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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 trjchloroethene (TCE) and chromium (Cr), in the

Flightline Area. Previous investigations detected contamination of soils and

ground water only in the "Upper Zone," a term used to describe the surface

deposits of alluvium and fill in the Flightline Area (Hargis and Montgomery,

Inc., 1983). However, the complete areal and vertical extent of the con-

taminant plume(s) were not defined.

Previously available evidence suggested multiple sources of the

tontamination, 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/PS 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

:he Flightline Area.

Four major field tasks were designed to address existing data

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

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

might serve as preferential pathways for contaminant migration. Monitor wells

'ere installed to provide additional sampling sites to better characterize the

.ertical and lateral extent of ground-water contamination and potential or

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

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

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

accurate characterization of contaminant transport.

1.2 Site Description

Carswell AFB is located six miles west of the center of Fort Worth

in Tarrant County, Texas (Figure 1-1). The focus of this investigation is on

an area near the southern end of the flighcline at Carswell AFB, hence the

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

The Flightline Area Includes six discrete sites that were iden-

tified as potential sources of contaminants in previous IRP studies (Figure

1-2). They are:

• LFO3 - Landfill 3;

• LFO4 - Landfill 4;

• LFO5 - Landfill 5;

• WPO7 - Waste Burial Area;

• FTO8 - Fire Department Training Area 1; and

• FTO9 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-

dence that Sites LFO3 and LFO8 have released hazardous waste or waste con-

stituents to the environment. Therefore, it was concluded that they do not

pose an environmental or human health risk. The monitor wells installed at

Site FTO8 were, however, included in this most recent Stage 2 ground-water

sampling effort because it is likely that they are intercepting ground water

that has been contaminated by one or more upgradient, potentially off-base

sources. In the following subsections, Sites LFO4, LFO5, WPO7 and FTO9 are

described in terms of their physical features, historical uses, and the

;ignificant hydrogeologic findings from previous investigations performed in

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

1-2
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Figure 1-1. Regional Setting of Carsiell AFB, Texas
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Figure 1-2. Location of Six Sites Included in the Flightline Area,
Carswell AFB, Texas
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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

cadmium batteries.

1.2.2 Site LFO5 - Landfill 5

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

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

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

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

'lightline wastes typically include such substances as oils, thinners,

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

.nd buried.

'.2.3 Site WPO7 - Waste Burial Area

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

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

wastes during the l960s. Various types of hazardous wastes, including drums

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

disposed of at this site.

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

1-5
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training exercises since 1963. The fire pit is lined with gravel and is

enclosed by a low earthen berm. In the past, a second pit was present at the

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

1.3 Summary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations

performed during two separate Stages of the IR? Phase II; the Stage 1 Prelimi-

nary Assessment (PA) and Stage 2 Site Inspection (SI). The Phase II Stage 1

investigation (Radian, 1986) documented contamination of shallow ground water

and soils in the Flightline Area. The initial Phase II Stage 2 investigative

activities helped define contaminants in the Flightline Area, both quali-

tatively and quantitatively. Radian conducted a second episode of field

activities during the Phase II Stage 2 investigation (Radian, 1990) to fill

data gaps remaining after the initial Phase II Stage 2 effort (Radian, 1989).

.'1ost 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.

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

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

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

The following paragraphs summarize the activities performed

throughout the Phase II IRP to characterize the contaminant sources and

nvironmental media of concern in the Flightline Area at Carswell AFB. All

ield and analytical data from these investigations are contained in the

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

1-6



59 17

Phase II Stage 1 investigation (Radian, 1986), and the previous Phase II Stage

2 investigation (Radian, 1989).

1.3.1 Contaminant Source Characterization

The following activities were performed to characterize the

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

• Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

• Delineating the lateral and vertical extent of the waste

areas; and

• Assessing the chemical and physical characteristics of wastes

disposed of In the Flightline Area IRP sites.

These activities were accomplished by completing the following

tasks:

• Reviewing the Phase I Records Search and personnel interviews;

• Performing geophysical surveys to accurately define the lat-

eral and vertical extent of the former waste disposal areas;

and

• Collecting environmental samples (soil, ground water, and

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

ants associated with individual waste disposal units within

the Flightline Area.

1.3.2 Surface Water Characterization

The major surface water features associated with the Flightline

area are:

1-7



• Farmers Branch;

• An unnamed tributary that flows into Farmers Branch; and

• Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

• Chemical analysis of surface water samples collected from

Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

• Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and

• Installing and surveying a staff gage in Farmers Branch to

help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

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

ment of Upper Zone monitor wells;

• Determine the depth to the shallow aquitard (Coodland/Walnut

Formation) in the Flightline Area;

• Identify the thickness of the shallow aquitard under the

Flightlirie Area; and

• Determine the depth to the uppermost regional potable water

supply aquifer (Paluxy Aquifer) beneath the study area.

1-8
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Radian accomplished these activities by completing the following

tasks:

• Borehole drilling, sampling, and lithologic logging; and

• Performance of geophysical surveys.

1.3.4 Ground-Water Characterization

Investigations of the ground water occurring under the Flightline

Area were limited to the Upper Zone and the Paluxy Aquifers. Previous

investigations focused on these two aquifers because deeper aquifers are

unlikely to be affected by downward migrating contaminants. This is due to

the several hundred-foot thick section of low permeability Glen Rose Limestone

that acts as a basal aquitard to the Paluxy Aquifer in this area. Activities

were focused on defining ground-water quality, both upgradient and down-

gradient of former waste disposal units in the Flightline Area, and on

estimating aquifer properties. Characterization efforts were directed toward:

• 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

:onditions in the Flightline Area:

• Test well installation in both the Upper Zone and Paluxy

Aquifers;

• Sampling and describing the sediments that contain the ground

water;

1-9
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• Synoptic water-level surveys and potentiometric surface con-

touring;

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

test of the Upper Zone Aquifer;

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

dicator parameters; and

• Mapping of ground-water contamination in the Flightline Area.

1.3.5 Findins of Previous Flightline Area Investigations

Ceo 10 gv

Based on the results of previous investigations (CH2M Hill, 1984;

Radian, 1988) the Flightline Area of Carswell AFB is characterized by

surficial alluvial deposits of gravel, sand, silt and clay which are unconfor-

mably underlain by limestone and shale bedrock of the Cretaceous Coodland and

Walnut Formations. The alluvium includes flood-plain and fluviatile terrace

deposits which together constitute the Upper Zone, as defined by Hargis and

1ontgomery, 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

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

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

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

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

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

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

rom fine gravel to cobbles.

1-10
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The bedrock was penetrated during drilling of the Paluxy Aquifer

monitor wells in the Stage 2 study, and was encountered at the base of a

number of the Upper Zone monitor wells installed in Stage 1 and Stage 2.

Bedrock in the Flightline Area consists of interbedded fossiliferous limestone

and calcareous shale of the Goodland and the Walnut Formations. These units

are generally dry, although small amounts of water were occasionally observed

in the shale and clay units during drilling activities.

The bedrock surface is level across most of the Flightline Area

east of Taxiway 197, but rises sharply near the southwest part of Site FTO9

and the southern part of Site LFO4, in the vicinity of the outcrop south of

the study area. The locally irregular topography of the bedrock surface is

typical of an erosional surface modified by fluvial processes.

Ground Water

Ground water occurs in the Upper Zone and in the Paluxy Aquifer

eneath the Flightline Area. The potentiometric surface of ground water in

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

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

land surface topography. Dow-ngradienc is generally to the east toward a

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

5radient is very low (on the order of 16 feet per mile) beneath most of the

a'lightline Area, except in the extreme southwestern area where it is notably

teeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone

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

entrations ranging up to approximately 5000 micrograms per liter (ig/L).

Soil samples from the Flightline Area also contained detectable concentrations

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

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

aarly 3300 j.g/L were also detected in samples from wells located upgradient

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

detected in the Paluxy Aquifer monitor wells.

1-11
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During the Stage 2 effort, flightline monitor wells were sampled in

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

detected in concentrations above their respective EPA Maximum Contaminant

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

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

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

widespread. However, all metals analyses were performed on unfiltered ground-

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

centrations.

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

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

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

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

enera11y west-to-east shallow ground-water flow direction, the existence of

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

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

:he 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

:he 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-contarninated Upper

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

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

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

:ontamination; 3) define the maximum lateral, downgradient, and vertical

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

pecific hydrogeological characteristics of the Upper Zone in the Flightline

Area in sufficient detail to design and implement an appropriate remedial

ction.

1-12
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Report Organization

Following this Introduction, the field activities performed to

:haracterize the Plightline Area are described in Section 2. The techniques

and methodologies used to accomplish the field program are presented in detail

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

'ater 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

;urface water and ground-water contamination, determined from the most recent

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

;ection 5 addresses contaminant fate and transport.
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2.0 FIELD TECHNIQUES AND ANAL'TICAL 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 Drillinp and Soil Sampling

Drilling at Carswell AFB was accomplished using a hollow-stem auger

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

rig (using both mud and air) for the Paluxy monitor wells. These methods were

selected based on site-specific conditions and data requirements; i.e., the

anticipated depth of completion, the need for water-level observations during

drilling, and the expected geologic conditions.

After each borehole was completed, the drilling rig, auger flights,

and equipment were decontaminated with a high temperature, high pressure

steam-sprayer using base potable water.

Cuttings suspected of being contaminated on the basis of visual

evidence and organic vapor analyzer (OVA) or photolonization detector (HNu)

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

were collected and submitted for analysis of EP Toxicity.

The following paragraphs describe the drilling and soil sampling

procedures.

2-1



2.1.1 Hollow-Stem Augering

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

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

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

undisturbed subsurface soil cores, determination of subsurface lithologies and

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

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

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

sampler (Shelby tube), or a CME 5-foot continuous core sampler.

The soil samples were described in terms of lithology, moisture

content and any evidence of contamination. Lithologic logs of boreholes

drilled during the most recent field activities are provided in Appendix A.

Photographs of selected soil cores showing lithologic characteristics were

also taken.

Selected samples were shipped on ice to Radian's laboratory for

chemical analysis. Analytical parameters for soil samples are listed in Table

2-1. No soil samples were collected for chemical analysis in the most recent

Stage 2 effort.

2.1.2 Air and Mud Rotary Drilling

Air and mud rotary drilling was performed during the Phase II Stage

1 program (1985) with a Gardner-Denver 1500 CD truck-mounted rig. A 6-inch

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

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

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

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

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

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

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

_ower Paluxy Formation. Bentonite drilling fluid was used while drilling in

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

tions.

As the borehole was advanced, the cuttings discharged at the

surface were described by lithology, moisture content (air rotary-drilled

section), evidence of contamination, and other features useful in charac-

terizing the geologic section. Drilling conditions, such as relative rate and

ease of penetration, were noted by the driller. Water encountered during

drilling was noted with respect to depth of occurrence and rate of production.

As needed, drilling was suspended temporarily to allow for recovery of water

in the borehole.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and

lateral extent of waste-disposal activities, to provide a clearer picture of

the subsurface conditions around the sites, and to investigate the potential

existence of buried objects at several locations. Most geophysical tasks were

performed during Phase II Stage 1; only a magnetometer survey of WP07 (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

:haracterize the Flightline Area.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schluinberger

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

1ight1ine Area. The Bison Model 2350 Earth Resistivity meter was utilized

2-5



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 Geonics EM34-3 ground conductivity sensors. Both ground

:onductivity sensors are designed for rapidly obtaining data over large areas.

The meters employ magnetic dipoles or magnetic induction loops for transrnis-

;ion and reception of low frequency electromagnetic waves. The effective

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

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

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

The techniques and conditions at Carswell AFB resulted in an effective

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

-eported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500

roton magnetometer or a Ceometrics G856AX magnetometer. Magnetometer surveys

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

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

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

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

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

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

2-6
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performed to determine if metal objects were buried at any of the proposed

drilling locations.

2.3 Monitor Well Construction and Development

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

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

installed. The construction specifications and well development procedures

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

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

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

2.3.1 Upper Zone Well Construction

Upper Zone monitor wells were installed either immediately after

completion of the drilling operations or after the borehole produced enough

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

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

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

tigation are provided in Appendix B. Construction methods were generally

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

sitated by unanticipated field conditions were made with the knowledge and

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

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

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

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

lonitor wells were installed using the following procedures:

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

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.

2-7



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

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

2. Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.
Some well screens were wrapped with filter fabric material.

3. 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.

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

5. 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.

3. 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.

7. 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 alien bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).
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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 LFO5-5F, -5C, and -5H.

3. 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.

4. Neat cement grout containing approximately four percent ben-

tonite was either emplaced through the augers as they were

withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

5. After completion of grouting, the casing was cut two to three

feet above land surface and a protective 4- to 6-inch diameter

steel casing protector with a lockable 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 welihead, and the screened interval of the Upper Zone monitor

wells in the Flightline Area.

2.3,2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section

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

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

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

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

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

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

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

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

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

;ubmersible pump was installed after development. Protective casing, surface

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

Lnstalled.

Well Development

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

.iours, 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

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

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

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

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

Development was considered complete when the water in the well was relatively

ediment free, or pH, temperature and conductivity had stabilized. The ground

water removed from the wells was placed in steel 55-gallon drums, sealed and
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appropriately labeled, based on field observations. Well development logs for

the most recently installed (1990) monitor wells in the Flightline Area are

provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the

Flightline Area. The following subsections describe the sampling techniques

and methodologies for the various water samples collected during IRP Phase II

investigations. Ground-Water and Surface Water Quality Sampling Records for

the most recent round of Stage 2 sampling, including measurements of pH,

conductivity, and temperature; and information such as volumes of water purged

prior to sampling are provided in Appendix B.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in the clean

3ample containers to minimize sample handling (and possible cross-contam-

ination). The samples were collected approximately six inches below the water

surface, or half-way between the water surface and the bed of the stream if

the stream was not six inches deep. During the most recent (1990) field

activities, surface water samples were collected at Farmers Branch, a small

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

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

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

location at the time of collection.

Specific conductance, pH and temperature were measured on an

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

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

lka1inity measurements were made in the field using a Hach Alkalinity Test

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

aents, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and

che conductivity meter was calibrated using either a 1413 or a 1504 uinhos/cm

C1 conductivity standard solution.
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2.4.2 Ground-Water Sampling

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

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

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

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

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

electrical line were washed with laboratory grade detergent, rinsed with

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

of cross-contamination.

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

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

co a nylon monofilarnent line. This procedure ensured that representative

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

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

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

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

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

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

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

ells.

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

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

could not be made due to instrument malfunction.

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

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

were placed directly into prelabeled sample bottles and preserved according to

he requirements listed in Table 2-4. Ground-water samples for dissolved

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

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

, California, or Austin, Texas; or were hand delivered to the laboratory in
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Austin. To ensure that sample integrity was maintained during shipping and

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

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

2.5 Aquifer Testing

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

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

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

discussion of the aquifer test methods.

2.5.1 Slug Tests

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

-4E, -4G, LFO5-5A, -SB, -5C, -5D, -5E, 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-

mation, such as the Upper Zone at Carswell AFB, is quite rapid. By deter-

mining the behavior of the water level in the well in response to the stress

of the slug, the hydraulic conductivity of the aquifer material directly

adjacent to the well screen can be calculated. To perform these calculations,

the geometry of the well, aquifer boundary conditions, and initial water level

must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).

The first step of the slug test was to measure the static water

level in the well. Next, a known volume of water was removed by bailing and

segregated for use as the slug. After the desired volume of water was removed

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

well and suspended at a point just above the bottom of the well screen. The
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pressure transducer was connected to an In-Situ, Inc. Hermit 10003 automatic

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

arithmic frequency, beginning every 0.2 seconds in the first few seconds of

the test. Before introducing the slug, the water level in the well was

allowed to return to static conditions. Then, as the slug was rapidly poured

in the well, the data recorder was activated to measure the response of the

water level. At least two slug tests were conducted at each well tested to

determine the reproducibility of the results.

2.5.2 Aquifer Pumping Test

An aquifer pumping test was performed to evaluate the hydraulic

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

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

D.O. 4 Modification 0004 to accommodate the 4-inch submersible pump used in

the test. The pumping well was constructed of Schedule 80 PVC (slot size

0.020 inches) and was screened over the entire saturated thickness of the

Upper Zone. A 2-inch diameter observation well (LFO4-02) was also installed.

The location of this observation well is about 50 feet north of the pumping

well. The observation well was also screened over the entire saturated

thickness of the Upper Zone. All other construction details were the same as
-

for the Upper Zone monitor wells.

Pumping tests usually provide the means to stress an aquifer to

such a degree that reliable estimates of transmissivity, storativity, and

hydraulic conductivity can be made. These values are calculated using

drawdown and recovery data recorded in the pumping well and observation wells.

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

water flow rates and contaminant plume migration.

Step Pumping Test

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

to establish the optimum pumping rate. A step test is used to assess aquifer

response at multiple incremental pumping rates to determine the optimum
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pumping rate for the aquifer test. The optimum pumping rate for the Flight-

line Area pumping test was determined to be the full capacity of the submer-

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

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

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

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

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

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

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

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

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

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

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

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

caused by pumping, rather than by natural factors.

Pumping Test

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

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

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

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

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

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

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

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

by timing discharge into a 5-gallon container with a stopwatch. All required

data from the aquifer test were recorded on IRPIMS Pump/Recovery Test Data

Collection Forms, included in Appendix F.

Because drawdowri is more rapid at the beginning of a pumping test,

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

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

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

frequent intervals during the early stages of the test. During the test, pH,
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conductivity, temperature and the visual characteristics of the discharge

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

drawdown of the pumping well were periodically checked to ensure consistency

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

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by

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

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

These plots were used for preliminary determination of aquifer charac-

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

observation of water characteristics and recording of water quality data.

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

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

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

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

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

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

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

organic content of the air (headspace) was measured with an HNu photo-

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

the Teflon septum in the cap of the vial and quickly inserting the probe of

the HNu PID. Comparison of the pre-aeration and post-aeration volatile

organic concentrations allowed for gross determination of the aeration system

efficiency.

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

level monitoring and observations continued during the recovery period.

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

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

Zone Aquifer.

A more complete description of the aquifer pumping test procedures

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

Land surveying activities were conducted by Brittain & Crawford,

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

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

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

of measurements of reference point elevations to an accuracy of 0.01 foot.

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

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

(Appendix E).
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3.0 PHYSICAL CHARACTERISTICS OF THE FLICHTLINE AREA

This section describes the physical characteristics of the Flight-

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

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

terization is interpretation of field and laboratory data obtained from the

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

maintains a database containing all environmental data from the Flightline

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

Force required Installation Restoration Program Information Management System

(IRPIMS) format.

3.1 Topographic Surface Features

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

ly level surface near the main (north-south) runway to gently rolling land

near tributaries of Farmers Branch at the golf course. Figure 3-1 shows the

location of the various surface features associated with the Flightline Area

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

The Soils Conservation Service has identified four soil associations

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

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

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

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

from <4.2 x l0 to 3 x lO 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 AFE golf course. Surface drainage in the Flightline Area is

generally to the north and east toward Farmers Branch. During the Stage 2

investigation performed in 1990, water was present in tributaries to Farmers

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

Landfill 5 (LFO5) and Site 12 (FTO9), and 3) the eastern edge of the Flight-

line Area (see sample location LFO5-07, Figure 3-1). Southwest of Landfill 4

(LFO4), the stream flows over limestone and shale outcrop, but becomes an

influent stream as water percolates into terrace (Upper Zone) deposits south

and east of the landfill. The tributary west of Landfill 5 (LFOS) and Site

12 (FTO9) becomes effluent at Cody Drive where terrace deposits are relatively

thin. Farmers Branch ultimately discharges to the Trinity River, located on

the eastern boundary of Carswell AFB. The evaluation of ground-water flow at

the Flightline Area suggests that the surface water bodies may receive ground-

water inflow, and possibly contaminants associated with the ground water. A

staff gage was installed in Farmers Branch (Figure 3-1) and professionally

surveyed during the additional Stage 2 field activities. Synoptic ground-

water and surface water-level measurements made in June 1990 were used to

evaluate Upper Zone ground-water/surface water communication. A detailed

discussion of this communication is provided in Section 4 of this report

(Nature and Extent of Contamination).

Estimates of flow volume in Farmers Branch and the small tributary

were made. Flow volumes were calculated by measuring the width and average

depth of the stream(s) , and then multiplying the resulting cross-sectional

area by the estimated flow rate. The flow rate was estimated by measuring the

length of time required for a floating object to travel a known distance.

Estimated flow volumes at the time of sampling (April, 1990) were 6.0 cubic

feet/second (cfs) for the four locations on Farmers Branch and 0.2 èfs for the

small tributary to Farmers Branch. Water in the two ponds appeared stagnant

at the time of sampling. Observed flow in Farmers Branch during field
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activities was extremely variable, ranging from <5 to >100 cfs (following

heavy rains).

3.3 Geology

Carswell AFB is located on the relatively stable Texas craton, west

of the faults that lie along the Ouachita Structural Belt. No major faults or

fracture zones have been mapped near the base. The regional dip of the rocks

beneath Carswell AFB is between 35 and 40 feet per mile in an easterly to

southeasterly direction. From youngest to oldest, the major geologic for-

mations found in the Flightline Area of Carswell AFB are as follows: 1)

Quaternary Alluvium, 2) Cretaceous Coodland 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 Coodland/Walnut Aquitard and the

Paluxy Aquifer in the Flightline Area were the deepest (oldest) units pene-

trated, and by only two monitor wells installed during the initial Stage 2

effort. The following subsections contain discussions of the geology in the

Flightline Area.

3.3.1 Quaternary Alluvium

Quaternary alluvium, deposited by the Trinity River, is found at the

surface throughout the Flightline Area site, as well as over most of the base.

The alluvium consists of floodplain and fluviatile terrace deposits of gravel,

sand, silt, and clay that occur as a veneer on the eroded surface of the

Goodland Limestone. The unconsolidated alluvial deposits and fill are

referred to as the "Upper Zone," a term initially applied to similar alluvial

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

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

and gravel of variable thickness and degree of saturation.

3-4



59 49

Drilling on the base indicates that the alluvial deposits (and fill)

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

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

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

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

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

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

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

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

Department Training Areas 1 (FTO8) and 2 (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.
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The erosional surface of the bedrock is generally level across most

of the Carswell AFB area, with a pronounced rise in the southwest portion of

the base corresponding to the outcrop of limestone and shale. Table 3-1 shows

the depth (and corresponding elevation) to bedrock (Coodland/Walnut Formation)

at all drilling locations in the Flightline Area. Figure 3-3 contains a

contour map of the elevation (MSL) of the top of the bedrock surface. The

locally irregular topography of the top of the bedrock is characteristic of an

erosional surface modified by fiuvial 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-i and P.2 (Figure 3-2), is approximately 30-40

feet beneath the Flightline Area. However, because the top of the Good-

land/Walnut Formations is an erosional surface, the thickness in isolated

areas may be less than originally deposited. It has been reported that the

Quaternary alluvium and the cretaceous Paluxy Formation are in direct contact

at the eastern boundary of AF Plant 4, where the Goodland/Walnut Formations

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

3.3.3 Cretaceous Paluxy Formation

Beneath the Goodland and Walnut Formations lies the Cretaceous-age

Paluxy Formation, often referred to as the Paluxy Sand. The Paluxy Formation

is the deepest unit penetrated in the Flightline Area during the IRP efforts.

Regionally, the Paluxy Sand is divided into upper and lower sand members by an

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

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

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

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

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

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

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

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

variable amounts of shale and clay.
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TABLE 3-1. ELEVATION OF BEDROCK IN FLICHTLINE AREA, CARSWELL AFB, TEXAS

Location
Ground Level
Elevation

Depth to
Bedrock

Elevation of
Bedrock

Sand and Gravel
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
LFO4-1O 626.9 49.0 577.9 36.3

LFO5-5A 619.4 31.0 588.4 13.5
LFO5-5B 597.4 8.0 589.4 3.0
LFO5-5C 606.8 21.0 585.8 16.0
LFO5-5D 608.5 24.0 584.5 20.0
LFO5-5E 623.9 >40.0 <583.9 >31.0
LFO5-5F 619.4 >37.0 <582.4 >33.0
LFO5-5G 612.0 29.0 583.0 21.0
LFO5-5H 608.4 25.0 583.4 11.0
LFO5-O1 619.3 25.0 594.3 6.9
LFO5-02 620.0 27.0 593.0 2.1
LFO5-03 620.6 27.4 593.2 12.2
LFO5-04 617.3 28.0 589.3 5.3
LFO5-05 616.1 26.0 590.1 6.0
LFO5-06 598.3 7.0 591.3 6.5
LFO5-07 598.0 5.8 592.2 4.0
LFO5-08 606.8 14.5 592.3 2.5
LFO5-09 604.9 14.0 590.9 10.5
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Location
ID

Ground Level
Elevation

(Ft, MSL)

Depth
Bedroc

(Ft)

to
k

Elevation of
Bedrock

(Fc, MSL)

Sand and
Thickn

(Ft)

Gravel
ess

LFO5-l0 623.9 36.0 587.9 12.0
LFO5-ll 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 23.2 588.9 12.2

LFOS-l9 606.3 20.5 585.8 17.7

WP07-1OA 624.2 >39.0 <585.2 26.5
WPO7-1OB 621.1 33.0 588.1 27.0
WP07-1OC 615.4 31.0 584.4 20.0
WPO7-1OD 623.3 >29.0 <594.3 >13.0
WP07-1OE 622.5 >29.0 <593,5 >17.0
WP07-1OF 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-l2A 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-l2E 624.5 39.0 585.5 26.0
FTO9-120 629.2 -- -- - -
FTO9-l2H 629.1 25.0 604.1 6.0
FTO9-121 629.2 24.0 605.2 5.0
FTO9-l2J 628.7 23.0 605.7 4.0
FTO9-12K 626.7 >25.0 <601.7 >5.0

- - Not Determined

MSL - Mean Sea Level

3—9
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In the two Paluxy monitor wells (P-i and P-2) installed during the

initial Stage 2 effort, drilling progressed through the upper sand member to

the intervening shale unit. The upper sand member ranged from 30 to 35 feet

in thickness and consisted of varying amounts of sand, sandstone, clay, and

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

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

3.3.4 Cretaceous Glen Rose Formation

Underlying the Paluxy Sand is the Glen Rose Formation, which

represents the seaward facies of part of the Twin Mountains Formation, being

deposited simultaneously to the north. The Glen Rose was not penetrated

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

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

3.3.5 Cretaceous Twin Mountains Formation

The Twin Mountains Formation, with the Glen Rose Formation capping

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

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

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

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

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

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

spersed with varicolored shale.

3.3.6 Flightline Area Gross-Sections

Following the recent drilling activities at the Flightline Area, six

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

well as the static water levels in the Upper Zone measured on 18 June 1990).

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

provided in Figure 3-4.
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Two of the cross-sections (A-A' and B-B') are oriented roughly west-

east and the remaining four are oriented roughly north-south (C-C' through F-

F') through the site. All of the cross-sections intersect the relatively

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

Cross-section A-A' (Figure 3-5) depicts the subsurface from the

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

(LFOS) and the Waste Burial Area (WPO7). An important feature in this cross-

section is the lack of sand and gravel in the borings completed in the

Landfill 3 area. There is a steep incline in the upper surface of the bedrock

(Coodland/Walnut Formations) between borings LFO3-3E and LFO5-l5. 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-l2A.

Shown in Figure 3-7 is cross-section C-C' . Cravels 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
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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-l2, 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 LFO4-4C. Monitor

well LFO4-4C 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
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aquifer in the sandstone of the Twin Mountains Formation. Only the first

three units were investigated in the Flightline Area during the IRP, with the

primary focus being on the Upper Zone. The Upper Zone was the only unit

studied in this most recent Stage 2 (1990) effort. Figure 3-11 shows the

general depth of occurrence and thickness of each of the major hydrogeologic

units expected in the Flightline Area. Descriptions and properties of the

hydrogeologic units are sununarized 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 AFB. The Upper zone ground-water flow through

the Flightline Area, being generally northeastward, intercepts Farmers Branch

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

3-21
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TABLE 3-3.

LFO4-O1
LFO4-02
LFO4-03
LFO4-04
LFO4- 10

LFO4-4A
LFO4-4B
LF04-4C
LFO4-4D
LFO4-4E
LFO4-4F
LFO4-4C
LFO4-4H

LFO5-01
LFO5-02
LFO5-14
LFO5-18
LFO5 -19

LFO5-5A
LFO5-5B
LFO5 - 5C
LFO5 - 5D
LFO5 - 5E
LFO5 - 5F
LFO5-5C
LFOS-5H

FTO9-12A
FTO9-12B
FTO9-12C
FTO9-12D
FTO9-12E

FTO8-11A
FTO8-11B

WPO7-1OA
WPO7- lOB

WPO7- 100

RESULTS OF FLIGHTLINE AREA UPPER ZONE SYNOPTIC WATER LEVEL
SURVEY CONDUCTED ON JUNE 18, 1990

1553
1738
1735
1756
1801
1813
1818
1809
1749
1746
1731
1740
1752

1545
1549
1700
1834
1650
1618
1708
1627
1624
1615
1721
1714
1711

1557
1603
1601
1611
1606

1634
1630

1620
1728
1726

629 . 24
623.68
623.25
612.07
626 . 54
625.76
619. 90

613.04
615 . 35
618. 54

625. 36

620.02
613.43

621. 96

622.69
602 .98

611. 84

606.08
623 . 18
600.45
608 .68

611. 71

626. 89

618 . 95
615.39
610.62

635 . 66
627 . 55
628.05
627.45
627.48

608 . 22
608 . 14

626 . 70
624.46
617 . 24

28.98
26.23
25 . 67
16 .75

30.49
10.48
18. 27

16.42
18 .06

21.35
26. 96

23.69
17 .15

18. 14

24. 86

8 . 84
17 .73

12. 54

22.67
3.73
9.56

10. 98

26 . 60
21.83
19 . 31
14. 54

17 . 10
28.38
29.23
28. 13

28 .68

11.23
8. 63

26.68
25.63
18. 59

600.26
597 .45

597 . 58
595 . 32
596.05
615.28
601. 63

596.62
597 .29

597 . 19
598.40
596 . 33
596.28

603 . 82
597 .83

594. 14

594. 11

593. 54

600. 51

596.72
599 . 12
600.73
600.29
597 . 12
596.08
596 .08

618 . 56
599 .17

598 .82

599 . 32
598 . 80

596 . 99
599 .51

600.02
598. 83

598.65

Staff Gage 1840 579.44
(1.0 ft mark on gage)

3—24

0.57

(water reading on gage)

579 .01

Location
Measuring Point

Elevation
Depth to
Water

Water Level
Elevation

ID Time (Ft, MSL) (Ft) (Ft, MSL)
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Upper Zone sediments, which are up to 40 feet thick in areas west and south-

west of Farmers Branch, either thin to their eventual disappearance at the

stream or are exposed as sheer cliffs (cut-banks) near the stream. Field

reconnaissance revealed Upper Zone ground water seeping from the face of the

exposed banks.

The potentiometric surface map (Figure 3-12) includes water level

information from both the ground water and the surface water (surveyed at six

locations along Farmers Branch). Farmers Branch is shown to be a point of

discharge for ground water, as the Upper Zone hydraulic gradient is shown to

be toward the stream.

The area north of Farmers Branch in the Flightline Area has not been

investigated. However, visual observation has shown the area to be relatively

flat in the vicinity of the stream. Upper Zone deposits are probably thin in

this area. With Farmers Branch being a zone of ground-water discharge in the

Flightline Area, Upper Zone ground-water flow in the area north of Farmers

Branch would locally be toward the stream.

3.4.1.2 Eyraulic Characteristics of Upper Zone Aquifer

Slug tests were performed in twelve Flightline Area wells (April,

1988) and an aquifer pumping test was conducted (June, 1990) to determine the

hydraulic properties of the Upper Zone aquifer in the Flightline Area at

Carswell AFB. The following section presents a discussion of the characteris-

tics of the Upper Zone aquifer as determined from this testing. A more

thorough description of the aquifer pumping test procedures and analysis is

provided in Appendix F.

Slug Test Results

The ability of the Upper Zone alluvial deposits to transmit ground

water was initially characterized based on the results of single-well aquifer

tests (slug tests). These tests were performed as described in Section 2.2.5,

and analyzed according to the Bouwer and Rice (1976) method.
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The calculated hydraulic conductivity values ranged from 7.98 x l0

cm/sec (22.6 ft/day) at well LFO4-4D to 4.1 x i0 cm/sec (1.2 ft/day) at well

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

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

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

and FTO-12A (Figure 3-12).

The main limitation on slug tests is that they are heavily dependent

on a high-quality well intake (screened interval). If well development is

inadequate, measured values may be highly inaccurate (decreased con-

ductivities); conversely, if development is very thorough, the measured values

may reflect the increased conductivities in the artificially induced gravel

pack around the screen. In any case, slug tests usually provide aquifer

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

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

usually provide measurements of aquifer parameters that are averaged over a

much larger aquifer volume.

Aquifer Pumping Test Results

The data obtained during the June, 1990 Tipper Zone aquifer pumping

test were analyzed by several methods. Following field plotting of time-

drawdown and distance-drawdown measurements, hand plotted observation well

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

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

hydraulics interpretation program used was WHIP, which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Jacob-Cooper)

analyses and Theis recovery analyses to obtain preliminary estimates of the

transmissivity and storage coefficient. Theis curves are generated using

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

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

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

recovery data is provided in Appendix F.

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

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

atives of the drawdowns were performed. Observing the derivative drawdown

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

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

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

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. The Dupuit correction allows for the

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

sophisticated mathematical approach to the calculation of transmissivities and

storage coefficients.

Three different computer generated plots and analyses were deter-

mined to best represent the Upper Zone aquifer hydraulic properties of

transmissivity and storage coefficient. These were the observation well

(LFO4-02) drawdown and recovery analyses and the pumping well (LFO4-O3)

recovery analysis.

Seven additional monitor wells were measured for response to the

pumping well during the test. These wells did not respond to pumping. Water

level measurements taken in these wells were plotted and are included in

Appendix F.

Table 3-4 shows the summarized results of the Flightline Area

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

vation well (LFO4-O2) are completed in the generally west to east trend of

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

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

aquifer. The calculated hydraulic conductivity and transmissivity values fall

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

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

aquifers.

The hydraulic conductivity calculated from the ptmlping 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 Aguitard

The ground water present in the alluvium is separated from the

aquifers below by the low permeability limestones and shales of the Goodland

Limestone and Walnut Formation. The aquitard is composed of moist clay and

shale layers interbedded with dry limestone beds. Though the Formations are

primarily dry, drillers in the area report that small amounts of water enter

the borehole while drilling through the Walnut Formation, suggesting that

ground water may be moving through the Walnut Formation along bedding planes

(Hargis and Associates, 1985). The thickness of the Goodland/Walnut aquitard

is approximately 30-40 feet beneath the Flightline Area at Carswell AFB. This

thickness is based on two monitor wells drilled through the aquitard and

completed in the Paluxy Aquifer during the initial Stage 2 study. However,

the top of the aquitard is an erosional surface and erosion may have reduced

the thickness of the limestone or eroded it entirely in isolated areas, (e.g.,

at AF Plant 4 beneath Building 189 along Grants Lane, the Goodland Limestone

is completely absent and only three feet of the Walnut Formation are present

(Hargis and Associates, 1985)).

3.4.3 Paluxy Aquifer

The Paluxy Aquifer, the areal extent of which is shown in Figure 3-

13, is the shallowest bedrock aquifer underlying Carswell AFB. In the

Carswell AFB area, water in the uppermost part of the Paluxy Formation would
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naturally occur under confined conditions beneath the Goodland/Walnut aquitard

(except where the aquitard has eroded away, as discussed above). However,

extensive ground-water pumping in the Fort Worth area, including the City of

White Settlement, has lowered the Paluxy Aquifer potentiometric surface below

the top of the formation, resulting in unconfined conditions beneath the base.

Water-level measurements taken in the Flightline Area Paluxy wells (P-l and P-

2, found the water level to be about five feet below the top of the formation,

or about 75 feet below land surface. With the Paluxy Formation having an

upper and lower sand member, and the lower member having larger grain size and

higher permeability, most water wells are completed in the lower section of

the Paluxy Aquifer.

Recharge to the Paluxy Aquifer occurs where the formation crops out

west of Carswell AFB in the AF Plant 4 area. The Paluxy Formation also crops

out north of the base in the bed of Lake Worth. The lake is a major recharge

point for the aquifer and creates a potentiometric high in its vicinity.

Regional ground-water flow within the Paluxy Aquifer is southeastward in the

direction of the regional dip. At Carswell AFB, ground-water flow is in-

fluenced by recharge from Lake Worth, which creates a potentiometric high, and

by ground-water withdrawals by the community of White Settlement. This

drawdow-n results locally in a more southerly flow direction within the Paluxy

Aquifer.

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

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

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

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

area probably approximates the formation thickness, but the aquifer is

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

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

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

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

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

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

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Paluxy Aquifer monitor wells P-i and P-2. Recovery test data analysis

indicates the transmissivity of the upper Paluxy is approximately 1750 gallons

per day per foot (235 square feet per day)

3.4.4 Glen Rose Aquitard

Below the Paluxy Aquifer are the fine-grained limestone, shale,

marl, and sandstone beds of the Glen Rose Formation. The thickness of the

formation in the vicinity of Carswell AFB reportedly ranges from 250 to 450

feet. Although the sands in the Glen Rose Formation yield small amounts of

water to wells in Fort Worth and western Tarrant County, the relatively

impermeable limestone is an aquitard restricting water movement between the

Paluxy Aquifer above and the Twin Mountains aquifer below.

3.4.5 Twin Mountains Aquifer

The Twin Mountains Formation is, geologically, the oldest formation

used for water supply in the Carswell AFB area. The formation occurs ap-

proximately 600 feet below Carsweli AFB. The thickness of the formation

ranges from 250 to 430 feet.

Recharge to the Twin Mountains Aquifer occurs west of Carswell AFB,

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

downdip direction. Like the ground water in the Paluxy Aquifer, Twin

Mountains ground water occurs under water-table conditions in the recharge

area and becomes confined as it moves downdip. Transmissivities in the Twin

Mountains Aquifer range from 1,950 to 29,700 gpd/ft and average 8,450 gpd/ft

in Tarrant County. Hydraulic conductivities range from 8 to 165 gpd/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 AFB IRP Phase II Stage 1 investigation (1984-85)

detected concentrations of TCE and other halogenated hydrocarbons in the Upper

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

centrations of several metals exceeded federal drinking water standards in the

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

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

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

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

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

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

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

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

In addition, an attempt to determine more conclusively the limits of the known

inorganic contamination in the various Flightline Area sites was undertaken.

4.1 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 g/L,

EPA 325.3 - chloride 1.5 mg/L,

4-1



S9 79
SW6 010

EPA 365.2

SW7421

aluminum

beryllium

copper

nickel

silver

strontium

vanadium

zinc

orthophosphate

lead

0.53 mg/L,

0.0023 mg/L,

0.053 mg/L,

0.021 mg/L,

0.051 mg/L,

0.0047 mg/L,

0.025 mg/L,

0.044 mg/L,

0.012 mg/L,

0.0099 mg/L.

• Field blanks indicated a potential for false-positive results

due to field contamination. Generally, field blanks contained

very low level concentrations for common organics and inor-

ganics. Natural sample 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

cussed in the

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

following subsections.
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4.2 Results of Ground-Water and Surface Water Analyses

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

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

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

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

collected from Upper Zone monitor wells. Figure 4-1 depicts the locations of

all of the most recent water sampling sites at the Flightline Area. Each

sample was submitted to Radian's laboratories for analysis of the organic and

inorganic constituents listed in Table 4-1. Both organic and inorganic con-

stituents exceeding EPA drinking water standards (Maximum Contaminant Levels,

or MCLs) had been detected in the Flightline Area in past sampling efforts.

An Informal Technical Information Report (ITIR) with analytical summary

tables, QA/QC data, sample cross-reference tables and chain-of-custody forms

for the recent ground-water investigation at the Flightline Area was provided

to the U. S. Air Force HSD IRP Program Office in September 1990. Following is

a brief summary of the quality assurance/quality control (QA/QC) results for

most recent Carswell AFB ground-water sampling.

4.2.1 Ground-Water Contamination

As indicated in previous Flightline Area sampling efforts, TCE was

the principal contaminant detected which exceeded EPA primary standards. The

only other organic constituent found to exceed federal standards was vinyl

chloride. Two organic compounds were detected in ground water with con-

centrations exceeding EPAs proposed MCLs; these included tetrachloroethene and

cis-l , 2-dichioroethene.

Four inorganic compounds exceeded federal standards in the most

recent water sampling. Chromium was found in excess of the respective MCL in

three monitor wells. Lead, arsenic and mercury were found in concentrations

exceeding the respective MCLs in one well each. Iron and manganese were

detected in numerous wells exceeding EPA Maximum Containment Level Goals

(MCLGs). Other metals, such as calcium and silicon were common in ground-

water samples.

4-3
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59 82
TABLE 4-1. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,

FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Heavy Metals Non-Metals

1,1, 1-Trichioroethane Aluminum Chloride

1, 1,2 , 2-Tetrachioroethane Antimony Fluoride

1,l,2-Trichloroethane Arsenic Nitrate as N

1, 1-Dichioroethane Barium Orthophosphate
1, 1-Dichioroethene Beryllium Sulfate

l,2-Dichlorobenzene Boron Total Dissolved

l,2-Dichloroethane Cadmium Solids

1, 2-Dichloropropane Calcium
1,3 -Dichlorobenzene Chromium
1 ,4-Dichlorobenzene Cobalt

2-Chloroethylvinyl ether Copper
Bromodichloromethane Iron
Bromoform Lead
Bromomethane Magnesium
Carbon tetrachloride Manganese
Chlorobenzene Mercury
Chioroethane Molybdenum
Chloroform Nickel
Chloromethane Potassium
Dibromochloromethane Selenium

Methylene chloride Silicon
Tetrachloroethene Silver
Trichloroethene Sodium
Trichiorofluoromethane Strontium

Vinyl chloride Thallium
cis-l , 2-Dichloroethene Vanadium

cis-l, 3-Dichloropropene Zinc

trans-l, 2-Dichloroethene

trans-l, 3-Dichioropropene

4—5
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Contamination detected in the ground water of the Flightline Area

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

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

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

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

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

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

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

tamination in the Flightline Area corresponds to the upper surface of the

Goodland/Walnut aquitard.

