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PREFACE

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

A hydrogeological investigation was conducted at several landfills,
fire department training areas, and fuels handling areas to further assess and
define the extent of contamination confirmed in the Stage 1 investigation at
Carswell AFB. Soil gas surveys were conducted in 1988 at two locations to
determine the extent of petroleum hydrocarbon vapors. Ground-water monitor
wells were installed in alluvial materials to further define the limits of
ground-water contamination. Soil samples were collected during drilling
operations and with hand augers at selected sites and analyzed for a broad
range of parameters in the initial Stage 2 effort. Water samples collected
from the wells and several surface water bodies were analyzed for a wide

spectrum of total metals, inorganic compounds, and organic compounds.
Dissolved metals concentrations were analyzed only in the samples collected in
1990. A pumping test of the Upper Zone Aquifer was also performed in the
Flightline Area in 1990. A baseline risk assessment, incorporating all
analytical data, was performed, and remedial action alternatives were identi-
fied and evaluated for the Flightline Area and four sites in the East Area of
the base (Sites LFO1, SD13, ST14, and ESS) in the Feasibility Study.

Key Radian project personnel were:

Nelson H. Lund IRP Contract Manager

William L. Eoettner IRP Program Manager

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

Debra L. Ricbmann Project Director (1990)

Guy J. Childs Supervising Geologist (1987-1988)
Stephen E. Fain Supervising Geologist (1990)
Scott B. Blount Supervising Geologist (1990)

Sandra A. Smith Risk Assessment Task Leader

Kathleen A. Alsup Remedial Alternatives Task Leader

Jeffery P. Young Flightline Area FS Task Leader

Gary S. Shaw East Area FS Task Leader

Gary L. Patton Database Management and QA/QC Task Leader
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Greg A. Hamer Senior Technical Reviewers
James H. Clary
James L. l4achin
Leo M. Dielmann

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

The work reported herein was accomplished between December 1987 and
July 1990. Mr. Karl W. Ratzlaff, IRP Technical Operations Branch, Human
Services Division (AFSC) IRP Program Office (HSD/YAQ), was the Technical

Project Manager.

Approved:
Nelson H. Lund, P.E.

Contract Manager
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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the

U.S. Air Force Installation Restoration Program (IRP) to characterize environ-

mental contamination present in the Fiightline Area of Carswell AFB, Texas;

the existence of which was documented in preceding IRP studies. The affected

environmental media Include soil, surface water, and ground water present in

the surficial alluvial aquifer (Upper Zone). The main contaminants are

volatile organic compounds (principally trichloroethene (TCE)) associated with

waste chlorinated solvents. The RI was conducted in stages from 1988 to 1991.

Radian also performed the earlier IRP Phase II Stage 1 investigation (1986);

the IRP Phase I Records Search was performed by CH2M Hill (1984).

The most recent field and analytical effort was conducted in 1990

to provide additional information necessary to support a Feasibility Study

(FS) of remedial alternatives applicable to the Flightline Area. The 1990

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

IRP sites:

• Site LFO4 - Landfill 4;

• Site LFOS - Landfill 5;

• Site WPO7 - Waste Burial Area; and

• Site FTO9 - Fire Department Training Area 2.

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

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

Four major tasks were accomplished to address the existing data

gaps:

Drilling and logging of 29 soil borings to identify the dis-

tribution of paleochannel deposits, suspected as preferential

pathways for migration of contaminants in Upper Zone ground

water;

ES-i



F
i
g
u
r
e
 
E
S
-
I
.
 

L
o
c
a
t
i
o
n
 
o
f
 
F
l
i
g
h
t
l
i
n
e
 A
r
e
a
 S
i
t
e
s
,
 
C
a
r
s
w
e
l
l
 A
F
B
,
 
T
e
x
a
s
 

N
O

R
T

H
 

z cr
 I 0 z 

A
Q

 

f1
O

 

'p
0 -q

'p
/4

' 

0O
 

N
 

FT
O

9 S 
0 

20
0 

40
0 

F
E

E
T

 
R

A
D

N
 

C
O

PO
N

A
T

 IO
N

 



3 i'
Installation of 10 additional monitor wells, screened to the

base of the Upper Zone Aquifer to provide additional infor-

mation on the areal and vertical extent of ground-water con-

tamination and possible existence of DNAPL;

Ground-water and surface water sampling, analysis and static

water level measurement; and

Aquifer testing to determine Upper Zone hydraulic properties

in the Flightline Area.

Based on all available data, ground-water contamination appears to

be limited to the shallowest water-bearing zone, known as the Upper Zone

Aquifer. In the Flightline Area, as well as across Carswell AFB and the

adjoining area of Air Force (AF) Plant 4, the Upper Zone consists of uncon-

solidated Quaternary and Recent alluvial deposits (sand, gravel, silt and

clay) that contain ground water under unconfined conditions. The Upper Zone

deposits in the Flightline Area vary from approximately 5 to 49 feet thick,

and are underlain by low permeability limestones and shales of the Cretaceous

Goodland and Walnut Formations which form a basal aquiclude. Ground water in

the Upper Zone Aquifer is encountered at depths ranging from approximately 4

to 30 feet below ground level (bgl) and ground-water flow in the Flightline

Area is generally toward Farmers Branch. A series of hydrogeologic cross-

sections through the Flightline Area was prepared from boring logs and

synoptic water level measurements. They are included in Section 3 of this

report to illustrate the local subsurface conditions.

The main surface water bodies located in the Flightline Area are

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

small ponds on the base golf course. Farmers Branch eventually discharges to

the Trinity River, which is located along the eastern boundary of Carswell

AFB. The Upper Zone ground water and surface water bodies in the Flightline

Area are hydraulically related, with ground water discharging to surface

water.

ES-3
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Trichloroethene (TCE), vinyl chloride, tetrachloroethene (PCE), and

the cis- and trans- isomers of l,2-dichloroethene (l,2-DCE) are the main

contaminants detected in the ground water and surface water in the Flightline

Area. Based on the concentrations and distribution of these compounds in

ground water, most recently determined in the 1990 sampling and analysis

program, the four former waste disposal areas (Sites LFO4, LFO5, WPO7, and

FTO9) appear to be sources for some of the ground-water contaminants detected

downgradient of the sites. However, all of these compounds were also detected

in samples from monitor wells located hydraulically upgradient of all Carswell

AFB IRP sites in the Flightline Area, indicating that additional off-base

sources must also be contributing to the existing Upper Zone ground-water

contamination. The occurrence of volatile organic contaminants in the Upper

Zone ground water on the AF Plant 4 property, upgradient of the Flightline

Area, has been documented (Hargis and Associates, 1989). The source(s) of the

contamination on AF Plant 4 have thus far not been identified. However, it is

likely that they are also the source(s) for the contamination detected in the

upgradient Flightline Area wells, and are contributing some component to the

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

In conjunction with lithologic logs obtained in previous drilling

efforts, logs from the new soil borings were used to delineate the thick

accumulations of sand and gravel deposited in paleochannels eroded into the

surface of the underlying bedrock. Figure ES-2 is the resulting sand and

gravel isopach map of the Flightline Area. The areas of thickest sediment

correspond well with the highest concentrations of TCE determined in 1988,

suggesting that TCE (and other ground-water contaminants) may be prefer-

entially migrating along these relatively permeable deposits in the Upper

Zone. The locations of existing Carswell AFB monitor wells and wells

installed in the Flightline Area by Hargis and Associates for AF Plant 4 were

reviewed to determine the optimum locations for the new wells installed in

1990. Locations were selected to assess the preferential pathway hypothesis,

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

ES -4
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degree of continuity of the on-site contaminant plume with documented ground-

water contamination present upgradient on the adjacent AF Plant 4 property.

The latter objective could not be achieved because no AF Plant 4 wells were

sampled concurrently with the Carswell AFB Flightline Area wells.

The monitor wells installed in 1990 were completed to intercept the

base of the Upper Zone Aquifer to determine if dense non-aqueous phase liquid

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

The results of the 1990 sampling and analytical effort confirmed

that migration of the volatile organic contaminant plumes in the Upper Zone

ground water does occur preferentially within the eroded bedrock paleochan-

nels. A secondary component of movement is in the direction of ground-water

flow, generally toward Farmers Branch. The maximum downgradient limit of

vinyl chloride contamination was defined by the existing well network, which

was also adequate to identify multiple sporadic occurrences of PCE. However,

the areal extent of TCE and total l,2-DCE in ground water was not determined.

Samples from monitor wells located along the downgradient limit of the well

network contained concentrations from 1300 to 2700 ug/L, and 280 to 540 ug/L,

respectively.

In contrast to findings and interpretations from previous inves-

tigations, the ground-water and surface water analytical results for samples

collected in 1990 provide little evidence of a metals contamination problem.

No metals were detected in concentrations above MCLs in any samples analyzed

for dissolved metals and there is no apparent pattern to the few detected con-

centrations above MCLs in the total metals analyses. In previous sampling

events, only the total metals fractions were analyzed.

A pumping well and observation well for evaluation of Upper Zone

Aquifer properties were installed just north of the northeast corner of

Landfill 4, near the axis of a major paleochannel. The observation well was

located approximately 50 feet north of the pumping well. Seven additional

monitor wells were included in the observation well network, but the measured

water levels showed no response to pumping after 20 hours of pumping at the

ES -6
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optimum rate determined in the preceding step test (approximately 20 gal-

lons/minute). Data from the pumping test and subsequent recovery test were

analyzed using the Cooper-Jacob method, and the computer Well Hydraulics

Interpretation Program (WHIPN). The resulting calculated aquifer properties

of transmissivity, hydraulic conductivity, and storage coefficient are

summarized in Table ES-l. The values all fall within the range expected for

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

Upper Zone ground water in the Flightline Area was determined to

discharge to surface water, based on synoptic water level measurements in the

monitor wells and at a staff gauge in Farmers Branch. This interpretation is

supported by the similarity in ground-water and surface water contaminant

distributions and concentrations in samples collected in 1990. The chemistry

of surface water in the unnamed tributary to Farmers Branch suggests the water

is virtually equivalent to the ground-water plume composition at the sample

collection point. Volatile organic contaminants, most notably TCE, in

concentrations above MCLs were detected in samples collected from both the

upgradient and farthest downgradient sampling points on Farmers Branch,

suggesting contributions from off-base sources, as well as the potential for

off-base migration of contaminants. Estimated concentrations of TCE and total

l,2-DCE leaving the Flightline Area via Farmers Branch are 45 /4g/L and 8.4

pg/L, respectively.

A baseline risk assessment, incorporating the 1990 analytical

results, was performed for the Flightline Area. Site FTO9 (Fire Department

Training Area 2) was not included in the risk assessment because a remedial

action has been selected for this site. The remedial design includes tech-

nologies that eliminate the potential for continuing releases from the site.

Indicator chemicals, contaminant release,transport and fate mechanisms, and

potential receptors and exposure pathways, specific to the Flightline Area

were identified and evaluated. The Flightline Area was determined to pose no

significant human health threat, based on evaluation of carcinogenic and

noncarcinogenic (chronic) risks. Environmental (terrestrial wildlife and

aquatic organisms) risks were determined to be minimal.
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Using all available information generated in the IRP, the Flight-

line Area (combined Sites LFO4, LFO5, WPO7 and FTO9) was evaluated using the

Defense Priority Model (DPM). The Flightline Area received a total score of

19,381 and ranked second among the five Carswell AFB IRP sites/areas evaluated

with the model. While the Flightline Area contamination poses no immediate

human health threat, remedial action is indicated to prevent continuing

contaminant release and migration. Recommendations for addressing remaining

data needs for design and implementation of a remedial action are provided in

Section 7. It is anticipated that all of the required data can be obtained

within the detailed design phase of the selected remedial action, and no

additional separate remedial investigation effort is proposed.
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1.0 INTRODUCTION

1.1 Purpose of Study

The purpose of this study is to provide a sufficiently detailed

description of existing environmental conditions in the Flightline Area (Sites

LFO4, LFO5, WPO7, and FTO9) of Carswell AFB, Texas such that the impacts of

documented ground-water contamination beneath the base can be determined and a

remedial action can be designed and implemented.

Previous IRP studies documented soil and ground-water con-

tamination, especially with trichloroethene (TCE) and chromium (Cr), in the

Flightline Area. Previous investigations detected contamination of soils and

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

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

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

taminant plume(s) were not defined.

Previously available evidence suggested multiple sources of the

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

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

time was insufficient to identify and determine the relative contributions

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

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

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

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

the Flightline Area.

Four major field tasks were designed to address existing data

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

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

might serve as preferential pathways for contaminant migration. Monitor wells

were installed to provide additional sampling sites to better characterize the

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

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

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

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

accurate characterization of contaminant transport.

1.2 Site Description

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

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

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

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

The Flightline Area includes six discrete sites that were iden-

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

1-2). They are:

• LFO3 - Landfill 3;

• LFO4 - Landfill 4;

• LFO5 - Landfill 5;

• WPO7 - Waste Burial Area;

• FTO8 - Fire Department Training Area 1; and

• FTO9 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-

dence that Sites LFO3 and FF08 have released hazardous waste or waste con-

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

pose an environmental or human health risk (Radian, 1989) and a Decision

Summary Technical Document to Support No Further Action was prepared for each

site (l990a,b). The monitor wells installed at Site FF08 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 FF09 are described in terms of their
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Figure 1-1. Regional Setting of Carswell 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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physical features, historical uses, and the significant hydrogeologic findings

from previous investigations performed in the Flightline Area. Historical

descriptions of these sites and the wastes disposed of in each are taken from

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

1.2.1 Site LFO4 - Landfill 4

Landfill 4 includes approximately 10 acres of land located east of

the south end of Taxiway 197. It was the main landfill during much of the

history of Carswell AFB. While in active use, at least six large pits,

approximately 12 feet deep, were filled with refuse which was burned and

buried. Various potentially hazardous wastes were reported disposed of at

this site, including drums of waste liquids, partially full paint cans, and

cadmium batteries.

1.2.2 Site LFO5 - Landfill 5

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

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

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

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

Flightline wastes typically include such substances as oils, thinners,

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

and buried.

1.2.3 Site WPO7 - Waste Burial Area

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

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

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

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

disposed of at this site.
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1.2.4 Site 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

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

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

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

1.3 Summary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations

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

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

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

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

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

tatively and quantitatively. Radian conducted a second episode of field

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

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

Most notably, these characterization efforts included:

• Source definition;

• Determination of surface water - ground water relationships;

• Definition of vertical and lateral extent of contamination;

and

• Estimation of Upper Zone Aquifer hydraulic properties.

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

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

geology, and ground water in the Flightline Area was achieved.
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The following paragraphs summarize the activities performed

throughout the Phase II IRP to characterize the contaminant sources and

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

field and analytical data from these investigations are contained in the

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

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

2 investigation (Radian, 1989).

1.3.1 Contaminant Source Characterization

The following activities were performed to characterize the

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

• Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

• Delineating the lateral and vertical extent of the waste

areas; and

• Assessing the chemical and physical characteristics of wastes

disposed of in the Flightline Area IRP sites.

These activities were accomplished by completing the following

tasks:

Reviewing the Phase I Records Search and personnel interviews;

Performing geophysical surveys to accurately define the lat-

eral and vertical extent of the former waste disposal areas;

and

Collecting environmental samples (soil, ground water, and

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

ants associated with individual waste disposal units within

the Flightline Area.
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1.3.2 Surface Water Characterization

The major surface water features associated with the Flightline

Area are:

• Farmers Branch;

• An unnamed tributary that flows into Farmers Branch; and

• Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

• Chemical analysis of surface water samples collected from

Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

• Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and

• Installing and surveying a staff gage in Farmers Branch to

help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

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

ment of Upper Zone monitor wells;

Determine the depth to the shallow aquitard (Goodland/Walnut

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

Flightline Area; and

• Determine the depth to the uppermost regional potable water

supply aquifer (Paluxy Aquifer) beneath the study area.

Radian accomplished these activities by completing the following

tasks:

• Borehole drilling, sampling, and lithologic logging; and

• Performance of geophysical surveys.

1. 3 .4 Ground-Water Characterization

Investigations of the ground water occurring under the Flightline

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

investigations focused on these two aquifers because deeper aquifers are

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

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

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

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

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

estimating aquifer properties. Characterization efforts were directed toward:

• Determining the physical and hydraulic properties of the

aquifers;

• Identifying and quantifying the concentrations of contaminants

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

• Delineating the lateral and vertical extent of ground-water

contamination.

Radian performed the following tasks to characterize ground-water

conditions in the Flightline Area:
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• Test well installation in both the Upper Zone and Paluxy

Aquifers;

• Sampling and describing the sediments that contain the ground

water;

• Synoptic water-level surveys and potentiometric surface con-

touring;

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

test of the Upper Zone Aquifer;

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

dicator parameters; and

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

1.3.5 Findings of Previous Flightline Area Investigations

Geology

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

Radian, 1986, 1989, l990c), the Flightline Area of Carswell AFB is charac-

terized by surficial alluvial deposits of gravel, sand, silt and clay which

are unconformably underlain by limestone and shale bedrock of the Cretaceous

Goodland and Walnut Formations. The alluvium includes flood-plain and

fluviatile terrace deposits which together constitute the Upper Zone, as

defined by Hargis and Montgomery, Inc., 1983. -

The base of the Upper Zone sediments was encountered during dril-

ling activities performed in both RI/FS Phase II Stage 1 and Stage 2. In the

Flightline Area, the Upper Zone varies from approximately 13 feet to greater

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

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

depth, sand and gravel occur in increasing proportions, and in general, tend
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to increase in grain size with depth. Basal gravel deposits also occur in

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

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

from fine gravel to cobbles.

The bedrock was penetrated during drilling of the Paluxy Aquifer

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

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

Bedrock in the Flightline Area consists of interbedded fossiliferous limestone

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

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

in the shale and clay units during drilling activities.

The bedrock surface is level across most of the Flightline Area

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

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

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

typical of an erosional surface modified by fluvial processes.

Ground Water

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

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

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

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

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

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

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

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

steeper.

IRP stage 1 ground-water analytical results revealed Upper Zone

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

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

Soil samples from the Flightline Area also contained detectable concentrations
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of TCE. Most of the detected contamination was apparently centered to the

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

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

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

detected in the Paluxy Aquifer monitor wells.

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

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

detected in concentrations above their respective EPA Maximum Contaminant

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

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

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

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

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

centrations.

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

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

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

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

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

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

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

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

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

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

- Additional Stage 2 activities in the Flightline Area were recom-

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

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

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

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

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

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

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

action.

1.4 Report Organization

Following this Introduction, the field activities performed to

characterize the Flightline Area are described in Section 2. The techniques

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

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

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

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

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

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

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

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

Section 5 addresses contaminant fate and transport. Section 6 summarizes the

baseline risk assessment methodology and results of the evaluation; and

presents the Defense Priority Model (DPM) ranking of the Flightline Area.

Section 7 summarizes the major findings of the RI and presents the conclusions

regarding data limitations and recommendations for additional activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Several field techniques were used to obtain information on the

environmental conditions of the Flightline Area. The following subsections

describe the techniques for drilling and soil sampling (including analytical

methods, holding times, and collection and preservation requirements), the

methods for conducting geophysical surveys, the methods and specifications for

well construction and development, the techniques for collecting water samples

(including analytical methods, holding times, and collection and preservation

requirements), aquifer test methods, and surveying requirements.

2.1 Drilling and Soil Sampling

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

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

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

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

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

drilling, and the expected geologic conditions.

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

and equipment were decontaminated with a high temperature, high pressure

steam-sprayer using base potable water.

Cuttings suspected of being contaminated on the basis of visual

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

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

were collected and submitted for analysis of EP Toxicity.

The following paragraphs describe the drilling and soil sampling

procedures.
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2.1.1 Hollow-Stem Augering

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

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

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

undisturbed subsurface soil cores, determination of subsurface lithologies and

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

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

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

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

The soil samples were described in terms of lithology, moisture

content and any evidence of contamination. Lithologic logs of boreholes

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

Photographs of selected soil cores showing lithologic characteristics were

also taken.

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

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

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

Stage 2 effort.

2.1.2 Air and Mud Rotary Drilling

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

1 program (Radian, 1986) with a Gardner-Denver 1500 CD truck-mounted rig. A

6-inch bit was used to advance a pilot borehole through the Upper Zone

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

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

In order to seal off different water bearing zones, a 10-inch diameter steel

casing was installed to the full depth of the borehole and the annular space

was grouted. Upon achieving a positive seal, the borehole was advanced using

a 6-inch diameter bit to the final depth at the shale unit separating the

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

rotary operations.

As the borehole was advanced, the cuttings discharged at the

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

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

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

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

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

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

in the borehole.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and

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

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

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

performed during Phase II Stage 1; only a magnetometer survey of WPO7 (form-

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

All survey grids were laid out using a compass and measuring chain.

Stations were marked with labelled pin flags or spray paint. The geophysical

techniques employed in the Flightline Area characterization efforts were earth

resistivity, magnetic and magnetic gradient, and fixed frequency electromag-

netic profiling (EM?) conductivity. The Earth Technology Corporation of

Golden, Colorado performed the geophysical surveys in the Flightline Area.

Following are brief descriptions of the various geophysical techniques used to

characterize the Flightline Area.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schiumberger

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

Flightline Area. The Bison Model 2350 Earth Resistivity meter was utilized
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for the yES 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 (EM?) surveys were conducted at Flight-

line Area Sites LFO3, LFO4, LFO5, WPO7, Fr08, and fl09 using two devices: the

Geonics EM31 and the Ceonies EM34-3 ground conductivity sensors. Both ground

conductivity sensors are designed for rapidly obtaining data over large areas.

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

sion and reception of low frequency electromagnetic waves. The effective

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

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

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

The techniques and conditions at Carswell AFB resulted in an effective

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

reported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPMSOO

proton magnetometer or a Geometries G856AX magnetometer. Magnetometer surveys

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

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

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

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

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

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

drilling locations.

2.3 Monitor Well Construction and Development

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

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

installed. The construction specifications and well development procedures

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

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

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

2.3.1 Upper Zone Well Construction

Upper Zone monitor wells were installed either immediately after

completion of the drilling operations or after the borehole produced enough

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

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

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

tigation are provided in Appendix B. Construction methods were generally

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

sitated by unanticipated field conditions were made with the knowledge and

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

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

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

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

Monitor wells were installed using the following procedures:

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

thoroughly washed using a high temperature, high-pressure

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

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.

6. 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.

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

2—8
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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, -5G. and -511.

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 alien

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

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

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

wells in the Flightline Area.

2.3.2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section

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

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

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

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

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

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

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

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

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

submersible pump was installed after development. Protective casing, surface

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

installed.

2.3.3 Well DeveloDment

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

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

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

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

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

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

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

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

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

discharge water were measured and recorded at frequent intervals. The ground

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

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

provided in Appendix C.

2.4 Water Sampling

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

Flightline Area. The following subsections describe the sampling techniques

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

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

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

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

prior to sampling are provided in Appendix D.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in the clean

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

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

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

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

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

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

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

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

location at the time of collection.

Specific conductance, pH and temperature were measured on an

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

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

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

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

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

the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KC1 conductivity standard solution.

2-13
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2.4.2 Ground-Water Sampling

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

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

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

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

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

electrical line were washed with laboratory grade detergent, rinsed with

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

of cross-contamination.

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

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

to a nylon monofilament line. This procedure ensured that representative

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

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

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

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

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

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

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

wells.

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

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

could not be made due to instrument malfunction.

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

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

were placed directly into prelabeled sample bottles and preserved according to

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

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

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

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

2-14
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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, -48, -4D,

-4E, -4C, LFO5-5A, -58, -5C, -SD, -SE, FTO9-l2A, -128, and -l2C) at the

Flightline Area, and results were used to calculate the hydraulic conductivity

of the Upper Zone Aquifer. The wells selected for slug testing represent a

range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when

a "slug" (known volume) of water is instantaneously removed or added.

Typically, the response of the water level in a moderately permeable for-

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

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

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

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

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

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

developed by Bouwer and Rice (1976).

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

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

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

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

well and suspended at a point just above the bottom of the well screen. The
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pressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic

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

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

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

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

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

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

determine the reproducibility of the results.

2.5.2 Aquifer Pumping Test

An aquifer pumping test was performed to evaluate the hydraulic

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

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

D.0. 4 Modification 0004 to accommodate the 4-inch submersible pump used in

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

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

Upper Zone. In order to measure the aquifer's response to pumping, a 2-inch

diameter observation well (LFO4-02) was also installed. The observation well

was installed about 50 feet north of the pumping well and was also screened

over the entire saturated thickness of the Upper Zone. All other construction

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

Pumping tests usually provide the means to stress an aquifer to

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

hydraulic conductivity can be made. These values are calculated using

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

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

water flow rates and contaminant plume migration.

Step Pumping Test

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

to assess aquifer response at multiple incremental pumping rates to determine

the optimum pumping rate for the aquifer test. The optimum pumping rate for
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the Flightline Area pumping test was determined to be the full capacity of the

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

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

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

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

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

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

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

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

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

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

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

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

caused by pumping, rather than by natural factors.

Pumping Test

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

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

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

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

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

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

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

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

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

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

Collection Forms, included in Appendix F.
-

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

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

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

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

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

conductivity, temperature and the visual characteristics of the discharge
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water were recorded at regular intervals. In addition, the pumping rate and

drawdown of the pumping well were periodically checked to ensure consistency

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

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by

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

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

These plots were used for preliminary determination of aquifer charac-

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

observation of water characteristics and recording of water quality data.

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

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

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

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

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

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

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

organic content of the headspace was measured with an HNu photoionization

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

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

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

tions allowed for gross determination of the aeration system efficiency.

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

level monitoring and observations continued during the recovery period.

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

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

Zone Aquifer.

A more completedescription of the aquifer pumping test procedures

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

Land surveying activities were conducted by Brittain & Crawford,

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

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

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

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

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

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

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

This section describes the physical characteristics of the Flight-

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

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

terization is interpretation of field and laboratory data obtained from the

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

maintains a database containing all environmental data from the Flightline

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

Force required Installation Restoration Program Information Management System

(IRPIMS) format.

3.1 Topographic Surface Features

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

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

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

location of the various surface features associated with the Flightline Area

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

The Soils Conservation Service has identified four soil associations

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

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

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

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

from <4.2 x lO to 3 x l0 cm/sec (ibid.).

All of the land is underlain by terrace deposits of the Trinity

River and fill material associated with the construction of the base runway

and taxiways. The terrace deposits have been moderately dissected by trib-

utaries of Farmers Branch. Elevations in the area range from approximately

625 feet mean sea level (MSL) at Landfill 3 (LFO3) to 580 feet MSL at the

northern end of Landfill 5 (LFO5) and at Site 11 (FTO8).
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3.2 Surface Water

The main surface water bodies in the Flightline Area are Farmers

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

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

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

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

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

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

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

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

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

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

Landfill 5 (LFO5) and Site 12 (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 con-

taminants associated with the ground water. A staff gage was installed in

Farmers Branch (Figure 3-1) and professionally surveyed during the additional

Stage 2 field activities. Synoptic ground-water and surface water-level

measurements made in June 1990 were used to evaluate Upper Zone ground-

water/surface water communication. A detailed discussion of this com-

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

this report.

Estimates of flow volume in Farmers Branch and the unnamed tributary

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

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

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

measuring the length of time required for a floating object to travel a known

distance. Estimated flow volumes at the time of sampling (April, 1990) were

approximately 6 cubic feet/second (cfs) for the four locations on Farmers

Branch and approximately 0.2 cfs for the unnamed tributary. Water in the two

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

cfs (following heavy rains).

3.3 Geology

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

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

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

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

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

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

Quaternary Alluvium, 2) Cretaceous Goodland Limestone, 3) Cretaceous Walnut

Formation, 4) Cretaceous Paluxy Formation, 5) Cretaceous Glen Rose Formation,

and 6) Cretaceous Twin Mountains Formation.

Subsurface geologic conditions in the Flightline Area were charac-

terized using indirect methods (geophysical surveys) and direct subsurface

sampling and lithologic logging during drilling operations. Most of the IRP

activities focused on the Upper Zone. The Goodland/Walnut Aquitard and the

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

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

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

Flightline Area.

3.3.1 Quaternary Alluvium

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

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

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

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

Goodland Limestone. The unconsolidated alluvial deposits and fill are

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

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

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

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

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

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

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

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

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

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

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

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

Department Training Areas 1 (FTO8) and 2 (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 Coodland Limestone and Walnut Formation

Underlying the alluvium are the Cretaceous-age Goodland and Walnut

Formations. Both formations consist of interbedded, fossiliferous, hard

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

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

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

small amounts of water are occasionally present in the shale and clay units.
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The erosional surface of the bedrock is generally level across most

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

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

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

at all drilling locations in the Flightline Area. Figure 3-3 is a contour map

of the elevation (MSL) of the top of the bedrock surface. The locally

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

erosional surface modified by fluvial processes, which is recorded by the

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

The thickness of the Goodland/Walnut Formations, as observed during

the drilling of Paluxy wells P-l and P-2 (Figure 3-1), is approximately 30-40

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

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

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

Quaternary alluvium and the Cretaceous Paluxy Formation are in direct contact

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

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

3.3.3 Cretaceous Paluxy Formation

Beneath the Coodland 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.

LFO3-3A
LFO3 -3B
LFO3 -3C
LFO3 - 3D
LFO3 - 3E

LFO4-4A
LFO4-4B
LFO4-4C
LFO4-4D
LFO4-4E
LFO4-4F
LFO4-4C
LFO4-4H
LFO4-01
LFO4-02
LFO4-03
LFO4-04
LFO4-05
LFO4-06
LFO4-07
LFO4-08
LFO4 -09

LFO4 -10

LFO5-5A
LFO5-SB
LFO5 - 5C
LFO5-5D
LFO5 - 5E
LFO5 - 5F
LFO5-5G
LFO5-5H
LFO5-01
LFO5-02
LFO5 -03

LFO5-04
LFO 5-05

LFOS-06
LFO5 -07

LFO5 -08

LFO5 -09

ELEVATION OF BEDROCK IN FLIGHTLINE AREA, CARSWELL AFB, TEXAS

633.47
633. 84

635.39
621.6
622.87

624.6
618.4
610.9
613. 1

617.5
622.8
619.1
610.5
626.5
621.0
620.5
609.4
608.8
613.3
630.4
630.0
627.4
626.9

619.4
597.4
606.8
608.5
623.9
619.4
612.0
608.4
619.3
620.0
620.6
617. 3

616.1
598.3
598.0
606.8
604.9

18.0
19.5
12.0
15.0
16.0

18.0
17.5
29.0
29.0
33.5

>35.5
39.5
27.0
40.0
37.0
37.5
25.0
25.8
29.5
38.2
47.0
47.0
49.0

31.0
8.0
21.0
24.0

>40.0
>37.0
29.0
25.0
25.0
27.0
27.4
28.0
26.0
7.0
5.8
14.5
14.0

615.5
614.3
623.4
606.6
606.9

606 . 6
600.9
581.9
584.1
584.0

<587.3
579.6
583.5
586.5
584.0
583.0
584.4
583.0
583.8
592.2
583.0
580.4
577.9

588.4
589.4
585.8
584.5
<583.9
<582.4
583.0
583.4
594. 3

593.0
593 . 2
589.3
590.1
591.3
592.2
592.3
590.9

0

0
0

0

0

11.0
10.0
23.0
25.0
28.0

>29.5
30.5
23.0
20.7
26.0
25.4
23.5
17.0
24.1
28.4
38.9
37.4
36.3

13 . 5
3.0
16.0
20.0

>31.0
>33.0
21.0
11.0
6.9
2.1
12.2
5.3
6.0
6.5
4.0
2.5
10.5

(continued)

Location
Ground Level

Elevation
Depth to
Bedrock

Elevation of
Bedrock

Sand and Gravel
Thickness

ID (Ft, MSL) (Pt) (Ft, MSL) (Ft)
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TABLE 3-1. (Continued)

;'a 69

Location
ID

Ground Level
Elevation

(Ft, MSL)

Depth
Bedroc

(Ft)

to
k

Elevation of
Bedrock

(Ft, MSL)

Sand
Th
and Gravel
ickness

(Ft)

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

LFOS-13 605.0 17.0 588.0 7.7

LFO5-l4 603.2 13.0 590.2 4.8

LFO5-l5 626.5 40.5 586.0 15.0

LFO5l6 612.3 23.0 589.3 14.0

LFO5-17 606.5 16.5 590.0 12.0

LFOS-18 612.1 23.2 588.9 12.2

LFO5-19 606.3 20.5 585.8 17.7

WPO7-1OA 624.2 >39.0 <585.2 26.5

TJP07-10B 621.1 33.0 588.1 27.0

WPO7-1OC 615.4 31.0 584.4 20.0

WPO7-1OD 623.3 >29.0 <594.3 >13.0

WPO7-IOE 622.5 >29.0 <593.5 >17.0

WPO7-1OF 621.5 >29.0 <592.5 >20.0

FTO8-11A 604.8 13.5 591.3 9.5

FTO8-11B 603.8 14.0 589.8 11.0

FTO9-12A 632.0 18.0 614.0 7.0

FTO9-12B 625.6 39.0 586.6 26.0

FTO9-12C 625.5 31.0 594.5 15.0

FTO9-12D 624.8 >36.0 <588.8 >21.0
FTO9-12E 624.5 39.0 585.5 26.0

FTO9-12G 629.2 -- -- --
FTO9-l2H 629.1 25.0 604.1 6.0

FTO9-121 629.2 24.0 605.2 5.0

FTO9-12J 628.7 23.0 605.7 4.0
FTO9-12K 626.7 >25.0 <601.7 >5.0

- - Not Determined

MSL - Mean Sea Level
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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 Cross-Sections

Following the recent drilling activities at the Flightline Area, six

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

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

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

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

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

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

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

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

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

(LFO5) and the Waste Burial Area (WPO7). An important feature in this cross-

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

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

(Goodland/Walnut Formations) between borings 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 of sediments 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'. Gravels only occur in

the middle area of the cross-section, with a relatively higher bedrock surface

occurring in the northern and southern reaches of the section. The steeply

inclined bedrock surface seen at location Fr09-12A (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 LFO5-12, the coarse-grained Upper

Zone deposits thicken, with the thickest deposits occurring in the vicinity of

LFO4-4F. Monitor well LFO4-4F is the only location on this section where

gravels were found. Location LFO4-4B, like LFO4-4A (C-C'), is located on a

relative high on the bedrock surface.

