRILLING AGE1ICT: Envira..teL DriLler.. Inc.
HOLE NO.: LFOS-04

NAME OF GEOLOGIST: S. B. Bloiafl
COORDINATES OF HOLE:

/
.o.o.(
3OO
co":
occ

50

IVisuaL Description

U/GR

U/MARL

I INSTALLATIONS CARSLL AFB. TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF NOtE: 28.3 ft BGL
DATIM FOR ELEVATION SN sea LeveL
MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B61

MD. OP SAPl.ES TAEII 14

ELEVATION GROtNØ WATER:

DATE HOLE ESTABLISHED: 3/22/90
SURFACE ELEVATION: 617.30 ft NSL
SACKORO.Bm:

MEASURING POINT ELEVATION:

I Renmrks

S.nd end GraveL: S&id is very fine to coarse grairied,
saturated, very poorLy sorted, buff/tan, si.D-roued,
cjsrtz and CaCO3, (60X JSrtZ) end c 5% heavy mineraLs,
minor oxidation staining, 'graveL' average size 5 mn,
but to 35 n, quartz and CaCO3, aXroximate(y 40% of
s(e

MarL: Fissile, ca(careoue, hard, wet, chaLky, w/ sheU
fragments; (description from bit sLe and portion of
ES recovery).

A-33

Very sharp
contract.

1 ft. ReCoYefy
Last ET; drive SE.
SS refusaL. Went in
with auger to
check, auger
refusaL. T.D.
28.3 ft.

X: 2019719.95 Y: 399313.92

Depth

(Ft.)
Graic

Loq I

Blow

COi,t
Soil

ClassjCode

23

28



DRILLING LOG I RADIAN CORPORATION

PROJECT: CARSELL AF8

IRP PHASE II STAGE 2
LOCATION: Ftigflttine Are.
DRILLING AGENCY: Eriv,roritaL DriLLers.
HOLE NO.: LFOS-05

NAME OF GEOLOGIST: S. B. BLo,t
COORDINATES OF HOLE:

X: 2019785.85 '(: 399385.49

Depth Graphic

(Ft.)I Log

0

2

4

6

8

9.9

12

14

16

18

20 0
0-0c

:°:°:!

I INSTALLATION: CARSWELL AFB. TX SHEET I OF 2 SHEETS

TOTAl. DEPTH OF HOLE: 26.2 ft SGL
DATLJI FOR ELEVATION SHOIM: sea LeveL

NA*JFACTLEIS DESIGNATION OF DRILL: MobiLe DrILL 8-61
Ino. I 10. NO. OF SAILES TAKEN: 14

J 11. ELEVATION GRUJID WATER:

I 12. DATE HOLE ESTAMLISHED: 3/22/90
J 13. S&FACE ELEVATION: 616.10 ft NSL

14. BACKGRJ:
I 15. PEASURING POINT ELEVATION:

with asphaLt, graveL, roots, catcareoia frants, very
poorLy sorted sand. cohesive (cLay).

CLay: Brown, with minor orange mottLing, firm, sni -
pLastic with aidnt catcareous pebbLes ( to 20 ImE,
d to moist, minor bLack (carbonaceous?) streaking.
CLay: As above - Light brown, mottLing increased.
AsphaLt? mixed with ste.

CLay: As above.

Clay: As above, few Large (50 rila) gravel chLmks.

ASphaLt: SoLid NaspflaLt - tar and pea graveL with sone
brown cLay.

Clay: Dark grey/very dark grey mottLed, firm,
semi-pLastic with ejidant catcareous pebbLes (1 to 15
mo) and frats, d to moist with indjrated sandy
cLIche Layer . tight orange/buff at base.
CLay: As at 12 ft. Few very Large cobbLes (80 nm);
silty 14.4 - 14.8 ft.; coLor Lightening.

CLay: As above, coLor change at 16.4 ft. to
buff/tan/yeLLow; cont1red Large cobbLes to 18.5 ft.,
caLcareous debris abs.ridant at 17.2 . 17.6 ft. then ends
abrt4,tLy.
CLay: Soft to sLightLy firm, buff/yeLLow, 20% smoLL
cslc.reoim fraits and sand and siLt, moist to wet,
semi.pLastic, few 15 em pebbles.

Sand, GraveL and Clay: As above, sand or graveL to
50%; soft, wet at top. Fir., pL.stic at base;
semi-brittLe ii.. to incLusions; caLcareous freements
increase to base, cLayey sandy graveL to base (ctayey

A-34

otherwise
indicated. 1 ft.
Recovery. Fl LI sand
top 2 ft.
FiLL cLay.

FILL cLay?

FiLL. CouLd not
xjsh at 10 ft.;

materiaL very hard.

Limestone
LithocLast?

SairpLes

preferentiaLly wet
(soggy) on top;
probabLy a fLnction

B Low SoiL

Coult CI. ass/Code IVisuaL Description Remerks

U/CL Sand and CLay: OrWgs/r.d, very fine grained, dmap, FuLL sLe LmLesS

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/ASPH

11,13,17 U/CLLR

UI CL LR

U/CLLR

UICLLR

UI1.l



24.9

25.3

DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CARSLL AFB,

IRP PHASE II STAGE 2

26

.o.o.ddq1

I INSTALLATION: CARS1ELL AFB. TX SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 26.2 ft BGL

DATI FOR ELEVATION SNCIJJ: sea LeveL

A-35

Clay, sand. end

graveL eiaL

proporti0l.

26.2 ft.

2. LOCATION: Ftfhtllne Area I 9. NAIIJFACTL*ER'S DESIGNATION OF DRILL: Mobile On 11 B-61

3. DRILLING ANCY: Envirorimentat DriLlers Inc. I 10. NO. OF SAIIPtES TAKEN: 14

4. HOLE NO.: LFO5-O5 I 11. ELEVATION O.W WATER:

5. NAME OF GEOLOGIST: S. 8. BLcu,t 12. DATE HOLE ESTABLISHED: 3/22/90

X:

6. COORDINATES OF HOLE: I 13. *FACE ELEVATION: 616.10 ft MSL

2019785.85 Y: 399388.49 I 14. BACxOCA:

I 15. MEAMIMG POINT ELEVATION:

Depth

(Ft.)

Gra,ic BLow
I

SoiL

I Cout IClass/Code IVisuet Description Rerks

.d.b.I graveLy sai). of the sLer.

50

U/GRCL

U/ SDSM

U/MARL

GraveL: CLayey graveL.

Sa,: CLay bois graveLLy sar; sar coeposed of sheLL

(ceLcareous) frants, coarse grained, wet, poorLy

sorted.

Marl: Buff/yeLLow, fissite, shelLs, ctayey shaLe

appearance. si - injreted, chaLky.

RefusaL at 26 ft.,

Drive SS. T.D. et



0

5.8

6.5

7 50

Cotilt
U/WGR

U/SOGR

U/GRSN

U/CLAY

U/KARL

I INSTALLATION: CARSLI. AFB. TX SHEET I OP 1 SHEETS

I 7. TOTAl. DEPTH OF HOLE: 7.7 ft SOt
I 5. DATPJ FOR ELEVATION SIB: see Level
I 9. NANUFACTI*ER'S DESIGNATION OF DRILL: NubiLe DriLL B-61

Inc. I 10. NO. OF SAIFLES TAXEN: 5

I 11, ELEVATION ORJ WATER:

1 12. DATE HOLE ESTABLISHED: 3/22/90
I 13. SI*JAcE ELEVATION: 595.30 ft NSL

14. BAcKI:
I 15. HEASIIMG POINT ELEVATION:

VisuaL De.cri.tlon
Sand. Gr.veL ai CLay: Buff/yeLLow, very poorLy
sorted; sand I. very fine to very coarse grained

rtzo.e with caLcarecu. pebtes/fr.ns moist to 3
ft.. wet beLow; cLay ccntent Increases beLow 3 ft..
GriveL (20X) t to 20 size increases at base. Unit
is brittLe.

GraveL; Average 70 mo,, minor fine sand and cLay,,
moderateLy weLL sorted,, si.rouided,, contos.d of
Limestone L ithocLasts.
CLay: Stiff to very stiff, buff/yeLLow, with grey
mottLing, brittLe, moist; oxidation staining
throughout, fissiLe in zones.
KarL: Dark grey, si-irójrated, very fissiLe, highLy
caLcarecus, Le.cfled 'caLiche' type zone at base (0.1
ft..

A-3 6

Reaark

FuLL recovery
uiLess otherwise
noted.

1.5 ft. Recovery,
ST refusaL at 5.5
ft., go in with
auger to 5 ft.
swpL.s.

RefusaL at 7.5 ft.
(Limestone), drove
SS at 7.5 ft.. Less
than 3 in. with 50
bLows. T.D. at 7.7
ft.. WI. 3.38 ft.
BEL.

Depth Graic BLow Soi L

DRILLING LOG RADIAN CORPORATION

PROJECT: CARLL AFB,
IRP PHASE II STAGE 2

LOCATION: FLlgtLine Ar..
DRILLING AGENCY: Envjr.,...,.,,taL DriLLers.
HOLE NO.: LFO5-06

HAlE OP GEOLOGIST: S. B. BLoult
CCORDINA1ES OP HOLE:

X: 2020129.68 Y: 399156.86



DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CAASIELL AFB,

IRP PHASE II STAGE 2
LOCATION: FtightLine Area
DRILLING AGENCY: ErwirorntaL DriLLers.
HOLE NO.: LFOS-07

NAME OF GEOLOGIST: S. B. BLoun
CRDINATES OF HOLE:

X: 2020230.22 Y:

Depth GraØ'iic I Blow

(Ft.) Log I Co(mt0/
1.4

3.8

5

5.8

LJ

ftp.
.p.

50

399192.73

SoiL

CLasS/Code

U/CLLR

U/GRSN

U/SDGR

U/GRSN

U/CLAY

U/MARL

I INSTALLATION: CARSILL AFB. TX I SHEET 1 oF I SHEETS

I 7. TOTAL DEPTH OF HOLE: 7.2 ft 801.
8. DAT1M F ELEVATION SN: se Levet

I 9. NANUFAC1URER'S DESIGNATION OF DRILL: MobiLe DrTLL 8-61
Inc. I 10. NO. OF SAItES TAKEN: 6

ELEVATION G&A WATER:

DATE MOLE ESTABLISHED: 3/22/90
13. $URFAE ELEVATION: 598.00 ft MSL

I 14. BACI(CNJtø:

1 15. MEASIENG POINT ELEVATION:

IVisuaL Description
CLay: Bro.m/grey, moist, soft, pLastic, roots, sandy,
with increased sand to 0.8 ft. becening cLayey sand.
Gravet: CLSy.y, Lit bosai/qrey, caLcareo graveL up
to 25 en (mostLy 2 - 3 en), moist, very poorLy sorted.
Sand and Grave(: Very fine grainad, poorLy sorted,
cLayey, orange, dry to d, with moisture increasing
to base. CLay content variabLe, cLayey and cohesive in
Lenses; graveL - 20%, 3 - 25 en, very poorLy sorted.
Gravet: Quartz and ca&careoI* peW&es with minor sand,
wet. very poor&y sorted; 98% gravet, average 10 en up
to 20 en.
CLay: Stiff to very stiff, buff/yeLLow with gray
mottLing, oxidation scene, semi-fissiLe, brittLe,
moist.
MarL: Dark gray, semi-injrated, very fissiLe, highLy
caLcareous, aLternating with stiff 'cLay', minor
oxidation mottLing.

A-3 7

I fte,imrka

Sharp contact. 2
ft. Recovery.
Sharp contact.
AsSuaie sone graveL

Lost in first
siLe.
Sharp contacts.

3 ft. Recovery.
RefusaL at 5.8 ft..

DriLLed into marL
1.4 ft. to good
auger refusaL. T.D.

7.2 ft.. No UL
hoLe caved to 3.5
ft.



I DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CMSEU. APE,

I IRP PHASE II STAGE 2

I 2. LOCATION: FLjghttine Ari
DRILLING AGENCY: Envirorno.,taL DriLLers. Inc.
HOt.E NO.: LPOS-O8

I 5. NIlE OP GEOLOGIST: S. 8. Btost
6. COORDINATES OF HOLE:

I X: 2020350.59 Y: 399030.31

Depth Gr.ic Stow

Ft. L Cai.mt

0

Soi

CLass Code

U/CLAY

U/CLAY

U/CLAY

U/CLLR

U/CL. LR

U/CL.LR

U/SAND

U/LMSN

U/LMSN

I INSTALLATION: CARSIJELL AFB. TX I SHEET 1

I 7. TOTAL DEPTH OP HOLE: 18.3 ft BGL
DATIJ FOR ELEVATION SH: see tveL
NAM.JFACTLER'S OESIG3ATION OF DRILL:

NO. OF SNPLES TAKEN: 9

ELEVATION GRJmIIATER:

DATE HOLE ESThRLISI4ED: 3/22190
13. SIMFACE ELEVATION: 606.80 ft MSL

BACEGRJ:
MEASI.*ING POINT ELEVATION:

CLay: Browi, soft, d, brittLe, root bout with fine
rootLets, minor other plant debris.

CLay: NediL. browi, firm, pLastic, moist, minor
rootLets, few catcareous fLecks at base.

Clay: Grey/grey, mottled, very stiff, dry to daa, very
minor line rootLets, abuant caLcareous debris.

CLay: As above, catcarecus pebbtes Lj to 15 no; stiff.
PredominateLy debris 1 - 2 no.

CLay: As above, firm, pLastic.

CLay, Sand, and GraveL: Very poorLy sorted, roUad
graveL, moist. CLay dominates to 12 ft. with snoLL soiL
deveLoped on top, buff/yeLLow. Send content increases
to b.e.
S: Buff/yet Low, very fine to fine grained, sLightLy
ctayey/cohesive at top, Loose beLow 12.3 ft., moderate
roi,ding, weLL sorted, > 95% quartz.
Limestone: Grey to Light grey, norLy, fissiLe,
weathered. 10 no indurated Layers with thin morls
between, no sheLLs, micritic appearance.

Limestone: WeLL indurated, caLcarecus shaLe - fissLe,
medius grey, sLightLy 'carbonaceous'; contiguous 'bed'
from 17.5 - 18.3 ft.

A-38

CouLd not cut w/
carpet knife.

PebbLes effervesce
in KCL solutian.

Husky odor.
Terrace dep.?
(SoiL).

Water in hole at
12 ft.; go to 5 ft.
s.opLers.
DriL Led sLowLy

into limestone.
RefusaL at 14.5 ft.
0.5 ft. Recovery.
DriLLer says
Layered morL, drive
88; 1 ft. Recovery.
T.D. at 18.3 ft..
Water LeveL 12.67

ft. CBGL).

OF 1 SHEETS I
I

MobiLe DriLL 8-61 I



J DRILLING LOG I RAbIAM CORPORATION

1. PROJECT: CARSLL AFB.

IRP PHASE II STAGE 2

6. COORDINATES OF HOlE:

X: 2020361.60 Y: 398918.32

DeothJ Graphic BLow

(Ft.) Log CoLnt

0

3.5

8

10

14 50

I SoiL

!CLass/Code VisuaL DesCriptOn
U/CLLR CLay: Orsnq./bro4m mottled, very sandy, silty with se

graveL, brittLe, dry to d, fine rootlets to 3.5 ft.,
few caLcarecus fleck,, aLternettng zones: brown then
orange pproximoteLy 0.5 ft. thick.

Sand: Buff/yelLow with orange color Laminations,
sLightLy ctayey at top, Loose beLow. rotfided quartzose
grams; cLay Lenses 5 5.3 ft., 5.7 -5.9 ft.; dwi to
moist, 95Z qu.rtz, NeLL sorted, cohesive in cLayey
intervaLs, LooseLy consoLidated otherwise.

Send: As above, thinLy Laminated orange coLor Laminae
are contorted, slightLy cLayey at base.

Send: As above, moist to wet, cLever at top. SheLL
fraiient Layer 10.6 . 11.4 ft.. CLayey and silty beLow.

Sand: Orange, very minor graveL, wet Loose, few
carbonaceous streaks.

MarL: Inckir.ted, dark grey/green shaLe, very
caLcareous, sos. orange oxidation, fissiLe, few shelL
frasents, minor carbonaceous debris, dry to daop.

INSTALLATION: CARSIJELL AFB. TX I SHEET 1 OF 1 SHEETS

TOTAL DEPTH OF HOLE: 14.5 ft BOL
DM111 FOR ELEVATION SH.M: sea LeveL

113. SIWFAC! ELEVATION: 604.90 ft NSL
BACKGNOtJ:

MEAJRING POINT ELEVATION:

A-3 9

.J 2. LOCATION: FLightUne Area 9. MANUFACTI11ER'S DESIGNATION OF DRILL: MobiLe DrILL B.61
J 3. DRILLING ANCY: Erwironv*ntaL DriLLers. Inc. 1 10. NO. OF SAMPLES TAKEN: 6

.1 4. HOLE NO.: LFOS-09 I 11. ELEVATION GRU11D 1LATER:

J 5. NAME OF GEQLOGIST S. B. BLou,t I 12. DATE HOLE ESTABLISHED: 3/22/90

U/SO SM

U/SO SM

U/SD SM

U/SDLR

U/MARL

I Reamrks

FuLL recovery
imlese otherwise
indicated.