A detailed discussion of the pertinent organic and inorganic

constituents and ground-water quality indicators follows.

4.2.1.1 Organic Ground-Water Contaminants

Table 4-2 summarizes the findings of the laboratory analyses for

organic constituents in Flightline Area monitor wells, with respect to federal

drinking water standards. TCE exceeded the MCL in 27 of the 35 wells sampled.

Vinyl chloride exceeded federal MCLs in seven wells.

Tetrachioroethene (PCE) was detected in a total of six wells,

exceeded proposed MCLs in three wells. Proposed MCLs were exceeded by cis-

1,2-dichioroethene in 23 of the monitor wells in the Flightline Area. This

compound was detected in 30 of 35 wells in the Flightline Area. Trans-l,2-

dichioroethene, 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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Trichloroethene

Figure 4-2 depicts an isoconcentration contour map of the trichlo-

roethene (TCE) plume as it was detected in the spring, 1990 sampling effort in

the Flightline Area. The concentration of TCE in the ground water reaches

maximum levels in monitor wells LFO4-4G and LFO4-02, with detected values of

4400 and 4000 micrograms per liter (g/L), respectively. The defined TCE

plume has an aerial extent of approximately 50 acres, with the majority of the

contamination underlying the base golf course. The limits of the plume are

fairly well defined, except in the extreme eastern and western portions of the

Flightline Area. In the west, a concentration of 2700 ig/L was detected in

monitor well LFO5-01, with no accompanying downgradient well analyses to

tightly enclose the downgradient contours. Therefore, the limit of the TCE

plume extends west beyond this well. A detection of 1200 pg/L TCE in monitor

well LFO5-5E, located hydraulically upgradient of Landfill 5, prevents the

precise definition of the TCE plume in that upgradient edge. Evidence of

"black staining" at 39.5 feet in the log of borehole LFOS-l5 may be further

evidence of the upgradient extension of TCE contamination. The TOE plume

appears to intersect Farmers Branch (Figure 4-1) in the northeastern portion

of the Flightline Area.

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

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

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

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

Past reports have suggested that, due to the greater density of TCE with

respect to water, coupled with the increase in available porosity and per-

meability, the contamination will tend to migrate preferentially along paleo-

channels filled with basal sands and gravels. When compared to the isocon-

centration map of the TOE plume (Figure 4-2) this preferential migration is

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

concentrations closely resembles the location and configuration of the

thickest Upper Zone sand and gravel sequences.

4-8
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The center of the TCE plume appears to be bimodal and is located

hydraulically downgradient from Landfill 4, with TCE concentrations above 3000

pg/L covering an area of approximately 6.5 acres. The apex of the TCE plume

does appear to have shifted since the last ground-water sampling effort, which

took place in April 1988. Figure 4-4 represents an isoconcentration contour

map of the results of the April, 1988 ground-water sampling. 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 g/L in April 1988 to 4400 pg/L in the most recent analysis. The sig-

nificance of this decrease with respect to the fate and transport of the

contaminants in the ground water will be discussed in Section 5.0 of this

report. While the migration and degradation of the plume is consistent with

the physiologic and hydrogeologic setting of the Flightline Area and the

nature of the contaminant, some degree of analytical variability is inherent

between any two laboratory analyses occurring over time. It is understood

that continued monitoring of the wells in the Flightline Area will be neces-

sary to confirm trends in contaminant migration.

Multiple sources have been postulated for the organic contamination

found in the subsurface in the Flightline Area. The disposal methods and

types of waste material believed to be present at Landfills 4 and 5 (LFO4 and

LFOS) are consistent with the types and amounts of contamination observed in

downgradient wells. In addition, it is reasonable to assume that infiltration

of flammable solvents associated with the fire training activities at site

FTO9 has contributed to the presence of contamination in the Upper Zone.

Repeated evidence of TCE contamination in monitor wells located hydraulically

upgradient of these sites suggests an additional upgradient source. Sig-

nificant concentrations of TCE detected in monitor wells LFO5-5E and LFO5-5A

(1300 jig/L and 1200 pg/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.
-
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Air Force Plant 4 has been suggested in past reports as the prob-

able upgradient source, but limited borehole and analytical data in the

western and northwestern Flightline Area preclude this conclusion being drawn

definitively. A TCE concentration of 2700 pg/L in monitor well LFO5-01, in

the extreme northwestern portion of the Flightline Area site (Figure 4-2)

indicates a significant source to the northwest. Further evidence supporting

this conclusion is the contamination detected around site FTO8. Monitor well

FTO8-11B was found to contain 35 pg/L TCE. While this well is downgradient to

the site, no contamination was detected in previous sampling efforts, and the

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

Contamination in the subsurface associated with 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 FTO9 may be

logically included in the principal TCE plume for the purpose of this report.

As with other sites, the contamination present may have resulted from ac-

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

Vinyl Chloride

With respect to EPA primary standards for drinking water, vinyl

chloride was the second most dominant contaminant present in the Flightline

Area, exceeding EPA limits (MCLs) in seven wells. Figure 4-5 illustrates an

isoconcentration map of the vinyl chloride concentrations in the Flightline

Area. Unlike the TCE plume, the vinyl chloride plume appears to be composed

of several smaller zones of contamination, with the principal area being as-

sociated with Landfill 5 (LFO5).

4-13
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Each of the wells in the main plume in which the vinyl chloride was

detected is immediately hydraulically downgradient of LFO5. The maximum

concentration of vinyl chloride detected in the Flightline Area was 170 ,ug/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

J2g/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

LFOS 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 pg/L, which is a higher con-

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

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

chloride has been detected. Vinyl chloride was also detected in LFO5-01 (100

pg/L), again suggesting a contaminant source upgradient from the Flightline

Area. Since vinyl chloride may be a primary contaminant or one of the

daughter products of TCE and multiple sources have been postulated for the

contaminants present in the Flightline Area, it is difficult to pinpoint the

exact source(s) of the vinyl chloride present in any individual well. The

chemical inter-relationship between vinyl chloride, TCE and the other organic

contaminants detected in the Flightline Area will be discussed in Section 5.0.

Tetrachloroethene

The presence of tetrachioroethene (PCE) was confirmed in six

monitor wells in the Flightline Area. The EPA PMCL of 5.0 pg/L was exceeded

in three of these six wells. Due to the limited number of PCE detections in

the Flightline Area ground water, an isoconcentration map was not prepared.

Table 4-3 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.

4-15
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TABLE 4-3. SUMMARY OF RESULTS FOR GROUND-WATER SAMPLES WITH
CONFIRMED DETECTED CONCENTRATIONS OF TETRA-
CHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number Tetrachloroethene Concentration (pg/L)

LFO4-4C 3.1

LFO5-O2 0.55

LFO5-19 17.0

FTO9-l2B 30.0

FTO9-12C 8.1

FTO9-12E 0.82

4—16
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Two of the three wells found to exceed federal standards for PCE

were in Site FTO9 (FTO9-12B and FTO9-12C). FTO9-12B had the highest confirmed

level of PCE at 30 pg/L. PCE was not detected at this site during the April,

1988 sampling event. Since PCE can be a sister product of TCE, it is believed

the appearance of PCE is related to the TCE plume. Therefore, for the purpose

of this report, the PCE contamination detected in the Flightline Area will be

treated in conjunction with the TCE plume. It is possible that the presence

of PCE in the Flightline Area is more pervasive than what is depicted by the

confirmed results. Unconfirmed (second column) PCE results of up to 1300 JLg/L

were reported in ten wells, eight of which were in levels exceeding proposed

EPA standards.

Total-i, 2-Dichioroethene

Cis-l,2-dichloroethene (cis-l,2-DCE) was confirmed in thirty

monitor wells in the Flightline Area, with concentrations ranging from 0.37

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

six wells, with concentrations ranging from 0.72 to 44.0 g/L. Trans-l,2-DCE

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

trans-1,2-DCE and cis-1,2-DCE are isomers, they will be considered together as

part of the total-1,2-DCE plume.

Figure 4-6 illustrates an isoconcentration contour map for 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 1,2-DCE nodes are located

hydraulically downgradient of LFO4 and LFO5, respectively, and each is of the

same relative magnitude of concentration. Further similarity to the TCE plume

includes a lack of definition in the eastern and western margins of the plume.

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

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

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

upgradient from sites LFO4 and LFO5, strongly support the presence of an

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

4-17
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in monitor well LFO4-04, in the southeastern portion of the Flightline Area,

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

confidence.

Other Organic Contaminants

Several other purgeable halocarbons were detected in the ground

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

1,1,1-trichioroethane, 1,1-dichioroethane, l,l-dichloroethene, 1,4 dichloro-

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

compounds were detected in levels exceeding current EPA standards.

The presence of methylene chloride was confirmed in two wells,

LFO5-5A and LFO5-5C, at 64.0 and 90.0 Mg/L, respectively. As in the case of

PCE, numerous monitor wells had unconfirmed levels of methylene chloride

detected. Unconfirmed concentrations ranging from 0.66 pg/L to 120.0 pg/L

were detected in eight wells. Based upon the number of unconfirmed detections

and the significant concentration of methylene chloride attained, it is

conceivable that methylene chloride might be more prevalent than depicted on

the basis of confirmed results only.

4.2.1.2 Inorganic Ground-Water Constituents

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

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

EPA MCLs. In addition, iron and manganese were found in concentrations that

exceed EPA Maximum Contaminant Level Coals (MCLCs). Numerous other non-

contaminant metals and inorganic ions were also detected in the ground water.

Following is a discussion of inorganic contaminants detected in the shallow

ground water of the Flightline Area.

4.2.1.3 Heavy Metals

Arsenic and mercury were each detected above MCL values in single

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

4-19
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which federal standards have been exceeded. As is evident from the table,

arsenic, with an MCL of 0.05 milligrams per liter (mg/L), narrowly exceeded

the limit (by 0.003 mg/L) in the well in which it was detected (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 heavy metals were found above estab-

lished MCLs in the same well. The lead contamination detected in monitor

wells LFO5-01 and LFO5-14 exceeded federal standards by a maximum of 0.021

mg/L. Chromium was detected at a maximum of 0.15 mg/L above federal standards

in monitor well FTO8-llA.

Figure 4-7 depicts the locations of the seven wells in which MCLs

for metals were exceeded. The random nature of the occurrence of the con-

taminants makes delineation of a specific source difficult. Multiple sources

are possible for the metal concentrations as in the case of the organic

contamination. In general, the metal concentrations detected in Flightline

Area wells were down considerably from previous sampling events. Heavy metals

such as cadmium and barium, detected in several wells at levels exceeding MCLs

in the April 1988 sampling event, were not detected at levels exceeding

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

As stated above, no two metals were detected in excess of federal

standards in the same well. In addition, in each case where the federal

standard was exceeded, the metal contamination indicated was from the 'Total'

metal laboratory analysis and not the 'Dissolved' metal analysis. Total metal

analyses are performed on unfiltered samples and as such may yield elevated

metal results. Fine suspended material in the unfiltered sample can break
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down during sample acidification and may release ions into the fluid medium.

The dissolved metal analysis, performed on field-filtered samples, are

considered more representative of the actual ground-water chemistry. In light

of this, there is no evidence to support the existence of metal contamination

in the Flightline Area at this time. In addition, the fact that a dissolved

metal analysis was not performed during earlier sampling efforts, suggests

that the previous data on metal contamination in the Flightline Area are

inconclusive.

Metals such as iron and manganese were found to exceed MCLCs in

most of the wells in the Flightline Area. However, the spatial distribution

of these metals in both upgradient and downgradient locations probably

reflects naturally occurring concentrations. Calcium and silicon were also

pervasive, as would be expected where soils are composed primarily of clay,

silica sand and weathered limestone.

4.2.1.4 Ground-Water Quality Indicators

Analysis of numerous anions and cations was performed on samples

from each monitor well in the Flightline Area to aid in the determination of

ground-water quality. These included:

• Calcium;

• Magnesium;

• Potassium;

• Sodium;

• Chloride; and

• Sulfate.

In addition, total dissolved solids (TDS) were analyzed. Table 4-5 lists the

averaged concentrations for each analyte by site (in the Flightline Area), as

well as the overall average for the entire Flightline Area, weighted by site.

Also, a range of concentrations for each analyte (except potassium) is

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

each analyte are in milligrams per liter.
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At each site, calcium concentrations are elevated above the 'typ-

ical' range. In contrast, sodium concentrations fall uniformly below the

given range. This is considered normal in ground water moving through lime-

rich soils, such as those in the Flightline Area. All other ground-water

quality indicator concentrations fall within the given range except the

average chloride concentration in site 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 small tributary to Farmers Branch, and one each from the

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

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

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

surface water and ground water contamination. Surface water samples were also

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

4.2.2.1 Organic Contaminants

Table 4-6 summarizes the Spring, 1990 analytical results of organic

constituents in surface water samples, with comparison to federal drinking

water standards. Trichioroethene (TCE) was confirmed in all surface water

samples, with federal MCLs being exceeded at five locations. Confirmed

concentrations ranged from 1.8 ig/L at LFO5-S3 to 1400 pg/L at LFO5-S7. The

elevated concentration at site LFOS-S7 strongly suggests communication between

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

detected falls within the TCE isoconcentration contours generated for the

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

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

4-25
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of an upgradient contaminant 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 sampled at

this location contained a TCE concentration of 39 jig/L, above the MCL (5

pg/L).

TCE was also confirmed in the Phase II Stage 1 investigation. Two

rounds of samples were collected, with TCE being detected upgradient of LFO4

in both rounds and imnediately downgradient from LF045 in the second round.

No detected levels of TCE exceeded federal MCLs. No relationship was es-

tablished between surface water and ground-water TCE concentrations during the

Stage 1 study.

Vinyl chloride was the only other organic contaminant detected in

the surface water samples in excess of current federal standards during this

investigation. Vinyl chloride was detected at two locations in the golf

course ponds, LFO5-S3 and LFO5-S4. The MCL for vinyl chloride was exceeded in

LFO5-S3 where a concentration of 3.7 /Lg/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-l,2-

dichioroethene (-DCE), which have proposed federal guidelines. As in the case

of the ground-water samples, the cis-l,2-DCE isomer was more prevalent than

the trans-l,2-DCE isomer in surface water samples, with the cis- isomer

occurring at each of the seven sample locations. Concentrations of cis-l,2-

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

from two surface water locations, LFO5-S2 and LFO5-S3, with concentrations of
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0.46 jg/L and 0.66 pg/L, respectively. Of significance is that as in the case

of the ground water, a direct relationship existed between TCE and cis-l,2-DCE

with regards to the relative concentrations and the occurrence of each.

Surface water sample LFOS-S7 had the highest confirmed concentration of both

TOE and cis-l,2-DCE. The total-l,2-DCE concentration detected at this sample

location also falls within the total-l,2-DCE isoconcentration contours

generated for the ground-water analysis (Figure 4-6).

4.2.2.2 Inorganic Constituents

No heavy metals were detected in the surface water samples in

excess of EPA MCLs. Bariun 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 LFO5-S3. These

concentrations are not considered significant, since both bariun and lead were

common in levels below the MCLs in the ground-water samples. Arsenic con-

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

Both iron and manganese were found in excess of MCLGs in the

surface water samples, Iron was found exceeding the MCLCs at four locations,

with a maximum detection of 2.6 mg/L. Manganese was found exceeding the MCLGs

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

Water quality indicators were analyzed in the surface water

samples. This was done both to assess the surface water quality and to

attempt to clarify surface water/ground-water relationships. Indicators

analyzed included:

• Total Dissolved Solids;

• Calcium;

• Magnesium;

• Potassium;

• Sodium;
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• Chloride; and

• Sulfate.

Table 4-7 provides the averaged results for each of the water quality in-

dicators for the surface water samples, as well as a range of concentrations

for each analyte (except potassium) which are considered 'typical' for Tarrant

County. 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 range

provided for the indicators analyzed, being considerably below what would be

considered a 'normal' concentration. This was also the case in the ground-

water samples. The significant similarity between the averaged surface water

results and the averaged ground-water results strongly supports the inter-

relationship of the two water systems. This interrelationship has previously

been discussed, and data generated at the site shows the tributary to Farmers

Branch to be an influent stream in the Flightline Area. Only calcium differs

slightly, with an averaged concentration in the ground water of approximately

45 mg/L greater than that of the surface water. This phenomenon is probably

due to minor differences in the alkalinity of the two systems.

4. 3 Summary of Findings

The main findings of the Flightline Area investigation with respect

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

• Concentrations of TCE and vinyl chloride exceed federal pri-

mary drinking water standards in Upper Zone monitor wells in

the Flightline Area.

• Multiple sources, including sites LFO4, LFO5, FTO9, and Air

Force Plant 4, have been postulated for the various organic

contaminant plumes which occur in the Flightline Area.
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• Some downgradient migration of the plume apex and a decrease

in total TCE concentration may have occurred since the monitor

well network was last sampled. However, continued monitoring

will be necessary to verify this trend, which may also be

affected by variability inherent in field and laboratory

procedures.

• The extreme western edge of the Flightline Area TCE plume is

as yet still undefined, but high levels of TCE and other

contaminants detected in wells far upgradient of any known

source areas strongly supports the existence of a significant

upgradient source, possibly Air Force Plant 4.

• The extreme eastern limit of the TCE contaminant plume in the

Upper Zone is also undefined.

• The vertical extent of contamination in the Flightline Area

corresponds to the upper surface of the underlying Good-

land/Walnut aquitard. Previous sampling of the two Paluxy

Aquifer monitor wells have not revealed any contamination.

• It is probable that no heavy metal contamination exists in the

Upper Zone Aquifer of the Flightline Area, as no con-

centrations exceeding federal drinking water standards were

reported in the dissolved metal analyses.

• Both TCE and vinyl chloride were found in excess of federal

standards in the surface water samples collected.

• Based upon the similarity between ground-water and surface

water TCE concentrations, the tributary to Farmers Branch

appears to be a zone of ground-water discharge.
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A pronounced similarity between surface water and ground-water

quality indicators supports the existence of zones of corn-

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

The purpose of this section is to define the interrelationship

between the various contaminant plumes which exist in shallow (Upper Zone)

ground water in the Flightline Area, and to discuss their migration and

persistence. The transport and fate of contaminants in the Flightline Area

and the potential for off-site or off-base migration is a function of the

physical hydrogeologic conditions and the plume interrelationship.

Organic contaminants found in both the ground water and the surface

water in the Flightline Area are the only hazardous waste constituents having

a potential for off-site or off-base migration at levels of concern. No

dissolved concentrations of inorganic constituents, specifically heavy metals,

were identified in the ground water at levels exceeding federal primary

drinking water standards. Risk assessments were performed earlier during the

Phase 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 trichioroethene (TCE). As stated in Section 4.0, TCE is

the principal contaminant at the site, with detected concentrations of up to

4400 g/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-l,2-di-

chloroethene, tetrachioroethene, and several other volatile organic halocarbon

compounds.

5.1 Contaminant Persistence and Transformation

5.1.1 Background and Theory

The fate and persistence of the volatile organic contaminant plume

in the Flightline Area is controlled by processes such as convection, con-

taminant adsorption and desorption on soil matrices, diffusion and dispersion,

chemical and biological degradation, and volatilization and subsequent
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resorption. Additionally, the nature of the contributing source(s), with

regard to initial concentration and availability of contaminants, affects both

fate and transport.

Diffusion and dispersion are chemical and mechanical processes

whereby a contaminant tends to spread from the expected direction of transport

governed by ground-water flow patterns. Diffusion depends on concentration

gradients, and causes compounds to spread in the direction of lower concentra-

tions. Dispersion is a function of mechanical transport, where physical

mixing of the fluid media due to drag effects and pore channel tortuosity tend

to cause some lateral solute spreading. P.oth of these phenomena contribute to

dilution of specific contaminants within the body of the plume, but also

result in the enlargement of the plume. Thus, these phenomena are factors in

contaminant persistence and apparent retardation during transport.

Adsorption and desorption of a solute can be significant factors

affecting the fate and transport of many types of contaminants. Compounds

that are readily adsorbed onto grains of the aquifer material, and not readily

desorbed are removed from the ground-water system and are not available for

transport. Chemical partitioning by sorption can reduce effective transport

by up to 100 percent. However, TCE is classified as a 'mobile' solute based

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

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

a

where: the soil-water distribution coefficient;

the activity of the solute in the soil matrix; and

the activity of the solute in the aqueous phase.

Mobility classes range from 'immobile' to 'very mobile', with TCE being in the

second most mobile class out of five possible classes. In terms of solute

transport, TCE has a higher activity in the aqueous phase, and hence will tend

to both adsorb and desorb from soil grains with relative uniformity. Conse-

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

water.

Mobility (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 Kd 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. Tetrachioroethene (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 c :s, and the pathway to cis-l,2-DCE is

generally favc formerly were both widely used in-

dustrial solv 7/d is probably from a primary source. It

is doubtful t CE detected in the Flightline Area is

from the bre, / with the limited amount of PCE detected,

either a sig 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 Flig.htline 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 contaminant plume does not consider the

data north of the Farmers Branch underground aqueduct. This northern plume is

not fully characterized and available data indicated that it is hydraulically

separate and probably stems from a different source(s), than the plume

underlying the golf course.

Based on the previous discussion and the knowledge that 1,2-DCE and

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

presence of 1,2-DCE and vinyl chloride are the result of the chemical and bio-

logical breakdown of TCE. By comparing the zones of highest concentrations in

these three plumes, some scenarios can be suggested regarding the timing and

continuity of the contaminant sources. Reviewing the figures:

During the Spring 1990 ground-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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Hydroaenoivsis

C C

C C

H
H

C Cl Cl H
H r

HYH
H CI

HH
H H

POE — tetrachioroethene A reduction reaction in which a carbon—
TOE — trichloroethene halogen bond is broken and hydroaen
cDCE — cis— 1 2—dichloroethene replaces the halogen substituent.
tDCE — trans— 1 ,2—dichloroethene

1 DOE 1 1 —dichloroethene
VC — vinyl chtoriae -
E — ethene

Source: Voael, Criddle and McCarty, 987 -

Figure 5-1. Potential Degradation Products and Reaction Mechanisms
for Reduction of Chlorinated Ethanes and Ethylenes
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• A small irregular area of elevated TOE 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 1,2-DOE and vinyl chloride concentrations detected in the ground

water are directly the result of TCE degradation, then a comparison of the

locations and concentration distributions within the plumes suggests an

earlier introduction of TCE from LFO5 into shallow ground water, with sig-

nificant degradation to 1,2-DOE and vinyl chloride having occurred, and a

later release from LFO4, where time has allowed only degradation to 1,2-DOE to

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

declined somewhat with time, as concentrations of TCE immediately 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

TOE supports the hypothesis that all of the 1,2-DOE present in the Flightline

Area results from TCE degradation. As stated earlier, cis-l,2-DCE is present

in concentrations far exceeding trans-l,2-DCE, and the compound was detected

in five times as many wells. This would be expected if the two compounds were

daughter products of TOE, as the breakdown pathways of TOE to trans-l,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-term degradation patterns.

5-9
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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 WPO7-1OB, 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

5-10
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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:

Kiv
where: — average ground-water flow velocity

k hydraulic conductivity of Upper Zone Aquifer

(average 2.8 x 10-1 cm/sec or 785 feet/day),

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

estimated porosity of the Upper Zone deposits (0.30).

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

proximately an order of magnitude slower than ground water flow. This is not

unusual based upon the physical, chemical and biological factors which affect

the solute mobility with respect to ground water, as previously discussed in

Section 5.1.

The main contaminant plume appears to be migrating in a direction

which is generally consistent with the direction of ground-water flow. Figure

5-6 shows a potentiometric surface map generated from the June 1990 water

level survey, with the corresponding ground-water flow directions indicated.

The dominant direction of migration closely follows the orientation of the

thickest accumulation of sand and gravel in the Flightline Area (Figure 5-7).

A comparison of the sand and gravel isopach map with the recent TCE plume map

(Figure 5-2) clearly indicates that plume migration may be preferentially

influenced by the increased porosity and hydraulic conductivity of the sand

and gravel interval.

The direction of plume migration appears to be roughly parallel to

White Settlement Road. The maximum extent of the plume in that direction is

unknown, as samples from the two most easterly monitoring wells, LFO4-04 and

LFO5-l9 had detected levels of 2700 and 1300 ig/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 pg/L

in monitor well LFO4-04, east (downgradient) of the small tributary. While

potentiometric contours are interpreted to wrap around the tributary at LFO5-

19, migration of a portion of the contaminants continues in an east-south-

easterly direction past the location of 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 pg/L, found in

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

of monitor well LFO4-l4, appear to approximate the northerly extent of the TCE

plume. Any potential contaminant migration to the east of these ponds would

be intercepted by Farmers Branch. Since no samples have been collected on the

opposite side (northern) of Farmers Branch, it is uncertain whether the ground

5-15
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water on that side of the stream is contaminated. Contamination in Farmers

Branch and the tributary to Farmers Branch is discussed in Section 5.2.2,

below.

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

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

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

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

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

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

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

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

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

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

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

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

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

detected in downgradient wells. Preferential migration (following the

configuration of the aquitard) in the Flightline Area is not expected to occur

with the solvent concentrations encountered, as the difference in density

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

5.2.2 Transport in Surface Water

Surface-water contamination in the Flightline Area is affected by

both the extent and migration of the ground-water plume, and by the variations

in the discharge and velocity of the two principal surface-water bodies

occurring in the area. Farmers Branch, which ultimately flows off-site, had

variable concentrations of TCE and 1,2-DCE based on the sample location. In

addition, the Farmers Branch is fed by the small tributary draining the

southern portion of the study area, from which the most highly contaminated

surface-water samples were collected. As a consequence, surface-water

contaminant transport will be considered exclusively in terms of Farmers

5-16
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Branch. For the purpose of this discussion, Farmers Branch will be divided

into three reaches, each with a different contaminant input and potential for

contaminant migration.

Figure 5-9 shows the location of the surface-water sampling sites

and identifies the three divided reaches of Farmers Branch. The first reach

of Farmers Branch includes the upstream portion from the end of the concrete

underground aqueduct to the waterfall adjacent to the golf course ponds. This

section of Farmers Branch is not influenced by the main TCE plume, as the golf

course ponds are located approximately at the northern edge of the plume. TCE

was detected, however, in the two samples collected in this reach. The TCE in

these samples is believed to be the result of the upgradient source previously

mentioned in this report. While the TCE detected in this portion of Farmers

Branch is significantly above federal primary drinking water standards, it is

probable that contamination observed in this reach does not contribute greatly

to the overall observed downstream concentration of TCE. It is probable that

a large percentage of all volatile organic contaminants (including TCE and

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 Coodland/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 pg/L, respectively) are discharging as

surface water in the vicinity of surface-water sample location LFO5-S7. This

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

and constitutes the principal pathway for off-site and off-base migration.

Since the tributary to Farmers Branch is considered equivalent to a direct

discharge of the main TCE plume, the discharge of the tributary and also

Farmers Branch were calculated to determine the effects of dilution as the two

bodies intersect. This was done using the simple relationship:

Q vA

where: Q discharge

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 tributary. Surface-water

sampling results confirmed this, as the TCE concentrations between samples

LFO5-S7 and LFO5-S6 (1400 g/L and 43 ig/L) appear diluted by a factor of 33

and l,2-DCE concentrations between the same two locations (310 jg/L at LFO5-S7

and 8.4 ig/L at LFO5-S6) appear diluted by a factor of 37.
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It may be concluded that as the ground-water plume continues

migrating to the east, the concentrations of organic contaminants detected in

the small tributary, and hence in Farmers Branch, may increase pro-

portionately. However, plume degradation by physical, chemical and biological

factors may result in transport of contaminants off-site remaining fairly

constant over the next few years. Currently, TCE migration off-site in

Farmers Branch is estimated at 45 pg/L and l,2-DCE migration off-site is

estimated at 8.4 g/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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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA atomic absorption

AFB Air Force Base

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

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

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

ARAR Applicable or Relevant and Appropriate

Requirement

Artesian term applied to ground ater confined under

hydrostatic pressure

BLS below land surface

DOD U.S. Department of Defense

ECD electron capture detector

EICP Extracted Ion Current Profile

EPA U.S. Environmental Protection Agency

Evapotranspiration loss of water from the soil both by evaporation

and by transpiration to growing plants

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

FDTA Fire Department Training Area

FS feasibility study

CC gas chromatography

GC/HSD gas chromatography/halide specific detector

CC/MS gas chromatography/mass spectroscopy

CFAA graphite furnace atomic absorption spectroscopy

1
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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&C 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

2
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

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

analysis

SW-846 EPA test methods for evaluating solid wastes,
physical and chemical methods

TCE trichloroethene

TDS Total Dissolved Solids

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

VOC volatile organic compound

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

3
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

Multiplication Factor Prefix Symbol

i,ooo,ooo,000,00o,00o,ooo=io18 exa- E

l,O0O,0O0,OO0,O0O,OO0=lO peta- P

1,000,000,000,000=40 tera- T

l,OO0,OO0,OOO=lO giga- C

1OO000O=l03 Inega- M

lOOO=lO2
kilo- k

100=10 hecto- h
10=101 deka- da

O.l=lO deci- d

0.01=103
centi-

0.001=106
milli a

0.000 001=109 micro- U

0.000 000 001=1012 nano- fl

0.000 000 000 001—10
15 pico- P

0.000 000 000 000 001=10 fento- f

0.000 000 000 000 000 001=1048 atto- a

ppm(parts per million) mg/kg, ug/g, ng/mg, pg/ug, ing/L, ug/mL, ng/uL
ppb (parts per billion) ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/uL
ppt (parts per trillion) = ng/kg, pg/g, fg/nig, ng/L, pg/mL, fg/uL

4
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APPENDIX A

Lithologic Logs

(Previous Lithologic Logs may be found in CH2M Hill (1984),
Radian (1986), and Radian (1988))
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 2 SHEETS I

1.

J

PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 40.1 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea Level I

J 2. LOCATION: Flightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

3. DRILLING AGENCY: Envirorvnental DriLlers. Inc. [ 10. NO. OF SAMPLES TAKEN: 17 I

J 4. HOLE NO.: LFO4-O1 j 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90) I

j 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/23/90 I

6.

j

COORDINATES OF HOLE:

X: 2019579.19 Y: 397653.57

13. SURFACE ELEVATION: 626.50 ft MSL I

I 14. BACKGROUND: I

L I 15. MEASURING POINT ELEVATION: 629.24 ft MSL !

lDepthl Graphic

0

Blow

Coia,t

lSo I I I

Class/Code IvisuaL Description I Remarks

2

4

16

18

110

12.3

I 14

116

119

U/CLLR Ictay: Dark brown, slightly silty, very stiff, danp (Full recoveries

(minor small gravel. Iuless noted.

I I I

I I I

U/CLLR (Clay: As above, 5 - 10% calcareous material (nodules,

(mottling).
I

I

I I I I

(

I

I

U/CLLR Clay: Orange/Brown, silty, minor fine sand, calcareous

Imaterial — 10 - 20% of saeple, very stiff.

I

ICould not cut with

knife.
I

I

I

I

I I I I

( U/CLLR (clay: As above, mottling of various coLors is disturbed
I

I (looking. I I

I I I I

I I I I

I U/CLLR IClay: As above, — 20% green silty clay. (Boring does not

I I (appear to encounter I

I I (fill material (Like I

I I ILFO5-02. J

U/CLLR Iclay: Orange/brown with greenish mottling, silty, ( I

I

(sandy, — 1% calcareous material, firm.
I I

I I I I

I I I I

I I I I

I
ISarid: Orange/brown, very ctayey and silty; very fine to I

I (fine grained, bedding (horizontal) evident, danV: Clays I I

I (occur mainly in 2 - 4 in. sea — every foot.
1 I

I
U/SDSI ISand: As above.

I I

I I I I

I I I I

I I I I

I U/SDSM Sand: Burnt orange, fine grained, sLightly clayey, 11.2 ft. Recovery (

I Idanv, quartzose, CLay occurs as thin seams. I I

I I I I

I I I I

I I I I

I I I I

U/SDFN ISand: Tan, fine grained, loose, 95% quartz, daTp; (4.2 ft Recovery. I

I

I

(oxidation stained laminee 21.5 - 22 ft.; 0.4 ft. clay

Iseam 21.1 - 21.5 ft.
I

I

I

I I I I

I I I I

I I I I
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSUELL AFB, TX I

SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

I !RP PHASE II STAGE 2

, 7. TOTAL DEPTH OF HOLE: 40.1 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: Ftighttine Area 1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL 8-61 I

3. DRILLING AGENCY: EnvirorinentaL DrilLers, Inc. [ 10. NO. OF SAMPLES TAKEN: 17

4. HOLE NO.: LFO4-O1 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90) I

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/23/90 I

6. COORDINATES OF HOLE:

I X: 2019579.19 Y: 397653.57

13. SURFACE ELEVATION: 626.50 ft MSL I

14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 629.24 ft MSL I

Depth Graphic Blow Soil I

.(Ft.) Log Count class/Code IVisuat Description I Remarks

//

/

./

.— —

5.

I 24

25

129

I 32

I 39

40

I I I I

I I I

I I I I

I I I I

I I I I

I I I I

U/SDFN Sand: As above, heavily oxidized 24 - 25 ft.
I I

I I I

I

I

U/CLLR ICLaY: Brown, gray in 1 - 2 in. seams, oxidation
Imottling, sandy (fine grained), cohesive, moist;

getting sandier past 28 ft., wet at 28.5 ft.

J

I

I

I

I

I

I I I I

I I I I

I

I

I

I

I

I

I

I

I I I

I U/CLLR IClay: Brown, very sandy, saturated, slightly cohesive; W. L. Measured I

I
sand is very fine to fine grained, — 30 - 40%; 31 - 32 Idown augers at 29.6

I

I
Ift. clay, Little sand; 32 - 34 ft. sand with minor Ift. BLS, U. L.

I IcLay. after contetion =
I I

27.5 BLS, 3.6 ft.

I Recovery.

U/SDSM $Sand: Burnt orange (heaviLy oxidized), fine to mediun

Igrained, sLightly clayey, sLightly cohesive. Increasing

Icoarseness and 10 - 20% graveLs (smalL) 33 - 34 ft. I

U/SDGR Sand and Gravel: Orange, 50/50, wet; sands very fine to
Ivery coarse grained, poorly sorted; gravels bimodal:

Ichert and quartz gravels, mostly granule end small

pebble size; Large gravel (20 - 50 am) is very

Ifossitiferous Limestone clasts.

13.0 recovery at 36

ft.

I

I

U/SDGR ISand and Gravel: As above, nunerous shell fragments

I

JSanler Refusal at

140.0 ft.
U/MARL IMarl: Limestone, weathered, chalky, fissile. IDrove 1 1/2 in.

l5. ft. sanpler; 50

Iblows = 1 in.; T.D.

= 40.1.

50
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL

I IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: FUghtline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL B-61 I

I 3. DRILLING AGENCY: Envirorwnental DrilLers, Inc. I 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: LFO4-02 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 621.00 ft MSL

X: 2020510.50 Y: 397732.54 I 14. BACKGROUND:

_______________ I 15. MEASURING POINT ELEVATION: 623.68 ft MSL

I Remarks

0

2

4

6

8

IClay: As above; at 3.0 ft. going to orange/brown, silty

Iclay with 5 10% catcareous material.

Orange/brown, very silty, minor very fine grained
stiff, calcareous nodules, carboaceous streaking.

Clay: As above, increasing catcarecus material to 30%.

Class/Code IVisuaL Description
U/CLLR JCLay: Dark brown, silty, firm, roots, danE,,

Icarbonaceotis staining.

U/CLLR

U/CLLR IClay: As above.

U/CLLR IClay:

sand,

U/CLLR

U/SOGR

U/SDLR

U/SDLR

U/SOLR

U/SOLR

11

13

13.5

16.5

18.5

IFuIL sanpLers

I(les noted.

11.5 ft. Recovery

I3. ft. Recovery

.1

Sand and Gravel: Orange, very poorly sorted, cohesive,

cLayey, silty, dan,, abundant calcareous material.

Sand: Orange, fine grained, minor Larger sizes to

coarse, slightly clayey and silty, danE,.

Sand: As above, increasing coarseness with depth, 5

110% smalL gravels.

Sand: As above, gravelly; changing to tan, fine to
Imediun grained, loose, quartzose at 18.0 ft., dairp.

Sand: As above, welt sorted, mediun grained, danE,; 0.4
Ift gravelly zone at 21.5 - 21.9 ft.
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL I

IRP PHASE II STAGE 2 I 8. DATLJI FOR ELEVATION SHN: sea Level

I 2. LOCATION: FtightLrne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61 I

I 3. DRILLING AGENCY: Envirormental DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 14 1

I 4. HOLE NO.: LFO4-02 J 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 621.00 ft MSL

X: 2020510.50 Y: 397732.54 J_14. BACKGROUND:

I 1 15. MEASURING POINT ELEVATION: 623.68 ft MSL

jDepth

I(Ft.)

Graphic BLow SoiL
I

- L.o - Count Iclass/Code iVisuaL Description I Remarks

U/SOLR Sand: Orange/tan, mediun grained, weLl sorted,
Isrozd, >90% quartz; 0.3 ft. gravelly zone at 27 ft.,

Isaturated at 28 ft.

U/SDLR

14.0 ft. Recovery

ISand: As above, 1-3% granuLe size gravel.

I od•c
I ;.b.o
I

I

I

I

I

b.b.c

350.o.c:•00•C*
I 0•0C
I •d-d-
I b•d-c
I

I

{

I

I

28.5

i-c5b-
c5d.c*
-c5-d•qc

I )0-O
I c5.cc
I

I

'

{

i
I

ic5.c•
c5.b-c
c5c•
)•Q.Q.
b5.c:•

I 0-0-04
I b•c5

137
r

I 'ii
I l
I I I

I I

I I

I I

I I I

I I

I I I

I I I

I I

I I

I I

1W. L. measured at
28.1 ft. BLS, 5.0

Ift. Recovery

U/SDLR Sand: Tan, mediur grained, quartzose, Loose, wet, 5%

Igravels to 25 n.

U/MARL

I- ft. Recovery.

ILimestone: MerLy, weathered sand and graveL intermixed,

Ifissi Ic.

IT.D. = 37.7 ft.
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1 DRILUNG LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 2 SHEETS I

1.

I

PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL I

I 8. DATLM FOR ELEVATION SHOWN: sea Level. I

1 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61 I

3. DRILLING AGENCY: Envirorinentat DriLLers, Inc. I 10. NO. OF SAMPLES TAKEN: 14 I

4. HOLE NO.: LFO4-O3 I 11. ELEVATION GROUND WATER: 597.55 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. B. Bl.ount. S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/20/90 1

6. COORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

I 13. SURFACE ELEVATION: 620.50 ft MSL I
I 14. BACKGROUND: I

0

Depths Graphic BLow SoiL
I

ICtasslCode IVisual Descriotion I Remarks

10

J2

14

16

IS

12.

U/CLAY C(ay: Brown, soft to firm, semi-plastic, with fine ifull. recovery

I IrootLets and minor carbonaceous streaking and luntess otherwise
I IparticLes, moist to wet. lindicated.

I I I

I U/CLAY ICtay: As above, firm to stiff (stiffens to base), minor IToo stiff to cut.

I IcaLcareous debris, more abundant carbonaceous staining,

I very stiff; 3.8 - 4.0 ft.
I I I

U/CLLR Clay: Orange/brown at 4.1 ft; brittle, darç, abundant IHard pushing. I

I
IcaLcareous debris, sLickensided, catichified with some I

lauthigenic mineralization (crystals of CaCO3 in shell.
I

I Ifrags.); very hard, siLty. I I

U/CLLR ICtay: As above, very stiff, sLightLy sandy arid siLty. I I

I I I I

I I I I

I I I I

I U/CLLR IClay: As above, few Large CaCO3 pebbLes (25 uris), 1 ft. recovery, I

I
[increasing ctacareous materiaL with depth, very fine 1ST. Rig broken.

I

I

Igrained sand.
I

IContinue after
Irepairs. I

I

I

U/CLLR IClay: Orange/brown, silty, cohesive, dair, > 30%

IcaLcareous material., stiff.

ICaliche Layer at

112 ft., driLLing

I I Jthrough. J

I I I I

I I I I

UISDFN ISand: Orange, fine grained, Loose, dane, qUartZOse, I I

I

I

IweLL sorted; at 14.3 ft. sharp change to tan, very fine
Igrained sand, heavily oxidized in Laminae.

I

I

I

I

I I I I

I ISand: Orange, fine to mediumi grained, quartzose, dalTp, 13 ft Recovery. I

I
Iloose; gravelly seem 15 - 15.5 ft. I

I I .1 I

I I I I

I 1 I 1

I I I

I I I I

I I I I

I

I

I

I

I

I

I

I

I ISand: Orange/tan, fine to medii.zn grained, danp, Loose, 14 ft. Recovery. I

I Isrouid, > 90% quartz, I - 3% small gravel. and shells.
I I

I I I I

I I I I

I I I I

14.5 U/SAND

U/SDLR19..

A- 7



59 14
J DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

J !RP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 37.6 ft BGL

I 8. DATUM FOR ELEVATION SHOWN: sea LeveL I

J 2. LOCATION: FLighttfne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

j 3. DRILLING AGENCY: Erivirornentat DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: LFO4-03 I 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90)

J 5. NAME OF GEOLOGIST: S. B. Btotrt, S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/20/90 1

6. COORDINATES OF HOLE:

I X: 2020506.79 Y: 397683.46

13. SURFACE ELEVATION: 620.50 ft NSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 623.25 ft MSL

DepthJ Graphic BLOW SOiL

Log Cout CLass/Code IVisuaL Description I Remarks I
JL)0
c5.b.c
c5•b•p.

I

I

I

I

10•Q I

ci.b.c I

24.5
i•b
d•5.c
•b.ci.
0.0.chj.•:o'00
c5•5

I

I

I

I

I

I

I

I

U/SDLR

29.5

*b
ci.d.•c
•c•c.
0.0.c
•0•0•:*

I

I

J U/SDLR

32 00'0000'000
34.5 00'

00000'00000'
150

U/GRVL

ISand: Orange/tan, fine to mediiri grained, wet, Loose, W. L. measured at
10.5 ft. graveLLy zone at 27 ft., quartzose; at 30 ft. 126.3 ft. BLs. 2.6

I Ift. recovery.

Isand: As above, saturated. 13.2 ft. Recovery.