Geologic cross-section E-E' (Figure 3-9) shows the thickest sequence

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

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

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

mately on White Settlement Road.

The easternniost 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-l9, rather than parallel to the depositional

trend, as might be expected. In this area, the tendency for ground water to

discharge to Farmers Branch apparently exerts a greater influence on the flow

direction than the permeability of the Upper Zone sediments.

3.4 Hydrogeology

Five major hydrogeologic units exist beneath Carswell AFB. From

shallowest to deepest they are: 1) an Upper Zone of unconfined ground water

occurring within the alluvial terrace deposits associated with the Trinity

River; 2) an aquitard of predominantly dry limestone of the Goodland and
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Walnut Formations; 3) an aquifer in the Paluxy Sand; 4) an aquitard of

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

aquifer in the sandstone of the Twin Mountains Formation. Only the first

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

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

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

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

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

hydrogeologic units are summarized in Table 3-2. The following subsections

present the hydrogeologic characteristics of each unit based on field data and

literature sources.

3.4.1 Upper Zone Aquifer

The Upper Zone ground water occurs within the alluvial deposits at

Carswell AFB. Low permeability is typical of this alluvium because of the

large amounts of clay and silt. However, there are zones of greater per-

meability in the sands and gravels of former channel deposits. Recharge to

the water-bearing deposits is local, from rainfall and infiltration from

stream channels and drainage ditches. The direction of ground-water flow is

generally controlled by the bedrock topography of the Walnut Formation.

3.4.1.1 Ground-Water Occurrence and Flow

Table 3-3 shows the results of the synoptic water-level survey

performed on 18 June 1990. Figure 3-12 is the resulting potentiometric

surface map of the Upper Zone Aquifer. Ground-water flow in the Upper Zone is

generally northeastward, toward Farmers Branch, a tributary to the West Fork

of the Trinity River.

From the outlet of Farmers Branch from the underground aqueduct

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

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

eastern boundary of Carswell AFB. The Upper zone ground-water flow through
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Hydrogeologic Units
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Figure 3-11. Generalized Hydrogeologic Units at Flightline Area,
Carswell AFB, Texas
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TABLE 3-3.

LFO4-01
LFO4-02
LFO4-03
LFO4-04
LFO4- 10

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

LFO5 -01

LFO 5-02

LFO5-14
LFO5 -18

LFO5-19
LFOS-5A
LFO5 -5B
LFOS -5C
LFOS -5D
LFO5-5E
LFO 5-SF

LFO5-5G
LFO5- 511

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

FTO8-11A
FTO8-11B

WPO7-1OA
WPO7-1OB
WPO7-1OC

RESULTS OF FLIGHTLINE AREA UPPER ZONE SYNOPTIC
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

WATER LEVEL

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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73 86
the Flightline Area, being generally northeastward, intercepts Farmers Branch

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

Upper Zone sediments, which are up to 40 feet thick in areas west and south-

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

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

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

exposed banks.

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

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

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

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

be toward the stream.

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

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

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

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

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

Branch would locally be toward the stream.

3.4.1.2 Hydraulic Characteristics of Upper Zone Aquifer

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

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

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

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

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

thorough description of the aquifer pumping test procedures and analysis is

provided in Appendix F.

Slug Test Results

The ability of the Upper Zone alluvial deposits to transmit ground

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

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

The calculated hydraulic conductivity values ranged from 22.6 ft/day

(7.98 x lO cm/sec) at well LFO4-4D to 1.2 ft/day (4.1 x l0 cm/see) 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 FTO9-12A (Figure 3-12).

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

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

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

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

may reflect the increased conductivities in the artificially induced gravel

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

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

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

usually provide measurements of aquifer parameters that are averaged over a

much larger aquifer volume.

Aquifer Pumping Test Results

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

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

drawdown and distance-drawdown measurements, hand plotted observation well

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

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

hydraulics interpretation program used was WHIPN, which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Cooper-Jacob)

analyses and Theis recovery analyses to obtain preliminary estimates of the

transmissivity and storage coefficient. Theis curves are generated using

these values and are graphically compared to the observed data. Portions of
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the generated curves can be "windowed" so only reliable data are used for the

generation of final transmissivity and storage coefficient values. The

equations used in the Cooper-Jacob analysis of hand-plotted drawdown and

recovery data is provided in Appendix F.

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

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

atives of the drawdowns were performed. Observing the derivative drawdown

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

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

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

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. The Dupuit correction allows for the

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

sophisticated mathematical approach to the calculation of transmissivities and

storage coefficients.

a

Three different computer generated plots and analyses were deter-

mined to best represent the Upper Zone aquifer hydraulic properties of

transmissivity and storage coefficient. These were the observation well

(LFO4-02) drawdown and recovery analyses and the pumping well (LFO4-03)

recovery analysis.

Seven additional monitor wells were measured for response to the

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

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

Appendix F.

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

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

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

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

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

aquifer. The calculated hydraulic conductivity and transmissivity values fall

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

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

aquifers.

The hydraulic conductivity calculated from the pumping test analysis

was significantly higher than that determined from prior slug testing. Based

on the limitations of the slug testing discussed earlier, the aquifer pumping

test results are more representative of the Upper Zone Aquifer characteris-

tics.

3.4.2 Goodland/Walnut Aquitard

The ground water present in the alluvium is separated from the

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

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

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

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

the borehole while drilling through the Walnut Formation, suggesting that

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

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

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

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

completed in the Paluxy Aquifer during the initial Stage 2 study (Radian,

1989). However, the top of the aquitard is an erosional surface and erosion

may have reduced the thickness of the limestone or eroded it entirely in

isolated areas, (e.g., at AF Plant 4 beneath Building 189 along Grants Lane,

the Goodland Limestone is completely absent and only three feet of the Walnut

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

3.4.3 Paluxy Aquifer

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

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

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

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

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

White Settlement, has lowered the Paluxy Aquifer potentiometric surface below

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

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

P-2), found the water level to be about five feet below the top of the for-

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

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

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

of the Paluxy Aquifer.

Recharge to the Paluxy Aquifer occurs where the formation crops out

west of Carsweil 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 Carsweli AFB, ground-water flow is in-

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

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

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

Aquifer.

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

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

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

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

area probably approximates the formation thickness, but the aquifer is

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

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

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

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

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

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

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Paluxy Aquifer monitor wells P-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 Carswell AFB. The thickness of the formation

ranges from 250 to 430 feet.

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

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

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

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

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

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

in Tarrant County. Hydraulic conductivities range from 8 to 165 gpd/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 Quality Assurance/Quality Control

A primary data set, consisting of analytical results for organic

and inorganic compounds in ground and surface water, was collected to charac-

terize ground and surface waters at Carswell AFE and to determine if these

waters were contaminated. A quality assurance/quality control (QA/QC) program

was incorporated in the data collection effort to control and assess the

uncertainty of measurement results.

The uncertainty in the measurement of a chemical concentration in

an environmental sample may be broadly divided into components that may be

controlled by a laboratory and components that may not be controlled by a

laboratory. For example, error due to the analytical method (method error)

may be controlled by analyzing the appropriate quality control (QC) samples

and using the results as feedback for corrective actions. Error due to the

nature of the sample media (matrix effects) may not be controlled, so QC

samples are analyzed to assess total uncertainty and provide uncertainty
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estimates to be used during the interpretation of natural sample results.

Therefore, the collection and analysis of quality control samples during the

Carswell AFB program served two objectives: (1) to evaluate and control the

laboratory component of measurement error; and (2) to evaluate error related

to sample variability and matrix effects and ultimately assess total measure-

ment uncertainty.

The approach used to accomplish these objectives is described in

Section 4.1.1, along with a general summary and conclusion of the results of

the quality control sample analyses. A discussion of the QC results, in

regards to the analytical system, is presented in Section 4.1.2. A discussion

of the QC results, in regards to total measurement error due to the environ-

mental matrix is presented in Section 4.1.3. A discussion of sample collec-

tion documentation, including chain-of-custody, sample hold times, and use of

standard forms is presented in Section 4.1.4. Detailed QC results are

presented in Appendix H.

4.1.1 QA/QApproach and Summary

The goals of the QA/QC program were to ensure control over the

measurement process in the laboratory and to collect data to assess total

measurement error (i.e., non-controllable error due to matrix effects or

sample collection). The quality of the measurement program was also enhanced

through the use of standard analytical methods, standardized data collection

forms, chain-of-custody procedures, and standard sample hold times. The

reference analytical methods used on this project are identified in Table 4-1.

Quality control requirements described in the reference methods and the

approved Carswell AF Quality Assurance Project Plan (QAP?) were followed for

all analyses.

QC samples used to control and/or assess measurement error included

blanks, spikes, and replicates. A glossary of QC sample types is presented in

Table 4-2. Analysis of these QC samples provided information related to

contamination (false-positives), bias, and variability, respectively. The
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TABLE 4-1. STANDARD METHODS USED FOR CHEMICAL ANALYSES

IRP Test Name Radian Code IRP Code

Purgeable Halocarbons 6O1EWOO1 E601

Arsenic ASGSWAOO SW7060

Chloride (Titrimetric, Mercuric Nitrate) CLTEWNOO E325.3

Fluoride, Potentioinetrjc, ION Selective Electrode F_SEWAOO E340.2

Total Recoverable Petroleum Hydrocarbons HCTEWNOO E418.l

Mercury (cold vapor, manual) HCC_WNOO E245.l

Inductively Coupled PLASMA (ICP) Metals Screen ICPSWNOO SW6O1O

Nitrate ION NO3EWAOO E353.2

Orthophosphate OPOEWNOO E365.2

Lead (Furnace) PBCSWAOO SW7421

Selenium SEGSWAOO SW7740

Sulfate by Nephelometry SFN_WNOO SW9038

Filterable Residue (Also known as Total Dissolved TDSEWNOO E160.l

Solids)

Nitrate ION NO3EWNOO E353.2

Purgeable Aromatics 602EW001 E602
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TABLE 4-2. GLOSSARY OF QC SAMPLE TYPES

Blanks

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

Trip Reagent grade water sealed in VOA vials in the
laboratory, transported to the field and back to
the laboratory with natural samples to quantitate

shipment and laboratory storage contamination.

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

Replicates

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

SpIkes

Matrix/spike/matrix Known quantities of target analytes are introduced
spike duplicates into a split of the sample before preparation. A
(MS/MSDs) MS/MSD pair is performed at a minimum frequency of

5% or one per batch of less than 20 samples. Used
to quantitate bias and imprecision in analytical
results due to the natural matrix.

Surrogate Known quantity of a compound that is not expected
to occur naturally in the sample. All samples to
be analyzed for organic constituents are spiked
with surrogate compounds. Used to quantitate bias
in analytical results for classes of compounds.
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approach to using these QC samples to control laboratory performance and

assess total measurement error is described in the following sections.

Approach and Summary of Laboratory Matrix QC Efforts

The QA effort to control and assess analytical error consisted of

QC samples, analyzed along with natural samples, and a prescribed set of

corrective actions to implement when error exceeded data quality objectives.

Thus, a feedback mechanism was used which enabled the lab to continuously

monitor bias and imprecision in a laboratory matrix. Types of QC samples with

acceptance criteria and limits, as well as the prescribed corrective actions,

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

control precision and accuracy in the laboratory matrix included continuing

calibration control samples, laboratory quality control check (QCCS) samples,

and for metals by SW6O1O (ICAP), ICP interference check samples. Data quality

objectives for laboratory-controllable parameters during this program were

presented in Table 1.4-1 in the approved QAPP, in terms of precision and ac-

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

In summary, the analytical system was in control for all analyses.

Quality control check samples (QCCS) or continuing calibration check samples

were always used as a final analysis if there was a concern about system

control.

Laboratory blanks indicate a potential for false-positive results

due to laboratory contamination. Maximum concentrations found in lab. blanks

are presented below with specific analytes:
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TABLE 4-3. PRECISION AND ACCURACY OBJECTIVES FOR THE LABORATORY MATRIX

Parameter Method Precision8 Accuracy1'

Total Petroleum

Hydrocarbons

EPA 418.1-IR Not specified Not specified

Metals Screen

(23 metals)

SW846 6010-ICP

(modified)

20%

Arsenic SW846 7060
Furnace AA

20%

Lead SW846 7421
Furnace AA

20%

Mercury SW846 7471
Cold Vapor AA

20%

20%

Volatile
Halo carbons

EPA 601 50% to l1O%c

Volatile Aroniatics EPA 602 50% to 65%c

Chloride EPA 325.3 15%

15%

10%

EPA 160.1 20%

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

b Total error for a single measurement, including both systematic error
(bias) and random error (variability due to imprecision), expressed as a
percentage of the measured value.
Range of relative error for species of interest, based on EPA method
validation testing. See method for further explanation.
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• EPA 601

• EPA 325.3 -

• SW6O1O -

• EPA 365.2

• SW7421

Tetrachloroethene

Trichioroethene

Chloride

Aluminum

Beryllium

Copper

Nickel

Silver

Strontium

Vanadium

Zinc

Orthophosphate

0.17 ig/L;

1.3 pg/L;

1.5 mg/L;

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.

A more detailed

provided in Section 4.1.2.

discussion of laboratory matrix QC samples is

Approach and Sununary of Environmental Matrix QC Efforts

Total measurement error includes components of error associated

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

y), and sample collection (variability and contamination). Total error may be

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

imprecision, measured by matrix spike duplicate and field duplicate results;

and contamination, measured by field blanks such as ambient condition and

equipment rinse blanks. Imprecision may be expressed in terms of the pooled

coefficient of variation (CV) for matrix spike duplicate and field duplicate

results. Matrix spike duplicate results allow for estimates of imprecision at

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

centrations of target analytes in field duplicate samples may vary widely or

even be not detectable.

In summary, field blanks indicated a potential for false-positive

results due to field contamination. Generally, field blanks contained very

low concentrations for common organic and inorganic compounds. Natural sample

4-7
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results near laboratory and field blank concentrations may considered false-

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

4.1.3.

Approach and Summary of Sample Collection OC Efforts

The QA effort to control and/or evaluate sample collection error

consisted of using standard sample collection methods, standard sample holding

times until analysis, standard forms to document sample collection and chain-

of-custody, along with trip blanks to quantitate bias (i.e., contamination)

due to sample handling, shipment or storage. The standard forms used at

Carswell AFB originated with the Air Force IRP program and may be found in the

data collection handbook. Chain-of-custody forms are presented as Figure 1.6-

2 in Section 1.6.1 of the QAPP.

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

possible for the Carswell project because field teams finished sample collec-

tion before sample analysis was complete. While there were some inconsisten-

cies in hold times for trip blanks and signatures on chains-of-custody, no

sample results were invalidated. A discussion of the completeness of sample

collection QC efforts is presented in Section 4.1.4.

4.1.2 Laboratory Matrix QC Sample Results

Bias and imprecision in results is most controllable for the

analytical system because QC samples may be analyzed along with natural matrix

samples and a batch reanalyzed if QC samples indicate the system is out of

control. As discussed in Section 4.1.1, and the QAPP, data quality objec-

tives, Table 4-3, are for QC samples using reagent water as the matrix.

Results for samples in natural matrices would not be expected to be as

unbiased nor precise. If imprecision or bias exceed these data quality

objectives, then the analytical system is out of control and must be cor-

rected, and affected samples reanalyzed. Bias due to laboratory contamination

is not included in Table 4-3. Generally, any systematic contamination for

laboratory sources is not allowed. However, the presence of some common lab

4-8
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contaminants is allowed and corrective action is taken only when concentra-

tions reach a significant level as directed in the QAPP.

Instrument calibrations were performed according to laboratory

standard operating procedures (SOPs) which reference the standard methods

specified in the QAPP. One problem occurred with the calibration curve for a

gas chromátograph (CC) used for 601 analyses. This problem was documented in

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

As pointed out in the ITIR, this problem does not invalidate any

sample results for samples analyzed by Method 601 and does not make this

project incomplete. The calibration curve for Method 601 analyses on instru-

ment "B" was not within specifications. The fifth, and highest, calibration

point (30 ppb) was inaccurate and thus caused results to be biased high. To

solve this problem, data generated on instrument "B" for 601 analyses was

recalculated using a four point calibration curve, dropping the 30 ppb

calibration point, with the new highest point of 15 ppb. New reports were

issued and affected results flagged. Second column confirmation need be only

qualitative for Carswell AFB analyses, so these results (i.e., Instrument B

data) will be used solely for second column confirmation. Results for

instrument "5" were considered the "primary" result and site evaluations will

be based on this quantitation.

QC sample results for organic methods are used internally by the

laboratory to determine if the analytical system remains in control. These

results are not reported. Since these results are used as a feedback mechan-

ism on system control and not to evaluate total bias or imprecision after

reporting, it is the laboratory's responsibility to maintain system control.

For this discussion it is assumed all samples were analyzed by Method 601 and

Method 602 when the system was in control.

4-9
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4.1.2.1 Laboratory Matrix Blanks

A list of analytes detected in laboratory matrix blanks is presen-

ted in Table 4-4 with a count of the number of times detected and maximum

concentrations. Generally, there is little concern for false-positive results

due to laboratory contamination. However, for the analytes listed in Table 4-

4, it is possible for sporadic false-positive results. Corrective actions

outlined in the QAPP were followed regarding laboratory contamination.

Therefore, no sample results were invalidated due to laboratory contamination.

Summary and detailed results for all blanks are presented in Table 1 and Table

2 of Appendix H, respectively.

4.1.2.2 Laboratory Matrix Spikes

Continuing calibration and quality control check samples (QCCS)

check samples were used to determine if the analytical system was in control

for methods by AA, ICAP, or cold-vapor graphite furnace AA; fluoride, chlor-

ide, total hydrocarbons, orthophosphate, and total dissolved solids. Results

of these samples are presented in Table 4-5. Detailed results are presented

in Table 3 of Appendix H. A comparison of Table 4-5 to data quality objec-

tives (DQOs) from Table 4-3, indicates the analytical system was in control

for these analyses. Interference check samples were also analyzed for metals

analyzed by Method SW6O1O, metals by ICAP. Acceptance criteria for inter-

ference check samples are recovery 20% of true concentration. Results

indicate generally there was little interference and error was less than data

quality objectives. Iron results indicated greater interference error than

expected. The calculated mean recovery and coefficient of variation (CV) for

iron was mean 77% and CV 24.6%, respectively.

Blank spike QC samples (i.e., method spikes) were also used to

monitor the analytical system for bias and imprecision. Blank spikes are

reagent grade water, spiked with known concentrations of a specified analyte

and the sample taken through the preparation described for the appropriate

method. Blank spike analyses were performed for metals by AA and ICAP,

4-10
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TABLE 4-5. SUMMARY OF QUALITY CONTROL CHECK SAMPLE (QCCS) RESULTS,
CARSWELL, TEXAS

Number of Mean 2 Precision Accuracy Mean
Parameter Samples Recovery CV (2) Relative Error (±2)

ARSENIC BY SW7060
Continuing Calibration Control Sample

Arsenic 53 95.9 4.5 5.0

Laboratory Control Sample (QCCS)
Arsenic 2 90.3 5.8 9.7

CHLORIDE. BY TITRATION
Continuing Calibration Control Sample

Chloride 15 97.5 1.2 2.5

FLUIDE BY EPA 30 .2]
Continuing Calibration Control Sample

Fluoride 17 96.4 3.6 4.2

HYDROCARBONS • TOTAL E4 18.1

Continuing Calibration Control Sample
Hydrocarbons 4 93.6 3.8 6.4

MERCURY BY COLD VAPOR
Continuing Calibration Control Sample

Mercury 50 96.7 13.6 5.4

IC? 25 ELIENT SCAR
Continuing Calibration Control Sample

Aluminum 41 101.3 2.6 2.3
Antimony 38 101.3 2.9 2.3
Arsenic 40 103.1 2.8 3.6
Barium 39 99.8 3.2 2.6
Beryllium 43 100.9 4.1 3.8
Boron 38 99.8 3.9 3.2
Cadmium 40 103.7 4.3 5.4
Calcium 38 104.3 2.2 4.3
Chronium 41 100.8 2.7 2.2
Cobalt 36 102.2 2.8 3.1

Copper 40 102.7 3.8 4.1
Iron 40 98.8 2.1 1.9
Lead 39 104.0 4.0 5.1

Magnesium 39 100.5 2.5 2.0
Manganese 41 103.5 3.1 4.3

Molybdenum 35 99.0 3.2 2.9
Nickel 39 102.9 2.9 3.5
Potassium 42 100.7 2.5 2.2
Seleniuum 41 103.1 2.3 3.3
Silicon 42 101.5 3.5 3.1
Silver 36 101.4 4.3 3.9
Sodium 40 101.8 12.3 4.0
Strontium 44 100.2 2.7 2.3
Thallium 41 100.4 2.9 2.4
Vanadium 41 102.5 3.1 3.7
Zinc 38 103.9 2.4 4.0

ICP Interference Check Sample
Aluminum 17 92.7 6.0 7.7
Barium 26 103.8 2.3 3.8
Beryllium 27 104.4 2.4 4.5
Cadmium 28 102.9 2.2 3.1
Calcium 17 82.6 15.7 17.6
Chromium 28 104.6 2.7 5.0
Cobalt 28 107.3 3.4 7.7

Copper 28 105.0 4.1 5.9
Iron 17 77.0 24.6 24.3
Lead 30 104.5 4.6 5.6

Magnesium 17 88.1 10.0 12.2

Manganese 27 102.7 4.9 4.7

(Continued)
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TABLE 4-5 (Continued)

Number of Mean Z Precision Accuracy Mean
Parameter Samples Recovery CV (2) Relative Error (±2)

Nickel 28 102.2 3.9 3.8
Silver 30 101.7 4.4 4.1
Vanadium 30 99.6 6.2 4.3
Zinc 28 106.2 3.4 6.7

Initial Calibration Control Sample
Aluminum 2 100.4 1.3 .9

Barium 2 101.0 .3 1.0

Beryllium 2 101.3 .3 1.3
Cadmium 2 97.2 .8 2.8
Calcium 2 101.8 .1 1.8
Chromium 2 100.6 .2 .6
Cobalt 2 99.2 .6 .8

Copper 2 92.9 .2 7.1
Iron 1 104.3 4.3
Lead 2 101.2 2.6 1.9
Magnesium 1 101.5 1.5

Manganese 2 85.5 .5 14.5
Nickel 2 100.1 2.4 1.7
Silver 2 92.2 .2 7.8
Vanadium 2 90.9 .2 9.1
Zinc 2 97.7 .2 2.3

Laboratory Control Sample (QCCS)
Aluminum 2 96.9 .5 3.1
Antimony 2 94.5 3.7 5.5
Arsenic 2 117.0 .0 17.0
Barium 2 99.0 .0 1.0

Beryllium 2 100.3 1.0 .7

Boron 2 99.0 1.4 1.0
Cadmium 2 97.4 .9 2.6
Calcium 2 100.0 1.4 1.0

Chromium 2 98.3 .4 1.8
Cobalt 2 97.9 .1 2.1

Copper 2 97.8 .4 2.3
Iron 2 96.3 1.9 3.7
Lead 2 98.8 1.1 1.2
Magnesium 2 96.6 1.6 3.4
Manganese 2 97.4 .6 2.6
Molybdenum 2 97.4 .7 2.6
Nickel 2 98.4 .9 1.7

Potassium 2 95.5 3.1 4.5
Selenium 2 101.5 .7 1.5
Silicon 2 92.9 5.3 7.1
Silver 2 92.0 4.7 8.0
Sodium 2 94.6 .6 5.4

Strontium 2 98.9 .2 1.2
Thallium 2 96.8 1.8 3.3
Vanadium 2 95.9 .2 4.1
Zinc 2 99.1 1.3 .9

IIITRATE BY E353.2
Continuing Calibration Control Sample

Nitrate 20 99.1 4.4 3.6

TBOPBOSPBAT
Continuing Calibration Control Sample

Orthophosphate 22 99.0 3.3 2.5

LEAD BY dTh21
Continuing Calibration Control Sample

Lead 56 103.2 4.3 4.6
Laboratory Control Sample (QCCS)

Lead 2 108.3 2.2 8.3

(Continued)
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TABLE 4-5 (Continued)

I;43 1)S

Parameter
Number of
Samples

Mean 2
Recovery

Precision
CV (2)

Accuracy Mean
Relative Error (+2)

SELEN]1II BY SW7740
Continuing Calibration Control Sample

Selenium 46 97.6 5.6 5.1

Laboratory Control Sample (QCCS)
Selenium 1 90.0 10.0

SULFATE
Continuing Calibration Control Sample

Sulfate 13 98.6 2.4 2.2

TOTAL DISSOLVED SOLIDS
Laboratory Control Sample (QCCS)

Total Dissolved Solids 6 100.6 3.5 2.5
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chloride, fluoride, hydrocarbons, nitrate and orthophosphate. A summary of

results for these QC samples is presented in Table 4-6. Surrogate spikes were

also added to blank spike samples. Surrogate recoveries are presented in

Table 4-7. Detailed results are presented in the laboratory QC matrix section

of Table 4 of Appendix H. Results for all blank spikes except antimony were

within the QAPP specified acceptance criteria for recovery. Ten of the 14

antimony sample results were slightly below 75% recovery.

Laboratory QC samples (blanks, method spikes, etc.) for EPA 601 and

EPA 602 analyses were spiked with the surrogate compound l-bromo-4-fluoroben-

zene. For Method 601, halocarbons by GC, surrogate spike recoveries for

laboratory QC samples indicate a bias towards high recovery with little

imprecision. Six of 79 recoveries were greater than acceptance criteria

limits of 140%. For Method 602, aromatics by CC, surrogate spike recoveries

for laboratory QC samples indicate little bias or imprecision. All recoveries

were within acceptance criteria of 40% to 140%.

Laboratory Matrix Replicates

Analytical duplicates (i.e., duplicate analysis of the same

prepared sample at the instrument) were used to determine if the imprecision

associated with the analytical system was in control relative to precision

objectives. Results of analytical duplicates indicated slightly greater

variability, as estimated by coefficient of variation (CV), than expected for

the following analytes:

• Nickel (SW6O1O) - 24%;

• Lead (SW7421) - 47%;

• Selenium (SW7740) - 51%;

• Orthophosphate (E365.2) - 28%.

Results of analytical duplicates are summarized in Table 5 of

Appendix H.
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4.1.3 Environmental Matrix QC Sample Results

Measurement bias and imprecision are confounded with environmental

variability in natural matrix samples. Since environmental variability (eg.

non-uniform distribution of pollution, variation in natural background

concentrations over space and time, etc) will not be adequately characterized,

measurement error and bias may be quantified but not controlled. Also,

generally sample analyses are performed after field teams have finished at the

site, so timely re-sampling is not an option. Therefore, the following

results are used to qualify interpretations, not to validate procedures or

sample results. Acceptance criteria as specified in Table 1.10-1 of the QAPP

are used throughout this discussion as an indication that bias and imprecision

are normal or abnormal based on historical analyses. Generally, the QAPP

specified corrective action for results outside acceptance criteria is to flag

data and assume matrix interference. Five types of QC samples were used on

the Carswell project to quantify measurement bias and imprecision that is

confounded with environmental variability. These five QC sample types are:

• Matrix spikes (quantify bias);

• Surrogate spikes (quantify bias);

• Matrix spike duplicates (quantify imprecision);

• Predigestion duplicates (quantify imprecision due to matrix,

preparation and analytical effects); and

• Field duplicates (quantify imprecision due to sampling,

matrix, preparation and analytical effects).

False-positive results due to wind-blown contamination or cross-

contamination from using non-dedicated sampling equipment are possible during

any sampling effort. Field blanks are used to identify and estimate the

quantity of contamination that may be associated with sampling efforts.

4—I9
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Ambient condition and equipment blanks were used during the Carswell ground-

water program.

Contamination, bias and imprecision are discussed in following

sections by QC sample type. Results that exceeded expectations base on

historical laboratory bias and imprecision estimates are discussed for

appropriate methods.
-

Field Blanks

A synopsis of the results for compounds detected in field blanks

and the maximum concentration detected are presented in Table 4-8. All

results for field blanks are summarized and presented in detail in Table I and

Table 2 of Appendix H, respectively.

Spikes

Analytical, matrix and surrogate spikes were used to evaluate bias

on the Carswell project. Analytical spikes are added after preparation,

immediately before analysis, so only bias and imprecision due to the matrix,

or analyst's error, is quantified, Matrix spikes are added to the sample

before preparation and provide information about total matrix effects. Bias

and imprecision estimates from matrix spikes include method preparation error.

Analytical spike results should complement results of matrix spike studies

regarding error due to the natural matrix. Surrogate spikes are known

concentrations of compounds not expected to be found naturally in samples,

added to samples. Surrogate recoveries indicate potential bias in recovery

for classes of compounds. The corrective action for results outside accep-

tance criteria for all types of spike results is to recheck calculations and

if an error is not found, assume a matrix effect.

Detailed spike results are presented in Table 4 (detailed results)

of Appendix H. Results of these QC samples are discussed below for both

ground-water and surface water matrices.
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4.1.3.1 Ground-Water Matrix

Generally, spike recoveries were within expected limits. Matrix

spike and surrogate spike recoveries are presented in Table 4-9 and Table

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

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

indicate little overall bias but imprecision. Three recoveries were below

acceptance criteria limits and one recovery above criteria limits. Mean

recovery (standard deviation) for 20 matrix spiked samples was 91% (32%).

Analytical spike recoveries for arsenic were also biased. Seven out of 144

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

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

SW7421 indicate little bias but fair imprecision. Two sample recoveries out

of 20 samples were below the lower acceptance criteria limit of 75% and six

recoveries out of 20 were above upper limits of 125%. Mean (standard devia-

tion) recovery was 107% (32%). Analytical spike recoveries also indicated

bias and imprecision. Twenty-six of 144 analytical spikes were greater than

the analytical spike acceptance criteria of 125%. QCCS and/or continuing

calibration check samples were analyzed after the out-of-control spikes to

prove the system was in control. Recoveries were within limits for these QC

samples, so the laboratory assumed matrix effects influenced recovery and no

samples were reanalyzed.

Selenium by SW846 Method 7740 - - Analytical spikes for selenium

indicated bias and imprecision. Thirty-four of 144 analytical spikes had

recoveries less than the lower acceptance criteria of 75%. Analysis of QCCS

and/or continuing calibration check samples indicated the system was in

control and so matrix effects were assumed to cause recoveries less than the

minimum acceptance limit.
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Metals by SW846 Method 6010 (ICAP) - - Matrix spike recoveries for

several metals by SW6O1O indicated some bias and imprecision. Silicon

recoveries were most heavily biased and imprecise (mean (standard deviation)

177% (170%)) with eight of 20 recoveries greater than the acceptance limit of

125%. Calcium spike recoveries indicate calcium recoveries are biased low and

are imprecise.

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

by E353.2 indicate little bias but slightly greater imprecision than expected.

Mean (std. dev.) recovery was 98% (22%). Three of 21 recoveries were below

the lower acceptance criteria of 80% and four recoveries were greater than the

upper acceptance criteria of 120%.

Halocarbons by EPA 601 - - Surrogate spike results for samples

analyzed for halocarbons by EPA 601 indicate bias towards high recovery for 1-

bromo-4-fluorobenzene. Mean recovery was 120% with six of 87 sample recoveri-

es were greater than the acceptance criteria limit of 140%.

4.1.3.2 Surface Water Matrix

Generally, spike recoveries were within expected limits. Matrix

and surrogate spike recoveries are presented in Table 4-11 and Table 4-12,

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

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

l-bromo-4-fluorobenzene. Recoveries indicate a bias towards low recovery and

high imprecision. Five recoveries were below acceptance criteria limits of

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

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

indicated bias and imprecision. Fourteen out of 24 samples had recoveries

greater than the upper acceptance criteria of 125%. Analysis of QCCS and/or

continuing calibration check samples indicated the system was in control and

so no samples were reanalyzed.
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Selenium by SW846 Method 7740 - - Analytical spike recoveries for

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

less than the lower acceptance criteria of 75%.

Field QC Water Matrix

Spike recoveries were within expected limits. Matrix and surrogate

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

Field and Matrix Duplicates

Variability can be assessed against several components of a sam-

pling effort. For Carswell, sampling and analytical variability are the

primary components of total variability. Since samples were collected over a

short time period, temporal variability is assumed to be negligible. Also,

the water systems are assumed to be fairly homogeneous at each location

throughout the base, so spatial variability for any duplicate pair is assumed

to be negligible. Using these assumptions, total variability is the variabil-

ity due to the sample effort and analytical effort combined and as such

indicate total measurement imprecision. Standard deviations and CVs for field

duplicates and matrix spike duplicates are pooled to estimate total variabili-

ty as a pooled standard deviation (pooled std. dev.) or pooled coefficient of

variation (pooled CV).