Sharp contact.

Water in hoLe - 11
ft.

3 6 pieces of 10
20 iii graveL.

RefusaL at 14 ft.;
drove SS, bottomed
Less then 0.5 ft..
T.D. at 14.5 ft.



J DRILLING LOG RADIAN CORPORATION

PROJECt; CARSELL AFB,

IRP PHASE II STAGE 2
LOCATION: Ftiflttire Ares
DRILLING AGENCY: Envirarmental Dr
HOLE NO.: LFOS-l0

MAlE OF GEOLOGIST: S. B. Bloufl
COORDINATES OF HOLE:

X: 2019456.19 Y 398656.57

Depths Graphic BLow

(Pt.) Lag Cou,t
0

3.2

6

7.5

13.2

14.5

16

18

19.5

SoiL

ICLass/Code

UICLLR

iLLers.

I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 2 SHEETS I

7. TOTAl. DEPTH OF HOI.E 36.2 ft EGI.
I 5. DATLJ FOR ELEVATION SN: sea LeveL I

I 9. IWRJFACTVRER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

Inc. I 10. NO. OF SJFLES TAKEN: 13 I

ELEVATION GRQJNO WiTER: I

DATE HOLE ESTAILISHED: 3/22/90 I

13. MFA ELEVATION: 623.90 ft NSL
aAcKGRoJIm:

PEAJRING POINT ELEVATION:

VisimL Description
CLay: Nedius dark broien with minor carbonaceous
streaking, firm, pLastic, moist. CaLcareous pebbLes
abs,dont to 0.4 ft., minor roots, few pebbLes to 3 ft.

CLay: Very stiff, dark broiui with obvious carbonaceous
streaking, minor sandy Lenses, d to moist, brittLe,
hard, sand Lasination at ier contact is parting; fine
rootLets and intervaLs with coarse sand/pebbLes to 6
ft.

CLay: CaLichified (Leached) I1ite to buff, brittLe,
firm, sheLL fr.ts, d, abuidant caLcareous
debris, abuident orange oxidation semes, visibLe
authigenic mineraLization, siLty earense.

CLay: Stiff, as above, intertayered with caLichified
zones to 13.2 ft.; stiff cLay has intervaLs of abudant
caLcareous debris aM grades into caLiche then abrttLy
goes back to cLay as 6 7 ft.

CLay: Mediva broi&yeL Low, moist to wet, brittle,
silty, abuidant caLcareous debris.
MarL: Weathered Limestone mort at 14.5 ft.; clay rich,
soft, oxidized in se, abuidant broken micri tic
Limestone fr.ns, wet (saturated
sani-pLastic, buff/yeLLow.

A-40

Reemrks

FuL L recovery
i.nLess otherwise
noted.

Can not cut
seesm too dense to
be fiLL. 1 ft.
Recovery in ST.
Crushed heavy guege
sanLer.
FuLL 2 ft. push
with no recovery.
55 pushed 6 . B and
got 0.9 ft.
recovery.
Pushed SS - 0.8
ft. Recovery; used
5 ft. srpLer from
12 - 14.5 ft.; 0.3
ft. recovery.

Water in hoLe 14.5
19.5 ft.. 3.5 ft.

recovery.

U/CLLR CLay and GraveL: GraveL 20%, cLay is buff, firm to
stiff, moist, oxidation se, chaLky, CaCO3, rich,
with coarse frants, siLty, sani-fissiLe.

U/MARL MarL: Dark grey, smei-indurated, highLy catcsreous,
shaLey, fissiLe, dense, dry to dan.

oo.c
c$oo

UIGRSM GraveL, Sand, and CLay: GraveL t.ç to 80%,
orange/yeLLow, brittLe/friabLe, soft, wet to moist.
Sand very poorLy sorted, very fine to coarse grimed,
siA,anguLar, wet, graveL to 40 me, quartz aM CaCO3
and minor sheLL frants, sLightLy cohesive.

4.2 ft. Recovery.

OQ(

U/CLLR

U/C LI. R

UFCLLR

U/CLLR

U/KARL



DRILLING LOG J RADIAN CORPORATION

PROJECT: CARS$iLL AFB,

TRP PUSE II STAGE 2
LOCATION: Fliuhtl the Area
DRILLING AGENCY: ErwiI-...,40t Drillers.
HOLE NO.: LFO5-1O

NAME OF GEOLOGIST: S. 8. Bloiit
COORDINATES OF MOLE:

X: 2019456.19 Y: 39B656.87

Depth GraØic
(Ft.)l

o.of00
23.9

28.5

33.2

36 50

Blow Soil
Caufl JCLass/Code

U/SI CI.

U/SDLR

U/GRSN

U/MARL

L INSTALLATION: CARSIELI. AFB. TX SHEET

1 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL
DAT1I FOR ELEVATION SN: sea level
MAWFAC1IER'S DESIGNATION OF DRILL: Mobile Drill B61

Inc. I 10. NO. OF SAIFLES TAKEN: 13

11. ELEVATION GEQID WATER:

DATE MOLE ESTABLISHED: 3122/90
.*FACI ELEVATION: 623.90 ft MSL

BACxGRJNO:

ME**ING POINT ELEVATION:

Ivisual Description

SiLt: Orange, cl.yey (slightly), wet, soft, minor
oxidation staining in leainae, very i.aiiform lithology
throughout interval, saturated.

Sand: Orange/yellow, very fine grained, loose,
satur.ted, 95 quartz, moderately welt sorted,
sLóro(zed grains, no sedimentary structures, minor
oxidation pods, very minor carbonaceous flecks; with
few large C 50 - 100 me gravel franent)

Gravel: Quartz and calcareoum frageents, poorly sorted,
wet, slightly sandy, slightly silty, loose, average 2 -
6 me of stengular frants 'E to 75 me; buff/oran9e.

Marl: Limestone fra,t - well irrated, micrite.
Buff, few recrystallized fossils, chaulky exterior.

A-Al

2OF2SHEETS I

Resmrks

Very sharp
contact.

Very sharp
contact.

Sharp contact.
34.5 36 ft.
Na. - Auger refusal
at 36 ft.; drive
SE. Grout ES
refusal.
T,D. at 36.2 ft..
Poor recovery ES,
description fr
one frant. WI.
26.2 ft.



DRILLING LOG RADIAN CORPORATION

PROJECT: CARSELL AFS,

IRP PHASE II STAGE 2
LOCATION: Ftttine Are.
DRILLING AGENCY: Dritte
HOLE NO.: LFOS-11

NAME OF GEOLOGtST: 5. E. Fain
COORDINATES OF HOLE:

X: 2020446.51 Y: 398619.94

INSTALLATION: CARSUELI. AFB. TX I SKEET 1 OF I SHEETS

I 7. TOTAL DEPTH OF HOLE: 10.1 ft BGL
8. DM111 FOR ELEVATION SNB: se. Level

1 9. MA*JFACTLWER'S DESIGNATION OF DRILL: MobiLe DrilL 8-61
rs. Inc. 1 10. NO. OF SAILES TAKEN: 6

11. ELEVATION UJND lATER:

[12. DATE HOLE ESTABLISHED: 3119/90
I 13 SIFAZE ELEVATION: 597.60 ft WSL

BAGRU1:
MEAING POINT ELEVAILONI

Depth Graphic
(Ft.)J Lor

2

4

6

7

10 I

Blow Soi

CLass/Code

U/CLAY

U/CLLR

U/CLLR

U/CLLR

UI'SOLR

U/MARL

VsiaL Descriptien
Clay: Dark brcm, d, caLc.reo noó.,Lea, roots.

CLay: As above, sLightLy giLty and sandy.

CLay: Dark brom, hit root at 5.5 ft., wet.

CLay: Gre n/orange, very fine grairied sand.

Sand: Orange/tan, fine to mediln grained, wet,
quertzose; at 8 ft., bra,i, *sky odor. 8.5 10 ft.
increasing graveL to 20% at botte. of sLer.
Saturated, sheLLs.

MarL: Green/gray. irjreted, fissiLe, exogyra fossils.

A-42

Ree.rk
FuLL recovery
u,Les. otherwise
noted.

1.2 ft. Recovery.

W.L. measured at
3.05 ft. BLS.

Auger refL at
10 ft. Drove S.S.
(1 1/2 ft.); 50
bLows 0.1 ft.;
T.D. = 10.1 ft.



j DRUJ.]NG LOG RADIAN CONPORAIlOW

PROJECT:. CARSELL APR,

IRP PHASE II STAGE 2

LOCATION: Ftigflttne Area
DRILLING AGENCY: Erwironatentat Drillers. Inc.

1 4. HOLE NO.: LFOS-12

J 5. NAME OF GEOLOGIST: S. B. Blo.mt
6. COGRDIMATES OF HOLE:

I X: 2020606.71 Y: 398699.09

Depth Graphic Blow

(Ft.)I Log I Ccuit
0

1.5

2.5

6.8

8.8

9 50

Soil

I Class/Code

U/CLLR

uisiq

UICLLR

U/CLAY

U/SDVF

U/MARL

I INSTALLATION; CARSLL MB. TX I SHEET 1 OF 1 SHEETS

TOTAL DEPTH OF HOLE: 9.2 ft BGL
DATIM FON ELEVATION SNCM: sea level

1 9. MAMUFACTIER'S DESIGNATION OF DRILL: Mobile Drill 561
NO. OF SAMPLES TAXEN: 6

ELEVATION ONOJ WATER:

DATE HOLE ESTABLISHED: 3/19190

JRFACE ELEVATION: 594.40 ft MSL
BAvOI.Ms:
MEASI*ING POINT ELEVATION:

jVIsusl Dscritfon
Clay, Sand, Gravel: Clay is light browvorange, moist,
suai-ptutic, soft with .buant oxidatian. Gravel is
10 - 20 - c.tcsrecuu pebbles.
Sand: Orange, .0151, cl.yey 2 - 2.5 ft., silty, very
fine grimed, poorly sorted.
Sandy Clay: Clay as above, without gravel (calcareous
debris minor), sandy and silty to 4 ft.; silty to 6.8

ft.; clay is grsy/brosm, momat, soft; very soft and wet
at 5 ft., minor oxidized sand seam, few very fine
rootlets, si-plastic.

Clay: Derk grey/black, soft, plastic, wet, highly
organic, few fine rootlets, silty (minor).

Sand: Very fine grained, moderately sorted, dark grey,
carbonaceous streaking, wet, qu.rtzose.
Mart: Medlus grey, fissite, well indurated, micritic,
brittle in chaulky zones.

A-4 3

Reitarks

Full sl* mless
otherwi as
indicated.
Gradational
contact.
Water in hole at 5
ft.

Sharp contact.
Musky odor. 1 ft.
Recover ST. Mart at
smipte bottoo.

T.D. at 9.2 ft.;
WI. 2.73 ft.



DRILLING LOG J RADIAJI CORPORATION

PROJECT: CARSELL AFI,

IRP PHASE II STAGE 2
LOCATION: FtlgftLine Area
DRILLING AGENCY: Envir..,rent.L Dr
HOLE NO.: LFO5-13

NAME OF GEOLOGIST: S. E. Fain
COINATES Of HOLE:

X: 2020738.54 Y: 398406.77

0-0'
cJO

r.o.p00
o.o

o.o.I0000
I i.l5O

B Low

Coia,t

SoiL

CLass/Code

U/C1.AT

I INSTALLATION: CARSIIELL AFI. TX I SHEET I OF I SHEETS

J 7. TOTAL DEPTH OF HOLE: 17.1 ft BGL
DATIJI FOR ELEVATION SNA sea LeveL

MANUFACTURER'S DESIGMATION OF DRILL: MoLe DrILL 5-61
ilLers. Inc. I 10. NO. OF SNLES TAKEN; 9

I 11. ELEVATION AdD WATER:

12. DATE HOLE ESTABLISHED: 3/19190

J 13 SURFACE ELEVATION: 605.00 ft MSL
1 14. BAUGRUJNO:

15. MEASURING POINT ELEVATION:

IVisust DeecriDtfon
Clay: Dark broiai, d, roots, pLastic; c.&c.recs zone
st.rts at 1.8 ft.

Clay: Orenge/brom, very silty, aaant caLcareous
teriaL (caLiche), dry, s&ightLy cohesive.

Clay: As above, 20 3GM catcareous material.

Clay; As above, moist; increased caLcareous materiaL,
87 9.3 ft. AsLmast couiç&eteLy caLcareous materiaL.

Sand: Orange/tan, fine to modiin grained, Loose, dan,
strou, qu.rtzose, minor oxidation staining.

Sand: As above, Ca Lc.reous zones C- 0.5 ft.) at 13 ft.
and 14 ft.; a&s.o graveLLy in these zones. MateriaL
saturated at - 13.5 ft.

Sand: As above.

Sand and GraveL: 50/50, very fine sand to pebbLe size
graveL, saturated, nierous sheLls.
Mart: Gray/green. fiuile, incZirated, iron stained in
fratures ca Lcareous.

A-44

Remarks

FULL recoveries
iztes, noted.

1.6 ft. Recovery.

1.4 ft. Recovery.

Pushed S.S.

sesçLer C1.5 ft.).

CouLd not get W.L.
do hoLe after
augers puLLed; 4.5
ft. Recovery.

SLer refusa& at
17 ft.
Driving 1 1/2 ft.
S.S. 1 1/4 in. for
50 bLows; T.D.
17.1 ft.

12

15

16

17

U/CLLR

IJI'CLLR

U/ CL LR

U/SAND

U/SDLR

U/SDLR

U/SDGR

U/MARL



- J DRILLING LOG j RADIAN CORPORATION

PROJECT: CARU. AFI,
INP PNASE II STAGE 2

LOCATION: FtightLfne Area
DRILLING AGENCY: Envir.,,.,.tat DriLLers.
HOLE NO.: LFO5-14

NAME OF GEOLOGIST: S. 8. 8Loi.mt
CDINATE5 OF HOLE:

X: 2020910.0$ Y: 398467.53

Depth Graphic BLOW
I

SOIL

(Ft.) L. Coult jCtass/Code
o 4 U/C*.LR

2

3.5

72

8.5

8.7

10.5

13

00

50

U/Ci.AY

U/CLLR

U/MARL

U/ SD F N

U/SDGR

U/GRSM

U/MARL

INSTALLATION: CARSLL AFB TX I SHEET 1 OF 1 SHEETS

j 7. TOTAL DEPTh Of MOLE: 13.3 ft SGL
DAUJI FOR ELEVATION SIIM: sea Level
MANUFACTIMER'S DESIGNATION OF DRILL: Mobile DriLL 8-61

Ine. I 10. NO. OF SANPI.ES TAKEN; 8

11. ELEVATION GRasm WATER: 594.14 ft P1St (6/18190)
DATE HOLE ESTAILISHED: 3/19/90
SI*FACE ELEVATION: 603.20 ft MSL
BAcGauam:

1 15. NEA.ING POINT ELEVATION: 602.98 ft MSL

IVisuaL DescriDtlon
Clay: Very d.rk brou,,i, soft, dry to d,
brlttLe/Crtty, fine rootLeti w caLcareous ples,

zant caLcareous debris 1.5 - 2 ft.; silty, sandy.

CLay: Brc,aVtan, flr, dry to d, abuant caLcareous
debris, 'cruLy' carbonsceous particles, stiffens to
base.
CLay: As above, caLichified to 4 ft., very stiff, dry,
siLty, sandy to 4.7 ft.. cLay below is orange brou,
very stiff, d with absmdant cMcareous debris and
carbonaceous streaks/particLes, brittle, sandy.

MarL: Light grey, very stiff, silty clay with abzidant
Large caCO3 fraents, oxidized in semis, brittle,
moist, 'sLickeneided'.
Sand: Fine greined, orange tan, oxidized, moderately
sorted, srouided, wet, Loose, qjertxose with ' 95%
q.artz and 5% heavy mineraLs.
Sand end Gravel: Sand es above with gravel at 8.7 ft.,
graveL is predominateLy CaCO3 fraents, poorLy sorted
(some quartz) average 3 iii, to 30 is. Approximately
40% of sLe; sroised.
GraveL bo Sand: As above, onLy gravel 60 -70% of
sLe, few large 70 a. frauents.
Marl: Very hard no recovery.

A-4 5

J Renerks

FuL L recovery
zLess noted
otherwise. 3 ft.
Recovery.

3.5 ft. very hard
to cut.

2.5 ft. Recovery.

Water in hole at 9
ft.

DrilLer says
Limestone at 13 ft.
Drove SS; 50 bLows
went 1 in.; no
recovery; T.D. at
13.3 ft.; WI. - 9.43
ft.