I I I I

I I I I

I I I I

I I I I

I IoraveL: VaricoLored, up to pebbLe size (30 ala), sheLLs, I

I 1<10% sand, saturated. I I

I I I I

I I I I

I I I I

I IoraveL: As above, mainLy smaLL pebbLe size (5 - 10 han), I

I Ishetts, siAanguLar to stErounded, Large percentage of I

I Ichert. I I

I I I I

I I I I

I I I I

I IMart: ChaLky gray, indurated, oxidation stained lSamter refusaL at

I throughout. 37.5 ft., drove 1

I I 1/2 in. s.s. 50

I I lbLo = 1 in.; T.D.

I I 137.oft. I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

LJ/GRVL

U/MARL

A-8



5;9 14
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB, TX SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 25.4 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea Level I

j 2. LOCATION: Flighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL B-61 I

3. DRILLING AGENCY: EnvirorinentaL DriLlers, Inc. 10. NO. OF SAMPLES TAKEN: 10 I

4. HOLE NO.: LFO4-04 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) I

5. NAME OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/20/90 I

6. COORDINATES OF HOLE:

X: 2021365.82 Y: 397554.53

1 13. SURFACE ELEVATION: 609.40 ft MSL I

14. BACKGROUND: I
15. MEASURING POINT ELEVATION: 612.07 ft MSL I

lDepthl Graphic I BLow SoiL
I I

!(Ft.) Count Class/Code IVisual Description I Remarks I

10

11.5

14

16

18

110

I 13.?

119

5crc5

00•1
0•01

.o.o.

•o•b.t

•P:P:!

.p.p.•00'
•00'

U/CLLR Clay: Red/brown, sandy, siLty, dan, cohesive, roots; IFuIL sanple I

I increasing sand with depth. Irecoveries unLess

I I Inoted. I

U/SDSM Sand: Red/brown, cLayey, cohesive, minor smell gravel, 1.6 ft. Recovery.

I

I

Idanc, decreasing clay content with depth. I

I

I

I

U/SAND ISand: Orange, fine to medius grained, sLightLy J

I cohesive, quartzose, danp, subangutar to subrounded. I

I I I

U/SAND Sand: As above, onLy tan and Loose. 1.7 ft. Recovery. I

I I I I

I I I I

I I I I

I
U/SAND Sand: As above, dan. 11.5 ft. Recovery. I

I I I I

I I I I

I I I I

U/SDLR Sand: Tan with occassional iron stained thin beds, 3.7 ft. Recovery.

I ILoose, dan, fine to mediun grained; 1 - 3% graveLs I I

I
Istarting at 12.5 ft.

I I

I I I I

I I I I

I I I I

I I I I

I I I I

U/SDGR ISand and GraveL: Fine sand to pebble size gravel, 13.5 ft. Recovery.

I IstightLy ctayey, sheLLs, 50/50 sand to gravel, mainly I

I jquartz/chert, wet. I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I

I I I I

I U/GRSM IGravet and Sand: As above, but gravel content 14.0 ft. Recovery. I

I lincreasing to 70%, graveLs mostLy 5 - 10 nm; but some I

I Ito (O nun, sand mainly coarse grained, Limestone cLasts; I I

I
123 - 24 ft. slightLy indurated - increased Limestone I

I Icontent. I I

I I I I

A- 9
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 25.4 ft BCL I

IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea LeveL

I 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61 I

I 3. DRILLING AGENCY: EnvirorinentaL DriLLers, Inc. I 10. NO. OF SAMPLES TAKEN: 10

4. HOLE NO.: 1F04-04 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90)

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

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

I X: 2021365.82 Y: 397554.53 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 612.07 ft MSL

IDepthI Graphic BLow Soil I

I(Ft.) Log I Count Class/Code IVisuat Description I Remarks I— .— '—

.0.0-'

.d..i
I I I I

I I I I

I I I I I

I I I I I

I I I I

I I I I I

J 24 I U/GRSN JGravet and Sand: As above.
I I

I I I I I

I 25 50 U/MARL ILimestone: (Marl) White/gray with iron staining in ISamter refusaL at

I

I

I

I
I I

I

Ifractures,

I

irdirated, shatey parting. 125.0 ft., well

Idrive 5.5 ft.; 50 J

I I I I I IbLOws = 4.0 in.; J

I I I I I IT.D. = 25.4 ft.

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I

I
I

I

I

I

I I

i I

I I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

i I i I I I I

I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I i I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

A- 10



S9 149
I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 26.1 ft BGL

I IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

I 3. DRILLING AGENCY: Enviromentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 12

I 4. HOLE NO.: LFO4-05 I 11. ELEVATION GRQJND WATER: I

5. NAME OF GEOLOGIST: S. B. Btount I 12. DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 608.80 ft MSL I

X: 2020805.42 Y: 397347.91 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: I

IDepthI Graphic

I
U/ CL LR

Blow Soil
I_Class/Code IVisuat Descriotion

U/CLLR

I Remarks

U/CLLR

U/CLLR

8.8

I0

I

16

114

116

119

11.1

12

U/SO SM

U/SDGR

U/GRSN

U/GRSN

U/GRSN

IClay: Dark brown grading to brown and orange mottled, Ifull sanVters I

Ifine roots, soft to firm, deep, silty with minor (< 5%) lunleS noted

celcareous debris and carbonaceous streaking. otherwise.
I

I I I

Clay: As above, catcareous debris in smelt caliche Ii ft. Recovery. I

Ipockets (<5 mi). I I

I I I

I

ICLay: As above, caLcareous debris zone 4.6 - 4.9 ft., i ft. Recovery.
I

lotherwise less than 5%; softer, moist. I I

I I I

I I I

Clay: As above, mottling decreased - uniform orange 11.5 ft. Recovery. I

color; calcareous debris and rootlets < 2%; increased
I

Isilt to almost ctayey silt.
I I

I I I

I I I

I I I

Sand: Tan/buff at 8.8 ft.; very fine to fine grained, 11.5 ft. Recovery, I

moderate to poor sorting, siAangular, quartzose with > IVery sharp contact,

195% quartz and heavy minerals, very loose, danp, minor Isale disturbed

Ictay lenses at top, few coarse shell fragments. I(in pile). I

I I I

ISand and Gravel: at 11.1 ft. sand is as above, oxidized Ii ft. Recovery. I

orange, wet, very poorly sorted; gravel is — 30%, I

average 10 imi, CaCO3, minor clay makes entire sanple I I

IfairLy cohesive; Clay increases to 13 ft.
I I

IGravel, Sand, and Clay: As above, gravel .p 40%. Water in hole at

I
112 ft.; U. L. =

I

I
112.72 ft., 13 to 14

I Ift. no recovery.

IGravet and Sand: As above, with minor clay. I I

Gravel and Sand: Orange, 60% + gravel, average 20 ma i.p IPoor recovery; I

Ito 80 nun; very poor sorting, stA,rounded; coarse gravel sLipped out.
Ifraction predominantly CaCO3 frags; finer fraction I I

Ipredomiriantly variclored subrounded quartz grains; some I

IsmaLL shell frags (sand sized), very loose; wet. I

I I

Gravel and Sand: As above, gravel is 'coarse' as above IPossibly gravel f

average 20 nun; sand is fine to coarse grained, onLy; sasple poor; I

I quartzose, loose, wet, very porly sorted, subangular. Isand recovered may I

I Ibe sluff. I

I I I

U/GRSM

A—il
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 26.1 ft BOL I

IRP PHASE 11 STAGE 2 8. DATIJI FOR ELEVATION SHOWN: sea LeveL I

I 2. LOCATION: FLightllne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrILL B-61 I

1 3. DRILLING AGENCY: Envirorinentat DriLlers, Inc. j 10. NO. OF SAMPLES TAKEN: 12 I

I 4. HOLE NO.: LFO4-05 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Btount 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 608.80 ft MSL

I X: 2020805.42 Y: 397347.91 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

fDepth

I(Ft.)

Graphic Blow Soil
I

Log Count IClass/Code IVisual Description I Remarks I

I -P-P i I I I

I

I

>0O p

I

i

I

i

I

i

I

I

f

I

I

i

I

i

C-T

iaj
24

.. . . .

25.8ft —r -
50

I

f

I

I

I

I

U/GRSI4

U/MARL

I

{

(Gravel and Sand: As above, good coarsening downward

seq., fine to mediun greined sand to sand and gravel
clean fine gravel to coarse gravel; sand is same as
Ito 12 ft.

(Marl: Highly calcereous, fissile, semi-indurated,

Ishaley clay; Light to mediun grey, heavily oxidized

to
11

I

f

(

f

J

(Refused at 26 ft.

Iwent in with SS; 50

I

I

I

I

I

I

I I I I Ibetween Lemma, harder to base (clay-Like at top), (blows went < 0.1
(

I I I I (brittLe, wet. ft. Abundant coarse
f

I I I ( (graveL on augers
f

I I I I I Iwhen removecL LD.
f

I I I I I fat 26.1 ft. Hole
J

I I I I (
(caved to 14.5 ft.

I I I I I (after auger I

I I I I I Iremoval. j
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I p

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

A— 12



:; 151
I DRILLING LOG 1 RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX I SHEET I OF 2 SHEETS

1. PROJECT: CARSWELL AFB, [ TOTAL DEPTH OF HOLE: 31.5 ft BGL

IRP P4ASE II STAGE 2 8. DATIWI FOR ELEVATION SHOWN: sea Level
I 2. LOCATION: FLighLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrilL 8-61

I 3. DRILLING AGENCY: \EnvirocsnentaL DrilLers. Inc.

4. HOLE NO.: LFO4-06\

10. NO. OF SAMPLES TAKEN: 13

11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Btount 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 613.30 ft MSL

I X: 2020593.25 Y: 397210.60 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

GraphicDepth

ii?

0

2

Blow SoiL I I

Count IClass/Code IVisual Descriotion I Remarks I

U/CLLR CLay: Brown, soft to firm, semi-pLastic, sandy in IFULI recovery

I
intervals (1 - 1.5 ft.), roots, moist, minor calcareous lunless noted

I Iftecks. otherwise. 1 ft.

I I IRecovery. I

I U/CLLR Clay: As above. I I

I I I I

I I I I

I U/CLLR ICtay: Brown, firm semi-brittLe, ab..ridant calcareous
I

I

I

debris, dry to damp, minor roots, caLiche zone to 5.4
Ift.; catiche is dry, white/brown mottled, brittle,

I

I

j Isandy with calcareous and carbonareous debris.
I I

U/SAND Sand: Orange, very fine grained, subro..mded, moderately ISharp contact.

I sorted, quartzose WI < 95% quartz, dry, Loose WI minor I

I Irootlets, few shell fragments < 3 urn,. I I

I I I I

I I I I

I U/SDLR Sand: As above, clayey soil horizion at top with iMusky odor. I

I pebbles (catcareous), roots.

I I I I

I I I I

9,17,17 U/SDLR ISand: As above, thin pebble layer at 10.2 - 10.5 ft. 1ST refusal at 12
I

I I(Pebbles calcareous and t to 15 ma); sand below very aft.; drive SS. I

I Ifine grained with some coarser fraction, poorly sorted, I

I 1ew catcareous pebbles < 10 ma, minor shell frags, I

I Isingle gravel cLast - 25 ma.
I

I I I I

I I I I

I I I I

I U/SDLR ISand: As above. I I

I I I I

I I I I

I I I I

I U/SDLR IS: Yellow-orange, very fine grained, subangular, I I

I moderately well sorted, quartzose > 95% quartz, loose, I

I
Imoist to 17.5 ft., moist to wet to 19 ft., wet below; J I

I Iminor graveL < 1% throughout; color I I

I I laminations/mottling, coarsening downward. I I

I I I I

I I I I

I I I I
U/SDLR Sand: Light brown/tan, very fine to medius grained, Iwater in hole at

I very poorly sorted, angular, quartzose with 5 - 10% 120 ft. Sand and I

I

I

heavy minerals, Loose, saturated, rock fragments (very

Icoarse sand/fine pebbles) increase to base — 25% from

gravel. I

I

A- 13
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1 DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL MB. TX SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 31.5 ft BGL J
I 8. DATUM FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriU B-61 J
3. DRILLING AGENCY: EnvirorinentaL DriLlers. Inc. I 10. NO. OF SAMPLES TAKEN: 13

4. HOLE NO.: LFO4O6 I 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Blount I 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE:

I X: 2020593.25 'I: 397210.60

I 13. SURFACE ELEVATION: 613.30 ft MSL J
I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

IDepthl Graphic Blow Soil.
l I

Log Count 'Class/Code IVisuat Description Remarks I

,cc 23-24.1 ft.; sand at base, few large cobbles.
I

Q•QI I I I I

•cjcj•1
jcj.jI

I

I

I

I

I

I

I

I

I

I

25

26.2

d©b
.Q.•Q.(1
jQ()

i•b•bl

I

I

I

I

U/SDLR

U/GRSM

I

Sand: As above.

IGravel and Sand: Gravel is very poorly sorted from 2 to

130 mu, ccnVosed of quartz, calcareous tithoctasts and
Ishell fragments. Sand is as above.

I

I

I

I

I

I

I

I

I

I

I
29.6

•c.ci::1
j.Q.
2 9 .'

I

I

I

I

U/GRSM

I

I

I

brave., Sand, and Clay: Highly calcareous, chaulky,

soft.

I

I

I

IMILd HC odor at

Ibottoin of sairç,Le.

I

I

I

I

I
31 I 1 I U/MARL IMarl: Fissile, indurated, light grey, catcareous, IRefused at 31 ft.

I I I I Ibrittle, shaley. (Minor marly frags at bottom of sanle ICould not sauVle I

I I I I 1= basis for description) Iwith SS. Cave in.

I

I

I I

I I

I

I

I

I

juilt enter with bit
land obtain solid

I I I I I Ibit refusal. Entire

I I I I Irecovery fell;

I I I I I IDriller says bit j
I I I I I

Irefusal at 31.5 ft.

I I I I I IT.D. at 31.5 ft.

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I

I I I I I I I

I I I I I I I

I

I

I I

I I

I

I

I

I

I

I

I

I

A— 14
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I DRILLING LOG

I RADIAN CORPORATION J INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRD PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea level I

L2. LOCATION: FtightLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61

3. DRILLING AGENCY: Enviromentat DrilLers, Inc. 10. NO. OF SAMPLES TAKEN: 15

4. HOLE NO.: LFO4-07 j 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. E. Farn J 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE:

X: 2020897.22 Y: 396819.74

13. SURFACE ELEVATION: 630.40 ft MSL I

14. BACKGROUND: I

lDepthl GrapHo

I(Ft )

Blow Soil
Count IClass/Code IVisual Descriotion

0

4

I Remarks

I 6.5

I 9.8

110

115

118

I 20

U/CLLR Clay: Dark Brown, silty, firm to stiff, dan, roots; IFu1L sanle

I
Icalcareous noójtes ab..sidant 3 - 4 ft., carbonaceous Irecoveries unless

streaks. noted. 1 ft.
I I lReoovery. I

I I I I

I I I I

I I I I

I I I I

I U/CLLR Clay: As above, Orange/Brown, getting siltier, stiff. I

I I I I

I I I I

I I I I

I I I I

U/SILT ISitt: Orange/Brown with very fine sand, dry, cohesive, I

I labundant calcareous noiLes and infilted fissures, I

I Icarbonaceous staining in laminae.
I I

I I I I

I I I I

I I I I

I I I I

I U/SDVF Sand: Tan, very fine grained, loose, dry, well sorted. IPIished 1.5 ft. SS.

I I Isanvler. $

I U/SDVF ISand: As above, dry. jl.5 ft. Recovery. I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I U/SDVF ISand: As above, slightly indurated in places. 2.5 ft. Recovery.

I I I I

I I I I

I I I I

I I I I

I I I I

U/SAND Sand: Orange/Tan, very fine grained to fine grained I

I Islightly indurated in places, trough cross-Laminated,
I I

I loxidation staining in laminae.
I I

I I I I

U/SAND Sand: As above, dry. 13.0 ft. Recovery I

I I I I

I I I

I 1 I I

A- 15



S9 154
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS

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

I IRP PHASE II STAGE 2 I 8. DATLJ4 FOR ELEVATION SHOWN: sea tevet

I 2. LOCATION: FUghttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61

I 3. DRILLING AGENCY: Enviromentat DrilLers. Inc. I 10. NO. OF SAMPLES TAKEN: 15

I 4. HOLE NO.: LFO4-07 I 11. ELEVATION GROUND WATER: -j

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

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

I X: 2020897.22 Y: 396819.74 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

IDepthI Graphic BLow Soil.
I

I(Ft.) Log I Cotrit ICLass/Code IVisuaL Description I Remarks

I —_i-

I I I I I

I I I I I

I .... I I I I

I I I I I

I L::.•. i i i i

I

I

I

I

23.7

25

d•i5•
.3.jj.-
HP(
p..c

I

I

I

i

U/SDGR

U/SDGR

ISand and Gravel.: Tan, 50/50, graveL is mainLy granuLe

Isize (chert and sheLL fragments), Loose, dry,

Isubrounded.

ISand and Gravel.: As above, dry, poorLy sorted, very

sand to pebbLe size graveL (10 ma).

i

I

I

12.7 Recovery.

I

i

I

I

I

I

I

I

I i i i i

I QO-C I I I I

I 28 I I U/SDVF ISand: Orange, sLightLy clayey (28 29 ft.), dan,, very I

I I I Ifine grained. I I

I I I I I

I •.•.•.•.•I I I I I

I 30 U/SDFN ISand: Orange/Tan, fine grained, Loose, sLightLy danç, 12.3 ft. Recovery.

I

I
.1 I....I I

IweLL sorted, quartzose.

I

I

I

I

I

I I I I I I

I I I I I

I .... I I I I

I 33 I U/SDFN Sand: As above. I I

I

I

I....I I

I

I

I

I

I

I

I I I I I I

I

I

I

•bc-
c5•b.c

d•cic
•C)0

I

I
I

{
i

U/SDLR Sand: Orange/tan, daq, fine to mediun grained, Loose;

3% smaLl graveL 37 - 38.2 ft., wet, mediun to

coarse grained.
I

I

1W. L. measured at

137.0 ft., 2.5 ft.

Recovery, Auger

IrefusaL at 38.5 ft.

I

I

I

I 38.211 J 5O U/MARL IMart: Whitish - Gray with oxidation staining, IDrove 15 in. S.S.;

I I I I Icatcereous, indurated. 150 bl.ows/ 3/4 in.;

I I I I I 138.6 ft. T.D.

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 3 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL

I IRP PHASE II STAGE 2 I 8. DATLJI FOR ELEVATION SHOWN: sea LeveL I

I 2. LOCATION: FtfghtLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

I 3. DRILLING AGENCY: Envirorinentat DrilLers, Inc. 10. NO. OF SAMPLES TAKEN: 17

I 4. HOLE NO.: LFO4-08 11. ELEVATION GROUND WATER:

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

6. COORDINATES OF HOLE:

I X: 2020021.91 Y: 396935.08

13. SURFACE ELEVATION: 630.00 ft MSL

14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: I

BLow SoiLDepth I Graphic

0

2

15

I 8.1

110

114

117

119

U/CLAY

UICLLR

U/SILT

JJ/SDFN

U/SD EN

U/ SDEN

U/SAND

U/SAND

I

Ivisual Description
I

I Remarks

I

I

IcLay: Dark Brown, stiff, danp, roots, catcareous IFuLL saaLe I

InockiLes at 3.5 - 4.0 ft.

I

I

Irecoveries unLess

Inoted.

I

I

I

CLay: As above, silty.

I

I

I

I

I

I I I

SiLt: Orange, sandy (very fine grained), dry, cohesive, No Recovery; could j
Icarbonaceous spotting. Inot get sanpte out

1°f sheLby tube,

Ioescription based

Ion top and bottom

lof saiipte. I

I I I

Isand: Orange/tan, fine grained, Loose, dry, welL
I I

Isorted, subrotrid, quartzose. I I

I I I

Isand: As above, horizontaL bedding seen in/as minor
I

IcoLor changes, dry; going to tan at 12 ft.
I I

I I I

I I I

I I I

I I I

I I I

I I I

ISand: As above. IStarted with 5 ft.

I Isa1tLer at 14 ft., I

I 13 ft. Recovery. I

I I I

I I I

1 I I

ISand: Tan, very fine to fine grained, dry to sLightLy I

> 95% quartz, subangutar to subround, frosted.
I

I I I

I I I

Sand: 3.5 ft. Recovery.

I I I

I I I

I I I

I I I

I I I

As above, stiLL dry, mainLy fine grained.
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 47.4 ft BOL

I IRP PHASE II STAGE 2 I 8. DATLJ FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Fltghtline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorinental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 17 I

I 4. HOLE NO.: LFO4-08 I 11. ELEVATION GROUND WATER: I

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

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 630.00 ft 1451 I

I X: 2020021.91 Y: 396935.08 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION:

fDepth( Graphic Blow Soil
( I I

I(Ft.) Log I Count [Class/Code IVisual Description I Remarks I

24

25.2

29

33

34

37

39

•Q.Q.

.Q..
•00•
•00•

.Q.Q.(

00
.o.

I I I

I I I

I I I I

I I I I

I I I I

I I I I

I I

I I

I I I

I U/SDLR (Sand: Gravelly, very fine sand to pebbLe size (20 m) 3.2 ft. Recovery I

I gravel, dry to slightly dan!,, gravel mostly chert, 0.1 I

I (ft. white fossilferous limestone bed at 28 ft. Tan fine I
I

I (sand 28.1 ft. to 29 ft.; gravels — 5% . 10%.
I I

I I

I I I

I I I

I U/SDLR Sand: Tan, fine to mediun grained, loose, dry, 14 ft. Recovery I

I
(quartzose, 1 - 3% chert gravel. I

I I I I

I I I

I I I I

I I I

I I I I

I I I

U/SDLR (Send: As above, increasing gravel to 5 - 10% at 33 34 I

ft. I

( U/SDLR (Sand: As above, wet, fine to mediun grained. W. L. measured at

I I
(35.2 ft. BLS.. 1.5

I I
ft. Recovery.

I I I I

I I I

I I I I

U/MARL (Marl: Gray, fossiliferous, weathered; intermixed with (Not good limestone

(
sand and gravel, wet, gravels are granule and pebble (or shale. Still

size, mainly chert. Isignificant sand

( (and gravel.
U/MARL MarL: Thin beds and gravel size pieces of limestone 3.6 ft. Recovery.

Iintermixed with sand, gravel, and shells, wet, shaLey.
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IDePth

(Ft.)

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 3 OF 3 SHEETS l
1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 47.4 ft BGL

8. DATIJ4 FOR ELEVATION SHOWN: sea Level

2. LOCATION: Ftighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Enviromentat DriLLers, Inc. 10. NO. OF SAMPLES TAKEN: 17

4. HOLE NO.: LFO4-08 J 11. ELEVATION GROUND WATER:

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

6. COORDINATES OF HOLE:

X: 2020021.91 Y: 396935.08

J 13. SURFACE ELEVATION: 630.00 ft MSL J

14. BACKGROUND:

J 15. MEASURING POINT ELEVATION:

Grap1ic Blow Soil I

Log J Count Class/Code IVisuaL_Description Remarks

I

I

IE
1111

I

I

I

I

J

I

I

I

I

If
1111II

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

44
II

1 1

I

I

I

U/KARL

I

MarL: As above, indurated limestone beds

Ift.) intermixed with graveLly sand.

(0.1 - 0.3
I

JDritting through

Imarl, looking for

I

I

I

I

I I1Iii I

I

I

I

Iauger refusaL.

I

I

III
I I I I

I '7 I j5O U/SHLE Ishale: Dark Gray, indurated, fissite, no fossils, lAuger refusal at
I

I I I I Ihomoge1o1s. 147 ft.; 50 bLows I

I I I I
Ifor 0.4 ft.; T.D. =

I I I I I 147.4ft. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I

I

I I

I I

I

I

I

I I

I

I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I

I

I

I

I I

I I

I I

I I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB,

I
IRP PHASE II STAGE 2

[ 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL I

8. DATUM FOR ELEVATION SH14: sea Level

I 2. LOCATION: F(ighttine Area [ 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

I 3. DRILLING AGENCY: Envirorvnental DriLLers. Inc. [ 10. MO. OF SAMPLES TAKEN: 17 1

I 4. HOLE NO.: LFO4-O9 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fain L12. DATE HOLE ESTABLISHED: 3/6/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 627.40 ft MSL

X: 2021145.70 Y: 397136.15 1 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

(Depth
I(Ft.)

Graphic Blow
(

SoiL
(

Log I Coi.sit ICtass/Code IVisuaL Description I Remarks

(

I

I

I

I

I

I

I

I

I

a

/',/',/' I

I

I/// II/// I
4

l,,/'/'/
I

l,,/"/'/
I,,// (

8
I///1;2 I

U/CuR

U/CLLR

U/CLLR

I.

(Clay: Brown, going to red/brown at 2 ft., silty, moist;
let 2.7 ft. dry, cruibty, very stiff, roots, minor

(carbonaceous staining.

I

I

I

(CLay: Brown, siLty, minor very fine grained sand,
(catcareous noduLes 5 . 5.2 ft., carbonaceous staining

(in root areas, increasing very fine grained sand at 7.5

ft.

(Clay: As above, Red and Brown mottled, dry.

I

(Top soil first 1
(ft.; Using 5 ft.

S.S. saiiLer; 4 in.

O.D., 3 1/2 in.

0.
I

I

(

(

(

I

(

I

I

(

(

J

I

I

I

(

I

I

I

I

I
9.6 ( U/SAND (Sand: Orange, very fine to fine grained, quartzose, (3.5 ft. Recovery (

I ( (dasc, loose. ((9 - 12.5 ft.). (
I .... I I I I
(
11.5 J•UL U/SDGR (Sand and Gravel: Orange/tan, poorly sorted, Loose, (

( .Q.Q. ( (darc, nutrous shells, gravels to 20 nun. I I

I O•OC I I I

I

•••
I I I I

I -.KJ- I I I I

( 14 • ( U/SAND (Sand: Light tan, very fine to mediun grained, Loose, (2.5 ft. Recovery. (

(

(

. . ..... (
(

(dry, various mineralogies.

f

(

I

I

I

I I I

(

(

16 bb
i.b.c

(

(
(

U/SDGR (Sand and Gravel: Tan, very fine sand - pebble size
gravel, loose, danp, nunerous sheLls, various

(mineralogies.

(

I

(

I

I

I

( 17 ( U/SDVF (Sand: Tan, very fine grained, quartzose, Loose, dry, ( J

( I IWeLL sorted, st*rouid, slightly indurated and Laminated ) I

(

. . . . ( (18.5 - 19 ft. I I

(

(

(

I

19 bb
b•c5
. ... .
p.J.Q.
COC'0•0

(

(

I

U/SDGR Sand and Gravel: Orange/tan, poorLy sorted, 50% sand

(50% graveL, nunerous petycepod? sheLls, Loose, deny;

0.2 ft. brown clay seam at 22 ft.; gravels to 30 nun,

sthround.

(

(

3.5 Recovery.

(

(

I

I

I

(

I

j
I

I

I
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).Q.o.

c5.c1.c00

.00.

..o..
30.5

I DRILLING LOG RADIAN CORPORATION

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

I INSTALLATION: CARSWELL AFB. TX I SHEET 2

I 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL

OF 3 SHEETS

I

I 8. DATI.14 FOR ELEVATION SHOWN: sea level I

1 2. LOCATION: FtightLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLl B-61 I

1 3. DRILLING AGENCY: Envirorinental DriLlers, Inc. I 10. NO. OF SAMPLES TAKEN: 17 I

I 4. HOLE NO.: LFO4-09 I 11. ELEVATION GROUND WATER: I

1 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/6/90 I

6. COORDINATES OF HOLE:

I X: 2021145.70 Y: 397136.15

L13. SURFACE ELEVATION: 627.40 ft MSL

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

IDePthI Graphic I
Blow Soil I

1(Ft.) Log Count Class/Code IvisuaL

I I

I

I I

I I

I

I I

I I

I I

U/SDLR ISend:
Isorted.

I I

I I

I I

I I

I I

U/SDLR Isand:
I I

I I

I U/MARL IMerl:
size

I

IMSrL:

I places,
I

Description

Tan, fine grained, 90% quartz, dry, Loose, weLL

subangular to subrounded, minor small gravel.

As above, increasing gravel.

Limestone thin beds (0.1 - 0.3 ft.) with gravel

materiaL interlayered, semiconsoLidated.

As above, dan,, slightly consolidated, fissile in

various graveL size particles.

I Remarks

I

I

I

I

I

I

I

I

13 ft. Recovery.

I

I

I

I

I

I

I

I

IStiLL relatively

easy drilling.

I

IWea,thered
Itimestone?

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Marl:

graveL,

As above, nunerous small shells, abundant chert
wet; some gravels are sIAround.

I

I

I

I

I

I

I

I

I

I
I
I

I

IMarl: As above. I

I

I

I

I

I

I

I

I 25

129

U/MARL

U/MARL

32

34

39

Iwet at 34 ft.

measured W.L. = 33

Ift. 10 in.). Still

leasy drilLing.

U/MARL Iouit senling,
Idrilling to

ldetermine depth to

auger refusal.
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1 DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 3 OF 3 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 47.0 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea Level

1 2. LOCATION: FtightLine Area [ 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 j

I 3. DRILLING AGENCY: EnvirorinentaL DriLlers. Inc. [ 10. NO. OF SAIIPLES TAKEN: 17 I

I 4. HOLE NO.: LFO4O9 11. ELEVATION GROUND WATER: J
I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/6/90

6. COORDINATES OF HOLE:

X: 2021145.70 Y: 397136.15

L 13. SURFACE ELEVATION: 627.40 ft MSL

1 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:
j

I Remarks

U/MARL Marl: As above.44

47 U/MARL MarL: As above.

.1

IDescriptions based

Ion returns and

driLLing speed.

Auger refusal at 47

Ift.. No drager tube

Itection (2/9) at

Itop of auger.

A- 22
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AF8. TX I SHEET 1 OF 3 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL

IRP PHASE II STAGE 2 8. DATIJI FOR ELEVATION SHOWN: sea leveL I

I 2. LOCATION: Fliqhtline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl B-61 I

I 3. DRILLING AGENCY: Envirorinentat DriLlers. Inc. 10. MO. OF SAMPLES TAKEN: 18 I

4. HOLE NO.: LFO4-1O 11. ELEVATION GROUND WATER: 596.05 ft NSL (6/18/90)

5. NAME OF GEOLOGIST: S. B. Btount 12. DATE HOLE ESTABLISHED: 4/2190

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 626.90 ft MSL I
X: 2021275.03 Y: 397025.34 I 14. BACKGROUND: i

I I 15. MEASURING POINT ELEVATION: 626.54 ft MSL

IDepthl Graphic

kr
Soil.

I

ICIAcICclp IVicinil fl.rrintinn I Rm,irkc

10

2

14

I 4.7

16

18

110

112

114

119

U/SDSM

U/CLLR Clay: Brown with orange mottling, soft to firm, dairq,, IFUIL recovery I

I Iminor carbonaceøus streaking, semiplastic, silty seam, unless otherwise

I
I(parting) at 1 ft.. Coaly fragments. 0 to 0.05 ft. Inoted. Windy. I

I I I I

I U/CLLR Clay: As above, very silty to 3.2 ft., beLow 3.2 ft. I'Contact' (fill I

I Ias no silt, Orange/brown, plastic, firm, minor materiaL on top?).

I Icarbonacecus streaking. I I

I I I I

U/CLLR iCtay: Very silty to 4.7 ft.. Same as 2 3.2 ft..
I

I I I I

j U/CLAY Iclay: Burnt orange, firm to stiff, semi-plastic, dan Sharp 'contact'.

I Iwith carbonaceous streaking, and minor calcareous I I

I Idebris; with calcareous debris concentrated from 5.6 I

I 15.8ft. I I

I U/CLAY iclay: As above, to 7.8 ft., calcereous debris, IHard pushing. I

I Iconcentrated in 'caLiche' layer 7.5 - 7.8 ft.
I

U/SAND ISand: Very fine grained, moderately sorted, Isharp contact, 1.5

I Isthrotrided, Burnt Orange (oxidized), slightly silty in IRecovery (sand); I

I lintervals (lenses); clay pocket (dark grey/soft) at 8.5 Isand is loose,

I
Ift.; sand hey very minor carbonaceous streaks, deep, Icolesive WI clay in

I Imoist, at base; quartzose wI < 95% quartz, < 5% iron lenses. I

I Imagnesiun. I I

I ISard: As above, slightly silty to 11 ft., oxidation I'- ft. Recovery.

I
decreasing to base with color laminations evident. Clay I

I
Itenses at 10 - 10.1 ft. and 10.6 - 10.7 ft.; sand is

I

I buff yellow at 11 ft..
I I

I U/SM Sand: As above, lighter color (buff ten), silty Ipushed SS to 14

I
lintervel 13 - 13.3 ft., minor color laminae. Ift.; going to

J

I I Iaters. I

I U/SDSM Sand: As above, minor clayey tenses, semi-indurated 12.5 ft. Recovery -

I sandstone Layer at 14.9 - 15 ft.; danip, loose; with IM0SS. I

I color laminae and 5% heavy minerals.
I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

U/SDSM ISand: Very fine grained, buff WI orange clay Lenses, 14.5 ft. Recovery.

I IcLay is moist, brittLe, sandy, dark orange/brown, sand I

1 us moderately to poorly sorted, buff, grading to I

I
orange, silty from 19 - 19.5 ft. and 20.5 - 22.5 ft., I I

I dry to deep. No clay below 22.5 ft., very minor I

I Icalcereous fragments. I I
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I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSWELL AFB,

J IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 49.1 ft BOL I

8. DATLJ4 FOR ELEVATION SHOWN: sea LeveL

J 2. LOCATION: FtightLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61

J 3. DRILLING AGENCY: EnvroisnentaL DriLlers. Inc. I 10. NO. OF SAMPLES TAKEN: 18 I

J 4. HOLE NO.: LFO4-10 I 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90) 1

J 5. NAME OF GEOLOGIST: S. B. BLotrit I 12. DATE HOLE ESTABLISHED: 4/2/90 I
6. COORDINATES OF HOLE:

I X: 2021275.03 Y: 397025.34

1

lDepthI Graphic BLow Soil
I(Ft.) Log Count ICtass/Code IVisuaL

13. SURFACE ELEVATION: 626.90 ft I4SL I

16. BACKGROUND:

15. MEASURING POINT ELEVATION: 626.54

Description

ft NSL

I

t Remarks

I

I

I

I

24

29

30.5

33

34

39

::C.O.
c5•b.c

o.o.c
.o.o.
o.o.c
'00•
'00•
ci.ci.

.o.c.
a. c5c

c5•c5c
•0•0

•0.0.1ocq
•0•01

U/SDLR Isand: As above, buff to orange Laminated, no cLay or 3 ft. Recovery

IsiLt. very fine grained, moderateLy well sorted, dry to

da; Layer of abundant — 5% sheLl frags and calcareous
Idebris with some graveL from 26 - 26.5 ft.; graveL up I
Ito 40 am, minor graveL fragments to base. I

U/SDLR Sand: As above. ft. Recovery.

I I

U/SDGR ISand and GraveL: Sand is very poorly sorted, buff, very ISaLe wet at 32

Ifine to coarse grained, sthrouided, with minor Ift..
loxidation seams, graveL is 2 - 100 umi, approximatty I

I5°, conposed of calcareous debris of sheLls etc. up to

IS nun; large fragments are broken, weLl indurated I

Imicritic Limestone. I
U/SDLR Sand: Tan, mediun greined with abundant carbonaceous IC0Les Lengthwise

streaking and gravel, as above, at base. lin saupLer.

U/GRSM Sand and Gravel: Sand as above up to 15X graveL is
J

quartz and cetcareous debris, averaging 5 am end up to

140 nun. Moderate to poor sorting, subrounded, wet. Large
fragments are CaCO3, as above. Grain size increases to I
base. I

U/SDGR Sand and Gravel: As above, wet, averaging 10 - 15 am.

Icontinues coarsening to base, minor clay pockets 40 -
142 ft. making fine gravel/sLightly cohesive. Gravel, up

Ito 50 am. Coarse Sand.

ft. Recovery.12.5

A—24



163
DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL MB. TX I SHEET 3 OF 3 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL

I IRP PHASE II STAGE 2 1 8. DATUM FOR ELEVATION SHOWN: sea level

1 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61

I 3. DRILLING AGENCY: Envirorinental DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 18

4. HOLE NO.: LFO4-1O I 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. B. Btount 1 12. DATE HOLE ESTABLISHED: 4/2/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.90 ft MSL

X: 2021275.03 Y: 397025.34 I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 626.54 ft MSL

IDepthI Graphic Blow Soil

I(Ft.) LO Count 'Class/Code Ivisual Description Remarks

: :ci I

:

I

I I I I

I P:c i

I

I

i..t•I
i.n.cJ

I

I

I

I

I

I

I

I

I

I

I

44.1V,,//L,//'
L/',/',/,/,/'''1/ /"

I

I

I

I

I

U/CLLR IClay: 44.1 ft. clay is soft, very plastic, moist to
Iwet, grey ten in color with abundant oxidation pockets

(c 5 imi) around fine greined sand. Abundant
carbonaceous flecks; silty beLow 46.5 ft. with silt

Ilayer 46.5 - 46.7 ft.

4.0 ft. Recovery.

ISharp contact. Clay

Inot 'sandy'; has
few grains in each

'Pocket'.

I 49 i L U/MARL IMarl: CLayey coated micritic Limestone w/ 149 49.1 ft.

I I I I Irecrystetlized fossils, grey to buff, well indurated, laugered into mart;

I I I I I'nudstone'. l'core' sanLe. No I

I I I I I
ISS. T.D. at 49.1

I I I I
ft.

I

I I I I I I

I I I I I I

t I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I 1

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I
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I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 25.2 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea Level. I

2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

j 3. DRILLING AGENCY: Enviroiinental DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 11 I

4. HOLE NO.: LFO5-O1 11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

X: 2018791.38 Y: 399361.24

13. SURFACE ELEVATION: 619.30 ft MSL
I

I 14. BACKGROUND:
I

I I 15. MEASURING POINT ELEVATION: 621.96 ft MSL

BLow Soil.

IVisuaL Description
U/CLLR

U/SDLR

I Remarks

U/CLLR As above, dairp.

U/CLLR

10

12

14

18

112

114

116

U/CLLR

Clay: Dark brown, finn, silty, red mottling, roots, IFILL. I
Idan,; minor sand and gravel.. I I

I I I

I I I
Sand: Tan, mediun to coarse grained, Loose, danp, — 5% I I

IsiiatL gravel. I I

I I I

I I I

ICtay: 11.2 ft. Recovery. I

CLay: Brown and orange, mottled, very disturbed, lStil1. fill I

IgravetLy, soft to slightly firm, calcareous zones and Imaterial. I
Iriodutes, daap; at 11 ft. going into a gray colored I

Isilty cLay. I I

I I I

I I I

I I I

I I I
Clay: As above; at 13.5 ft. hard Limestone zone. 0.2 ft. Recovery. J

I I I

I I I

I I I
Clay: As above, still very disturbed. I I

I I I

I I I

I I I

IClay: As above, da. I

I I I

I I I

I I I

I I I

Sand: Light brown, very silty and clayey, saturated, IVery "ruddy".

Iminor smalL gravel, < 1% pebbles. I I

I I I
jSand: As above. I I

I I I

I I

U/CLLR

U/CLLR

18.

20

U/SD SM

U/SDSM
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165
DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSW€LL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL

I 8. DATUM FOR ELEVATION SHOWN: sea Level

.1 2. LOCATION: FLighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLl 6-61
3. DRILLING AGENCY: Envirorwnentel DriLlers. Inc. I 10. NO. OF SAMPLES TAKEN: 11

4. HOLE NO.: LFO5-Ol I 11. ELEVATION GROUND WATER: 603.82 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/22/90

6.

I X:

COORDINATES OF HOLE:

2018791.38 Y: 399361.24

I 13. SURFACE ELEVATION: 619.30 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 621.96 ft MSL

Depthf Graphic BLow Soil
I

(f.J Log I Count ICLass/Code Visual Description I Remarks

....I I I

22
•••.•.•I
IiO

I

U/SOLR

I

Sand, Clay and Gravel: About equal % of each,
I

StiLL very I*o•c I saturated, sheLLs, gravels to 20 nvn, siLty; 24.5 25 I"muddy". I

-CJ-C)- I
Ift. mostLy sand and gravel. I5•b I I I

•?:-bThrTh
I

I

I

I

I

I I

25 i 5O U/MARL Marl: Limestone, chaLky, indurated, oxidation staining. IMOSS sanLer I

I I I I
Iref1aL at 25 ft.; I

I I I I Idrive sanple 50 j

I I I I Jblows = 2 in.; FiLL

I I I I Iprobabtyended I

I I I I labout 18.1 ft. BLS;

I I I I IhoLe looked Like
I

I I I I IfiLl all the way I

I I I
lTD. T.D. = 25.2 ft.

I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I 1 I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I
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S 166
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AF$, TX I SHEET 1 OF 2 SHEETS I
1. PROJECT: CARSWELL AFB.

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 27.2 ft BOL I
I 8. DATUM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: FLihtLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 6-61 I

I 3. DRILLING AGENCY: Envirorinental DrilLers, Inc. 10. NO. OF SAMPLES TAKEN: 13 I

4. HOLE HO.: LFOS-02 I 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90) 1

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

I X: 2019492.00 Y: 399280.64

I 13. SURFACE ELEVATION: 620.30 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 622.69 ft MSL I

(Depth( Grapiic
I(Ft.)

0

2

4

Blow
J

Soil
I I

Count tClass/Code IVisual Descriotion I Remarks I

(6

(8

(10

112

114

116

118

20

U/CLLR Clay: Orange/brown; stiff, silty, abundant catcareous (FULL salrç(er I

Imaterial, danp. (unless noted. (

I I I

I I I

U/CLLR (Clay: As above, 0.5 ft. caLiche zone 3 - 3.5 ft.

I

I

I

(1.2 ft. Recovery.

I

I

I

J

I

I

U/CLLR Clay: Dark brown, stiff, carbonaceous staining, da,rç,,

(silty.

I

I

(No calcareous

(material.

I

I

I

I

I

I

I U/CLLR (Clay: As above, minor gravel, silty.

I

I

I

I

I

I

I

I

I

I

I

I

I

U/CLAY (Clay: Brown and tan mottled, distrurbed looking (not
(natural layering), danv; some greenish/gray clay also.

I

I

(Looks like fill

(material.