Variability due to the analytical method can be estimated using

predigestion duplicates. Although variability for these duplicates would

include natural matrix effects as well as method preparation and analysis

effects, comparison of predigestion duplicate results to field duplicate

results and matrix spike duplicate results can provide information about the

analytical system.

Total variability is discussed below for each method by matrix.

4—33
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Ground Water

Generally, total variability for ground water was as expected.

Little information was available from field duplicates since many analytes

were not detected in samples. Also as expected, variability estimates

indicate greater relative variability when concentrations are near detection

limits and lesser relative variability when concentrations are significantly

greater than detection limits. Methods or analytes with large variability are

discussed below. Summarized results are presented in Table 5 of Appendix H.

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

analyzed for arsenic by Method SW7060. Variability was approximately 26% with

four matrix spike results outside acceptance criteria. Results outside

criteria suggest that although the average variability (pooled CV) was

reasonable, results may sporadically be more imprecise than expected.

Two predigestion duplicate pairs were analyzed by SW7060 for

arsenic. Mean recoveries ranged from "not detected" to 0.033 mg/L. Variabil-

ity (expressed as CV%) was 33%.

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

mercury by Method E245.l. While variability was fairly high, pooled CV 60%,

it was not unreasonable because concentrations were very near detection

limits. Results ranged from "not detected" to 0.0044 mg/L, concentrations at

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

Sixteen matrix spike duplicate pairs were analyzed for mercury by

E245.l. Mean recoveries ranged from 87.5% to 105%. Variability was ap-

proximately 5%.

Lead by SW7421 - - Twelve field duplicates were analyzed for lead by

Method SW7421. Mean concentrations ranged from both samples "not detected" to

0.81 mg/L. Variability (CV%) was 45%. Since these results are near the

detection limit it is not unexpected for relative variability to be higher

than expected.
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Sixteen matrix spike duplicate pairs were analyzed for lead by

Method SW7421. Mean percent recoveries were widely variable ranging from 23%

to 132% with a pooled CV of 32%.

Two predigestion duplicate pairs were analyzed by SW7421 for lead.

Mean recoveries ranged from 0.012 mg/L to 0.079 nig/L. Variability (expressed

as CV%) was 89%.

Apparently, matrix affects contribute to variability but affect

measurement imprecision less than overall variability.

Selenium by SW7740 -- Sixteen matrix spike duplicate pairs were

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

96% with a pooled CV of 52%. At least one matrix spike recovery was less than

acceptance criteria, thus increasing variability. Imprecision is assumed to

be solely due to matrix effects.

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

by Method E418.l for hydrocarbons. Variability was greater than expected at

42%. However, mean concentrations ranged from "not detected" to only 8.5

mg/L. This relative variability may be due to concentration variability near

the detection limit.

Two matrix spike duplicate pairs were analyzed for hydrocarbons by

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

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

nitrate by Method E353.2. Total variability was 41% for means ranging from

0.095 mg/L to 0.740 mg/L.

Surface Water

Where data was available, total variability for surface water was

as expected. Little information was available from field duplicates since

many analytes were not detected in samples. Matrix spike duplicates were not
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requested for surface water samples. Variability estimates indicate greater

relative variability when concentrations are near detection limits and lesser

relative variability when concentrations are significantly greater than

detection limits. Methods or analytes with large variability are discussed

below. Summarized results are presented in Table 5 of Appendix H.

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

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

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

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

for metals by SW6O1O. Total variability could not be estimated for several

analytes because of "not detected" results for all samples. Of the analytes

that were detected, variability (expressed as CV%) ranged from 1% for stron-

tium to 132% for chromium. As expected variability was greatest for analytes

with concentrations near the detection limit.

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

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

4.1.4 Sample Collection Quality Control

The QA effort for sample collection was successful and data capture

complete. No samples were invalidated. Standard forms, methods, chain-of-

custody and hold times were generally followed as specified. However, some

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

4.1.4.1 Standard Forms

Standard forms taken from the Air Force IRP program were used to

log sample collection. Standard, bound, log books (used to log field data

associated with samples) and chain-of-custody forms (used to document custody

of samples from time of collection to reporting analytical results) were used

as specified in the QAPP. A discussion of the completeness of the sampling

follows. Sample log forms were used to record sample inventory data (eg.
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location data, sample type, matrix, etc.). This data was entered into the

project database and the forms archived by the project geologist. Chain-of-

custody forms were filled out at the time samples were shipped from the field

to the lab and specified analyses to be performed on each sample, the relin-

quishing field team member, and the recipient for the laboratory. Some chain-

of-custody forms were not signed upon receipt at the lab. Sample numbers and

associated analyses are presented in Table 4-15.
-

While lack of a signature by a laboratory representative breaks the

physical chain-of-custody it may be assumed samples were handled appropriately

and results are valid estimates for chemical concentrations on each sample.

This assumption of valid custody is possible due to laboratory practices which

include a picture of the samples as received and sample tracking in the

laboratory database. The laboratory database provides a valid means of

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

Three samples were not analyzed as directed. These were samples

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

Standard Methods

Standard methods were used for sample collection. Standard methods

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

Hold Times

Use of method-specified, standard, sample holding times controls

variability caused by samples being analyzed after constituents have partially

decomposed. Data regarding hold times (e.g., log data, date analyzed,

specified maximum hold time and actual day until analysis) are provided in

Table 6 in Appendix H. One sample was analyzed by Method 601 one day over the

hold time of 14 days. This was sample 017. Trip blanks 050, 081, 093, 114,

and 359, to be analyzed by Method 602, were analyzed between three and seven

days over the seven day hold time. This problem does not invalidate results
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TABLE 4-15. SAMPLES WITH UNSIGNED LABORATORY RECIPIENT
CHAIN -OF- CUSTODY

Sample ID Analysis Required

154 Chloride, Fluoride, TDS, NO3. 0P04, Metals

157 l54+MS
160 154 + MSD

163 Dissolved Metals, MS, MSD

168 Chloride, Fluoride, Sulfate, TDS

169 Nitrate, Orthophosphate

170 Total Metals

171 Dissolved Metals

174 Chloride, Fluoride, Sulfate, TDS

175 Chloride, Fluoride, Sulfate, TDS

176 Nitrate, Orthophosphate

177 Nitrate, Orthophosphate

178 Total Metals

179 Total Metals + Analytical Duplicate

180 Dissolved Metals

181 Dissolved Metals + Analytical Duplicate

354 Chloride, Fluoride, Sulfate, TDS

355 Nitrate, Orthophosphate
356 Total Metals

357 Dissolved Metals

358 Hydrocarbons

361 Chloride, Fluoride, Sulfate, TDS

362 Nitrate, Orthophosphate

363 Total Metals

364 Dissolved Metals

365 Hydrocarbons

367 Chloride, Fluoride, Sulfate, TDS

368 Nitrate, Orthophosphate

369 Total Metals

370 Dissolved Metals

371 Hydrocarbons

374 Chloride, Fluoride, Sulfate, TDS
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of these trip blanks. As noted in the ITIR, trip blanks to be analyzed by

Method 602 were not acid preserved. Because they were not acid preserved the

hold times were seven days instead of 14 days as for the acid preserved field

samples to be analyzed by Method 602. Trip blanks are used to identify

contamination during shipping or during storage in the laboratory. Samples to

be analyzed for purgeable aromatics by Method 602 are preserved to prevent

biological degradation of the analytes of interest during storage (i.e.,

beyond the normal seven day holding time). Biological activity will depend on

a number of factors, such as natural biological populations, concentration of

compounds, mix of compounds, etc. Therefore, the extent to which the in-

tegrity of a given sample may be compromised by not analyzing within the seven

day hold time for an unpreserved sample may vary. Historically, trip blanks

for Method 602 analyses were not preserved so that the trip blank could be

analyzed for Method 601 (where the sample is acid preserved) or Method 602

as needed for a project. Since the preparation procedure for trip blanks

renders the water practically sterile, it is generally assumed that bacterial

populations will not expand to natural levels within 14 days and thus

biological activity is minimal. Therefore, the results of these trip blanks

are considered usable and provide information about potential shipping and

handling contamination. However, it is recognized that as a worst-case

situation the Method 602 results of these trip blanks may be falsely low

(i.e., a false-negative result) due to biological degradation. And, as such,

low-level concentrations in natural samples shipped with these trip blanks may

in fact be due to shipping contamination. Natural samples possibly affected

are:

• TB 050: 044, 051, 063, 069, 070,

• TB 093: 087, 094, 100,

• TB 114: 108, 115, 121, 127, 128, 129, 140.

No results are invalidated due to hold time violation.

Concentrations of compounds in natural matrix samples should be considered

suspect as a false-positive if less than the maximum concentrations depicted

in Table 4-9.
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4.2 Results of Ground-Water and Surface Water Analyses

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

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

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

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

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

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

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

inorganic constituents listed in Table 4-16. Both organic and inorganic con-

stituents exceeding EPA drinking water standards (Maximum Contaminant Levels,

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

An Informal Technical Information Report (ITIR) with analytical summary

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

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

to the U. S. Air Force HSD IRP Program Office in September 1990 (Radian

1990d). Following is a brief summary of the quality assurance/quality control

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

4.2.1 Ground-Water Contamination

As indicated in previous Flightline Area sampling efforts, TCE was

the principal contaminant detected which exceeded EPA primary standards. The

only other organic constituent found to exceed federal standards was vinyl

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

centrations exceeding EPAs MCLs; these included tetrachloroethene and cis-1,2-

dichloroethene.

Four inorganic compounds exceeded federal primary drinking water

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

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

found in concentrations exceeding the respective MCLs in one well each.

4-44



11
05

-5
6 

—
S5

 

1.
10

5—
18

 

(5
05

—
S

i 
• 

Lr
05

—
19

 

LF
04

—
04

 

F
i
g
u
r
e
 
4
-
1
.
 

L
o
c
a
t
i
o
n
s
 
o
f
 
1
9
9
0
 
G
r
o
u
n
d
-
W
a
t
e
r
 
a
n
d
 
S
u
r
f
a
c
e
 
W
a
t
e
r
 
S
a
m
p
l
e
s
,
 

F
l
i
g
h
t
l
i
n
e
 A
r
e
a
,
 
C
a
r
s
w
e
l
l
 A
F
B
,
 
T
e
x
a
s
 

C
D

 

15
05

—
02

 

F
lo

w
 

F
T

O
8—

ltA
 
• 

FT
O

8 
11

08
—

It
B

 •
 

U
' 

LF
O

5—
0 

I 
I 

A
Q

U
E

V
U

 

N
O

R
T

H
 

0,
 

LE
G

E
N

D
: 

• 
M

on
ito

r 
W

el
l 

• 
S

ur
fa

ce
 W

at
er

 
S

am
pl

e 

LF
05

-5
A

 

LF
05

—
51

 • 

11
04

—
01

 
• 

•L
10

5—
50

 

L1
05

—
14

 

• 
L
F
O
5
—
5
H
 

I 
15

05
—

56
 

11
04

-4
6 

• 

•L
F

O
4_

40
 •L
F

04
—

4C
 

(5
04

-1
0 I 

0 
20

0 
40

0 

F
E

E
T

 

R
A

D
IA

N
 

C
O

PO
A

T
IO

N
 



P;43 140

TABLE 4-16. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,
FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1,1,1-Trichioroethane Aluminum Chloride

1,1,2, 2-Tetrachioroethane Antimony Fluoride

1,1,2-Trichioroethane Arsenic Nitrate as N

1, l-Dichloroethane Barium Orthophosphate
1, 1-Dichioroethene Beryllium Sulfate

l,2-Dichlorobenzene Boron Total Dissolved

1,2-Dichioroethane Cadmium Solids

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

2-Chloroethylvinyl ether Copper
Bromodichioromethane Iron
Bromoform Lead
Bromomethane Magnesium
Carbon tetrachioride Manganese
Chlorobenzene Mercury
Chloroethane Molybdenum
Chloroform Nickel
Chloromethane Potassium
Dibromochioromethane Selenium
Methylene chloride Silicon
Tetrachioroethene Silver
Trichloroethene Sodium
Trichlorofluoromethane Strontium

Vinyl chloride Thallium
cis-l , 2-Dichloroethene Vanadium
cis-l , 3-Dichioropropene Zinc

trans-l, 2-Dichioroethene
trans- 1, 3-Dichloropropene
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Contamination detected in the ground water of the Flightline Area

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

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

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

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

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

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

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

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

Goodland/Walnut aquitard.

A detailed discussion of the pertinent organic and inorganic

constituents and ground-water quality indicators follows.

4.2.1.1 Organic Ground-Water Contaminants

Table 4-17 summarizes the findings of the laboratory analyses for

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

drinking water standards (MCLs). TCE exceeded the MCL in 27 of the 35 wells

sampled. Vinyl chloride exceeded the MCL in seven wells.

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

exceeded the MCLs in three wells. The proposed MCL for cis-1,2-dichloroethene

was exceeded in samples from 23 of the monitor wells in the Flightline Area.

This compound was detected in 30 of 35 wells in the Flightline Area. Trans-

l,2-dichloroethene, another isomer of dichloroethene, was also detected

frequently in the Flightline Area, but at significantly lower concentrations

than the cis- isomer. The MCLs (100 ug/L) for the trans- isomer was never

exceeded by Flightline Area water samples.

Following is a more detailed discussion of organic constituents

detected in the ground water of the Flightline Area.
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Trichioroethene

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

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

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

reported at maximum levels in monitor wells LFO4-4G and LFO4-02, with detected

values of 4400 and 4000 micrograms per liter (pg/L), respectively. The

defined TCE plume has an aerial extent of approximately 50 acres, with most of

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

are fairly well defined laterally, but not in the upgradient and downgradient

directions (the extreme eastern and western portions of the Flightline Area).

In the west, a concentration of 2700 ig/L was detected in monitor well LFO5-

01, with no accompanying upgradient well analyses to allow for contaminant

concentration contouring in the western direction. Detected concentrations of

1200 and 1300 pg/L TCE in monitor well LFO5-5A and LFO5-SE, located hydraulic-

ally upgradient of Landfill 5 but with no near upgradient wells, prevents

definition of the TCE plume along that upgradient edge. The ground-water flow

direction (Figure 3-12) in the vicinity of monitor well LFO5-Ol is away from

wells LFO5-5A and LFO5-5E, suggesting that contaminant plume migration

deviates somewhat from the general ground-water flow pattern. Therefore, the

contamination observed in monitor well LFO5-Ol could be continuous with that

detected in LFO5-5A and LFO5-5E, but insufficient data from the intervening

area make such a correlation speculative. Evidence of "black staining" at

39.5 feet in the log of borehole LFO5-15, located between wells LFO5-Ol and

LFO5-5E, may be evidence of the TCE contamination being continuous between the

wells. The TCE plume appears to intersect Farmers Branch (Figure 4-2) in the

northeastern portion of the Flightline Area.

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

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

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

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

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

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

meability, the contamination will tend to migrate preferentially along
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paleochannels filled with basal sands and gravels. When compared to the

isoconcentration map of the TCE plume (Figure 4-2) this preferential migration

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

concentrations closely resembles the location and configuration of the

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

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

Flightline Area sites. Although data are sparse in the northwestern portion

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

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

relatively low in the vicinity of LFO5-0l. Both of these situations make the

likelihood greater that contamination detected in monitor well LFO5-01 is

continuous with that in wells LFO5-5A and LFO5-5E.

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

hydraulically downgradient from Landfill 4, with TCE concentrations above 3000

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

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

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

map of the results of the April, 1988 ground-water sampling. By comparing the

plume shape and concentration distribution shown on the April, 1988 isoconcen-

tration map with that on the Spring, 1990 map, the plume appears to have

migrated in an easterly, hydraulically downgradient direction. In addition,

the maximum concentration observed between the two sampling efforts has

decreased, from 6400 pg/L in April 1988 to 4400 tg/L in the most recent

analysis. The potential significance of this decrease with respect to the

fate and transport of the contaminants in the ground water will be discussed

in Section 5 of this report. While the migration and degradation of the plume

is consistent with the physiologic and hydrogeologic settin& of the Flightline

Area and the nature of the contaminant, some degree of analytical variability

is inherent between any two laboratory analyses occurring over time. Con-

tinued monitoring of the wells in the Flightline Area will be necessary to

confirm apparent trends in contaminant migration.

Multiple sources have been postulated for the organic contamination

found in the subsurface in the Flightline Area. The disposal methods and
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types of waste material believed to be present at Landfills 4 and 5 (LFO4 and

LFO5) and the Waste Burial Area (WPO7) are consistent with the types and

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

reasonable to assume that infiltration of some residual flammable solvents

associated with the fire training activities at Site FTO9 has occurred.

Repeated evidence of TCE contamination in monitor wells located hydraulically

upgradient of these sites indicates the existence of additional upgradient

source(s). In the 1990 sampling, TCE concentrations of 1300 zg/L and 1200

were detected in monitor wells LFO5-5E and LFOS-5A, respectively, located

upgradient to Landfill 5.

Air Force Plant 4 has been identified in past reports (Radian,

1986; Radian, 1989) as the probable upgradient source, but limited well

control and lack of contemporaneous analytical data from the western and

northwestern Flightline Area preclude this interpretation. A TCE concentra-

tion of 2700 jtg/L in monitor well LFOS-0l, in the extreme northwestern portion

of the Flightline Area (Figure 4-2) supports the existence of a significant

source to the northwest. Further evidence is provided by the contamination

detected around Site FTO8. Monitor well FTO8-llB was found to contain 35 ,ug/L

TCE. While this well is downgradient to the site, no contamination was

detected in previous sampling efforts, and the site is not considered a

contributor to the main TCE plume.

Contamination in the subsurface associated with Site FTO9 was not

considered associated with the primary TCE plume in the RI/FS Stage 2 report.

Evidence cited included the absence of ground water in boreholes beneath the

site and ground-water contamination being limited to monitor wells which

potentially receive runoff from the site. During the most recent inves-

tigation, TCE contamination was detected in each of the three wells at the

site, suggest that, whatever the actual source, the contamination can be

logically addressed along with the principal TCE plume for the purpose of this

report. As with the other Flightline Area sites, the contamination may have

resulted from activities conducted at the site, or may be from an upgradient

source.
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There is significant evidence of one or more upgradient, non-

Flightline Area source of TCE contamination in the shallow ground water. Some

increases in TCE concentrations in the ground water as it moves downgradient

through the Flightline Area are probably related to the historical variability

of detected TCE levels. However, the concentration distribution also suggests

wastes previously disposed of in the waste burial area and/or landfills are

contributing some additional component to the overall contaminant plume.

There is especially strong evidence of a TCE contribution from the waste

burial area (Site WPO7) as the TCE concentration highs shown in Figure 4-2 are

located directly downgradient of the site.

Vinyl Chloride

Vinyl chloride was the second most dominant contaminant in the

Flightline Area, exceeding the MCLs in seven wells. Figure 4-5 illustrates an

isoconcentration map of the vinyl chloride concentrations in the Flightline

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

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

associated with Landfill 5.

Each of the wells in the main plume in which the vinyl chloride was

detected is immediately hydraulically downgradient of Site LFO5. The maximum

concentration of vinyl chloride detected in the Flightline Area was 170 jig/L

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

Lesser amounts were detected in LFO5-5B and WPO7-lOC, with 160 ig/L and 49

jig/L, respectively. Vinyl chloride was also detected in this area in the

April, 1988 ground-water sampling effort. None of the sampled monitor wells

located hydraulically upgradient of Site LFO5 contained vinyl chloride,

suggesting Site LFO5 is the source of the main Flightline Area vinyl chloride

plume.

Four additional wells contained vinyl chloride above the EPA MCL.

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

centration than was detected in the April 1988 sampling, In which 3.8 pg/L was
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detected. This is the only well downgradient from Site LFO4 in which vinyl

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

zg/L), and LFO5-02 (6.2 pg/L), again suggesting a contaminant source up-

gradient from the Flightline Area. Since vinyl chloride may be a primary

contaminant or one of the daughter products of TCE and multiple sources have

been postulated for the contaminants present in the Flightline Area, it is

difficult to pinpoint the exact source(s) of the vinyl chloride present in any

individual well. The chemical inter-relationship between vinyl chloride, TCE

and the other organic contaminants detected in the Flightline Area is dis-

cussed in Section 5.

Tetrachloroethene

The presence of tetrachioroethene (PCE) was confirmed in six

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

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

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

Table 4-18 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.

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

Site FTO9 (FTO9-12B and FTO9-12C). Monitor well FF09-12B had the highest

confirmed level of PCE at 30 pg/L. PCE was not detected at this site during

the April, 1988 sampling event. However, because PCE can be a precursor of

TCE, the PCE contamination detected in the Flightline Area is probably related

to the TCE and will be discussed in conjunction with the TCE plume in this

report.

Total- 1. 2-Dichioroethene

The presence of 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 jg/L. Trans-l,2-dichloroethene (trans-l,2-DCE) was

confirmed in six wells, with concentrations ranging from 0.72 to 44.0 pg/L.
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TABLE 4-18. SUMMARY OF GROUND-WATER SAMPLES WITH CONFIRMED CONCENTRATIONS

OF TETRACHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number Tetrachioroethene Concentration (pg/L)

LFO4-4C 3.1

LFO5-02 0.55

LFO5-19 17.0

FTO9-12B 30.0

FTO9-12C 8.1

FTO9-12E 0.82
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Trans-l,2-DCE was detected only in wells in which cis-l,2-DCE was also

detected. Because trans-l,2-DCE and cis-l,2-DCE are isomers, they will be

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

Figure 4-6 illustrates an isoconcentration contour map for l,2-DCE

in the Flightline Area. As in the case of the TCE isoconcentration contour

map, the apex of the plume is bimodal. The two l,2-DCE nodes are located

hydraulically downgradient of 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-Ol, 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 inunediately

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

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 4-17). These include 1,1,1-trichioro-

ethane, 1, 1-dichioroethane, 1 ,l-dichloroethene, 1,4 dichloro-benzene, chloro-

benzene, chioroethane, and methylene chloride. None of these compounds were

detected in levels exceeding current EPA standards.

4.2.1.2 Inorganic Ground-Water Constituents

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

identified in the shallow Flightline Area ground water exceeded MCLs in

unfiltered samples. However, based on the nature of the metal occurrences,

they are not considered indicative of a ground-water contaminant problem at

the site. Following is a discussion of inorganic contaminants detected in the

shallow ground water of the Flightline Area.
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4.2.1.3 Metals

Total arsenic and mercury were each detected above MCL values in

unfiltered samples from single monitor wells in the Flightline Area. Table

4-19 shows the metals detected above MCLs. Total arsenic (MCL 0.05 rng/L)

narrowly exceeded the limit (by 0.003 ing/L) in the well in which it was

detected (LFOS-02). Total mercury exceeded the MCL by 0.0042 mg/L in FTO9-

l2D. Total Arsenic was detected in concentrations above the MCL in eight

monitor wells in the Flightline Area during the April 1988 sampling, but

mercury was not detected.

Total lead was found to exceed the MCL of 0.05 zng/L in two monitor

wells in the Spring 1990 sampling effort, as compared with total concentra-

tions above the MCL in eight wells in the April 1988 sampling. Total chromium

exceeded the MCL of 0.05 ing/L in three wells in the Spring 1990 sampling, as

compared with twelve in 1988. No two total metals concentrations were found

above established MCLs in the same well. The total lead contamination

detected in monitor wells LFO5-0l and LFO5-14 exceeded federal standards by a

maximum of 0.021 xng/L. Total chromium was detected at a maximum of 0.15 mg/L

above federal standards in monitor well FT08-llA.

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

for total metals were exceeded. The random distribution of the contaminants

makes delineation of a specific source difficult. Multiple man-made, as well

as natural sources are possible for the detected metal concentrations. In

general, the metal concentrations detected in Flightline Area wells were less

than those reported from previous sampling events. Metals such as cadmium and

barium, detected in several wells at total concentrations exceeding MCLs in

the April 1988 sampling event, were not detected at levels above MCLs in any

wells in the Spring 1990 sampling effort.

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

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

reported concentration was for total rather than dissolved metal. Total metal
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analyses are performed on unfiltered samples and as such may yield artificial-

ly elevated metal results, because fine suspended material in the unfiltered

sample can break down during sample acidification releasing additional metals

ions into the fluid medium. The dissolved metals analyses, performed on

field-filtered samples, are considered more representative of the actual

ground-water chemistry. In light of this, there is little 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 contamina-

tion in the Flightline Area are inconclusive.

4.2.1.4 Ground-Water Quality Indicators

Analysis of numerous anions and cations was performed on samples

from each monitor well in the Flightline Area to aid in the determination of

ground-water quality. These included:

• Calcium;

• Magnesium;

• Potassium;

• Sodium;

• Chloride; and

• Sulfate.

In addition, total dissolved solids (TDS) were analyzed. Table 4-20 lists the

averaged concentrations for each analyte by site (in the Flightline Area), as

well as the overall average for the entire Flightline Area, weighted by site.

Also, a range of concentrations for each analyte (except potassium) is

provided which is considered 'typical' for Tarrant County (Texas Department of

Water Resources, 1982). Concentrations for each analyte are in milligrams per

liter.

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

ical' range. In contrast, sodium concentrations fall uniformly below the

4—64.
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given range. This is considered normal in ground water moving through lime-

rich soils, such as those in the Flightline Area. All other ground-water

quality indicator concentrations fall within the given range except the

average chloride concentration in site FTO9, which falls slightly below

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

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

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

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

4.2.2 Surface Water

Seven surface water samples were collected from the locations shown

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

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

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

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

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

between surface water and ground-water contamination. Surface water samples

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

4.2.2.1 Organic Contaminants

Table 4-21 summarizes the Spring, 1990 analytical results of

organic constituents in surface water samples, with comparison to federal

drinking water standards. Trichloroethene (TCE) was confirmed in all surface

water samples, with federal MCLs being exceeded at five locations. Confirmed

concentrations ranged from 1.8 pg/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

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

water sample location LFO5-S1, which is located where the underground aqueduct

emerges following transporting Farmers Branch water under the runway area of
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Carswell AFB. Surface water at this location has yet to be influenced by any
Carswell AFB waste sites, as it is transported through a concrete conduit from

the vicinity of Air Force Plant 4. Any contamination in a sample from this

location is due to upgradient sources in the direction of Air Force Plant 4

further upstream. Surface water sampled at this location contained a TCE con-

centration of 39 ig/L, which is above the MCL of 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 Site

LFO4 in both rounds and immediately downgradient from Site LFO5 in the second

round (sampling points are shown on Figures 4-10 and 4-14 of the Stage 1

report (Radian, 1986)). No detected levels of TCE exceeded the MCL. No

relationship was established between surface water and ground-water TCE

concentrations during the Stage 1 study.

Vinyl chloride was the only other volatile organic compound detec-

ted in the surface water samples in excess of current MCLs during this

investigation. Vinyl chloride was detected in two samples from the golf

course ponds (LFO5-S3 and LFO5-S4). The MCL for vinyl chloride was exceeded

in LFO5-S3 where a concentration of 3.7 pg/L was detected. Vinyl chloride was

detected at the two locations where the lowest levels of TCE was detected,

possibly suggesting a parent/daughter relationship. Vinyl chloride was also

detected in Stage 1 surface water samples.

The other volatile organic constituents confirmed at the surface

water locations during the Spring 1990 sampling event were cis- and trans-1,2-

dichloroethene (-DCE), which have MCLs. As in the case of the ground-water

samples, the cis-1,2-DCE isomer was more prevalent than the trans-1,2-DCE

isomer in surface water samples, with the cis- isomer occurring at each of the

seven sample locations. Concentrations of cis-l,2-DCE ranged from 3.1 &g/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 0.46 pg/L and 0.66

zg/L, respectively. As in the case of ground water, a direct correlation

appears to exist between TCE and cis-l,2-DCE concentrations and the occurrence

of each. Surface water sample LFO5-S7 had the highest confirmed concentra-
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tions of both TCE (1400 g/L) and cis-1,2-DCE (310 g/L). The total-1,2-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 metals were detected in any surface water samples in excess of

MCLs. ariuin was detected at each location, and lead was being detected at

all locations except LFO5-S4 and LFO5-S7. Arsenic was detected at LFO5-S3.

The concentrations are not considered significant, since these metals were

commonly detected in levels below MCLs in the ground-water samples, and metals

are naturally occurring constituents.

Water quality indicators were analyzed in the surface water

samples. This was done both to assess the surface water quality and to

attempt to clarify surface water/ground-water relationships. Indicators

analyzed included:

• Total Dissolved Solids;

• Calcium;

• Magnesium;

• Potassium;

• Sodium;

Chloride; and

• Sulfate.

Table 4-22 provides the averaged results for each of the water quality in-

dicators for the surface water samples, as well as a range of concentrations

for each analyte (except potassium) which are considered 'typical' for Tarrant

County. In addition, the weighted averaged results for the same indicators

are provided for the ground-water samples collected in the Flightline Area.
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Only sodium occurs outside the range provided for the indicators

analyzed, being considerably below what would be considered a 'normal'

concentration. This was also the case in the ground-water samples. The

similarity between the averaged surface water results and the averaged ground-

water results strongly supports the interrelationship of the two water

systems. This interrelationship has previously been discussed, and data

generated at the site shows the unnamed tributary to Farmers Branch to be an

influent stream in the Flightline Area. Only calcium differs slightly, with

an averaged concentration in the ground water of approximately 45 mg/L greater

than that of the surface water. This phenomenon is probably due to minor

differences in the alkalinity of the two systems.

4.3 Summary of Findings

The main findings of the Flightline Area investigation with respect

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

• Concentrations of TCE and vinyl chloride exceed MCLs in Upper

Zone monitor wells in the Flightline Area.

• Multiple sources, including Sites LFO4, LFO5, WPO7, FTO9, and

Air Force Plant 4, have been postulated for the various or-

ganic contaminant plumes which occur in the Flightline Area.

• Some downgradient migration of the plume apex and a decrease

in total TCE concentration may have occurred since the monitor

well network was previously sampled in 1988. However, con-

tinued monitoring is necessary to verify this possible trend,

which could also be related by variability inherent in field

and laboratory procedures or seasonal conditions.

• The extreme western limit of the Flightline Area TCE plume is

as yet still undefined, but high levels of TCE and other

contaminants detected in wells far upgradient of any known

source areas or Carswell AFB strongly support the existence of
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additional upgradient source(s), potentially associated with

documented TCE contamination in Upper Zone ground water

beneath Air Force Plant 4.

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

the Upper Zone is also undefined.

The vertical extent of contamination in the Flightline Area

appears to correspond to the upper surface of the underlying

Goodland/Walnut aquitard based on limited analytical results.

Previous sampling of the two Paluxy Aquifer monitor wells did

not detect any contamination.

It is unlikely that any significant metals contamination

exists in the Upper Zone Aquifer of the Flightline Area, as no

dissolved metals concentrations exceeded MCLs.

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

surface water samples.

Based upon the similarity between ground-water and surface

water TCE concentrations, the unnamed tributary to Farmers

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

A pronounced similarity between surface water and ground-water

quality indicators (and other analytes) supports the existence

of zones of communication between the two water systems.

In addition to contaminant contributions from unidentified

upgradient source(s), the Flightline Area sites appear to be

releasing some additional volatile organic compounds (mainly

TCE, vinyl chloride, and l,2-DCE) to the larger contaminant

plume.
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Further investigation is required in the area between the

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

mine the relative contributions of each to Upper Zone ground-

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

The purpose of this section is to define the interrelationships

between the various contaminant plumes which exist in shallow (Upper Zone)

ground water in the Flightline Area, and to discuss their migration and

persistence. The transport and fate of contaminants in the Flightline Area

and the potential for off-site or off-base migration is a function of the

physical hydrogeologic conditions and the plume interrelationship.

Volatile organic contaminants found in both the ground water and

the surface water in the Flightline Area are the only hazardous waste con-

stituents having a potential for off-site or off-base migration at levels of

concern. No dissolved concentrations of inorganic constituents, specifically

metals, were identified in the ground water at levels exceeding federal

primary drinking water standards. Risk assessments were performed earlier

during the Phase II Stage 2 investigation, however these focused principally

on airborne hazards.

The ground-water contaminant plume in the Flightline Area is best

described in terms of trichioroethene (TCE)—t Lwin Se i-e.--4. TCE is

the principal contaminant at the site, with detected concentrations of up to

4400 pg/L and exceeding EPA's MCL (5 zg/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-

chioroethene, 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. Both of these phenomena contribute to

dilution of specific contaminants within the body of the plume, but also

result in the enlargement of the plume. Thus, these phenomena are factors in

contaminant persistence and apparent retardation during transport.

Adsorption and desorption of a solute can be significant factors

affecting the fate and transport of many types of contaminants. Compounds

that are readily adsorbed onto grains of the aquifer material, and not readily

desorbed are removed from the ground-water system and are not available for

transport. Chemical partitioning by sorption can reduce effective transport

by up to 100 percent. However, TCE is classified as a 'mobile' solute based

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

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

a5
Kd =

where: — the soil-water distribution coefficient;

a5 — 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 (Kd) 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-l,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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3 172
and water. This process is very common in nature, and may be biologically

driven, as a form of biodegradation.

Figure 5-1 provides a summary of the three chemical and biological

transformation pathways for the four principal organic contaminants in the

Flightline Area. It is noteworthy that the half-lives for these pathways vary

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

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

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

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

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

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

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

PCE was much lower than TCE.

5.1.2 Flightline Area (Golf Course) Data

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

erated for TCE, 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. There is insufficient

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

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

plausible interpretation of contaminant relationship between the areas.