I DRILLING LOG I RADIAN CORPORATION

I
1. PROJECT: CARSU. AFB,

.1 IRP PHASE 11 STAG 2

1 2. LOCATIOW FtiittIne Arel
DRILLING AGENCY: Ersvlrc.....ta& Drillers.
HOLE NO.: LFOS15

J 5. NINE OF GEOLOGIST: S. B. BLouit
I 6. cOGROIIIATES OF HOLE:

I X: 2019457.49 Y: 398082.81

Depth

(Ft.)
0

2

2.1

6

8

10

12.1

14.1

IS

15.9
17

17.5

18

19

19.9

Graphic BLow

I COwnt
I SOiL

IC Lass/Code

u/CUR

U/CLLR

U/CLLR

U/CLLR

U/CUR

U/CLLR

U/CLLR

U/SDCL

U/CUR

U/CLLR

u/Sod

U/CLLR

U/SoPI

U/CLLR

U/CUR

I INSTALLATION: CARSIJELL AFB. TX I SHEET 1 OF 3 SHEETS

TOTAL DEPTH OF HOLE: 40.6 ft BGL
OATh! FOR ELEVATION SHM: sea LeveL

9. M**IFACTUREI'S DESIGNATION OF DRILL: Mobile DrilL B-61
Inc. 1 10. NO. OF S*ILES TAXEN 26

11. ELEVATION GRUJ b!ATER:

DATE HOLE ESTA8LISHED 3/19/90
SIMFACE ELEVATION: 626.50 ft NSL
BACGRMD:

15. PEASI*INg POINT ELEVATION:

IVla,.aL Descrigtian lRew.rks
Clay: Dark beast, firm, moist, si-pt.stic to 1.8 ft.; FuLL reca,.ry
caLc.r.oia psCbLss Ligid horizontal in bade to I LstL.ss otherwise
ft.; reott.ts, organic, sLitly silty I - 2 ft.

CLay: As aba,., Leached to buff coLor with oxidation
staining, abitmt eaLcar.oa pLes 1.8 2.1 ft.
CLay: As first cLay with pebbLes and semi. Leached zone,
pebbLes and clay 3 3.2 ft., interval from 2.1 4.4
ft. orange/brown. ALternating zones of dark brown firm
cley with ebszant eatcarect debris and orange/bras,,
softer with pebbbLce; thin said 3.6 3.8 ft., very
fine gra
CLay: SLightLy sandy, siLty, minor c.Lcareoim debris,
very soft, saturated (soggy), oxidation stained
throughout, minor carbonaceous streaking, few very fine
root lets, orarqe/bro'.i'i.
CLay: As above, firm, dark brown cley with few pebbles
from 9.8 10 ft.; no silt, very sandy at top.

CLay: As aba,.. very sandy at top with dark brown, firm
to stiff clay at 11 12.1 ft., oxidation streaked.

CLay: As above, no roots, minor calcareous debris.

CLayey Sand: Orange - very fine grained, saturated,
cohesive, very poorly sorted, artzose, minor
carbonaceous Stain, 14.1 . 14.8 ft.
CLay: Dark brown-black, firm to stiff.
CLayey $.nd: As above, 15.9 16.3 ft.
Sand: As above.
CLay: As above, dark brown to bLack, minor catcareous
pebbles, firm to stiff, moist to wet, abaidant
carbonaceous stairm, minor oxidation.
Sand: SiLty, Layey, saturated, as above 18 . 18.6 ft.

CLay: As above.
Clay: Cslithe 1ayer between 19.9 - 20 ft. and between
21.8 22 ft. with intervening clay, as above.
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indicated.

ALternating zones
3 6 ft. each
aroximotely 0.3
ft. thick.

Water in hoLe at 7

ft. Perched?

CLayey sand?

Sar&/SOggY top
very reguLar
frictiOn of
saiiter?

Very regular
fill?



DRILLING LOG jRADIAN CORPORATION

PROJECT: CMSILL AFB,
IRP PHASE II STAGE 2

LOCATION: FllqhtLIne Area
DRILLING AGENCT: DriLlers.
HOLE NO.; LFOS-15

NM OF GEOLOGIST: S. B. BLoia,t
COORDINATES OF HOLE:

X: 2019457.49 Y: 398082.81

i0000''0000''0000''0000'p00
.0.0.

0.0
v.0.0.

0.0

UICLLR

UISLCI.

U/SO ElI

U/SILT

U/SDSN

U/GR

UIGRVI.

UIGRVL

U/GRVL

U/SDGR

I INSTALLATION: CARStELL APS. TX I SHEET 2 OF 3 SHEETS

TOTAl. DEPTH OF HOLE; 40.6 ft BGJ.
DATLM FOR ELEVATION S)IM: sea Level
MAIRJFACTIWER'S DESIGNATION OF DRILL: MobiLe DriLl B-61

Inc. I 10. NO. OF SAIWLES TAKEN: 26

ELEVATION UD WATER;
DATE HOLE ESTAILISNED: 3/19/90

13. aFACE ELEVATION: 626.50 ft HSL
BEGlJm:
NEASI*ING POINT ELEVATION:

CLay: As above, with abu,dant celoareous debris.

SiLt: Tan/orange, slightly cLeyey, wet, sLightLy sandy,
no s.di.entary structures, cohesive.

Sand: Tan/orange, very fine grained, erateLy weLL
sorted, quartzose with ' 95Z rtz, minor carbonaceous
Lemma, st.trcsided, wet/saturated, Loose, grading to
siLt.

Silt: As above, no cLay, grading to siLty sand (sand as
above); siLty to 29.3 ft.
Sand: As above, no silt, no sediment structures, except
minor dark carbonaceous L emi n.e.

GraveL: Orange, very poorly sorted, CaCO3 and quartz;
CaCO3 fra.ents all 15 me; quartz frants most of

LLer; sroulded, sLightLy sandy, wet, Loose,
average fraent e.als 5 - 10 me i to 75 eva, sLight
clay/chalkiness.

GraveL: very 'cLean', better sorting, predominately
qu.rtz, no sand/cLay, minor shelL fragments.

Gravel: CLean as above.

GraveL: Darker in color, black staining throughout.

Sand and GraveL: Fine grained gravel and send, poorLy
sorted, very Loose, with broken shell fragments.
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First push on ST
had no recovery:
pushed SS - fuLL
recovery.
Sharp contact.
DriLLer says hard
and soft Layers
when augering
between 15 and 25
ft.

Sharp Contact.

Sharp Contact.

TCE? No reading

HNU/Prager.

OepthI GraØic I Blow Soil.

(Ft.)I Log Coult Class/Code IVisuaL Descripticn ReilvarkS



DRILLING LOG I RADIAJI CORPATION

PROJECT: CARSIELL AFB.

IRP PHASE II STA 2
LOCATION: FLjghtLfne Are.
DRILLING AGENCY: Envir..ts& DriLLers.
NOI.E NO.: LFOS-15

NAIIE OF GEOLOGIST: S. B. BLcufl
CDINATES OF HOLE:

X: 2019457.49 Y: 398082.81

I INSTAJ..LATION: CARSLL AFB. TX I SHEET 3 OF 3 SHEETS

TOTAL. DEPTH OF HOLE: 40.6 ft BGL
DATIJI FON EI.EYATION SHml: see LeveL

MIIUFACTLER'S DESIGNATION OF DRILL: MobiLe DriLL B-61
Inc. I 10. NO. OF SMPLES TAICEN: 26

I 11. ELEVATION GROIJI) URTER:

1 12. DATE HOLE ESTABLISHED: 3/19190
FACE ELEVATION: 626.50 ft NSL

$ACKGRJm:
15. NEAS*ING POINT ELEVATION:

Depthl Grsic BLow
I

SoIL

CFt.)[ Log I Co.rt ICLess/Ccde jVisu.L Description
40.4 I U/MARL Mart: Buff, cL.y.y/chautky. pr.U&n.ntty weLded

crystaLLized heLL fra...t., fissiLe to brittLe,
u.iinjr.t.d, wet.

A-48

I Reurks
39.5 . 44.5 ft.
recovered 2.5 ft.,

.it 1.5 ft. was
sLuff. Auger
refusaL at 40.5
ft., went in with
SS; 50 bLows -
1.5 in. recovery;
T.D. at 40.6 ft.



DRILLING LOG I RADIAN CORPORATION

PROJECT: CARSLL AFE,

IRP PHASE II STAGE 2
LOCATION: Fliglitline Are.
DRILLING AGENCT: E,wirG.ntal DrillerL Inc.
HOLE NO.: LFO5-16

NAME OF GEOI.OGIST: S. B. Blottt
COORDINATES OF HOLE:

X: 2021041.70 T: 398229.39

Depth Greic
CFt.) Loq

0

10

c5.

000
O.C.

OO(
p..p..o.

16 co.o
0-00
0
P.QQ
.o.o.ccoc

300

14

19

Blow

Cou,t

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

TOTAL DEPTH OF HOLE: 23.1 ft BGL
DATIM FOR ELEVATION SH: sea level
MANuFACTURER'S DESIGMATION OF DRILL: Mobile Drill B61

NO. OF SAMPLES TAKEN: 12

ELEVATION GRMD WATER:

DATE HOLE ESTABLISHED: 3119/90

SURFACE ELEVATION: 612.30 ft MSL
BACGMOUI:
NEA*ING POINT ELEVATION:

IVisu.l DescriDtion
Clay: Broe with orange cast, soft to firm, soil top.
rootlets to botte., dry to d, semi-plastic.

Clay: Brci, very stiff, brittle, ebirant calcarecus
fragaents/shells, very minor rootlets, minor
carbonaceous flecks, dry to d.

Clay: 'Caliche' - dasSication cracked, white/brown/buff
mottled, calcareous debris to 10 em, dry, 'hard'
stiff /brittte.

Clay: 'Caliche' as above, well inrated intervals,
brittle, dry; limestone inclusions to 20 an.
Clay: Caliche as abovc, thin irjrated zones; mostly
dry, very stiff, highly calc.reous buff/orange clay
with incLusions as above, minor carbonaceous fLecks;
sandy fran B - 8.5 ft.
Sand: Abuant caLcareous debris to 9.6 ft. red, fine
grained with silt, qu.rtzose, dry and angular to 9.6
ft.; sand below 9.6 ft. is orange/yellow, very fine
grained, loose, stengutar, 95% quartz, dry.
Sand: As above, thin gravel horizions developed 10.5 -
10.8 ft., 12 - 12.6 ft.; color laminae - 3 em -
orange/yellow. Grsvel to 30 me; minor gravel in sand
very 'fine grained - fine grained, orange to 15 ft.

Sand: As above.

Sand: As above, few gravel/calcareoim concretions
throughout, moist at 16.5 ft, wet at 18.5 ft., gravel
L to 50 nfl, minor color laminae.

Sand: As above, minor very coarse sand/fine gravel,
send is tan/orange, very fine grained, saturated,
quartzose, sangular, > 95% quartz with moderate
sorting.
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2

4

6

7

9

S11
Class/Code

U/aiM

U/CLLR

U/CI.LR

U/CLLR

U/CLLR

UISOSM

U/SDLR

U/SDLR

U/SDLR

U/SDLR

I Remerks

FuLL st.
recovery alesa
otherwise noted.

Can not cut with
knife.

0.2 ft. Saople
recovery.

1 ft. Recovery to
refusal at 7 ft.
Driller says
limestone; will
drive 7 - 8.5 ft.;
full recovery SS.
ST fron 9 10 ft.
Full recovery.

Not sufficient
gravel to be
classified as sand
and gravel (10%);
water at - 19 ft.



I DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CARSILL API,

I IRP PHASE II STAGE 2

LOCATION: Ftighttine Are.
DRILLING AGENCY: Erwiroriuentet Dr
HOLE NO.: LFOS-17

j 5. NAME OF GEOLOGIST: S. B. Btoir,t
I

6. COORDINATES OF HOLE:

I X: 2021241.43 Y 398317.23

J

Depth Graphic Stow

I(Ft.) I... Cou.Jit

0

3

4.5

9.4
10

14

16

16 5 50

I Soil
ICt ass/Code

U/CLLR

U/CLLR

U/G&Cl.

U/SAND

U/CLLR

U/SD VP

U/SDVF

U/SDVF

U/MARL

itters, Inc.

IVisuat Deacr:otian

INSTALLATION: CARSWELL AFS. TX I SHEET 1 OF 1 SHEETS

TOTAL DEPTH OP HOLE: 16.6 ft BGI.
DATt FOR ELEVATION SN: se. tev.t
MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drltt 5-61
NO. OF SMLES TAKEN: 9

ELEVATION GR WATER:

DATE HOLE ESTABLISHED: 3/19/90
.*FACE ELEVATION: 606.50 ft MSL

$ACKGRmJ:
MEANURING POINT ELEVATION:

Ctay: Iro, soft firm, sitty with airier very fine
grained send, roots, maist, minor c.tc.reous peobtes
and carbonsceoia staining, si-ptsctic.

Ctay: As above at 3 ft., with ab.iant catcareo
pebbtes.
Gravet, Ctay, and Sand: Gravet is catcareoua, dry to
d, catichified, < 15 mu, buff, wetness increases
with depth, very poorty sorted with clay tenses. Ctay
is as above.
S: Sand is very fine grained - fine grained, orange
oxidized at top grading to buff/yellow at 5 ft.,
sirci,ded, er.tety wet t sorted, omiat, qu.rtzose
with ' 95% quartz, stt shett fragments abuidant to 10
ft. Grain size to sand/gravet at 6.8 ft., then very
fine grained

Ctay: Minor shell fragments.
Sw As above, very fine grained, welt sorted,
stà.ngutar to sroi.ed, noist to wet, cotor tamiriated,

95% quartz.

Send: As above.

Sand: As above.
MarL/Limestone: Micritic, tight grey, dense, many samtt
fossils (recrystattized), watt irió.jrat.d, chauLky
surface.
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I Rmuerks
Futt recovery
utess othsrwise
noted.

Gravet Contacts.

Sharp Contact.

2.5 ft. Recovery.

Ho visibte
cent mul nation, but
high Drsger
readings 1 ft.
Recovery.
No odor.
SaIVLe description
from smeLt
fragments,
afparentty very
hard. 1.0. at 16.6
ft.



Depth! Gr.Ønc I
8(0w Soil.

I

(Ft.) Log j
Coitit ICtass/Code IVisual. Description

23.2 0/HARL

INSTALLATION: CARSLL AFI TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 24.0 ft BGL

DAUI FOR ELEVATION SHBl: Se. (evel.

NA*JFACTtER'S DESIGNATION OF DRILL: Mobile Drill. 8-61

NO. OF S*ItES TAXEN: 10

ELEVATION GROIJ WATER: 594.11 ft MSL (6/18/90)

DATE HOLE ESTABLISHED: 3121/90

RFACE ELEVATION: 612.10 ft MSI.

BAcEGRID:
MEARING POINT ELEVATION: 611.B4 ft MSL

Marl.: White/gray, inówated, oxidation staining in

fractures.

A-5 3

I Retrks

c(eticn. No
graveLs.

Drove 1 1/2 ft.

S.S., 50 bLows. 2

in. recovery. 1.0.

23.95 ft.

DRILLING LOG RADIAN CORPORATION

1. PROJECT: CARS%ELL AFB,

I TRP PHASE II STAGE 2

LOCATION: FtIqftt(ine Are.

DRILLING AGENCY: Envirorentat DriUers. Inc.

HOLE NO.: t.FO5-18

NAI OF GEO(.OGIST: S. E. Fain

COORDINATES OF HOLE: J
X: 2021280.30 Y: 398169.30



DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CARLL AFI.
IRP PHASE II STAGE 2

LOCATION: F(fght(ine Area
DRILLING AGENCT: Erwir....tal Drillers. Inc.
HOLE NO.: LF0519

S. MAlE OF GEOLOGIST: S. E. Fain
6. COORDINATES OF HOLE:

X: 2021663.85 Y: 397850.57

Depth Graphic
(Ft.) Log

0

00
0-0
O.0

-0000

-0-0-00
00

Blow

Cou,t

I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS

TOTAL DEPTH Of HOLE: 20.8 ft BGL
DATLM FOR ELEVATION SNOI8I: see level
MA*JFACTLER'S DESIGNATION OF DRILL: Mobile Drill 861

NO. OF SANPtES TAKEN: 9

ELEVATION GEUJ MATER: 593.54 ft NSL (6/18/90)
DATE HOLE ESTA8LI$HED: 3/21/90

J 13. .JRFACE ELEVATION: 606.30 ft NSL
BAGRaJ:
MERSIaING POINT ELEVATION: 606.08 ft NSL

cobbles and thin beds, saturated at - 13.5 ft.
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I Remarks

0.3 ft. Recovery.
Stuck in shelby
ti.e.

1 ft. Recovery.

1 ft. Recovery.

k

00
00
00

U/SDGR Sand and Gravel: Orange, 60% sand, 40% gravel daIV.
oxidation staining 11 . 13 ft; occasional Limestone

4.2 ft. Recovery.

19

-0-0-0000
00
00.

U/GRSN Gravel and Sand: 80% gravels 2 to 25 ma, 20% assorted
sand sizes, saturated, rmarsus shells (gryphea?); 19
19.3 ft. medius sand bed.

13.7

.Q..
.ci..c0000

O-O
CQ

U/GR Gravel and Sand: As above > 80% gravels (mainly 2
10 mt), saturated, assorted sand sizes, gravels mainly
srouid chart and angular Limestone clasts.

W.L. measured at
13.6 ft. 3.6 ft.
Recovery.

ISoil I

ICtass/Code IVisuat Descriticrv
Clay: Dark brswi first I ft.. then orange/brou with
abuidant calcar.a material cohesive.

Sand: Orange. cmeented 3 . 4 ft. ,iediva grained, dry.

Sand: Orange. fine to medius grained, quartzose, daep,
loose.

Limestone: 1 in. Limestone bed iziderlain by 2 in.
cemented sand at 6.0 ft.
Sand and Gravel: Orange. poorly sorted, very fine
grained sand to pebble size gravel, deep. Gravel is
sroisid.