I

I

I

I

I

I

I

I

I

(

J

I

I

U/CLAY

U/CLAY

(Clay: As above, soft calcareous zone at 11 ft.

I

I

I

(Clay: StiLl heavily disturbed nature, 3 in. wet seem at

(13 ft.

I

I

(1.0 ft. Recovery.

I

I

I

(Stilt fill

material.

I

I

I

I

I

(

I

I

(

I

I

I

U/CLLR (Clay: Becoming sittier, moist, some greenish/gray
(coloration.

I

I

(

I

I

I

(

I

I

(

(

(

I

U/CLLR

U/CLLR

(Clay: Brown and green mottling, very disturbed nature,

(gravel (1 - 5Z), shells; 0.4 ft. fine sand seam at 16.6

(ft.; wet.

I

(Clay: As above, silty, not disturbed; greenish/gray at

(19 ft.

I

(Still Looks like
(filL.

I

(Greenish/gray

(material looks

(natural - in situ.

(

(

(

I

(

(

I I I I

( U/CLLR (Clay: Greenish/gray, silty, oxidation stained mottling, (W.L. measured at
(

(

(

(firm, danp, 1 - 3X assorted size sand and small gravel,
(gravelly sand at bottom.

(21.05 ft. BLS after

(well cosipletion.
(

I I I I
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S9 167
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL I
I 8. DATUM FOR ELEVATION SHOWN: sea LeveL I

2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61 I

J 3. DRILLING AGENCY: Envirorinentat DrILLers. Inc. I 10. NO. OF SAMPLES TAKEN: 13

4. HOLE NO.: LFO5-O2 I 11. ELEVATION GROUND WATER: 597.83 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/22/90 1

6. COORDINATES OF HOLE:

X: 2019492.00 Y: 399280.64

I 13. SURFACE ELEVATION: 620.30 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 622.69 ft MSL

IDePthI Graphic
Jd

BLow SoiL

I Remarks

U/SDGR

27 U/MARL chaLky, white/gray, shatey, indurated.

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I

I

I

I

I

I

I

I

I

I

I

I

I

I I I I

I I I I

Sand and GraveL: Orange/brown, very cLayey, saturated,

Inurierous sheLL franents, graveLs to 40 ma, mainLy

Limestone clasts.

IMarL: ISanpLer (MOSS)
IrefusaL at 27 ft.;

drive 1 1/2 ft. SS

J50 bLows = 2 in.;

11.0. = 27.2.

I,
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E;9 168

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I
1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 27.5 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea Level I

2. LOCATION: Flightline Area 1 9. MANUFACTURER'S DESIGNATION OF DRill.: Mobile Drill B-61

3. DRILLING AGENCY: Envirorinental DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 13 I

4. HOLE NO.: LFO5-03 I 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Btouit I 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

I X: 2019488.64 Y: 399182.10

1 13. SURFACE ELEVATION: 620.60 ft MSL

I 14. BACKGROUND:

Graphic

0

Blow Soil
I

Count IClass/Code IVisuaL Description I Remarks
Ioepthl
I(Ft.)

10

I 14.4

15.21

16

16.5

I 20

U/CLLR CLay: Soft - firm, moist, clay fraction plastic semi IFuLI recovery I

I - brittle due to roots, calcareous pebbles, slightLy unless otherwise I

I
(silty with elaycy silt 1.7 - 2 ft., yellow orange lindicated. I

I (grading to brown. (Extremely windy. I

( U/CLLR Clay: As above, calcareous pebbles concentrated in (GradationaL I

I
)intervals, less silty, minor carbonaceous streaking at Ichanges. I

I
bose.

I I

I I I I

U/CLAY IClay: As above, Brown, firm, fairLy plastic, Layers of I

I
Iconcentrated caLcareous debris.

I I

I I I I

I I I I

j U/CLLR ICtay: As above, dark brown, grading darker, soft to I

I Ifirm, very few calcareous pebbles, abundant
I I

I Icarbonaceous lemma, very few fine rootlets, moist, I

I
Iminor silt in lenses, plastic - appears organic rich.

I

I I I I

I I I I

I I I I

I I I I

I
U/CLLR (Clay: As above, dark brown, soft, plastic, moist with (Musky odor. I

I siLty/sandy Lenses to 13.2 ft.; leached zones 13.2 - ICaliche zones. 1.5
I

I 113.5 ft., 14.3 14.4 ft., clay is white/buff, brittle, (ft. recovery. I

I
Idanv, with more frequent calcareous pebbles, I I

I
lintervening clay is as above; with silt/sand. I I

I I I I

I I I I

I I I I

I I I I

I U/CLLR (Clay: As above soft/firm with abundant carbonaceous
I I

I Itamina, fine roots, dark brown, minor leached pebble I I

(
(zone 14.8 ft. ( (

I U/SDSN ISand: Buff. Moist to wet, very fine grained, silty, Iwater in hole — 15
f

( (poor - moderate sorting. - 16 ft.. Sharp

I I
contract.

I U/CLLR IClay: As above, dark brown, carbonaceous stains, soft I

( (to firm, moist, catcereous pebbles, minor oxidation ( I

I (stains. I I

I U/SDLR Sand: As above, silty, color lamina (oxidation Layers), IFew pebbles. I

I Ifine roots, graveL - 17.6- 18 ft.; buff; sand is ( I

I
Iquartzose with ' 95% quartz, minor cohesive clay

( (

I (lenses, otherwise Loose, minor carbonaceous streaking; I I

I
IcLay Lenses and intermitent pebbLes decrease to 20 ft.

( (

I U/SDGR ISand: As above, buff yeLLow, arid gravel to 22 ft., sand (Not likely fill (
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S9 169
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 27.5 ft BGL

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

I 2. LOCATION: Ftighttire Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61
I 3. DRILLING AGENCY: EnviromentaL Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 13

I 4. HOLE NO.: LFO5-03 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Btount j 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

I X: 2019488.64 Y: 399182.10

13. SURFACE ELEVATION: 620.60 ft MSL

L 14. BACKGROUND:

IDepthl Graphic
001

22

Blow Soil
I I

Coirt ICtass/Code Ivisuat Descriotion I Remarks

26.5

I us very poorly sorted; gravel approximateLy 20%, 2 - 15 Idue to Laminae

I cLayey with cLay content increasing to bottom, above. Vague I

I I I 'contacts'.
I

I I U/CLLR Clay, silt end gravel: Light to mediun grey to 22.3 I I

I I Ift., changing to buff/orange. Clay is stiff, wet and
I

I I Ibrittle. Gravel appears concentrated in horizontal
I

I

I

I

I

Iplenes. Abrtt color change to dark grey at 24 ft. Clay

lat 24 ft. is siLty with minor caLcareous pebbLes, firm,
I I

I

I I Isemi-plestic I I

I I I I I

I I I I I

I I U/GRVL Gravel: Clayey, siLty, sandy, Loose, wet, mediun grey, Auger refusal at

I I 180% of sasple calcareous gravel 5 - 50 em, average size 127.4 ft.; went in

I I 120 eva. Iwith SS. No

I I I Recovery. I

I I U/MARL IMCrL: See description from LFO5-04 (no sanple IT.D. at 27.5 ft.; I

I I recovery). IWL approximately 24
I

I I I ft.. (grouted

I I I
Ibefore E (jp)

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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S9 170

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

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

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

I 2. LOCATION: Flighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Enviromentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 14

I 4. HOLE NO.: LFO5-04 I 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. BLount I 12. DATE HOLE ESTABLISHED: 3/22190

6. COORDINATES OF HOLE: 1 13. SURFACE ELEVATION: 617.30 ft MSL

I X: 2019719.98 Y: 399313.92 I 16. BACKGROUND:

I t 15. MEASURING POINT ELEVATION: I

IDepthl Graphic

jjft

BI il

IVisual Descrition

U/CLLR

U/ SD LR

U/ CL LR

,1

U/SDLR

U/CLLR

U/ SD LR

ID

Ii

11.5

5

18

I 9.5

110

113

114

I 14.8

118

U/CLLR

U/ SD LR

I Remarks I

IClay: Sandy, brown with catcareous pebbles, deap, fine, I

Isemi brittle, rootlets.
I I

Sand: Brown/green, ctayey, with gravel up to 15 nun, I

very poorly sorted, moist, quartzose with calcareous I

pebbles. I I

IClay: As above, calcareous pebbles increased to 25%, ProbabLy fill. 3.5

very brittle with oxidation blebs and black Ift. Recovery.

carbonaceous staining within lenses, less sandy. I

I I I

I I I

fSand: Brown, Loose, dry to daap, very fine grained, IProbably fill. 3.5
I

Islightty clayey, poor - moderately sorted, quartzose Ift. Recovery. I

Iwith calcareous pebbles, oxidation lenses and asphaltic I I

pebbles. I I

Clay: Light brown orange, firm, semi-plastic with I

Icalcareous pebbles to 8 ft.
I I

ISend: As above.
I I

I I I

I I I

IClay: As above.
I I

$Sand: Orange brown, cleyey, silty, very fine grair,ed, IFiLI, Concrete

poorly sorted, oxidation stained, quartzose with > 95% Iblock in sarple — 2

quartz, sthrounded, with 5% carbonaceous flecks and un. across. Sarp

several large (40 nun) gravel chunks, moist to 12 ft., Icontract. 3 ft.

Iwet at 13 ft., minor carbonaceous streaking. IRecovery. I

I I I

CLay: Buff yellow, wet, silty, oxidized, soft to firm, IBottom of fill -

Iplastic, caliche at top, minor pebbles (catcareous) to Isharp. Water in

114 ft. Ihole. I

Clay: Very stiff, green/grey, abundant calcareous I I

Idebris, semi-brittle, wet carbonaceous stained.
I I

IClay: Dark brown/black, very brittle, organic rich, ISharp contract.

moist, fine rootlets, gradual color change to IMusky odor. I

green/grey with an increase in carbonaceous debris and
I

Iplasticity; very stiff; similar to clay at 14 ft.
I

I CLay: As above with an increase in gravel and sand to lCalcareO4 zones

120 ft. (clay and gravel). Green/grey, stiff, brittle, I'calichified'.
Icalcareous pebbles concentrated in 0.5 ft. intervals to

23 ft.; sandy in these intervals (CaCO3 sand?).

U/CLLR

U/CLLR

U/CLLR

I U/CLLR
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Z9 171
I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX SHEET 2 CF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 28.3 ft BGL I

8. DATIJ FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

I 3. DRILLING AGENCY: Envirorinentat DriLLers, Inc. 10. NO. OF SAMPLES TAKEN: 14

I 4. HOLE NO.: LFO5-04 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Btount [ 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

j X: 2019719.98 Y: 399313.92

1 13. SURFACE ELEVATION: 617.30 ft MSL. I

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

BLow Soil
I

Count IClass/Code IVisual_Descnption Remarks I

Depth Graphic
I(Ft.) Log

I

I

////// I

I

I

I

'

:

I

I

I
23 •OO•( U/SDGR ISand and Gravel: Sand is very fine to coarse grained, Ivery sharp I

I

I

I

i

i

•5.

.Qc!
.Q.Q

I

I

I

I

I

Isaturated, very poorly sorted, buff/tan, st*-rounded,

lquartz and CaCO3, (60% quartz) and < 5% heavy minerals,

Iminor oxidation staining, 'gravel' average size 5 sin,

jbut j to 35 sin, quartz and CaCO3, approximateLy 40% of

Isan1e

i

Icontract.

I

i

I

I

I

I

i

I QP:! I I I I

I

I

I
28

>o•c
I

I 5O U/MARL

i

I

IMarl: FissiLe, calcareous, hard, wet, chalky, WI shell

I

I

Ii ft. Recovery

I

I

I

I I Ifra11ents; (description from bit sanple and portion of Last ST; drive SS.

I I I ISS recovery). fSS refusal. Went in
I I I I I Iwith auger to

I I I I I Icheck, auger I

I I I I I Irefusal. T.D.

I

I I I

I I I

I I I

I

I

I

128.3ft.

I

I

I

I

I

I

I

I I I

I I I

I

I

I

I

I

I

I I I I I I

I I I I I I I

I I I I I I I

I

I

I I I

I I I

I

I

I

I

I

I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I
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S9 1'72

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AF8. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 26.2 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea level

1 2. LOCATION: FUghtline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61

I 3. DRILLING AGENCY: Envronmentsl DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 14 I

1 4. HOLE NO.: LFO5-05 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. 8. Stount 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

X: 2019785.85 Y: 399388.49

13. SURFACE ELEVATION: 616.10 ft MSL

14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

(Depth Graphic Blow Soil
IVsuRI Daq,rintion

I

U/SDCL (Sand and Clay: Orange/red, very fine grained, daop,
(with asphalt, gravel, roots, calcareous fragments, very
(poorly sorted sand, cohesive (clay).

I Remrk

U/CLLR

0

2

4

6

8

9.9

U/CLLR

U/CLLR JCLay: As above.

U/CLLR

U/ASPH

U/CLLR

IFull sanple unless J

(otherwise J

(indicated. 1 ft.

(Recovery. FiLL sand (

I top2ft. j
(Clay: Brown, with minor orange mottling, firm, semi IFILL clay. I

(plastic with abundant calcareous pebbles (up to 20 m), j
Idairc to moist, minor black (carbonaceous?) streaking. ( I

Clay: As above Light brown, mottling increased. (FILL clay? (

lAsphatt? mixed with sairple. j (

I

:

I

:

I I I

Clay: As above, few large (50 imi) gravel chunks. j

I I I

(Asphalt: Solid "asphalt" - tar and pea graveL with some (Fill. Could not
(

Ibrown clay. (push at 10 ft.; (

I (materiaL very hard.

I I I

IClay: Dark grey/very dark grey mottled, firm, (Limestone I

(semi-plastic with abundant calcareous pebbles (1 to 15 JLithoclast? I

(nm) and fragments, dairp to moist with indurated sandy
( (

(caLiche Layer - light orange/buff at base.
( j

Iclay: As at 12 ft. Few very Large cobbles (80 eva); I I

(silty 14.4 . 14.8 ft.; color Lightening.
( I

I I I

I I I

(Clay: As above, color change at 164 ft. to
( (

(buff/tan/yellow; continued Large cobbles to 18.5 ft., j (

(catcareous debris abundant at 17.2 - 17.6 ft. then ends
J (

(abruptly. ( I

(CLay: Soft to sLightly firm, buff/yellow, 20% small
I

Jcalcareous fragments and sand and silt, moist to wet,
( I

(semi-pLastic, few 15 nm pebbles. ( (

I I I

Sand, Gravel and Clay: As above, sand or gravel up to ISanpies I

(50%; soft, wet at top. Firm, plastic at base; (preferentially wet (

(semi-brittLe due to inclusions; calcareous fragments ((soggy) on top;

(increase to base, cLayey sandy gravel to base (clayey (probably a function
(

U/CLLR

12

14

16

18

20

11,13,17

UICLLR

U/CLLR

U/S1.R

A—34



E'9 173

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 26.2 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea Level I

2. LOCATION: Ftightl.ine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: Envirorcientat DriLlers, Inc. I 10. NO. OF SAMPLES TAKEN: 14 I

4. HOLE NO.: LFD5-05 I 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. BLo.xit I 12. DATE HOLE ESTABLISHED: 3/22/90

6.

I X:
COORDINATES OF HOLE:

2019785.85 Y: 399388.49

13. SURFACE ELEVATION: 616.10 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

IDePthl Graphic Blow Soil I I

I(Ft.) Log I Count IClass/Code 'Visual Description I Remarks

IRefusal at 26 ft.,

IDrive SS. T.D. at

126.2 ft.

I

I

I

i
I

.3.c3I

.jj.jj.I
i.d.b1

):P:P.j
•QQq

I

I

I

I

i

gravely sand).

I

I

i

lof the san(er.

day, sand, and

$grave( equal

Iproportio.

i
i

I

I

i
i

I 24.9 U/GRCL Ioravel: Clayey gravel. I I

I 25.3 . . . . I UIS Isand: Clay bound gravelly sand; sand cciosed of shell I

I I I(catcarecus) fragments, coarse grained, wet, poorly I

I :. I Isorted. I
I 26

jIll
1

Jj50 U/MARL Marl: Buff/yellow, fissiLe, shells, cleyey shaLe I

I I I lappearance, semi-iriirated, chalky. I

I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I

I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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S9 174
DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 7.7 ft BGL I

8. DATL FOR ELEVATION SHOWW: sea level I

2. LOCATION: Flightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61

13. DRILLING AGENCY: Envirorunentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 5

4. HOLE NO.: LFO5-06 11. ELEVATION GROUND WATER:

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

6. COORDINATES OF HOLE:

X: 2020129.68 Y: 399156.86

Ioepthl Graphic Blow Soil

(Ft.) Log Count IClass/Code IVisual

13. SURFACE ELEVATION: 598.30 ft MSL I

I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

Description

I

I Remarks

I

I

I

I

U/SDGR Sand, Gravel, and Clay: Buff/yellow, very poorly
Isorted; sand is very fine to very coarse grained,

I quartzose with catcareous pebbles/franents, moist

Ift., wet below; clay content increases below 3 ft..
IGravel (20%) to 20 a,., size increases at base. Unit

Fs brittLe.

Full recovery

unless otherwise
to 3 noted.

U/SD CR

U/GRSM

U/CLAY

11.5 ft. Recovery,
1ST refusaL at 5.5

Ift., go in with
auger to 5 ft.

Isamles.

U/MARL

0
I :•co
I •0.O.
I

I

I

I

I

l

..p.
Q•Q
.Q.Q.
••
P:P:.

)•.Q•p•
I P:P:.
5.8

I

LDO1

ISO

I I

I I I

I I I

I I

I I I

I I

I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I

I

I

I

I

I

I

I

I I

I I

I I I

I I I

I I I

I I I

Gravel: Average 70 nun, minor fine sand and clay,
moderately welt sorted, siArounded, con,osed of

Ilimestone lithoclasts.

ICtay: Stiff to very stiff, buff/yellow, with grey

Imottting, brittle, moist; oxidation staining

Ithroughout, fissile in zones.

IMart: Dark grey, semi-irdjrated, very fissile, highly

catcareous, leached 'catiche' type zone at base (0.1

Ift.).

IRefusal at 7.5 ft.

IClimestone), drove

ISS at 7.5 ft.. Less

Ithan 3 in. with 50

Ibtows. T.D. at 7.7

Ift.. UL 3.38 ft.

BGL.
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S9 175

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFS TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 7.2 ft BGL I

J 8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: Ftighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: EnvirorwnenteL Drillers, Inc. J 10. NO. OF SAMPLES TAKEN: 6

4. HOLE NO.: LFO5-07 j 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. BLount J 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

X: 2020230.22 Y: 399192.73

J 13. SURFACE ELEVATION: 598.00 ft MSL

J 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

IDePth

ILF1

Graphic BLow

0

SoiL

IVicuL Dps,rintion I Rmrks

50 U/MARL

I I U/CLLR Clay: Brown/grey, moist, soft, pLastic, roots, sandy, I

I I with increased sand to 0.8 ft. becoming ctayey sand.
I

1 U/GRSM IGravel: Ctayey, light brown/grey, calcareous graveL up tSharp contact. 2

I I Ito 25 nun (mostly 2 - 3 nua), moist, very poorly sorted. Ift. Recovery. I

I

1.4 j

I

U/SDGR Sand and Gravel: Very fine greined, poorly sorted,
IcLayey, orange, dry to danp, with moisture increasing

ISherp contact.
lAssuTbe some gravel I

I I ItO base. Clay content variable, cLayey and cohesive in host in first
I

I I Lenses; gravel — 20%, 3 . 25 m, very poorly sorted. Isancle. I

I

I

3.8
I

I

I

U/GRSM Gravel: Quartz end catcareous pebbLes with minor sand,
wet, very poorly sorted; 98% gravel, average 10 imi up

Jto2OimI.

)Sharp contacts.

I

I

I

I

I

5
I

I

U/CLAY Clay: Stiff to very stiff, buff/yeLLow with gray

Imottling, oxidation semns, senti-fissiLe, brittle,
13 ft. Recovery.

IRefusal at 5.8 ft..

I

I

I I fmoist. I I

5.8
I Marl: Dark gray, semi-indurated, very fissile, highly IDril Led into marL

I I Icatcareous, aLternating with stiff 'clay', minor 1.4 ft. to good
1

I I loxidation mottLing. jeuger refusal. T.D.

I I I I I
1= 7.2 ft.. No UL

I I I I I
Ihole caved to 3.5

I

I I I I I
ft.

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

A- 37



9 176

DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF I SHEETS I

I. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 18.3 ft BGL I

TRP PHASE II STAGE 2 8. DATLI! FOR ELEVATION SHOWN: sea level I

2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. B61 I

3. DRILLING AGENCY: Envirorunental Drillers, Inc. 10. NO. OF SAMPLES TAKEN: 9 I

4. HOLE NO.: LFO5-O8 11. ELEVATION GROUND WATER:

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

6. COORDINATES OF HOLE:

X: 2020350.89 Y: 399030.31

13. SURFACE ELEVATION: 606.80 ft MSL

14. BACKGROUND:

tDepthl Graphic

0

Blow SoiL

IVisuat Descrintion

1 15. MEASURING POINT ELEVATION:

U/CLAY

U/CLAY

U/CLAY

2

4

8

10

11

12

14.5

U/CLLR

U/CLLR

U/CLLR

Clay: Brown, soft, danp, brittLe, root bound with fine j J

Irootlets, minor other plant debris. I I

Clay: Medhr brown, firm, plastic, moist, minor I I

rootlets, few calcareous fLecks at base.
J J

I I I

CLay: Grey/grey, mottled, very stiff, dry to daop, very ICould not cut WI

minor fine rootlets, abundant calcareous debris. Icarpet knife.

{ {

:

:

j Clay: As above, calcareous pebbles up to 15 m; stiff. JPebbles effervesce

I IPredoninately debris 1 - 2 nun, tin HCL solution. I

I I I I

I I I I

I JCLay: As above, firm, plastic. I

I I I I

I ICtay, Sand, and Gravel: Very poorly sorted, rounded JMusky odor.

I gravel, moist. Clay dominates to 12 ft. with smalL soil ITerrece dep.?

I developed on top, buff/yellow. Sand content increases I(Soil). I

I Itobese. I I
I ISand: Buff/yet Low, very fine to fine grained, slightly Iweter in hole at J

I clayey/cohesive at top, Loose below 12.3 ft., moderate J12 ft.; go to 5 ft.

( grounding, well sorted, > 95% quartz. Isaisvlers. I

I ILimestone: Grey to light grey, marly, fissile, JDrilLed slowly

I Iweathered. 10 imi indurated Layers with thin snarls unto limestone.
I Ibetween, no shells, micritic appearance. JRefusal at 16.5 ft.

I I 10.5 ft. Recovery.

I I IDriller says I
I ( layered marl, drive $

I I ISS; 1 ft. Recovery.

I jLimestone: Welt indurated, calcareous shale - fissile, IT.D. at 18.3 ft..
J

I Imediun grey, slightly 'carbonaceous'; contiguous 'bed' Iwater level 12.67

I I Ifrom 17.5 . 18.3 ft. Ift. (BGL). I

I I I I I
I I I I I
I I I I I
I I I I I
I I I I I

I I I I I

U/SAND

U/LMSN

17.5 50 U/LMSN

A- 38



177
I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 14.5 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: FLightline Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirornental DrilLers, Inc. J 10. NO. OF SAMPLES TAKEN: 6 I

I 4. HOLE NO.: LFO5-09 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Blount J 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 604.90 ft MSL

I X: 2020361.60 Y: 398918.32 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION:

IDepth

I(Ft.)

Graph Ic

Log

Blow Soil
J I I

Count Class/Code IVisual Description I Remarks I

I

I

a ,/,,//,/,/,/
,"/',/',//

j
I

I

U/CLLR CLay: Orange/brown mottled, very sandy, silty with some

gravel, brittle, dry to danp, fine rootlets to 3.5 ft.,

Ifew calcareous fLecks, aLternating zones: brown then

Iorne approximately 0.5 ft. thick.

IFuLI recovery

lunless otherwise

lindicated.

I

I

j
I

I

I U/SOSM Sand: Buff/yellow with orange color Laminations, Isharp contact.

I I Islightty clayey at top, Loose below, rounded quartzose I
. . . . I Igrains; clay lenses 5 - 5.3 ft., 5.7 -5.9 ft.; danp to ( I

I Imoist, > 95% quartz, weLL sorted, cohesive in cLayey I

I . . ... I intervals, Loosely consolidated otherwise. I I

I .... I I I I

I I I I I

I I I I I

I
.... I I I I

I
8 j U/SDSN Sand: As above, thinly laminated orange color laminae I

J I are contorted, slightly cLayey at base. I I

I ..•
I I I

I I I I
10 U/SDSN Sand: As above, moist to wet, clayey at top. Shell Jwater in hole — 11 I

I
. Ifragment layer 10.6 - 11.4 ft.. Clayey and silty below. Ift. I

I I I I I

I I I I I

I

12

[ccc

I

I

UISDLR Sand: Orange, very minor gravel, wet loose, few
carbonaceous streaks.

13 - 6 pieces of 10

- 20 an gravel.

{

I

J

I

I

14
I J50

I I

U/MARL IMarL: Injrated, dark grey/green shale, very
Icalcareous, some orange oxidation, fissile, few shell

RefusaL at 14 ft.;

Idrove SS, bottomed

I

I I I I Ifragments, minor carbonaceous debris, dry to danp. Iless than 0.5 ft..
I

I I I I I
IT.D. at 14.5 ft.

I I I I I I

I I I I I I I

I I I I P I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I P

I I I I I I I

A-39



Iclay: Mediun dark brown with minor carbonaceous

Istreaking, firm, plastic, moist. CaLcareous pebbles

lab1dant to 0.4 ft., minor roots, few pebbLes to 3 ft.

Iclay: Very stiff, dark brown with obvious carbonaceous

Istreaking. minor sandy lenses, dapp to moist, brittle,
Ihard, sand Lamination at upper contact is parting; fine
Irootlets and intervals with coarse sand/pebbLes to 6

ft.

IClay: Calichified (Leached) white to buff, brittLe,
firm, shell fragments, danç, ab..adant calcareous

debris, abundant orange oxidation seams, visible

lauthigenic mineralization, silty appearance.

IClay: Stiff, as above, interlayered with calichified

Izones to 13.2 ft.; stiff clay has intervaLs of abundant

Icalcareous debris and grades into caliche then abruptly

igoesbacktoclayas6-7ft.

JCLay: Medius brown/yellow, moist to wet, brittle,
silty, abundant calcareous debris.

IMarl: Weathered Limestone marl at 14.5 ft.; clay rich,
Isoft, oxidized in seams, ab.rdent broken micritic

Ilimestone fragments, wet (saturated ggy),
Isemi-plastic, buff/yellow.

IClay and Gravel: Gravel < 20%, clay is buff, firm to
Istiff, moist, oxidation seams, chalky, CaCO3, rich,
Iwith coarse fragments, silty, semi-fissile.

IMarl: Dark grey, semi-indurated, highly caLcareous,

shaley, fissiLe, dense, dry to dapp.

Gravel, Sand, and Clay: Gravel up to 80%,

lorange/yellow, brittle/friable, soft, wet to moist.

ISand very poorly sorted, very fine to coarse grained,

sAangular, wet, gravel up to 40 sum, quartz and CaCO3

land minor shell fragments, slightly cohesive.

;9 178
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 36.2 ft BOL I

J 8. DATLRI FOR ELEVATION SHOWN: sea level I

2. LOCATION: FtightLine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Envirormiental Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 13

4. HOLE NO.: LFO5-10 J 11. ELEVATION GRWND WATER: I

5. NAME OF GEOLOGIST: S. B. Blount J 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

X: 2019456.19 Y: 398656.87

J 13. SURFACE ELEVATION: 623.90 ft MSL I

J 14. BACKGRaJND: I

I I 15. MEASURING POINT ELEVATION: I

IVisual Deseriotion I Remarks
jbepthl Graphic

0

3.2

6

7.5

U/CLLR

U/CLLR

U/CLLR

U/CLLR

U/CLLR13.2

14.5

Full recovery

unLess otherwise

Inoted.

Can not cut
seems too dense to
Ibe fill. 1 ft.
Recovery in ST.

ICrushed heavy guage

lsLer.
IFuLL 2 ft. push
with no recovery.

ISS pushed 6 - 8 and

Igot 0.9 ft.
recovery.
IPushed SS - 0.8

It. Recovery; used
S ft. sappIer from
112 . 14.5 ft.; 0.3
Ift. recovery.

Iwater in hole 14.5
19.5 ft.. 3.5 ft.

recovery.

14.2 ft. Recovery.

U/MARL

U/CLLR16

18

19.5

U/MARL

U/GRSM

A-40



S9 179
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

j 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL I

J 8. DATUM FOR ELEVATION SHOWN: sea LeveL

I 2. LOCATION: Ftighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61

3. DRILLING AGENCY: EnviroqinentaL Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 13

4. HOLE NO.: LFO5-1O J 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Blou,t J 12. DATE HOLE ESTABLISHED: 3/22/90 I

6. COORDINATES OF HOLE:

I X: 2019456.19 Y: 398656.87

J 13. SURFACE ELEVATION: 623.90 ft MSL I

I 14. BACKGROUND: .

I I 15. MEASURING POINT ELEVATION: . I

IDepthl Graphic BLow Soil
I(Ft.)I Log I Count IClass/Code IVisual Description J Remarks

'
I

bT I

I

I

I

I

I I

I HQ.Q..
•:•c

I

i
I

I

i
I

i
i

I

I

I

I 23.9
— —

I U/SLCL ISUt: Orange, cLaycy (sLightLy), wet, soft, minor IVery sharp I

I I Ioxidstion staining in Laininee, very uniform lithotogy Icontact.

I

I

I

I

Ithroughout intervaL, saturated.

I

I

I I

I

I

I

I

I

I

I

I

I

I

I I I I I

I I I I I

I I I I I

I 28.5 . . . . U/SDLR Sand: Orange/yeLLow, very fine grained, Loose, Very sharp I

I I saturated, > 95% quartz, moderately weLL sorted, Icontact. I

I . . I Isthro4ilded grains, no sedimentary structures, minor I

I . . . . loxidation pods, very minor carbonaceous flecks; with

I I I Ifew Large ( 50 - 100 ma gravel fragments) I I

I I I I I

I .... I I I

I I I I I

I .•.•.•.•.l I I I I

I •...l I I I

33.2 .0.0.: U/GRSM Gravel: Quartz and catcareous fragments, poorly sorted, ISherp contact. I
I

I

I

(

I

i.ci.b
•.. . .

-tP1.

I

I

I

(

I

Iwet, slightly sandy, sLightLy siLty, Loose, average 2 .

16 ma of si.anguLar fragments t to 75 nun; buff/orange.

I

I
I

p34.5 - 36 ft. =

INR.. Auger refusal

lat 36 ft.; drive

ISS. Grout SS

Irefusal.

(

I 36 II J5O U/MARL IMarL: Limestone fragment - well indurated, micrite. IT.D. at 36.2 ft..
I I I I Iauff, few recrystalLized fossils, chautky exterior. Poor recovery SS,

I I I I I description from I

I I I I I lone fragment. WL =

I I I I I I26.2ft. I

I I I I I I I

I I I I I I I

I

I

I

I I
I I

I I

I

I

I

I

I

I

I

I
I

I

I

I

I I I I I I I

I

I

I

I I

I I

I I

I

I

I

I

I

I

I

I

I

I

I

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

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 10.1 ft BOL I

8. DATUM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: Flighthne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61
I

I 3. DRILLING AGENCY: Envirorunental DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 6

I 4. HOLE NO.: LFO5-11 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. E. Fain [ 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 597.60 ft MSI

I X: 2020446.51 Y: 398619.94 I 14. BACKGROUND:

0

BLow SoiL

IVisuat Description
I U/CLAY

U/CLLR

U/CLLR

- I Remarks

U/CLLR

U/SOLR

IDepthI Graphicli

(2

J6

110 U/MARL

I Clay: Dark brown, dan, catcareous nodules, roots.

Clay: As above, slightly silty and sandy.

Clay: Dark brown, hit root at 5.5 ft., wet.

ICLay: Green/orange, very fine grained sand.

ISand: Orange/tan, fine to mediun grained, wet,
Iciuartzose; at 8 ft., brown, nusky odor. 8.5 - 10 ft.

lincreasing gravel to 20% at bottom of saspler.

Saturated, shells.

INert: Green/gray, indurated, fissite, exogyra fossils.

FuLl recovery

(unless otherwise

(noted.

11.2 ft. Recovery.

JW.L. measured at

13.05 ft. BLS.

(Auger refusaL at

flO ft. Drove S.S.

1(1 1/2 ft.); 50

(blows 0.1 ft.;
IT.D. = 10.1 ft.
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF I SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

j 7. TOTAL DEPTH OF HOLE: 9.2 ft 801 I

J 8. DATUM FOR ELEVATION SHOWN: sea level

2. LOCATION: FtightLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Envirorinentat DrilLers. Inc. J 10. NO. OF SAMPLES TAKEN: 6

4. HOLE NO.: LF05l2 J 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. BLount j 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

X: 2020606.71 Y: 398699.09

J 13. SURFACE ELEVATION: 594.40 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

lDepthI Graphic Blow Soil
J I I

kFt.1 Log I Count ICLass/Code IVisuat Description I Remarks I

j
I

I

I

0

1.5

//',/'1
I

../xizJ I

V I

U/CLLR

U/SDSII

IClay, Sand, Gravel: Clay is tight brown/orange, moist,
Isemi-plastic, soft with abundant oxidation. Gravel is

10 - 20 catcareous pebbles.

Sand: Orange, moist, clayey 2 2.5 ft.. silty, very

Ifine grained, poorly sorted.

IFuIL saqte unless
lotherwise
lindiceted.

IGrtional
Icontact.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

2.5

6.8

8.8

9

///,/
I

I

I

I

I

I

/ //,
.

I' I tSO

U/CLLR

U/CLAY

U/SDVF

U/MARL

ISar' Clay: Clay as above, without gravel (catcareous

Idebris minor), sandy and siLty to 4 ft.; siLty to 6.8

Ift.; cLay is grey/brown, moist, soft; very soft and wet
lat 5 ft., minor oxidized sand sem, few very fine

Iroottets, semi-plastic.

IClay: Dark grey/black, soft, plastic, wet, highly
lorganic, few fine roottets, silty (minor).

I

I

ISand: Very fine grained, moderately sorted, dark grey,

carbonaceous streaking, wet, quartzose.
iMart: Mediun grey, fissite, welt indurated, micritic,

IWater in hoLe at

Ift.

I

I

jSharp contact.

Musky odor. 1 ft.

IRecover ST. Mart

IsadLe bottom.

J

11.0. at 9.2 ft.;

5

at

I

I

I

I

I

I

I

I

I I I I brittLe in chaulky zones. IWL = 2.73 ft.
f

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I i I I I I

I I I I I I

I I I I I I

I I I I I I I
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IDePthI Graphic I Blow Soil
I Remarks

FulL recoveries

lunless noted.

11.6 ft. Recovery.

11.4 ft. Recovery.

IPushed S.S.

Isaspter (1.5 ft.).

ICOULd not get ILL.

Ido hole after

augers pulled; 4.5

I t. Recovery.

ISaffpter refusal at

117 ft.
lDrivinc 1 1/2 ft.

S.S. 1 1/4 in. for

150 bLows; T.D.

117.1 ft.

I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB,

I
IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 17.1 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: FLightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Enviromentat Drillers, Inc. 10. NO. OF SAMPLES TAKEN: 9

I 4. HOLE NO.: LFO5-13 11. ELEVATION GROUND WATER:

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

6. COORDINATES OF HOLE:

I X: 2020738.54 Y: 398406.77

SURFACE ELEVATION: 605.00 ft MSL I

14. BACKGROUND:

IVisuat DescriDtion

U/CLLR

U/CLLR

U/CLLR

0

2

4

6

9.3

12

15

16

17

U/SAND

U/SDLR

U/CLAY IClay: Dark brown, danç, roots, plastic; calcarecus zone
Istarts at 1.8 ft.

Clay: Orange/brown, very silty, abubdant calcareous
materiaL (caliche), dry, slightLy cohesive.

Iclay: As above, 20 - 30% calcareous material.

IClay: As above, moist; increased calcareous material,

18.7 . 9.3 ft. Aalmost cospLetely calcareous material.

Isand: Orange/tan, fine to mediun grained, loose, danp,
Isubroi., quartzose, minor oxidation staining.

ISand: As above, calcareous zones C— 0.5 ft.) at 13 ft.

land 14 ft.; also gravelly in these zones. Material

saturated at — 13.5 ft.

Sand: As above.

ISand and Gravel: 50/50, very fine sand to pebble size
gravel, saturated, nunerous shells.
IMart: Gray/green, fissile, indurated, iron stained in

fractures, calcareous.

U/SDLR

U/SDGR

U/MARL

I I

I I

I I

I I

I I
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 13.3 ft BGL I

8. DATLJ4 FOR ELEVATION SHOWN: sea level

1 2. LOCATION: FlightLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61

1 3. DRILLING AGENCY: Erivirorinentat DriLLers. Inc. 10. NO. OF SAMPLES TAKEN: I
1 4. HOLE NO.: LFO5-14 11. ELEVATION GROUND WATER: 594.14 ft MSL (6/18/90)

1 5. NAME OF GEOLOGIST: S. B. Btount [12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 603.20 ft MSL

I X: 2020910.08 Y: 398467.53 [ 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 602.98 ft MSL I

IDepth

jF
Graphic Blow SoiL

I I I

IrI/rôd IViul Deccrintinn I Ppm,rks

8.7 U/SOGR

13

0 U/CLLR CLay: Very dark brown, soft, dry to dae,, IFuLL recovery I

I I IbrittLe/cr1.ly, fine roottets and caLcareous pebbLes, junless noted
I

I I
abundant calcareous debris 1.5 - 2 ft.; silty, sandy. lotherwise. 3 ft.

I I I Recovery. I

I
2 U/CLAY CLay: Brown/tan, firm, dry to dan, abundant calcareous

I

I I Idebris, 'crult,Ly' carbonaceous particles, stiffens to
I

I I
bose.

I I

I

I

I

I

3.5
I

I

I

I

U/CLLR jClay: As above, caLichified to 4 ft., very stiff, dry,

siLty, sandy to 4.7 ft., clay below is orange brown,

Ivery stiff, dat with abundant catcareous debris and

Icarbonaceous streaks/particles, brittLe, sandy.

13.5 ft. Very hard

Ito cut.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
7.2 j U/MARL IMarl: Light grey, very stiff, silty clay with abundant I

I I Ilarge CaCO3 fragments, oxidized in seaine, brittLe, I

I I
• Imoist, 'sLickensided'. I I

I
8.5 U/SDFN Sand: Fine grained, orange tan, oxidized, moderateLy 12.5 ft. Recovery. j

I I Isorted, srounded, wet, loose, quartzose with > 95% I

I I )quartz and < 5% heavy minerals.
I I

I I
Isand and Gravel: Sand as above with gravel at 8.7 ft., Iwater in hole at 9

I I Igravel is predominately CaCO3 fragments, poorLy sorted Ift. I

I I (some quartz) average 3 nm, to 30 nm. Approximately
I

I

I

I

I U/GRSM

140% of salrvle; sWrounded.
IGraveL and Sand: As above, only graveL 60 -70% of

I

IDritLer says
I

I

I I Isapple, few Large > 70 ann fragments. limestone at 13 ft.
I I MarL: Very hard - no recovery. Iorove SS; 50 blows
I I I I I Iwent 1 in.; no

I I I I I
recovery; T.D. at

I I I I I 113.3 ft.; UL. - 9.43
f

I I I I I Ift. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

150 U/MARL
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL I

L 8. DATUM FOR ELEVATION SHOWN: sea Level. I

2. LOCATION: FtiqhtLine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: EnvirorwnertaL Drillers. Inc. L 10. NO. OF SAMPLES TAKEN: 26 I

4. HOLE NO.: LFO5-15 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. B. Blount 1 12. DATE HOLE ESTABLISHED: 3/19/90 I

6.

L

COORDINATES OF HOLE:

X: 2019457.49 Y: 398082.81

13. SURFACE ELEVATION: 626.50 ft NSL I

14.

15.

BACKGROUND:

MEASURING POINT ELEVATION:

I

I

Ioepthl Graphic I

0

Blow Soil
I

ICtass/Code IVisuaL Descriotion I Remarks

U/CLLR

U/CLLR

12

I 2.1

16

18

110

I 12.1

I 14.1

115
I 15.9

117
17.5

118

119
119.

I U/CLLR Clay: Dark brom, firm, moist, semi-plastic to 1.8 ft.; IFult recovery I

I Icelcareous pebbles aligned horizontal in "beds" to 1 l1iLess otherwise

I Ift.; rootlets, organic, slightly silty 1 - 2 ft. indicated. I

I I I I

f U/CLLR IClay: As above, leached to buff color with oxidation
I

I Istainmg, abundant calcareous pebbLes 1.8 - 2.1 ft.
I

I
IClay: As first cLay with pebbles and semi-leached zone, lALternating zones I

I Ipebbles end cLay 3 - 3.2 ft., interval from 2.1 - 4.4 13 - 6 ft. each

I
I t. orange/brown. Alternating zones of dark brown firm approximately 0.3 I

I
Iclay with abundant calcereous debris and orange/brown, Ift. thick. I

I
Isofter with pebbbLes; thin sand 3.6 - 3.8 ft., very I I

I Ifinegra I I

I ICLaY: Slightly sandy, silty, minor calcareous debris, Iwater in hole at 7

I very soft, saturated (soggy), oxidation stained Ift. Perched? I

I lthrohout, minor carbonaceous streaking, few very fine
I

I Irootlets, orange/brown. I I

U/CLLR Clay: As above, firm, dark brown clay with few pebbles I

I Ifrom 9.8 - 10 ft.; no silt, very sandy at top. I I

I I I I

I I I I

I U/CLLR Clay: As above, very sandy at top with dark brown, firm lCtayey sand?

I
Ito stiff clay at 11 - 12.1 ft., oxidation streaked. I

I I I I

I I I I

I I I

U/CLLR IClay: As above, no roots, minor calcareous debris. Isandy/soggy top

I I very regular -

I I Ifunction of
I I IsaNpIer?