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

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

presence of l,2-DCE and vinyl chloride are the result of the chemical and bio-

logical breakdown of TCE. By comparing the zones of highest concentrations in

these three plumes, some scenarios can be suggested regarding the timing and

continuity of the contaminant sources. Reviewing the figures:
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3 1?7
• During the spring 1990 ground-water sampling, the apex of the

TCE plume (Figure 5-2) was centered along White Settlement

Road, roughly hydraulically downgradient from Landfill 4 (Site

LFO4);

• A small irregular area of elevated TCE concentrations (Figure

5-2) is present around monitor well LFO5-14, downgradient from

Landfill 5 (Site LFO5);

• The 1,2-DCE (Figure 5-3) plume has highest concentrations

immediately downgradient from Sites LFO5 and LFO4, with grad-

ually decreasing concentrations downgradient of both land-

fills; and

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

clusively hydraulically downgradient of Site LFO5.

If l,2-DCE and vinyl chloride concentrations detected in the ground

water are directly the result of TCE degradation, then a comparison of the

locations and concentration distributions within the plumes suggests an

earlier introduction of TCE from Site LFO5 into shallow ground water, with

significant degradation to l,2-DCE and vinyl chloride having occurred, and a

later release from Site LFO4, where time has allowed only degradation to 1,2-

DCE to occur. Furthermore, the overall release of contaminants from Site LFO4

may have decreased somewhat with time, as concentrations of TCE immediately

downgradient from Site LFO4 were lower than in the previous sampling in April

1988.

The fact that cis-l,2-DCE is favored in the chemical breakdown of

TCE supports the hypothesis that all of the l,2-DCE present in the Flightline

Area results from TCE degradation. As stated earlier, cis-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 TCE, as the breakdown pathways of TCE to trans-l,2-DCE or

i,1-DCE are considered minor. However, all of the interpretations in this
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section are speculative. Review of the historical ground-water chemical data

from the Flightline Area indicates considerable variability in concentrations

of volatile organic compounds over short periods (i.e., between monthly

sampling rounds). These fluctuations are unlikely to be related to longer-

term degradation patterns.

5.2 Contaminant Migration Pathways

Ground water and surface water at the Flightline Area appear to be

in hydraulic communication, based on results of synoptic water level measure-

ments, and supported by chemical analyses from surface-water and ground-water

samples. The water quality indicator compounds in each system were similar,

and the detected contaminants occurred in similar proportions. Ground-water

contaminants TCE and l,2-DCE were also detected in each surface-water sample.

In addition, as discussed in Section 4, the concentrations of TCE and l,2-DCE

detected at surface-water sampling points were consistent with contaminant

concentrations at nearby ground water sampling locations. These correlations

support hydraulic connection between ground water and surface-water systems.

Furthermore it is apparent that the tributary to Farmers Branch is a point of

ground-water discharge which ultimately contributes contaminated water to

Farmers Branch. To simplify the discussion of contaminant transport, the

migration of the contaminant plume will be described individually in terms of

the ground-water and surface-water systems.

5.2.1 Transport in Ground Water

Comparison of Figures 5-2 (Spring 1990) and 5-5 (April 1988)

showing TCE concentrations in ground water suggests that some migration of the

TCE plume has occurred. Recognizing that the interpreted isoconcentration

contours can partially reflect sampling and analytical variabilities, the apex

of the plume, once centered on monitor well WP07-lOB, 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 approximately 550 feet.
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Data generated from Upper Zone Aquifer pump testing, performed in

June 1990, and water-level data suggest the average ground-water flow rate in

the Upper Zone is approximately 9 feet per day. This is based on a hydraulic

conductivity of 785 feet/day and an hydraulic gradient of 0.0035. Since the

hydraulic conductivity derived from aquifer testing falls in the suggested

range for clean sands to gravels (Freeze and Cherry, 1979), a porosity of 30%

was assumed. The estimate for the average ground-water flow velocity is

derived from a simplification of Darcy's Law:

Ki
v=

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).

By comparing this flow velocity with the apparent change in the position of

the TCE plume after slightly more than two years, the plume appears to be

migrating at a rate of less than 1 foot per year, or an order of magnitude

slower than ground-water flow. This is not unusual based upon the physical,

chemical and biological factors which affect the solute mobility with respect

to ground water, as previously discussed in Section 5.1.

The main contaminant plume appears to be migrating in a direction

which is generally consistent with the direction of ground-water flow. Figure

5-6 shows a potentiometric surface map generated from the June 1990 water

level survey, with the corresponding ground-water flow directions indicated.

The dominant direction of migration closely follows the orientation of the

thickest accumulation of sand and gravel in the Flightline Area (Figure 5-7).

A comparison of the sand and gravel isopach map with the recent TCE plume map

(Figure 5-2) clearly indicates that plume migration may be preferentially

influenced by the increased porosity and hydraulic conductivity of the sand

and gravel interval.
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The direction of plume migration appears to be roughly parallel to

White Settlement Road. The maximum extent of the plume in that direction is

unknown, as samples from the two most easterly monitoring wells, LFO4-04 and

LFO5-19 had detected levels of 2700 and 1300 pg/L TCE, respectively, in the

Spring 1990 sampling event. However, given historical observations and at the

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 LFOS-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, south (downgradient) of the small tributary. Also,

test well LFO5-l9 is located east of the unnamed tributary and has a TCE

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

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

The more northerly component of the TCE plume migration, which

parallels the direction of ground-water flow, is toward Farmers Branch.

Farmers Branch was sampled at four locations in the Spring 1990 sampling

event. While the dominant ground-water flow is in the direction of Farmers

Branch, the main contaminant plume has not indicated a strong preferential
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migration in that direction. TCE concentrations of 1.8 and 4.5 4g/L, found in

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

of monitor well LFO5-14, appear to approximate the northerly extent of the TCE

plume. Any potential contaminant migration to the east of these ponds would

be intercepted by Farmers Branch. Since no samples have been collected on the

opposite side (northern) of Farmers Branch, it is uncertain whether the ground

water on thatside of the stream is contaminated. Contamination in Farmers

Branch and the unnamed tributary to Farmers Branch is discussed in Section

5.2.2, below.

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

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

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

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

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

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

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

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

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

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

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

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

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

detected in dowrigradient wells. Based on the concentrations of contaminants

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

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

preferential migration of the contaminant plume through the thickest Upper

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

underlying aquitard is occurring in the Flightline Area.

5.2.2 Transport in Surface Water

Surface-water contamination in the Flightline Area is affected by

both the extent and migration of the ground-water plume, and by the variations

in the discharge and velocity of the two principal surface-water bodies
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occurring in the area. Farmers Branch, which ultimately flows off-site, had

variable concentrations of TCE and l,2-DCE based on the sample location. In

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

southern portion of the study area from which the most highly contaminated

surface-water samples were collected. As a consequence, surface-water

contaminant transport will be considered exclusively in terms of Farmers

Branch. For the purpose of this discussion, Farmers Branch will be divided

into three reaches, each with a different contaminant input and potential for

contaminant migration.

Figure 5-9 shows the location of the surface-water sampling sites

and Farmers Branch divided into three reaches to facilitate discussion of

contaminant fate and transport processes occurring in each. The first reach

of Farmers Branch includes the upstream portion from the end of the concrete

underground aqueduct to the waterfall adjacent to the golf course ponds. This

section of Farmers Branch is not influenced by the main TCE plume, as the golf

course ponds are located approximately at the northern edge of the plume. TCE

was detected, however, in the two samples collected in this reach. The TCE in

these samples is believed to be the result of the upgradient source previously

mentioned in this report. While the TCE detected in this portion of Farmers

Branch is significantly above federal primary drinking water standards, it is

probable that contamination observed in this reach does not contribute greatly

to the overall observed downstream concentration of TCE. It is probable that

a large percentage of all volatile organic contaminants (including TCE and

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.
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The reason for this is the Upper Zone Aquifer outcrops in a broad cutbank of

Farmers Branch across the entirety of this reach, and the ground water is

therefore not in direct communication with the stream. Instead, water from

the Upper Zone emanates from a series of seeps along the cutbank, and per-

colates down the face of the cutbank into a series of pools which are located

on limestone bedrock of the 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 g/L and 280 g/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 unnamed tributary to Farmers Branch is considered equivalent to a

direct discharge of the main TCE plume, the discharge of the tributary and

also Farmers Branch were calculated to determine the effects of dilution as

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

Q vA

where: Q discharge
v velocity
A — cross-sectional area

Applying this equation to values obtained in the field, the slow

moving tributary had an estimated discharge of approximately 0.2 cubic feet

per second (cfs) or about 129,000 gallons per day (gpd). In contrast, at the

time of field measurement, the discharge of Farmers Branch upstream of the

tributary was approximately 6 cfs, or about 3,900,000 gpd. This translates

into a dilution factor of about 30, suggesting that contaminant concentrations

in Farmers Branch would be thirty times lower than those occurring in the
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unnamed tributary. Surface-water sampling results confirmed this, as the TCE

concentrations between samples LF05-S7 and LFO5-S6 (1400 jg/L and 43 pg/L)

appear diluted by a factor of 33 and 1,2-DCE concentrations between the same

two locations (310 jg/L at LFOS-S7 and 8.4 zg/L at LFO5-S6) appear diluted by

a factor of 37.

It may be concluded that as the most highly contaminated portion of

ground-water plume continues migrating to the east, the concentrations of

organic contaminants detected in the unnamed tributary, and hence in Farmers

Branch, may increase proportionately. However, plume degradation by physical,

chemical and biological factors may result in transport of contaminants off-

site remaining fairly constant over the next few years. Currently, TCE

migration off-site in Farmers Branch is estimated at 45 ig/L and l,2-DCE

migration off-site is estimated at 8.4 pg/L. There are insufficient data

available to estimate the concentration of these contaminants in reaches of

Farmers Branch outside the Flightline Area. However, volatilization will

reduce the organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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6.0 BASELINE RISK ASSESSMENT

A baseline risk assessment was performed for the Flightline Area.

Site FTO9 (Fire Department Training Area 2) was not included in the risk

assessment because a remedial action has already been selected (Radian, 1990)

and the detailed design and specifications are in preparation. The selected

remedial action will effectively eliminate this site as a source of

contaminants.

6.1 Summary of Indicator Chemicals

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

resulted in a large number of chemical substances being detected. Conducting

a baseline risk assessment that included every detected chemical would be

unnecessarily time consuming. The baseline risk assessment of the Flightline

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

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

evaluation of the health impacts of waste sites (U.S. EPA, l986a).

Indicator chemicals were selected from approximately 80 chemicals

known to be present at the site according to Health Evaluation Manual (U.S.

EPA, 1986a). The selection process, based in both 1988 and 1990 sampling and

analyses performed on the soil, ground water, and surface water in the

Flightline Area, resulted in the indicator chemicals listed below. All data

generated in the 1988 program are summarized and discussed in the IRP Stage 2

Final Draft RI/FS (Radian, 1989) and are provided in data tables in the IRP

Stage 2 ITIR (Radian, 1988). The data from the 1990 study are presented in

the ITIR (Radian, 1990d) and corresponding data quality discussions are

presented in Section 4.1 of this report.

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl)- Benzene

phthalate
Arsenic Chloroform

Barium 1, 2-Dichioroethane
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Beryllium Methylene chloride

Cadmium Tetrachloroethene

Chromium Toluene

Lead Trichioroethene

Nickel Vinyl chloride

Se 1 eniuin

Silver

Some of the indicator chemicals, particularly those detected at

very low concentrations, may be the result of matrix interferences or sample

cross-contamination. No analysis for semivolatile compounds was performed in

1990 and the low levels of phthalate detected previously are suspected as

being artifacts of sampling or laboratory contamination. As already

discussed, dissolved metals concentrations in ground water and surface water

samples, determined only in the 1990 effort, were all below MCLs and do not

suggest a metals contamination problem. Nevertheless, all of the identified

indicator chemicals were included in the risk assessment process to ensure a

conservative (stringent-case) evaluation of possible health risks.

6.2 Source and Release Characterization

Possible mechanisms of contaminant release from Landfill 4 (LFO4),

Landfill 5 (LFO5) and the Waste Burial Area (WPO7) include: 1) volatilization

to the air, 2) fugitive dust generation, 3) leachate to ground water, 4)

surface runoff, 5) direct release to surface water, and 6) contaminated

ground-water discharge to surface water.

6.2.1 Volatilization to the Air

VOCs present in the soil are subject to volatilization to the air

by virtue of high vapor pressures. Semivolatile organic compounds generally

have very low vapor pressures and are not subject to volatilization. Most

metals are nonvolatile as well. Indicator chemicals detected in the

Flightline Area which can volatilize include benzene, chloroform, 1,2-di-

6-2



3 193
chioroethane, methylene chloride, tetrachioroethene, toluene, trichloroethene,

and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or water samples from the Flightline Area

are:

Emission Rate
Indicator Chemical (grams/second)

Benzene 2.25 x i0

Chloroform 1.58 x 10-6

1,2-Dichioroethane 1.07 x i0

Methylene chloride 2.85 x l0

Tetrachioroethene 1.25 x l0

Toluene 6.79 x i0

Trichioroethene 3.22 x i0

Vinyl chloride 7.51 x l0

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

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

6.2.2 Fugitive Dust Generation

Contaminants must be present in exposed soil to be subject to

fugitive dust generation. Because wastes in these IRP sites are buried and

the surface is vegetated, contaminants present in the soil are not subject to

significant fugitive dust generation.

6.2.3 Leachate to Ground Water

Indicator chemicals detected in ground-water samples from

downgradient monitor wells in the Flightline Area include: antimony, arsenic,

barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, bis(2-

ethylhexyl)phthalate, benzene, chloroform, methylene chloride, tetrachioro-

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

Contaminants must be exposed at the land surface to be subject to

significant surface runoff during precipitation. Because Landfill 4 and the

Waste Burial Area were covered and vegetated after disposal operations ceased,

and because both are relatively flat, contaminants present in the soil are not

subject to significant surface runoff. Landfill 5 was also covered and

vegetated after disposal activities ceased. However, because Landfill 5 was

constructed above ground level and is adjacent to the small tributary to

Farmers Branch, there is a greater potential for surface runoff of contam-

inants than for the other two sites.

6.2.5 Discharge to Surface Water

There is no direct discharge of contaminants to surface water.

However, there is indirect discharge in the form of contaminated ground water

discharging to Farmers Branch, the small tributary, and the two golf course

ponds in the Flightline Area.

6.3 Transport and Fate of Contaminants

Primary environmental transport media for chemical substances in

the environment include the air, surface water, ground water, and soil.

Intermedia transfers can occur and may be critical at some sites. For

example, chemicals in the air can settle to the ground, mix in the soil,

deposit on edible plant matter, or deposit on surface water. Chemicals in the

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

The Flightline Area sites potentially release VOCs to the air via

volatilization and all identified indicator chemicals to the ground water via

waste leaching. The main mechanism for contaminant release to surface water

is by Upper Zone ground-water discharge. Potentially significant contaminant

transport and fate mechanisms in the air and ground-water media include: 1)

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

6.3.1 Air Dispersion

Emission of VOCs from the Flightline Area IRP sites occurs at

ground level in the gaseous phase. The gases disperse in the ambient

atmosphere according to local meteorological conditions. The User's Network

for Applied Modeling of Air Pollutants - Version 6 (UNAMAP 6) Industrial

Source Complex Long Term (ISCLT) dispersion model (U.S. EPA. 1987) was used to

calculate annual ground level concentrations of each indicator chemical. The

ISCLT model was selected for use because it is approved by the U.S. EPA and is

capable of evaluating the range of situations encountered in this assessment.

The important model capabilities include:

• Calculation of dispersion from both point and area sources;

• Urban dispersion;

• Efficient calculation of annual average concentrations;

• Evaluation of both a receptor grid and discrete receptor

points; and

• Simultaneous evaluation of multiple source impacts and

individual source impacts.

The ISCLT model accepts a summarized statistical array of

meteorological conditions based on data for a year or more. Model output

consists of one average concentration for each source and/or source group at

each input receptor.

The model was run using urban mode 3 as recommended by EPA for

developed areas. Wind profile exponents, vertical potential temperature

gradients, and the plume rise equation all affect source plume rise and were

set to the EPA-recommended default values. The choice of these options had

6-5



little or no effect on model results since all sites were modeled with no

significant plume rise. A complete description of the modeling methodology is

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

To model the dispersion of contaminants in the air from the sites

to selected receptor locations requires the use of simplifying assumptions to

simulate the atmospheric environment. In reality, dispersion of contaminants

in the ambient air involves numerous complex processes that are not always

addressed by available models. Some simplifying assumptions may lead to

either overestimates or underestimates of exposures. Generally, the ISCLT

model, and the modeling methodology used in the assessment, incorporate

conservative assumptions that will result in overestimates of exposure. For

example, model inputs included emission rates calculated using the highest

measured concentration at each site regardless of depth or whether the sample

was aqueous or soil. Maximum ground-level concentrations estimated by the

ISCLT model were assumed to be inhaled continuously, 24 hours per day, for 70

years, at the receptor locations. The successive use of conservative

assumptions is likely to produce estimated exposures that are higher than the

reasonable maximum exposure that is likely to occur.

6.3.2 Ground-Water Migration

In the Flightline Area, ground water in the Upper Zone occurs in

sand and gravel deposits that are underlain by relatively impermeable and dry

limestone/shale bedrock. Hydraulic head in the Upper Zone Aquifer decreases

toward Farmers Branch, indicating that ground-water flow is also toward

Farmers Branch. The bed of Farmers Branch is cut into the same bedrock that

forms the base of the Upper Zone; therefore ground water is expected to

discharge directly to Farmers Branch or to be consumed by evapotranspiratiorl

as it exits the Upper Zone materials near the creek. This in fact is the case

as ground water is continually seeping from the cut-bank face of the creek and

ponding on the limestone bedrock that forms the creek bed. Ground-water flow

is generally not toward the base perimeter in this area. Therefore, migration

of contaminants from the Flightline Area to any domestic or agricultural use

wells in the area is unlikely.
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6.3.3 Transport in Surface Water

Since VOCs remain in a gaseous state and do not deposit on the

ground, surface water in the area is not subject to contamination via

emissions to the air from the Flightline Area. Contaminants which reach

Farmers Branch via ground-water migration (or surface runoff from Landfill 5)

are subject to dilution and movement with the surface flow downstream to the

West Fork of the Trinity River located east of the base. The West Fork of the

Trinity River is downstream of Lake Worth, which is the source of drinking

water for Fort Worth and Carswell AFB. Thus the path of surface water

drainage precludes the transport of contaminants from the Flightline Area to

the sole surface water source of drinking water in the area. Any VOCs present

in surface water would probably volatilize to the air, thus leading to

decreasing VOC concentrations with increasing distance downstream.

6.3.4 Uptake by Plants and Animals

Food crops, including commercial agricultural crops and backyard

gardens, are subject to accumulation of contaminants migrating from the

Flightline Area IRP sites via root uptake of any contaminants present in the

water used for watering or irrigation. Migration of ground water to a surface

water source used for watering or irrigation is the only significant pathway

for contaminants to move from the Flightline Area to plants. However, farming

operations in the area generally rely on natural precipitation or irrigation

of crops with ground water (South, J., 1988), which eliminates this potential

pathway for human exposure. Since emissions to the air from the Flightline

Area would be limited to VOCs which remain in a gaseous state in ambient air,

they will not deposit on above-ground plant surfaces or on the soil or surface

water so as to be available for root uptake.

Terrestrial organisms, including farm animals and wildlife, are

potentially subject to accumulation of contaminants originating in the

Flightline Area sites by: 1) inhalation of ambient air, and 2) ingestion of

surface water contaminated via ground-water migration. As discussed above,

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

watered with surface water contaminated via ground-water discharge.

Aquatic organisms, including fish, are subject to accumulation of

contaminants by uptake from surface water contaminated via ground-water

discharge/surface transport: Contaminants can bioaccuinulate in the food chain

of both terrestrial and aquatic organisms.

6.4 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move

from the Flightline Area to human exposure points. A major potential exposure

pathway, ground water ingestion, is not applicable to Upper Zone ground water

in the Flightline Area. The ground-water discharges directly to the Farmers

Branch, which flows to the West Fork of the Trinity river downstream of Lake

Worth. Lake Worth is the source of drinking water for Fort Worth and Carswell

AFB. Ground-water flow is generally not toward the base perimeter in this

area. In addition, ground water present in the Upper Zone, in general, is not

hydraulically connected to the underlying aquifers (CH2M Hill, 1984). For the

most part, it is not economical to develop ground water from the alluvium

because of the water's limited distribution and susceptibility to surface

pollution. The community of River Oaks, immediately east of Carswell AFB, at

one time had supply wells that developed water from the alluvial deposits at a

location near the USAF Hospital. However, the wells were abandoned when

Carswell AFB purchased the property. An inventory of water wells located

within one mile of the Carswell AFB boundary was conducted (Radian, 1989).

Figure 6-2 shows the locations of the existing and abandoned wells identified

from Texas Water Commission records. Thirty-nine wells were identified, but

none were completed in the Upper Zone aquifer.

Fugitive dust generation and soil ingestion are also considered

incomplete pathways because wastes in the Flightline Area IRP sites are buried

and the surface is vegetated. Fugitive dust generation was considered for

Fire Department Training Area 2, (Site FTO9); however, since a remedial design
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which includes excavation and capping has already been selected for this site,

it is no longer at issue. Remaining pathways include:

1. Volatilization to the air/air dispersion/inhalation of

ambient air;

2. Volatilization to the air/air dispersion/inhalation by

animals/ingestion of meat and dairy products;

3. Leaching to ground water/ground-water migration to surface

water (fishable source)/uptake by fish and other aquatic

organisms/ingestion of aquatic organisms;

4. Leaching to ground water/ground-water migration to surface

water (agricultural use source)/ingestion by

animals/ingestion of meat and dairy products;

5. Leaching to ground water/ground-water migration to surface

water (source used for contact sports)/skin contact with

water; and

6. Leaching to ground water/ground-water migration to surface

water/volatilization of volatiles/inhalation of vapors close

to source.

Contaminant contributions to surface water used for fishing, for

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

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

Branch tributary.

6.5 Identification of Receptors

Based on available exposure pathways, potential human receptors

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

persons residing and/or working in nearby areas, particularly downwind of the
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site; 2) persons ingesting meat and dairy products from animals exposed to

contaminants in the ambient air or contaminated surface water; 3) persons

ingesting fish or other aquatic organisms exposed to contaminated surface

water; and 4) persons swimming or participating in other contact sports in

contaminated water.

Potential wildlife receptors include: 1) terrestrial organisms

with habitats close to the Flightline Area that inhale ambient air and ingest

surface water, particularly from Farmers Branch, its unnamed tributary and/or

the golf course ponds, and 2) aquatic organisms in the on-base surface water

bodies and the West Fork of the Trinity River.

6.6 Quantification of Exposures

6.6.1 Inhalation Exposure

Inhalation of ambient air is the most direct exposure pathway for

contaminants to move from the Flightline Area to human receptors. Table 6-1

presents the on-site maximum and off-site maximum predicted annual ambient air

concentrations resulting from estimated Flightline Area emissions, and

predicted concentrations at several discrete locations: site of the proposed

base day care center, which is central to the largest on-base residential

area, the Fort Worth National Fish Hatchery, and the closest dairy and beef

operations. The table also lists Texas Air Control Board (TACB) Health

Effects Screening Levels (ESLs) which the agency uses to evaluate the impacts

of air contaminants. TACB screening levels are based on occupational exposure

limits [American Conference of Governmental Industrial Hygienists (ACGIH)

Threshold Limit Values (TLVs), Occupational Health and Safety Administration

(OSHA) standards, or National Institute for Occupational Safety and Health

(NIOSFI) recommendations}, odor nuisance potential, vegetation effects, or

corrosion effects. Generally the annual ESL corresponds to 0.1% of the lowest

occupational exposure limit.

The maximum predicted annual average concentrations resulting from

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

6-12
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dichloroethane, methylene chloride, tetrachioroethene, toluene,

trichioroethene, and vinyl chloride are lower than the conservative TACB

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

6.6.2 Ingestion Exposure

Potential ingestion exposures include ingestion of meat and dairy

products from animals exposed to contaminants in the ambient air or

contaminated surface water, and fish exposed to contaminated surface water.

The Flightline Area contributes very low concentrations of VOCs to the ambient

air. At the sites of the nearest dairy and beef operations, concentrations

are predicted on the order of 1Ig/m3 and lower (see Table 6-1). Although

cows will absorb inhaled VOCs, these compounds do not tend to accumulate in

milk or edible tissues which humans might consume. Likewise, livestock

consumption of surface water containing contaminants originating from the

Flightline Area is theoretically possible, if livestock consumes water from

the West Fork of the Trinity River; however, any exposure can be expected to

be minimal due to the distance from Carswell AFB to the nearest dairy and beef

operations. Consumption of locally produced beef and dairy products therefore

does not represent a significant pathway of human exposure to contaminants

originating from the Flightline Area.

The most significant fishable resource in the vicinity of Carswell

AFB is Lake Worth. The Fort Worth National Fish Hatchery is located at the

western end of the lake. Since there is no available pathway for contaminants

to move from the Flightline Area to Lake Worth, there is no potential for

human exposure to contaminants originating at the Flightline Area via

ingestion of fish caught in the lake. There is some theoretical potential for

fish in the West Fork of the Trinity River to accumulate contaminants from the

Flightline Area in the area downstream of the intersection of Farmers Branch

with the river. However, contaminant contributions to the river from the

Flightline Area via contaminated ground-water discharge to Farmers Branch are

likely to be very minimal due to the distance between the site and the river

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

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

6.6.3 Dermal Exposure

The potential for skin contact with contaminants originating from

the Flightline Area is limited to exposure while swimming in (or otherwise in

contact with) contaminated surface water. Lake Worth is the most highly

utilized surface water body for swimming and other water contact sports in the

area. Again, since there is no available pathway for contaminants to move

from the Flightline Area to Lake Worth, there is no potential for human

exposure to contaminants originating from the Flightline Area via skin contact

with lake water. As discussed above, contaminant contributions to the West

Fork of the Trinity River from the Flightline Area are theoretically possible

but likely to be very minimal; therefore, skin contact with river water is not

considered a significant exposure pathway for this site. Skin contact with

water in Farmers Branch, which is not amenable to swimming or other contact

activities other than possibly wading, could contribute to dermal exposure.

The exposure potential from this pathway was not quantified.

6.7 Threat to Human Health

6.7.1 Noncarcinogenic Risks

Table 6-2 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with inhalation Reference Doses (RFDs) for

chronic (long-term) exposure. An inhalation RFD is an estimate of the dose of

a chemical that can be inhaled daily for a lifetime without producing adverse

noncarcinogenic health effects. The derivation of RFDs (Formerly Acceptable

Daily Intakes- -ADIs) used in this assessment is discussed in the IRP Stage 2

RI/FS Final Draft Report (Radian, 1989).
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Average daily inhalation exposures for benzene, chloroform, 1,2-

dichioroethene, methylene chloride, tetrachioroethene, toluene, trichioro-

ethene, and vinyl chloride are lower than pollutant-specific RFDs in all cases

by more than three orders of magnitude. The total hazard index is

significantly less than one at all sites, indicating that the threat of

noncarcinogenic health effects of inhalation exposure to contaminants

originating from the Flightline Area is not significant.

6.7.2 Carcinogenic Risks

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

released to the air from the Flightline Area, seven are potential carcinogens.

These are: benzene, chloroform, l,2-dichloroethane, methylene chloride,

tetrachioroetherie, trichioroethene, and vinyl chloride. Cancer potency

estimates developed by EPA were used in conjunction with total daily

contaminant doses to develop estimates of incremental individual cancer risk:

Individual Cancer Risk — Total Daily Dose x Cancer Potency

(mg/kg/day) (mg/kg/day)'

Incremental individual cancer risk is the increased probability of developing

cancer in one's lifetime.

Table 6-3 shows estimates of incremental individual cancer risk

for the maximum on-site and maximum off-site exposed individual and for an

individual inhaling ambient concentrations in the immediate vicinity of the

proposed day care facility continuously for a lifetime. These risks, the

highest of which is one in 10 million, can be dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to

contaminants originating from the Flightline Area is remote and likely to be

minimal. The risk of ingestion exposure was therefore not quantified.

Dermal Risk- -The potential for dermal exposure to contaminants

originating from the Flightline Area is also minimal. Unless an individual
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immersed frequently in the waters of Farmers Branch for a long period of time,

skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.

6.8 Threat to Wildlife

Contaminants migrating from the Flightline Area, as discussed

previously, pose some risk to terrestrial wildlife that use Farmers Branch,

its small tributary, and the golf course ponds as a source of drinking water,

as well as aquatic organisms in these surface water bodies. In the past,

there have been some instances of fish kills in Farmers Branch and in the

small ponds near Building 233. Table 6-4 compares the maximum values of

indicator chemicals detected in the Flightline Area surface water samples with

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

The only organic indicator chemical that has an established

criterion (LOEL - lowest observed effect level) is TCE. The maximum detected

concentration of TCE in surface water samples is 15 times less than the

chronic LOEL for fresh water aquatic species.

Two metals, lead and silver, were detected in concentrations

greater than the ambient fresh water chronic criteria. Silver was detected

three times (twice in golf course ponds and once in Farmers Branch).

However, all three detectable concentrations occurred in unfiltered samples

and all were less than five times the method detection limit. All dissolved

silver concentrations were below the method detection limit (10 sg/L).

Because the detection limit is higher than the chronic criterion for aquatic

life in fresh water, it is not possible to determine whether any dissolved

silver concentrations actually exceeded the chronic criterion.

Lead was detected in all four water samples from Farmers Branch

and from one of the golf course ponds. The only detected concentration

exceeding the chronic criterion, however, was in the golf course pond sample.

The accuracy of the reported lead concentration is questionable as the corres-

ponding dissolved lead concentration was roughly three times greater than the
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TABLE 6-4. COMPARISON OF MAXIMUM DETECTED SURFACE WATER INDICATOR

CHEMICAL CONCENTRATIONS WITH EPA WATER QUALITY CRITERIA

Indicator Chemical

Maximum Detected
Concentration

(pg/L)

Fresh Acute

(pg/L)

Fresh Chronic

(pg/L)

TCE 1,400.0 46,000* 21,000*

Vinyl chloride 3.7 "
Arsenic (metal) 4.8

- Pentavalent -- 850* 48*

- Trivalent - - 360 190

Barium 210.0 -- --
Lead 29.0 330** l2.9**

Silver 23.0 26.9** 0.12

*Insufficient data to develop criteria. Value presented is the LOEL - Lowest
Observed Effect Level.

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

- -No criteria or LOEL available.

Source: U.S. EPA, Quality Criteria for Water 1986b. EPA 440/5-86-001.
May 1, 1986.
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total concentration which did not exceed the chronic criterion. All four

samples collected from Farmers Branch contained lead in concentrations

approaching the chronic criterion for fresh water aquatic life. One of these

samples was collected from a reach of Farmers Branch upstream of any of the

Flightline Area sites, so it appears that either natural background

concentrations of lead in surface water are relatively high and/or Farmers

Branch is receiving lead from an upstream source.

6.9 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National

Laboratory, 1987) to evaluate the Flightline Area (Sites LFO4, LFO5, WPO7, and

FTO9) and four East Area IRP sites at Carswell AFB. DPM uses site-specific

data to prioritize sites according to the severity of contamination. For the

DPM, geologic and hydrologic data are used to indicate ground-water travel

times and chemical analyses are analyzed using toxicological benchmarks to

indicate risk to the local human population and natural environment.

Using information obtained during Stage Two of the Installation

Restoration Program (IRP) at Carswell AFB, the DPM indicated the following

ranking for the sites investigated (numbers in parentheses are the results of

the DPM scoring and indicate relative rankings):

1. Unnamed Stream (20,760);

2. Flightline Area (19,381);

3. Landfill 1 (7,036);

4. Base Service Station (5,929); and

5. POL Tank Farm (4,584).

Radian has conducted extensive, detailed investigations of these

sites and has produced a ranking of these sites which differs somewhat from

the DPM ranking. The alternate ranking, which is based on the results of the

Radian investigations is as follows:

1. Flightline Area;
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2. Unnamed Stream;

3. POL Tank Farm;

4. Base Service Station; and

5. Landfill 1.

This discrepancy is probably because the DPM is designed as an

unbiased tool for comparison and, therefore, has a simple, rigid format that

does not take into account all factors which might be relevant to the ranking

of a particular site. Indeed, the Introduction to the User's Manual for the

DPM indicates the possibility of false high scores using the DPM. Radian's

justification for giving the Flightline Area higher priority for remedial

action relative to the Unnamed Stream is explained below. The DPM evaluation

worksheets for the Flightline Area are provided as Appendix G.

Flightline Area Versus Unnamed Stream

Two factors strongly influenced the DPM ranking of the Flightline

Area below that of the Unnamed Stream. The more important of these is the

relatively low levels of metals (especially lead) detected in the Flightline

Area, compared to the Unnamed Stream site. Also important was the difference

in contaminant transport times because of the proximity of the Unnamed Stream

to the base boundary and the Trinity River.

Radian assigns a higher ranking to the Flightline Area for several

reasons, the most important of these being the relative concentrations of

contaminants detected at these two sites. At the Unnamed Stream, no

contaminants were detected at levels in excess of Maximum Contaminant Levels

(MCLs). At the Flightline Area, however, TCE, vinyl chloride, tetra-

chioroethane and cis-l,2-dichloroethane were detected above current MCLs.

Metals were detected in higher concentrations in the surface water samples

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

Another reason for assigning the Flightline Area a higher ranking

is its size relative to the Unnamed Stream. The Flightline Area is much

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

greater potential for future environment degradation.
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7.0 SUMMARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in

the Flightline Area, with special emphasis on the extent of contaminant

migration, the mechanisms/pathways by which the contaminants are transported,

and the level of risk the contaminants pose to the human health and environ-

ment. Also identified are existing data gaps, possible ways to address

additional data requirements, and the objectives of any remedial actions

conducted in the Flightline Area.