6.3

10

U/tAY

U/wI

U/SAND

U/LNSN

U/SDGR

2

4

6

- -
0-0
..o.o



DRILUNG LOG I RAbIN CORPORATION

1. PROJECT: CARSWELL AFE

IRP PNASE II STAGE 2

I 2. LOCATION: FLiqhtLjne Are.
3. DRILLING AGENCY: Eiwirotiuente( Dr

HOLE NO.: LFO5-19

NANE OF GEOLOGIST: S. E. Fain
6. COORDINATES OF HOLE:

X: 2021663.85 Y: 397850.57

Depthl Graphic BLow SoiL
(Ft.)j Loq j Cou,t CLass/Cede

2O.5g I I J5o U/NARL

I INSTALLATION: CARSVELI. AFB. TX SHEET

TOTAL DEPTH OF HOLE: 20.8 ft BGL
DATL FOR ELEVATION SNCM: sea LeveL

MA*JFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61
ILLers. Inc. 10. NO. OF SA1t.ES TAXEN: 9

I ii. ELEVATION GRJD WATER: 593.54 ft MSL (6/18f90)
12. DATE HOLE ESTABLISHED: 3/21/90

I 13. SLRFAGE ELEVATION: 606.30 ft N51.

BACEG*UldD:

MEA.MING POINT ELEVATION: 606.08 ft NSL

IVisuat Description
M.rL: Li.e.tone, weathered, tan/ite, indurated it
heaviLy fractured, oxidation staining on fracture
faces.

A-5 5

2 OF 2 SHEETS

I Retierks

SaaLinq hard at
20 - 20.5 ft.;
Drove 1 1/2 ft.
S.S., 50 bLows
2.5 in. T.D.
20.75 ft.
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APPENDIX B

Well Completion Summaries

(Previous Well Completion Summaries may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))

B-i
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I 2. LOCATION: Site LFO4
3. INSTALLING CO.: Radian CorDoration

WELL NO.: LPO4-01

WELL OUNER: U.S. AIR FORCE

- I 6. WELL TYPE CLASS: MONITORING WELL

I 7. FORMATION OF CONPLETION:

8. LOCATION TYPE: WL

REMARKS: 1_1Ox2NxD.D2 Screen,3i0'x2' Risers,

I WELL CONPLETION LOG I RADIAN CORPORATION

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

BOREHOLE

DEPTH:

40.10 ft

GROUND SURFACE

BACKFILL MATERIAL:

Cement-Bentoni te Grout

t
SEAL LENGTH:

2.00 ft

FILTER PACK

LENGTH:

12.10 ft

INSTALLATION: CARSWELL AFB

INSTALLATION DATE: 3/23/90
WELL CLETION P4ETH: GRAVEL PACK V/SCREEN

ZONE OF CORPLETION: A.Jjfer
SEAL END DEPTH: 28.00 ft
MEAS. POINT ELEV.: 629.24 ft MSL
CASING DIAMETER: 2.00 in
CASING MATERIAL: ScheduLe 40 PVC

SCREEN BEGIN. DEPTH: 29.95 ft
I 17. SCREEN SLOT SIZE: 0.02 in

Bottom PLUg 1-Locking Cap,1-S'x2" Riser

L I

FILTER PACK MATERIAL: 8-20 Silica Sand

TOP OF CASING

BOREHOLE DIAMETER:

8.000 in

SEAL MATERIAL:

Bentoni te

t

SCREEN LENGTH:

9.75 ft

+

t

BLANK LENGTH:

0.30 ft

I

f

CASING DEPTH:

40.00 ft

+



J WELL CONPLETION LOG RADIAN CORPORATION

I 1. PROJECT: IRP PHASE II STAGE 2. CARSWELL API

LOCATION: Site LFO4
INSTALLING CO.: Radian Corporation
WELL NO.: LFO4-02

WELL J1ER: U.S. AIR FORCE

WELL TYPE CLASS: tOiITORING WELL

FORMATION OF CONPLETICN:

LOCATION TYPE: WI.

18. REMARKS: 1_1Ox2Nx0.O2 Screen.3_1OX2N

BOREHOLE

DEPTH:

37.70 ft

+

GROUND SURFACE

BACKFILL MATERIAL:

Cnt-Bentoni te Grout

SEAL LENGTH:

2.00 ft

FILTER PACK

LENGTH:

16.80 ft

INSTALLATION: CARS4EL API

INSTALLATION DATE: 3/28/90
WELL CONPLETION PETH: GRAVEL PACK li/SCREEN

ZONE OF CONPLETION: AJifer
SEAL END DEPTH: 20.90 ft
PlEAS. POINT ELEV.: 623.68 ft MSL
CASING DIAMETER: 2.00 in
CASING MATERIAL: SchecAEe 40 PVC

SCREEN BEGIN. DEPTH: 23.10 ft
SCREEN SLOT SIZE: 0.02 in

Risers.1-Cut piece (-O.4'),l-Locking Cap. 1-bOttcIu Cap

I I I

FILTER PACK MATERIAL: 8-20 SiLica Sar

B-4

TOP OF CASING

t

/ BOREHOLE DIAMETER:

8.000 in

I

SEAL MATERIAL:

Bentoni te

I

ScREEN LENGTH:

14.35 ft

+

I
BLANK LENGTH:

0.20 ft

4,

CASING DEPTH:

37.65 ft

+



WELL CPLET1ON LOG I RADIAN CORPORATII

PROJECT: IRP PUSE 11 STAGE , CARSLL AFB

LOCATION: Site LFO4
iNSTALLING CO.: Radian CorDoration

BOREHOLE

DEPTH:

37.52 ft

+

GRWND SURFACE

BACKFILL MATERIAL;

Ceasnt-Beffloni te Grout

SEAL LENGTI1:

2.30 ft

FILTER PACE

LENGTH:

18.12 ft

I NSTALLATI: C*RSLL AFB
9. INSTALLATION DATE: 4/3/90

WELL CLETII METH: GRAVEL PACK W/SCREEN
ZE OF cLETION *auffer
SEAL E DEPTH: 19.40 ft

FILTER PA MATERIAL: 8-20 SL ice Sind

B-5

TOP OF CASING

t

BOREHOLE DIAMETER

14.500 in

SEAL MATERIAL:

Bentcnite

t

SCREEN LENGTH:

14.26 ft

+

t

BLANK LENGTH:

0.76 ft

+

CASING DEPTH:

37.42 ft

+

4. WELL NO.: LPO4-03 I 13. SEAS. POINT ELEV.: 623.25 ft MSL
5. WELL Oft4ER: U.S. AIR FORCE 14. CASING DIAITER: 6.00 in
6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: Sche.jLe 80 PVC
7. FORMATION OF CPLETION I 16. SCREEN BEGIN. DEPTH: 22.40 ft
8. LOCATION TYPE: W. I 17. SCREEN SLOT SIZE: 0.02 in

REMARKS: 1x10'x6 PVC 0.020 screen, 1x5'x6" screen, 2xlO'x6 PVC riser, 1x5'x6 riser.



GRaJND SURFACE I

BOREHOLE

DEPTH:

25.20 ft

+

BACKFILL MATERIAL:

Cnt-Bentoni te Grout

INSTALLATION: CARSWELL AFB

INSTALLATION DATE: 3/20190
WELL CONPLETION $ETN: GRAVEL PACK U/SCREEN

ZONE OF CLETION: Aanfer
SEAL EI DEPTH: 13.20 ft
MEAS. POINT ELEV.: 612.07 ft
CASING DIAIETER: 2.00 in
CASING MATERIAL: ScheLe 40 PVC
SCREEN BEGIN. DEPTH: 15.20 ft
SCREEN SLOT SIZE; 0.02 in

* Cave-in from 25.2' - 24.8'

B-6

t

FILTER PACK MATERIAL: 8-20 SiLica Sand

TOP OF CASING

BOREHOLE DIAMETER:

8.000 in

SEAL MATERIAL:

Bentoni te

MSL

J 2. LOCATION: Site LFO4
INSTALLING CO.: R.dian Corporation
WELL NO.: LFO4-04

WELL mER: U.S. AIR FORCE
WELL TYPE CLASS: PNITORING WELL

FORMATION OF CORPLETION:

LOCATION TYPE: WI

18. REMARKS: So,ded WeLt, after Co,Letion, 25' BLS.

I WELL CORPLETION LOG RADIAN CORPORATION

1. PROJECT: IRP PHASE II STAGE 2 CARLL AFB

CASING DEPTH:

25.20 ft

t

SCREEN LENGTH:

9.73 ft

+

t

BLANK LENGTH:

0.32 ft

+ +

t
SEAL LENGTH:

2.10 ft

FILTER PACK

LENGTH:

11.60 ft



WELL COMPLETION LOG I RADIAJI CORPORATION

PROJECT: IRP PHASE II STAGE 2, CARS.ELL AFB

LOCATION: Site LFO4
INSTALLING CO.: Radian Corporation
WELL NO.: LFO4-10

WELL ONNER: U.S. AIR FORCE

WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 pvc

FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 39.22 ft
LOCATION TYPE: UL 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 4x10'x2" Riser (-1.25), 1x2"xlO' Screen (0.020 SL), 1x2"xO.2' S.d. Trap, I - Locking 2" topcap,
flush momt in Cast iron vauLt - grout.

BOREHOLE

DEPTH:

49.50 ft

+

GROUND SURFACE

BACKFILL MATERIAL:

Cient-Bentoni te Grout

FILTER PACK

LENGTH:

19.50 ft

INSTALLATION: CARSWELL AFB

INSTALLATION DATE: 4/2190
WELL CLETION METHOG: GRAVEL PACK V/SCREEN

ZONE OF COMPLETION: Aquifer
SEAL END DEPTH: 30.00 ft
NEAS. POINT ELEV.: 626.54 ft MSL
CASING DIAITER: 2.00 In

FILTER PACK MATERIAL: 8-20 SiLica Sand

B-7

TOP OF CASING

BOREHOLE DIAMETER:

8.000 in

t

SCREEN LENGTH:

9.73 ft

+

t

BLANK LENGTH:

0.15 ft

+

t

+

SEAL MATERIAL:

Bentoni te

I lil
f

SEAL LENGTH:

4.20 ft CASING DEPTH:

49.10 ft
I I I I



J

j
J

J

WELL tP(.ETIOW LOG I RADIAN CORPORATI

1. PROJECT: IRP PHASE II STAGE 2, CARSIELL AFB

18. REMARKS: 1.1Ox2Nx0.02U Screen, 2-10'x2"

BOREHOLE

DEPTH:

25.20 ft

+

GRJW StFACE

BACKFILL MATERIAL:

Ceiuent-Bentonite Grout

FILTER PACK

LENGTH

13.40 ft

I INSTALLATION: CARSUELL AFB

INSTALLATION DATE: 3/22/90
LL C3tETION METK)z GRAVEL PACK Li/SCREEN

ZONE OF CIPl.ETION: Aquifer
SEAL END DEPTH: 11.80 ft
MEAS. POINT ELEV.: 621.96 ft MSL
CASING DIAIqETER: 2.00 in

15. CASING MATERIAL: Shej&e 40 PVC
I 16. SCREEN BEGIN. DEPTH: 14.95 ft
1 17. SCREEN SLOT SIZE: 0.02 in

Risers, 1-02 Bott, 1-Locking Cap

FILTER PACE KATERIAL: 8-20 Sihca Sand

B-8

TOP OF CASING

I BOREHOLE DIAMETER:

8.000 in

t

SCREEN LENGTH

9.75 ft

+

t

BLANK LENGTH:

0.30 ft

+

t

+

J

SEAL PIATERAL:

Bentani te

I I I I

f
SEAL LENGTH:

2.00 ft CASING DEPTH

25.00 ft
I I

LOCATION: Site f.FO5
INSTALLING CO.: Radian Cororatian
WELL NO.: LFOS-01

WELL NER: U.S. AIR FCE
WELL TYPE CLASS: HOIITORING lELL

FORMATION OF C3PLETI;

LOCATION TYPE: WL



I WELL CONPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSUELL AFB

1. PROJECT: IRP PHASE II STALE 2, CARS'JELL AFB I 9. INSTALLATION DATE: 3/22/90

J 1 10. WELL CONPLETION METHpo: GRAVEL PACK W/SCREEN

LOCATION: Site LFO5 I 11. ZONE OF CONPL.E'TION: AcRJifer

INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 15.00 ft
WELL NO.: LFO5-02 I 13. MEAS. POINT ELEV.: 622.69 ft HSL
WELL JNER: U.S.. AIR FORCE I 14. CASING DIAMETER: 2.00 in

---I 6. WELL TYPE CLASS: MONITORING WEI.L 1 15. CASING MATERIAL: ScheduLe 40 PVC

FORMATION OF CORPLETION: I 16. SCREEN BEGIN. DEPTH: 16.95 ft
LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS; 1_1Ox2HxO.0211 Screen, 2-1O'x2 Risers, 1.0.2 Bott Trap, 1-Leckiflq Cap

t

+

GRJND SURFACE

BACKFILL MATERIAL:

Cnt-Bentoriite Grout

I BOREHOLE DIAMETER:

8.000 in
BOREHOLE

DEPTH:

27.20 ft

FILTER PACK

LENGTH:

12.20 ft

FILTER PACK MATERIAL: 8-20 S,t,ca Sand

B-9

TOP OF CASING

t

SCREEN LENGTH:

9.75 ft

+

t

BLANK LENGTH:

0.30 ft

+

SEAL MATERIAL:

Bentoni te
I I I I

t
SEAL LENGTH:

2.00 ft CASING DEPTH:

27.00 ft
I I I I



WELL CONPLETION LOG I RADIAM CORPORATION

PROJECT: IRP PHASE 11 STAGE 2. CARSWELL AFB

LOCATION: Site LFOS

INSTALLING CO.: Radian Corporetian
WELL NO. LFD5-14

WELL OWNER: U.S. AIR FORCE

WELL TYPE CLASS: MONITORING WELL

FORMATION OF CONPLETION:

LOCATION TYPE: UL

18. REMARKS: 1x2'x5.0' Riser (-0.2'), 1x2Nx10
WI cast-iron vault-grouted.

GROUND SURFACE I

BACKFILL MATERIAL:

Cement-Bentonite Grout

I BOREHOLE DIAMETER:

8.000 in
BOREHOLE

DEPTH:

FILTER PACK

LENGTH:

8.50 ft

+ + I

INSTALLATION: CARS'JELL AFB

INSTALLATION DATE: 4/2190

WEU. CONPI.ETION NETII: GRAVEL PACK U/SCREEN

ZONE OF CONPLETION: Ajifer
SEAL. EI DEPTH: 4.80 ft

AS. POINT ELEV.: 602.98 ft MSL
CASING DIAJETER: 2.00 in
CASING MATERIAL: SchejLe 40 PVC
SCREEN BEGIN. DEPTH: 5.12 ft
SCREEN SLOT SIZE: 0.02 in

Screen (-1.83'), lx2NxO.13 Bottom cap. 1 Locking tap. Flush Motxt

FILTER PACK MATERIAL: 8-20 Silica Sas

B-i 0

TOP OF CASING

t

SCREEN LENGTH:

7.90 ft

+

t

BLAJIK LENGTH:

0.13 ft

t

13.30 ft
SEAL MATERIAL:

Bentonite
I I I I

t
SEAL LENGTH:

2.00 ft CASING DEPTH:

13.15 ft
I I I I



WELL CONPLETIOW LOG I RADIAN CORPORATION

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

LOCATION: Site LFD5
INSTALLING CO.: Radian Corporation

REMARKS:

BOREHOLE

DEPTH:

23.95 ft

GROUND SURFACE

BACKFILL MATERIAL:

Cement - Bentoni te Grout

FILTER PACK

LENGTH:

12.75 ft

J

INSTALLATION: CARSUELL AFB

INSTALLATION DATE: 3121190

WELL CLETION METH(: GRAVEL PACK W/SCREEN

ZONE OF CONPLETION: Aj1fer
SEAL END DEPTH: 11.60 ft

+ I I

FILTER PACK MATERIAL: 8-20 SHic Sand

B-li

TOP OF CASING

t

I BOREHOLE DIAMETER:

8.000 in

t

SCREEN LENGTH:

9.74 ft

+

t

BLANK LENGTH:

0.30 ft

+

J

I 4. WELL NO.: LFO5-18 13. MEAS. POINT ELEV.: 611.84 ft MSL

I 5. WELL ONNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in
6. WELL TYPE CLASS: PNITORING WELL 15. CASING MATERIAL: Scheójte 40 PVC

I 7. FORMATION OF CONPLETION: 16. SCREEN BEGIN. DEPTH: 13.90 ft
I 8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in

SEAL MATERIAL:

Bentoni te

I I I I

t
SEAL LENGTH

2.00 ft CASING DEPTH:

23.95 ft
I I I



WELL CORPLETION LOG I RADlAJl CORPORATION

PROJECT: liP PHASE II STAGE 2, CARSLL AFB

I
LOCATION: Site LFOS

INSTALLING CO.: Radian Cor5oration
WELL NO.: LFOS-19

WELL MER: U.S. AIR FORCE

WELl. TYDE CLASS: MONITORING WELL

FORMATION OF CORPLETIOW:

LOCATION TYPE: WI.