I U/SDCL Clayey Sand: Orange - very fine grained, saturated,

I cohesive, very poorly sorted, quartzose, minor

I )carboneceous stain, 14.1 - 14.8 ft.
I

I U/CLLR Clay: Dark brown-black, firm to stiff.
I

UICLLR IClayey Sand: As above, 15.9 - 16.3 ft.
I

I Isand: As above.
I

I U/CLLR Ctay: As above, dark brown to black, minor catcareous

I pebbles, firm to stiff, moist to wet, abundant
I

I Icerbonaceous stains, minor oxidation.
I

I LJ/SDSM Sand: Silty, clayey, saturated, as above 18 - 18.6 ft.

I

IVery regular -

Ifill?
U/CLLR Clay: As above.

I

UICLLR IClay: Caliche layer between 19.9 - 20 ft. and between

121.8
- 22 ft. with intervening clay, as above.
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 3 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 40.6 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: Flightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: Envrorinental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 26

4. HOLE NO.: LFO5•15 11. ELEVATION GROUND WATER:

1 5. NAME OF GEOLOGIST: S. B. BLoist DATE HOLE ESTABLISHED: 3/19/90 1
6. COORDINATES OF HOLE:

I X: 2019457.49 I: 398082.81

13. SURFACE ELEVATION: 626.50 ft NSL

14. BACKGROUND:
I

. I 15. MEASURING POINT ELEVATION: I

lDepthI Graphic Blow SoiL
I

I(Ft.)t Log J Co4Jit ICtass/Code IVisuaL Description I Remarks

22

23.4

25.4

26

29.3

32.2

36

37.1

39.5

40

/ i
U/CLLR ICLay: As above, with abdant calcareous debris.

.. I U/SLCL ISiLt: Tan/orange, slightly clayey, wet, slightLy sandy, IFirst push on ST

I Inc sedimentary structures, cohesive. Ihad no recovery;
.

I I
Ipushed SS - full.: I I recovery. I

U/S Isand: Tan/orange, very fine grained, moderateLy welL ISharp contact. I

• .
I Isorted, quartzose with > 95% quartz, minor carbonaceous IDriLLer says hard

.
I Itamina, subrotxided, wet/saturated, Loose, grading to land soft Layers

I Isilt. lwhen augering J

• .
I I

Ibetween 15 and 25
I

J

I

I

I

U/SILT

I

Silt: As above, no cLay, grading to silty sand (sand as

labove); silty to 29.3 ft.

ft.

I

I

I

I

• • U/SDSM Sand: As above, no silt, no sediment structures, except I

I minor dark carbonaceous Laminae. I I

.•.....•. I I I I....
I I I I

I I I I

I

I

I

.O•C) I

1 I

U/GRSM Gravel: Orange, very poorly sorted, CaCO3 and quartz;

ICaCO3 fragments aLL > 15 umi; quartz fragments most of

Ismatter; subro4.mded, sLightLy sandy, wet, Loose,

average fragment eciuaLs 5 - 10 n 14) tO 75 lviii, sLight
clay/chaLkiness.

'

i

Sharp Contact.

I

i

i

I

I

i

o 0 I U/GRVL IGraveL: Very 'clean', better sorting, predominately lSharp Contact.

o a C I Iquartz, no sand/cLay, minor sheLL fragments.
I I

00
o a c

CCC
o C)

I

:

i

U/GRVL

U/GRVL

Gravel: CLean as above.

i
IGravel: Darker in coLor, bLack staining throughout.

I

I

i
ITCE? No reading

I

I

I

C) 0 C I I IHNU/Drager. I

)C).Q U/SDGR Sand and GraveL: Fine grained graveL arid sand, poorLy I

•0•0• I Isorted, very Loose, with broken sheLL fragments. I Ijaci i i i I•*:>0•0
i

I

I

I

i i

I
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I DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX SHEET 3 OF 3 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea LeveL I

2. LOCATION: FLightLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61 I

j 3. DRILLING AGENCY: Envirorvientat DriLLers. Inc. I 10. NO. OF SAIIPLES TAKEN: 26 1

4. HOLE NO.: LFO5-15 I 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. B. BLoixtt I 12. DATE HOLE ESTABLISHED: 3/19/90
1

6. COORDINATES OF HOLE:

X: 2019457.49 Y: 398082.81

I 13. SURFACE ELEVATION: 626.50 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

lDepthI Graphic BLow SoiL
I I

I(Ft.)I Log I Count ICLass/Code IVisuaL Description I Remarks

I 4O.4LJ_LI5O I U/MARL IMarL: Buff, clayey/chauLky, predominantLy weLded 139.5 - 44.5 ft.
I I I IcrysteLtized sheLl, fragments, fissite to brittle, Irecovered 2.5 ft.,

I I I semi-ndureted, wet. IbLit 1.5 ft. was

I I I I I Istuff. Auger I

I I I I
Irefusat at 40.5 I

I I I I I
Ift., went in with

I I I I I
ISS; 50 blows and I

I I I I 11.5 in. recovery;

I I I I I
IT.D. at 40.6 ft.

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I. I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I

I I I I I I

I I I I I I I

I I I I I

I I I I I I I

I I I I I I

I I I I I I

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

1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 23.1 ft BGL

IRP PHASE II STAGE 2 I 8. DATLM FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: Ftightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61

1 3. DRILLING AGENCY: EnviroraientaL DrilLers. Inc. J 10. NO. OF SAMPLES TAKEN: 12 I

I 4. HOLE NO.: LFOS-16 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Blount 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

I X: 2021041.70 Y: 398229.39

J 13. SURFACE ELEVATION: 612.30 ft MSL

J 14. BACKGROUND:

Depthl Graphic

0

Blow Soil

IVisuaL Description I Remarks

'I

12

14

16

110

114

116

119

U/CLAY Clay: Brown with orange cast; soft to firn, soil top.

IrootLets to bottom, dry to danp, semi-plastic.

U/CLLR

U/CLLR

UICLLR

U/CLLR

U/SDSN

U/SDLR

U/SDLR

U/SDLR

U/SDLR

IClay: Brown, very stiff, brittle, abu,dant calcareous
I fragments/shells, very minor rootlets, minor

Icarbonaceous flecks, dry to dan.

Clay: 'CaLiche' dessication cracked, white/brown/buff

Imottted, caLcareous debris , to 10 ma, dry, 'hard' -

Istiff/brittle.

IClay: 'Catiche' as above, well indurated intervals,

brittle, dry; limestone inclusions to 20 mu.

Iclay: Caliche as above, thin indurated zones; mostly

Idry, very stiff, highly caLcareous buff/orange clay

with inclusions as above, minor carbonaceous flecks;

fsandy from 8 - 8.5 ft.

ISand: Abundant calcareous debris to 9.6 ft. - red, fine

Igrained with silt, quartzose, dry and angular to 9.6

ft.; sand below 9.6 ft. is orange/yellow, very fine

Igrained, loose, sanguLar, > 95% quartz, dry.

ISand: As above, thin gravel horizions developed 10.5

110.8 ft., 12 - 12.6 ft.; coLor taminae — 3 mu -

Jorange/yellow. Gravel to 30 ma; minor gravel in sand

very fine grained - fine grained, orange to 15 ft.

Isand: As above.

Sand: As above, few gravel/calcareous concretions

fthroughout, moist at 16.5 ft, wet at 18.5 ft., gravel

to 50 ma, minor color laminae.

Sand: As above, minor very coarse sand/fine gravel,

sand is tan/orange, very fine grained, saturated,

Irtzose, subangular, > 95% quartz with moderate

Isorting.

IFuLl sanle

recovery wless

lotherwise noted.

ICan not cut with

Iknife.

10.2 ft. Sanpte

recovery.

Ii ft. Recovery to

Irefusal at 7 ft.

IDriLler says

Ilimestone; will

Idrive 7 - 8.5 ft.;

Ifull recovery SS.

1ST from 9 - 10 ft.

Full recovery.

INot sufficient

gravel. to be

Ictassified as sand

land gravel (10%);

Iwater at — 19 ft.
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59 188

I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 23.1 ft BGL I

8. DATLJ4 FOR ELEVATION SHOWN: sea LeveL

2. LOCATION: FtightLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 8-61 1

3. DRILLING AGENCY: EnvirormentaL DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 12 I
4. HOLE NO.: LPO5-16 I 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. B. BLount I 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

X: 2021041.70 Y: 398229.39

13. SURFACE ELEVATION: 612.30 ft MSL

14. BACKGROUND:

15. MEASURING POINT ELEVATION:

J

IDepthI

I(Ft.)

Graphic BLow Soil
Log Count 1CLass/Code Ivisuet Description Remarks

I

-p.o.
Q•o
.0_C.
JcJ•o

I I I

I I I I

I I I I I

I
22.5 U/SDLR INinor HNU hit at j

I I I 122.5ft. I

I
23 50 U/MARL MarL: Indurated shaLe, Light grey, micritic appearance, IRefusat at 23 ft.; I

I I I I lhighLy caLcareous, fissite, minor oxidation fLecks, few Idrive SS 0.1 ft.

I I I I Ivery smaLL sheLl fragments. Irecovery on 50

I I I I I IbLows. T.D. at 23.1
$

I I I I Ift. HoLe caved to

I I I I I 118 ft.; no water in

I I I I I hole.
I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I . I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

A- 50



189
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 16.6 ft BGL

I !RP PHASE II STAGE 2 8. DATUM FOR ELEVATION SHOWN: see Level I

I 2. LOCATION: Flightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61 I

I 3. DRILLING AGENCY: Envirorinentat DrilLers, Inc. 10. NO. OF SAMPLES TAKEN: 9

I 4. HOLE NO.: LFO5-17 11. ELEVATION GROUND WATER:
I

I 5. NAME OF GEOLOGIST: S. B. Blount 1 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE:

I X: 2021241.43 Y: 398317.23

13. SURFACE ELEVATION: 606.50 ft MSL

14. BACKGROUND:

0

l0ethI Graphic Blow SoiL
I I

lift IVisual Descriotion I Remarks I

U/CLLR

U/CLLR

U/GRCL

U/SAND

U/CLLR

U/SDVF

I Clay: Brown, soft - firm, silty with minor very fine IFull recovery I

I Igrained sand, roots, moist, minor catcareous pebbles lunless otherwise

I I
lend carbonaceous staining, semi-plastic. Inoteci. I

I I I I I

I I I I I

I I I I

I
3

I
ICtay: As above at 3 ft., with abundant calcareous

I I

I I Ipebbtes. f I

I
3.2

I brevet, CLay, and Sand: Gravel is catcarecus, dry to IGravel Contacts.

I I ldanp, calichified, < 15 ma, buff, wetness increases I

I

I

I

I

Iwith depth, very poorly sorted with cLay lenses. Clay

lisasabove.

I

I

I

I

I
4.5 I ISand: Sand is very fine grained - fine grained, orange ISharp Contact. I

I I loxidized at top grading to buff/yelLow at 5 ft., I

I I Is1.trorded, moderately well sorted, moist, quartzose I I

I I Iwith > 95% quartz, small shelL fragments abundant to 10
I

I I Ift. Grain size t to sand/gravel at 6.8 ft., then very I

I I Ifine grained I I

I I I I

I
9.4

I Clay: Minor shell fragments.

I
10 Sand: As above, very fine grained, well sorted, I

I I Is.anguLar to si.irotmd, moist to wet, color laminated, I

I I >95%quartz. I I

I I I I I

I I I I I

I

'—
I I I I

I I I I I

I I I I I
14

I U/SOVF Isand: As above. INo visible I

I . I I Icontamination, but
I I I Ihigh Drager I

I I I Ireadings 1 ft.

I •. I I Recovery. I

I 16
I U/SDVF Sand: As above. INO odor. I

I 16.51 I I 150 I U/MARL Marl/Limestone: Micritic, light grey, dense, many small IsaitpLe description j
I I I I Ifossils (recrystallized), well indurated, chautky Ifrom small.
I I I I

surface. fragments, I

I I I I I lapparently very I

I I I I I
Ihard. T.D. at 16.6

I I I I I Ift. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

12.5 ft. Recovery.

A-5 1



9 190
I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1.

I

PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 24.0 ft 801 I

8. DATLI4 FOR ELEVATION SHOWN: sea Level.

[ 2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61

3. DRILLING AGENCY: Enviroqinentat DrilLers. Inc. 10. NO. OF SANPIES TAKEN: 10

4. HOLE NO.: LFO5-18 11. ELEVATION GROUND WATER: 594.11 ft MSL (6/18/90)

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

6.

I X:
1

lDepthl
(E

COORDINATES OF HOLE: 13. SURFACE ELEVATION: 612.10 ft MSL

2021280.30 Y: 398169.30 14. BACKGROUND:

15. MEASURING POINT ELEVATION: 611.84

Graphic Blow Soil.

Log I Cou,t ICtass/Code IVisual Description

ft MSL

I

I Remarks .

7,

0
/

0

12

6

18

I 10.8

I 11

116

20

U/CLLR ICLaY: Orange/broiii, silty, stiff, dan, roots; IFuLL recoveries

I Icalcareous nodules starting at 2 ft. I1.mless noted J

I I lotherwise. I

I I I I

U/CLLR ICLay: As above. 11.6 ft. Recovery.
I I I I

I I I I

I I I I

U/CLLR ICLSY: Orange/brown, abuciant catcareous nodules and J

I Istreaking, Limestone gravels, dan. I I

I I I I

I I I I

U/CLLR Clay: As above, iron oxidation, carbonaceous streaking, I I

I Itess calcareous material..
I I

I I I I

I I I I

U/CLLR IClay: Becoming siLtier, deep, brick fragments. IFill material. I

I I I I

I I I I

I I I I

I I I

I I I I

U/CLLR IClay: As above, 2 in. Limestone zone.
I I

U/SAND ISam: Orange, fine to mediun grained, loose, danp, 13 ft. Recovery. I

I Ibedding evident in slight color changes.
J I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I 1

I I I I

I U/SAND Sand: Orange/tan, fine to mediun grained, loose, dairp, 13.5 ft. Recovery..

I > 90% quartz; going to predominatty mediun to coarse
I

I
Igrained 18 - 20 ft., wet at — 19 ft. BLS.

I I

I I I I

I I I I

I I I I

I I I I

I I I I

I

I

U/SAND iSand: As above, saturated, s.trouded.

I

INeasured W.L. is

119.35 ft. BLS; W.L. j

I I Inieasured at 18.65
I

I I Ift. BIS after well.

A- 52



S9 191

I DRILLING LOG I RADIAN CORPORATION J INSTALLATION: CARSWELL MB. TX SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 24.0 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea tevet

I 2. LOCATION: FLighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

I 3. DRILLING AGENCY: Envirorinentat Drillers, Inc. J 10. NO. OF SAMPLES TAKEN: 10

I 4. HOLE NO.: LFO5-18 J 11. ELEVATION GROUND WATER: 594.11 ft MSL (6/18/90)

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

6. COORDINATES OF HOLE:

X: 2021280.30 Y: 398169.30

13. SURFACE ELEVATION: 612.10 ft NSL

14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: 611.84 ft MSL I

Depth
I(Ft.)

I Graphic BLow SoiL
I I

Log Cotrt ICLass/Code IVisual Description I Remarks I

I . . . I I IconLetion. No

I Igravels.

I I I I I

I .•.•.•.. I I I I

I I I I I

I 23.2 I U/MARL IMarl: White/gray, indurated, oxidation staining in IDrove 1 1/2 ft.

I I I I Ifractures. IS.S., 50 bLows. 2

I I I I I un. recovery. T.D.

I I I I
1= 23.95 ft.

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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S9 192
DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX [ SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, 1 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL I

IRP PHASE II STAGE 2 I 8. DATLI4 FOR ELEVATION SHOWN: sea leveL

2. LOCATION: Flight(ine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrIU B-61 I

3. DRILLING AGENCY: Envirorwnenta( Drillers, Inc. 1 10. NO. OF SAMPLES TAKEN: 9 I

4. HOLE MO.: LFO5-19 1 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/21/90 1

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 606.30 ft MSL

X: 2021663.85 Y: 397850.57 I 14. BACKGROUND: I

15. MEASURING POINT ELEVATION: 606.08 ft MSL I

IDepthI Graphic ( Blow Soil I

I(Ft.)I Log Count ICtass/Code IVisuat Description I Remarks

I0

2

J4

16

I
6.3

110

13.7

119

/////

/////

I

J

I

uiciA' IClay: Dark brown first 1 ft., then orange/brown with
abundant catcareous material, dan,, cohesive.

I

J0.3 ft. Recovery.

IStuck in shelby

I

J

I
. Isand: Orange, cemented 3 - 4 ft., mediun grained, dry. J I.....

I I I I

I I I I....
I I I I

... U/SAND ISand: Orange, fine to mediun grained, quartzose, dang, Il ft. Recovery. I

I Iloose. I....
I I I I..... I I I I

I I U/LNSN ILimestone: 1 in. Limestone bed underLain by 2 in. I

I I Icemented sand at 6.0 ft. I I

i•Q•Q
.QJ.

I

I

I

U/SDGR Sand and Gravel: Orange, poorly sorted, very fine

Igrained sand to pebble size gravel, da. Gravel is

JsiEround.

I

Ii ft. Recovery.

I

I

I

I

I

I

I I I•00 I I I I

5c5•b U/SDGR ISand and Gravel: Orange, 60% sand, 40% gravel, dal, 4.2 ft. Recovery. I

•b•b• I loxidation staining 11 - 13 ft; occasional Limestone I

j.):Q••:
):P:P
:•o•o

I

I

I

I

Icobbles and thin beds, saturated at — 13.5 ft.

I

I

1

1

I

I

I

I

I

I

.QQ. I U/GRSM Ioravel and Sand: As above but > 80% gravels (mainly 2 - IW.L. measured at

)•C)0 I 110 nun), saturated, assorted sand sizes, gravels mainly 113.6 ft. 3.6 ft.

•b.b. I Isubround chert and angular limestone clasts. Recovery. I

-:ca
.p..o.•0-•
):P:P.

I

!

I

i

I

!

I
I

I

I

I

I

!

I

I

.p.p.. I I I I

J•.Q I U/GRSM IGravel and Sand: 80% gravels 2 to 25 nul, 20% assorted I

.0.0. I Isand sizes, saturated, nunerous shelLs (gryphea?); 19 - I I

.b•b I 119.3 ft. mediun sand bed. I I

•b.b: I

I

I

I
I

I

I

•0•0t
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL I

I 8. DATL FOR ELEVATION SHOWN: sea Level I

2. LOCATION: Ftight(ine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL B-61 I

3. DRILLING AGENCY: Enviromaentat DriLlers, Inc. I 10. NO. OF SAMPLES TAKEN: 9 I

4. HOLE NO.: LFO5-19 I 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90) I

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

6. COORDINATES OF HOLE:

X: 2021663.85 Y: 397850.57

I 13. SURFACE ELEVATION: 606.30 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 606.08 ft MSL

IDepthl Graphic I
Blow Soil

I

1(Ft.)1 Log Cotait lCtasslCode VisuaL Description I Remarks

I 20.5 I 1150 U/MARL JMarL: Limestone, weathered, tan/white, indurated but ISaTpLing hard at

I I I I IheeviLy fractured, oxidation staining on fracture 120 - 20.5 ft.;
I I I Ifeces. IDrove 1 1/2 ft.

I I I I IS.s., 50 bLows = I

I I I I I
2.5 in. T.D. = I

I I I I I 120.75ft. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I. I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I

I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I
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APPENDIX B

Well Completion Summaries

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

B—i

E9 196



198
I WELL COMPLETION LOG RADIAN CORPORATION INSTALLATION: CARSWELI. AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB 9. INSTALLATION DATE: 3/23/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATiON: Site LFO4 11. ZONE OF COMPLETION: Aquifer

.

.

,

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 28.00 ft

4. WELL NO.: LFO4-O1 13. MEAS. POINT ELEV.: 629.24 ft MSL

5. WELL OWNER: U.S. AIR

6. WELL TYPE CLASS:

FORCE 14. CASING DIAMETER: 2.00 in

MONITORING WELL I 15. CASING MATERIAL: Schedule 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 29.95 ft

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

18. REMARKS: 11O1x2xO.0211 Screen,3-10'x2" Risers, Botton PLug 1-Locking Cap,1-5'x2" Riser

I

BACKFILL MATERIAL:

Cement-Bentonite Grout

I

j GROUND SURFACE
I
I

TOP OF CASING

I

I

I

I

II tI t I I
I I I I I I I I

I I I I I I I

I I I I I I I I

I I I I I I I I

I I \I I I If BOREHOLE DIAMETER: I

I I It I \ 8.000 in I
BOREHOLE I I I I I

I DEPTH: I I I I I I

) 40.lOft I I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite
I I

I I I I I I 1 I

I I t I I I I I I

I I SEAL LENGTH: I I I I

I I 2.00 ft I I I I CASING DEPTH: I

I I I I I I I 40.OOft I

I I 9 I I I I I I

I I t I I I I I I
I I I I I I I I I

I I I I I I I I I
I I I I I_I I 1 I

I I I I I I I I I

I I I I I_I I I I I

I I I I I I I I I

I I I I I I I SCREEN LENGTH: I I

I I I I I I I 9.75ft
I I

I I FILTER PACK I I I I I 1 I
I I LENGTH: I I I I I I
I I 12.10 ft I I I I I I I
I I C I I I I I I
C I I I I I I I I I
I I I I I I I I I I

C I I I I I I BLANK LENGTH: I
I I I I C I I O.3Oft

I I

I I I I I I I I I I
I

I

I

I

I

I

I

I

I I I

I
9 I

I

I

9 9 I I

FILTER PACK MATERIAL: 8-20 Silica Sand

B—3



E9 19
J WELL COMPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB I 9. INSTALLATION DATE: 3/28/90 1

J I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

1 2. LOCATION: Site 1F04 I 11. ZONE OF COMPLETION: Aquifer I

1 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 20.90 ft

4. WELL NO.: LFO4-02 I 13. MEAS. POINT ELEV.: 623.68 ft MSL

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

L6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC I

J 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 23.10 ft

J B. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-1O'x2"xO.02" Screen,3-1O'x2" Risers,1-Cut piece (—O.4'),l-Locking Cap, 1-bottom Cap

I
TOP OF CASING

I I I I

I
GROUND SURFACE I ________________________________________________ I

I t I I I t

I I I I I

BACKFILL MATERIAL:
J I I I I

I J
Cement-Bentonite Grout

I I I I I

I I I I I I I I

I I I f/ BOREHOLE DIAMETER: I

I 'I I I \ 8.000 in

I
BOREHOLE

I I I I I

I DEPTH: I I I I I

I
37.7Oft

I I I I I

I I I I I
SEAL MATERIAL:

t

I I I I I I
Bentonite I

I _________ I I I I

I I I I I I I

I I
SEAL LENGTH:

I I I

I
2.00 ft

I I
CASING DEPTH:

I

I I I I I I I
37.65ft

I I _____ I I I I
I I

I I 1 I I I I I I

I I I I I I I I

I I I I I ___ I I ________ I

I I I I_I I t I

I I I I ___ I I I I I

I I I I............I I I

I I I I ___ I I I I I

I I I I — I I
SCREEN LENGTH:

I

I I I I _______I I 14.35 ft
I I

I I
FILTER PACK

j — I I I

I
LENGTH:

I I _______I I I I I

I I
16.8Oft I.........I I I I

I I I I I ___I I ________ I I

I I I I I I I t I

I I I I I I I I I I

I I I I I I I
BLANK LENGTH:

I

I I I I I I I
O.2Oft I I

I I I I I I I I I I

I I I I
I I I _____________ I

I I I I I I

I 9 I I I

FILTER PACK MATERIAL: 8-20 SiLica Sand
I
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;9 200
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSI1ELL AFB I 9. INSTALLATION DATE: 4/3/90

L 10. WELL COMPLETION METHOD: GRAVEL PACK

I

W/SCREEN I

2. LOCATION: Site LFO4 1 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 19.40 ft I

I 4. WELL NO.: LFO4O3 13. MEAS. POINT ELEV.: 623.25 ft MSL I

j 5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 6.00 in I

6. WELL TYPE CLASS: MONITORING WELL J_15. CASING MATERIAL: ScheduLe 80 PVC I

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 22.40 ft I

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

18. REMARKS: 1x10'x6" PVC 0.020

1.

screen, 1x5'x6" screen, 2x10'x6" PVC riser, 1x5'x6" riser.
I

I

nRnuwn cIJRFACF

TOP OF CASING

BOREHOLE DIAMETER:

14.500 in

SEAL MATERIAL:

Bentonite

I

BOREHOLE

DEPTH:

37.52 ft

I I I I

I I I

BACKFILL MATERIAL:
I I I

Cement-Bentonite Grout
I I I

I I I I

______ I I 1/

'I I I I\

I I I I

I I I

I I I I

I I I I

I I I I

_______ I I I

1 I I I I

SEAL LENGTH:
I I

2.3Oft
I I I

I I I I_____ 11 I I

t I I I

I I I I I

I I ___ I

I I I — I I

I I I ___I

I I I — I I

I I I ___I I

I I I — I

I I ___I I

FILTER PACK — I I

LENGTH:
I

18.l2ft I — I I

I I I ___ I I

I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I

I

CASING DEPTH:

37.42 ft

t

SCREEN LENGTH:

14.26 ft

I

BLANK LENGTH:

0.76 ft

+

FILTER PACK MATERIAL: 8-20 SiLica Sand

B—S
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3/20/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN

2. LOCATION: Site LFO4 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation L12. SEAL END DEPTH: 13.20 ft I

4. WELL NO.: LFO4-04 1 13. MEAS. POINT ELEV.: 612.07 ft MSL

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

6. WELL TYPE CLASS: MONI TORING WELL L 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: L16. SCREEN BEGIN. DEPTH: 15.20 ft —1

I 8. LOCATION TYPE: UL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: Sounded We11 after Coi1etion, 25' BLS. * Cave-in from 25.2' - 24.8'

_________ TOP OF CASING
I

I I I I

I GROUND SURFACE I ______________________________________________

I I I I I I I I

I I I I I I I

I BACKFILL MATERIAL:
I I I I I

I I Cement-Bentonite Grout
I I I I I I

I I I I I I I

I \I I I 1/ BOREHOLE DIAMETER:
I

I I 'I I I I' 8.000 in
j I

I BOREHOLE
I I I I I I

I DEPTH:
I I I I I I

I 25.2Oft
I I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite
I

I I _______ I I I I I I

I I 1 I I I I I I

I I SEAL LENGTH:
I I I I

I I 2.10 ft
I I CASING DEPTH:

I I I I I I I 25.2Oft
I

I I 4, I I I I

I I I I I I I I I

I I I I I I I I

I I I I ___ I I ________ I I

I I I I I..._.....I I I I I

I I I I ___ I I I I I

I I I I I......__I I I I

I I I I I ___ I I I I I

I I I I I — I I
SCREEN LENGTH:

I I

I I I I _____ I I 9.T3ft
I

I I FILTER PACK
I I I I I

I I LENGTH:
I ________ I I I I I

I I 11.oOft I_I I I I I

I I I I I ___ I I 4' I I

I I I I I I t I I

I I I I I I I I I I

I I I I I I I BLANK LENGTH:
I I

I I I I I I 0.32ft
I I

I I I I I I I I I I

I I I I ____ I 4' 4. I

I I I I I I

I ______________ I I

I FILTER PACK MATERIAL: 8-20 SiLica Sand
I

J I
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB I 9. INSTALLATION DATE: 4/2/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer I

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 30.00 ft I
I 4. WELL NO.: LFO4-1O I 13. MEAS. POINT ELEV.: 626.54 ft MSL

j 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

j 6. WELL TYPE CLASS: MONITORING WELL 1 15. CASING MATERIAL: ScheduLe 40 PVC

J 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 39.22 ft

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

18. REMARKS: 4x10'x2" Riser (-1.25), 1x2"xlO' Screen (0.020 SL), 1x2"xO.2' Sed. Trap, 1 - Locking 2" topcap,

FLush mount in cast iron vauLt - grout.

TOP OF CASING

I I

I GROUND SURFACE I ______________________________________________ I

I t I I I I t
I I I I I I I

BACKFILL MATERIAL:
I I I I I

I Cement-Bentonite Grout
I I I I

I I I I I I I I

I I \I It BOREHOLE DIAMETER:

I 'I I I 8.000 in

I
BOREHOLE

) I I

I DEPTH:
I I I I I

I
49.5Oft

I I I I I

I I SEAL MATERIAL:

I I I I I Bentonite
I

I ______ I I I I I

I I I I I I I

I I SEAL LENGTH:
I I I

4.20 ft
I

CASING DEPTH:

I I I I I I I 49_lOft I

I I _____ I I I I I
I I I I I I I I

I I I I I I I I
I I I I I ___ _______ I

I I I.___I I t I

I I I I ___ I I I I
I I I I I_I I I I I
I I I I ___ I I I I

I I I I — I I SCREEN LENGTH:
I I

I I I I I _____ I 9.73ft I I

I I FILTER PACK — I I
LENGTH:

I_______ I I I I I

I 19.50 ft — I I I I I

I I I I I ___ I I 4. I

I I I I I I I I I

I I I I I I I

I I I I I I I BLANK LENGTH:
I

I I I I I I O.l5ft
I I

I I I I I I I

I I I I I I _____________ I

I I I I I I

I ______________ I I I

I I
I FILTER PACK MATERIAL: 8-20 SiLica Sand I

I I
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9 203
WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB I

1. PROJECT: 1RP PHASE 11 STAGE 2, CARSWELL AFB

t

9. INSTALLATION DATE: 3/22/90

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site LFO5 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 11.80 ft

4. WELL NO.: LFO5-01 13. MEAS. POINT ELEV.: 621.96 ft NSL I

L 5. WELL OWNER: U.S. AIR FORCE J 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC I

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 14.95 ft

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

18. REMARKS: 1-1O'x2"xO.02" Screen, 2-10'x2" Risers, 1-0.2 Botton, 1-Locking Cap

TOP O tAINC

I

I

GROUND SURFACE I

t I I I I t
I I I I I I I

I
BACKFILL MATERIAL: I I I I I

I I Cement-Bentonite Grout ) I I I

I I I I I I

I I I f / BOREHOLE DIAMETER:

I I 'I I I \ 8.000 in

I
BOREHOLE I I I I

I DEPTH: I I I I I

I 25.2Oft I I I I I

I I I I SEAL MATERIAL:
I

I I I I I I Bentonite

I I I I I I I

I I t I I I I I

I I SEAL LENGTH: I I I I
I I 2.00 ft I I I CASING DEPTH:

I I t I I I I 25.OOft

I I 'I' I I I I

I I t I I I

I I I I I I I I I

I I I I I I I I I

I I I I I___I I t I I

I I I I I I I I I I

I I I I I_I I I I

I I I I I I I I

I I I I I SCREEN LENGTH: I I

I I I I I I I 9.75ft I I

I FILTER PACK — I I I I I

I I LENGTH: I I I I I I

I I 13.40 ft I I — I I I I I

I I I I I I I 4 I

I I I I I I I t I I

I I I I I I I I I I

I I I I I I I BLANK LENGTH: I I

I I I I I I I 0.3Oft I

I I I I I I I I I I

I

I

I

I

I

I

I

I

I I I

I

4 4 I

I

I 4 4 I I 1

I FILTER PACK MATERIAL: 8-20 SiLica Sand

B—S



9 204
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

.1

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 1 9. INSTALLATION DATE: 3/22/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 15.00 ft

4. WELL NO.: LFOS-02 I 13. MEAS. POINT ELEV.: 622.69 ft MSL

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

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 16.95 ft

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

18. REMARKS: 1-1O'x2"xO.02" Screen, 2-1O'x2" Risers, 1-0.2 Bottom Trap, 1-Locking Cap I

I I

I _________ TOP OF CASING

I I I I

I GROUND SURFACE I I I

I t I I I t I

I I I I I I I I

I BACKFILL MATERIAL:
I I I I I

I Cement-Bentonite Grout
I I I I I

I I I I I I I I

I \I I I ______ BOREHOLE DIAMETER:

I I /1 I I 8.000 in
I

I BOREHOLE
I I I I I I

DEPTH:
I I I I I

I 27.2Oft
I I I I I I

I I I I SEAL MATERIAL:
I

I I I I I Bentonite I I
I I _____ I I I I I I

I I I I I I I I

I I SEAL LENGTH:
I I I I

I I 2.00 ft
I I CASING DEPTH:

I

I I I I I I f 27.OOft I

I I ______ I I I I I I

I I I I I I I

I I I I I I I I I

I I I I I ___ I I _______ I I
I ' I I I_I I t I I

I I I I I ___ I I I I I

I I I I I_I I I I I

I I I I I ___ I I I I I

I I I I — I I SCREEN LENGTH:
I I

I I I I I _____ I I 9.7Sft I I

I I FILTER PACK — I I I I

I I LENGTH:
I________ I I I I I

I I 12.20 ft
I I I I I

I I I I I I I ______ I I

I I I I I I I t I I

I I I I I I I I I I

I I I I I I BLANK LENGTH:
I I

I I I I I I I O.3Oft
I

I I I I I I I I I I

I I I I I I I 'I' 4,

I I I I I I

I ______________ I I I

I FILTER PACK MATERIAL: 8-20 Silica Sand
I

______ 1
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB 9. INSTALLATION DATE: 412/90

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN

I 2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Aquifer I

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 4.80 ft I

4. WELL NO.: LFO5-14 I 13. NEAS. POINT ELEV.: 602.98 ft MSL

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

I 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 5.12 ft

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

18. REMARKS: 1x2"x5.O' Riser (-0.2'), 1x2"xlO' Screen (-1.83'), 1x2xO.13 Bottoni cap, 1 Locking top, Flush Mount

I WI cast-iron vautt-grouted. I

TOP OF CASING I

I I I I

I GROUND SURFACE I

I t I I I I t
I I I I I I I

I I BACKFILL MATERIAL:
I I I I I

I Cefnent-Bentonite Grout
I I I I

I I I I I I I I

I \I I I 1/ BOREHOLE DIAMETER:
J I

I I 'I I I I' 8.000 in I

I
BOREHOLE

I I I I I I

DEPTH:
I I I I I I

I 13.3Oft
I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite
I I

I I ______ I I I I I

I I t I I I I I

I SEAL LENGTH:
I I I I

I I 2.00 ft
I I CASING DEPTH:

I I I I I I I 13.l5ft
I

I I I I I I I
I I t I I I I I I

I I I I I I I I I

I I I I I ___ I ________ I I

I I I I I......__.I I 1 I I

I I I I I ___ I I I I I

I I I I I_I I I I I

I I I I I ___ I I I I I

I I I I — I I SCREEN LENGTH:
I I

I I I I I _____ I I 7.9Oft
I I

I I FILTER PACK
I I I I I

I LENGTH: ________ I I I
I j 8.50 ft

I I — I I I I I

I I I I I I I ______ I I

I I I I I I I I I I

I I I I I I I I I I

I I I I f BLANK LENGTH: I I

I I I I I I I O.l3ft
I I

I I I I I I I I I I

I I I I I I ____________ I

I I I I I

I _____________ J ______I I

I FILTER PACK MATERIAL: 8-20 Sitica Sand I
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I WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB I 9. INSTALLATION DATE: 3/21/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

I 2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Aquifer I

1 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 11.60 ft I

I 4. WELL NO.: LFO5-18 13. MEAS. POINT ELEV.: 611.84 ft MSL I

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

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: Schedute 40 PVC I

j 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 13.90 ft

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

18. REMARKS: I

I _________ TOP OF CASING I

I I I
GROUND SURFACE I I I

I t I I I I t I

I I I I I I I

I BACKFILL MATERIAL:
I I I I I

I I Cement-Bentonite Grout I I I I

I I I I I I I

I I \I ______ BOREHOLE DIAMETER:
I I

I I 'I I I I' 8.000 in
I I

I BOREHOLE
I I I I I I

DEPTH:
I I I I I I

I 23.95ft
I I I I I

I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite
I I

I I ______ I I 1 1 I I
I t I I I I I

I I SEAL LENGTH:
I I I I I

I I 2.00 ft
I I

CASING DEPTH:

I I I I I I I 23.95ft
I I ______ I I I I I I

I I t I I I I I

I I I I I I I I I

I I I I I ___ I I _______ I I

I I I I I_I I t I I

I I I I I ___ I I I I I

I I I I I_I I I I I
I I I I I ___ I I I I I

I I I I — I SCREEN LENGTH: I I
I I I I I _____ I I 9.74ft I I

I FILTER PACK — I I I
LENGTH:

J________ I I I I I

I I 12.75 ft
I I I I I

I I I I I ___ I I 4' I I

I I I I I I I t I I

I I I I I I I I

I I I I I I BLANK LENGTH:
I I

I I I I I I I O.3Oft
I I

I I I I I I I I I

I I I I I I _____________ I

I I I I I I

I _____________ I I I

I FILTER PACK MATERIAL: 8-20 Silica Sand I

B—il



.9 207
I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWEL1 AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB 1 9. INSTALLATION DATE: 3/21/90 I

I 10. WELL COMPLETION METHOO: GRAVEL PACK U/SCREEN

1 2. LOCATION: Site LFO5 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 8.15 ft I

4. WELL NO.: LFO5-19 I 13. MEAS. POINT ELEV.: 606.08 ft MSL

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

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

7. FORMATION OF COMPLETION: I
16. SCREEN BEGIN. DEPTH: 10.25 ft I

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

18. REMARKS: Casing is actualLy 19.9' but sits 0.4' below land surface; 1-1D'x2" Screen, 1-10' Riser, 1O.2' I

Bottom Trap. 1Locking Cap

_________ TOP OF CASING

I I I

GROUND SURFACE I I
I t I I I I t I

I I I I I I I I

BACKFILL MATERIAL:
I I I I I I

I I Ceinent-Bentonite Grout I I

I I I I I I I I

I I \I ______ BOREHOLE DIAMETER:
I

I I Il I I\ 8.000 in
I

I BOREHOLE I I I
I DEPTH:

I I I I

I 2O.TSft
I I I I I I

I I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite I

I I ______ I I I I I
I I t I I I I I
I I SEAL LENGTH:

I I I I
I I 2.55 ft

I I CASING DEPTH:
I

I I I I I I I 2O.3Oft I

I I ______ t I I I I

I I t I I I I
I I I I I I I I

I I I I I ___ I I ________ I I

I I I____I I t I I

I I I I ___ I I I I I

I I I I I...........I I I I I

I I I I I ___ I I I I I

I I I I I — I I SCREEN LENGTH:
I I

I I I I I_____ I I 9.75ft I I

I I FILTER PACK
J — I I

LENGTH:
f ________ I I I I

12.60 ft — I I I I I

I I I I ___ I I 4 I I

I I I I I I t I I

I I I I I I I I I

I I I I I I I BLANK LENGTH:
I

I I I I I I I O.3Oft
I

I I I I I I I I I I

I I I I I LI _____________ I
I I I I I

I ______________ I I

I I
FILTER PACK MATERIAL: 8-20 SiLica Sand

I

I I
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APPENDIX C

Well Development Information

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

c—i
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APPENDIX D

Water Quality Sampling Records

(Previous Water Quality Sampling Records may be found in
CH2M Hill (1984), Radian (1986), and Radian (1988))
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PAGE 1 OF 2

SAMPLES TYPES (WEACODE)

0- DUPLICATE FE - FID BLANK
R - REPLICATE TB - TRIP BLANK

S. SPIKE LB. LABBLANC
K - KNOWN P1. NORMAL

0-3

SAMPLE METHOD& (WSMCODE)
G. GRAS
B- SAILER

PP. PERISTAUC PUMP

SL - SUCTION UF PUMP

INSTALLATION ID _______ LOG DATE ___________
LOCATION ID

-
LOT CONTROL NO.

SAMPLE TYPE ''M SAMPLE 10

LOG TIME

SAMPLE DEPTH (FT.)

4fT)INITIAL GROUNDWATER DEPTH (Fl) 7&- 'k
SAMPUNG PERIOD: STA9,T O COMPLETE
SAUPUNG METHOD ' LOGGER CODE________________
LAB CODE DATE SENT '-2.9o
PRESERVATION METHOD ""
COMMENTS

FIPIAL PARAMETER MEASUREMENTS: DETECTiON

POTENTIAL OF HYDROGEN p14 s.u. — —
SPECIFIC CONDUCTANCE SC umha./cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/Ii3't.?L//L2

77,& 1&'t- 7-% 4.-e $2 '' J44' "f4..
.

TIME
TOTAL VOLUME

WITHDRAWN pH

-
sc

(iamhoscm) COMMENTS
(GALS) Bor. Volum.s

29/i 0.0 0.0 — - - START PUMPINGi'r ,'. 0 ,w
L 2. 2 94o 42 "-/ 3. a 'i 9c "

093p a b. f "
&9% �O • 9 "
L? 0 962- 7a ' .

SP-
AL-
BP.

SUBMERE1BLE PUMPMU SAMPLER
BLADDER PUMP
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PAGEI 0F2

INSTAU..AflON ID _______ LOG DATE ________
LOCATION ID

-

/,/,') /(!
/g

//.v; r

SAMPLES TYPES (WSADE
0. DUPUCATE FB.
P. REPUCAIE TB-
S. SPIKE

K- KNOWN N.

RD BLANK
?P BL
LB BLANK

NORMAL D—4

SP- SUBMEP5If PUMP
*L. MR.UFc SAMPLER

BP. BLADDI PUMP

SAMPLE TYPE SAMPLE ID

LOG liME

LOT CONTROL NO.

SAMPLE DEPTH (FT.)

701. 'c- (.'..vj
INITIAL GROUNDWATER DEPTH (FT) 27
SAMPUNG PERIOD: START '/ COMPLETE /2/tv
SAMPUNG METHOD LOGGER CODE______________
LAB CODE 0 DATE SENT
PRESERVATION METH '-' - 4/iJ
COMMENTS iii-'t/é ,i,6v(

FINAL PARAMETER MEASUREMENTS:
DETECflC

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALICAUNITY (CaCO3) ALK mg!I

/3/1. 4-k'. —7ti 4' /2 fr'77f9 4/
TiME

TOTAL VOLUME
WITHDRAWN pH

sc
(wnhosleml COMMENTS

(GALS) Bev• Volumes

,',, 0.0 0.0 — - START PUMPING

. A, 76-
6i/

i 1- ,//i'72'' 76 i17
'7

/('/Y zI 5 1/ ?1C
,,ço �t)

',
'I

/sb .O e9i;
'I

,4M'o5 ? t4'

SAMPLE METhODS. (WSMCODE)

G- GRA$
B. BALER
P. PEMISTAUC PUMP
SL. - SUC11ON UFT PUMP
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SAMPLES TYPES (WSACOOE)

D. DUPUCATE FB -
R - REPUCATE TB-
S. SPIKE LB.
K- KNOWN N.

SAMPLE METHODS (WSMCODE)
0- GRAB

a- a.JLER
PP - PERISTAUC PUMP
SL. - SUCTION UFT PUMP

D— 5

SP - sUBMERSI2LE PUMP
AL - NR-UFr SAMPLER
BP - BLADDER PUMP

INSTALLATiON ID LOG DATE

LOCATION ID

SAM Pt.E TYPE 'V

/

SAMPLE 3D

LOT CONTROL NO.