7.1 Summary of Contamination and Associated Risks

The following subsections present an overview of the main con-

taminants in the Flightline Area and the quantified risks associated with

exposure to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground Water

Environmental sampling conducted in the Flightline Area thus far

has shown ground-water contamination by volatile organic compounds, par-

ticularly trichioroethene and vinyl chloride, to be the most widespread and

significant problem. During the most recent ground-water investigation

(April/May,1990), TCE was detected in concentrations exceeding the federal MCL

in 27 of the 35 monitor wells sampled. Vinyl chloride exceeded its MCL in

seven wells. Figures 5-2 and 5-4 show isoconcentration contour maps of TCE

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

As seen in Figure 5-2, ground-water sampling of the existing

monitor well network has adequately defined of the northern and southern

limits of the TCE plume; however, the extent of the plume to the east and west

is currently unknown. The evidence generated to date suggests the TCE con-

tamination is preferentially migrating along paleochannels that were iden-

tified during drilling and were mapped In the Flightline Area (Figure 5-7).
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The maximum vertical extent of the TCE contamination, as well as all other

contamination detected in the area, apparently corresponds to the upper

surface of the Goodland/Walnut Formation, which underlies the Upper Zone

sediments. The limestone and shale of the Goodland/Walnut Formations appear

to be an effective barrier to downward migration of ground-water contaminants

to deeper aquifers, because no contaminants were detected in the two Paluxy

Aquifers (the sand aquifer directly under the Goodland/Walnut aquitard)

monitor wells, one of which (P-2) is located near the center of the plume

during the sampling performed in 1988.

Figure 5-4 shows the lateral extent of vinyl chloride detected in

the Flightline Area Upper Zone ground water. The vinyl chloride contamination

is less areally extensive and better defined than the TCE plume. Isocon-

centration contour mapping of vinyl chloride detected in the Upper Zone ground

water suggests Landfill 5 (LFO5) is the principal source of the contamination.

Several other organic compounds were detected in the ground water

from the Flightline Area monitor wells, most notably tetrachioroethene and

cis-l,2-dichloroethene, but the concentrations of the compounds detected were

either below MCLs or they have no established MCLs.

Multiple sources are apparently contributing the organic con-

taminants detected in the shallow ground water of the Flightline Area. Land-

fills 4 and 5, the Waste Burial Area, and to a lesser extent, Fire Training

Area 2 appear to be contributing to the contamination, based on the con-

centration distribution of the volatile organic contaminants and the consis-

tent nature of the detected contaminants and disposed wastes. However,

repeated evidence of organic contamination in monitor wells located hydraul-

ically upgradient of these sites suggests one or more additional off-base

sources. Based on similar concentrations of TCE and related transformation

products detected in upgradient wells on adjoining AF Plant 4 property, AF

Plant 4 is considered the principal upgradient candidate source of the balance

of the Flightline Area contamination.
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Although several metals species were detected in concentrations

greater than respective MCLs in unfiltered ground-water samples, it is

probable that no metals contamination exists in the Upper Zone Aquifer at the

site as no concentrations exceeding MCLs were reported in the dissolved metals

analyses which most directly reflect ground-water chemistry.

Surface Water

Trichloroethene is the principal contaminant in the surface water

of the Flightline Area. It was detected in all seven of the water samples

taken in 1990, and exceeded the MCL in five of the samples. The highest

detected concentration was in a sample from a small tributary to Farmers

Branch (sample location LFO5-S7 on Figure 5-9). There is strong evidence that

the shallow ground water is providing the base-flow and the resulting con-

tamination in this small stream. As with ground water, contamination observed

in a reach of Farmers Branch upstream of the Flightline Area sites suggests an

additional upstream contaminant source. The farthest downstream sample from

Farmers Branch contained TCE in excess of the MCL. At this location, it

appears that Farmers Branch is receiving a significant contaminant con-

tribution from the previously mentioned tributary.

Vinyl chloride was the only other volatile organic compound

detected in the surface water samples in excess of any MCLs and it was

detected above the MCL in only one sample collected from the golf course ponds

located adjacent to the golf course maintenance facilities.

The remaining volatile organic compounds detected in the surface

water samples were the cis- and trans-isomers of l,2-DCE. These compounds

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

No metals were detected above MCLs in any of the surface water

samples collected in 1990. Water quality indicator results from the surface

water samples were compared to the ground-water results. The strong similar-

ity in the concentrations of cations and anions suggests that discharge of

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

Fate of Contaminants

No dissolved metals concentrations in Upper Zone ground-water

samples exceeded MCLs. Therefore only the persistence and transformation of

organic contaminants were addressed. The ground-water contamination in the

Flightline Area consists mainly of volatile chlorinated organic solvents,

principally TCE with lesser amounts of chemically-related transformation

compounds (Figure 5-1). The fate and persistence of these volatile organic

compounds is controlled largely by the processes of diffusion and dispersion,

adsorption and desorption, volatilization and subsequent resorption, and

chemical and biological degradation.

Diffusion and dispersion are chemical and mechanical processes

which contribute to dilution of specific contaminants within the body of the

plume, but also result in enlargement of the plume. Because TCE and its

related daughter products are generally classified as mobile solutes in water

and therefore have a higher activity in the aqueous phase, their capacity for

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

ground water.

The organic compounds observed in the Upper Zone Aquifer in the

Flightline Area are volatile by nature, and any volatilization of these

compounds from the ground-water system could result in their permanent

removal. Although some of the compounds might be adsorbed onto overlying

sediments, historically the Upper Zone Aquifer water table has not changed

significantly, and therefore there is little chance of the compounds being

resorbed back into the ground-water system.

Tetrachloroethene, trichloroethene, cis- and trans-l,2-dichloro-

ethene and vinyl chloride are all chlorinated solvents and related by the

chemical process of hydrogenolysis (Figure 5-1). This process is very common

in nature and may be biologically driven, as a form of biodegradation. Based

on available records and water sampling results, it appears TCE was the
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principal solvent disposed of in the Flightline Area, and the cis- and trans-

l,2-DCE and vinyl chloride detected in lesser quantities are mainly daughter

products of the TCE (and possibly the PCE).

Transport in Ground Water

Using data obtained from the June 1990 Upper Zone Aquifer pumping

test and the potentiometric surface map of the aquifer, the average ground-

water flow rate in the Upper Zone is calculated to be approximately 9 feet per

day. By comparing the TCE contaminant plume position as determined in both

1988 and 1990, it appears the plume is migrating approximately an order of

magnitude slower than the ground water. The contaminant plume migration does

not conform wholly to the ground-water flow direction, which is generally

toward Farmers Branch. A portion of the plume appears to be preferentially

moving through the thickest accumulations of sand and gravel in the Upper

Zone, in a more easterly direction than the shallow ground-water flow. While

Farmers Branch and one of its tributaries are capturing a portion of the

contaminant plume, there is continued plume migration in a generally east-

south-easterly direction from the Flightline Area.

Transport in Surface Water

The two main surface water bodies in the study area, Farmers Branch

and the small tributary to Farmers Branch, were found to contain varying

concentrations of volatile organic compounds. The small tributary exhibited

the greatest degree of contamination, the indirect source of which is believed

to be discharge of Upper Zone ground water. A portion of Farmers Branch that

is upstream of, and therefore unaffected by the Flightline Area sites,

contained volatile organic compounds from an upstream source. Currently, the

estimated concentration of TCE migrating off-site in Farmers Branch is 45

pg/L, and l,2-DCE is estimated at 8 pg/L. Volatilization will reduce the

volatile organic contaminant content of Farmers Branch before its ultimate

discharge into the Trinity River.
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7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from soil, ground

water, and surface water samples collected in the Flightline Area, 19 in-

dicator chemicals were selected from the approximately 80 chemicals known to

be present at the site. The indicator chemicals consisted of 10 metals, eight

volatile organic compounds and one semivolatile organic compound. These

chemicals were selected according to the methods in the U.S. EPA Health

Evaluation Manual (1986a). Although several of the indicator chemicals

selected, particularly the metals and the semivolatile compound, are not

believed to represent an actual contaminant problem at the site, they were

included in the risk assessment process to ensure a conservative evaluation of

possible health risks.

Possible mechanisms of contaminant release from the Flightline Area

sites include: 1) volatilization to the air, 2) fugitive dust generation, 3)

leachate to ground water, 4) surface runoff, 5) direct release to surface

water, and 6) contaminated ground-water discharge to surface water. Of these

six possible mechanisms, volatilization to the air, leachate to ground water,

and contaminated ground water discharging to surface water appear to be the

most important release mechanisms in the Flightline Area.

Potentially significant contaminant transport and fate mechanisms

were identified and include: 1) air dispersion, 2) ground-water migration, 3)

discharge to the surface, 4) transport in surface water, and 5) subsequent

uptake by plants and animals.

Results of an evaluation to determine possible human exposure

routes from the six previously mentioned waste release mechanisms (Figure 6-1)

show six potential pathways exist. All six of the pathways initially involve

contaminants volatilizing to the air or leaching to the ground water. Based

on the potential pathways identified, potential human and wildlife receptors

for exposure to contaminants migrating from the Flightline Area were iden-

tified.
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Three types of exposures - inhalation, ingestion, and dermal

contact were quantified in the risk assessment. The maximum predicted annual

average concentrations resulting from estimated Flightline Area VOC indicator

chemical emissions are lower than the conservative TACB Effects Screening

Levels by orders of magnitude ranging from 4 to 8. Potential ingestion

exposures included consuming meat and dairy products or fish exposed to

contaminants, however, neither of these potential pathways were found to

represent a significant threat of human exposure. Dermal exposure to con-

taminants in Lake Worth and the Trinity River was found to be insignificant,

at most. Skin contact with water in Farmers Branch, which is not amenable to

swimming or contact activities other than wading, could result in dermal

exposure, but the insignificance of such potential exposure did not merit

quantification.

The threat to human health posed by the site was evaluated in terms

of noncarcinogenic and carcinogenic risks. The noncarcinogenic evaluation

involved comparing maximum predicted annual average volatile organic con-

taminant concentrations at various locations, both on-site and off-site, with

inhalation Reference Doses (RFDs) for chronic (long-term) exposure. The

results of this comparison indicate the threat of noncarcinogenic health

effects of inhalation exposure to contaminants released from the Flightline

Area is not significant. Concerning carcinogenic risks, seven of the eight

VOC indicator chemicals are potential carcinogens. Incremental individual

cancer risks were estimated for maximum exposed individuals at locations both

on- and off-site. The highest risk of one in 10 million was dismissed as

inconsequential. Ingestion and dermal risks were considered minimal and were

not quantified.

When considering the threat to wildlife and aquatic organisms from

the contaminants migrating from the Flightline Area, the level of contaminants

found in the site surface water bodies were compared to the EPA Quality

Criteria for Water (1986b). Some risk exists for terrestrial wildlife that

use Farmers Branch, the small tributary, or the golf course ponds as a source

of drinking water, as well as for aquatic organisms in these surface water

bodies. Lead was detected in a concentration exceeding the chronic criterion

7-7



( .
for fresh water aquatic life in the westernmost golf course pond (Figure 5-9),

however the reported result is questionable because it was from the dissolved

lead analysis, and the total lead concentration in the unfiltered sample was

less than the chronic criterion. Silver was detected at three locations in

concentrations above the chronic criterion, but all three results were for

total silver. Silver was not detected in the dissolved phase, however, the

detection limit for the analytical method (10 pg/L) was greater than the

chronic criterion. Therefore it is not possible to determine whether any

dissolved silver concentrations exceeded the criterion.

7.2 Conclusions

The following subsections focus on additional data requirements,

recommended ways to obtain the additional data, and the remedial action objec-

tives for the Flightline Area.

7.2.1 Data Limitations and Recommendations for Future Work

The remaining information needed from the Flightline Area is

primarily for more complete definition of the extent of the volatile organic

contaminant plume, and better understanding of the mechanics of ground-water

flow in the Upper Zone. Specifically:

The lateral and downgradient limits of the VOC plume in the

Upper Zone Aquifer;

Identification and characterization of the upgradient, off-

base source(s) of Upper Zone contamination in the Flightline

Area;

The VOC content of the water in Farmers Branch at a location

immediately upstream of Its discharge point to the Trinity

River;
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Computer modelling of ground-water flow and contaminant trans-

port;

Upper Zone Aquifer properties, such as transmissivity and

storage coefficient, near Farmers Branch and the small trib-

utary.

Although estimates of aquifer properties were obtained as a result of the June

1990 pumping test, this test was conducted in an area where the thickest

sequence of sands and gravels observed in the Flightline Area occurs. If, as

anticipated, the selected remedial alternative involves the use of ground-

water extraction wells in areas with thinner, less permeable Upper Zone

sediments, the aquifer properties in these areas will require re-evaluation.

Also, various scenarios of the aquifer response to pumping can be generated

with computer programs.

Specific recommendations for additional work in the Flightline Area

follow. All of these activities could be incorporated into the detailed

design phase for the selected remedial alternative.

1) Installing up to five additional Upper Zone monitor wells to

determine the lateral and downgradient extent of the VOC

contaminant plume. The location of the wells will be selected

to determine the downgradient (easternmost) extent of the

plume, and to determine whether the contaminant plume extends

beneath Farmers Branch to the north. These wells could also

be included in any long-term monitoring scheme to evaluate the

effectiveness of the selected remedial alternative in preven-

ting further plume migration.

2) Performing one round of ground-water sampling and analyses for

volatile halocarbon compounds that includes all Carswell AFB

Flightline monitor wells, and monitor wells previously in-

stalled by liargis and Associates for AF Plant 4 in the

Carswell Flightline Area and on adjoining AF Plant 4 property.
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Analytical results from this effort would help to determine

the location, nature, and magnitude of upgradient contaminant

sources; define the upgradient limits of Upper Zone ground-

water contamination; and evaluate the degree of continuity of

ground-water contamination beneath AF Plant 4 and the Carswell

AFR Flightline Area.

3) Surface water sampling of Farmers Branch at a point just above

its confluence with the Trinity River. Information gained

through this activity will help in determining the extent of

surface water contamination, will provide information regar-

ding contaminant fate and transport, and will validate as-

sumptions made in the risk assessment.

4) One to two aquifer tests along Farmers Branch and the small

tributary are recommended to provide additional information to

support remedial actions.

5) Computer modelling to obtain a better understanding of ground-

water flow and contaminant migration patterns.

7.2.2 Recommended Remedial Action Oblectives

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

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

environmental conditions, the recommended objectives of any remedial actions

are to:

1) Reduce or eliminate potential impacts to human health and the

environment;

2) Reduce or eliminate the potential for future contaminant

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

soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-

taminated environmental media were identified based on previous Flightline

Area investigative results. These media include waste material and con-

taminated soil, Upper Zone ground water, and surface water. Specific remedial

action objectives identified for each of the media are presented in Table 7-1.

Remedial action objectives were developed for each media based upon the

following standards or criteria:

• 70-year cancer risk potential;

• National interim primary drinking water standards maximum con-

taminant levels (MCLs) for organics (40 CFR 141.12 and 141.61)

and inorganics (40 CFR 141.11 and 141.62); and

• Final MCLs for organics and inorganics (Federal Register, Vol.

56, No. 20, January 30, 1991.

Table 7-1 does not list all contaminants that have regulatory criteria or

standards. Instead the table lists those contaminants that were identified as

indicator chemicals in the baseline risk assessment for the Flightline Area.

As previously explained, metals are included as indicator chemicals on the

basis of total concentrations detected. However, the dissolved metals

concentrations detected in the 1990 sampling event do not suggest a metals

contamination problem.
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA atomic absorption

AFB Air Force Base

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

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

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

ARAR Applicable or Relevant and Appropriate

Requirement

Artesian term applied to ground water confined under

hydrostatic pressure

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



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 polychiorinated biphenyl

PID photoionization detector

piezometric/pocentio- 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 trichioroethene

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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Multiplication Factor

l,000,00o,0O0,0O0,O0O,O0O—l0
1, 000 , 000 , 000 , 000 ,000_1012

1OOOOOOO0OPOO0—1O9
1, 000 , 000 , 000_106

1,000, O0O—l0
1, OOO—1O

100_101
10—10

O.l—l0
0.01_l03
0.001_l06

001—10_
001—10

12
001—10

-

oo1—lo
ooi_io8

4

exa -

peta -

tera-
giga-
mega-
kilo-
hecto-
deka-
dec i -

centi-
milli-
micro-
nano -

pico-
fento-
atto-

Symbol

E
P
T
C
M

k
h
da
d
C

a
U
n
p
f
a

Prefix

0.000
0.000 000

0.000 000 000
0.000 000 000 000

0.000 000 000 000 000

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

— mg/kg,
— ug/kg,
— ng/kg,

ug/g, ng/mg, pg/ug, mg/L, ug/mL, ng/uL
ng/g, pg/mg, ug/L, rig/mL, pg/uL
pg/g, fg/mg, ng/L, pg/mL, fg/uL



APPENDIX A

Lithologic Logs

(Previous Lithologic Logs may be found in CH2M Hill (1984),
Radian (1986), and Radian (1989))

A—i

3 237



29
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: 40.1 ft BGL I

I IRP PHASE II STAGE 2 I 8. DATIJ4 FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Flighttlne Ares I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

1 3. DRILLING AGENCY: Envirorgnenta( DriLLers. Inc. I 10. NO. OF SAMPLES TAKEN: 17

I 4. HOLE NO.: LF0401 I 11. ELEVATION GROUND WATER: 600.26 ft MSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED 3/23/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.50 ft MSL I

I X: 2019579.19 Y: 397653.57 I 14. BACKGROUND: I
I I 15. MEASURING POINT ELEVATION: 629.26 ft MSL I

JDepthI Graphic BLow Soil
I I

1(Ft.) Log Count IC(ass/Code IVisuat Description I Remarks I

0

2

4

6

8

10

12.3

14

16

19

4/

I U/CLLR Clay: Dark brown, sLightly silty, very stiff, danp IFULL recoveries

I Iminor small graveL. luntess noted.

I I I
I I I

I U/CLLR ICtay: As above, 5 - 10% caLcareous material (nodules,
J

I mottLing).
I I I

I I I

U/CuR CLay: Orange/Brown, siLty, minor fine sand, calcareous ICouLd not cut with

I Imaterial — 10 - 20% of sasple, very stiff. knife.

I I I I

I I I I

U/CLLR Ictay: As above, mottling of various colors is disturbed I

I looking. I

I I I I

I I I I

j U/CLLR ICLaY: As above, — 20% green silty clay. Boring does not
I I Iaer to encounter

I Ifilt material (Like
I I 1LF05.02). I

U/CLLR jCtay: Orange/brown with greenish mottling, silty, I

I Isandy, — 1% catcareous materiaL, firm. I I

I I I I

I I I I

I I I I

$ U/SDSN Sand: Orange/brown, very ctayey and silty; very fine to I

If me grained, bedding (horizontal) evident, dane: Clays I I

I loccur mainLy in 2 - 4 in. seams — every foot.
I I

U/SDSM )Sand: As above. I I
I I I I

I I I I

I i I I

j U/SDSM Sand: Burnt orange, fine grained, slightly clayey, 11.2 ft. Recovery

I f clasp, quartzose, Clay occurs as thin seasm. I

I I I I

I I I I

I I

I

I

I

I

I

U/SDFN Sand: Tan, fine grained, Loose, >95% quartz, dani,;
lozidation stained (amine. 21.5 - 22 ft.; 0.4 ft. clay

Jseam 21.1 21.5 ft.

14.2 ft Recovery.
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DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX SHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 40.1 ft BGL

8. DATLB FOR ELEVATION SHOWN: sea level

I 2. LOCATION: Flighttine Area MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B61 J
I 3. DRILLING AGENCY: Envirorunental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 17

I 4. HOLE NO.: LFO4-O1 11. ELEVATION GRWNO WATER: 600.26 ft NSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/23/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.50 ft PISL I

I X: 2019579.19 Y: 397653.57 I 14. BACKGRWND:

I I 15. MEASURING POINT ELEVATION: 629.24 ft MSL I

(Depth( Graphic I
.11

Slow Soil
Class/Code Ivisual Descriotion

24

25

Remarks

129

I 32

34

I 39

I
40

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 U/SDFN ISand: As above, heavily oxidized 24 . 25 ft. ( I

I I I I

U/CL.R (Clay: Brown, gray in 1 2 in. semne, oxidation I I

I Imottling, sandy (fine grimed), cohesive, moist; J J

I Igetting sandier past 28 ft., wet at 28.5 ft. I I

I I I I
I I I I
I I I I

I I I I
I I I I
I U/CLLR JClay: Brown, very sandy, saturated, slightly cohesive; jW. L. Measured (
I Isand is very fine to fine grained, — 30 - 40%; 31 - 32 Idown augers at 29.6 I
I (ft. clay, little sand; 32 . 34 ft. sand with minor (ft. BLS, W. 1. (
I clay. (after ccsrç,letion = I

I I 127.5 BLS, 3.6 ft.

I I (Recovery. I

f U/SDSI4 ISand: Burnt orange (heavily oxidized), fine to mediun ( I

(grained, slightly clayey, slightly cohesive. Increasing I I

I (coarseness and 10 . 20% gravels (small) 33 - 34 ft. ( I

I I I I

I ISand and Gravel: Orange, 50/50, wet; sands very fine to 13.0 recovery at 36

( (very coarse grained, poorly sorted; gravels bimodaL: (ft. (

I Ichert and quartz gravels, mostly granule and small j I

( Jpebble size; large gravel (20 - 50 ma) is very I I

( (fossiliferous limestone clasts. I

I I I I

I I I I
I I I I

I I

I
(Sand and Gravel: As above, nunerous shell franents

I I
I

(Marl: Limestone, weathered, chalky, fissite.

U/SDGR

U/SDGR

U/MARL

I I

I I
I I

I I

I I

I I

(Saspler Refusal at
(40.0 ft.

IDrove 1 1/2 In.

5.5 ft. sanpler; 50

(blows = 1 in.; 1.0.
1= 40.1.
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARS$ELL AFB, I 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL I

IRP PHASE II STAGE 2 I 8. DATIftI FOR ELEVATION SHOWN: sea level I

2. LOCATION: FlightIlne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61 1

3. DRILLING AGENCY: Enviro.inental OriLlers Inc. I 10. NO. OF SAMPLES TAKEN: 14 1

4. HOLE NO.: 1F04-02 1 11. ELEVATION GRQ.JND WATER: 597.45 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fa:n I 12. DATE NOI.E ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 621.00 ft NSI.

X: 2020510.50 Y: 397732.54 I 14. BACKGRØJIID: I

0 U/CLLR

I 15. MEASURING POINT ELEVATION: 623.68 ft NSL I

I I I
Visual Description I Remarks

U/CLLR

U/CLLR

U/CLLR

U/CLLR

(2

14

16

(8

I
11

113

— I 13.5

1 16.5

18.5

U/SDGR

ICtay: Dark brown, silty, firm, roots, deep, IFuU sasplers (

Icarbonaceotm staining. (untes noted. (

I I

I I I
Clay: As above; at 3.0 ft. going to orange/brown, silty (

(clay with 5 - 10% catcareous material. ( (

I I I

I I I
(Clay: As above. (1.5

'

ft. Recovery (

:

I

Iclay: Orange/brown, very silty, minor very fine grained I

(sand, stiff, calcarecus nodules, carboaceous streaking. I

I I. I

I I I
ICtay: As above, increasing catcareous material to 30%. ( I

I I

I

I

I

I

I

I I I

I I I

(Sand and Gravel: Orange, very poorly sorted, cohesive, $ I
ctayey, silty, danp, abundant calcareous material. ( (

I I I
I I I
ISand: Orange. fine grained, minor larger sizes to I

Icoarse, slightly clayey and silty, dalrp. (

ISand: As above, increasing coarseness with depth. 5 -
( (

10% small gravels. I I

I I I
I I I
I I I

(Sand: As above, gravelly; changing to tan, fine to I

(mediun grained, Loose, iartzose at 18.0 ft., danp. ( I

Sand: As above, well sorted, mediun grained, danp; 0.4 ft. Recovery

Ift gravelly zone at 21.5 - 21.9 ft.

U/SDLR

U/SDLR

U/SDLR

U/SDLR 13.5
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 2 OF 2 SHEETS I

1. PROJECT: CARSWELL MB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea tevet I

2. LOCATION: FtightUne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrIU B-61 I

3. DRILLING AGENCY: Envirocmientat DriLLers, Inc. 1 10. NO. OF SAMPLES TAKEN: 14 I

4. HOLE NO.: LFO4-O2 1 11. ELEVATION GROUND WATER: 597.45 ft NSL (6/18/90)

[ 5. OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/28/90 I
6. C0ORDNATES OF HOLE:

I X: 2020510.50 Y: 397732.54

I 13. SURFACE ELEVATION: 621.00 ft MSL

1 14. BACKGROUND:

1 15. MEASURING POINT ELEVATION: 623.68 ft MSL

Depthl Graphic BLow Sot
I

If Log Coult Class/Code IVisuat Description I Remarks

ISend:

i:o:t I I I I

;:c.b. I I i I

dcj.c
).Q.

I

I

I

I

I

I

I

I

. .. ..

QC)•C
I

U/SDLR Sand: Orange/tan, mediun grained, welL sorted,
si.trou,d, >90% quartz; 0.3 ft. gravelLy zone at 27 ft.,

Isaturated at 28 ft.

14.0 ft. Recovery

I

I

i i i i

O•OC I I i i

c5.b. i I I

c5•cc I I I Icjj•
rj.cj.
22).).(

I

I

1

I

U/SDLR

I

I

As above, 1-3% granuLe size gravel.

I

I

W. L. measured at
128.1 ft. BLS, 5.0

Ift. Recovery

I

I

I

p..ç

b-d.c

..
•-

!P.P.
OOC
•:::—i:i•

f

I

i

I

U/SDLR Sand: Tan, medius grained, quartzose, Loose, wet, 5%

Igravets to 25 n.

i
I

I3- ft. Recovery.

I

i

I

I

i

I

O•Oc1 I

I

I

I 1 '1
I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

U/MARL

I

I

I

ILimestone: Marty, weathered sand and gravel intermixed,

fissiLe.

I

I

I

I

I

I

I

I

i

I

I

I

I

I

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
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DRILLING LOG I RADIAN CORPORAT ION j INSTALLATION: CARSUELL MB,. TX SHEET I OF 2 SHEETS I
I. PROJECT: CARSLL AFB,

I liP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 37.6 ft 801

j 8. DATUN FOR ELEVATION SHOWN: sea Level I
2. LOCATION: Ftighttine Area j 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61 1

3. DRILLING AGENCY: Env:rocunentaL DrilLers,. Inc. J 10. NO. OF SAMPLES TAKEN: 14 1

4. HOLE NO.: 1F04-03 j 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90) 1

5. NAME OF GEOLOGIST: S. B. Btotmt, S. E. Fain j 12. DATE HOLE ESTABLISHED: 3/20/90 I

6. COORDINATES OF HOLE: I 13.
I X: 2020506.79 Y: 397683.46 1 14.

SURFACE ELEVATION: 620.50 ft MSL I
BACKGROUND: I

1 1 15. MEASURING POINT ELEVATION: 623.25 ft MSL I

U/CLAY

Stow j Soil
I I

IVicuat bscr4ot4on Rensrk

U/CLAY

U/CLLR

U/CL Li

UICLLR

)Depth( Graphic
lift

to

(2

I'

(6

(8

(10

12.1

14.5

19.5

U1CLI.R

(Clay: Brown, soft to firm,, semi-plastic, with fine (FULL recovery I

Jroottets and minor carbonaceous streaking and (u.xLess otherwise (

(particles, moist to wet. hnthcsted. I

I I

(Clay: As above, firm to stiff (stiffens to base), minor (Too stiff to cut. (

(calcareous debris, more abmdant carbonaceous staining, ( (

(very stiff; 3.8 - 4.0 ft. ( (

I I I

jCL.,: Orange/brown at 4.1 ft; brittle, danp, abisidant (Hard pushing. (

(calcareous debris, sLickensided, catichified with some ( J

(authigenic mineralization (crystals of CaCO3 in shell ) j
Jfregs.); very hard, silty. ( I

(Clay: As above, very stiff, stightty sandy and silty. (
I
I

(

I
I

I I I
(Clay: As above, few Large CaCO3 pebbLes (25 sin), (1 ft. recovery,

lincreasing ctacareous material with depth, very fine (ST. Rig broken.

(grained sand. (Continue after
j (repairs.
(Clay: Orange/brown, silty, cohesive, daiep, 30% (CaLiche Layer at

(catcarecus materiel, stiff. (12 ft., drilling

J (through.

1 I

I I

(Sand: Orange, fine gr.ined, Loose, deep, quartzose, (

(welt sorted; at 14.3 ft. sharp change to tan, very fine (

(grained sand, heaviLy oxidized In (aminee.
$

I (

(Sand: Orange, fine to medius grained, quartzose, dasp, (3 ft. Recovery.

(Loose; gravelly seem 15 - 15.5 ft. (

(
-

'1

I I
I I

I I
I I
I I

( (
I I
(Sand: Orange/tan, fine to mediun grained, dairp, Loose, (4 ft. Recovery.

(stArouid, > 90% quartz, 1 - 3% smaLl gravel and shelLs. (

U/SDFN

U/SAND

U/SDLR

A— 7



;i 244
! DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX SHEET 2 OF 2 SHEETS I

( 1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

J 1. TOTAL DEPTH OF HOLE: 37.6 ft BGL

J 8. DATLI4 FOR ELEVATION SHOWN: sea level

2. LOCATION: FLighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 4
3. DRILLING AGENCY: Enviromentat Drillers. Inc. j 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: LFO4-03 j 11. ELEVATION GROUND WATER: 597.58 ft P151 (6/18/90)

5. NAME OF GEOLOGIST: S. B. BloLnt. S. E. Fain J 12. DATE HOLE ESTABLISHED: 3120/90

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

X: 2020506.79 Y: 397683.46 J 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 623.25

lDepthI Graphic Blow Soil
I(Ft.) Log Couit IClass/Code IVisual Description

4

ft MSL

I

I Remarks'LL)

hqp:
i

1

I

i i

I

i cc.c i ,
I .Q.Q. I I I I

I c5.c5.c I I I I

i

(

I

I

i

24.5 j5j!ppç

I

I

I

1

i

U/SDLR

I

(Sand: Orange/tan, fine to medhr gretned, wet, Loose,
10.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

I

i

I

(w. 1. measured at
26.3 ft. BLs. 2.6

ft. recovery.

I

i

I

(

I

I

I

i

I 00 I I I I

I cici•c I i I I

I bb• I I I I

I

I

o•Q••(:

.J.c3.
:o

I

(

{
I
,

U/SDLR

I

ISanci: As above, saturated.

{

I
I

I

3.2 ft. Recovery.

I

I

I

I

I

I

I

I

32 k-"

0 000
(

I

i

U/GRVL (Gravel: Varicolored, up to pebble size (30 sin), shells,

<10% sand, saturated.

I

(

I

I

I

I

I

I 00( I I I I

I 00 I I I I

I 0 0 I U/GRVL IGravel: As above, mainly small pebble size (5 10 sin), I

I

I

I

a a
a a
oa

I

I

I

(shells, siA,angular to sthrouided, Large percentage of
Ichert.

I

I

I

I

I

I

I

'

I I I I

I 37.5 J jj5O Li/MARL (Marl: Chalky gray, indurated, oxtdation stained (Saspler refusal at (

I I I Ithroughout. (37.5 ft., drove 1 (

I I I I
1/2 in. 5.5. 50 I

I I I I I (blows 1 in.; T.D.

I I I I I 137.6ft. (

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
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX SHEET 1 OF 2 SHEETS

1. PROJECT: CARSLL AFB,

I IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 25.4 ft 801 1

J 8. DATLBI FOR ELEVATION SHOWN: sea level I

2. LOCATION: Flightline Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. 8-61 I

3. DRILLING AGENCY: Environnenta( Drillers. Inc. j 10. NO. OF SAMPLES TAKEN: 10 I
4. HOLE NO.: LFO4-04 J 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) I

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

6. COORDINATES OF HOLE:

I X: 2021365.82 Y: 397554.53

J 13. SURFACE ELEVATION: 609.40 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 612.07 ft MSL I

lDepth Graphic

I(Ft.)1Lo

Stow SoiL

Count ICtass/Code IVisual Description

I
I Remarks

I

I

IFuLI sanpte

recoveries unless

Jnoted.

11.6 ft. Recovery.

0

1.5

4

6

8

10

13.7

19

00':;.00'
>OO

.o.o.
).o.o

•00•'

.o.o.
•0•0'

)00
>00

U/CLLR Clay: Red/bro,ti, sandy, siLty, d, cohesive, roots;
I lincreasing sand with depth.

I I

U/SD$M lSe: Red/broi,,, dtayey, cohesive, minor small gravel,
I Ida.,, decreasing clay content with depth.

I I I I
I I I I
I I I I

U/SAND ISand: Orange, fine to mediun grained, slightly I

I Icohesive, jartzose, daep, stl,angular to subrounded. I
I I I I
I I I I

I U/SAND ISand: As above, only ten and Loose. 11.7 ft. Recovery.

I I I I

I I I I

I I I I

I U/SAND ISand: As above, danV. 11.5 ft. Recovery. I
I I I I

I I I I

I I I I

U/SDLR ISand: Tan with occassional iron stained thin beds, 37 ft. Recovery.