18. REMARKS: Casing is actuaLLy 19.9' but sits 0.4'
Bottan Trap. 1-Locking Cap

GRWND SURFACE j

BACKFILL MATERIAL:

Cament-Bentonite Grout

BOREHOLE

DEPTH:

20.7 ft

+

t
SEAL LENGTH:

2.55 ft

FILTER PACK

LENGTH:

12.60 ft

I INSTALLATION CARLL AFB
INSTALLATION DATE: 3/21/90
WELl. CWtETION PTNCE: GRAVEL PACK V/SCREEN

ZONE OF CORPLETION: Aciulfer
SEAL END DEPTH: 8.15 It
NEAS. POINT ELEV.: 606.08 ft MSL
CASING DIMETER: 2.00 in

1 15. CASING MATERIAL: ScheduLe 40 PVC

1 16. SCREEN BEGIN. DEPTH: 10.25 ft
I 17. SCREEN SLOT SIZE: 0.02 in

beLow Land surface; 1-10'x2" Screen, 1-10' Riser, 1-0.2'

I I I

FILTER PACK MATERIAL: 8-20 Silica Sand

B-i 2

TY OF CASING

J

1 BOREHOLE DIAMETER:

8.000 in

SEAL MATERIAL:

Bentoni te

t

SCREEN LENGTH:

9.7 ft

+

t

BLAIIK LENGTH:

0.30 ft

CASING DEPTH:

20.30 ft

+

I



APPENDIX C

Je11 Development Information

(Previous Well Development Information may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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APPENDIX D

Water Quality Sampling Records

(Previous Water Quality Sampling Records may be found in
- CH2M Hill (1984), Radian (1986), and Radian (1989))

D- 1
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GROUND WATER QUALITY SAMPUNG RECORD

PAGEI 0F2

ULATION ID. LOG DATE LOG TIME

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE Dti'iil (FT.) 47
INITIAL GROUNDWATER DEPTH (FT),
SAMPUNG PERIOD: START. 1O COMPLETE
SAUPUNG METHOD LOGGER CODE
LAB CODE DATE SENT -/-290
PRESERVATION METW "'
COMMENTS.

FDML PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALICAUNITY(CaCO3)

AM 4'-k'-9
T57t J4'- t'l ñe 5-bc

0- 0IWUCtE FB-
R- UCA1* ra.
S. SPE LB.
K- IOdOWN N.

Tqp
LAB ULIMI

D-3

pH
SC
Eh
TEMP
AU(

S.U.
jjmhos/cm
mvolts

mg/I

92-

M0tM
G- GNAI
B. BALM
PP - .-TAIJC Pt

- $UCT5ON LFT PUMP

AL.
PUMP

UI.ACO PUMP

DErECnoN
UM

/

a /

TIME

p

TOTAL VOLUME
WITHDRAWN

-v

P11
S

(umhosIcftl)
TEMP( COMMENTS

(QALSJ B.r. VOIumssi,

'29/i 0.0 0.0 - START PUMPING

/. 0
a

9
2.0 90

9c
,< o

7
6. t? 9. '

I

I

I

I

I



GROUND WATER QUAUf SAMPUNG RECORD

FiNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECFIC COPIDUCTANCE SC
REDOX POTENTIAL Eli
TEMPERATURE TEMP
ALKALINITY (CaCO3) ALK-)

77 vfr/L7*1 "s

S.U.
jmhos/cm
mvolts

SC
mg/I

fr,'-7;e1

71

PAGEIOF2

INSTAU.A1TON ID. '' LOG DATE LOG TIME

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE SAMPLE 10 SAMPLE Drn1 (FT.)

70;: '7(g.-)
INITIAL GROUICWATER DEPTH (FT) 'f 'k '
SAMPLING PERIOD: STARS. //ç7 COMPLETE /2/t
SAMPLING METNO LOGGER CODE
LAB CODE. - DATE SENT,
PRESERVATION METhOD ' -
COMMENTS. Ot2..j (/ z71- ? 0 iJ 'L-'-

7

OETECTIO
UM
a EL'.

MThOC
G- GRAS . sij'ip'p
B. BM. AL. A4TSAMP

- .-iAUC PUMP . pijp
SL. SUCI1ON LT PUMP

/

TIME
TOTAL VOLUME

WIThDRAWN PH (iimheslcm

-T.IP. COMMENTS
(aALS3 lots Vohaal

//h 0.0 0.0 - - - START PUMPING

9' ?oI7 5-th2'-f 60

/,'/
V9 5. g/ ?I

5,o 7°ç
i/sb g;

0. UE FB.
R.CTE TI.
si t.a. LB

K- KNOWN N. NOA&.



GROUND WATER OUAUTV SAMPUNG RECORD

INITIAL GROUNDWATER DEPTH (FT) I 7. R
SAMPUNG PERIOD: START
SAMPLING UETJIOD.
LAB CODE 9'4/
PRESERVATiON METH' q ,,v ,

..v4_.
FilIAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN p14 S.U. -

SPECIFIC CONDUCTANCE SC Mmhos/cm
REDOx POTENTIAL Eli mvolts -
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

o/pnM./i (.7) ,9//i;,i. '/jt/ 5/9 '' /.7 $'7 (J

PAGE 1 OF 2

INSTAU..ATION ID LOG DATE LOG TIME t'2-
LOCATION ID LOT CONTROL NO.

SAMPLET'PE SAMPLE ID SAMPLE DEPTH (FT.) ''3

COMMENTS,
I

DETECTiON
UMIT

a,,

SAMPLES TVPES CWSACOOE) SAMPLE MEIHODS (WSMCODE)

GRAB

BAILER

PERISTAUC PUMP

SUCTION LIFT PUMP

D 5

TIME
TOTAL VOLUME'
WITHDRAWN4' p14 sc

(mheslcm COMMENTS
(GALS) IR.t. VsIumssl

0.0 0.0 - - - START PUMPING

Y. ç 2 /17 (,,t& 7O /t /,i
'z z -1' /

D - OUPUCATE FB- MELD BLANK G-
R - EPUCATE TB. TP BLANK B-
S. SPIKE LB. LAB BLANK PP.
K- KNOWN N. NOMA1. SI. -

SUBM3BI.E PUMP
AL- AIR-UFT SAMPLER
BP- B.ADCER PUMP

(r() I /0.07' 3V 1'4r' :
COMPLETE

LOGGER CODE
DATE SENT,





GROUND WAtER QUALITY SAMPUNG RECORD

INITIAL GROUPWATER DE
SAMPUNG PERIOD: STARI.
SAMPUNG METHOD
L&B CODE.

ti

-
- LATE

S. $PII. KNOWN

Fl. F.DULANK
TB. TeLNaI
LB. a..v.i
N - NORMAL.

D-7

/ AS
PTH(FTI?ø/' AZ.

fC4'7. COMPLETE
LOGGER CODE
DATE SENT. 7/

Q- GR.S
S. BAl
PP. riAUC PUMP
SL. - SUCTION LFT PUMP

PAGEiOFZ
/1' ' /

INSTAUJTION ID - ') LOG DATE ' / ' " LOG T2ME '.S 0
LOCATiON ID LOT CONTROL NO..

SMtPL..E TYPE $)4p 3 $Aupt DP &JD

W- PUMP

.. hJR41 5AMPt
IP- OLIØC PUMP

TiME
TOTAL VOLUME
WITHDRAWN pH (jmflesIcMI COMMENTS

I GALS) $oi Vev.aL
0.0 0.0 - - - START PUMPING

S / r

/2 '/- J 6cb 'I
66

/3

/4' 90 - --
V -

I

PRESERVATION METhOD .' A'(-
COMMENTS -

RHAL PARAMETER MEASUREMENTS:
DETECTOt

UM
POTENTIAL OF HYDROGEN pH LU. ,'2 c2/

umhosIcm /SPECIFIC COIIUC1ANCE SC
mveltsRED OX POTENTIAL Eb

TEMPERATURE TEMP
mIIIALICAUNITY CaCO3) AL.K



GROUND WATER OUAUTY SAUNG RECORD

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STAR7 "'
SAMPUNG MET)$OO
LAB CODE.
PRESERVATION METI4 '

P1NAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
RED OX POTENTIAL
TEMP ERATURE
ALKAUNITY (CaCO3)

)?1b4:' 4i4-lV74'f1

SAMEST
0 -

5PUE
K- KNOWN

FE.
TB.
LE-
N.

pH
SC
Eh
TP
ALK

' 1".'/PZ 6
COMPLETE /-vcO (,A

LOGGER 000E ' -/
DATE SENT. c/190

COMMENTS

S.LI.
jimlio.Icm
involts
'C

mglI

ç;2)

PAGEIOF2
/1?

INSTAU.AT$ON ID. ''- LOG DATE > / ' - LOG flME S

LOCATION ID LOT CONTROL NO..

SAMPLE TYPE. ,4/J tA SAMPLE 3D SAMPLE Db'TPI (FT.) tc 6'2 62-

-7Z'-;*2:_ ,,c. 2'54 'W

.
8 - 3AIL AL- A4FTSA
PP - .-AUC P*IP - ELACO PUMP

- SUCT rr PUMP

TIME
TOTAL VOLUME -

W1TNDRAWN pH
-
(iamhoslcmb COMMENTS

(GALS) lSr Vses
/J9j 0.0 0.0 - - - START PUMPING

/.t7 o
/a/.,/ Z2 -'

é./ 3 / I,

/d/ P Z-1 '-
/717 cz b3,'° I-,/'2 .33

7A(/r L3I*44'
/-çç 42g. 2/ 2

'?'r ''v ,,ji, p

DErECTIC
UMfl
7)0/
/



GROUND WATER OUAUTY SAMPUNG RECORD

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START "
SAMPUNG MEXHOD '
LAB CODE
PRESERVATION METH
cOMMENTS.

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
REDOX POTENTIAL Eh
TEMPERATURE TEMP
ALKAUNITY (CaCO3) ALK

' d.k' -'

DUPUCA1 FB.
REPUCATE TB.
SPICE LB.
KNOWN N.

4' ,?ii_L_S

D-9

LI

PAGEl 0F2

INSTALLATION ID LOG DATE LOG TIME 'i5?-&
LOCA11ON ID LOT CONTROL NO.

SAMPLE TYPE A! SAMPLE ID SAMPLE Dtrffi (FT.) //2 '::-
TO zl:4o5:

L.f'4.- r"
COMPLETE /cs'r

LOGGER CODE

S.u.
Mmha$Icm
m volt $

mIII

DATE SENT '/Z41-9I?

MMGOo
G. GRAB PUMP
8- BAi AL. A-LFT SAMPt
pp - r.iMJC P(flIP BP BL.ACD PUMP
SI.. SUCTION LFT PUMP

DETECTIONurr
/

TIME
TOTAL VOLUME
WITHDRAWN pH (umh.Icm)

TEMP.
(C3 COMMENTS

IGALSI Be,. VoIums/) 0.0 0.0 START PUMPING

/S2Z / 0 42 /Z ''-9'
.3C /ZZ.2- 69 3f,,1/ i'*iz'

/S7 6c
/263 69

65r /ó
,'5 3 . 6.90 /2" '' J'z

a



GROUND WATER QUAUTY SAMPUNG RECORD

-

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START,
SAMPUNG METHOD. '
LAB CODE
PRESERVATION METHOD
COMMENTS,

7 4d<

MUflP$
0- DIJE FB.

- ATE 18.
S. 3Pu LB.
K. IGIOWN N.

FD
TNP

PIOA1.
D-1O

- -, 7 1__ '- '-/ e3c = .& ,
COMPLETE

LOGGER CODE
DATE SENT. 3/'A9e2

-

1732 ,L7i

SAMPLE

G- 3R$.1

B- a*&
pp - MJC PUMP
SI.. SUCTION LF PUMP

PAGEIOF2

INSTAU.ATION ID. LOG DATE LOG TIME.

LOCATION ID. - " "-' LOT CONTROL NO.

SAMPLE TYPE_'' & SAMPLE ID.. SAMPLE D'rH (FT.) '

',f- 9z

. e--. PUMP
hL- A-I,T SAMPt
BP- !LA PUMP

TIME
TOTAL VOLUME
WITHDRAWN tu,nho.Icm) (, COMMENTS

(GALS) tior. VoIim.sl
0.0 0.0 - - START PUMPING

7. ?9 tc /c,9-

6 'v c9r o '4 :- 'Jy
IL,'c

f'/ 6ç4
/ O9 o 9/ ''-3 49.5

S

FINAL PARAMETER MEASUREMENT5: OETECTic
UM

POTENTIAL OF HYDROGEN pH s-u.
SPECIFIC CONDUCTANCE SC umIsos/cm /
RED OX POTENTIAL Eh mvolts
TEMPERATURE TEMP
ALKAUNITY(CaCO3) AU( mg/I,2t't/ "



INITIAL GROUNDWATER DEPTH (FTJ
SAMPUNG PERIOD: START, ///13
SAUPUNG METPfQD
LAS CODE, IQ'1'
PRESERVATION METhOD '
COMMENTS

FlPL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
RED OX POTENTIAL
TEMPERATURE
ALKAUNITY (CsCO3)

7'r

AWT M
3- XUCATE F-
q. JCAT TI- -

S. $PIL LI.
k. IG4OWN N.

GROUND WATER QUALITY SAMPUNG RECORD

LAB ILAMI
NORMAL

D-11

1/3i øØ9,.
COMPLETE //2

LOGGER CODE
DATE SENT-

pH
SC
Eh
TEMP
ALK

PAGEI OF 2

INSTALLATION ID LOG DATE LOG TIME.

LOCATION ID '/- 'As- I.OT CONTROL No.

SAMPLE TYPE. 'V SAMPLE ID SAMPLE OrT14 (F13 ?t 3/ /7-

DETECTIC:
UMif

S.U.
jjmhos/cm
involts

SC
mg/I

-
;/q 44f/ 2crzz- ) 9

G- GM.1
B- IPJI AL-
P. rA1JC PUMP -
SL - SUCTION LFT PUMP

1!-=---' PUMP

n)t

TIME
TOTAL VOLUME
WITHDRAWN pH

N

(iimhaslcmI (C3 COMMENTS
(aALs) br. Voa.sI

0,0 0.0 - - - START PUMPING

//9' / 9
/i/Z
7//5

5



GROUND WATER OUAUTY SAMPUNG RECORD

IPiMTIAL GROUHDWATER DEPTH IFT), 2h..q. /a.-
SAMPUNG PERIOD: START /6'/7- COMPLETE /'2
SAMPUNG MET1(OD LOGGER CODE
LAB CODE. '' DATE SENT r//
PRESERVATION METH g '-
cOMMENTS.

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC COHDUCTANCE Sc
RED OX POTENTIAL Lb
TEMPERATURE TEMP
ALXAUMTY ICaCO3) AIX

4
77-t_ -4- -' az_t-. /47

PUCE
TB-
B.

PQOWN N. 12

5.1.1.

a&mhoslcm
mvolts

_7,-_ p7r9

G- AI
8. iJ AL-
P,. rTALIC ta
SZ.- SUC1C LT PUMP

PAGEIOF2

INSTALLATION ID '- i..OG DATE 19O LOG TIME i29/cc

LOCATION ID. '" LOT CONTROL NO.

SAMPLE TYPE J wetPI& Ia SAMPLE ø- 'i Fr4 2h..q/-,

m.c PUMP
T

PUMP

DETECTIO1
UMff

/

/2/

TIME
TOTAL VOUJ&IE
WITHDRAWN pH

-
COMMENTS

(aALS Bs' v.s.si
0.0 0.0 - - - START PUMPING

/ 2 g 2- ç t-i Erne ,- ,
2. //

.5c_ 9oz-
/9/' ''/

/2 3%7 ,1?zq ''

4 -,



GROUND WATER OUAUTY SAUNG RECORD

PAGEi OF 2

ISTALLATION ID LOG DATE 92 LOG TIME

LOCATION ID__________________ LOT CONTROL NO.
SAMPLE rv SAMPLE ID SAMPLE DEPTH (FT) Z4'

INITIAL GROUIOWATER DEPTH (FT) 2/i3 -

SAMPLING PERIOD: START. COMPLETE
SAMPLING METhOP LOGGER CODE.
LAB CODE '" DATE SENT '-9D
PRESERVATION MEIW" " %4/2 -
COMMENTS _Jp -7 ,1_ ,L;'4-7

FUIAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
REDOX POTENTIAL Eh
TEMPERATURE TEMP
ALKALINITY (CaCO3)

41/ë
ALK

TL 'reo 65t r/ 7-

S.u.
MmI%OS/Cm
mvolts

SC
mg/I

DETECTIONurr

TIME
TOTAL VOLJJME
WITHDRAWN pH

-

(C) MMENTS
I GAI.S) Bors Vohames*

0.0 0.0 - START PUMPING

6 6'zC 6&o 'ir
a

20 z /r 4f6*'ZY
c953 6M' /2-

14'/
- 6S

m's iç,4:

p.