LOG TIME (''7ç2-

SAMPLE DEPTH (FT.)

INITIAL GROUPCWATER DEPTH (Fl) / 7. (r('C) 1 /C, IJ7 1 3V—
SAMPUNG PERIOD: START_________________ COMPLETE
SAMPLING METHOD LOGGER CODE
LAB CODE DATE SENT //Z/99
PRESERVATION METhOO " O(1 //4/ /'t/ r&s /
COMMENTS

I
,zt ' z' , 72c-

F1NAL PARAMETER MEASUREMENTS: '" ei"t'— DETECTION
UMIT

POTENTIAL OF HYDROGEN pH S.U. 0/
SPECIFiC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C /
ALKALINITY (CaCO3) ALK mg/IPa/pni/;.i (P) ,/,'//;,T,i' 9' ()///;; 7 ( %

TIME
TOTAL VOLUME.'
WITHDRAWN'4' pH

SC
(umhoslcm)

TEMP
(C) COMMENTS

.

(GALS) Bov VOIumssI

'.2ç 0.0 0.0 — — - START PUMPING
Y 2 / / £ (' 7?O It.
g: /u 75 1$'. 7g 2'Z b.f'Z 719 "

FiELD BLANK

TRIP BLANK

LAB BLANK

NORMAL
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PAGE 1 OF 2

INSTALLATION ID '-'' LOG DATE

LOCATIONID

SAMPLE TYPE 'V SAMPLE ID

/s7/i,
'2V

/)'

ZOo
o

b9
t37

'50q

c9'
5:4/c

L7

SAMPLES 1PES IWSACODE)
0 - DUPLICATE FE.
R- REPLICATE TB -

S- SPIKE LB.
K- KNOWN N.

96b
5Z

ci2

/;c_
/"-

jq;z

SAMPLE METHODS: (WSMCODE)

G- GRAB
B- BAILER

PP - PERISTAUC PUMP
SL- SUCTiON LIFT PUMP

. SUBMEIBLE PUMP
AL,- AIR-UFT SAMPLER
BP- BI.ADDER PUMP

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) 9g &7?-

INITIAL GROUNDWATER DEPTH (FT) L/ (Tce) /2. i2 j7
SAMPUNG PERIOD: START________________ COMPLETE /i'/4
SAMPLING METhOD LOGGER CODE ''"'
LAS CODE DARE SENT________________
PRESERVATION METHOD (/ Z)
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECTION

POTENTIAL OF HYDROGEN pH S.U. i'). ()/
SPECIFIC CONDUCTANCE SC umhos/cm /
REDOX POTENTiAL Eh mvolts
TEMPERATURE TEMP c
ALKALINITY (C*C03) ALK mg/Ino?h ( Pk,4 -/L (-ere 33( rn9/L

TIME
TOTAL VOLUME
WITHDRAWP4/ pH (MmhQ$Jcm)' 1

COMMENTS
(GALSI Ief* Volumss

/(ç 0.0 0.0 START PUMPING

y/25 .Z-7 7/ ZO / '/
//Ot ') ZS /.,c %'O /.� f'

/g,- ' .j/;,,.h7.7',1 4,,- 1

I

/uitZ.. (iezç 'x
/;qdr/a/

RELD BLANK

TRIP BLANK

LAS BLAM(

NORMAL



GROUND WATER QUAUTY SAMPLING RECORD 9 222
PAGEIOF2

RBLD

TP tA
LAB BLAM(

NORMAL
0—7

SMPLEMHbDMcOD
G- GRAB

B. BALER

PP. PERISTA*JC PUMP
SL - SUCflON UFT PUMP

- SUBMERtE PUMP
AL- MR.UFT SAMPLER

BLADDER PUMP

INSTAU.AT$ON ID LOG DATE.
LOCATION $0 ''
SAMPLE TYPE. _______ SAMPLE 10

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (Fr.) :io

INITIAL GROUNDWATER DEPTH (FT) 24'/•3 V,
-

SAMPLING PERIOD: STARS /4'L. COMPLETE
SAMPUNG MET1'IOD /5 LOGGER CODE_______________
LAB CODE . DATE SENT_______________
PRESERVATION METh' ) -
COMMENTS

FIPUIL PARAMETER MEASUREMENTS: OETECTIOI

POTENTIAL OF HYDROGEN pH S.U. '• (2 (1/
SPECIFIC CONDUCTANCE SC gmhoslcm /

REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C //
ALKAUNITY (CaCO3) ALK mg/I

.0:,t-4 r/( : 5 7z 9'
:

TIME
TOTAL VOLUME
WITHDRAWN PH

sc
(jamhoslcm) COMMENTS

(GALS) lore Volum•a

/<,/ 0.0 0.0 — — — START PUMPING

"•' z. J'L / /' SL/,4t74/ '&i9
t53 '.o i7 b- "I � (2 Y/- t/ (,cb' -

/ s/ c . 9' e B 6J ,,
/4'y . qz 1'

tc4's 90 — — —

SAMPLES TVP SACOOfl
D- OUPUCATE Fe.
R. REPUCATE TB-
S- SPIKE LB.
K. KNOWN N.
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.— .—5/3

SAMPLE TYP r*sAoe
D. DUPLICATE Fl.
R. EPUCATE TB.
S. SPIKE LB.
K. IGIOWN N-

c"

MMPLE METHO0 (W5MOD
G- GRAB
8. BAUIR
PP - PEJbSTAUC PUMP
SL - SUC1ON LIFT PUMP

INSTALLATION ID -- "' LOG DATE

WCATION$O

SAMPLE TYPE 41éA SAMPLE ID

________ LOG 'flME ____
- LOT CONTROL NO. __________

SAMPLE DEPTH (Fr.) ic

— ,.
INITIAL GROUNDWATER DEPTH (FT) .j2Z

SAMPUNG PERIOD: STARJ COMPLETE ('V')
SAUPUNG METHOD - LOGGER COOE____________
LAB CODE DATE SENT_______________
PRESERVATION METhC ' -
COMMENTS

F1NAL PARAMETER MEASUREMENTS:
DErECT1(

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE Sc Mmt%as/cm /
REDOX POTENTIAL Eh mvoltl
TEMPERATURE TEMP C '2/
ALKAUNITY (C&C03) ALK mg/I--9I'( c?7Z7 l-1 i9Z'r' i't.- ,l ,C 7

TIME
TOTAL VOLUME
WITHDRAWN pH

sc
(mfto$cmI COMMENTS

GALS) Bet. Velum../J 0.0 0.0 — — -
/Jf/ /.9 cci7 �o';:

START PUMPING

/$ 22 Z 'Z-
, i,.; �; 2, 4.Z, / '

/'iY 7 p /
/—c9 cz!7 b3.

,L/6s?7' 1L/47/ —
S

If

77 17 �L/.c77 V -

/'.2 i2 4.—

t;2l/// i3?,4'
/ç-ç ,2/

r04 ,4/( 74-" Iz
-

TP
L42 BLAMC

NORMAl.
D—8

- SUBMBLE PUMP
M.- A)R.UFT SAMPLER
- BLADDER PUMP



GROUND WATER QUAUTY SAMPUNG RECORD 9 224
PAGE 1 OF 2

SAMPLES TYPES WSACODE)
- FB.

R. PEPUCATE TB.
S. SPtKE LB.
x. iuioww N.

PSD NKTP e
LB BLANC
NORMAL

$. SUBM)8LE PUMP
AL. AJ4J7 SAMPLER
EP. BLADDER PUMP

SAMPLE TYPE

INSTAU.AT1ON ID _______ LOG DATE '" - LOG TIME ______
LOCATION ID

-
LOT CONTROL NO. ___________

SAMPLE ID SAMPLE DEPTH (FT.) //'22-

7) - ZtO "3 j
INITIAL GROUNDWATER DEPTH (Fr) /?/O 7-
SAMPLING PERIOD: START "i3 COMPLETE /csI
SAUPUNG UEHOD LOGGER CODE ''"
LAB CODE DATE SENT '9''
PRESERVATION METhOD ' ' '"y '-
COMMENTS

RPUL PARAMETER MEASUREMENTS:
DETECTION

POTENTIAL OF HYDROGEN pH S.U.
SPECiFiC CONDUCTANCE SC Mmhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP .C
AUCAUNITY (CCO3) ALK mg/I

C) -1 ,1k' Z3 7 ,4V ,15�'
.

TIME
TOTAL VOLUME

WITHDRAWN pH
SC

(mho.Icm) I! COMMENTS
(GALS) Sot. Vobam.s

/2') 0.0 0.0 - - - START PUMPING

/22 /. C) z /Z i/q1-
içTq Z7 3C /Z62— i3d#..d4 j'6717z.q 7Z-f,O
,'.cz 3o 5_9- bc "

. c /263 6 "
/cJO �T . 6.5f /2(�3 6Y "

/5_i 3 . 0 6. 'p /Z 6/ 5 /é,Pf7 -o'f.O7

SAMPLE MEfl400t (WSMCOD!)
G- GRAS
B. SAILER
pp PRI5TAUC PUMP
Si.. - SUCTION UFT PUMP

D— 9
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INSTALLATION ID (5'- LOG DAE

LOCATION ID

SAMPLE TYPE ('p- SAMPLE ID

/o; (9 é/

SAMPLE DEPTH (FT.) "

,
1

SAMPLES TYP1S (WSADE)
0. 0UPUTE FE.
R. REPUCATE rB.
S. SFKE LB.
K- KNOWN N.

TP -:'
LAB BLANK

NORMAl.

SAMPLE METHODS (WSMCOD
G- GRAB

B. BAILER

PP. PERI5TALIC PUMP
St. - SUCTiON LIFT PUMP

- SUBMWF PUMP
hi.. AIR.urr SAMPLER

SF'- BLADDER PUMP

LOG TIME

LOT CONTROL NO.

lZ
INITiAL GROUNDWATER DEPTH (FT) /' '-' '"y
SAMPUNG PERIOD: START________________ COMPLETE
SAMPUNG METHOD LOGGER CODE '''
LAB CODE DATE SENT 3/'7m'
PRESERVATION METH( ' - 1 /

COMMENTS

FIPL PARAMETER MEASUREMENTS:
DETECTIC

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC jamhos/cm / -
REDOX POTENTIAL Eh mvalts —
TEMPERATURE TEMP C
ALICAUNITY (CaCO3) ALK mg/I,P1/. L/(/1' /9i{ ,Ll2,t& /L

.

TIME
TOTAL VOLUME
WITHDRAWN pH

SC
(i*mhoslcmI COMMENTS

START PUMPING
-(GALS) Bors Volum..// 0.0 0.0 — —

/;1 9 ' tfr
/:-,/ c 6 4� —

(;: S �ë6n2y Z-'
,_-- ._o_. ft../;ç 0 6E2 br/ 69f)

/2) ,, 0 4'; / rs I,
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tNSTAU.ATION ('"— LOG DATE

LOCXflON ID
A/

SAMPLES TYP
0- DUPLICATE FE- F1BLD &NK
A - REPLICATE TB - TRIP BLAMC

S. SPIKE LB. LABBLANK
K - KNOWN N - NORMAL D- 1

SAMPLE METhDDt OD
G- GRAB

B- BAILER
PP - P$TAUC PUMP

St. - SUCTION LiFT PUMP

SAMPLE TYPE SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) 2t 3' 137?-

6' '#s'IvJ)
INITIAL GROUNDWATER DEPTH (FT) '" '" 7'•
SAMPUNG PERIOD: STAR1 COMPLETE //27
SAMPUNG METKD ,4) LOGGER CODE______________
LAB CODE 1O'4./ DATE SENT________________
PRESERVATiON METH- ' -
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECT1O

POTENTIAL OF HYDROGEN pH s.u.
SPECIFIC CONDUCTANCE SC Mmhos/em
REDOX POTENTIAL Eh mvolts
TEMPERATURE TE1IP c
ALKAliNITY (CaCO3) ALK mg/I0 'f/ ,

.

TIME
TOTAL VOLUME
WITHDRAWN P11 (MmhO$lclfl) COMMENTS

(GALS) Bet. Velum•s

,</g 0.0 0.0 - - - START PUMPING

//9 / 9 &4n'7
///2 2. 9 ,,
//, f , 9Ø7Z- ",

/// 5) ez "

SP. SUBMS'LF PUMP
AL- 4J SAMPLER

- BLADDER PUMP
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c',)/zi'

SAMPLES VfPELSADDD
0- DUPUCME FE.
R. RUCATE TB.
S. SPIKE LB.
K- KNOWN N.

SAMPLE MEHOO 5MCODEI
G. GRAB

B- BALER
PP - PTAUC PUMP

St. - SUCTION UFT PUMP

(
'-I

SP. SU8MB,[E PUMP
AL. AIR-LiFT SAMPLER
BP- BLADDER PUMP

INSTALLATION ID ________ LOG DATE
LOCATION ID

SAMPLE TYPE A! SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (Fr.) 2iq ;z;

- '67T- (v/)
INiTIAL GROUNDWATER DEPTH (FT) 57/
SAMPLING PERIOD: STARJ /e'/- COMPLETE /*2c
SAMPLING METHOD LOGGER CODE ''-"
LAB CODE ''" DATE SENT
PRESERVATION METHO '" ''
COMMENTS

F1WL PARAMETER MEASUREMENTS: DETECTIO

POTENTIAL OF HYDROGEN pH S.U. (-'
SPECIFIC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

(4i-pmi g1 7't z-,- 4k42' ">L 7t— 77t i4X 34
.

TIME
TOTAL VOLUME

WITHDRAWN pH
sc

Iumho.1cm COMMENTS,
(GALS) lOts Vclumss

'2-7 00 0.0 - - - START PUMPING

5;_ /2 4..i; fig;:- !cc' z.ty Lh'/ 9� z' '7

3. �- ) OZ-_; %I
j2/() bi2 • o /O 9'- -' 6r7

TP
LAB BLM
NORMAL D—12
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flELD BLANK
TP BLANK
LAB BLANK

NORMAL D-13

SAMPLE METH O (WSUCODE)
3- GRAB
B- BAILER
PP - PERSTAUC PUMP
SL- SUCTION LIFT PUMP

- SUBM)BLE PUMP
AL. AIR.UFT SAMPLER
BP- BLADDER PUMP

LOCATION ID -

SAMPLETYPE

INSTAU.ATION ID _______ LOG DATE -9
/to' -V6-

SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) 79

335 w)
INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START COMPLETE ""-5
SAMPUNG METHOD LOGGER CODE_______________
LAB CODE DATE SENT
PRESERVATION METHOD ' "c-; ,44' -
COMMENTS 1,'1"4t ,qr Lq

RPUL PARAMETER MEASUREMENTS: DETECTION

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC Mmhos/cm /
REDOX POTENTIAL. Eh mvolts
TEMPERATURE TEMP C

ALKAUNITY (CaCO3) ALK mg/If(:;6'1L ,wF,z rt 65 i,/i , = �5 '/
.

TIME
TOTAL VOLUME
WITHDRAWN pH

Sc
mhoslcm COMMENTS

(GALS) Bev• Volumsij- 0.0 0.0 — - - START PUMPING

/. a 6.i /Jz 68o /9t45r e
2o 9Z (,g /7 ZfM7'
5.o f2 6(ii

?93 c 9- /V/ irfr 'I) e'??o 4.9 i'3 S> "

SAMPLES (SADE)
0- DUPLICATE FE-
R. REPLJCATE TB-
S. SPIKE
K. KNOWN N.



GROUND WATER OUAUTY SAMPLING RECORD 9 229

PAGE1OF2

iNSTALLATION ID _______ LOG DATE ___________
LOCATION ID

Iv SAMPLE DEPTh (FT.)

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START /'5-
SAMPUNG METHOD
LAB CODE ___________
PRESERVATION METh() t— 'O3 — S

COMMENTS '"", Zi7

SAMPLES TfPE Ci4SAO
D. DUPUCATE FB- FIELD BLANK

R - REPUCATE TB - TRIP BLANK

S. SPIKE t.B. I.A3B*.ANK
K KNOWN N - NORMAL 014

SAMPLE TYPE SAMPLE ID

LOT CONTROL NO.

LOG TIME ______

>_-, 722 3'tr
COMPLETE

LOGGER COOE
DATE SENT

DETECTIOr
PARAMETER MEASUREMENTS: UMIT

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC Mmhos/cm /

POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINiTY (CaCO3) ALK mg/I

7d'— f4IL 27b.rf 4LI1 3- '4 -74j 3?-/
TOTAL VOLUME
WITHDRAWN pH

SC
(Mmhoslcm)

TEMP
(C)

COMMENTS
.

(GALS) Bars Vogsim.s

///'3ç 0.0 0.0 — — — START PUMPING' /.) bZ- - t#_
1.0 flZ- 6. i m

"9 K-_ jç ; "
q e4 '6,'7 . '7- I?97- ___
Z 0 , ,7 cc, ,/

SAMPLE METHODt SMCOOE)
G. GRAB

B- BAU.ER
PP - PERISTAUC PUMP

SL - SUCTION LiFT PUMP

SP - SU8MElBLE PUMP
AL - MR-LiFT SAMPLER

- BLADDER PUMP
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INSTAU.ATION ID ________ LOG DATE

LOCATiON ID

SAMPLE TYPE iV4 t2 SAMPLE ID —

PAGEI OF 2

SAMPLES TYP WSADEI
D. DUPUCATE FI-
R. REPUCATE 11.
5. SPIKE .5.
K- IG&0WP4 P4-

SANKTP 9
LB BLAM(
NORMAL

SAMPLE METII Ot (WSMCOO
G. GRAB
B- BAILER

PP . PEJUSTAUC PUMP

St. - SUCT1ON LIFT PUMP

SP- SUBM1BLE PUMP
AL - MR-LiFT SAMPLER
IP - BLADOER PUMP

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (Fr.) /!2S 2.-

2cr(s/) VO -e;-:,i
INIflAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: STARJ "/' COMPLETE
SAMPUNG MEXHOD LOGGER CODE______________
LAB CODE /*-Oiv' DATE SENT________________
PRESERVATION METHC /7"'j $

COMMENTS

ANAL PARAMETER MEASUREMENTS:
DETEC7IC

POTENTIAL OF HYDROGEN pH S.U. a'
SPECiFIC CONDUCTANCE SC gmhas/cm /
REDOX POTENTIAL Eh mvalts
TEMPERATURE TEMP C
ALKALINITY (C&C03) ALK mg/I1q('( 0

yic1F/L7'44 4j /7 9J./ ''/ L77i4I AZiY - 3
.

TiME
TOTAL VOLUME

WITHDRAWN pH
sc

(umh.slcm) COMMENTS
(GALS) Rsts VeIvm•s

0.0 0.0 — - - START PUMPING"' "0 /6q �; ''. vé,'
,",' 2. C /29 1' "
,',/ 3-c .sz:- /"� "
/4f/ qç 3- ,'�2O "
/V7O LS 0 . b#6 /4'/0 6&c ,qe ,' ,
,q23 o '° '
A/zc 0 39 /321' ,o 6Ø /21a "
)'72E?7 9j7 6t3r /2�0 oc
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INSTAU.A110N ID _______ LOG DATE

LOCA11ON ID_____________________
4/ SAMPLE DEPTH (PT.) ' '

DETECTIO
PARAMETER MEASUREMENTS: UMr

POTENTIAL OF HYDROGEN pH S.U. 4/
SPECiFIC CONDUCTANCE Sc jjmhcs/cm /25) /

POTENTiAL Eh mvalt$ —
TEMPERATURE TEMP 'C
ALKAUNITY (CaCO3) ALK mg/IfrIa4I. 9i- £7ef +9 '/t 1?73-L 'q',7 7' .

—

TOTAL. VOLUME
WITHDRAWN pH

Sc
(umhos!Cm)

rEMP.
(•C) COMMENTS

S

IGALS) — lOTS VOIuni••

0.0 0.0 - - - START PUMPING

fZ'3Y �< (2�7 #9*ior C9'', ,?4it - 9 /260 "
'2ct '

- 'r' 0 6.6 / / i0 "

SAMPLE TYPE SAMPLE ID

LOG lIME

LOT CONTROL. NO.

/
INITIAL GROUNDWATER DEPTH (FT) ga
SAMPLING PERIOD: START i3'' COMPLETE tif
SA MP U NG METJ'IOD, LOGGER CODE 'i"
LAB CODE ___________ DATE SENT /-zc-9o
PRESERVATION METHOD
COMMENTS

SAMPLES TYP M5ACOD
0. OUPUCATE FE - FISD BLANK
R- REPLICATE 15. TPJP BLANK
S. SPIKE 1.B. I.ABBLAMC
K. KNOWii N. NORMAL D- 16

SAMPLE METhOOt (WSMCODE)

G.
B- MUIR
PP. PRISTAUC PUMP

St.- SUCTION UFT PUMP

- SUBMU$WLF PUMP
At- MR-LIFT SAMPLER
SF- BLADDER PUMP
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INSTALLATiON 1D ________ LOG DATE

LOCATION ID _____________________
SAMPLE ID

SAMPLES YPES. (WSADE
0. DUPUCATE FB- F1.D BLANK
R. REPUCATE TB - TRIP BLAM(
S- SPIKE LE- LABBLANK
K - KNOWN N - NORMAL

SAMPLE METhODS (WSMCODE)

G. GRAB
B- BAILER
PP - PERISrAUC PUMP
SI. - SUCTION liFT PUMP

SAMPLE TYPE

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTh (FT.)/Z .4
INITIAL GROUPWATER DEPTH (FT) a-3

COMPLETESAMPLING PERIOD:
STA LOGGER COOESAMPLING METJ400

LAB CODE /6'2-" DATE $ENT_J/
PRESERVATION METh
COMMENTS

DETECTIONFINAL PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umho./cm /
REDOX POTENTIAL Eli mvoltz
TEMPERATURE rvp c
ALKALINITY (CaCO3) ALK mg/I
?hQnp)et (p) C Cj• 2 t?/L - .3
TiME

TOTAL VOLUME
WITHDRAWN pH

sc
(umhoslem)

TEMP
(C) COMMENTS

(GALS I Bora Volumas

a&/o 0.0 0.0 - -- - START PUMPING

09V(
08(18

i.a
2.O

tc 6.4t
4/ T(o

/'Fti '
oC? .a 3

3. c c — - 7e
I, i'

_I

D— 17

sP-
AL-
BP-

SUBMElBLE PUMP
AIR.UFT SAMPLER

BLADDER PUMP
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INSTALLATiON ID ________ LOG DATE
LOCATION ID _____________________'V.

SAMPLES 1fPES; (WSACODE)

0. OUPUCATE FB -
R. REPUCME TB -
S. SPIKE LB-
K. KNOWN N.

SAMPLE METHODS; (WSMCODE)

G- GRAB
B- BAILER
PP. PERISTAIJC PUMP
SL - SUCTION LiFT PUMP

SAMPLE TYPE SAMPLE ID

LOG TIME/
LOT CONTROL NO.

//2
SAMPLE DEPTH (FT.) /2 fr

INITIAL GROUPCWATER DEPTH (FT) ''—
SAMPLING PERIOD: START COMPLETE
SAMPLING MEHOD LOGGER CODE________________
LAB CODE DATE SENT_________________
PRESERVATION METHOD . 7'' (' z) , / /

COMMENTS

/2. £3S
DETECTIONFiNAL PARAMETER MEASUREMENTS:

UMIT
POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC jjmhos/cm /
REDOX POTENTIAL Eh involts
TEMPERATURE TEMP C /#L
ALKALINITY (CaCO3 ALK mg/Ia74,-4/ 2

47/ VI41-F.7,j.J \ d1f,

TiME
TOTAL. VOLUME
WITHDRAWN( pH

SC
(Mmheslcm)

rEMP.
(C) COMMENTS

(GALS) ftei. Vo(um.s

,,'j, 0.0 0.0 - - - START PUMPING

/32 - / S / /i14 -
I•'3/ 7.c- 2.'� i;j/ /,9 e'3O // "
,/L 3. — 1/

FiELD BLANK

TRIP BLANK

LAS BLANK

NORMAL

D— 19

AL-
ap-

SUBMERSIBLE PUMP

AIM-UFT SAMPLER

BLADDER PUMP
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SAMPLE DEPTH (FT.) "'

RD t*
TP
LAB BLAM(
NORMA). fl-20

SAMPLE METH Ot (WSMCODE)

G- GRAS
B- BAiLER
PP - PRISTAUC PUMP
SI. - SUCTION UFT PUMP

- SUBMER"E PUMP
AL - AIR-LiFT SAMPLER

- BLADDER PUMP

INSTAU.AT1ON ID ________ LOG DATE
LOCATION ID

SAMPLE TYPE 4 SAMPLE ID

LOG TIME

LOT CONTROLNO.

INITIAL GROUNDWATER DEPTH (FJ)
SAMPLING PERIOD: START
SAMPLING METHQD ''
LAB CODE ___________
PRESERVATION METh '-' -
COMMENTS

7 /) •- 52 Tc- '4
',< i .3 ''t

COMPLETE ______________
LOGGER CODE
DATE SENT

DETECTIO?
FINAL PARAMETER MEASUREMENTS: UMI1
POTENTIAL OF HYDROGEN pH S.U. é C (:
SPECiFIC CONDUCTANCE SC MmhO$/Cm /
REDOX POTENTIAL Eh mvoltz
TEMPERATURE TEMP C

ALKAUNITY(CaCO3) ALK mg/I
?4*" 4j..i(

7Z.P?-z tr1F,t-I 4-i , 3° - 3c.5
.

TIME
TOTAL VOLUME
WITHDRAWN pH

SC
(umfto,cm)

FEMP
(0) COMMENTS.

(GALS) Bef• Voaum.s,, 0.0 0.0 — — - START PUMPING

/32 / (1 . / ' 72
/'cc e;.i f9 �'z--Woe/j- 3. t2 474 f,.. p' "
/c b.+' ,iri *34/:)
/.17)/ S Z4 , ,

SAMPLES TYPES (WSADDDE)

0- DUPLICATE FE.
R. REPLICATE lB-
S- SPlICE LB.
K- IO1OWN N.



GROUND WATER OUAUTY SAMPUNG RECORD

PAGEIOF2

MU T MSAO
D- DUPUCATE FB-
R. RBPUCATE TB.
S. SPIKE LB.
K. IGÔOWN N.

TP
LAB BLAM
NORMAL D-21

SP. SIJIM il PUMP
hi. MR.UFT SAMPtER

- BLADDER PUMP

SAMPLE TYPE

INSTAU.ATION ID LOG DATE ___________ LOG TIME
LOCATION ID LOT CONTROL NO.

SAMPLE ID SAMPLE DEPTH (FT.) /L)

/ — 7 7. it. oc 444tl)
INITIAL GROUNDWATER DEPTH (FT) biftI 4,%/f
SAMPUNG PERIOD: STARi COMPLETE
SAUPUNG MET!OD /5 LOGGER CODE
LAB CODE DATE SENT________________
PRESERVATION METH(O ''5
COMMENTS "a-'- -

RPUL PARAMETER MEASUREMENTS:
DETECTIO:

POTENTIAL OF HYDROGEN pH S.U. 4•-_
SPECIFiC CONDUCTANCE SC umhas/cm 9?9 /
REDOX POTENTIAL Eh mvoits
TEMPERATURE TEMP C
ALKAUNITY (CaCO3). ALK mg/IIt 4.ftc

- 5Q2-

TIME
TOTAL VOLUME

WITHDRAWN pH
SC

(iamlwslcm) COMMENTS

(GALS) Bar. Valum../) 0.0 0.0 — — - START PUMPING/ /) p9c j,g) 99... //
,• l9 g,iç ,,

/ /� �0 9' I617 ' 7i6, '7

MMDDO
G. GRAB
B- BALER
PP. PTAUC PUMP
SL. SUCTION urr PUMP
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/jt,'

MPLES V SAOO
D- OUPUTE FB.
P. REPUCATE TB-
S. SPIKE LB-
K- KNOWN N-

LAB mjac
NORMAL D-22

START PUMPING

SP- SUBMIBLE PUMP
AL. MR-liFT SAMPLER
BP- B&.ADOER PUMP

INSTAU.AI1ON ID

LOCATION ID

SAMPLE TYPE

LOG DATE LOG TIME- ---- LOT CONTROL

SAMPLE 10 SAMPLE DEPTH

/'O
NO._________________

(FT.)

— j' " 'T(. i4I1)
GROUNDWATER DEPTH (FT) '- ,

SAMPUNG PERIOD: STAR. COMPLETE -.

SAMPUNG MET1OD L5 LOGGER CODE____________
CODE DATE SENT_______________

PRESERVATION METhOD
COMMENTS

SPECIFiC

PARAMETER MEASUREMENTS:
OETEC7IO

POTENTIAL OF HYDROGEN pH LU. é2-
CONDUCTANCE SC umhoslcm

POTENTIAL Eh mvolts
TEMPERATURE TEMP 'C
ALICAUNZTY (CCO3) ALK mg/I

'P?4—-- ,4Lj{ O.Jim1 a4h4*7
TOTAL VOLUME

WITHDRAWN pH (mho.Icm) COMMENTS
(GALS) Bore Vo$we,s/J 0.0 0.0 — — —

7'c2 2• /"/ /in/zSI/491Zy
t.V9- /,;S2 é1' ,,

/& :-/ 1/9/'
/S' 67 //'/2 "

. M //Z- I •)1'/./
,s-z '-. //-/ ./';-t //3 bi'-

-. I,

- - ,4i44t' 1 c
pi/ ,s-qj ,4-?e/r-. i,'/

EMHM
0- GRAB
B- BM
PP. PTAUC PUMP

SL. SUCTION UFT PUMP
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5AMPL TYP (W$AO
- DUPUCTE FB-
R. UCATE 18.
5- SPIKE LB.
K- KNOWN N.

TP BLANK
LAB BLANK

NORMAl. D-23

S.U.
iimho./cm
mvolts

MUPLE MErHOD (WSMcOO
G- GRAS'
B. BAILER
PP - PERTAUC PUMP

- SUCTION UFT PUMP

DETECTIO
UMIT

/

SP- SU8UI8LE PUMP
AL. AJN.UFT SAMPtER
IP- P(J,qp

INSTAU.ATION ID ________ LOG DATE
LOCATION ID

SAMPLE TYPE ,'/ SAMPLE ID

__________ LOG TiME
— LOT CONTROL NO. ____

SAMPLE DEPTH (FT.)

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START g74
SAMPLING METyPD4J2'
LAB CODE
PRESERVATION METHOD ' "-

içr tie,pf.9� src-
COMPLETE

LOGGER CODE______________
DATE SENT

COMMENTS

RNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
RED OX POTENTIAL Eh
TEMPERATURE TEMP
ALKALINITY (CaCO3) ALK mg/I

- ,c

I/cc

.

TIME
TOTAL VOLUME
WITHDRAWN pH

C
Iumho.Icm)

rEMP
(C) COMMENTS

(GALS) Bers VoSumse

0.0 0.0 - - - START PUMPING

1t I. �' //'S ' i' ié,'i v 7-e ,
oJJ g. 6 £9 - '/
7t3 ..c ,/ �6' :

73f, p 43 ,/5c

'
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- -. o
INITIAL GROUNDWATER DEPTH (FT) i,r- -

SAMPLING PERIOD: START________________ COMPLETE
SA UP UNG METHOD R LOGGER CODE f"-'
LAB CODE /1-z'4-' DATE SENT
PRESERVATION UETHOO '>
COMMENTS

FIPUL PARAMETER MEASUREMENTS: DETECTIO:

POTENTIAL OF HYDROGEN pH S.U. 0,
SPECIFIC CONDUCTANCE Sc Mmhos/cm /
REDOX POTENTIAL Eli mvolts —
TEMPERATURE TEMP C ,2./
ALICAUNITY (CaCO3) ALIC mg/I

,Z7,4-t 0.072 - I 2C 2 7p ri1 4-,- 3 %
TIME

TOTAL VOLUME
WITHDRAWN pH (jamhoslcm) COMMENTS

START PUMPING
(GALS) Bs,s Ve$um•.

7//c 0.0 0.0 — — -
///7 / 2 iYf 77,,l,,
,/2/ 'Fe b7 / /

//Z .'.ô tL? 6'/ -'/ "
// 2c <o fl9/ £eé // -

//Z . 5'9? "

SAMPLE! V1P &DE
D. DUPUCATE FE.
R. REPUCATE TB-
S. SPIKE LB.
K. IG4OWN N.

RD
TP BLA
LAB BLAM(
NORMAL D-24

SAMPLE MOSWSMCODE)
0- GRAB

B. tJ)5
PP - PERISTAUC PUMP

SI.- SUCTION UFT PUMP

SP'. SUBMER'W.F PUMP
AL. MR.UFT SAMPlER
BP - BLADDER PUMP

SAMPLE TYPE

INSTAU.A11ON ID _______ LOG DATE ' - LOG TIME

LOCATION ID _____________________ LOT CONTROL NO. ____
4/ SAMPLE ID SAMPLE DEPTH (FT) 26c2 ,-
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RBLD BLANK
TP BLANK
LB BLANK
NORMAL D-25

SAMPLE MEHOO (WSMCODE)
G- GRAB

B- SAILER

PP- PR)STAUC PUMP
SL- SUCTiON LIFT PUMP

SP- SJBMI8LE PUMP
AL- AJR-UFT SAMPLER
BP- BLADDER PUMP

INSTAU..A1TON ID ________ LOG DATE
LOCA11ON ID -5,_
SAMPLE TYPE 'V "' 7 SAMPLE ID —

________ LOG TIME
LOT CONTROL. NO.

SAMPLE DEPTH (FT.) 27 ?

72 O' 54P
GROUNDWATER DEPTH (Fr) '°' O.,.9.jJ'75'

SAMPLING PERIOD: START COMPLETE
SAMPUNG METHOD LOGGER CODE

CODE %741,,j DATE SENT
PRESERVATION METHOD
COMMENTS

PARAMETER MEASUREMENTS:
DEECT2C

POTENTiAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhosIcm 'I

POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mgIIP'/t-• 'A—

L.rq : 4O) '' '— )ç1
TC'AL VOLUME
WITHDRAWN pH (iimhoslcm) COMMENTS

(GALS) lore Vo$w,iesJ

/qç 00 0.0 — — - START PUMPINGtj )5 ,j/p.
2. i ,4;i3 613. , 5i '-"72 q9 /9 Ao' '

cqo &/ 'f

. 7 9i 6b. 'I

I'. 73 68t "
2? 6!' '

t2 .

A/t
6.65
/'t-'77

(2) bb"A

SAMPLE TYP EW$A0DE
0. DUPLICATE FI-
R. REPLICATE TB-
S. SPtKE LB-
K- KNOWN N.



GROUND WATER OUAUTY SAMPLING RECORD
"

PAGE 1 OF 2

SAMPLES TYPES (WSACOOE)
D - DUPUCATE FB- FIELD BLANK
R- REPUCATE TB - TRIP BLANK
S. SPIKE LB. LABBLANC
K. KNOWN N. NORMAl.

SAMPLE METhOD& (WSMCODE)

G- GRAB
8- BAILER
PP - PERIST.uC PUMP
SL - SUCT)ON UFT PUMP

SP. SU8ME1BLE PUMP
AL- AIR-UFT SAMPLER

BP- BLADDER PUMP

INTALLATION o ________ LOG DATE
LOCATiON ID

SAMPLE TYPE Al

__________ LOG TiME
— LOT CONTROL NO. ____

SAMPLE ID SAMPLE DEPTh (FT.) 7 i- ('r
30. 3. -77. '/0. '

INITIAL GROUNDWATER DEPTH (Fl) /ii/1'
SAMPLING PERIOD: START /'LZ- COMPLETE
SAMPLING MEIOD /5' LOGGER CODE
LAB CODE /(',6/ DkTE SENT________________
PRESERVATION METhOD 'C',• ', (2) W, 1et
COMMENTS

DETEcTiONFINAL PARAMETER MEASUREMENTS:
UMIT

POTENTiAL OF HYDROGEN pH S.U. 4 '7
SPECIFiC CONDUCTANCE SC umtioslcm 99(7
REDOX POTENTIAL Eh mvolts
TEMPERATURE 1t •c • /
ALKALINITY (CaCO3) ALK mg/I

4J(.*LII/"7 i9(. 9'�-c 1'!'/ 7;;721- 4i- M m/I_

TIME
TOTAL VOLUME

WITHDRAW1
(GALS) tVOIUII5

pH
SC

Iumhoslcm)
TEMP,
('C)

'
COMMENTS

START PUMPING
I-z 0.0 0.0 — — —

/7 / a 9; 65 ° 7Z',2o )"/-'ç z'. /. Y'! .;2;; c' ,
/O' " 3/ '(7 Zii

"?/ 5 T 0 t'. b ó
6. i . — — —

,

1

-

-i]
D-2 6
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INSTALLATiON ID _______ LOG DATE — ________
LOCATiON ID ___

9 242
PAGEIOF2

SAMPLES TYPE5 CWSADE)
0- DUPUCATE Pa-
R. REPUCATE la-
S- SPIKE LB.
K- KNOWN N-

RBLD NK
TP BLANK
B BLANK
NORMAL D—27

SAMPLE TYPE

______ LOG TIME
LOT CONTROL NO. ____

SAMPLE ID

/c5-',2

SAMPLE DEPTh (FT.)

Z?-.'77'
GROUNDWATER DEPTH (FT) 3

SAMPUNG PERIOD: START /hZO COMPLETE
SAUPUNG MEIJIOD LOGGER CODE________________

CODE /"Ai4/' DATE SENT "Y1"92
PRESERVATION METhOD 1 2")
COMMENTS

DETECTiONPARAMETER MEASUREMENTS:
UMIT

POTENTiAL OF HYDROGEN pH SU.
SPECIFiC CONDUCTANCE SC umhos/cm /1200 /

POTENTiAL Eh mvoits
TEMPERATURE TEMP C

ALKAUNITY (CaCO3) ALK mg/I
A.lD/,p#, i-i -

7L //2 :59 , /1ev / 3PZ
TOTAL VOLUME

WITHDRAWL/
(GALS) a.wVoIum

pH
SC

(umhoslem)
EMP
(C) COMMENTS

/çç 0.0 0.0 - - - START PUMPING

%.0
2'- c / / W

b. 2
/%
,'iiD

63
.ç it'q. 'c,1y

"
09 p' e2 / tZ- cb '1 /O/') 64' f

�' 0 Z9 6.30 gq, c°
,b,g b.o 3 / /f,7/9 ______________/4' - 7 L/2 ' ''0 /0O 63 I,

/6b -/ &/ 77w9C-
-,

SAMPLE MErHbD& (WSMCODE)
G- GRAS
B- BAILER
PP - PERISTAUC PUMP
SL - SUCI)ON LiFT PUMP

SP-
AL-
BP-

SUBMERSSLE PUMP

MR-LiFT SAMPLER

BLADOER PUMP
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PAGEIOFZ

1NSTAUJITION ID _______ LOG DATE ___________ LOG TIME

LOCXrION $0 LOT CONTROL NO.___
Al

,09 /.o o9
/t'c9 c__ a

//9/ . 9i'c ;i9lq c71, . //

SAMPLES VIPES (WSADE)
D. DUPLICATE PB.
R - REPLICATE TB.
S. SPIKE U-
K. KNOWN N-

aD
TP &A
L8 M(
NORMAL

D—28

SP- SUBMI8LE PUMP
AL. AIR.urr SAMPLER
EP- BLADDER PUMP

SAMPLE TYPE SAMPLE 10 SAMPLE DEPTH (FT.) L 72

7P /',3r
INITIAL GROUNDWATER DEPTH (FT) — dp(
SAMPLING PERiOD: STARI ///2 COMPLETE
SAMPLING METJ400 ' LOGGER CODE
LAB CODE DATE SENT 5-f/-92
PRESERVATION METh q

.

COMMENTS

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U. c
SPECIFiC CONDUCTANCE SC Umha$/Cm
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

DEECTIC

/''
-

Qno 4.\\u;4 J- .i,., ,53 '/L .

.

TIME
TOTAL VOLUME
WITHDRAWN pH MhO.CM1 COMMENTS

(GALS) Bar. VoSu.s
0.0 0.0 — - - START PUMPING

j 9 c,c", ", 3/6TI,
/3-; 5/) 98c :;z#� 4� /f

IT. 9jt'4 Qié'rt', 77,7S,i
0'

SAMPLE METHODS: (WSMCODE

G. ORASB. JIL
PP. PERISTAUC PUMP
Si.. SUCT)ON LiFT PUMP



GROUND WATER QUALITY SAMPLING RECORD

TP ec
LAB JJ(
NORMAL

D—29

SAMPLE METH D (WSMCOOE)
G- GRAB
B- BALER
PP. PEMSTAUC PUMP
SL. SUCflON UFT PUMP

/ '1
INSTALLATION ID '- LOG DATE

LOCATION ID —//i
SAMPLE TYPE A1 SAMPLE 1D

244
10F2PAGE

/3'}LOG TIME

LOT CONTROL NO.

SAMPLE DEPTh (FT) erc
— /97' e3Fuit41)

INITIAL GROUNDWATER DEPTH (FT) t'/ L3/— v
SAMPLING PERIOD: START "'' COMPLETE /Z'7
SAMPLING METHOD LOGGER CODE______________
LAB CODE DATE SENT________________
PRESERVATION METH(' "JI1'
COMMENTS

FIP4L PARAMETER MEASUREMENTS:
DETECTIC

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC jAmhos/cm /23? /
RED OX POTENTiAL Eh mvolts
TEMPERATURE 1t •c /2/
ALKALINITY (CaCO3) ALK mg/I
1..1-grtj p -; Oc tj\i LTER 0 - 56 rr.o/L

TIME
TOTAL VOLUME
WITHDRAWN pH (mflosIcm) COMMENTS

(GALS) BarS VOum.s

,piZ 0.0 0.0 — - - START PUMPING

/2/i /.1) 1'?� //i/ T / 6-i r
/O, . fO //j P "
/(2/q2 9, r 65.3' '/( f /Z32- ''

SAMPLES TYPES ACODE)
0- DUPLICATE FB.
P. REPLICATE TB.
S. SPIKE LB.
K- KNOWN N.