I Loose, daep, fine to mediun grained; 1 - 3% gravels I

J Jstarting 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

I U/SDGR Sand and Gravel: Fine sand to pebble size gravel, 3.5 ft. Recovery. I

I Islightty ctayey, shelLs, 50/50 sand to gravel, mainly I

I Iq.iartz/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

I U/GRSM Ioravel and Sand: As above, but gravel content 4.0 ft. Recovery. I

I lincreasing to 70%, gravels mostly 5 - 10 sin; but some I

I ito 40 me, sand mainly coarse grained, Limestone clasts; I I

I
123 - 24 ft. sLightly iró.arated - increased Limestone I I

J )content. I I

I I 1 I

A—9
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DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I
1. PROJECT: CARSLL MB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 25.4 ft BGL I

I 8. DATLM FOR ELEVATION SHOWN: sea level I
2. LOCATION: Flighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B-61 I

3. DRILLING AGENCY: Erwirorinentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 10 1

4. HOLE NO.: LFO4-04 11. ELEVATION GROUND WATER: 595.32 ft MSL (6/18/90) 1

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3120/90 1

6.

X:

COORDINATES OF HOLE:

2021365.82 Y: 397554.53

13. SURFACE ELEVATION: 609.40 ft NSL

J 14. BACKGROUND:

I j 15. MEASURING POINT ELEVATION: 612.07 ft MSL J

IOepthI Graphic Blow SoiL I I

I(Ft.) Log I Cou't class/Code IVisuat Description I Remarks

I

t

:j:5.
:1.0.0
P:P:p•p.

I

{

i

I

i

I

i

I P.P: I I I

24

I

iQQ.i-.i I

U/GRSM IGravet and

I

Sand: As above.

I

I 25 I I 50

I I I

I I I
I I I
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I
I I I
I I I

I I I

I I

I I

I I I

I I I

I I

I I I
I I I
I I I

I I I

I I I

I

I I I

I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I

I

I
I
I
I

I

I
I

I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

I
I
I

U/MARL ILimestone:
jfractures,
I

I

I
I
I

I

I

I

I

I

I

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) White/gray

indurated, shatey

with iron

parting.
staining in ISa1vter refusaL at

125.0 ft., weLL
Idrive 5.5 ft.; 50

bLows 4.0 in.;
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

A- 10
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSJELL AFB, TX I SHEET I OF 2 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 26.1 ft BGL

I !RP PHASE II STAGE 2 I 8. DATIJI FOR ELEVATION SHOWN: sea level

L2. LOCATION: FlightIlne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL B61
I 3. DRILLING AGENCY: Environnental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 12

• 4. HOLE NO.: LFO4-05 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Blo.mt j 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE:

1 X: 2020805.42 Y: 397347.91

1 13. SURFACE ELEVATION: 608.80 ft MSL

J 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

JDepth

f(Ft.)

Graphic

Log

Blow ( Soil ( I I

Couit JCLass/Code IVisual Description I Remarks I

J0

12

— (4

(6

8.8

I
11.1

(12

(16

116

(19

/

•0•0•

'00'
00'
00"
>0•0
.0.0.1
>0'O00
•0•0•

•O.O.

00

( U/CLLR ICLaY: Dark brom grading to broqm and orange mottled, (Full sanpters I

I (fine roots, soft to firm, daq,, silty with minor (< 52) (uUes noted (

I icatcareoi debris and carbonaceous streaking. (otherwise. J

I I I I

( U/CLLR (CLay: As above, catcareous debris in small catiche 11 ft. Recovery. I
I pockets (<5 sin). I I
I I i I

I I I

( U/CuR (Clay: As above, calcareous debris zone 4.6 - 4.9 ft., (1 ft. Recovery. (
I (otherwise Less than 52; softer, moist. I I

I I I I

I I 1 I

( U/CLLR Clay: As above, mottling decreased - isiiforin orange jl.5 ft. Recovery. j

I IcoLor; caLcareous debris and rootLets < 2%; increased ( I

I (silt to almost clayey silt. I I

I I I I

I I I

I 1 I

I U/SDSM (Sand: Tan/buff at 8.8 ft.; very fine to fine grimed, 11.5 ft. Recovery,

I (moderate to poor sorting, siAengular, quartzose with (Very sharp contact,
I 95% quartz and heavy minerals, very loose, daip, minor (sanpLe disturbed

I (clay tenses at top, few coarse shell fragments. ((in pile).

I I I

U/SDGR ISand and Gravel: at 11.1 ft. sand is as above, oxidized (1 ft. Recovery.

( (orange, wet, very poorly sorted; gravel is — 30%,

I average 10 nun, CaCO3, minor clay makes entire sasple (
I (fairly cohesive; CLay increases to 13 ft. I
( U/GRSM Gravet. Sand, and Clay: As above, gravel i.p 40%. Water in hole at
I I (12 ft.; W. L. =

I I (12.72 ft., 13 to 14

I I (ft. no recovery.

( U/GRSM (Gravel end Sand: As above, with minor clay. I

( U/GRSN (Gravel and Sand: Orange, 60% + gravel, average 20 nun i.p (Poor recovery;
( (to 80 nun; very poor sorting, sthrouided; coarse (gravel sLipped out.
( (fraction predominantly CaCO3 frags; finer fraction (

( (predominantly variclored subrouided quartz grains; some (

( (smelt shell frags (sand sized), very Loose; wet. (

I I I

( U/GRSI4 (Gravel and Sand: As above, gravel is 'coarse' as above (Possibly gravel

( . average 20 nun; sand is fine to coarse grained, (only; sasple poor;
( (quartzose, Loose, wet, very porLy sorted, su4,engular. (sand recovered may

( (be stuff.

A-li
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I DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS I
1. PROJECT: CARSIELL MB,

J TRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 26.1 ft 801 I

8. DATLI1 FOR ELEVATION SHOWN: sea Level I

j 2. LOCATION: Ftighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriU 8-61 I

J 3. DRILLING AGENCY: Envirorunentat Drtters.

[. HOLE NO.: LFO4-05

Inc. 1 10. NO. OF SAI4PLES TAKEN: 12

11. ELEVATION GROUND WATER:

I

I

J 5. NAME OF GEOLOGIST: S. B. Btotnt 12. DATE HOLE ESTABLISHED: 3128/90 I

6. COORDINATES OF HOLE:

I X: 2020805.42 Y: 397347.91

13. SURFACE ELEVATION: 608.80 ft MSL I

I 14. BACKGROUND: I
I I 15. MEASURING POINT ELEVATION: I

lDepthl Graphic Blow Soil.

I(Ft.) Log Cout Class/Code IVisuat Description I Remarks

, •—• i i i i
I )oQ I I i
I •00 I I I I

I

I

I

I

24

:j-cT::j

)-OOj;..
• •

•o.Q.

I

I

I

I

I

I

U/GRSN

I

I
I
IGravet and Sand: As above, good coarsening downward
seq., fine to mediuu grained sand to sand and gravel
Ictean fine gravel to coarse graveL; sand is same as

Ito 12 ft.

to

11

I

I

I

I

I

I

I

I

I

I

I

I
I
2S.BjL

50

I
U/MARL Mart: Highly calcareous, tissUe, semi-inckirated,

shaley clay; tight to medii.ne grey, heaviLy oxidized

IRefed at 26 ft.

Went in with SS; 50 I

I I I I Ibetween Lamina, harder to base (clay-Like at top), Ibtows went < 0.1

I I I I brittle, wet. Itt. Abisidant coarse

I I I I I gravel. on augers

I I I I I Iwhen removed. T.D.

I I I I I let 26.1 ft.. Hole

I I I I I caved to 14.5 ft. I

I I I I I Jafterauger I

I I I I I removal.

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I 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
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSUELL MB, I 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL I

I IRP PHASE II STAGE 2 I 8. DATLSI FOR ELEVATION SHOWN: sea level I

2. LOCATION: FtIline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61

I 3. DRILLING AGENCY: \nvirorinentet Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 13 I

I 4. HOLE NO.: LFO4-06'\ I 11. ELEVATION GROUND WATER

I 5. NAME OF GEOLOGIST: S. B. Btotxit I 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 613.30 ft MSL

I X: 2020593.25 Y: 397210.60 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: I

IDepth( Graphic Blow Soil
I I

I(Ft.) Log - Cotrit Class/Code IVisual Description I Remarks

f

I

I

(

I

(

I

I

I

I

I

,

0

2

3.3

-'

,/,//
,/',//
//",/'////"

",/',/',7,",/
"i,/,,//,/
///

(

I

I

(

I

J

I

I

I

(

I

I

U/CLLR

U/CLLR

U/CLLR

U/SAND

Clay: Brown, soft to firm, semi-plastic, sandy in
(intervals (1 - 1.5 ft.), roots, moist, minor calcareous

(flecks.

(

(Clay: As above.

(Clay: Brown, fi semi-brittle, abundant catcareous

(debris, dry to dai, minor roots, caliche zone to 54
Ift.; caliche is dry, white/brown mottled, brittle,

(sandy with catcareous and carbonarecus debris.
(Sand: Orange, very fine grained, subrounded, moderately
sorted, quartzos. w/ 95% quartz, dry, Loose u/ minor
(roottets, few shelL fragments c 3 ,.

I

(Full recovery

luntess noted

(otherwise. 1 ft.

(Recovery.

I

(

(

f

(

ISharp contact.

j
I

I

f

(

I

I

I

I

(

I

I

I

I

I

8 P2!
).P:P.

(

I

i

U/SDLR Sand: As above, ctayey soil horizion at top with
Pebbles (calcareous), roots.

t

(Musky odor.

J

i

I

I

I •P.•P.•! t I I I

10 )•OO 9, 17,17 ( U/SDLR (Sand: As above, thin pebbl. layer at 10.2 - 10.5 ft. (ST refusal at 12
I

I .Q.Q.i ( ((pebbles calcareous and to 15 me); sand below very (f t.; drive SS.

I

I

I

t

( 14

i.cc5

i•ö•b*
):QP.

I

I

I

I

i
( U/SDLR

(fine grained with som. coarser fraction, poorly sorted,
(few calcareous pebbles 10 rim, minor shell frags,
(single gravel ctast - 25 ii..

I

r
(Sand: As above.

(

(

I

i
I

I

I

I

I

i
I

I ):P:Q I I I I

I

I

I

I

I

I

i
(

I

16

.Q..
)..()
•ci•ö

5.dci
. . . ..

•QQ•
);.O.O.

I

i

(

I

I

I

I
I

I

U/SDLR

I

I-

(Sand: Yellow-orange, very fine grained, subangular,
(moderately welt sorted, quartzose 95% quartz, Loose,
(moist to 17.5 ft., moist to wet to 19 ft., wet below;
(minor gravel 1% throughout; color
(laminations/mottling, coarsening downward.
I

I

I

I

(

(

(

I

I

I

I

I

I

I

I

I

I

I

i
I

I .p.p. ( J

) 20 )•OO ( U/SDLR (Sand: Light brown/tan, very fine to medium grained, (Water in hole at

I

I

1

.(.Q.biibL.i I

(

(very poorly sorted, angular, qu.rtzose with 5 - 10%

Iheafv minerals, Loose, saturated, rock fragments (very
(coarse sand/fine pebbles) increase to base — 25% from

(20 ft. Sand and

(gravel.
(

J

I

I

A- 13



F'
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL MB. TX I SHEET 2 OF 2 SHEETS

—

1. PROJECT: CARSLL AFB, I 7. TOTAL DEPTH OF HOLE: 31.5 ft BGL

TRP PHASE II STAGE 2 I 8. DATL FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: FtightLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61

I 3. DRILLING AGENCY: Erwirorunentat DrilLers. Inc. I 10. NO. OF SAIPLES TAKEN: 13

I 4. HOLE MO.: 1F04-06 I 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. BLoat I 12. DATE HOLE ESTABLISHED: 3/28/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 613.30 ft MSL

I X: 2020593.25 Y: 397210.60 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: I

lDepthl Graphic Blow Soil I

—

t(Ft.) Log Cotmt lCLasslCode IVisuaL Description I Remarks

i

:

•:•• I

:

23 - 24.1ft.; sand at base, few large cobbles.

:

I

:

I ):Q:pj I I I

I •cJO•c1 I I I

i.bbI I I I

I

25

I

I 26.2

)00
•b.i•
•O•O•tl

I

I

I

i

UISDLR

U/GRSM

I

I

ISand: As above.

t
IGravel and Sand: Gravel is very poorly sorted from 2 to

I

I

I

i

I ):Q•P.I I 130 via, conosed of quartz, catcareous Lithoclasts and

I •O-O•cI I Ishell fragments. Sand is as above. I

I i•b•ci I I I

I

I

I ri
I 29.6 P. P. .'
I >P.:P.I
I 31 EL I I

I I I

I I I

I I I

I I

I I

I I I

I I

I I

I I

I I I

I I I

I I I

I I I

I I I

I I

I I I

I I
I 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

I
U/MARL

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I•
I

I

I

I

I

IGrevet, Sand, and Clay: Highly calcareous, chalky,

Isoft.

IMart: Fissile, in&jrated, Light grey, catc.reous,
Ibrittle, shatey. (Minor marty f rags at bottom of sanple

Iz basis for description)

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Isild HC odor at
Ibottam of sançte.

IRefused at 31 ft.

f Could not sanple

Iwith SS. Cave in.

twill enter with bit

land obtain solid

Ibit refusal. Entire

recovery fell;
IDritter says bit

Irefusal at 31.5 ft.

IT.D. at 31.5 ft.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1

L

L

L
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET I OF 2 SHEETS t
1. PROJECT: CARSWELL AFB,

IRP PHASE U STAGE 2
f 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL I

I 8. DATLII FOR ELEVATION SHOWN: sea tevet I

j 2. LOCATiON: FUghtllne Ares .[ 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrILL B-61 I

3. DRILLING AGENCY: Envirorinentat Drillers. inc. 10. NO. OF SAMPLES TAKEN: 15 I
4. HOLE NO.: LFO4-O7 J 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: 2020897.22 Y: 396819.74

13. SURFACE ELEVATION: 630.40 ft MSI

14. BACKGROUND: I
I 15. MEASURING POINT ELEVATION:

(Depth( Graphic BLow Soil I I

£LLI Log - Cownt ICtass/Code IVisuat Description I Renarks I

/
0

(4

6.5

9.8

110

(15

(18

120

I

:::

I U/CLLR (Clay: Dark Brown, silty, fire to stiff, dai, roots; IFuLL sample (
I (calcere noduLes abundant 3 4 ft., carbonaceous (recoveries isitess (
I (streaks. (noted. 1 ft. (
I I (Recovery. 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 sittier, stiff. ( I
I I I I

I I I I

I I I I
I I I I
I U/SILT (SILt: Orange/Brown with very fine sand, dry, cohesive, ( I
I (abundant ca&cereous nodules and infitted fissures, ( I
I (carbonaceous staining in L..inae. I I
I I I I

I I I I

I I I I
I I I I
j U/SDVF Sand: Tan, very fine grained, Loose, dry, well, sorted. (Pushed 1.5 ft. SS. (

I I - (sampler. I
I U/SDVF (Sand: As above, dry.

I

I

I

I

I

I

I

(1.5 ft. Recovery.

I

I

I
I
I

I
I

(

I

I

I

I

I

I

I
U/SDVF (Sand: As above, slightly indurated in pLaces. 12.5 ft. Recovery. (

I I I I

I I I I

I I I I

I I I I

I I I I

) U/SAND ISand: Orange/lan, very fine grained to fine grained I I
I lst1aitty irxkrated in places, trough cross-taininated, I I

I (oxidation staining in taminae.

1

I

I

I

I

I U/SAND (Sand: As above, dry. (3.0 ft. Recovery (

I I

I • I

A— 15



3 22
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS I

J

J

1. PROJECT: CARSLL AFB,
IRP PHASE II STAGE 2

2. LOCATION: F(ightline Area
3. DRILLING AGENCY: Envirorinentat DrilLers.
4. HOLE NO.: LFO4-07

5. NAME OF GEOLOGIST: S. E. Fain

Inc.

I 7. TOTAL DEPTH OF HOLE: 39.1 ft BGL I
I 8. DATL*I FOR ELEVATION SHOWN: sea LeveL

I 9. MANUFACTURER'S DESIGNATION OF DRILL:

I 10. NO. OF SAMPLES TAKEN: 15

I 11. ELEVATION GROUND WATER:

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

MobiLe DriLL B-61

I

I

4

J

J

6. COORDINATES OF HOLE:

X: 2020897.22 Y: 396819.74

BLow Soil

Count Class/Code IVisuaL

I 13. SURFACE ELEVATION: 630.40 ft NSL

I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

Description
I

I Remarks

J

J

IJDepth

I(Ft.)

Graphic
Log

'
I

,

I

25

.©.©.P
i•Q•O

I

I OO•C
f28

I

13° •••••••I
I

I •.•...I I
I I I

I I

133 I

I

I

I

I I

I J I I

I

I

!

i

35 .ii.c.j.
o:ci:c

b•b
.Q.Q.f

I

I

!

i
i

I
i
i

I 38.211

-

J 15 3

I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I 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/SDGR ISar and Gravel: Tan, 50/50, gravel is mainly granule

I Isize (chert and shell franents), Loose, dry,
I Isthro1,ed.

U/SDGR ISand and Gravel: As above, dry, poorly sorted, very
I Jflne sand to pebble size graveL (10 smu). I

I I I
I I I
I I I
3 U/SDVF JSand: Orange, slightly cLayey (28 - 29 I

I Ifine grained. I

I I I

I I
3 U/SDFN Sand: Orange/Tan, fine greined, Loose,

I IweLl sorted, quartzose.

U/SDFN IS: As above.

Sand: Orange/tan, danp, fine to mediun grained, Loose;
31 - 3X small graveL 37 . 38.2 ft., wet, mediun to
coarse grained.

3MarL: Whitish . Gray with oxidation staining,
caLcareous, inrated.

ft.), dairq,, very

sLightLy danp,

U/SDLR

12.7 Recovery.

2.3 ft. Recovery.

1W. L. measured at
137.0 ft., 2.5 ft.

IRecovery, Auger

Irefat at 38.5 ft.

Drove 15 in. S.S.;

50 btowsl 3/4 in.;

138.6 ft. T.D.

U/MARL

A- 16



3 253
I DRILUNG LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL APS. TX I SHEET 1 OF 3 SHEETS I

1. PROJECT: CARSLL AFB, 1 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL I

I IRP PHASE II STAGE 2 1 8. DATLJ FOR ELEVATION SHOUN: sea level I

I 2. LOCATION: Flightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 1

I 3. DRILLING AGENCY: Envirorinental Drillers. Inc. I 10. NO. OF SANPLES TAKEN: 17 1

I 4. HOLE NO.: LFO4-08 I 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 630.00 ft MSL I

I X: 2020021.91 Y: 398935.08 1 14. BACKGROUND: I

______________ I 15. MEASURING POINT ELEVATION:

lDePthl Graphic

0

rt

U/CLAY

U/CLLR

U/SILT

U/SDFN

12

(5

—
I

8.1

110

—
1

(14

117

(19

U/SD FM

Visual Description I Remarks

Clay: Dark Bro, stiff, d, roots, calcareous (Full sanpte I
Inoites at 3.5 - 4.0 ft. recoveries i.xUess

1 jnoted. 1

I i I

Clay: As above, silty. I I

I I I

I I I

I I I

(Silt: Orange, sandy (very fine grained), dry, cohesive, (Mo Recovery; could

(carbonaceous spotting. (not get seaple out

(of shelby tite,
(Description based
on top and bottom
(of saiple.

(

I

(

(

I

I I I
JSand: Orange/tan, fine grained, loose, dry, well I I
sorted, srouid, quartzose. ( 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 f I

I I I

I I I

ISend: As above. Istarted wIth 5 ft. (

I (sanpter at 14 ft.,

I 13 ft. Recovery. (

I I. I

I I I

I I I
U/SAND Sand: Tan, very fine to fine grained, dry to slightly I I

Idanp, > 95 quartz, subangular to subrotrid, frosted. ( I
I I I

I I I
U/SAND Sand: As above, still dry, mainly fine grained. I•5 ft. Recovery. I

U/SD FM

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

A- 17
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.4 ft BGL t

I 8. DATUM FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: FLightLine Area I 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 1

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 X: 2020021.91 Y: 396935.08

I 13. SURFACE ELEVATION: 630.00 ft MSL 1

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

lDepthl Graphic

ii

Blow SoiL
I

Couit ICtass/Code Ivisual Description I Remarks

U/SAND

U/SDLR

U/SDLR

U/SDLR

U/SOLR

U/MARL

U/MARL

ISand: As above.

ISand: Graveuy, very fine sand to pebble size (20 nun)
gravel, dry to slightly daip, gravel mostly chert, 0.1

Ift. white fossilferous limestone bed at 28 ft. Tan fine

Isand 28.1 ft. to 29 ft.; gravels — 5% - 10%.

ISand: Tan, fine to medius grained, loose, dry,
Jqusrtzose, 1 - 3% chert gravel.

Sand: As above, increasing gravel to 5 - 10% at 33 -
ft.

ISand: As above, wet, fine to meditu. grained.

IMarl: Gray, fossiliferous, weathered; intermixed with

sand and gravel, wet, gravels are granule and pebble
size, mainly chert.

INarl: Thin beds and gravel size pieces of limestone
Iintermixed with sand, gravel, and shells, wet, shaley.

13.2 ft. Recovery

14 ft. Recovery

1W. L. measured at
135.2 ft. BLS.. 1.5It. Recovery.

INot good Limestone

br shale. Still

Isignificant sand

land gravel.

13.6 ft. Recovery.

A- 18



3 255

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AF8. TX I SHEET 3 OF 3 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 47.4 ft BGI. I

8. DATtJ FOR ELEVATION SHOWN: see LeveL j
2. LOCATION: FUghttine Area 9. MA*JFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

3. DRILLING AGENCY: Erwiromentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 17 I

4. HO1.E NO.: LFO4-O8 11. ELEVATION GRWND WATER: I

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

6. COORDINATES OF HOLE:

X: 2020021.91 Y: 396935.08

j 13. SURFACE ELEVATION: 630.00 ft P1St

I 14. BACKGROUND: I

Depths Grapñic Blow Soil
I

IrIc/Code Ivisual Descriotion I Remarks I

I I I

I U/MARL IMart: As above1 inckjrated Limestone beds (0.1 - 0.3

I I Ift.) intermixed with gravelly sand.
I I I

I I I

I I I I

I I I

I
'7 U/SHLE IShate: Dark Gray, indurated, fissile, no fossils,

I I I I fhomogeneous.

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I 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 I I I I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I

DriLLing through
Imart, Looking for
auger refusal.

lAuger refusal at

47 ft.; 50 blows

Ifor 0.6 ft.; T.D.

I47. ft.

A- 19
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARS'JELL AFB. TX f SHEET 1 OF 3 SHEETS

1. PROJECT: CARSWELL AFG,
IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL

I 8. DATLM FOR ELEVATION SHOUN: sea LeveL

2. LOCATION: FLightLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

j 3. DRILLING AGENCY: Envrorwnental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 17

4. HOLE NO.: LFO4-09 I 11. E.EVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 316/90
6. COORDINATES OF HOLE:

J X: 2021145.70 Y: 397136.15

1 13. SURFACE ELEVATION: 627.40 ft MSL

I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

(Depthl Graphic Blow Soil
I(Ft.) log Count ICLass/Code IVisuat Description Remarks

I

(

i

I

I

I

I

(

(

(

{

0

,//,//'////"
1,/',//r///r///I///I///4
(,,,/',,//

(,/////

I//'

:Øs

(

I

f

U/CLLR

U/CLLR

U/CLLR

(Clay: Sro, going to red/broii at 2 ft., silty, moist;

(at 2.7 ft. dry, crtLy, very stiff, roots, minor

(carbonaceous staining.
(

I

(CLay: Brown, silty, minor very fine grained sand,
(calcareous no.&Les 5 - 5.2 ft., carbonaceous staining
(in root areas, increasing very fine greined sand at 7.5

(ft.

(Clay: As above, Red and Brown mottled, dry.

Top soil first 1

(ft.; Using 5 ft.
(S.S. sampLer; 4 in.

(o.D., 3 1/2 in.

11.0.

1

I

I

(
(

(

(

(

j

j

i
I

I
(

(

(

(

I

( 9.6 ( U/SAND (Sand: Orange, very fine to fine grained, opartzose, (3.5 ft. Recovery (

I (damp, Loose. ((9 - 12.5 ft.). (

I •.• I I I I

( 11.5 .JU* ( U/SDGR (Sand and GraveL: Orange/tan, poorly sorted, loose, ( I

j .Q.Q. I (damp, numerous shetP.s, gravels to 20 ma. ( I

( I I I I
I

••"
I I I I

I
•••.

I I I I

( 14 . ( U/SAND (Sand: Light tan, very fine to medium grained, loose, 2.5 ft. Recovery. (

....... ) (dry, various mineralogies. I I
( ( I I
I I I I I
(

(

I

16 bb. .. . (

)

I

U/SDGR (Send and Gravel: Tan, very fine sand - pebbLe size
(gravel, loose, damp, numerous shells, various
(mineraLogies.

(

(

I
I

I

I

I

17 ( U/SDVF (Sand: Tan, very fine grimed, quartzose, Loose, dry,
(welL sorted, sLCrou,d, slightly indurated and Laminated (

(

(

(
. . . • (18.5 - 19 ft. ( (

(

(

)

I

i

19

p.pc
PP
1.0.0.

j
(

(

(
(
(

U/SDGR (Sand and Gravel: Orange/tan, poorly sorted, 50% sand -
(50% graveL, numerous petycepod? shells, Loose, damp;
(0.2 ft. brown clay seam at 22 ft.; gravels to 30 an,
(sthround.
)

I

(3.5 Recovery.
I

(

I

(

I

(

I

(

I

(

I

A- 20



3 2S?
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB TX I SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.0 ft SOt. I

8. DATUR FOR ELEVATION SHN: sea Level I

2. LOCATION: Fllghtline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61 I

3. DRILLING AGENCY: Envirorinentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 17 I

4. HOLE NO.: 1F04-O9 11. ELEVATION GROUND WATER: I

J S. NAME OF GEOLOGIST: S. E. Fain J_ 12. DATE HOLE ESTABLISHED: 3/6/90 I

6. COORDINATES OF HOLE:

J
X: 2021145.70 Y: 397136.15

13. SURFACE ELEVATION: 627.40 ft MSL I

J 14. BACEGROUND: I

I I 15. MEASURING POINT ELEVATION: I
lDepthl Graphic Blow SoiL

I I

lCFt.) Log Count ICtass/Code IVisuat Description I Remarks I

o.c-J.c
'0•0
o.o.ciob
o.o.c
•o.o.
o.o.c'00
o.o.c
•00
•00•
c5.o.c

o.o.c
.o.o.
c5•c

30.5

I 25

29

——

I

32

134

• I

139

—— I

U/SDLR ISand: Tan, fine grained, > 90% quartz, dry, Loose, welL 13 ft. Recovery.

sorted. stAanguLar to sirounded, minor smaLl gravel.

I I

I

I

I

I

U/SDLR

U/MARL

U/MARL

I I

Sand: As above, increasing graveL.

I I

I

INert: Limestone thin beds (0.1 - 0.3 ft.) with graveL IStiLL reLativeLy

size material interlayered, semiconsolidated. easy driLLing.

I I

JMarl: As above, dan, slightly consoLidated, fissile in Weathered

IpLaces, various gravel size particles. lImestone?

I I

I

U/MARL Marl: As above, nuserous smaLl shells, abundant chert
graveL, wet; some gravels are sround.

I

I

I

I

Iwet at 34 ft.
I(measured W.L. = 33

If'- 10 in.). StILL

easy drilling.

I

I

U/MARL IMart: As above.

I

I

Iouit sanpting,

IdriLting to
Idetermine depth to
I auger refusal.

A- 21
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I DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS I

I

1. PROJECT: CARSLL AFB

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 47.0 ft BGL I
I 8. DATUN FOR ELEVATION SHOWN: sea Levet I

I 2. LOCATION: FUghttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrILL 5-61 1

3. DRILLING AGENCY: Envirorvuental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 17 1

4. HOLE HO.: LFO4-09 I 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/6/90 1

I

I

6. COORDINATES OF HOLE:

X: 2021145.70 Y: 397136.15

I 13. SURFACE ELEVATION: 627.40 ft MSL I

I 14.
I 15.

BACKGROUND:

MEASURING POINT ELEVATION:

I

I
lDePthI Grapiic J Blow I

I Remarks

U/MARL44

67

MarL: As above.

U/MARL

I

I I

I I I

I I I

I I I I

I I IDescriptions based

I I I Ion returns and

I I IdriLting speed. I

I I Auger refusaL at 47

I I Ift.. No drager tube

I I Idetectin (2/9) at

I I I topof auger. I

I I I Mart: As above.

I I I I I I I

I I I I I I I

I I I 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 I I I I

I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I 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— 22



— DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 3 SHEETS

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL I

IRP PHASE II STAGE 2 I 8. DATIJI FOR ELEVATION SHOWN: sea Level

2. LOCATION: FLightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobil. Drill. B-61 I

3. DRILLING AGENCY: Envirorsnental 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. BLouit I 12. DATE HOLE ESTABLISHED: 4/2/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.90 ft MSL I

X: 2021275.03 Y: 397025.34 I 14. BACKGROUND: I

I 15. MEASURING POINT ELEVATION: 626.54 ft MSL

-- (Depth I Graphic i
lift

0

I I I
lVquL flperintItn I Ramrk. I

I U/CLLR

UICLLR

I UICLLR

U/CLAY

U/CLAY

U/SAND

U/SDSN

12

14

I 4.7

(6
—

I
(8

110

112

—
I

114

—— I

Clay: Brown with orange mottling, soft to firm, damp, (Full recovery (

(minor carbonaceous streaking, semi-plastic, silty seam, Jtnless otherwise (

((parting) at 1 ft.. Coaly frauents. 0 to 0.05 ft. (noted. Windy. I

I I I

IClay: As above, very silty to 3.2 ft., below 3.2 ft. 'Contact' (fill I

Ihas no silt, Orange/brown, plastic, firm, minor nateriat on top?). I
(carbonaceous streaking. I I

I I I

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

I I I

I (Clay: Burnt orange, firm to stiff, semi-plastic, damp Sharp 'contact'. (
I (with carbonaceous streaking, and minor calcareous I

I (debris; with calcareous debris concentrated from 5.6 -
I I

I (5.Bft. I I

I (Clay: As above, to 7.8 ft., calcareous debris, IHard pushing. I

I Iconcentrated in 'caliche' Layer 7.5 - 7.8 ft. I I

I Sand: Very fine gralned, moderately sorted, ISharp contact, 1.5

I (s%*,-rozIded, Burnt Orange (oxidized), slightly silty in (Recovery (sand); I

I lintervats (lenses); clay pocket (dark grey/soft) at 8.5 Isand is loose, I

I If t.; sand hey very minor carbonaceous streaks, damp, (cohesive w/ clay in (

I (moist, at base; quartzose w/ 95% quartz, 5% Iron Lenses. I

I magnesiun. I I

I (Sand: As above, slightly silty to 11 ft., oxidation 11.5 ft. Recovery. I

I (decreasing to base with color laminations evident. Clay ( I

I (lensesat 10- 10.1 ft. and 10.6- 1O.Tft.; sand is J I

I (buff yelLow at 11 ft.. I I

I U/SDSN Sand: As above, lighter color (buff tan), silty (Pushed SS to 14 I

I (interval 13 - 13.3 ft., minor color lamlnae. (ft.; going to

I I augers. I

I Sand: As above, minor cLayey lenses, semi-inckrated (2.5 ft. Recovery - I

Isandstone layer at 14.9 - 15 ft.; dip, loose; with (MOSS. I
I Icolor laminse end c 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 (Sand: Very fine grained, buff w/ orange clay lenses, (4.5 ft. Recovery. I

I Iclay is moist, brittle, sandy, dark orange/brown, sand I I

I (is moderately to poorly sorted, buff, grading to ( I

( (orange, silty from 19 - 19.5 ft. ard 20.5 - 22.5 ft., I I

(dry to diç. No clay below 22.5 ft., very minor ( I

I Icalcareous frenents. I I

U/SDSII

19

A—23



3 260
DRILLING LOG I RADIAN CORPORATION J INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 3 SHEETS I

1. PROJECT: CARSWELL AFB,

j IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 49.1 ft BGL I

J 8. DATUM FOR ELEVATION SHOWN: sea Level I

2. LOCATION: Ftightline Ares I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61 I

3. DRILLING AGENCY: Envirorinentat DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 18 1

4. HOLE NO.: 1F04-1O 1 11. ELEVATION GRWNO WATER: 596.05 ft MSL (6/18/90)

5. NAME OF GEOLOGIST: S. B. Blotait I 12. DATE HOLE ESTABLISHED: 412/90 I

6. COORDINATES OF HOLE:

X: 2021275.03 'I': 397025.34

J 13. SURFACE ELEVATION: 626.90 ft NSL I

J 14. BACKGROUND: I

(Depth

ICFt.)

Graphic
Log

Blow Soft
Count Class/Code IVIsuat Description Remarks

I I I

I I I I

I 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

24

.'—:

:P:
OC

:P.P

I
I
(
I

U/SDLR (Sand: As above, buff to orange Laminated, no clay or (3 ft. Recovery

Isilt, very fine grimed, moderately weLL sorted, dry to
Ida; Layer of abundant — 5% shell f rags and calcareous

(debris with some gravel from 26 - 26.5 ft.; gravel up (

Ito 40 em, minor gravel fragments to base. )

(

I

I

I

I

I OO•C i I I I

i •ö:c. I I I I

I ici:c:c I I I I

I'
(

J

I

I

I

29

30.5

. . .