I

]
j

MPUSTYPBL
0. CUPUCATE FB. G- GRAB W-tE PUMP

LJCT 11. TRP &NdC B- IA1L AL-
SPIKE LB. I.. ILi( P,. PrAUC PUMP ADO PUMP

K.. IUOWN N- NORMAL D--13 SI - SUCTDN I.FT PUMP



-,.v- irz:::-
INITIAL GROUNDWATER DEPTH (FTJ, /7Z /

SAMPUNG PERIOD: START /e- COMPLETE
SAMPUNG METhOD. LOGGER CODE.
LAB CODE ___________ DATE SENT. /-z-?t
PRESERVATION METH' -
cOMMENTS. q- -"r_. Z'-z

MVQO
0- DUPLICATE

fi. RJCA1E TB-
S. PuB LB.
K. KNOWN N.

GROUND WATER QUAUTY SAMPUNG RECORD

PAGEi 0F2

INSTAU.ATION ID LOG DATE LOG TIME

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE SAMPLE 3D Mp%.E DEPTH (FT.)

TIME
TOTAL VOLLIME
WITHDRAWN pH

sc
Iiimho.lcmb

TEMP.
(C) COMMENTS

(GALS) IBe,s Veliamssl

0.0 0.0 - - - START PUMPING -
/2 /0 /3_ .9ç_
P9/ 2.0

. 7-
flZ-
t-_

6a ,- 73 ___-
/ - c
/,1c q. , 9t' , oi?7) ' -

.. ec -
/)5b? 0 4.. $ 4sT "

ANAL PARAMETER MEASUREMENTS: DETECTIO.
UMif

POTENTIAL OF HYDROGEN PH S.u.
SPECIFIC CONDUCTANCE Sc umhrns/cm /
REDOX POTENTIAL Eh mvotts
TEMPERATURE TEMP
ALICAUNITY (CaCO3) ALI( mg/I -

7Z-9.._ ,qLa T2*..- -it1 g9-/ "L

MPLO0
G- GRAB PUMP

TP & B- BAlL AL- 4T
LB BLAM PP. rTAUC PUMP BLAD0 PUMP
P4ORMAL D-14 SL. SUCT1ON LFT PUMP



INITIAL QROUPWATER DEPTH (FT)
SAMPUNG PERIOD: STAN,
SAMPUNG MEXJ400.
LAB CODE,
PRESERVATION METW
COMMENTS

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECZFIC CONDUCTANCE
RED OX POTENTIAL
TEMPERATURE
ALKAUJIITY(CaCO3)flIt&/. 4/( .

7'i#z 4i,f 951

.1,jL.. p

COMPLETE
LOGGER CODE
DATE SENTM7

pH
SC
Eli
TEMP
ALI(

S.U.
umhos/cm
mvolts

mg/I

7FL- i'41

41'9

DETECTiC
urr
a'?'

TIME
TOTAL VOLUME
WITHDRAWN pH (C3 CO MMENTS

(GALS) lots Vohia.sl

/4429 0.0 0.0 - - - START PUMPING

/695 i-z-
2.0
3-C /d.0c 1'

"
cc7 bJ6 'øYo /,%5 -'
6.o ,&o

,','zs_ iS24o

.o ,áo
/C(Zg, iZ-

GROUND WATER OUAUf SAMPLING RECORD

PAGEIQFZ

NSTALLAT1ON ID ________ LOG DATE L.OG TIME

LOCATiON ID i.ø, coroi. o.
SAMPLE TYPE A/I D SAMPLE 10 SAMPLE Dtj'iH ) /2

MMUT
D. OLUCl G- GRAI U!-'----E PUMP
R. LITE TB. B- BA1L AL- NN SMPt
s. sp a. LAS P, - .-iA&JC taa - PUMP

k. KNOWN N. P4OAL D-15 SL - SUCT)ON UFT PUMP





GROUND WATER OUAUTY SAMPLING RECORD

_,-, . ,---- - -.. a'- -
INITIAL GROUNDWATER DEPTH (FT), OT' t.yJ
SAMPUNG PERIOD: STAR, COMPLETE 79

SAMPUNG MEtHOD LOGGER CCOE
LAB CODE. DATE SENT
PRESERVATION METHC't + 4f/6
COMMENTS,

FiNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
RED OX POTENTIAL Eh
TEMPERATURE TEMP
ALKALINITY. (CaCO3) ALK
P4enp1oJe., ) A cJ4y C C L

2 2 IjL..

SAMPIS TYP MSAOE

D 17

S-U.
umho s/cm
mvolts

mg/I

.39

SAMPLE METHOC sucoo
GRAB

PtNTAUC PUMP
SUCT)ON l.FI' PUMP

PAGEI 0F2

INSTAUJTIONID. LOGOATE. LOG TIME

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE 'V SAMPLE ID SAMPLE DEPTH (Fr.) .

SU8MEBLE PUMP
NRFT SAMPLER

al_ADDER PUMP

OETECflON
UMIT

/

TIME
TOTAL VOLUME
WITHDRAWN pH

- SC
tmho.lcmb

TEMP.
(C COMMENTS

(GALSI t3r. VsIum..I
0.0 0.0 - - - START PUMP!NG

a94' /. , So / F Ls. - f ,,J 74tLh,d
o8q 2 .O . / '(,a t".
O2. 3.a q'c %o
'ø3 3. -

0- DUPLICATE FE. FIG.Dal.AMC G-
P. REPLICATE TB. TffiP &NlC B-
S. SPIKE LB. Ll.SBLAM( PP.
K.- KNOWN N - NORMAl. SL-







POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
RED OX POTENTIAL
TEMPERATURE
ALKAUPT1 ICaCO3)

?44"'77)7t r41F, i(41

GROUND WATER QUALITY SAMPUNG RECORD

F1NAL PARAMETER MEASUREMENTS:

,q- k::

pH
SC
Eh
TBSP
AUI

ZMEThOOO

PAGEIOFZ

INSTAU.ATION ic _______ LOG DATE. LOG TIME "32)
LOCATiON ID S"

. LOT CONTROL NO.

SAMPLE VIPE. 'V SAMPLE ID.. SAMPLE DEPTH (FT3 f

77) Jcz ç2 7-
INiTIAL GROUNDWATER DEPTH (F). 'Z. .b 'h!-' iç ,' i/oe
SAMPUNG PERIOD: STAa,T. 1' COMPLETE "('3
SAUPUNG METNQO. LOGGER GOOE
LAB CODE fv'i.' DATE SENT -1'-'
PRESERVATION METHOD ,4A:.'3

cOMMENTS.

DETEiiOt-
S.U. _________ Cci
jjmhos/cm /
mvolt$SC_______
ing!I

1TZ- .-Le 35

2. /

TIME
TOTAL VOUJME

WITHDRAWN pH COMMENTS
I QALSI ER... VoMsJ

0.0 0.0 - - START PUMPING

/3c2. / e7' ('
/.4'cç 2.0 ir -f/,3". 5,$Y-Wcd -

3.0 4f
i'FL' /)

T i 4. .i - 7

- .1

o. ouuc F a- m 'PUMP
. JC! .r. TP S B. BAt AL-

S. Sru LI. . .TALC PM PM
K. IOOWN N. D-20 SL. SUCTiON LFT PUMP



INITIAL GROUNDWATER DEPTH (FYI L5'" 6/C.-
SAMPUNG PERIOD: 5TAR, COMPLETE /52
SAMPUNG METOD
LAB CODE,
PRESERVATION METH " ' -'
COMMENTS '"''

Fl-
11.
LI-

o - OIJPUCE
R - IJCE
S. SPuE
I(. IUdOWN

GROUND WATER OUAUTY SAMPUNG RECORD

N-

T3fr - 502-

TmP e
L*J ILMC
NORMAL. D-21

LOGGER CODE
DATE SENT '57/-90

PAGEIOFZ

INSTALLATION ID. 'i LOG DATE LOG TIME

LOCATION ID S LOT CONTROL NO.

SAMPLE TYPE SAMPLE ID SAMPLE DrI (FT..) 3//)

MMEO0
G - GRAB - PUMP

8. BALE AL- Am4FISA&Wt
PP. PAL PUMP UP ULAOOIR PUMP

- SUCTION LEr PUMP

TIME
TOTAL VOLUME
WITHDRAWN pH nh.s1cm

TEMP( COMMENTS
(GALS) Bor. Vsvaisl

JT24 0.0 0.0 START PUMPING

/ /') 4. ?- 969 -

L..9. 9 %$5ts o 9 h- '/,St?T 7'6i'1

A a

FINAL PARAMETER MEASUREMENTS:
DErECTIOI

UM
POTENTIAL OF HYDROGEN pH S-U.
SPECIFIC CONDUCTANCE SC junhoslcm /

mvoltsRED OX POTENTIAL Eh
.0TEMPERATURE TEMP

mg/IALKAUNITY (C&CO3). ALK



GROUND WATER QUALITY SAMPUNG RECORD

PAGEl OF 2

INSTALLA11ON ID LOG DATE LOG TUAE /&
LOCATION ID LOT CONTROL NO.

SAMPLE PE. A! SAMPLE SD SAMPLE Di$ (Fr. ,;; 7

ItTIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STAR
SAMPUNG MET1tOD LOGGER CODE
LAB CODE. DATE SENT
PRESERVATION METHOD ' /t'
COMMENTS

FIt4L PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE Sc
REDOX POTENTiAL
TEMPERATURE TP
ALICAUNITY(CaCO) ALK

:',4-'-- ,ft-i( O)J
7-z: j61 74T ,f../(

q.4ç g7 7). 7J'1 :A'
COMPLETE

S-U.
iamhos!cm
mvolts

SC
mg/S

OErEC7IO:
UMrr

/

TiME
TOTAL VOUJUE

WITHDRAWN
-

COMMENTS
(GAL*) Be's Vehiesl

0.0 00 - START PUMPING -
.,,

4.Ø' ,/;S9
4bO //"
I.T //$2 4I'fr- '/ -

J-9 //7-,z- 6-S /,'--/ 4 ./ P'" -''- - if
,o9 ar

SAMWP MMHOC
0- JPI.Ct Q. GWS BP- PUMP
R. JTE TB- S- IAILM
3. IE LB. PP - r..iALC PUMP UP - PUMP

- IGdOWN N. PM&J. D-22 SZ. - SUCTION LFT PUMP



RPUL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CO?UCTANCE
REDOX POTENTIAL
TEMP ERATURE
ALKAUNITY (C&CO3)

Phe..i U °
T.4c r\-

0. 0UPUCZ F.
JCArE

fru LB.
K. IGdOWN N.

GROUND WATER QUALITY SAMPUNG RECORD

pH
SC
Eh
TEMP
ALK

Lu

NORMAL D-23

S-u.
umhcs/cm
mvolt*

SC
mg/I

G- *i
B. BM AL

PP. wA&JC PU UP

SL - SUCTiON LET PUMP

64
i/c-c

PAGEIOF2

iNSTALLATION ID. LOG DATE LOG TIME

LOCATiON ID L.01 CONTROL NO..

SAMPLE TYPE SAMPLE ID SAMPLE DtiTh (FT3 9 8
70.

INITIAL GROUPCWATER DEPTH (FT). f9c sr-
SAMPUNG PERIOD: START, /''44' COMPLETE c9W-
SAMPUNG METNQD LOGGER CODE.
LAB CODE DATE SENT. -"'-'
PRESERVATION METW ' " ""
COMMENTS

DETECTIC
UMITao,

PUMP

PUMP

'I

TIME
TOTAL VOLUME

WITHDRAWN p14
SC

(mhoslCm
EMP.

(SC)
COMMENTS

(GAL3I B.r. VoSusul
0.0 0.0 - - - START PUMPING

/ //'c '4
fl ,/7 Ircc,

9 (
P73p, 6.0 4'J. //5S '

.4







INITiAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START. /72-
SAUPUNG UE)IOD
LAB CODE,
PRESERVATION METHOD

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFiC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUNITY(CaCO3)

tM4'e?d,,.c' 'iy'.4 1(. I7'$

MMPLES T MSAO
D- DUPIJCTE FB.
A. AEPUCATE TB.
S- SPIKE LE-
K. KNOWN N.

GROUND WATER QUALITY SAMPLING RECORD

D-26

pH
Sc
Eli
TEMP
ALK

PAGEI OFZ

INSTALLarnON ID LOG DATE '/ .o TiME
LOCAflONID LOONTROLNO.
SAMPLE TYPE SAMPLE ID. SAMPLE DtrTh (FT.) za ,c(i7-

3O. 3&. -Z'5,o.,T/7e
COMPLETE

LOGGER CODE /C'*/)4"
TE SENT,2 _i-_

0

COMMENTS

sjJ.
wnhos/cm 9q9
mvotts
.0

mgII

7/_ 4 __z:4.l -,'e2c '7h-

MPI NOOMc0D
G. GRAS

B. MILER
PP - P47AUC PUMP
S. - SUCTION UFT PUMP

SUBMwE PUMP
AFT MM
BLADOEP PUMP

DETECflOiiurr

TIME
TOTAL VOLUME
WITHDRAW, pH

TEMP.(C COMMENTS 1

timhoslem
(GALSI io*unr.si

0.0 0.0 - - - START PUMPiNG j
/L"' tO 4O it4. f7fl 7',2/,,)
/()1 /.,__ . 9/;2/2 0 2 3/ 6.4 92 6 "-' - -.&'

/19/5 0 Zø9 .b 9O ]

ii

Fj

j



INITIAL GROUNDWATER DEPTH (FTJ
SAMPUNG PERIOD: START. /hZO

NORMAa. D-27

MWMErHbOOO
G- GRAB-
B. BALE AL

PP iAUC PUMP
SL.. SUCON UFT PUMP

'a'pj'z3
-

COMPLETE 't-

- %9E PUMP
- NR4T SAMPt

WCOE PUMP

S.

TiME
TOTAL VOLUME
WITHORAWL/,,, P11 (wnheslem)

TEMP.
(C3 COMMENTS

(GAL$3 IS,rVO*WRHJ

0.0 0.0 - - - START PUMPING

/440
/406

2O /%
/ /4 ) /9/D ç

? /0/1) 64'
/6,/ 0 qq, 43ç0,::

. - 2: /0/i2 45- -
O /9O0 J2

/6/b J '/ 'r/

j GROUND WATER QUALITY SAMPUNG RECORD

j
PAGEI 0F2

/9INSTALL&110N ID LOG DATE LOG TiME

LOCAflON ID LOT CONTROL p40.

SAMPLE TYPE 'i" SAMPLE 3D SAMPLE Dri K (FT.) /492CS

SAMPUNG -- LOG GER CODE
LAB COPE OAT ES T
PRESERVA1I ON METHOD ,4'o ,t7AI
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECTION
UMif

POTENTIAL OF HYDROGEN pH S-u.
SPECIFIC CONDUCTANCE SC jamhos/cm /
RED OX POTENTIAL Eh ntvolts
TEMPERATURE
ALKAUNITY (CaCO3)

TEMP
ALK

Sc a,
mglI -

4 /k C

//# 7'- / "/ 3qz 4i_

F'.
uc lB.

SPE LB.
KNOWN N.



GROUND WATER QUALITY SAMPUNG RECORD

0. 0t1PUCE Fl.
UCA1t TI-

_- LI-
K- Iê0WN N.

D-2 S

IAMPI.I METI4O OL'
G- GNAI

B- BM AL

PP. tALC PUMP
SI.- SUCTION Lfr PUMP

PAGEI 0F2

lNSTAUJTION ID LOG DATE LOG TIME "/
LOCATION ID. A7'! ''4 LOT CONTROL NO.

SAMPLE TYPE. SAMPLE 3D SAMPLE Dtrn4 (FT.) M8 qy-

/i'-.5'S r
INITIAL GROUNOWATER DEPTH (FTJ, '4'' '°p">'-
SAMPUNG PERIOD: STA%, //9Z COMPLETE

LOGGER CODESAUPUNG UETJ400 /
LAS CODE. DATE SENT
PRESERVATION METHC f O: I'z-'o -12/-
cOMMENTS,

,Iic' PUMP

PUMP

TIME
TOTAL VOLUME
WITHDRAWN p34 (IIIUflOSIC (C COMMENTS

GALS) lots VSIuss

/t"
V

0.0 0.0 - - -
P

START PUMPING

Z3 .1'. #c /6*'f
/t'c . c 2- 5:
/t75 '.- o9- " i'e+'y
/3-4; O A- ..D

//2/ -9q '1

r

RPL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.u.

DETECflO:
UT-

_c2.c
SPECIFIC COrUCTANCE
RED OX POTENTIAL

Sc MmhOs/cm I,

mvoit*
TEMPERATURE TRAP
ALKAUNITY (CaCO3) ALK mg/I

no( A G'
Un'4 _4 353



GROUND WATER SAI.WUNG RECORD

FINAl. PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN p14

SPECIFIC CONDUCTANCE SC
RED OX POTENTIAL Eh
TEMPERATURE TEMP
ALKAUNITY (CaCO3) AI.K

LTc MX-OT IJ

SAMPL1IwI'
0- OLWUCATE PB-

UCME 1B.
SPIcE LB.

K- IGIOWN P1.
D-2 9

S.U.
gmhoslcm
my olts
.0

mg'I

0- GR*1
B- BAJL AL

- iAUC PUMP
Si.- SUCTiON LFT PUMP

LTO S'

PAGEI OFZ

INSTALLATiON ID _______ LOG DATE LOG TIME

LOCATiON ID 'V // LOT CONTROL NO.