AL.
SUBMBLE PUMP
MR SAMPLER
BLADDER PUMP
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INSTALLATiON ID $'Z- LOG DATE -
LOCATION ID

A!

/1: /•

SAMPLES TYPES WSPDE
0- DUPUCATE FE.
R. RUCATE TB.
S. SPIKE LB.
X- KNOWN N-

SAMPLE METHODS (WSMCODE)

G- GRAs
B- BAiLER

PP - PERISTAUC PUMP
SL- SUCTION LIFT PUMP

- SIJBUIBLE PUMP
M.. AIR-UFT SAMPLER

BP. BLADDER PUMP

SAMPLE TYPE

2
SAMPLE ID

LOG TIME

LOT CONTROL NO.

/2/ c

SAMPLE DEPTH (FT.) /' 7

7>. 2'/' iTJ- (ifr1
GROUNDWATER DEPTH (FT) f'- "''2-

SAMPLING PERIOD: START /i- COMPLETE
SAMPUNG METHOD / LOGGER CODE '-'

CODE DATE SENT -'
PRESERVATION METh ' '> 4-- -P c—•
COMMENTS

.

OETECTIO1
PARAMETER MEASUREMENTS: UMIT

POTENTiAL OF HYDROGEN pH S.U. 71 / C),

SPECIFIC CONDUCTANCE SC MmtIosIcm /
POTENTIAL Eh mvolts

TEMPERATURE TEMP C /7 /

ALKALINITY (CaCO3) ALK mg/I
,Z3it-.'.

- .v 7te K - 2 c 7rti.-_ Z 'U-iC 2
• TOTAL VOLUME SC rEMP COMMENTSWITHDRAWN pH (mho.lcm) (0)

(GALS) Bore Volumes

//),< 0.0 0.0 — — — START PUMPING

6
(_) -/- •ç;qi 6C••/t' ,7/ -1 s —1i'. t SE-)

—
'3-

PD ,/—/,i-,C Cth9i'Z
•Li' &442';;f

/7/; $- -72q c961 ec, • Z-. Cç>:

,,

,,

TP ELA
LB BLAMC

NORMAl. 0-30
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INSTALLATION ID -- LOG DATE ___________ LOG TIME
LOCATION ID /7— LOT CONTROL NO.____

Al

.

DETECT1O
L PARAMETER MEASUREMENTS: UMIT
ENTIAL OF HYDROGEN pH S.U.
IFIC CONDUCTANCE SC umhoslcm /

OX POTENTIAL Eh mvolts
PERATURE TEMP C
AUNITY (CaCO3) ALK mg/I

'9-ZK• J
//7t7€bó 4( 2_ 7Zr- ,D€1 = 375.

• TOTAL VOLUME
E WITHDRAWN pH tjimhoslcm)

EMP
(C) COMMENTS.

(GALS) ROtS Ve(um.si

00 0.0 — — - START PUMPiNG

/ 6 '5 6ct d/i&,4T
7• 6 69c'I /'

Z) 127 6a /'

L3 629 6?s '/
2 . JZ' "
3 j.22- ,/

SAMPLE TYPE SAMPLE ID

//'(2

SAMPLE DEPTH (FT.) 2/c
______________________________________ - 7. ). ?4Z 3 %
INITIAL GROUNDWATER DEPTH (FT) 7' -.'
SAMPLING PERIOD: STABT //C COMPLETE _____________
SAMPUNG METj'IOD LOGGER CODE______________
LAB CODE "'' DATE 5ENT_________________
PRESERVATION METH '
COMMENTS

D. JPUCATE FR. FIBLD BLANK
R. REPUCA1E TB. TRIP&AM(
S. SPIKE LB. LABBLANK
K. KNOWN N. NORMAL D-3 1

SAMPLE ME1NOD(W5MCOD
G- GRAS
B. SAI(E
PP - PRiSTAUC PUMP
Si.. SUCTION LIFT PUMP

$P- SUBM'' PUMP
AL. MR.uFr SAMPLER
BP- BLADDER PUMP
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MMPLES TfriSAD
0 - DUPLICATE

R. REPUCATE
S. SPIKE
K. KNOWN

-74 /9zf /2C ___
SAMPLE MErHboa (WSMCODE3
G- GMBB- JL
PP. PERISTAUC PUMP

St.. SUCTION uFr PUMP

START PUMPING

SP - SUBMBLE PUMP
AL. AIR-LIFT SAMPLER
BP - BLADDER PUMP

SAMPLE rIPE 4' 6

INSTALLATION ID LOG DATE ___________ LOG TIME

LOCATION ID I LOT CONTROL NO. ___

SAMPLE ID SAMPLE DEPTH (FT.) —'a

/ -
INITIAL GROUNDWATER DEPTH (FT) "•''
SAMPUNG PERIOD: START________________ COMPLETE '('7
SAMPUNG METHOD LOGGER CODE ''°'-'
LAB CODE /"" DATE SENT
PRESERVATION METhOD- ' - '' '
COMMENTS

RNAL PARAMETER MEASUREMENTS:
DETECflO.

POTENTIAL OF HYDROGEN pH SU.
SPECIFIC CONDUCTANCE SC Mmho.Icm / -
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP 'C
ALKAUNITY (CaCO3) ALK mg/I

7ord,t- 1b?E%1 41-fib' 22 72ii- 72? i9i
TiME

TOTAL VOLUME
WITHDRAWN pH

SC
(i&mhoscmI COMMENTS

(GALS) Bets Veum.s
0.0 0.0 — — —

/ / 7 "S 9/ 6o /iZ Sie2y
/3 t . c 9 é'L'p //

13 3 o5J 8O ("

1345 4Q c0a '
5O 5.0 ('1
j?)5 (p.O (1L1

51 S E50

— (// ., ,/-ot//' •? 27d
— '414 /9ti( -

FE. FIBLDANK
TE. TRIP BLANK
LB. L&AI(
N- NORMAL D-32
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INSTALLATION ID LOG DATE

LOCATION ID -
SAMPLE TYPE "p

SAMPLES TYPSAD
D- OUPUCATE Fa-
R. REPLICATE TB.
S. SPBCE L3-
K- KNOWN N.

SAMPLE MEINODS (W$MCODE)

G- GRAB
B- BALER
PP - PERISTAUC PUMP

D-33 SI..- SUCTION LIFT PUMP

Be- SUBMERBL.E PUMP
AL - AIR-LIFT SAMPLER
Be - BLADDER PUMP

SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (Fr.)

— 3?z2
GROUNDWATER DEPTH (FT) '-

SAMPLING PERIOD: STARX /(3 COMPLETE
SAMPUNG METIOD LOGGER CODE '"-'

CODE DATE,SENT________________
PRESERVATION METHC) -"- " '•-
COMMENTS

PARAMETER MEASUREMENTS:
DEECTIO

POTENTIAL OF HYDROGEN pH S-U. b7 C
SPECIFIC CONDUCTANCE SC UmhosIcm /

POTENTIAL Eh mvolts —
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I

73/ttJ. 4'. 0 0
272j ,'-. jz_ --s zi '7/

TOTAL VOLUME
WITHDRAWN PH

SC
(jmhoslcmI COMMENTS

(GALS) Bar. Vo$um..

/5?j 0.0 0.0 — — - START PUMPING

/5?q / o 61/ Z' OtJ6rn-4-' '
/cz7 2'O • fl/Z- "q ie- 4z' "
/5,;! 4. b' 'I

. 6.4 / "

LAB BLAM(

NORMAL
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INSTALLATiON ID LOG DATE

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE ' SAMPLE IDi4øV0 '-
- t Y2

INITIAL GROUNDWATER DEPTH (Ft) 7/2 A7Z

SAMPUNG PERIOD: STAT IW3 COMPLETE _____________
SAMPUNG MET)IOD '/ LOGGER CODE
LAB CODE '''' DATE SENT '
PRESERVATION METH "i' —.; ''- - fl- - oo.
COMMENTS

DETECTC
F1NAL PARAMETER MEASUREMENTS: UMI
POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC J4mhoslCm l1 /

REDOX POTENTIAL Eh mvalts —
TEMPERATURE TEMP C i'>' /

ALICAUNITY (CsCO3) ALK mg/I
4,1• 0.0i-L '-' - 4i3 7- ''-'<-• '3

TIME
TOTAL VOLUME
WITHDRAWN pH

SC
(umhoscm)

TEMP
(SC)

COMMENTS.

(GALS) Per. VaIwss
0.0 0.0 - — - START PUMPING

7) t' �7
'q3/ . (,,j Z-4 / ', 4fb7 —

jd "
-4:7 6o 9' 7" "// . E' "

SAMPL TYPU (WSACODE) SAMPLEMETHODE (WSMCODE)

D. DUPLICATE FB. FI.O BLANK G - GRAS

R. REPLICATE TB - TRIP BLANC B- BAILER

S. SPIKE LB.. LAB BLANC PP - PERISTAUC PUMP

K- KNOWN N. NORMAL D-34 Si..- SUCTION LIFT PUMP

LOG TIME

SAMPLE DEPTH (FT.)

W- SUBMBLE PUMP
AL. MR.UFT SAMPLER
EP- BLADDER PUMP
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ANK
TP BL
L8 BLM(

N. NORMAL D-35

SAMPLE METHOO (WSMCOD
0- 0RA8
B- BAILER

PP - PUSTAUC PUMP
SL. SUCTION UFT PUMP

p. SUBMEP'11 PUMP
AL- MR-UFT SAMPLER. BLADDER PUMP

SAMPLE TYPE

INSTALLATION ID ________ LOG DATE ________
LOCATION ID "'" /1 LOT CONTROL NO.

4/ SAMPLE 10

LOG TIME t9

SAMPLE DEPTH (FT.) c� 9" /'

, , T/- :32 b)
GROUNDWATER DEPTH (FJ) '1" ./$fq( 7I?/7c1/ly?

SAMPUNG PERIOD: STAIT COMPLETE
SAMPUNG METJ'IOD LOGGER CODE______________

CODE DATE SENT <'/)
PRESERVATION METHOD 9
COMMENTS

PARAMETER MEASUREMENTS:
DETECTIO

POTENTIAL OF HYDROGEN pH s.u.
SPECIFIC CONDUCTANCE SC Wnhoslcm

POTENTiAL Eh mvolts —
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I

evc Mk°°
1kI - cJ+4

TOTAL VOLUME
WITHDRAWN pH (&mho.1cm) COMMENTS

(OALS) BOT• VObm•c

0.0 0.0 - - - START PUMPING

/.1 4j z i'6i'I'-
679 £53 I� d7 '

i9f3'// / o mc "
rn z i____________

C

SAMPLVI'1á (WSADE1
0 - DUPLICATE FB -

R. REPIJCATE TB.
S. SPIKE 1.8-
K. KNOWN



GROUND WATER OUAUTY SAMPUNG RECORD

INSTAU.ATION ID LOG DATE 9c
LOCATION ID ,1I427;2_

SAMPLE TYPE _________ SAMPLE ID __________
A 3O

E9 2i
I, /

PAGEX OF '2—

D- 36

3qo

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) �
-ii t'z ic , rc— t;1 -

•'-
-

TIME
TOTAL VOLUME
WITHDRAWN pH

Sc
(mhos/cm)

rEMP,
(IC)

'"f" "°
COMMENTS

-

(GAL$) Bo.. Volum•sJ

,$/' — 5,-3r
7. ci S'4 9ff 4iiO5T fr1i2_

/S"3 2-. o p 69, - L/ /'-'. /44<:/
/573 3.O z ,(/ £0 .—-—

Lcz. — - 7 (.54-i/1i 4- -

/\c:? - A14 7/I'I---'--

I

-i

-1
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BLD BLANK
TP BLANK

LAB BLANK

NORMAL D-37

SAMPLE METHODS (WSMCODE)

G- GRAB
B- BALER
PP. PERISTAUC PUMP

SL - SUCTION LET PUMP

SP - SURMlBLE PUMP
AL - MR4JFT SAMPLER
BP- BLADDER PUMP

SAMPLE TYPE

INSTAU.ATION ID t� ''— LOG DATE _______
LOCATION ID P12/'9 I'-' LOT CONTROL NO.

SAMPLE ID

LOG TiME ______

SAMPLE DEPTh (FT.) / 6

2a6r {JW4)INITIAL GROUNDWATER DEPTH (FT) /E
SAMPLING PERIOD: START COMPLETE
SAMPLING

MEIO,J
[ LOGGER CODE______________

DATE SENT 6-//-9t2LAB CODE
PRESERVATION METhOD ' '''j' -
COMMENTS

DETECTIONFINAL PARAMETER MEASUREMENTS:
UMIT

POTENTIAL OF HYDROGEN pH S.U. 00/
SPECIFiC CONDUCTANCE Sc umhos/cm q39
REDOX POTENTIAL Eh mvoltz
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

3/VA9I/('7 -7& f9i '/_ cR1 44(o
.

TIME
TOTAL VOUJME
WITHDRAWN pH

Sc
(umhoslcm)

rEMP,(C COMMENTS.

(GALS) Bor. VeIum•./3 0.0 0.0 — - - START PUMPING

L3s-;' /0 ,'-O 9�3 O' ñ/'2
,3c'/ 7 b17 9'7 h ie#vz',' i'i7
,jç1 c 4f '1

g'y cs' 1/iz cc • — — 7?

SAMPLES TYPES (WSACODE)

0- OL$PUCATE PB.
- REPUCATE TB -

S. SPIKE 1.8-
K- IO'OWN N.
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INSTAU.AT1ON ________ LOG DATE
LOCATION ID io- 3/
SAMPLE TYPE N SAMPLE ID ___________

LOG TIME

SAMPLE DEPTH (FT.)

SAM PUNG PEPJOD: STARS
SAMPUNG METHQD
LAB CODE /,49it
PRESERVATiON METHOD
COMMENTS I11eT 9f
PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC COPCUCTA P4CE

REDOX POTENTIAL
TEMPERATURE
ALKAUMTY (CaCO3)

O..)/çci 2c

pH S.U.
SC

Eh
TEMP

Mmhos/cm
mvolt;

OC

ALK mg/I

2/t2'/L

DETECTION
UMIT

,4I4/ I
0/

INSTALLATION ID -"— LOG DATE
LOCATION ID ,,L,Z:e,c: 5
SAMPLETYPE 'V SAMPLEID_

SAMPUNG PERIOD:
SAMPUNG METIjOD
LAB CODE
PRESERVATION METHOD
COMMENTS

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMP E RATU RE

ALKALINITY CCaCO3)
,3'(- ,9e.r7o-A.e5: 33 *lf/

SAMPLE Ti'PES (WSACOOE)

0- DUPLICATE F8-
q.

R . REPUCATE TB

S. SPIKE LB-
K. KNOWN N-

FIELD BLANK

TRIP BLANK

LAB BLANK

NORMAL

SAMPLE METHODS (WSMCODE)

G- GRAB

B- BAILER

PP PERISTAUC PUMP
SL - SUCTION UFT PUMP

D—38
-

SP. SUBMERSIBLE PUMP
AL- frJR-UFT SAMPLER

BP . BLADDER PUMP

LOT CONTROL NO.

COMPLETE __________
LOGGER CODE ________
DATE SENT ___________

— ,iiE¼._ c

LOT CONTROL NO.
LOG TIME ______

/2t7/,.START - - COMPLETE
6— LOGGER CODE

______________________ DATE SENT
,¼-'o- j

SAMPLE DEPTH (FT.) L

5-Eq -90

SC jjmhos/cm

DETECTION
UMIT

Eh mvolts
TEMP °C
ALK mg/I

7/-,
2. /

7t*tibb,'
7T'tti 44' . '/0
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SAMPUNG PERiOD: STAT
SAMPUNG METHQD (— _________
LAB CODE /''s"
PRESERVATION METHOD ____
COMMENTS J'2 9714

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPEQflC ONDUCTA NCE
REDOXPOTEP4TIAL
TEMPERATURE
ALKAUMTY (CaCO)

,P,,4.'. i-t,' 0. Z2
j144, L24fr '4-t-i/ = ,3/ .4?1/

ALK mg/I

DETECTiON
UMIT
L22/

7241 -
,,Z /z—

STJRT /j9o

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE Sc
REDOX POTENTIAL Eh
TEMPERATURE TEMP
ALKALINiTY (CaCO3) ALK.4i: 9-o x . /39

DETECTION
UMIT

zO//

SAMPLE TfPES SACOOE)
0- DUPLICATE
R. REPLICATE
S - SPIKE

K. KNOWN

SAMPLE METHODS (WSMCODE)

G- GRAB
B- BAILER

pp - PERISTAUC PUMP
SL- SUCflON UFT PUMP

_D-39
-

SP- SU8MERSBLE PUMP
AL- AIR-LIFT SAMPLER
BP - BLADDER PUMP

INSTALLATION ID -"i-- LOG DATE ___________
LOCATION ID _____________________ LOT CONTROL NO.
SAMPLE TYPE ' 'V SAMPLE ID __________

LOG TiME /32)

SAMPLE DEPTH (FT.) 0.3 &,t.-

COMPLETE ________
LOGGER CODE _____
DATE SENT

-4' '- a—: ,42i —MZi-i$

pH
SC

Eh
TEMP

S-u.
m has! cm
mvolts

OC

/
a,

INSTALLATION ID _________ LOG DATE
LOCATION ID ____________________
SAMPLE TYPE_________ SAMPLE ID

LOT CONTROL NO.
LOG TIME _______

SAMPLE DEPTH (FT.) O

SAMPUNG PERIOD: ____________ COMPLETE ___________
SAMPUNG METHOD _________________ LOGGER CODE ________
LAB CODE O" .. DATE SENT
PRESERVATION METHOD
COMMENTS .5Sl14i_ — ót'77j' J 4,t-'r /.

S-U.
has/cm

;Zç3/t7
mvolts ______________ __________

mg / I ________________ ___________
7.A.lP=/. Z "/-/ /?/j_

FB - FIELD BLANK

TB - TPJP BLANK

LB. LAB BLANK
N. NORMAL



SURFACE WATER QUALITY SAMPUNG RECORD 59 255

INSTALLATION ID ________ LOG DATE
LOCATiON ID b
SAMPLE TYPE ___________ SAMPLE ID —

LOG TIME /7
SAMPLE DEPTH (FT.) c

SAMPUNG PERIOD: START - COMPLETE -

SAMPLING METHOQ LOGGER CODE ____________________
LAB CODE ______________________ DATE SENT ______________________
PRESERVATION METHOD 'ø1-'-3 -M41---S
COMMENTS l' 7.etA//J,V 7-t-

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOXPCTENTIAL
TEMPERATURE
ALKAUMTY (C&C03)ji,/4_. 6?o

!3j 'ø?S/

pH S.U.
SC jjmhos/cm
Eh
TEMP

mvots

ALK mg/I

4',,,

2Z' #*/ -

DETECTION
LIMIT
a ti,/
(2,

INSTALLA11ON ID LOG DATE

LOCATiON ID ____________________
SAMPLE TYPE 'V SAMPLE ID

LOG TiME
LOT CONTROL NO.

/ZIi
SAMPLE DEPTH (FT.)

SAMPLING PERIOD: STA,T /2'30 COMPLETE —
SAMPUNG METHOrL_________________ LOGGER CODE
LAB CODE DATE SENT

COMMENTS

PARAMETER MEASUREMENTS:

POTENTiAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)

,73't"-' '4t/<' L7. 6'

277

DETECTION

SAMPLE Ti'PES (WSACOOE)

D. DUPUCATE FE -
R - REPUCATE TB-
S- SPIKE LB.
K- KNOWN N-

FiELD BLANK

TRIP BLANK

LAB BLANK

NORMAL

SAMPLE MET14ODt (WSMCODE)

G- GRAB

B- BAIL.ER

PP. PERISTALIC PUMP

SL. SUCTiON LIFT PUMP
D-40

$. SUBMERSIBLE PUMP
AL- AJR-UFT SAMPLER
BP- BLADDER PUMP

LOT CONTROL NO.

pH S.U.
Sc
Eh
TEMP

;4qq
Mm h os/cm

mvolt$

/ 1,-.'- I

LIMIT

/

ALK mg/I
.77.

7-ct 7-'; S69



SURFACE WATER QUALITY SAMPUNG RECORD
59 2S6

INSTALLATiON ID _________ LOG DATE
LOCATION ID ,:oc-
SAMPLE TYPE Al' ' SAMPLE ID —

LOG TIME
LOT CONTROL NO.

/
SAMPLE DEPTH(FT.) S Z3L

INSTALLATION ID ________ LOG DATE
LOCATiON ID _____________________
SAMPLE TYPE_________ SAMPLE ID —

SAMPUNG PERIOD: STAR -
SAMPUNG METHQD
L.AB CODE

PRESERVATION METHOD '
COMMENTS \A)r s c 4k

DETECTION
UMIT
00/

SAMPLE T'fPES (WSACOOE)

D. DUPUCATE FB. FIELD BLANK
R. REPUCATE TB- TRiP BLAZIK
S - SPIKE LB. LAB BLANc
K - KNOWN N. NORMAL

SAMPLE METHODS (WSMCODE)

G- GRAB
B. BAILER

PP . PERISTALJC PUMP
SL- SUCTION UFT PUMP

r\-L, 1

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

SAMPUNG PERIOD: START ___________ COMPLETE _______________________
SAMPUNG METIjQD LOGGER CODE _____________________
LABCODE ''' DATE SENT S -'9t
PRESERVATION METHOD
COMMENTS fr'Tf' // 'f, /4'J / /4/9-c>7
PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPEQFIC CONDUCTA NCE
REDOX POTENTIAL
TEMPERATURE
ALKAUMTY (CICO3)n'i4 /z- 0,C7o 0

- 7Z - 213/.rO

2?gP. 5//ps'Pi,'/'-b/Z •5-

S.u. —pH
SC

Eh
TEMP

/J./o

DETECTION
UMIT

/jmhos /cm __________
mvofts

OC

ALK mg/I ________—7r 205 /2o

LOT CONTROL NO.
LOG TIME ______

SAMPLE DEPTH (FT.) D5 WS

COMPLETE
LOGGER CODE _______
DATE SENT

- /.s92 J Phi' -,il67U.-5

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDU CIA NCE
REDOX POTENTIAL
TEMPERATURE
ALKALINiTY (CaCO3)ke4Un c

pH S.U.
SC
Eh

jimhos/cm
mvolts

TEMP °C
ALK mg/I

1"t 4oc
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EXISTING WEL.L SITES

9 262
Nti.fBER NGA TH EAST ELEVATION OF

Top OF P.V.C.
ELEVATION OF NAruR.

GROUND 9
855
SSS
855
855

4(45)
8(34)
CU6)
0(38)

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

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

566.38
569.73
559.57
561.45

566.9
567.1
560.0

P1
P2

(111)
(96)

397,712.30601
397,542.85438

2,019,695.14307
2,020,627.90845

•628.58
*618.78

625.5
615.5

IA
18
IC
ID
IE
iF

(131)
(132)
(134)
(137)
(135)
(1.36)

401,089.90010
401,268.84868
401,032.46237
400,852.84768
401,173.20809
401,002.55061

2,025,128.18992
2,025,291.18966
2,025,482.01 757

2,025,642.78693
2,025,407.53205
2,025,607.46316

570.27
560.25
560.00
563.93
562.25
562.26

566.5
560.49
560.31
560.5
559.4
559.5

(ASP)
(ASP)

34
38K
3D
3E

(121)
(218)
(117)
(120)
(119)

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

2,017,786.72.397
2,018,291.94176
2,018,292 .28878
2,017,477.40425
2,019,005 .28691

625.25

633.47
633.84
635.39
621.6
622.87

49
48
4C
40
4E
4F
40
4K

(129)
(130)
(98)
(97)
(95)
(93)
(200)
(99)

396,920.99434
396,940.34767
397,217.02642
397,446.17694
397,651 .12948
397,680 .42416
397,836.73039
397,541.43725

2,020,042.1906A
2,020,463.63663
2,020, 785 .31555
2,020,620.98175
2,020,607.56231
2,020,255.75892
2,020,857.61303
2,020,916.84913

625.76
619.90
623.04
615.35
618.54
625.36
620.02
613.43

624.6
618.4
610.9
613.1
617.5
622.8
619.1
610.5

54
58
5C
50
5E
SF
50
5K

(109)
(90)
(104)
(103)
(110)
(94)
(88)
(89)

398,061.75689
398,520 .35 788
398,359.27594
398,362.32313
397,802.46440
397,904.64236
398,174 .57747
398,352.69445

.

2,019,781.72497
2,020,283.72459
2,020,196.97152
2,019,960.19729
2.019, 748.19597
2,020,535 .56245
2,020,894.69357
2,020,546.91832

623.18
600.45
608.68
611.71
626.89
618.95
615.39
610.62

619.4
597.4
606.8
608.5
623.9
619.4
612.0
608.4

109
lOB
10C
100
IDE
lOP

(108)
(92)

(92)
(107)
(106)
(105)

397,913.30549
397,899 .01251

398,197.02603
397,857.53638
397,896.37914
397,946.08160

2,020,009 .9 7063
2,020,243 .06886

2,020,267.33493
2,020,078 .59020
2,020,147.65 721

2,020,196.19956

626.70
624.46
627.24

624.2
621.1
615.4
623.33
622.52
621.47

114
218

(101)
(102)

398,942.02097
398,6.53.41765

2.020,086.99390
2,020,136.885 70

608.22
608.14

604.8
603.d

124
128
12C
120
12E
120
12K
121
123
12K

(124)
(113)
(115)
(112)
(124)
(127)
(126)
(125)
(128)
(216)

397,175.89292
397,353.41742
397.213.82758
397,521.40056
397,324.25035
397,111.16499
397,175.3a773
397,231.20475
397,175.26975
397,222.63773

2,029,636.22269
2,029,895.65480
2,019,968.84527
2,029.943.01512
2,020,029.35440
2,019,819.73022
2,019,813.89486
2,029,824.97473
2,019,858.53625
2,019,904.66442

6)5.66
627.55
628.05
627.45
627.48

632.0
625.6
625.5
624.8
624.5
629.22
629.06
269.15
628.66
626.74

E—4



9 263
Page 2
NLJ.I8EA !CRTH EAST ELEVTI0N op rop E.EV4T1QN OF NATURAL

P. V.C. PZ GR0UPD AT

15A (149) 400,123.22038 2,025,232.61.342 570.24 570.7
158 (148) 399,906.57343 2,025,252.78758 567.12 564.2
15C (144) 399,884.41824 2,025,168.58849 566.89 564.3

171 (75) 400,225.13342 2,023,849.67063 578.19 575.2
l7J (56) 400,362.97881 2,023,809.58530 579.79 577.0
17K (72) 400,193.17235 2,024,001.90555 575.34 573.8
171. (61) 400,394.21647 2,023,966.04349 577.27 574.4
174 (65) 400,380.91204 2,024,264.07312 574.28 572.6

*fJJTE: W€LL.$ P1 & P2 - THE ELEVATIONS SHOWN ARE THE TOP OP
THE OPERATOR NUT.

E—5
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July 10, 1990
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LFO5—Sl
LFO5—S2
LFO5—S3
LFO5—S4
LFO5—S5
LFO5—S6
LFO5—S7

SURFACE WATER SAMPLES

399,327.1085
399,092.2352
398,638.2009
398,564.4359
398,383.9429
398,458.7264
397,873.1003

2,020,155.2125
2,021,029.0375
2,020,666.7173
2,020,956.6955
2,021,422.4749
2, 021, 661. 6152
2,021,549.6706

ELEVATION
OF WATER

590.25
584.73
591.07
591.21
578.89
576.63
589.7

STAFF GAUGE 398,445.2564 2,021,286.7444

ELEVATION OF FLOWLINE OF CREEK AT GUAGE
WATER ELEVATION AT GUAGE
ELEVATION OF 1' MARK ON GUAGE

TYPE

SITE LFO5

NORTH "Y" EAST "X" ELEVATION
TOP OF PVC

ELEVATION
NATURAL

GROUND AT
WELL/BORE

NUMBER

LFO5—01
LFO5—02
LFO5—03
LFO5—04
LFO5—05
LFO5—06
LFO5—07
LFO5—08
LFO5—09
LFO5—10
LFOS—].1
LFO5—12
LFO5—13
LFO5—14
LFO5—15
LFO5—16
LFO5—17
LFO5—18
LFO5—19

NUMBER

WELL 399,361.2414 2,018,791.3828 621.96 619.3
WELL 399,280.6409 2,019,492.0018 622.69 620.0
BORE 399,182.0957 2,019,488.6372 620.6
BORE 399,313.9245 2,019,719.9840 617.3
BORE 399,388.4921 2,019,785.8488 616.1
BORE 399,156.8559 2,020,129.6754 598.3
BORE 399,192.7306 2,020,230.2232 598.0
BORE 399,030.3142 2,020,350.8946 606.8
BORE 398,918.3183 2,020,361.5966 604.9
BORE 398,656.8688 2,019,456.1935 623.9
BORE 398,619.9398 2,020,446.5081 597.6
BORE 398,699.0930 2,020,606.7127 594.4
BORE 398,406.7661 2,020,738.5442 605.0
WELL 398,467.5329 2,020,910.0778 602.98 603.2
BORE 398,082.8055 2,019,457.4908 626.5
BORE 398,229.3914 2,021,041.6970 612.3
BORE 398,317.2267 2,021,241.4299 606.5
WELL 398,169.3001 2,021,280.2972 611.84 612.1
WELL 397,850.5705 2,021,663.8519 606.08 606.3

NORTH 'Y" EAST "X"

578.2
579.07
579.44

SITE LFO4

NUMBER TYPE NORTH "Y" EAST "XM ELEVATION ELEVATION
TOP OF PVC NATURAL

GROUND AT
WELL/BORE

LFO4—01
LFO4—02

WELL
WELL

397,653.5721
397,732.5422

2,019,579.1905
2,020,510.5024

629.24 -
623.68 -

626.5
621.0

LFO4—03 PUMP
TEST WELL 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 2,021,021.9109 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

E— 7



SITE ST14

SITE SD13

SURFACE WATER SAMPLES

9 2S6

NUMBER WATER
ELEVATION

SD13—S1
SD13 -S2
SD13—S3
SD13—S4

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

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

551.64
551.14
549.72
548.95

NUMBER TYPE NORTH "Y" EAS.T "X" ELEVATION ELEVATION
TOP OF PVC NATURAL

GROUND AT
WELL/BORE

ST14—01 WELL 399,886.0854 2,024,309.3181 575.89 - 573.2
ST14—02 WELL 400,102.4353 2,024,311.8094 575.64 572.7
ST14—03 WELL 400,672.3650 2,024,116.0939 576.72 574.83 ASP
ST14—04 WELL 400,231.5326 2,024,566.4807 575.74 572.9

NUMBER TYPE NORTH "Y" EAST "X" ELEVATION
TOP OF PVC

ELEVATION
NATURAL

GROUND AT
WELL/BORE

SD13—01 WELL 399,964.3693 2,024,842.2218 573.24 570.3
SD13—02 WELL 400,058.5313 2,024,974.4094 573.39 570.64 ASP
SD13—03 WELL 399,934.0917 2,024,919.8140 571.54 568.6
SD13—04 WELL 399,931.9664 2,024,992.0174 569.24 566.81 ASP

NORTH flfl EAST "X"

S
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1.0 INTRODUCTION

The IRP Phase I and Phase II investigations have identified the

Flightline Area at Carswell AFB as an on-base site where past waste disposal

practices may have led to contamination of soils and ground water. These

studies have identified a need to understand the hydrogeologic framework

controlling the occurrence of ground water and the factors influencing the

direction and rate of ground-water flow. Therefore, an aquifer pumping and

recovery test was conducted at the Flightline Area during June, 1990 as part

of an on-going IRP Remedial Investigation/Feasibility Study (RI/FS). The

objective of the aquifer tests was to determine the hydraulic characteristics

of the shallow ground-water bearing zone (Upper Zone Aquifer). The following

sections describe the geologic setting of the Flightline Area, aquifer test

procedures, and test results.

1.1 Principles of Aquifer Pumping Tests

The value of an aquifer as a source of ground water depends upon

water quality and the capacity of the aquifer to store and transmit water.

The latter two characteristics are referred to as the properties of storage

and transmissivity. The transmissivity is a function of an aquifer's

hydraulic conductivity. The hydraulic conductivity is defined as the flow of

water in cubic feet per day through a cross-sectional area of one square foot

under a hydraulic gradient of one foot per foot (Davis and DeWeist, 1966).

Transmissivity is a measure of the volume of water which will flow

each day through a one foot wide vertical strip of aquifer which extends the

fall saturated height of the aquifer. The transmissivity is equal to the

product of the hydraulic conductivity and the saturated thickness of the

aquifer, and indicates the capacity of the aquifer as a whole to transmit

water (Theis, 1935).

The storage coefficient is a dimensionless term defined as the

volume of water the aquifer releases from or takes into storage per unit

surface area of the aquifer per unit change in the component of head normal to

F-3
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that surface (Walton, 1962). The storage coefficients of unconfined aquifers

(e.g., water table aquifers), such as the Upper Zone Aquifer in the Flightline

Area, usually range from 0.005 to 0.30 (Ferris, et al., 1962). Unconfined

aquifers usually have higher values for storage coefficients than confined

aquifers, and these higher values reflect that releases from storage represent

mostly pore dewatering, whereas in confined aquifers, releases from storage

represent the effects of water expansion and aquifer compaction due to changes

in fluid pressure (Freeze and Cherry, 1979). The storage term for unconfined

aquifers is also known as the specific yield.

Storage and transmissivity are commonly determined by conducting

aquifer tests in wells completed in water-bearing units. Aquifer testing may

include constant discharge pump tests, variable rate (step) discharge tests,

constant drawdown tests, water level recovery tests, and slug tests.

At the Flightline Area, a constant discharge pump test and water-

level recovery tests were conducted to determine the hydraulic properties of

the geologic units which contain contaminated ground water. In a constant

discharge pump test, a well is pumped at a constant rate and water levels are

measured for the duration of the test in the pumping well and in the obser-

vation wells which penetrate the water-bearing unit. During the recovery

test, the change in the water levels in the wells are recorded after cessation

of pumping until near static water levels are attained. Graphs of drawdown

and recovery versus time after pumping started and stopped are compared to

graphs calculated from mathematical aquifer models to estimate the aquifer

parameters.

F-4
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2.0 GEOLOGIC SETTING

The geologic setting of the Flightline Area at Carswell AFB is

described in detail in the main body of this report. Specifically, Section

3.3 provides information about the geologic setting, topography, and strati-

graphy. Section 3.4 contains a detailed description of the hydrogeology for

the Flightline Area. The reader is referred to these sections prior to

proceeding with the remainder of this appendix.

The following paragraphs are provided to supply additional infor-

mation about the subsurface conditions in the area immediately affected by the

aquifer tests.

Soil boring data collected during well installation in the vicinity

of the aquifer test location has revealed a coarsening downward sequence of

lithologies from land surface to bedrock, which is comprised of the Goodland

and Walnut Formations.

The deposits from the surface to bedrock (referred to as "Upper

Zone" deposits) are generally 30 to 40 feet thick and consist of 10 to 15 feet

of fine grained materials (clay and silt) underlain by 20 to 30 feet of sands

and gravels. The thickest sequence of coarser grained materials (sands and

gravels) is generally oriented in an east to west trend through the Flightline

Area, roughly paralleling White Settlement Road. These deposits are uncon-

solidated and coarsen downward to predominantly limestone and chert gravels at

the contact with the underlying bedrock.

Bedrock of the Coodland and Walnut Formations consists of inter-

bedded, fossiliferous, hard limestone and calcareous shale. The thickness of

the Goodland and Walnut Formatiors in the vicinity of the pumping test

location is approximately 30-40 feet. The Goodland and Walnut Formations have

been dry when sampled during drilling activities in the area, and with the

thickness and hardness of the formations they are believed to form an effec-

tive confining layer between the Upper Zone water-bearing deposits and the

underlying water-bearing sands of the Paluxy Formation.

F-5
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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 front 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 LFO4-02, 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 LFO4-03.

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 (volumetrically). The temperature, pH, and conductivity

of the discharge water was also measured regularly. The discharge of the pump

remained constant through the test, with measured discharges (17) varying from

17.9 to 18.7 gallons-per-minute (gpm). The averaged discharge was 18.3 gpm,

leading to an approximate total discharge of 22,000 gallons during the pump

test.

At the request of the City of Fort Worth Water Department, the

discharge water was aerated for removal of volatile organic compounds (VOCs).

Aeration of the pump test discharge water, prior to sanitary sewer

discharge, was accomplished with a trailer mounted 125 cfm air compressor.

Air from the compressor was routed to a small holding pond which was receiving

water from the pumping well. A hole in the top of the holding pond (swimming

pool) allowed for discharge of the aerated water to the sewer system.

Periodically during the pump test, water samples going into the

holding pond (pre-aeration) and exiting the pond (post-aeration) were col-

lected. These samples were collected in 40 ml VOA vials, filling each

approximately 2/3's with water. These water samples were then allowed to sit

in the open sun for several hours prior to a headspace analysis for volatile

F-8
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organic content. The time spent in the sun allowed volatile organics in the

ground-water samples to volatilize to the overlying air column. The volatile

organic content of the air (headspace) was then measured with an HNu photo-

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

the Teflon septum in the cap of the vial and quickly inserting the probe of

the HNu PID. Table 3-1 summarizes the results of the headspace analyses

performed on the discharge water samples from the Flightline Area pump test.

As seen from the table, the aeration of the pump test water prior

to discharging to the city sewer system reduced the volatile organic content

of the water in every sample analyzed. The average reduction, considering all

the analyses, was slightly over 40 percent. The HNu PID is not compound

specific, instead measuring the total volatile organic content in the air.

The instrument was responding very well, and duplicate (D) analyses performed

on the samples from 1630 showed only a three percent relative difference.

3.1.2 Test Tves 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 E.J), or approximately 20 gallons per

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

F- 9



TABLE 3-1. HEADSPACE ANALYSIS

S9 276

Time Sample
HNu Value (rpm)

Time Sample BackgroundWater Going Water Going
Taken Into Pool Into Sewer Analyzed HNu Reading

0945 20+ 2-3 1515 0.1

1030 4.5 3.8 1525 0.0

1130 4.6 3.3 1530 0.0

1315 9.4 2.2 1535 0.0

1430 11.6 7.9 1910 0.0

1530 10.3 6.0 1912 0.0

1630 10.4 7.3 1915 0.0

1630 (D) 10.3 7,5 1918 0.0

1915 12.0 6.8 2120 0.0

(D) - Denotes duplicate sample

F— 10
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hydraulic head encountered in the pumping well); however, travel of discharge

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

the sewer system reduced discharge rates proportionately.

The pump test followed the end of the step test by about 16 hours,

and measured water levels had recovered to over 99 percent of their pre-step

test level. The 4-inch submersible pump (used in pump and step test) was

powered by a 3500 watt portable generator.

During both the pumping and recovery tests, water levels in the

pumping well (LFO4-03) and the near observation well (LFO4-02) were recorded

using pressure transducers and an automatic data logger (Hermit Model 1000B).

The Hermit collected water-level data for the two wells, for both the pump and

recovery test, is included in Attachment C. Water levels were also manually

measured in surrounding monitor wells with a calibrated Olympic electric

water-level probe. The water-level probe was decontaminated prior to each

water-level measurement. The water levels in the pumping well and near

observation well were also checked regularly with the Olympic meter to verify

the accuracy of the Hermit data logger. The manual water-level measurements

are provided in Attachment D. The maximum water-level decline observed in the

manually measured observation wells was 0.09 feet (LFO4-4E). Hydrographs of

the water levels in the observation wells during the pump test are also

provided in Attachment D.

As seen from the hydrographs, there appears to be a slight water-

level rise around 700 minutes into the pump test. The timing of the water-

level rise corresponds with a decrease in barometric pressure. Figure 3-1

shows the barometric pressure plotted with the water levels measured in well

LFO4-4H. This pressure phenomenon appears to have had a slight effect on the

water level of the Upper Zone Aquifer, but the barometric pressure goes back

up to roughly the same value as when pumping started by the end of the pump

test. The overall trend of water levels does not appear to have been affected

significantly by the pressure fluctuations. Unconfined aquifers are naturally

less affected by barometric pressure fluctuations than confined aquifers.
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4.0 TEST RESULTS

4.1 Analytical Methods and Assunrntions

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 Boulton (1963) and Newman (1975) for unconfined aquifers.

These techniques consider the effects of gravity drainage in an unconfined

aquifer, which result in a delayed yield of ground water to the well and a

corresponding fluctuation in the time-drawdown data curve. As can be seen

from Figure 4-1, delayed yield was not pronounced (if evident) in the loglog

plot of the near observation well drawdown. Attempts at matching respective

portions of the drawdown curve with various Type A and Type B curves met with

no success. Therefore, in the analysis of unconfined aquifer data showing no

apparent delayed yield, the techniques of Theis and Jacob-Cooper were applied

to the data.

The Theis and Jacob-Cooper analyses were used as both field methods

and in later data analysis for estimating aquifer parameters. Time versus

drawdown for observation wells were plotted on semi-log paper. From this

plot, the change in drawdown over a particular log cycle was used in the

calculation of aquifer transmissivity and storativity, using the equations:

2.3Q 2.25Tt0T ___ and S ____
4irh V2

where: T transmissivity

Q = pumping rate

the drawdown for one log cycle

F-13
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S — storativity
t0 time intercept where the drawdown line intercepts the zero

drawdown axis

v radial distance from the pumping well to observation well

The WHIP diagnostic procedures also use semilog drawdown (Jacob-

Cooper) analyses and Theis recovery analyses to obtain preliminary estimates

of the transmissivity and storage coefficient. Theis curves are generated

using these values and are graphically compared to the observed data.

Portions of the generated curves can be "windowed" so only reliable data are

used for the generation of final transmissivity and storage coefficient

values.

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

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

atives of the drawdowns were performed. Observing the derivative drawdown

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

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

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

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. This correction minimizes irregularities

inherent in field generated data to improve computer aided curve matching

techniques and allow greater accuracy in the calculation of aquifer par-

ameters.

Three different computer generated plots and analyses were deter-

mined to best represent the Upper Zone aquifer hydraulic properties of

transmissivity and storage coefficient. These were the observation well

(LFO4-02) drawdown and recovery analyses and the pumping well (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 P,ehavior in Pumping Well and Near Observation Well

The observed maximum drawdown was 3,58 feet in the pumping well and

0.20 feet in the near observation well, located 50 feet north of the pumping

well.