Oo.c
0O

Q.Q.I

I

(

I

(

I

(

(

U/SDLR

U/SDGR

I

(Sand: As above. I- ft. Recovery.

I
Sand and GraveL: Sand is very poorly sorted, buff, very ISaiivte wet at 32

(f in. to coarse grained, stbrounded, with minor (f t..

Ioxidatio1 seama, graveL is 2 - 100 em, approximetty I
(50%, coeposed of calcareous debris of sheLls etc. up to

I

(

I

I

(

I

I

I j:5. I ( em; Large fragments are broken, well indurated I I

I

I

I

I

J

34

dö
,. .. .L•(•

•q•p•ç

I
J

I
(
I

I

U/SDLR

U/GRSN

Imicritic limestone. I
Isand: Tan, meditn grimed with abundant carbonaceous (Cobbles lengthwise
(streaking and gravel, as above, at base. (in santer.

(Sand and Gravel: Sand a* above up to 15% gravel is
)

Irtz and calcareous debris, averaging 5 nun and up to

(40 em. Moderate to poor sorting, subrou,ded, wet. Large

I

J

J

I

I

1

I
i

!0
c5.o:c

I
•i

fragments are CaCO3, as above. Grain size increases to

i t
I I I I I

I
I

I

(

J

I

I

I

39

I

I.. . . .' I
. . P.

I

I

I

I

U/SDGR

I I

I I

I I

(Sand and Gravel: As above, wet, averaging 10 - 15 ens. 2.5 ft. Recovery.

(Continues coarsening to base, minor clay pockets 40 -

(42 ft. making fine gravel/slightly cohesive. Gravel up

Ito 50 em. Coarse Sand. (

I I

I I

I

I

I

(

(

I

(

I

I

I

'

rc5d
'

I I

1

I
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2 21
DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB,

!RP PHASE It STAGE 2

7. TOTAL DEPTH OF HOLE: 49.1 ft BGL I

J 8. DATUM FOR ELEVATION SHOWN: sea Level I

2. LOCATION: Ftightllne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

3. DRILLING AGENCY: Eriviromaental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 18 I

I 4. HOLE NO.: LFO4-1O I 11. ELEVATION GROUND WATER: 596.05 ft MSL (6/18/90) I

5. NAME OF GEOLOGIST: S. B. Blount I 12. DATE HOLE ESTABLISHED: 4/2/90 I

6. COORDINATES OF HOLE:

X: 2021275.03 Y: 397025.34

J 13. SURFACE ELEVATION: 626.90 ft NSL

J 14. BACKGROUND:

J 15. MEASURING POINT ELEVATION: 626.54 ft MSL I

Graphic J BLow
(

SoiL
I I

Loq Count IClass/Code Ivisuat Description I Remarks

IDePth

icFt.

i

cdp.pq
I

i

I I I

i
i

o•aq
:o.o.

i
I

I

I

I

I

I

I
I ii I I I I

I

I

J

I

I

44.1/,//'
1/',//"
1/'
I

I

J

I

I

U/CLLR CLay: 44.1 ft. clay is soft, very plastic, moist to
wet, grey tan in color with abundant oxidation pockets
(< 5 ma) around fine grained sand. Ab,.rdant

Icarbonaceo fLecks; silty below 46.5 ft. with silt
Ilayer 46.5 . 46.7 ft.

14.0 ft. Recovery.

Sharp contact. CLay

Inot 'sandy'; has
Ifew grains in each

I'Pocket'.

I

I

I
I I I t I

I /// I

:

I

:

i I

I
49 I I U/MARL Mart: Ctayey coated micritic Limestone w/ j49 - 49.1 ft.

I I I I Jrecrystettized fossils, grey to buff, weLt inckjrated, laugered into mart; I

I I I I J'uiudstcne'. I'core' sasple. No
I I I I I ISS. T.D. at 49.1

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 I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I 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

A- 25



;3 2S2

IDePth

f(Ft.)

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELI. AFB, TX I SHEET 1 OF 2 SHEETS I

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

I 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL I

j 8. 0*1114 FOR ELEVATION SHOWN: sea Level

2. LOCATION: FlightIlne Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL 8-61

3. DRILLING AGENCY: Enviror.nenta( Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 11

4. HOLE NO.: LFO5-O1 j 11. ELEVATION GROUND WATER: 603.82 ft NSI. (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain j 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

X: 2018791.38 Y: 399361.24

J 13. SURFACE ELEVATION: 619.30 ft MSL

J 14. BACKGROUND: Ij I 15. MEASURING POINT ELEVATION: 621.96 ft MSL

Blow Soil I

Couit ICLass/Code IVisual Description I Remarks

Graphic

Lo

I

0

I//,/

1iii1'ii1
I

I

U/CLLR IClay: Dark brown, firm, silty, red mottling, roots,
Jdan; minor sand end gravel.

I

jFiIL.

I

I
I

I
2 $ U/SDLR ISand: Tan, mediua to coarse grained, Loose, danp, — 5% I I

I ):P:P. I srnaU gravel. i
I

I

•ci•c
-i.d.b

I

I

f

I
I

I

I
I

I

I

I

" //1,"/////// I

I

I

U/CLLR jClay: As above, daip.

I

I
I

11.2 ft. Recovery.

I

I

I

(

I

I
I

I
I
I
I

i
I
I

I
I
I
I

I

I

I

a

12

14

16

,,/
7,,',',
/,/,////'
/////////////",//
/////////
,/,/,,//////,'//'

I

I

I

I

I

I

I

I

I
I

I
I
I

U/CLLR

U/CLLR

UICLLR

U/CLLR

Clay: Brown and orange, mottled, very disturbed,
Igravetty, soft to slightly firm, catcarecus zones and

modules, dan; at 11 ft. going into a grey colored

Is'tt'' clay.
I

I

I

I

CLay: As above; at 13.5 ft. hard limestone zone.

I

I

I

Ictay: As above, stilt very disturbed.

I

I

I

jClay: As above, daivi,.

IStIIL fill

Imateriat.

I

I

I

I

I
0.2 ft. Recovery.

I

I

I

I
I
I
I
I

I

I

I

I

I

I

I

J

I

I

I

I

I

I
I
II/ I : : 1

18.1 . . . . U/SDSM JSand: Light brown, very silty and cLayey, saturated, Very "nuddyTM.

I

I .....I I
I

Iminor small gravel, < 1% pebbles.

I

I
I

I

I

I 20 . . . . I U/SOSM Send: As above. I I

I I I I I

I I i I I I

I I I I I

A- 26



I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX LSHEET 2 OF 2 SHEETS

1. PROJECT: CARSWELL AFI. 1 7. TOTAL DEPTH OF HOLE: 25.2 ft BGL

IRP PHASE II STAGE 2 8. DATUM FOR ELEVATION SHOWN: see Level

I 2. LOCATION: Ftightljr,e Area
—

9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 9-61 1

j 3. DRILLING AGENCY: Envirorm,entat Drillers. inc. 10. NO. OF SAMPLES TAKEN: 11 1

1 4. HOLE NO.: I.F05-O1 11. ELEVATION GROUND WATER: 603.82 ft MSL. (6/18/90) 1

j 5. MANE OF GEOLOGIST: S. E. Fain — 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 619.30 ft MSL

I X: 2018791.38 I: 399361.24 I 14. BACKGROUND: 1

I I 15. MEASURING POINT ELEVATION: 621.96 ft MSL.

lDepthI Graphic ( Blow SOIL

I(Ft.) bc I Coirt ]Class/Code lylsuat Description I Remarks

22

25 fi

I I

I I

I I

I I

I I

I I

I I

I I
I I
I I
I I
I 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

U/SOLR ISand, clay and Gravel: About eiat % of each, fStlLl very

facturated, shells, gravels to 20 am, silty; 24.5 - 25 f"muddy".

ft. mostly send and gravel. (
I I

I I

U/MARL Limestone, chalky, injreted, o*idetion staining. IHOSS sairpler
frefusat at 25 ft.;

Idrive sairpte 50

)btows 2 in.; FiLL

probably ended

labout 18.1 ft. BLS;

fhote Looked Like

ff111 alt the way

lTD. T.D. = 25.2 ft.

IMar I:

1

A— 27
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS

1. PROJECT: CARS?IIIELL AFB,

I IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL I

J 8. DATIJI FOR ELEVATION SHN: sea Level
I 2. LOCATION: FlightUne Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B61
I 3. DRILLING AGENCY: EnvirorinentaL Drillers. Inc. j 10. NO. OF SAMPLES TAKEN: 13

I 4. HOLE NO.: LF0502 j 11. ELEVATION GRJND WATER: 597.83 ft NSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE: J 13. SURFACE ELEVATION: 620.30 ft MSL I

I X: 2019492.00 Y: 399280.64 I 14. BACKGRaJND: I

I I 15. MEASURING POINT ELEVATION: 622.69 ft MSL I

BlowlDePthl Graphic

lift

0

2

4

I Soil I I
jClassLCode IVisual Description I Remarks

16

18

110

I
12

14

116

18

I
20

U/CuR ICtay: Orange/brown, stiffs silty, abizdant catcareous IFuLI sançLer I

Imeteriat, d. lunless noted. l
I 1 I

I I I

U/CLLR Ictay: As above, 0.5 ft. caLiche zone 3 - 3.5 ft.

I

I

I

11.2 ft. Recovery.

I
I

I

I

I

I

U/CuR ICLaY: Dark brown, stiff, carbonaceous staining, danp,
Isilty.
I

I

jNo calcareous

Jmateriat.
I

I

I

I

I

I

U/CLLR IClay: As above, minor gravel, silty.

I

I

I

I

I

I

I

I
I

I

I

U/CLAY ICLay: Brown end tan mottled, distrurbed looking (not
InaturaL layering), dp; some greenish/gray clay aLso.

Looks Like fILL

ImeteriaL.

I
I

I I 1 I
I I I I
I U/CLAY Clay: As above, soft caLcereous zone at 11 ft. 1.0 ft. Recovery. I
I I I I

I I I I
I I 1 I

U/CLAY IClay: StILL heavily disturbed nature, 3 in. wet seam at JStIlL fill I

I 113 ft. Imaterial. I

I I I I

I I I

I ICLaY: Becoming sil.tier, moist, some greenish/gray I I

I IcoLoration. I I

I I I

I I I I

I U/CuR Iclay: Brown and green mottling, very disturbed nature, StIlL Looks Like

I Igravet (1 5%). shelLs; 0.4 ft. fine sand seam at 16.6 Ifitt. I

I Ift.; wet. I I

I I I I

l U/CuR Iclay: As above, silty, not disturbed; greenish/gray at Greenish/gray I

I J19 ft. )material Looks

I I Inatural - in situ.
I I I I

U/CLLR Iclay: Greenish/gray, silty, oxidation stained mottling, IW.L. measured at f

I Ifirm, da,, 1 - 3% assorted size sand and small graveL, 121.05 ft. BLS after

I Igravelly sand at bottom. IweU completion. j
I I I I

U/CLLR

A-2 8



3 265
DRILLING LOG RADIAN CORPORATION CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSILL AFB, I 7. TOTAL DEPTH OF HOLE: 27.2 ft BGL

IRP PHASE II STAGE 2 I 8. DATIJ4 FOR ELEVATION SHOWN: sea leveL

[ 2. LOCATION: Flihtt$ne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. 8-61

DRILLING AGENCY: Erwirorvaentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 13

4. HOLE PlO.: LFO5-02 11. ELEVATION GROUND WATER: 597.83 ft 1451 (6/18/90)

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/22/90 1

6. COORDINATES OF HOLE: j 13. SURFACE ELEVATION: 620.30 ft MSL

L X: 2019492.00 Y: 399280.64 14. BACKGROUND:

j- 15. MEASURING POINT ELEVATION: 622.69 ft HSL 1

U/SDG& IS and Gravel: Orange/brown, very ctayey, saturated,
Irt1ous shell franents, gravels to 40 ma, minty

IL1to clasts.

U/MARL chalky, white/grey, sheley, indurated.

IP'I Graphic I Blow Soil r I
I Remarks

-

j_

127

Class/Code IVisuaLDescriptlon

.i

Mart:

I I

I I

I I
I I
I I

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 1 I

I I I
I I

I I

I I

I I

Sailer (MOSS)
Irefuset at 27 ft.;

Idrive 1 1/2 ft. SS

150 bLows z 2 in.;

IT.D. 27.2.

t A—29



3 2S
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX SHEET 1 OF 2 SHEETS I

J

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 27.5 ft BGL I

1 8. DATUR FOR ELEVATION SHOWN: sea Level I

J 2. LOCAflON: Ftightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL B-61 I

J 3. DRILLING AGENCY: EnvrorgnenteL DrILLers. Inc. I 10. NO. OF SAMPLES TAKEN: 13 I

J 4. HOLE NO.: tF05-03 I 11. ELEVATION GROUND WATER: I

J 5. NAME OF GEOLOGIST: S. B. Blount 1 12. DATE HOLE ESTABLISHED: 3/22/90 I

I

6. COORDINATES OF HOLE:

X: 2019488.64 Y: 399182.10

I 13. SURFACE ELEVATION: 620.60 ft MSL I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: I

Depthl Graphic Blow SOiL
I

Ivisual Descriotion I Remarks

l U/CLLR

I U/CLLR

U/CLAY

U/CLLR

U/CLLR

U/CLLR

jif
I0

12

110

14.4

115.21

116

16.5

I 20

ICtay: Soft - firm, moist, clay fraction plastic - semi frUIt recovery I

- brittle due to roots, catcareous pebbles, slightly Iiless otherwise

Isilty with clayey silt 1.7 - 2 ft., yellow orange Jindicated. I

Igrading to brown. Extremely windy. I

IC lay: As above, catcareous pebbles concentrated in lGrtionaL
I intervals, Less silty, minor carbonaceous streaking at Jchanges. I

Ibese. I I

I I I

ICLay: As above, Brown, firm, fairly plastic, Layers of I

Jconcentrated calcareous debris.
I I

I I I

I I I

Clay: As above, dark brown, grading darker, soft to I

I inn, very few calcareous pebbles, abundant
I I

Jcarbonaceous (amine, very few fine rootlets, moist, I

Iminor silt in Lenses, plastic - appears organic rich.
I

I

I

I

I

I

I

I

Iclay: As above, dark brown, soft, plastic, moist with lMusky odor. I

Isilty/sanv lenses to 13.2 ft.; leached zones 13.2 . Caliche zones. 1.5
I

113.5 ft., 14.3 - 14.4 ft., clay is white/buff, brittle, Ift. recovery. J

Idan, with more frequent catcareous pebbles, I I

intervening cLay is as above; with silt/sand.
I I

I I I

I I I

I I I

I I I

JCLay: As above soft/firm with abuant carbonaceous
I I

Ilamina, fine roots, dark brown, minor leached pebble I I

Izone 14.8 ft.
I I

Sand: Buff. Moist to wet, very fine greined, silty, JWater in hole — 15 J

poor - moder.te sorting. - 16 ft.. Sharp I

I Jcontact.. I

JcLay: As above, dark brown, carbonaceous stains, soft I

Ito firm, moist, calcareous pebbles, minor oxidation I

stains.
I I

Sand: As above, silty, color (amine (oxidation layers), IFew pebbles. I

fine roots, gravel - 17.6 - 18 ft.; buff; sand is I

I.1azose with 95% quartz, minor cohesive clay
J

I

lenses, otherwise loose, minor carbonaceous streaking; J
I

clay lenses and intera.itent pebbles decrease to 20 ft.
ISaiid: As above, buff yellow, and gravel to 22 ft., sand INot likely fill

1

I

U/50S14

U/CLLR

U/SOLR

U/SDGR

A—30



3 267
DRILLING LOG I RADIAN CORPORATION 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: 27.5 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea level. E

2. LOCATION: Ftighttine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. 5-61 I

3. DRILLING AGENCY: Envirorinental Drillers. Inc. I 10. NO. OF SAMPLES TAICEN: 13 I

4. HOLE NO.: LFO5-03 I 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. B. Bl.otmt I 12. DATE HOLE ESTABLISHED: 3/22/90 1

6. COORDINATES OF HOLE:

X: 2019488.64 'I': 399182.10

13. SURFACE ELEVATION: 620.60 ft NSL I

L 14.

115.

BACKGROUND:

MEASURING POINT ELEVATION:

I

- lDepth( Graphic Blow Soil.

IVisual f)escrietlon Remarks

U/MARL

( is very poorly sorted; gravel. approximately 20%, 2 15 1due to lanina.

I lIne, dtayey with clay content increasing to bottom. labove. Vague—
I I I I'contacts'.

(
22 U/CLLR ICtay, silt and gravel: Light to medius grey to 22.3

(

I I Ift., changing to buff/orange. Clay is stiff, wet and
---

I I
Ibrittle. Gravel. appears concentrated In horizontal

I

I I Iplanes. Abrupt color change to dark grey at 24 ft. Clay
(

I I tat 24 ft. is silty with minor calcareous pebbles, firm, (

—
I I (semi-plastic I

I I I I

I I I I

I I U/GRVL Gravel.: Ctayey, silty, sandy, loose, wet, mediun grey, Auger refusal at
I I (80% of sapge catcareous graveL 5 - 50 nun, average size 127.4 ft.; went in
I I (20 . Iwith SS. No

I I I (Recovery.--
( 27.4 I Mart: See description from LFO5-04 (no sauple IT.D. at 27.5 ft.;
I (recovery). juL approximateLy 24
I I I I I (ft.. (grouted

--- I I I I I before E - Line).
I I I I I I
I I I I I I
I I I I I I

I I I I I I

I I I I I I

I I I I I I
—

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I—
I I I I I I

I I I I I I

I I I I I I-
I I I I I I

S I I I I I

I I I I I I
— I I I I I I

I I I I I I.
I I I I I I
I I I I I Ij—
I I I I I I
I I I I I I
I I I I I I

A-3 1
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DRILLING LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 2 SHEETS I
1. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 28.3 ft 801

J 8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: FlightIlne Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLL 8-61 I
3. DRILLING AGENCY: Envirorinentet DrilLers, Inc. 10. NO. OF SAMPLES TAKEN: 14 I

4. HOLE NO.: LFO5-O4 j 11. ELEVATION GROUND WATER:

.L NAME OF GEOLOGIST: S. B. BLount j 12. DATE HOLE ESTABLISHED: 3/22/90 L

6. COORDINATES OF HOLE:

I X: 2019719.98 Y: 399313.92

I

J 13. SURFACE ELEVATION: 617.30 ft MSL I

J 14.

j 15.
BACKGROUND:

MEASURING POINT ELEVATION:

I

I

IDePthI Graphic Blow Soil
Li1 Iclass/Code IVisual Descriotion Remarks

U/CLLR

LI/SDLR

ID

Ii

11.5

5

j8

I 9.5

110

113

14

I
14.8

18

I U/CLLR ICtay: Sandy, brown with catcareous pebbles, danp, fine, I

I Isemi - brittle, rootlets.
I I

I U/SDLR Isand: Brawn/green, clayey, with gravel to 15 nm, I

I Ivery poorly sorted, moist, q.Jertzose with calcareous I

I Ipebbles. I I

I IClay: As above, calcareous pebbles increased to 25%, IProbably fiLL. 3.5 I

I Ivery brittle with oxidation blebs and black Ift. Recovery. I

I
carbonaceous staining within tenses, Less sandy. I

I I I I

I I I I

I Sand: Brown, loose, dry to daip, very fine grained, IProbabty fiLL. 3.5 I
I IstightLy ctayey, poor - moderately sorted, quartzose If t. Recovery. I

I with calcareous pebbles, oxidation Lenses and asphaltic
I

I Ipebbles. I I

U/CLLR ICLCY: Light brown orange, firm, semi-plastic with
I

I Icalcareous pebbles to 8 ft.
I I

U/SDLR Sand: As above.
I I

I I I I

I I I I

/IIL ICay As above. I I

I U/SDLR Said: Orange brown, cLayey, silty, very fine grained, IFill, Concrete I

I Ipoorty sorted, oxidation stained, quartzose with > 95% Ibtock in sanVLe — 2

I Iquartz, subrouided, with 5% carbonaceous flecks and un. across. Sarp I

I Iseveral Large (40 em) gravel chuks, moist to 12 ft., Icontract. 3 ft.

I Iwet at 13 ft., minor carbonaceous streaking. IRecovery. I

U/CLLR ICIer Buff yelLow, wet, silty, oxidized, soft to firm,

Iptastic, caliche at top, minor pebbles (calcareous) to
114 ft.
Clay: Very stiff, green/grey, abu,dant calcareous

Idebris, semi-brittLe, wet carbonaceous stained.

CLay: Dark brown/black, very brittle, organic rich,

moist, fine roottets, grackaaL coLor change to

green/grey with an increase in carbonaceous debris and

plasticity; very stiff; similar to clay at 14 ft.

I

IClay: As above with an increase in gravel and sand to
120 ft. (clay and gravel). Green/grey, stiff, brittLe,

Icatcareous pebbles concentrated in 0.5 ft. intervals to

23 ft.; sandy in these intervaLs (CaCO3 sand?).

IBottom of fill -

Isharp. Water in

Ihole.

I

I

tSharp contract.

IMky odor.

I

I

ICalcareous zones

I'calichified'.

I

I

I

I

I

I

I
I

U/CuR

U/CLLR

U/CLLR

A-32
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DRILLING LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 2 OF 2 SHEETS 1

1. PROJECT: CARSIELL AFB,
IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 28.3 ft BGL I

8. DATI.Jq FOR ELEVATION SHOWN: sea level I

2. LOCATION: Ftightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLl B-61 I
3. DRILLING AGENCY: Envirormiental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 14 1

4. HOLE NO.: LFO5-04 11. ELEVATION GROUND WATER: I
5. NAME OF GEOLOGIST: S. B. Blouit 12. DATE HOLE ESTABLISHED: 3/22/90 I
6. COORDINATES OF HOLE:

X: 2019719.98 Y: 399313.92

13. SURFACE ELEVATION: 617.30 ft MSL I
I 16.
I 15.

BACKGROUND:

MEASURING POINT ELEVATION:

I
[

Depth Graphic Blow Soil I I

EW Log Comt IClass/Code Jvisuat Description I Remarks I

23

28

I I

U/SDGR ISand and Gravel: Sand is very fine to coarse grained, jVery sharp
Isaturated, very poorly sorted, buff/tan, s-rounded, Icontract.
Iquartz and Cac03, (60% quartz) and < 5% heavy minerals,

minor oxidation staining, 'gravel' average size 5 ums,

Ibut t to 35 ma, quartz and CaCO3, approximately 40% of
sanpLe I
I I

I I
I I

I I
U/MARL INert: Fissite, cetcarecus, hard, wet, chalky, WI shell ji ft. Recovery

Ifragments; (description from bit san,Le and portion of Itast ST; drive SS.

Iss recovery). ss refusal. Went in
I Iwith auger to

I f check, auger
I refusal. T.D.

I 128.3 ft.

>00
2J•O•C
.0•0.1

fr—' i '—i-150
I I

I I
I I

I I
I I

I I

I I

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—33
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF 2 SHEETS

1.. PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL I
[ 8. DATUM FOR ELEVATION SHW: sea Level I

L2. LOCATION: Flightllne Area j 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill B-61 I

3. DRILLING AGENCY: EtwirorinentaL Drillers. Inc. [ 10. NO. OF SAMPLES TAKEN: 14 I

4. HOLE HO.: LFO5-05 11. ELEVATION GRUJND WATER: I

5. NAME OF GEOLOGIST: S. B. BLo.mt ¶2. DATE HOLE ESTABLISHED: 3/22/90 1

6. COORDINATES

X:

I

OF HOLE:

2019785.85 Y: 399388.49

13. SURFACE ELEVATION: 616.10 ft MSL

14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

I

I

0 U/SOCk

Blow Soil
"tess/Co,d

U/ CL LR

I Remarks

iFult sanple ttiless
otherwise

Jindicated. 1 ft.
IRacovery. FILL sand

Itop 2 ft.

JFIll clay.

IFILI clay?

J2

I

18

I 9.9

112

114

J16

118

I 20

11,13,17 I

IVisual Description
JS and Clay: Orange/red, very fine grained, danp,
with asphalt, gravel, roots, catcareous fragments, very
poorly sorted sand, cohesive (clay).

Clay: Brown, with minor orange mottling, firm, semi
Jplastic with abtxidant calcareous pebbles (t to 20 me),

fdaa to moist, minor black (carbonaceous?) streaking.

ICLaY: As above - Light bro, mottling increased.
Asphalt? mixed with sle.

Clay: As above.

ICtay: As above, few large (50 iii.) gravel chts*s.

Asphalt: Solid aspflalt' - tar and pea graveL with
Ibrown clay.

JcLay: Dark grey/very dark grey mottled, firm,

Isemi-plastic with atudant calcarecus pebbles (1 to 15

Jnia) and fragments, dau to moist with indurated sandy
Icaliche Layer - Light orange/buff at base.
Clay: As at 12 ft. Few very Large cobbLes (80 me);
Isikty 16.6 ¶4.8 ft.; color Lightening.

Clay: As above, color change at 16.4 ft. to

Ibuff/tan/yeLlow; continued Large cobbles to 18.5 ft.,
Icatcareous debris abudant at 17.2 . ¶7.6 ft. then ends

abrtt Ly.
Clay: Soft to slightLy firm, buff/yelLow, 20% smeLl

IcaLcareous fragments and sand and siLt, moist to wet,

tsemi-plastic, few 15 sin pebbles.

Sand, Gravel and CLay: As above, sand or gravel to

150%; soft, wet at top. Firm, plastic at base;
Isemi-brittLe due to inclusions; caLcareous fragments

increase to base, cLayey sandy gravel to base (clayey

U/CLLR

U/CLLR

U/CuR

U/ASPH

U/CuR

U/CLLR

U/CLLR

U/CLLR

UFSOLR

some IFill. Could not
Jpush at 10 ft.;
Imeterial very hard.

.1.

Limestone
Lithoclast?

SanL es

preferentially wet

(soggy) On top;
Iprobably a fimction

A-34
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS

1.

I

PROJECT: CARSUELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 26.2 ft BGL

8. DATtJI FOR ELEVATION SIOM: sea (eveL I
J 2. LOCATION: FLIghtLIne Area 1 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DrILL B-61 -I
J 3. DRILLING AGENCY: Enviroriuenta( DriLlers. Inc. ( 10. NO. OF SAMPLES TAKEN: 16

J 4. HOLE NO.: LFO5-05 1 11. ELEVATION GROUND WATER:

J 5. NAME OF GEOLOGIST: S. B. BLout ( 12. DATE HOLE ESTABLISHED: 3/22/90

6.

J X:

COORDINATES OF HOLE:

2019785.85 Y: 399388.49

13. SURFACE ELEVATION: 616.10 ft MSL

16. BACKGROUND:

J I 15. MEASURING POINT ELEVATION:

IDepthI Graphic BLOW Soil
i

IcFt.) Log I Couit CLass/Code IVisuaL Description I Re'iarks

I
I
I

I

..(5.rj.-jI

.;—j.:I

):QP.i

I
I
I
I

:
i

graveLy sand).
I

I

I

:

i

of the sa.Ler.

iCtay, sand, and

Igravet equaL

Iproportions.

I

I

I

i f I

I
24.9 I U/GRCL Gravel: Ctayey graveL. I I

I 25.3 . . . . I U/SDSM Sand: Clay bozid gravelly sand; sand cosoposed of sheU I

I I Iccalcareous) fragments, coarse grained, wet, poorly I

I

I

..•
26 [1 50

I

U/MARL

Isorted.
Marl: Buff/yellow, fissile, shells, c(ayey shaLe IRefusal at 26 ft.,

I

I I I lappearance, se.i-incirated, chalky. IDrive SS. T.D. at
I

I I I I J26.Zft. I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I 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-3 5
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSUELL AFB,
IRP PHASE 11 STAGE 2

7. TOTAL DEPTH OF HOLE: 7.7 ft BGL I

8. DATUM FOR ELEVATION SHOWN: sea level I

2. LOCATION: Ftightline Area

3. DRILLING AGENCY: Envirorirental Drillers. Inc.

9. MANUFACTURER'S DESIGNATION OF DRILL:

10. NO. OF SANPLES TAKEN: 5

Mobile Drill B-61 I

I

4. HOLE NO.: LFO5-06 11. ELEVATION GROUND WATER: I

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

6. COORDINATES OF NOtE:

I X: 2020129.68 Y: 399156.86

13. SURFACE ELEVATION: 598.30 ft MSL
I

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION:

IDethI Graphic Blow Soil
I )

I(Ft.) Log Count Class/Code Ivisual Description I Remarks
U/SDGR

•0.0.'
).QQ.
.0.0.
•Q.Q.i
):P.P..0.0.
00•'
)00
00

Sand, Gravel, and Clay: Buff/yellow, very poorly
sorted; sand is very fine to very coarse grained,

Iertzose with calcareous pebbles/fragments, moist to 3
Ift., wet below; clay content increases below 3 ft..
Gravel (20%) i to 20 me, size increases at base. Unit

us brittle.

IFull recovery
unless otherwise

Inoted.

U/SDGR

U/GRSM

U/CLAY

11.5 ft. Recovery,

1ST refusal at 5.5
Ift., go in with

auger to 5 ft.
I sanpLes.

50 U/MARL

1°

I

I
5.8

I
6.5

I
I i I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I

I I I

I I I

I I I

I I I

I I 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 ma, minor fine sand and clay,
Imoderatety well sorted, sirounded, couVosed of
Ilimestone Lithoclasts.
Clay: Stiff to very stiff, buff/yellow, with grey
mottLmg, brittle, moist; oxidation staining
throughout, fissile in zones.
Marl: Dark grey, semi-irójrated, very fissile, highly

Icalcareous, leached 'caliche' type zone at base (0.1
Ift.).

IRefusat at 7.5 ft.
I(Limestone), drove

ISS at 7.5 ft.. Less
Ithan 3 in. with 50
Ibtows. T.D. at 7.7

Ift.. I = 3.38 ft.
IBGL.

A—36



73 273
DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARS%ELL MB. TX I SHEET I OF I SHEETS j
1. PROJECT: CARSILL AFB,

[ IRP PHASE II STAGE 2

1 7. TOTAL DEPTH OF HOLE: 7.2 ft BGL

I 8. DATL1 FOR ELEVATION SHOWN: sea level

[ 2. LOCATION: Flighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

[ 3. DRILLING AGENCY: Envirorinentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 6
4. HOLE NO.: LFOS-O7 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. 8. Btout 12. DATE HOLE ESTABLISHED: 3122/90 I
6. COORDINATES OF HOLE:

X: 2020230.22 Y: 399192.73

13. SURFACE ELEVATION: 598.00 ft MSL

14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: J
IIoepthl Graphic Blow Soil I

I(Ft.) Co4.mt ICtass/Code IVisual Description I RemarksLog

U/CLLR

U/GRSM

U/SDGR

U/GRSM

(Clay: Bros,i/grey, moist, soft, plastic. roots, sandy,

(with incre.sed sand to 0.8 ft. becoming ctayey sand.

(Gravel: Ctayey, Light broaVgrey, calcareous gravel t
(to 25 ma (mostLy 2 - 3 ma), moist, very poorly sorted.
(Sand and Gravel: Very fine grimed, poorly sorted,

jclayey, orange, dry to dai, with moisture increasing

(to base. Clay content variable, ctayey and cohesive in

(tenses; gravel — 20%, 3- 25 ma, very poorly sorted.

(Gravel: Quartz and catcareous pebbles with minor sand,
(wet, very poorly sorted; 98% gravel, average 10 imi

(to 20 ma.

(Clay: Stiff to very stiff, buff/yet low with gray

(mottling, oxidation semne, semi-fissile, brittle,

(moist.

U/CLAY

(Sharp contact. 2

(f t. Recovery.

(Sharp contact.

(AssLane some gravel
(Lost in first

Isasple.
lsharp contacts.

U/MARL

(3 ft. Recovery.

Refusal at 5.8 ft..

to
I

(1
I

j 1.4

I

I

( 3.8

I

I

(5

I

I

( 5.8

I

I
I
I

I
I
I
I
I

I
I
I

I
I
I
I
I

I

I
I

I
I
I
I
I
I

I
I

(Mart: Dark gray, semi-irdjrated, very fissile, highly

(calcareous, alternating with stiff 'clay', minor

(oxidation mottling.

2.0.1•ood
DO01
.0.0.1

.00.1

II 1 JJ50

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

I I

)DriL led into mart

1.4 ft. to good

(auger refusal. T.D.

(z 7.2 ft.. No WI.

(hole caved to 3.5

(ft.

A-3 7



''3 274
I DR!1L11U tfl( I RADIAN CORPORATION IUCTAIIAT1flI. riDoucli AFB. TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARS%LL AFB,

I TRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 18.3 ftBGL

- - -. -
I

j 8. DATLJI FOR ELEVATION SHOWN: sea level I

2. LOCATION: F(ightline Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrILL B-61 I

I 3. DRILLING AGENCY: Envirorunental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 9
I

1 4. HOLE NO.: LFO5-08 11. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Btotrit 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

I X: 2020350.89 Y: 399030.31

13. SURFACE ELEVATION: 606.80 ft MSL

14. BACKGROUND:

I 15. MEASURING POINT ELEVATION:

I —

lDepthI Graphic

lift

Blow SoiL
Ivisuat Descrintion

0

2

4

I Remarks
U/CLAY

U/CLAY

U/CLAY

U/CLLR

very ICOULd not cut w/

Icarpet knife.

18

110

I 11

112

U/CLLR

U/CLLR

ICtay: Broa1, soft, d, brittle, root borid with fine
Irootlets, minor other plant debris.