SAMPLE TYPE 'k" SAMPLE ID SAMPLE Dtai ri (FI3 é7-
7,)

INITIAL GROUPCWATER DEPTH (FT) 39' v
SAMPUNG PERIOD: START COMPLETE /"2 ' 4
SAMPUNG METJOD. LOGGER CODE
LAB CODE DATE SENT.. 9'/
PRESERVATION METH '
COMMENTS.

OETECTIO
urr
acv
/

/2,

- w_E PUMP- MT_PUMP

liME
TOTAL VOLUME -.
WITHDRAWN pH

SC TEMP COMMENTS
(GALS) 10,. Vohimol

i-"iZ. 0.0 0.0 - - -
r

START PUMPING
/. ti ///3,' ç ;- -'6n'P ' 7z44

/O' 4. 3o
/2/.9 .9 ,9
/3( 3 /z32- 4z'-



GROUND WATER QUAUTY SAMPUNG RECORD

INITIAL 3ROUIWATER DEPTH (FT) /5_'

,tJpã 7t ,9L,'( 2 q3

D.

K. OWN

LI
NORMAL D-30

7rrz- p-i,71 i'9Li

PAGEI 0F2

IP4STAU.ATION ID -'-"- LOG DATE LOG TIME

LOCATION rO9- /2 LOT CONTROL NO

SAMPLE TYPE N' SAMPLE ID SAMPLE DEr iH (Fr.) /4'

28

0 - GRAR r'- PUMP
B - BA& AL - MR..UFT SA&WLM
PP. 4AUC PUMP * BL*C PUMP

SL. $UCTON LFr PUMP

TIME
TOTAL VOLUME

WITHDRAWN pH (moslcmb
EMP. COMMENTS

3ALSI es VoIual
,,< 0.0 0.0 START PUMPING

- / / / Z '"' -'--6- -
/(''/ 6.> s , /1

.c95 I'(
LI 'I.

V

SAMPUNG PERIOD: START /' ' COMPLETE /.c'5

SAMPUNG METHOD LOGGER CODE..
LAB CODE ,eJ DATE SENT 1-

PRESERVATION M EThV I_,_
COMMENTS.

FIUL PARAMETER MEASUREMENTS:
DErECTIOP

UMIT

POTENTIAL OF HYDROGEN pH S.u.
SPECIFIC CO?UCTANCE SC umhaslcm /

mvoltsREDOX POTENTiAL Eh
SC 2iTEMPERATURE TEMP

mg/IALKAUMTY(CaCO3)z,.
ALK



GROUND WATER OUAUTY SAMPUNG RECORD

fiNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFiC COPUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALJ(AUN$TY (CCO3)

-' 'Z-k'

M1YP W$w
D.

UC'E T!.
SE LB-

K.- IGIOWN N.

cD m
TP m

B ILAMI
NORMAl. D-3].

pH
SC

T4P
ALK

S.u.
umtvos/cm
in, olti

SC
mg/I

MHODM
0- GRAD'
I- &M.M
PP. PTAUC PUMP
SI. - SUCTION LFT PUMP

PAGEI OF 2

INSTAILA11ON ID -- LOG DATE - LOG TIME //oc
LOCATION ID F779 '' L.OT CONTROL NO.,

SAMPLE TYPE. SAMPLE ID SAMPLE Otrul (FT3 ic .72'

IMTIAL QROUIWATER DEPTH (FT), Zt,5 7'?/
SAMPUNG PERIOD: 5TA.flT COMPLETE
SAMPUNG MET)IOO 'I,"

., LOGGER CODE
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SURFACE WATER QUALITY SAMPUNG RECORD
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HYqOGEQLQ IN%'ESTIGA TION
CARSIVELL. AIR FORCE 8S

FORT ITH, TEXAS

state Plane CoariJIaCe and Ele vat.LOM
of,

rest *eLLs
.SoLl Gas Probes and

Sain Pa.Lnts

April 8, 1988

BRnTAIN & (RAWFORD
LAND SuRvEIp1G £

TOPOGRAPLUC MAPPING

1817)128-0211 - M.re 429.5112
P 0. 801 I t374 3908 SOuth F''v

FOIl Watth. Tl$ 7I 10





EAST ELEVATION TOP
P.V.C. PI

EJ.EvATIOi. or NaTURA.
R0&4O A SELL

ISA (149 400.223.22038 2,025. 232.61342 570.24 570.7
158 (148) 399.906.57343 2,025.252.78758 567.12 564.2
.L5C (144) 399.8.84.42824 2,025.268.58849 566.89 564.3

17! (75) 400.225.13342 2,023.849.67063 578.19 575.2
173 (56) 400,362.97881 2.023.809.58530 579.79 577.L2
17K (72) 400, .193.17235 2.024,001.90555 575.34 575.8
2 7L (62) 400.394.21647 2,023,964.04349 577.27 574.4
17M (65) 400.380.91204 2.024,264.07312 574.28 572.6

3OROLE AND MONITOR 1ELL StJRVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding

Page 2
elevation of cop of ?.VC. value)

hELLS P1 & P2 - 7? £LEVATZQN5 ShOMV ARE 7?E TOP r
flE OPERATOR NUT.



RYDROGEOLOGI C INVESTIGATION
CARSWELL AIR FORCE BASE

FORT WORTH. TEXAS

Texas State ?lane Coordinate and Elevation
of

Test Wells.
Soil. Gas Probes and

Sampling Points

July 10, 1990

E-6

0 Bam & LWFORD
LAND SURVEYING &

TOPOGAPHIG UAPgING
urn p25.0211 - MW 1294112

p.o. e. nu - i
FflWQflfl.1..lI1IQ



SITE LP05

"Y" UXEAST

SITE LFO4

E-7

NUMBER TYPE NORTH ELEVATION -ELEVATION
TOP OF PVC NATURAL

GROUND AT
WELL/BORE

LFO5-01. WELL 399,361.2414 2,018,791.3828 621.96 619.3
LFO5-02 WELL 399,280.6409 2,019,492.0018 622.69 - 620.0
LFO5-03 BORE 399,182.0957 2,019,488.6372 620.6
LFO5-04 BORE 399,313.9245 2,019,719.9840 617.3
LFO5-05 BORE 399,388.4921 2,019,785.8488 616.1
LFO5-06 BORE 399,156.8559 2,020,129.6754 598.3
LFO5-07 BORE 399,192.7306 2,020,230.2232 598.0
LFO5-08 BORE 399,030.3142 2,020,350.8946 606.8
LFO5-09 BORE 398,918.3183 2,020,361.5966 604.9
LFO5-10 BORE 398,656.8688 2,019,456.1935 623.9
LFOS-11 BORE 398,619.9398 2,020,446.5081 597.6
LFO5-12 BORE 398,699.0930 2,020,606.7127 594.4
LFO5-13 BORE 398,406.7661 2,02Q,738.5442 605.0
LFO5-14 WELL 398,467.5329 2,020,910.0778 602.98 - 603.2
LFO5-15 BORE 398,082.8055 2,019,457.4908 626.5
LFO5-16 BORE 398,229.3914 2,021,041.6970 612.3
LFO5-17 BORE 398,317.2267 2,021,241.4299 606.5
LFO5-18 WELL 398,169.3001 2,021,280.2972 611.84 612.1
LFO5-19 WELL 397,850.5705 2,021,663.8519 606.08 606.3

NUMBER TYPE NORTH 'Ye' EAST '.X" ELEVATION ELEV.TION
TOP OF PVC NATURAL

GROUND PT
WELL/BORE

LFO4-01 WELL 397,653.5721 2,019,579.1905 629.24- 626.5
LFO4-02 WELL 397,732.5422 2,020,510.5024 623.68 - 621.0
LFO4-03 PUMP

TEST WtLL 397,683.4611 2,020,506.7895 623.25 620.5

LFO4-04 WELL 397,554.5294 2,021,365.8226 612.07 609.4
LFO4-05 BORE 397,347.9116 2,020,805.4209 608.8
LFO4-06 BORE 397,210.6006 2,020,593.2486 613.3
LFO4-07 BORE 396,819.7427 2,020,897.2163 630.4

LFO4-08 BORE 396,935.0825 2,021,Q21.9109 630.0

LFO4-09 BORE 397,136.0543 2,021,145.6966 627.4

LFO4-10 WELL 397,025.3443 2,021,275.0320 626.54 626.9

SURFPCE WATER SAMPLES

NUMBER NORTH EAST UX ELEVATION
OF WATER

LFO5-S1 399, 327.1085 2,020,155. 2125 590.25
LFO5-52 399,092.2352 2,021,029.0375 584 .73

LFO5-S3 398,638.2009 2,020,666.7173 591.07
LFO5-54 398,564.4359 2,020,956.6955 591.21
LFO5-55 398,383.9429 2,021,422.4749 578.89
LFO5-56 398,458.7264 2,021,661.6152 576.63
LFO5-57 397,873.1003 2,021,549.6706 589.7

STPFF GAUGE 398,445.2564 2,021,286.7444

ELEVATION OF FLOWLINE OF CREEK AT GUAGE 578.2
WATER ELEVATION PT GUAGE 579.07
ELEV.TION OF 1' MPR ON GUAGE 579.44



SITE ST14

"Y" 'X"AS.T

E-8

NUMBET( TYPE NORTH ELEVATION
TOP OF PVC

ELEVAT1O
NATURAL
GROUND AT
WELL!BOSE

ST14-01 WELL 399,886.0854 2,024,309.3181 575.89 - 573.2
ST14-02 WELL 400,102.4353 2,024,311.8094 575.64 572.7
5T14-03 WELL 400,672.3650 2,024,116.0939 576.72 574.83 ASP
5T14-04 WELL 400,231.5326 2,024,566.4807 575.74 572.9

SITE 5D13

NUMBER TYPE NORTH "Y" EAST "X' ELEVATION ELEVATION
TOP OF PVC. NATURAL

GROUND AT
WELL/BORE

SD13-01 WELL 399,964.3693 2,024,842.2218 573.24 570.3
SD13-02 WELL 400, 058.5313 2,024,974.4094 573.39 570.64 ASP
5D13-03 WELL 399,934.0917 2,024,919.8140 571.54 568.6
SD13-04 WELL 399, 931.9664 2,024,992.0174 569.24 566.81 ASP

SURFACE WATER SAMPLES

NUMBER NORTH "Y EAST "X" WATER
ELEVATION

5D13-S1 399,722.7878 2, 025153 .1150 551.64
SD13-S2 399,729.5605 2,025,176.1395 551.14

SD13-S3 399,747.0566 2,025,2356200 549.72

5D13-S4 399,75.2157 2,025,2O.1565 548.95
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Aquifer Pump Test Results
June 1990 Pump Test
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1.0 INTRODUCTION

The IRP Phase I and Phase II investigations have identified the

Flightline Area at Carswell A.FB 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 understard 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 corducted at the Flightline Area during June, 1990 as part

of an on-going 1P2 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

proce&tres, and. test res.t1ts.

1.1 Principles of Aauifer Pumpinz 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 aquifers

hydraulic conductivity. The hydraulic conductivity is defined as the flow of

water in cubic feet per day through a cross-sectional area of one square foot

under a hydraulic gradient of one foot per foot (Davis and DeWeist, 1966).

Hydraulic conductivity has the dimensions of length/time, or velocity, and is

expressed in the units of feet per day.

Transmissivity is a measure of the volume of water which will flow

each day through a one foot wide vertical strip of 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).
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The storage coefficient is a dimensionless term defined as the

volume of water the aquifer releases from or takes into storage per unit

surface area of the aquifer per unit change in the component of head normal to

that surface (Walton, 1962). The storage coefficients of unconfined aquifers

(e.g., water table aquifers), such as the Upper Zone Aquifer in the Flightline

Area, usually range from 0.05 to 0.30 (Ferris, et al., 1962). Unconfined

aquifers usually have higher values for storage coefficients than confined

aquifers, and these higher values reflect that releases from storage represent

mostly pore dewatering, whereas in confined aquifers, releases from storage

represent the effects of water expansion and aquifer compaction due to changes

in fluid pressure (Freeze and Cherry, 1979). The storage term for unconfined

aquifers is also known as the specific yield.

Storage and transmissivity are commonly determined by conducting

aquifer tests in wells completed in water-bearing units. Aquifer testing may

include constant discharge pump tests, variable rate (step) discharge tests,

constant drawdown tests, water level recovery tests, and slug tests.

At the Flightline Area, a constant discharge pump test and water-

level recovery tests were conducted to determine the hydraulic properties of

the geologic units which contain contaminated ground water. In a constant

discharge pump test, a well is pumped at a constant rate and water levels are

measured for the duration of the test in the pumping well and in the obser-

vation wells which penetrate the water-bearing unit. During the recovery

test, the change in the water levels in the wells are recorded after cessation

of pumping until near static water levels are attained. Graphs of drawdown

and recovery versus time after pumping started and stopped are compared to

graphs calculated from mathematical aquifer models to estimate the aquifer

parameters.
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2.0 GEOLOGIC SETTING

The geologic setting of the Flightline Area at Carswell AF 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.

Zedrock of the Goodland and Walnut Formations consists of inter-

bedded, fossiliferous, hard limestone and calcareous shale. The thickness of

the Goodland and Walnut Formations in the vicinity of the pumping test

location is approximately 30-40 feet. The Goodland and Walnut Formations have

been dry when sampled during drilling activities in the area, and with the

thickness and hardness of the formations they are believed to form an effec-

tive confining layer between the Upper Zone water-bearing deposits and the

underlying water-bearing sands of the Paluxy Formation.

F-s



The water-bearing zone (Upper Zone Aquifer) immediately adjacent to

the pumping well (LFO4..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 LFO4-02 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 1204-02, 50 feet north of the pumping well and the nearest

observation well, is screened across similar units as LFO4-03. 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 1204-03.

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 (LFO4-03).

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 (volunietrically). 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 pwnp

test.

At the request of the City of Fort Worth Water Department, the

discharge water was aerated for removal of volatile organic compounds (V005).

Aeration of the pwnp 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 punlping 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 coliunn. 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 LFO4-03. 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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(D) - Denotes duplicate sample

TABLE 3-1. HEADSPACE ANALYSIS

F- 10

Time Sample
Taken

HNu Value (ppm)
Time Sample
Analyzed

Background
HNu Reading

Water Going
Into Pool

Water Going
Into Sewer

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



hydraulic head encountered in the pumping well); however, travel of discharge

water througl 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 (LFO4-02) were recorded

using pressure transducers and an automatic data logger (Hermit Model 1000E).

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 zurrounding 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. TJnconfined aquifers are naturally

less affected by barometric pressure fluctuations than confined aquifers.
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4.0 TEST RESULTS

4.1 Analytical Methods and Assumptions

The data obtained during the June 1990 Upper Zone aquifer pumping

test were analyzed by several methods. In addition to field plotting of

drawdown and distance drawdown measurements, a computer aquifer analysis

program was used. The well hydraulics interpretation program used was WHIP,

which has the ability to simulate and analyze both drawdown and recovery

tests.

Attempts were initially made to interpret the pump test data using

the techniques of oulton (1963) and Neuman (1975) for unconfined aquifers.

These techniques consider the effects of gravity drainage in an unconfined

aquifer, which result in a delayed yield of ground water to the well and a

corresponding fluctuation in the time-drawdown data curve. As can be seen

from Figure 4-1, delayed yield was not pronounced (if evident) in the loglog

plot of the near observation well drawdown. Attempts at matching respective

portions of the drawdown curve with various Type A and Type B curves met with

no success. Therefore, in the analysis of unconfined aquifer data showing no

apparent delayed yield, the techniques of Theis and Cooper-Jacob were applied

to the data.

The Theis and Cooper-Jacob analyses were used as both field methods

and in later data analysis for estimating aquifer parameters. Time versus

drawdown for observation wells were plotted on semi-log paper. From this

plot, the change in drawdown over a particular log cycle was used in the

calculation of aquifer transmissivity and storativity, using the equations:

T
2.3Q

and
2.25Tt0

4wh V2

where: T - transmissivity

Q - pumping rate

- the drawdown for one log cycle
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S - storativity

- 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 drawdowri (Cooper-

Jacob) analyses and Theis recovery analyses to obtain preliminary estimates of

the transmissivity and storage coefficient. Theis curves are generated using

these values axid 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 drawdowr

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

(1204-02) drawdown and recovery analyses and the pumping well (LFO4-03)

recovery analysis.

Seven additional monitor wells were measured for response to the

pumping well and there was little if any noted.
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4.2 Water Level Behavior in Puznpinz 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 transIissivity and hydraulic conductivity

and a value for storage coefficient are shown on the table. The averaged

values are representative of the types of aquifer materials encountered (clean

sands and gravels). The WHIP generated plots for the analyses are provided

in Attachment E.
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TABLE 4-1. SUMMARY OF AQUIFER PUMPING TEST RESULTS, FLIGHTLINE AREA, CARSWELL AFB, TEXAS
(JUNE, 1990)

Average Values 9177 ft2/day

835 ft/day 1.2 x l02
(2.9 x 1O cm/sec)

705 ft/day
(2.5 x 10' cm/sec)

812 ft/day
(2.9 x 10' cm/sec)

784 ft/day 1.2 x 10-2

(2.8 x lO cm/sec)

CiL

Distance Storage
Well Type of From Pumping Hydraulic Coefficient
Number Test Analyses Well (ft) Transmissivity Conductivity (Dimensionless)

LFO4 -02 Dr awd own 50 9771 ft2/day

Recovery 50 8260 ft2/day

LFO4-03 Recovery Pumping Well 9501 ft2/day
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Well Hydraulics Interpretation Program (WHIP), Version 3.22, by Hydro Geo

Chem, Inc., 1430 N. 6th Avenue, Tucson, Arizona, 1987.
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F-2 1



[This page intentionally left blank.]