4.3 Results

The results of the computer-assisted pump test analyses are pre-

sented in Table 4-1. The drawdown and recovery curves for the observation

well were analyzed as well as the recovery curve for the pumping well. The

average values for the parameters of transmissivity and hydraulic conductivity

and a value for storage coefficient are shown on the table. The averaged

values are representative of the types of aquifer materials encountered (clean

sands and gravels). The W}1IP' generated plots for the analyses are provided
in Attachment E.

F-16
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I DRILLING LOG I RADIAN CORPORATION [ INSTALLATION: CARSWELL AF8. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 37.7 ft 801 1

I IRP PHASE II STAGE 2 8. DATL1 FOR ELEVATION SHOWN: sea level

I 2. LOCATION: Fttghtline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B61 I

I 3. DRILLING AGENCY: EnvrorsnentaL Drillers. Inc. I 10. NO. OF SANPLES TAKEN: 14 I

4. HOLE NO.: LFO4-02 I 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 621.00 ft MSL I

I X: 2020510.50 Y: 397732.54 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: 623.68 ft NSL I

Depth( Graphic Blow SOIL
I I

I(Ft.) Log Coat IClsssicode Ivisuat Description I Remarks

I 0 U/CLLR Clay: Dark brown, silty, firm, roots, d, IFuIL sanlers

I I carbonaceous stairn. luntes noted.

I I

I I I I

2
I U/CLLR CLay: As above; at 3.0 ft. going to orange/brown, siLty I

I
IcLay with 5 10% calcareous material.

I

I I I

I 4 U/CLLR Clay: As above. 11.5 ft. Recovery

I I I I

I I I

I I I I I

I 6 U/CLLR ICtay: Orange/brown, very silty, minor very fine grained I

I I sand, stiff, catcareous riojLes, carboaceous streaking.
I

I I I.

I 8 / i U/CLLR Clay: As above, increasing catcareous material to 30%.

I 11 U/SDGR Sand and Gravel: Orange, very poorly sorted, cohesive,
silty, dan!,, abundant caLcareous material.

I I

I 13 )•O•O U/SDLR ISand: Orange, fine grained, minor Larger sizes to

coarse, slightly ctsyey and silty, da. I

I 13.5 ).Q.Q U/SDLR Sand: As above, increasing coarseness with depth, 5
I I

I .b•o• I 110% smaLL gravels. I I

I I I

1 I

I 16.5 j U/SDLR Sand: As above, gravelly; changing to tan, fine to
I . .. . I Imediun grained, Loose, quartzose at 18.0 ft., da.

I I I I I

.Q.(
I I

I 18.5 J.Q. U/SOLR Isand: As above, welt sorted, mediun grained, danp; 0.4 ft. Recøvery

ft gravelly zone at 21.5 21.9 ft.
I

I I I I I

I I I

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

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL

I IRP PHASE II STAGE 2 I 8. DATUN FOR ELEVATION SHOWN: sea Levet

1 2. LOCATION: F(ighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrilL 8-61 1

I 3. DRILLING AGENCY: EnvirorgnentaL DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 14 1

4. HOLE NO.: LFO4-02 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: ,[

I X: 2020510.50 Y: 397732.54

13. SURFACE ELEVATION: 621.00 ft MSL

14. BACKGROUND:

1 15. MEASURING POINT ELEVATION: 623.68 ft MSL

Ioepthl Graphic j BLow Soil
I

I(Ft.)I Log Count ICtass/Code tVisuaL Description I Remarks

i ici.b.c i I I

I I I I I

I

I

.

.i5.cii.I235. ..C.r.
).1'.1.I'.
ööc

I

1

I

U/SDLR

I

I

I

Send: Orange/ten, mediuit grained, weLl sorted,
lstA)rou,d, >90% quartz; 0.3 ft. gravelty zone at 27 ft.,

saturated at 28 ft.

I

I

I

(4.0 ft. Recovery

I

i

I

I

(

I

i
I —c—5• i I I

I

I

I

I

I

i•b•c

1285)00
:o•d•

ö:ci:c
i5—c.

I

I

I

I

I

I

I

I

U/SDLR

I

I

I

I
Sand: As above, 1-3% granuLe size graveL.

I

I

i
I

I

I

I

fw. L. measured at

28.1 ft. BLS, 5.0

(ft. Recovery

i
i

I

I

I

I

I

(

I

I cci.c I I I

I •c5• I I I

I

I

I

I

I

(

c1.ci.c I

I33.5P••c
I
(

I00C
ib.b-1 I

I

I

I

(

U/SOLR

U/MARL

I

I

I

IS.i': Tan, mediun grained, quartzose, Loose, wet, 5%

graveLs to 25 rn.

I

I

I

I

I

ILfmestone: Marty, weathered sand and gravel intermixed,

fissi Ic.

I

I

I
3.7 ft. Recovery.

(

(

I

I

1

IT.D. 37.7 ft.

I

I

I

(

I

I

(

I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I
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)FuLL recovery

tstess otherwise
mdicat.d.

IToo stiff to cut.

ji ft. recovery1

ST. Rig broken.

IContinue after
repairs.

ICetiche Layer at

112 ft., drilling

)through.

DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. IX SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSLL AFB,
IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 37.6 ft BGL I
8. DATIJ FOR ELEVATION SHOWN: sea Level I

. LOCATION: Ftlght(ine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrIU B61 I

3. DRILLING AGENCY: Envirormental DrilLers. Inc. 10. NO. OF SAMPLES TAKEN: 14 1

4. HOLE NO.: LFO4•03 11. ELEVATION GROUND WATER: 597.58 ft MSL (6118/90) I
5. NAME OF GEOLOGIST: S. B. BLouit, S. E. Fain J. 12. DATE HOLE ESTABLISHED: 3/20190 1

6. COORDINATES OF HOLE:

X: 2020506.79 Y: 397683.46

13. SURFACE ELEVATION: 620.50 ft NSL I

16. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.25 ft MSL I

lDepth

I(Ft.)

Graphic

Log

Blow Soil f

Couit (Class/Code (Visual Oesciption
I

I RemarKs

I

1

IHard pushing.

10

12

14

16

I

hO

12.1

14.5

I 19.5

U/ CLAY

U/CLAY

U/CLLR

UICLLR

U/CLLR

U/CLLR

U/SDFM

U/SAND

U/SDLR

Clay: Brom, soft to firm, semi-plastic, with fine

Iroottets and minor carbonaceous streaking and

Ipartictes, moist to wet.

Clay: As above, firm to stiff (stiffens to base), minor

calcareous debris, more abLsldant carbonaceous staining,

very stiff; 3.8 4.0 ft.

Ictay: Orange/brown at 4.1 ft; brittle, dane, abuidant

catcareous debris, slickensided, catichified with soma

lauthigenic mineraLization (crystals of C.C03 in shelL

Ifrags.); very hard, silty.

Clay: As above, very stiff, slightly sandy and silty.

ICLaY: As above, few Large CaCO3 pebbLes (25 sue),

increasing ctacareous material with depth, very fin.
Brained sand.

Clay: Orange/brown, silty, cohesive, dairça, 30%

Icatcareous material, stiff.

Sand: Orange, fine grained, Loose, d, quartzose,
Iwell sorted; at 14.3 ft. sharp change to tan, very fine
jgrained sand, heavily oxidized in Laminae.

Sand: Orange, fine to mediun grained, quartzose, d,
Loose; gravelly seam 15 . 15.5 ft.

jSand: Orange/tan, fine to mediun grained, daep, Loose, l
sroud, > 90% artz, 1 3% smalL gravel and shelLs.

13

I

ft. Recovery.

ft. Recovery.
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9 2S0

ci.

24.5

p.0.0.

.0.0.

.0.0.
:o•:o
H0.0.
0.0-c

29.5

.0..0..c
00

32 00)00
0000

000
00)00
00

I jj50

Gravel.: Varicolored, up to pebble size (30 nsii), shells,

1<10% sand, saturated.

IGravet: As above, mainly small pebble size (5 - 10

(shelLs, siangular to sroued, large percentage of
(chert.

Marl: Chalky gray, injrated, oxidation stained

throughout.

jW. L. measured at

26.3 ft. Ste. 2.6

(ft. recovery.

13.2 ft. Recovery.

(SaSV&er refusal at

37.5 ft., drove 1

11/2 in. S.S. 50

(blows 1 in.; 1.0

37.6 ft.

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSUELL MB, I 7. TOTAL DEPTH OF HOLE: 37.6 ft SGL

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

I

I
J 2. LOCATION: FLightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61

J 3. DRILLING AGENCY: Envirorriental Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 14 I
I 4. HOLE NO.: LFO4-03 j 11. ELEVATION GROUND WATER: 597.58 ft MSI (6/18190) I

I 5. NAME OF GEOLOGIST: S. 8. Btos,t. S. E. Fain 12. DATE HOLE ESTABLISHED: 3/20/90 1

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 620.50 ft NSL

I X: 2020506.79 Y: 397683.46 J 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 623.25 ft MSL

IDepthI Graphic Blow
I

Soil
I

I(Ft.) Loq Cotmt Class/Code IVisual_Description Remarks

I

I

I

I

(Sand: Orange/tan, fine to mediun grained, wet, loose,
10.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

(Sand: As above, saturated.

UI SDLR

U/SDLR

U/GRVL

U/GRVL

U/MARL



9 291
WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

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

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site LFO4 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation 1 12. SEAL END DEPTH: 20.90 ft

4. WELL NO.: LFO4-02 13. MEAS. POINT ELEV.: 623.68 ft MSL

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

j 6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 23.10 ft

8. LOCATION TYPE: WI I 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-Locking Cap, 1-bottom Cap

—I

I _________ TOP OF CASING
I

I I

GRWND SURFACE I I I

I t I I I I t I

I I I I I I

BACKFILL MATERIAL: j I I

I
Cement-Bentonite Grout I I I I I

I I I I I I I

I I \I I J j/ BOREHOLE DIAMETER:
I

I I 'I I \ 8.000 in I

I BOREHOLE I I I I I

I DEPTH: I I I I I I

I
37.7Oft

I I I I I I

I I I I I I
SEAL MATERIAL:

I

I I I I I I
Bentonite

I I ______ I I 1 1 I

I I t I I I I I I

I
SEAL LENGTH:

J I I I

I
2.00 ft I I

CASING DEPTH:
I

I I I I 37.65 ft

I ______ I I I I
I I

I t I I I I I

I I I I I I

I I I I ___ I I ________ I I

I I I I I_I I t I I

I I I I I ___I I I I I

I I I I_I I I

I I I ___ I I I I

I I I I — SCREEN LENGTH:
I I

I I I I I_______ I I
14.35 ft

I

FILTER PACK
J J — I I I I

I I
LENGTH: I _______ I I I I I

I I
16.80 ft

I I

I I I ___I I 4' I I

I I I I I t I

I I I I I I I I

I I I I I
BLANK LENGTH:

I

I I I I I
O.2Oft

I I

I I I I I I I I I I

I I I I I I I ________________ I

I I I I I I

I ______________ I I

I
FILTER PACK MATERIAL: 8-20 SiLica Sand

I

I I

F— 25



;9 29
WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 43/9O I

1 10. WELL COMPLETION METH: GRAVEL PACK W/SCREEPi I

2. LOCATION: Ste 1F04 Ji1. ZONE OF COMPLETION: Aquifer I
3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 19.40 ft

4. WELL NO.: LFO4-03 13. MEAS. POINT ELEV.: 623.25 ft MSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 6.00 in

1 6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: Schedule 80 PVC

7. FORMATION OF COMPLETION: j 16. SCREEN BEGIN. DEPTH: 22.40 ft

1 8. LOCATION TYPE: WL 1 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: lxlO'x6" PVC 0.020

I

screen, 1x5'x6" screen, 2x10'x6" PVC riser, 1x5'x6" riser.

I

_________ TOP_OF_CASING

I I I

I
GROUND SURFACE I ________________________________________________ I

I t I I I I f I

I I I I I I

I I BACKFILL MATERIAL:
I I I I

I Cement-Bentonite Grout J I I I I I

I I I I I I I I

I I \I I I ft BOREHOLE DIAMETER:
f I

I I 'I I' 14.500 in
I

BOREHOLE I I I I I
DEPTH: I I I I I

I
37.52ft I I I I I

I I I I SEAL MATERIAL: I I

I I I I I I Bentonite I

I I _______ I I I I I I

I I t I I I I

I f SEAL LENGTH:
f J I I I I

I I 2.30 ft f I I CASING DEPTH:

I I f
37.42ft

I I I I I I I

I I t I I I I I I

I I I I I I I

I I I I I ___ f ________ I I

I I I I_I t I I

I I f I I ___ I I I I I

I I_I I I I

I I I I f ___ I I I I

I I I I I — I I SCREEN LENGTH:
I I

I I I f f ________ 14.26 ft I I

I FILTER PACK
f I I I I I

I I LENGTH: _________ I I I I I

I 18.12 ft I I f I I I

I I f I I I I ______ I

I I I I I I I t I

I I I I I I I

I I I I I I I BLANK LENGTH: I

I f I I I I I O.76ft I I

I I I I I I I I

I I I I I I I ________________ I

I I f I I I

I ______________ I I. I

I FILTER PACK MATERIAL: 8-20 SiLica Sand I



Background water level data - Pumping well

Time Time Time Time
minutes minutes minutes minutes

0 0 600 -0.05 1200 -0.06 1800 -0.08
10 -0.01 610 -0.05 1210 -0.07 1810 -0.08
20 -0.01 620 -0.05 1220 -0.07 1820 -0.08
30 -0.02 630 -0.05 1230 -0.07 1830 -0.08
40 -0.02 640 -0.05 1240 -0.06 1840 -0.07
50 -0.02 650 -0.05 1250 -0.06 1850 -0.08
60 -0.03 660 -0.05 1260 -0.06 1860 -0.08
70 -0.03 670 -0.05 1270 -0.07 1870 -0.08
80 -0.03 680 -0.04 1280 -0.07 1880 -0.08
90 -0.03 690 -0.04 1290 -0.07 1890 -0.08

100 -0.03 700 -0.03 1300 -0.06 1900 -0.08
110 -0.03 710 -.0.03 1310 -0.08 1910 -0.08
120 -0.03 720 -0.03 1320 -0.07 1920 -0.08
130 -0.03 730 -0.05 1330 -0.06 1930 -0.08
140 -0.03 740 -0.03 1340 -0.08 1940 -0.08
150 -0.03 750 -0.03 1350 -0.08 1950 -0.08
160 -0.03 760 -0.03 1360 -0.08 1960 -0.08
170 -0.03 770 -0.03 1370 -0.08 1970 -0.08
180 -0.04 780 -0.03 1380 -0.09 1980 -0.08
190 -0.04 790 -0.03 1390 -0.08 1990 -0.08
200 -0.03 800 -0.03 1400 -0.08 2000 -0.08
210 -0.04 810 -0.03 1410 -0.08 2010 -0.08
220 -0.04 820 -0.03 1420 -0.09 2020 -0.08
230 -0.04 830 -0.03 1430 -0.08 2030 -0.08
240 -0.04 840 -0.03 1440 -0.09 2040 -0.08
250 -0.04 850 -0.03 1450 -0.09 2050 -0.08
260 -0.04 860 -0.03 1460 -0.09 2060 -0.07
270 -0.04 870 -0.03 1470 -0.09 2070 -0.07
280 -0.04 880 -0.03 1480 -0.09 2080 -0.07
290 -0.05 890 -0.03 1490 -0.09 2090 -0.06
300 -0.04 900 -0.03 1500 -0.09 2100 -0.07
310 -0.04 910 -0.03 1510 -0.09 2110 -0.06
320 -0.05 920 -0.03 1520 -0.09 2120 -0.06
330 -0.05 930 -0.03 1530 -0.09 2130 -0.06
340 -0.05 940 -0.03 1540 -0.08 2140 -0.06
350 -0.05 950 -0.03 1550 -0.08 2150 -0.06
360 -0.05 960 -0.03 1560 -0.08 2160 -0.06
370 -0.05 970 -0.05 1570 -0.08 2170 -0.06
380 -0.05 980 -0.03 1580 -0.08 2180 -0.06
390 -0.05 990 -0.04 1590 -0.08 2190 -0.06
400 -0.05 1000 -0.04 1600 -0.07 2200 -0.05
410 -0.05 1010 -0.05 1610 -0.07 2210 -0.05
420 -0.05 1020 -0.05 1620 -0.07 2220 -0.05
430 -0.05 1030 -0.05 1630 -0.07 2230 -0.06
440 -0.05 1040 -0.05 1640 -0.07 2240 -0.06
450 -0.05 1050 -0.05 1650 -0.07 2250 -0.06
460 -0.05 1060 -0.06 1660 -0.07 2260 -0.06
470 -0.05 1070 -0.05 1670 -0.07 2270 -0.06
480 -0.05 1080 -0.06 1680 -0.07 2280 -0.06
490 -0.05 1090 -0.06 1690 -0.07 2290 -0.05
500 -0.05 1100 -0.06 1700 -0.08 2300 -0.05
510 -0.05 1110 -0.06 1710 -0.07 2310 -0.05
520 -0.05 1120 -0.06 1720 -0.08 2320 -0.06
530 -0.05 1130 -0.05 1730 -0.08 2330 -0.05
540 -0.05 1140 -0.06 1740 -0.07 2340 -0.05
550 -0.05 1150 -0.06 1750 -0.08 2350 -0.06
560 -0.05 1160 -0.06 1760 -0.08 2360 -0.06
570 -0.05 1170 -0.06 1770 -0.07 2370 -0.06
580 -0.05 1180 -0.05 1780 -0.08
590 -0.05 1190 -0.06 1790 -0.08
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Background water level data - Observation well

Time Time Time Time 9 29
minutes minutes minutes minutes

0 0 600 0 1200 -0.03 1800 -0.01
10 0 610 -0.02 1210 -0.05 1810 -0.01
20 0 620 -0.01 1220 -0.05 1820 -0.01
30 -0.01 630 -0.01 1230 -0.04 1830 -0.01
40 0.01 640 -0.01 1240 -0.04 1840 -0.01
50 0.01 650 -0.01 1250 -0.03 1850 -0.02
60 0 660 -0.01 1260 -0.03 1860 -0.01
70 0 670 -0.01 1270 -0.04 1870 -0.01
80 0 680 0 1280 -0.04 1880 -0.01
90 0 690 0 1290 -0.03 1890 -0.01

100 0 700 0 1300 -0.03 1900 -0.01
110 0 710 0 1310 -0.05 1910 -0.01
120 0 720 0 1320 -0.04 1920 -0.01
130 0 730 -0.01 1330 -0.03 1930 -0.01
140 0 740 0.02 1340 -0.05 1940 -0.01
150 0 750 0 1350 -0.05 1950 -0.01
160 0 760 0.01 1360 -0.05 1960 -0.02
170 0 770 0 1370 -0.05 1970 -0.01
180 0 780 0 1380 -0.05 1980 -0.01
190 0 790 0 1390 -0.05 1990 -0.01
200 0 800 0.01 1400 -0.05 2000 -0.01
210 0 810 0 1410 -0.05 2010 -0.01
220 0 820 0 1420 -0.05 2020 -0.01
230 0 830 0 1430 -0.05 2030 -0.01
240 0 840 0 1440 -0.05 2040 -0.01
250 0 850 0 1450 -0.05 2050 -0.01
260 0 860 0 1460 -0.05 2060 -0.03
270 0 870 0 1470 -0.05 2070 -0.03
280 0 880 0 1480 -0.05 2080 -0.03
290 0 890 0 1490 -0.02 2090 -0.02
300 0 900 0 1500 -0.02 2100 -0.02
310 0 910 0 1510 -0.03 2110 -0.02
320 0 920 0 1520 -0.03 2120 -0.01
330 0 930 0 1530 -0.02 2130 -0.03
340 0 940 0 1540 -0.02 2140 -0.02
350 0 950 0 1550 -0.02 2150 -0.02
360 0 960 -0.01 1560 -0.02 2160 -0.02
370 0 970 -0.02 1570 -0.01 2170 -0.02
380 0 980 0 1580 -0.01 2180 -0.01
390 0 990 -0.01 1590 -0.01 2190 -0.01
400 0 1000 0 1600 -0.01 2200 -0.01
410 0 1010 -0.02 1610 -0.01 2210 -0.01
420 0 1020 -0.02 1620 -0.01 2220 -0.01
430 0 1030 -0.03 1630 -0.01 2230 -0.01
440 0 1040 -0.02 1640 -0.01 2240 -0.01
450 0 1050 -0.01 1650 -0.01 2250 -0.01
460 0 1060 -0.05 1660 -0.01 2260 -0.02
470 0 1070 -0.01 1670 -0.01 2270 -0.02
480 0 1080 -0.03 1680 -0.01 2280 -0.02
490 0 1090 -0.03 1690 -0.01 2290 -0.01
500 0 1100 -0.03 1700 -0.01 2300 -0.01
510 0 1110 -0.03 1710 -0.01 2310 -0.02
520 0 1120 -0.02 1720 -0.01 2320 -0.02
530 0 1130 -0.01 1730 -0.01 2330 -0.02
540 0 1140 -0.03 1740 -0.01 2340 -0.01
550 0 1150 -0.04 1750 -0.01 2350 -0.03
560 0 1160 -0.05 1760 -0.01 2360 -0.02
570 0 1170 -0.03 1770 -0.01 2370 0.02
580 0 1180 -0.02 1780 -0.02
590 0 1190 -0.03 1790 -0.02
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ATTACHMENT C

Hermit Collected Water-Level Data for
Pump and Recovery Tests
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Pumping welt drawdown - Pump test q 301
Time Drawdown Time Drawdown Time Drawdown Time Drawdown

minutes ft. minutes ft. minutes ft. minutes ft.

0.0000 0.58 5.5 3.65 110 3.94 660 4.05
0.0033 0.42 6.0 3.67 120 3.94 670 4.03

0.0066 0.50 6.5 3.67 130 3.95 680 4.05
0.0099 0.51 7.0 3.69 140 3.95 690 4.06
0.0133 0.54 7.5 3.70 150 3.95 700 4.05
0.0166 0.63 8.0 3.70 160 3.97 710 4.06
0.0200 0.63 8.5 3.71 170 3.97 720 4.05

0.0233 0.65 9.0 3.72 180 3.96 730 4.05

0.0266 0.68 9.5 3.72 190 3.98 740 4.06

0.0300 0.71 10 3.73 200 3.96 750 4.05

0.0333 0.75 12 3.75 210 3.97 760 4.05

0.0500 0.88 14 3.77 220 3.97 770 4.06
0.0666 0.98 16 3.78 230 3.98 780 4.06
0.0833 1.09 18 3.79 240 3.99 790 4.07
0.1000 1.17 20 3.81 250 3.98 800 4.07
0.1166 1.26 22 3.82 260 3.98 810 4.06
0.1333 1.34 24 3.82 270 3.98 820 4.06
0.1500 1.40 26 3.82 280 4.00 830 4.06
0.1666 1.47 28 3.84 290 3.99 840 4.07

0.1833 1.54 30 3.84 300 4.00 850 4.07
0.2000 1.59 32 3.85 310 4.01 860 4.07
0.2166 1.65 34 3.86 320 4,01 870 4.07

0.2333 1.70 36 3.86 330 4.01 880 4.07
0.2500 1.76 38 3.86 340 4.01 890 4.07
0.2666 1.82 40 3.86 350 4.01 900 4.08
0.2833 1.85 42 3.87 360 4.01 910 4.08
0.3000 1.90 44 3.86 370 4.01 920 4.08
0.3166 1.94 46 3.88 380 4.02 930 4.08
0.3333 1.99 48 3.87 390 4.02 940 4.08
0.4167 2.16 50 3.87 400 4.02 950 4.09
0.5000 2.30 52 3.88 410 4.03 960 4.13
0.5833 2.42 54 3.88 420 4.01 970 4.11

0.6667 2.50 56 3.88 430 4.02 980 4.09
0.7500 2.57 58 3.88 440 4.03 990 4.08

0.8333 2.62 60 3.89 450 4.03 1000 4.07

0.9167 2.69 62 3.88 460 4.04 1010 4.07
1.0000 2.74 64 3.88 470 4.03 1020 4.10

1.0833 2.80 66 3.88 480 4.03 1030 4.09
1.1667 2.85 68 3.89 490 4.04 1040 4.08
1.2500 2.91 70 3.89 500 4.04 1050 4.08
1.3333 2.96 72 3.89 510 4.03 1060 4.10
1.4166 3.01 74 3.89 520 4.05 1070 4.09
1.5000 3.05 76 3.90 530 4.05 1080 4.08
1.5833 3.10 78 3.91 540 4.03 1090 4.09
1.6667 3.14 80 3.89 550 4.05 1100 4.09
1.7500 3.17 82 3.91 560 4.04 1110 4.12
1.8333 3.20 84 3.91 570 4.04 1120 4.11

1.9167 3.24 86 3.91 580 4.05 1130 4.10
2.0 3.27 88 3.91 590 4.05 1140 4.10
2.5 3.41 90 3.92 600 4.03 1150 4.10
3.0 3.50 92 3.92 610 4.04 1160 4.12
3.5 3.56 94 3.93 620 4.04 1170 4.10
4.0 3.59 96 3.93 630 4.04 1180 4.10
4.5 3.61 98 3.93 640 4.05 1190 4.09
5.0 3.64 100 3.93 650 4.03 1200 4.08

F—35



Observation wélidrawdown - Pump test " lilA,
Time Drawdown Time Drawdown Time Drawdown Time Drawdown

minutes ft. minutes ft. minutes ft. minutes ft.
0.0000 0.05 5.5 0.08 110 0.15 660 0.19
0.0033 0.04 6.0 0.08 120 0.14 670 0.18
0.0066 0.05 6.5 0.08 130 0.15 680 0.18
0.0099 0.04 7.0 0.08 140 0.15 690 0.19
0.0133 0.05 7.5 0.09 150 0.15 700 0.18
0.0166 0.03 8.0 0.09 160 0.17 710 0.18
0.0200 0.05 8.5 0.09 170 0.15 720 0.19
0.0233 0.04 9.0 0.08 180 0.15 730 0.19
0.0266 0.04 9.5 0.08 190 0.17 740 0.2
0.0300 0.05 10 0.08 200 0.15 750 0.19
0.0333 0.04 12 0.1 210 0.15 760 0.2
0.0500 0.05 14 0.1 220 0.16 770 0.19
0.0666 0.05 16 0.1 230 0.16 780 0.18
0.0833 0.04 18 0.11 240 0.17 790 0.22
0.1000 0.04 20 0.11 250 0.15 800 0.22
0.1166 0.04 22 0.12 260 0.16 810 0.22
0.1333 0.05 24 0.11 270 0.15 820 0.22
0.1500 0.04 26 0.11 280 0.15 830 0.22
0.1666 0.05 28 0.11 290 0.16 840 0.23
0.1833 0.05 30 0.13 300 0.16 850 0.23
0.2000 0,05 32 0.13 310 0.17 860 0.22
0.2166 0.05 34 0.12 320 0.16 870 0.23
0.2333 0.05 36 0.13 330 0.16 880 0.23
0.2500 0.05 38 0.12 340 0.15 890 0.23
0.2666 0.05 40 0.13 350 0.17 900 0.23
0.2833 0.05 42 0.13 360 0.17 910 0.23
0.3000 0.05 44 0.13 370 0.16 920 0.23
0.3166 0.05 46 0.13 380 0.15 930 0.23
0.3333 0.05 48 0.13 390 0.17 940 0.23
0.4167 0.05 50 0.13 400 0.17 950 0.25
0.5000 0.05 52 0.13 410 0.17 960 0.26
0.5833 0.05 54 0.13 420 0.16 970 0.25
0.6667 0.05 56 0.15 430 0.17 980 0.24
0.7500 0.05 58 0.13 440 0.15 990 0.25
0.8333 0.06 60 0.13 450 0.17 1000 0.24
0.9167 0.05 62 0.14 460 0.18 1010 0.24
1.0000 0.05 64 0.13 470 0.19 1020 0.25
1.0833 0.05 66 0.14 480 0.18 1030 0.24
1.1667 0.05 68 0.14 490 0.17 1040 0.25
1.2500 0.05 70 0.14 500 0.18 1050 0.24
1.3333 0.06 72 0.15 510 0.17 1060 0.25
1.4166 0.06 74 0.14 520 0.19 1070 0.25
1.5000 0.05 76 0.14 530 0.18 1080 0.25
1.5833 0.06 78 0.14 540 0.17 1090 0.25
1.6667 0.06 80 0.15 550 0.17 1100 0.25
1.7500 0.06 82 0.14 560 0.17 1110 0.26
1.8333 0.06 84 0.14 570 0.18 1120 0.25
1.9167 0.06 86 0.15 580 0.18 1130 0.25

2.0 0.06 88 0.15 590 0.18 1140 0.25
2.5 0.06 90 0.15 600 0.17 1150 0.25
3.0 0.06 92 0.15 610 0.18 1160 0.26
3.5 0.07 94 0.15 620 0.17 1170 0.26
4.0 0.06 96 0.15 630 0.17 1180 0.25
4.5 0.07 98 0.15 640 0.18 1190 0.25
5.0 0.07 100 0.17 650 0.18 1200 0.24
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Pumping well recovery test

9 3O

Time Drawdown
(minutes) (Ft)

Time Drawdown
(minutes) (Ft)

Time Drawdown

(minutes) (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
0.2166 2.88 20 0.65 190 0.54
0.2333 2.83 22 0.65 200 0.54
0.2500 2.78 24 0.64 210 0.53
0.2666 2.72 26 0.64 220 0.53
0.2833 2.67 28 0.63 230 0.53
0.3000 2.62 30 0.63 240 0.53
0.3166 2.56 32 0.63 250 0.53
0. 3333 2.51 34 0.62 260 0.53
0.41 67 2.24 36 0.62 270 0.52
0.5000 2.02 38 0.61 280 0.53
0.5833 1.85 40 0.61 290 0.52
0.6667 1.70 42 0.61 300 0.51
0.7500 1.56 44 0.61 310 0.53
0.8333 1.45 46 0.61 320 0.53
0.9167 1.35 48 0.60 330 0.51
1.0000 1.27 50 0.60 340 0.51
1.0833 1.20 52 0.60 350 0.52
1.1667 1.15 54 0.60 360 0.51
1.2500 1.10 56 0.60 370 0.51
1.3333 1.06 58 0.60 380 0.51
1.4166 1.03 60 0.59 390 0.51
1.5000 0.99 62 0.59 400 0.51
1.5833 0.96 64 0.59 410 0.51
1.6667 0.94 66 0.59 420 0.48
1.7500 0.92 68 0.59 430 0.49
1.8333 0.91 70 0.58 440 0.49
1.9167 0.89 72 0.58 450 0.49

74 0.58 — — 460 0.49
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Observation well recovery test

Time Drawdown Time Drawdown Time Drawdown

(minutes) (ft.) (minutes) (ft.) (minutes) (ft.)
0.0000 0.24 2.0 0.23 76 0.19
0.0033 0.25 2.5 0.23 78 0.19
0.0066 0.24 3.0 0.23 80 0.19
0.0099 0.24 3.5 0.23 82 0.19
0.0133 0.25 4.0 0.23 84 0.19
0.0166 0.24 4.5 0.23 86 0.19
0.0200 0.24 5.0 0.23 88 0.19
0.0233 0.25 5.5 0.22 90 0.19
0.0266 0.24 6.0 0.23 92 0.19
0.0300 0.24 6.5 0.23 94 0.19
0.0333 0.25 7.0 0.23 96 0.18
0.0500 0.24 7.5 0.23 98 0.18
0.0666 0.24 8.0 0.23 100 0.18
0.0833 0.24 8.5 0.23 110 0.18
0.1000 0.24 9.0 0.23 120 0.17
0.1166 0.24 9.5 0.23 130 0.17
0.1333 0.24 10 0.23 140 0.17
0.1500 0.24 12 0.23 150 0.14
0.1666 0.24 14 0.23 160 0.13
0.1833 0.23 16 0.22 170 0.13
0.2000 0.23 18 0.22 180 0.13
0.2166 0.24 20 0.22 190 0.14
0.2333 0.24 22 0.22 200 0.13
0.2500 0.24 24 0.22 210 0.12
0.2666 0.23 26 0.22 220 0.12
0.2833 0.24 28 0.22 230 0.12
0.3000 0.24 30 0.21 240 0.12
0.3166 0.23 32 0.21 250 0.12
0.3333 0.24 34 0.2 260 0.13
0.4167 0.23 36 0.21 270 0.12
0.5000 0.23 38 0.2 280 0.15
0.5833 0.23 40 0.2 290 0.12
0.6667 0.23 42 0.2 300 0.11
0.7500 0.23 44 0.2 310 0.14
0.8333 0.23 46 0.2 320 0.14
0.9167 0.23 48 0.2 330 0.1
1.0000 0.23 50 0.2 340 0.1
1.0833 0.23 52 0.2 350 0.11
1.1667 0.23 54 0.2 360 0.12
1.2500 0.23 56 0.2 370 0.11
1.3333 0.23 58 0.2 380 0.11
1.41 66 0.23 60 0.19 390 0.11
1.5000 0.23 62 0.2 400 0.12
1.5833 0.23 64 0.2 410 0.12
1.6667 0.23 66 0.2 420 0.09
1.7500 0.23 68 0.2 430 0.11
1.8333 0.23 70 0.19 440 0.11
1.9167 0.23 72 0.19 450 0.11

________________________ 74 0.19 460 0.1
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ATTACHMENT D

Hand Monitored Water-Level Data and Hydrographs of the
Hand-Measured Water-Level Data
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AQUIFER TEST DATA

Tlm Data
Pump on: Date tt/ Time C,'f) (I)
Pump off: Date Time

Duration of aquifer test:
- 4,,.PumDing '- Recovery

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pumplair line

Previous pumping? Yes No

Duration End

Time i

Clock I Since Wuter
Date Time Pump On I LiveS Remarki

TIITW
Clock Since Water

Date Time Pump On I LiveS RemarU

— •'.27
fC'9'/'7'f ) 5
')S*'
'X
20,,? 17Y/ 2C "/

C•"r' __________
6/ig,'191 I

)t.q-,
i/5 f7I 2( )2

I

Owner __________ Address P5
Date 7/

County State _________________

Measured by -' -"' /c '
Weli No. — C 1 Distance from pumping well __________ Type of test / ''7"..' Test No. _______

Measuring eQuipment 1't4id i_-/
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age / of _____

AQUIFER TEST DATA

L 0 y/_ ''.P Distance from pumoing well ___________ Type of test ,> Test No. _______Well No. _______________________ ___________ _______________________ _______

Measuring eauipment ' I-, —/ ,,.

TIne Data -
Pump on: Date (1/) / Time 075 (t)

Pump off: Date t2/?2 Timet)7_(tj)
Duration of aquifer test:

;
Pumping Recovery ((

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge
How 0 measured

Depth of pumplair line

Previous pumping? Yes

Duration

Data

No

En

Time I Time
Clock i Since Water Clock I Sinc. I W.ter

Date Time Pump On I Remarks Date Time Pump On Lvl Remarks

(/)i / — /.j ,3
O1ts /

i25j 3i
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59o / S /1

'?J 7., / ,I3
.
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Measured by Si? vc rCv '4 e P' ,
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Page / otf

AQUIFER TEST DATA

N-0

Ownert)1— Address '4-
Date ?/ JL.1e /"u
WeilNo. ___________

Measunng equipment /'/t')i /ii

County State _________________

Measured by '5t�'vt S '/
Distance from pumping welt __________ Type of test ______________

t
Test No. _______

Time Data
Pump on: DateG - -)t Time 7) (t)

Pump off: Date 22 Time )7(t)
Duration of aquifer test: ,Pumoung ' '- Recovery .

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How Q measurec

Depth of pumpiair line

Previous pumping? Yes No

Duration End

urns
Clock i Sincs I W.t.r

Data Tim. Pump On L.v1 em.rlcs

fl,
clock Sinc. I

Oat. TIm. Pump On j
Wit.r
Level .mark*

2/ /73 Y
c7-/5 — S',.-t' Z,'- i,)& ;/'/.,
)1)) 5 :2/ 1 ,b);t1 /5 9/ 4/4,

't'c o i /?iç 2/ V&(I f'i 73o -/-4c
Of LC / '1/ .Q3(/ 7€'(/ 2/ ft
C1lCc1 7) 3/-I, zce-,5 71'/S

)/, 7? 97) )/ £/7
2/ 4'/ L')/ /,c )/ 'I?
3/ y, ';3q "'11 2,.Lij

ICL' ,C,ç 3/ .
2/..)-

,/y7 /7/
/lC' 2J 2/ '/3
/'2uij 2/ %j
/2c.)• /o 2/ '//

:

33 ,)/ 9y
/.9-/
.)) 1'f

c, 4'-c I
15J '/75 3/ c
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AQUIFER TEST DATA

County _________________ State _________________

Measured by 5"t '", S77 &',/
0wner eAi I4_'/ Address C51j

Date 7/ /.--c /)
WeU No ('C '1 9' Distance from pumPing weH __________ Type of test _____________________ Test No. ______

Measuring ecuipment /1'tPi //7f'J"7I 7v, t A?—

Time Data
Pump on: DateLe ) Time

Pump off: Date2Z Time"_17(t')
Duration of aquifer test:

Pumping I'— - Recovery '"

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge
How 0 measured

Depth of pump/air line

Previous pumping? Yes

Duration

Data

No

End

Time Time
Ctock Since t W.t.r

Date Time Pump On Lavsi Remerks
Clock Since

Dat• Tlm• Pump On I
Witr
k.aei Remarks

,-0r

O?CO —

,273
3,y '7 .

/7c' 5S5 27.(?,
'7' 7°

I217 7Z
2q'i'/ )7O
Z3Z i/7' -'7
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Page / ofi_
AQUIFER TEST DATA

County State 12c'

___________________________ Measured by ,cç,,, 5 f1 7

_________________________ Distance from pumping well Type of test /i Test No. _______

/%i,a1- /1d - __________

Owner ______________ Address

Date 2/ SJfrflL: ITT"

Wefi

Measuring equipment

Time Data
Pump on: Date /j/)1 Time C' It)

Pump ott: Date Time C3'/t')
Duration of aquifer test:

Pumping / 2' — Fecovery

Watir Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
1-40w 0 measured

Depth of pumplair line

Previous pumping? Yes No

Duration End

Time
Clock Si nc. I Watsr

Date Tim. Pump On I Level Remarks

Tim.
Clock Since Water

Date Tim. Pump On Level Remarks

'/'/ O53 — )376
/34/! :3j' €23.71

54,5 371oi7
22c(pV 237€/

/zZ2"1t'6 'Mi 23.77
fl2Zii/i7 979
1,'iT3 2379
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AQUIFER TEST DATA

Time Data

Pump on: Date2L. Time c7Vç()
Pump off: Dateu!Z Time )7(t')
Duration of apuifer test: ,j ,Pumoirig -' ecovery 7t"

Water Level Data
Static water level

Measuring

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pumpiair line

Previous pumping? Yes No

Duration End

Tim.
Clock Since Watsr

Date Time Pump On I Level Remarks

Time
Clock Since i Water

Date Time Pump On I Level Remarks

c't , — / 2 '7
"icc' 3/3' /7,3 (v/,-1l!(
ft'1 .S4 / 7/ L
i9) 23 /7.iy'
22c7b (2.' 7

'/22 4'3 9

&/9_i/ 7, q
/i.•5 /bq , 7,fr'

.

Owner £.''5W'fI Address j/g ,#97'/3

Date 2/ .
Well No. ov'— V'-/

Measuring eQuipment

— County State __________________

Measured by $'-'e f'-' < "J .-.,,-_

Distance from pumping well ___________ Type of test Jy7 ,'?i' Test No. _______

' —7- .E- /fle-

/-;
?/ .-..,7'
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Rage I I

AQUIFER TEST DATA

Ownerttf' Address __________

Date c;: / f77()
County State 7-T

Measured Dy ' S- /:; 44t
Well No. (0 3 Distance from pumping well Type of test ________________ Test No. ______

Measuring equipment fl'M(/ /1 IL'

F—4 7

Time Data —

Pump on: Date) I Time C 1 '1) It)

Pump off: Date rime

Duration of aquifer test:
,,

Pumping /2CL Recovery ('

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How Q measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Time
Clock I Since WEar

Date Tim• Pump On I Level Remarks

Time
Clock I Since Water

Oat. Time Pump On I Level Remarks

—

'311 J3H57
1w'? )�.@7
2oc' 7i' ,� (: 7
z2i,_ b25'
211/3 : 571'
O2/,.)'z7/
12(,/74' 7S•.7/
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AQUIFER TEST DATA

Owner -4 .5tt/'%-- Address County — State ______________

Date 6 2 / q Measured by ' / "'' s" .'
Well No. _____________________ Distance from Dumping well _________ Type of test _____________________ Test No. ______

Measuring epuipment ' / '/ /iis
c;-2/
Time Data

Pump on: Date Time ?4S(t)
Pump oft: Date _____ Time

Duration of aquifer test:
, • L/ /

Pumoirig /_______ Recovery '-

Water Level Data
Static water level

Measuring

Elevation of measuring point

Dlscharqe Data
How Q measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Tim.
Clock Since Wutr

Date Time Pump On Level Remafl,.g

Time
Clock Since Water

Date Time Pump On I Level Remarks

-)/ j55 — 2/ 'ô
'c7 i2 '9

?/. cf

22/_ 2_''/q552/
6725 it,t' > j 9,.
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TiME (MN:

9 32

Variables

Saturated thickness = 11.7 ft
Maxiuum drawdown (pumping well) = 3.5 ft
r = 50 ft
Q = 18.3 gpra

Pump well radius = 0.25 ft
Effective casing radius = 0.7 ft

Results

Trausmissivity = 9771 ft2 /day
Storage coefficient = 1.2 x 10
(Results have Dupuit correction applied nd have been optimized with seven
iterations by the Levenberg—Marquardt Minimization Algorithm).
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Results

Transinissivity 6260 ft2 /day

(Result has been optimized uith seven iterations bj the Levenberg-uardt
Minimization Algorithm).
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Windowed data (2,100) on T/TPrirne plot used in analysis.

tz-q •4!r

Results

Transmissivity = 9501 ft2 /day
(Result has been optimized with seven iterations by the Levenberg—Marquardt

Minimization Algorithm).
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