F-2 2





J
Depth GraØiic

(Ft.) Lo

Id.od

235 00dd..00
dc5.
00
0000l

28500
a.b.a00aol00
0.0100
ab.a00

33.5 0000l00
.o.o.

DRILLING LOG I BlDINI CCBPCATION I INSTALLATION: CARLL AFB. TX I SHEET 2 OF 2 SHEETS

PROJECT: CARLL API, I 7. TOTAl,. DEPTH OF HOLE: 37.7 ft BGL

IRP PHASE II STAGE 2 I 8. DATP. FON ELEVATION SHOWN: se lev.&

LOCATION: Ftihtlfne Ares 1 9. MANUFACTLE*'S DESIGNATION OF DRILU Mcbf I. Drill B-61

DRILLING AGENCT: Envirntal Drillers. Inc. I 10. NO. OF SAILES TAKEN: 14

HOLE NO.: LFO6-02

MANE OF GEOLOGIST: S. E. Fain

COGRDIMATES OF MOLE:

X: 2020510.50 1: 397732.54

37

I 11. ELEVATION GRam gATER: 597.45 ft MSL (6/1890

DATE HOLE ESTABLiSHED: 3/28/90

SI*FACE ELEVATION: 621.00 ft NSI.

I 14. IAcKUJm:

15. NE*SI*ING POiNT ELEVATION: 625.68 ft MSL

Blow Soil

Cougit Lelass/Code IVisual De.criDtfcn I Reirs

U/SDLR

U/SDLR

U/SOLR

U/MARL

Sand: Orange/tan, edi grained, well sorted.

stroisid, '90% artz; 0.3 ft. gravelly zone at 27 ft.,

saturated at 28 ft.

S&x: As above, 1-3% granule size gravel.

Sand: Tan, mediuu grimed, iartzase, loose, wet, 5%

gravels to 25 .

Limestone: Marly, weathered sand and gravel intermixed,

flail Ic.
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4.0 ft. Recovery

V. 1. measured at

21.1 ft. SLS. 5.0

ft. Recovery

3.7 ft. Recovery.

1.0. 37.7 ft.



DRILLING LOG I RADIAN CORPORATION

PROJECT: CAAS&ELL An,

TRP PHASE IT STAGE 2

LOCATION: FLightUrie Are.
DRILLING AGENCY: EnvirontaL DriLLers.
HOLE NO.: LFO403
NAIHE OF GEO(.OGIST: 5. 8. 8(o'Jfl. S. E.
CCORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

12.1

14.5

19.5

Slow
Cotlit

SoiL

ICLasa/Code IVisuaL OescriDtlon
U/CLAY CLay: Brown, soft to fire, si-pLastic, with fine

rootL.ts and minor carb streaking and
particLes, ewiat to wet.

INSTALLATION: CARS'JELL AFB. TX SHEET 1

I 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL
8. DATIJ1 FOR ELEVATION SH.5I: se. LeveL

I 9. MANUFACTURER'S DESIGNATION OF DRILL; MobiLe DriLL 8-61
Inc. I 10. NO. OF SANPLES TAKEN; 14

I 11. ELEVATION GRNID WATER: 597.53 ft NSL (bL1B/9O)
Fain 1 12. DATE HOLE ESTABLISHED; 3120/90

SURFACE ELEVATION: 620.50 ft NSL
RACKGNJND:

MEAING POINT ELEVATION: 623.25 ft MSL

CLay: As above, fire to stiff (stiffens to base), minor
caLcarsoi debris, nore .hiaant carisc.oIm staining,
very stiff; 3.8 - 4.0 ft.

Clay: Orange/brown at 4.1 fe; brittle, daep, abi.rdant
caLcareous debris, sLickensided, caLichified with see
authigenic mineraLizatio,, (crystaLs of CaCO3 in sheLL
fraga.); very hard, siLty.
CLay: As above, very stiff, sLightLy sandy and siLty.

CLay: As above, few Large CaCO3 pLes (25 eti),
increasing ctac.reoi* ..teriaL with depth, very fine
gr.ined sand.

CLay; Orange/brown, siLty, cohesive, daq, 30%

caLcareous m.teriaL, stiff.

Sand: Orange, fine grained, Loose, d, quartzose,
weLL sorted; at 14.3 ft. sharp change to tan, very fine
grained sand, heaviLy oxidized in Lemma..

Sand; Orange, fine to dius greined, quertzose, dali!),
Loose; graveLLy sean 15 15.5 ft.

Send: Orange/tan, fine to medius grairied, daep, Loose,
sro.ud, > 90% artz, I - 3% sLL graveL and sheLLs.

F-25

OF2SHEETS I

I Reerks
FULL recovery
LmLess otherwise
indicated.

Too stiff to cut.

Hard pushing.

1 ft. recovery,
ST. Rig broken.
Contrsj. after
repairs.
CaLiche Layer at
12 ft., driLLing
through.

3 ft. Recovery.

4 ft. Recovery.

U/CLAY

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/FN

U/SAND

U/SDLR



I DRILLING LOG I RADIAN CORPORATION

1. PROJECT: CARSILL AFE,
TiP PHASE II STAGE 2

LOCATION: FlightUn. Ares
DRILLING AGENCY: Envie....a..tsl DriLLers. Inc.

J 4. HOLE NO.: LFO4-03

NAME OF GEOtOGIST: S. B. BLctrt. S. E. Fain
COORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

Depthl Gra!iic j SLOW

Ft. 1. Cci.rt

CO
00

CO
00

CO
00

CO
00

00
37.5( 50

Soil
Class Code

U/SOLE

U/SOLE

U/ CR VL

U/GRVL

U/MARL

Visual Descri. ion

INSTALLATION: CARSELL AFB, TX I SHEET 2 OF 2 SHEETS

TOTAL DEPTH OF HOLE: 37.6 ft SCI.
DAT%JI FOR ELEVATION SN: sea level
NAIIJFACTURER'$ DESIGMATION OF DRILL: MabiLe DriLl B61
MO. OF SAILES TAKEN 14

It. ELEVATION G11 WATER: 597.58 ft NSL (6/13/90)
12, DATE HOLE ESYAILISNED: 3/20/90

SURFACE ELEVATION: 620.50 ft NSL

MEASURING POINT ELEVATION: 623.25 ft NSL.

Sand: Orange/tan, fine to medius grimed, wet, toose,
0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

Sand: As above, satureted.

Gravel: VaricoLored, u. to pebble size (30 ml), shelLs,
<10% sand, saturated.

Gravel: As above, iiinly slt pebble size (5 10 usa),

sheL Ls, si.anquLar to si.raued, Large percentage of
chert.

Marl: Chalky gray, inJrated, oxidation stained
throughout.
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W. L. messured at
26.3 ft. BLa. 2.6
ft. recovery.

3.2 ft. Recovery.

Sler refusal at
37.5 ft., drove I
1/2 in. S.S. 50
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37.6 ft.



GROWND SURFACE I

t

BACKFILL MATERIAL:

Cnent-8entonite Grout

/ BOREHOLE DIAMETER:

8.000 in
BOREHOLE

DEPTH:

37.70 ft
SEAL MATERIAL:

Bentonite
I I I

+

f
SEAL LENGTH:

2.00 ft

FILTER PACE

LENGTH:

16.80 ft

I I I

FILTER PACK MATERIAL: 8-20 Silica Sand

F-2 7

TOP OF CASING

I

SCREEN LENGTH:

14.35 ft

+

t

BLANK LENGTH:

0.20 ft

CASING DEPTH:

37.65 ft

+

J WELL CCN4PLETTOW LOG RADIAN CORPORATION I INSTALLATION: CARSVELL AFB

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

I 10. WELL CIPLETION METH: GRAVEL PACK W/SCREEN

J 2. LOCATION: Site LFO4 I 11. ZONE OF CPLETION: Aquifer
INSTALLING CO.: Raden CorDoration I 12. SEAL END DEPTH: 20.90 ft
WELL NO.: LFO4-02 13. MEAS. POINT ELEY.: 623.68 ft MSL
WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in
WELL TrPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

FORMATION OF CONPLETION: I 16. SCREEN BEGIN. DEPTH: 23.10 ft
LOCATION TIRE: WI. 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-1O'x2"xO.02" Screen,3-10'x2" Risers,1-Cut piece (-O.4'),l-LoCkiflg Cap, 1-botta Cap



tJELL C4PLE11ON LOG I RADIAN CORPORATIOW

1. PROJECT: IRP PHASE 11 STAGE 2, tARSLL. AFB

Z. LOCATtO* Site LO4
INSTALLING CO.: Radian Corortiai
WELL NO. 1F04-03
WELL OUWER: U.S. AIR FORCE
WELL TYPE CLASS: MONITORING WELL

FORMATION OF CPLET1QN:

LOCATION TYPE: WI.

18. REMARKS; lxlO'x6" PVC 0.020 screen,

BOREHOLE

DEPTH:

GRJND SURFACE

MCKF ILL MA1ERAL:

Cent-Bentoni te Grout

I INSTALLATION: CARSLL AFB

j 9. INSTALLATION DATE; 4/3/90
I 10. hELL CIPLETIOII METH GRAVEL PACK V/SCREEN

1 11. ZONE O CPLETIOW qjifer
I 12. SEAL E DEPTH: 19.40 ft

13. MEAS. POINT ELEV..: 623.25 ft MSL
CASING D1METER 6.00 in
CASI$G UTERIAI.: Scheójke 80 Pvc
SCUEN BEGIN. DEPTH: 22.40 ft

17. SCREEN SLOT SIZE: 0.02 n

1x5x6M screen, ZxlO'xb" PVC riaer 1x5'x6 riser.

FILTER PACK

LEWGTH:

18.12 ft

4. I

F!LTER PACX UIERIAL: 8-20 SiLica Sand

F-28

1 OF CASING

OEHOLE DIAMETER:

14.500 in

I

ScREEN LENGTH:

14.26 ft

t

BLAIIK LENGTH:

0.76 ft

+ +

37.52 ft
SEAL MATERIAL:

Bento,ite
I I I

t
SEAL LENGTH

2.30 ft CASING DEPTH:

37.42 fti L t I



ATTACHMENT B

Background Water-Level Data and I-Iydrographs
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F-3 1

- -umping we.

Time
minutes

Time
minutes minutes

Time Time
mmutes

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 -0M2 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 -005 1260 -0.06 1860 -0.08
70 -0.03 670 -0.05 1270 -0.07 1870 -0.08
80 -0.03 680 -0.04 1280 -0.07 1880 -0.08
90 -0.03 690 -0.04 1290 -0.07 1890 -0.08

100 -0.03 700 -0.03 1300 -0.06 1900 -0.08
110 -0.03 710 -0.03 1310 -0.08 1910 -0.08
120 -0.03 720 -0.03 1320 -0.07 1920 -0.08
130 -0.03 730 -0.05 1330 -0.06 1930 -0.08
140 -0.03 740 -0.03 1340 -0.08 1940 -0.08
150 -0.03 750 -0.03 1350 -0.08 1950 -0.08
160 -0.03 760 -0.03 1:360 -0.08 1960 -0.08
170 -0.03 770 -0.03 1370 -0.08 1970 -0.08
180 -0.04 760 -0.03 1380 -0.09 1980 -0.08
190 -004 790 -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 -0M8 2180 -0.06
390 -005 990 -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 -(.08



Background water level data - Observation well

Time
minutes

Time
minutes

Time
minutes

Time
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 -004 1840 -0.01
50 0.01 650 -0.01 1250 -0.03 1850 -0.02
60 0 660 -0.01 1260 -003 1860 -0.01
70 0 670 -0.01 1270 -004 1870 -0.01
80 0 680 0 1280 -0O4 1880 -0.01
90 0 690 0 1290 -0O3 1890 -0.01

100 0 700 0 1300 -0M3 1900 -0.01
110 0 710 0 1310 -0.05 1910 -0.01
120 0 720 0 1320 -0.04 1920 -0.01
130 0 730 -0.01 133Q -0O3 1930 -0.01
140 0 740 0.02 1340 -005 1940 -001
150 0 750 0 1350 -005 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 aoi 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 -001
240 0 840 0 1440 -0.05 2040 -0.01
250 0 850 0 1450 -0.05 2050 -0.01
260 0 860 0 1460 -0.05 2060 -0.03
270 0 870 0 1470 -0.05 2070 -0.03
280 0 880 0 1480 -0.05 2080 -0.03
290 0 890 0 1490 -0.02 2090 -0.02
300 0 900 0 1500 -0.02 2100 -0.02
310 0 910 0 1510 -0.03 2110 -0.02
320 0 920 0 1520 -0.03 2120 -0.01
330 0 930 0 1530 -0.02 2130 -003
340 0 940 0 1540 -0.02 2140 -0.02
350 0 950 0 1550 -0.02 2150 -0.02
360 0 960 -001 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 -aoi 2190 -0.01
400 0 1000 0 1500 -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 -002
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

Herniit Collected Water-Level Data for
Pump and Recovery Tests
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Observation well drawdown - Pump test

F-3 8

Time Drawdown
minutes ft.

Time Drawdown
minutes ft.

Time Drawdown
minutes ft.

Time Drawdown
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 0.13 380 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 0.14 480 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 0.14 580 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 025
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



Pumping well recovery test

F-3 9

Time
(minutes)

IDrawdown

(Ft)

Time
(minutes)

Drawdown
(Ft)

Time
(minutes)

DrawOown
(Ft)

0.0000 4.00 2.0 0.88 76 0.58
0.0033 4.01 2.5 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 4.5 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
0.21 66 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
0.31 66 2.56 32 0.63 250 0.53

0.3333 2.51 34 0.62 260 0.53
0.4167 2.24 36 0.62 270 0.52
0.5000 2.02 38 0.61 280 0.53
0.5833 1.85 40 0.61 290 0.52
0.6667 1.70 42 0.61 300 0.51

0.7500 1.56 44 0.61 310 0.53
0.8333 1.45 46 0.61 320 0.53
0.9167 1.35 48 0.60 330 0.51

1.0000 1.27 50 0.60 340 0.51

1.0833 1.20 52 0.60 350 0.52
1.1667 1.15 54 0.60 360 0.51

1.2500 1.10 56 0.60 370 0.51

1.3333 1.06 58 0.60 380 0.51

1.4166 1.03 60 0.59 390 0.51

1.5000 0.99 62 0.59 400 0.51

1.5833 0.96 64 0.59 410 0.51

1.6667 0.94 66 0.59 420 0.48
1.7500 0.92 68 0.59 430 0.49
1.8333 0.91 70 0.58 440 0.49
1.9167 0.89 72 0.58 450 0.49

74 0.58 460 0.49



Observation well recovery test

F-40

Time
(minutes)

Drawdown Time
(ft.) (minutes)

Drawdown Time
(ft.) (minutes)

Drawdown
(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 0.22 190 014
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



ATTACHMENT D

Hand Monitored Water-Level Data and Hydrographs of the
Hand-Measured Water-Level Data

F-42



tThis page inentioiaUy left b3.aik.

F-42



Well No. 01 Distance from pumping well

AQUIFER TEST DATA

Owner dress 5M' 43 county State Tx
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Measuring equipment Lj1.1,) /
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>
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Discharge Data
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Pump off: Date rIm '
Measuring point
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No
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End

T1m
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Weil No. 5' "9 istance from pumping Well

Measuflng eQuipment me4r3-i,-,,4' '4' /7 4/I 'e

ag. 1 of
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T!e Data
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_____
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Well No. L '/ '1 istance tram pumping well

Measuring eauipment

2i.'(
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Time Data
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Ct)
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Depth

Discharge Data
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AQUIFER TEST DATA

Owner Address County State
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Type of test Test No.

Time Data
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Water Level Data
Static water level
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AQUIFER TEST DATA
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ATTACHMENT E

WHIP Plots Used in Analysis
of Pump and Recovery Tests
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1..E-t-UU

'E-u3

Saturated thickness = 11.7 ft
Naxiuum drawdown (pumping well) = 3.5 ft
r 50 ft
Q = 18.3 gp
Pump well radius = 0.25 ft
Effective casing radius = 0.7 ft

Results

Transmissivity 9771 ft2 /day
Storage coefficient = 1.2 x 10-2
(Results have Dupuit correction applied arid have been optimized with seven
iterations by the Levenberg;Marquardt Ninimization Algorithzi).

TME-DRWDOWN PLOT FOR LFO4-02
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ZJ.24 OBES1ATION WELL (LFO4-02) RECOVERY TEST
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Results

Trausmissivity = 5260 ft2 /day
(Result has been optimized with seven iterations by the Levenberg-Marquardt
Miniiiization Algorith1i).
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LOi i.E+Oi i.ECr2

Windowed data (2,100) on T/TPrie plot used n analysis.

- Results

Transiiissivity = 9501 ft2 /day

(Result has been optimized with seven iterations by the Levenberg-Marquardt
Minimization Algorithm).
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