ICIaY: Nediu.un bro, firm, plastic, moist, minor

roottets, few calcareous flecks at base.

ICtay: Grey/grey, mottled, very stiff, dry to danp,

minor fine roottets, abtridant catcareous debris.

Ictay: As above, calcarecus pebbles up to 15 nun; stiff.

IPredominately debris I . 2 ma.

Clay: As above, firm, plastic.

Clay, Sand, and Gravel: Very poorly sorted, rouided
Jgrave(, moist. Clay dominates to 12 ft. with smaLl. soi

Ideveloped on top, buff/yet low. Sand content increases
Ito base.

Sand: Buff/yellow, very fine to fine grained, slightly
Jctayey/cohesive at top, loose beLow 12.3 ft., moderate
Jro.iiding, well sorted, > 95% q.iartz.
ILimestone: Grey to light grey, marty, fissile,
Iweethered. 10 nun irdjrated Layers with thin marIa

between, no shells, micritic appearance.

ILimestone: Well inckirated, calcareous shale - fissile,
Imediun grey, slightly 'carbonaceous'; contiguous 'bed'
Ifroiu 17.5 - 18.3 ft.

U/SAND

U/LMSN

Pebbles effervesce

tin HCL solution.

IM1.isky odor.

I ITerrace dep.?
1(5011).

Water in hole at

112 ft.; go to 5 ft.
sanplers.
IDrit led slowly
unto Limestone.
Refusal at 14.5 ft.

10.5 ft. Recovery.

IDriller says

layered marl, drive

JSS; 1 ft. Recovery.

JT.D. at 18.3 ft..

Iwater level. = 12.67

Ift. (BGL).

U/LMSN

A— 38



i 275
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF I SHEETS I

1. PROJECT: CARSUELL AFB,

I IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 14.5 ft BGL I

I 8. DATUM FOR ELEVATION SHOWN: sea LeveL I

2. LOCATION: FLightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriU 5-61 I

3. DRILLING AGENCY: Em'iroranental Drillers, Inc. 1 10. NO. OF SAMPLES TAKEN: 6 I

4. HOLE NO.: LFOS-09 I 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. B. Blount I 12. DATE HOLE ESTABLISHED: 3/22190 I

6. COORDINATES OF HOLE:

I X: 2020361.60 Y: 398918.32

I 13. SURFACE ELEVATION: 604.90 ft MSL .

.I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: I

IDepthI

IcFt.

Graphic
Log

Blow Soil I
Count [Class/Code IVisual Description Remarks

I

I

I

0 ,/,/'/"
/,///'i

I

I

I

I

U/CuR ICIaY: Orange/brown mottled, very sandy, silty with some

gravel, brittLe, dry to d, tine rootlets to 3.5 ft.,

Ifew calcareous flecks, alternating zones: brown then

orange approximst.Ly 0.5 ft. thick.

IFult recovery

IuiLess otherwise

lindicated. I
I

I 3.5 U/SDSM ISend: Buff/yeUow with orange color laminations, ISharp contact.
I .. ... slightly ctayey 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, welt sorted, cohesive in cLayey

lintervals, looseLy consolidated otherwise. I

I .... I

I I

I I

I .... I

I 8 U/SOSM Sand: As above, thinly laminated orange color laminee
are contorted, slightly clayey at base.

I I I I

I 10 U/SDSM Sand: As above, moist to wet, claysy at top. Shell Iwater in hole — 11 I

I I fragment Layer 10.6 11.4 ft.. Clayey and silty below. Itt. I

I I I I I

I I I I I I

I

I

12 Ij1
;.ci15dc

14 [ 50

1

I

I

U/SDLR

U/KARL

ISard: Orange, very minor gravel, wet Loose, few
carbonaceous streaks.

IMart: Incrated, dark grey/green shale, very
Icalcareous, some orange oxidation, fissile, few shell

13 - 6 pieces of 10

20 an gravel.

IRefusat at 14 ft.;

Idrove SS, bottomed

I

{

I

I I I I Ifraginents, minor carbonaceous debris, dry to danp. Iless than 0.5 ft..

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 I I I I

I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I

I I I I I I I
I I I I I I I

I I I I I I II! I I I I I

I I I I I I I

I I I I I I I

A—3 9



ICtay: Very stiff, dark brown with obvious carbonaceous

Istreaking, minor sandy Lenses, danp to moist, brittle,
hard, sand Lamination at upper contact is parting; fine
Iroottets end Intervals with coarse sand/pebbLes to 6

$ft.

IClay: Catichified (leached) white to buff, brittle,
firm, shell fraeents, das,, abudant calcareous
debris, abuidant orange oxidation seams, visible

lauthigenic mineraLIzation, silty aearance.

$Clay: Stiff, as above, interlayered with calichified

Izones to 13.2 ft.; stiff clay has intervals of ab..sdant

Icatcareous debris and grades Into cat iche then abruptly

$goes back tocLayas6- Tft.

Clay: Mediun brown/yellow, moist to wet, brittLe,
$sitty, abuidant catcareous debris.

IMarl: Weathered Limestone inert at 14.5 ft.; clay rich,

soft, oxidized in seams, abuidant broken micritic

t Imestone fraents, wet (saturated soggy),

Isemi-plastic, buff/yellow.
ICLaY and Gravel: Gravel < 20%. clay is buff, fine to
$stiff, moist, oxidation seems, chalky, CaCO3, rich,
Iwith coarse frants, silty, semi-fissile.
Mart: Dark grey, semi-inckarated, highLy calcareous,

$shaley. fissile, dense, dry to danE.

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,
sa*ngular, wet, gravel up to 40 mi, quartz and CaCQ3
and minor shell franents, slightly cohesive.

2

I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL APR. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSLL APR, I 7. TOTAL DEPTH OF HOLE: 36.2 ft BGL I

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

I LOCATION: Ftiahtline Area 9. IIICAIThDS fl 1l&1ION OF DRILL: MobiLe Drill

6. COORDINATES OF HOLE:

X! 7fl1Q6S1Q Y! ?fl*LL 07

I 3. DRILLING AGENCY: Envirorenental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 13 I

I 6. HOLE NO.: LFO5-10 11. ELEVATION GROUND WATER: I

I 5. NAME OF GEOLOGIST: S. B. Blouit 12. DATE HOLE ESTABLISHED: 3/22/90

IDePthI Graphic $
lif I

0

Blow
$

SoiL

R-61

13. SURFACE ELEVATION: 623.90 ft MSL

I I 15. MEASURING POINT ELEVATION: I

Ivisual Descrintion I Rmnar
Clay: Medita dark brown with minor carbonaceous

Istreaking, firm, plastic, moist. Calcareous pebbles

labudant to 0.4 ft., minor roots, few pebbles to 3 ft.

-I.

I 3.2

16

I 7.5

I 13.2

I 14.5

116

I 18

$ 19.5

A

U/CLLR

UICLLR

U/CLLR

U/CLLR

U/CLLR

U/GRSM

IFull recovery
unless otherwise

Inoted.

Can not cut -

seems too dense to
fill. 1 ft.

Recovery in ST.

Crushed heavy guage

Isarcter.

IFULL 2 ft. push

with no recovery.
$Ss pushed 6 - 8 and

$gOt 0.9 ft.
recovery.

JPushed SS - 0.8
If t. Recovery; used

$5 ft. saipler from

$12
- 14.5 ft.; 0.3

I t. recovery.

Iwater in hole 14.5

$- 19.5 ft.. 3.5 ft.

$ recovery.

4.2 ft. Recovery.

U/MARL

U/CLLR

U/MARL

A—40



7a 277
J DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSIELL AFB. TX I SHEET 2 OF 2 SHEETS )

1. PROJECT: CARSWELL MB.

IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 36.2 ft BOL I

j 8. DATUM FOR ELEVATION SHOWN: sea Level I

2. LOCATION: Ftighttine Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 5-61 1

3. DRILLING AGENCY: Erwirorvnentat DriLLers. Inc. J 10. NO. OF SAMPLES TAKEN: 13 I

4. HOLE NO.: LFO5-1O J 11. ELEVATION GRWND WATER:

5. NAME OF GEOLOGIST: S. B. Slount J 12. DATE HOLE ESTABLISHED: 3/22/90

6. COORDINATES OF HOLE:

I X: 2019456.19 f: 398656.87

J 13. SURFACE ELEVATION: 623.90 ft MSL

I 14. BACICGROUND:

L I 15. MEASURING POINT ELEVATION:

IDepttI Grapiic ( BLow f Soil I I
(Ft.)f Log Cout lCLasslCode IVisual Description I Remarks

23.9

28.5

33.2

36

•o.p..

00 -

.oo
•0•0

•00•
[I I J50

I I

I I
I I
I I

I I

U/SLCL ISitt: Orange, clayey (slightly), wet, soft, minor IVery sharp I

loxidation staining in Laminae, very iviform lithology Icontact. I

Ithroughout intervaL, saturated. I

I
I
I
I
I

I

I

I

I
I
I

I I
U/SDLR Orange/yet Low, very fine grained, Loose, Very sharp I

Isaturated, > 95% isrtz, moderateLy well sorted, Icontact.

siAwo.mded grains, no sedimentary structures, minor J

toxidation pods, very minor carbonaceous flecks; with

Ifew large ( 50 - 100 mu gravel fragments) I

I I

U/GRSN foravet: Quartz and caLcareous fragments, poorly sorted, ISharp contact.

wet, slightly sandy, sLightly silty, loose, average 2 - . 36 ft.
6 ma of sthangular fragments up to 75 iv.; buff/orange. INR.. Auger refusal
I lat 36 ft.; drive

ISS. Grout SS

refusaL.
U/MARL JT.D. at 36.2 ft..

Poor recovery SS,
description from
lone fragment. WL
126.2 ft.

Limestone fragment - well indurated, micrite.
few recrystallized fossiLs, chaulky exterior.

Marl:

Buff,
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF NOLE 10.1 ft BGL I

IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHN: sea Level I

I 2 LOCATION: FLiahtline Ares 9 I&UIl&TIIOCDt DESIGNATION OF DRILL:

p..
S

6. COORDINATES OF HOLE:

X: 2020446.51 'I': 398619.94

I 3. DRILLING AGENCY: Envirorinentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 6 I

4. HOLE NO.: LFO5-11 11. ELEVATION GROUND WATER: I
I 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/19/90

fDepthl Graphic

Mobile DriLL

13. SURFACE ELEVATION:

Blow Soil
ICtasstcode

B-61

14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION:

0

2

597.60 ft NSL

I Remarks

I—

U/MARL

J.�L
I

IvisuaL Description

J U/CLAY Clay: Dark brown, d, caLcareous nodules, roots. IFuLL recovery

I I I lunless otherwise
I I I Inoted.
I I I I

I U/CLLR ICtay: As above, slightly silty and sandy. J

I I I I

I I I I

I I I I

J 4
J U/CLLR ICLay: Dark brown, hit root at 5.5 ft., wet. 11.2 ft. Recovery.

I I I I

I I I I

I I I I

J
6 f U/CLLR Clay: Green/orange, very fine grained sand. IW.L. measured at

I I I 3.O5 ft. BLS.

I
" U/SDLR Sand: Orange/tan, fine to medius grained, wet, I I

I I Jquartxose; at 8 ft., brown, susky odor. 8.5 - 10 ft. I

I I lincreasing gravel to 20% at bottom of sanpler. I I

I I ISaturated, sheila. I I

I I I I

I I I I I

10 I IMarL: Green/gray, indurated, fissiLe, exogyra fossils. lAuger refusal at J

I I I I I liD ft. Drove S.S.

I I I I J 1(1 1/2 ft.); 50

I I I I I bLows = 0.1 ft.; J

I I I I I IT.D. = 10.1 ft.

I I I I I I I

I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I I —

I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I

I I I I I I I

I I I I I I I

I I I I. I I I

I I I I I I

I I I I I I
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• DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 9.2 ft BGL
IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHN: sea Level I

2. LOCATION: Ftight(ine Area I 9. MANUFACTURER'S DESiGNATiON OF DRILL: Mobile DriU -61 I

• 3. DRILLING AGENCY: Envirormentat Drillers. Inc. j 10. NO. OF SAMPLES TAKEN: 6 1

4. HOLE NO.: 1FO512 J ¶1. ELEVATION GROUND WATER:

I 5. NAME OF GEOLOGIST: S. B. Blotmt J 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

I X: 2020606.71 Y: 398699.09

J 13. SURFACE ELEVATION: 594.40 ft MSL

J 14. BACKGROUND:

J 15. MEASURING POINT ELEVATION:

loeptht Graphic

0

Blow SoIL
ICLasc/code IVisuaL Descriotion I Reemrks

U/MARL

I I U/CLLR CLay, Sand, Gravel: Clay is tight broiaVorange, moist, FuLt saqte uiless
I Isemi-plastie, soft with abuidant oxidation. Gravel is lotherwise

j 1O - 20 em catcareous pebbles. lindicated.
1.5 U/SDS$ Sand: Orange, moist, ctayey 2 - 23 it., silty, very jGradatlcnal

I I f me grained, poorly sorted. contact. I
2.5 U/CLLR Sandy Clay: Clay as above, without gravel (catcareous IWater in hole at 5

I I Idebris minor), san*y' and silty to 4 ft.; silty to 6.8 ft. I

I I lit.; clay is grey/broui, moist, soft; very soft and wet I
- I I lat 5 ft., minor oxidized sand semm, few very fine I

I I Iroottets. semi-plastic. I I

I I I I I

I I I I I

I I I I I

I I I I I
6.8 U/CLAY ICtay: Dark grey/black, soft, plastic, wet, highly f Sharp contact.

I I lorganic, few fine roottets, silty (minor). IMusky odor. 1 ft.

I I I Recover ST. Mart at

I I I fsaaple bottom.

8.8 ( UISDVF Sand: Very line grained, moderately sorted, dark grey, I
I I carbonaceous streaking, wet, c.sartzose. I I

I 9 50 } IMart: Medius grey, fissile, well 1rsrated, micritic, IT.D. at 9.2 ft.;

I I 1 I Ibrittle in chaulky zones. IWL 2.73 ft. 1

I I I I I I I

I 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 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 I I I I I

I I I I I I I

I I I I I I I

I I I I I 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 1 1 I I

I I I I I I I
I I I I I I I

I I I I 1 I I
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL MB. I 7. TOTAL DEPTH OF HOLE: 17.1 ft BGL I

I IRP PHASE II STAGE 2 1 8. DATUN FOR ELEVATION SH.JW: sea (evel

I 2. LOCATION: FLighttine Area 1 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobi'e DrIU 8-61 1

3. DRILLING AGENCY: Ervirocrentst DrUters, Inc. 1 10. NO. OF SAMPLES TAKEN: 9

I 4. HOlE NO.: LFOS-13 1 11. ELEVATION GROUND WATER:

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

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 605.00 ft MSI I

I X: 2020738.54 Y: 398406.77 1 14. BACKGROUND: I
I 1 15. MEASURING POINT ELEVATION:

)Depthf Graphic Blow Soil I I

I(Ft.) Loq Couit IClass/Code IVisuat Description I Remarks I
I 0

I

I

I

2

I

I

I 4

I

I

I

6

I

//',/
,/',/,///////
,,/,//
,,//,//,

11//,'
///,
"//,
""/'
7//'

I

I

I

I

I

)

I

I

I

I

U/CLAY

UICLLR

U/CLLR

U/CLLR

Clay: Dark broisi, da.p, roots, plastic; catcareous zone (FuLL recoveries

(starts at 1.8 ft. 1uLess noted.

I I

I I

Ctay: Orange/broiwi, very silty, abudant calcareous 11.6 ft. Recovery.

(material (caliche), dry, slightly cohesive.
I

I I

ICtay: As above, 20 - 30% catcareous material. I

I I

I I

I I

(Clay: As above, moist; increased caLcareous materiaL, (1.4 ft. Recovery.

(8.7 - 9.3 ft. Aetmost conçteteLy catcareous material.

(

I

I

I

I

I

I

I

I

I

I

I 93 (
U/SAND Sand: Orange/tan, fine to medhiu grained, loose, daap, IPushed S.S. (

I . . •.J ( Jsi.trotmd, Jartzose, minor oxidation staining. IsapLer (1.5 ft.). I

I •••I I I I I

I I I I I I

I I I 1 I

f
12 .0.0.1 (

U/SDLR lS: As above, catcareaus zones C— 0.5 ft.) at 13 ft. ICould not get W.L.
(

I

I

I

J.Q.()
.T.C.
r'j.jj

(

I

I

(end 14 ft.; also greveUy in these zones. Material
(saturated at — 13.5 ft.
I

(down hole after

(augers pulled; 6.5
(ft. Recovery.

(

(

J

(

(

15

16

.. .. .
I_.P.P.)00 I

(

U/SDLR

U/SDGR

Sand: As above.

I

(Sand and Gravel: 50/50, very fine sand to pebble size

I

I

(Sascter refusal at

I

I

(

I O•O- I (gravel, saturated, nunerous sliells. (17 ft. I

I 17 i I LJ50 J U/MARL (Marl: Gray/green. fissite, irdirated, iron stained in (Driving 1 1/2 ft.
(

I I I I Ifractures, catcareous. IS.S. 1 1/4 in. for
(

I I I I (50 bLows; T.D. =

I I I I I )17.lft. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I 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 ORILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSILL AFB, ( 7. TOTAL DEPTH OF HOLE: 13.3 ft BGL I

I IRP PHASE II STAGE 2 ( 8. DATLM FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: FHghtline Are. 4 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 8-61 1

I 3. DRILLING AGENCY: Environnentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 8

4. HOLE NO.: LFO5-14 11. ELEVATION GROUND WATER: 594.14 ft NSL (6/18/90) 1

j 5. NAME OF GEOLOGIST: S. 8. Blotait 12. DATE HOLE ESTABLISHED: 3119/90 I

6. COORDINATES OF HOLE: 13. SURFACE ELEVATION: 603.20 ft MSI I

( X: 2020910.08 Y: 398467.53 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 602.98 ft MSL

0

Blow Soil
Ivisual DescriDtion I Remarks

U/CLAY

U/CLLR

U/MARL

U/CLLR Clay: Very dark brown, soft, dry to danç,

(brittlefcruMy, fine rootlets and calcarecus pebbles,
labundant calcareous debrIs 1.5 - 2 ft.; siLty, sandy.

Clay: Brown/tan, firm, dry to danp, abundant calcareous

(debris, 'cruCly' carbonaceous particLes, stiffens to

(base.

(Clay: As above, callchified to 4 ft., very stiff, dry,

(silty, sandy to 4.7 ft.. clay below is orange brown,

I'ey stiff, daip with abundant calcareous debris and

(carbonaceous streaks/particLes, brittle, sandy.

(Marl: Light grey, very stiff, silty clay with abundant

(large CaCO3 fragments, oxidized in seame, brittle,

(moist, 'slickensided'.
(Sand: Fine grained, orange tan, oxidized, moderately

(sorted, subrouided, wet, loose, quartzose with > 95%
(quartz and 5% heavy minerals.
(Sand and Gravel: Sand as above with gravel at 8.7 ft.,

(gravel is predominately CaCO3 fragments, poorly sorted

((some quartz) average 3 nun, to 30 nun. Approximately

(40% of sanvle; sttrouided.
(Gravel and Sand: As above, only gravel 60 -70% of

(sanpte. few large > 70 nun fragments.
(Marl: Very hard - no recovery.

U/SD FM

(Depth( Graphic
1w

(2

I
3.5

7.2

— (8.5

(8.7

(13

U/SDGR

U/GRSM

U/MARL

(Full recovery

(i.atess noted
(otherwise. 3 ft.
IRecovery.

(3.5 ft. Very hard
(to cut.

(2.5 ft. Recovery.

(Water in hole at 9

(ft.

(Driller says

(limestone at 13 ft.
(Drove SS; 50 bLows

(went 1 in.; no
(recovery; T.D. at
(13.3 ft.; WI. - 9.43

(ft.

-J
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[ DRILLING LOG j RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 3 SHEETS

1. PROJECT: CARSLL AFB, I 7. TOTAL DEPTH OF HOLE: 40.6 ft 501

IRP PHASE ii STAGE 2 1 8. DATL*S FOR ELEVATION SH.N: see level

2. LOCATION: FlightEine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobtle DrILL 5-61 1

3. DRILLING AGENCY: Enyirorinental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 26 1

4. HOLE NO.: LFOS-15 11. ELEVATION GROUND WATER: I

5. NAME OF GEOLOGIST: S. B. Blount 12. DATE HOLE ESTABLISHED: 3/19/90 1

6. COORDINATES OF HOLE:

X: 2019457.49 Y: 398082.81

13. SURFACE ELEVATION: 626.50 ft MSL

J 14. BACKGROUND: I
15. MEASURING POINT ELEVATION:

lDepthI Graic

lift

Blow Soil I I
ICtass/Code Ivisual Descriotion I Remarks

U/CLLR

U/CuR

ID

2.1

16

18

110

I
14.1

115

I
15.
17

117.;

12.1

U/CLLR IClay: Dark brown, firm, emist, semi-plastic to 1.8 ft.; IFULL recovery I
I catcareous pebbles aligned horizontal in Nbeds to 1 Iistess otherwise

)ft.; rootlets, organic, slightLy silty 1 - 2 ft. lindiceted. I

I I I

U/CLLR Clay: As above, Leached to buff color with oxidation

lstainir, abundant catcareous pebbles 1.8 - 2.1 ft.

ICLav: As first cLay with pebbles and semi-Leached zone,

Ipebbes and cLay 3 - 3.2 ft., interval from 2.1 - 4.4
jft. orange/brown. Alternating zones of dark brown firm
IcLay with aburdant catcareous debris and orange/brown,

jsofter with pebbbtes; thin sand 3.6 - 3.8 ft., very

Ifine gre
ICLSY: Slightly sandy, silty, minor calcareous debris,
Ivery soft, saturated (soggy), oxidation stained

throughout, minor carbonaceous streaking, few very fine

rootLets, orange/brown.

(
Alternating zones

13
- 6 ft. each

1ar,proximatety 0.3

Ift. thick.

J

I
Iweter in hole at 7

Ift. Perched?

I

I

I

J

I

I

I

I

I
I

U/CLLR jCtay: As above, firm, dark brown clay with few pebbles
Ifrom 9.8 - 10 ft.; no silt, very sandy at top.

I

I

$

I
I

I

I
I
I
I

UICLLR Clay: As above, very sandy at top with dark brown, firm
Ito stiff clay at 11 12.1 ft., oxidation streaked.

I

ICLayeY sand?

I

I

I

I

I I I I

I I I I

U/CLLR CLey: As above, no roots, minor calcareous debrts. Sandy/soggy top I

I I Jvery regular -

I I Iftslction of (

I I Isa1ler? I

I U/SOd Idlayey Sand: Orange . very fine grained, saturated, ) I

I Icohesive, very poorly sorted, cpiartzose, minor I

I fcarboneceous stain, 14.1 - 16.8 ft. I I
U/CuR IClay: Dark brown-black, firm to stiff. I I

) U/CLLR ICtayey Sand: As above, 15.9 - 16.3 ft. I I
I u/Sod ISand: As above. I I
j U/CLLR ICtay: As above, dark brown to black, minor catcareous J I
I r,etles, firm to stiff, moist to wet, abundant I I
I Icarbon.ceous stains, minor oxidation. I I
I U/SOSM ISand: Silty, clayey, saturated, as above 18 - 18.6 ft. IVery regular I

I I I

I UICLLR ICLaY: As above. I

U/CLLR ICLay: Caliche Layer between 19.9 - 20 ft. and between ( I

I 121.8 - 22 ft. with intervening clay, as above. I I

I I I I

18

19

19.
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I DRILLING LOG 1 RADIAN CORPORATION J INSTALLATION: CARSUELL AFB, TX I SHEET 2 OF 3 SHEETS

1. PROJECT: CARSILL AFB,
I IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL

j 8. DATUN FOR ELEVATION SHOWN: sea level
I 2. LOCATION: Flfghttfne Area j 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61
I 3. DRILLING AGENCY: Envrormentat Drillers, Inc. j 10. HO. OF SAMPLES TAKEN: 26

I 4. HOLE NO.: 1505-15 J 11. ELEVATION GROUND WATER:

1 5. NAME OF GEOLOGIST: S. B. Blotmt J 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 626.50 ft I4SL

I X: 2019457.49 1': 398082.81 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION:

(Depth( Graphic Blow Soil

I(Ft.)1 Log I Cout IClass/Code IVisuat Description I Remarks

22

23.4

25.4

26

29.3

32.2

36

37.1

39.5

40

Li

.0.0.1

.p.0.0.
00

0CC
00

OOC
00

CCC
00

OOC

•0•0•

•00•

U/CLLR

U/SLCL

U/SDSM

U/SILT

U/SDSM

U/GRSM

U/GRVL

U/GRVL

U/GRVL

U/SDGR

(Clay: As above, with abuidant calcareous debris.

(Silt: Tan/orange, slightly clayey, wet, slightly sandy,
(no sedimentary structures • cohesive.

(Sand: Tan/orange, very fine grained, moderately welt
(sorted, quartzose with > 95Z quartz, tel nor carbonaceous

(lemma, subrou,ded, wet/saturated, loose, grading to

(silt.

(Silt: As above, no clay, grading to silty send (sand as

(above); silty to 29.3 ft.
(Sand: As above, no silt, no sediment structures, except
(minor dark carbonaceous taminae.

(Gravel: Orange, very poorly sorted, CaCO3 and quartz;
ICacO3 fragments alL 15 me; quartz fragments most of
(smatter; swhrouided, slightly sandy, wet, Loose,
(average fragment equals 5 10 me q to 75 ma, slight
clay/chalkiness.

(Gravel: Very 'clean', better sorting, predominately
(quartz, no sand/clay, minor shell fragments.

(Gravel: Clean as above.

(Gravel: Darker in color, black staining throughout.

Isand and Gravel: Fine grained gravel and sand, poorly

(sorted, very loose, with broken shell fragments.

(First push on ST
I had no recovery;
(pushed SS - full
recovery.

(Sharp contact.

(Driller says hard
land soft layers
(when augering
(between 15 and 25

(ft.

ISharp Contact.

(Sharp Contact.

jTcE? No reading

(HNU/Drager.
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I 40.4__i___i_5O
I I I

I I I

I I I

I I I

I I I

I I I
I I I
I I
I I I
I I
I I I
I I I
I I
I I I
I I I
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I

I I I

I I I

I I I

I I

I I I

I I I

I I I

I I I

I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

39.5 . 44.5 ft.
recovered 2.5 ft.,

Jbut 1.5 ft. was

Istuff. Auger

Irefusat at 40.5

Ift.. went in with

ISS; 50 bLows and

11.5 in. recovery;

IT.D. at 40.6 ft.

2S4
I DRILLING LOG I RADIAN CORPORATION J INSTALLATION: CARSWELL AFB. TX I SHEET 3 OF 3 SHEETS I

1. PROJECT: CARSUELL AFB,
I IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 40.6 ft BGL

J 8. DATUR FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Ftightline Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Envirorinentel Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 26 I

I 4. HOLE NO.: LFO5-15 J 11. ELEVATION GRQJND WATER:

5. NAME OF GEOLOGIST: S. B. 8louit J 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

I X: 2019457.49 Y: 398082.81

J 13. SURFACE ELEVATION: 626.50 ft MSL

J 14. BACICGRJND:

I j 15. MEASURING POINT ELEVATION:

IDePthI Graphic I
Blow Soil

I(Ft.)I Count IClass/Code IVisual Description Remarks

U/MARL IMart: Buff, ctayey/chautky, predominantly weLded

Icr''stallized shelL fra.ents, fissile to brittle,

Ise.i - inch.jr.ted, wet.
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 1 OF 2 SHEETS

I 1. PROJECT: CARStJELL AFB.

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 23.1 ft BGL

I 8. DATUM FOR ELEVATION SHOWN: sea level

2. LOCATION: FlightIlne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61

[ 3. DRILLING AGENCY: Envirorvisental Drillers, Inc. I 10. NO. OF SAMPLES TAKEN: 12

4. HOI.E MO.: LFO5-16 I 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. BLotxit I 12. DATE HOLE ESTABLISHED: 3/19/90

6. COORDINATES OF HOLE:

X: 2021041.70 Y: 398229.39

I 13. SURFACE ELEVATION: 612.30 ft MSL

I 14. BACKGROUND:

Blow Soil

U/CLAY

Ivisuat Description

U/CLLR

I Remarks

U/CUR

U/CL LI

U/CLLR

U/SDSM

1°

12

— I'

16

J9

110

14

116

119

U/SDLR

Clay: Browi with orange cast, soft to firm, soil top, IFuLI saspLe I

I1oottets to bottom, dry to damp, semi-plastic. Irecovery unless
I lotherwise noted.

I I I

IClay: Brown, very stiff, brittle, abuidant caLcareous Ican not cut with
J

fragments/sheLLs, very minor roottets, minor Iknife. I

Icarbonaceous flecks, dry to damp. I I

I I I

iClay: 'Caliche' dessication cracked, white/brown/buff 0.2 ft. Sample
I

Imottled, calcarecus debris up to 10 nm, dry, 'hard' - Irecovery. I

stifflbrittle. I I

I I I

Clay: 'Caliche' as above, welt indurated intervals, I ft. Recovery to
Ibrfttle, dry; limestone incLusions up to 20 nm. Irefusal at 7 ft.
Clay: Caliche as above, thin Indurated zones; mostly Ioriller says I

dry, very stiff, highly calcareous buff/orange clay Ilimestone; will I

Iwith inclusions as above, minor carbonaceous flecks; Idrive 7 8.5 ft.; I

Jsandy from 8 - 8.5 ft. Ifull recovery SS.

Sand: At*ridant calcareous debris to 9.6 ft. - red, fine 1ST from 9 - 10 ft.
Igrained with silt, quartzos., dry and angular to 9.6 IFull recovery. I
Ift.; sand below 9.6 ft. is orange/yellow, very fine
Igrained, loose, siAangular, > 95% qiartz, dry. J I

ISand: As above, thin gravel horizians developed 10.5 - I

110.8 ft., 12- 12.6 ft.; color Laminee —3 nm -
( I

orange/yet Low. Gravel up to 30 mm; minor gravel in sand

Ivery fine grained . fine grained, orange to 15 ft. I

I I I

I I I

ISand: As above.
I I

I I I

I I I

I I

ISand: As above, few gravet/catcareous concretions INot sufficient

throughout, moist at 16.5 it, wet at 18.5 ft., gravel gravel to be

to 50 mm, minor coLor laminae. Iclassifled as sand

I land graveL (10%);

I
Iwater at — 19 ft.

I I I

Sand: As above, minor very coarse sand/fine gravel, I I

fsand is tan/orange, very fine grained, saturated, I I

Jqu.rtzose, s.t.ngular, > 95% artz with moderate I I

Isorting. I

I

I

I

U/SDLR

U/SDLR

U/SDLR

A—4 9



( DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 16.6 ft BGL I

I IRP PHASE XI STAGE 2 1 8. DATUM FOR ELEVATION SHOWN: sea level I

I 2. LOCATION: Ftightline Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill. 5-61 1

I 3. DRILLING AGENCY: Envirormental Dri tiers. Inc. I 10. NO. OF SAMPLES TAKEN: 9 I

1 4. HOLE NO.: 1F05-17 I 11. ELEVATION GROUND WATER:

5. NAME OF GEOLOGIST: S. B. Btotmt I 12. DATE HOLE ESTABLISHED: 3/19/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 606.50 ft MSL

X: 2021241.43 r: 398317.23 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION:

IDePthl Graiic Blow Soil
I I

Cotait ICtass/Code Ivisual Description I RemarksI(Ft.)I Log

I

I

I

I

I

I

I

0

3

3.2

,//'/
,/',//
,,/',////////
%1'//.0.0.1

I

j

I

I

I

I

U/CLLR

U/CLLR

U/GRCL

Clay: Bro.m, soft - firm, silty with minor very fine

Igrained sand, roots, moist, minor catcareous pebbles

and carbonaceous staining, semi-plastic.

I

I

lClay: As above at 3 ft., with abuidant caLcareous

Irles.
Gravel, Clay, and Sand: Gravel is catcareous, dry to

f Full recovery

Juless otherwise

Jnoted.

I

I

j
IGravel Contacts.

I

I

I

I

j

!

I )•.o.ç) I Idanv, calichified, 15 au, buff, wetness increases
I

( Iwith depth, very poorly sorted with clay Lenses. Clay I I

j Jis as above.
I I

I
4.5

I U/SAND Sand: Sand is very fine grained - fine grained, orange fSharp Contact. I

I

I

'I
I

I

I

lozidized at top grading to buff/yellow at 5 ft.,

IsI.ro.mded, moderately welt sorted, moist, quartzose

I

I

(
. . . . I

I Iwith > 95 quartz, small shell franents abuidant to 10
j I

I I
Ift. Grain size .p to sand/gravel at 6.8 ft., then very I

I I I Ifinegrained I I

I

f 9.4 tl/'/71 I

I U/CLLR

I

jCtay: Minor shell fraaents.

I

I

I

I

10
f U/SOVF Sand: As above, very fine grained, well sorted, 12.5 ft. Recovery.

j stE,angular to sirouid, moist to wet, color Laminated, I

I I >9sZquartz. I I

I 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/SDVF 15nd: As above. IN0 visible I

f I I Icontamination, but j

I I I Ihigh Drager (

I
. . . .

f I readings 1 ft.
I I I IRecovery. I

J

f

16

16.51 50

U/SDVF

U/MARL

JSand: As above.

IMart/Limestone: Micritic, light grey, dense, many small
No odor.

IsaiivLe description

I

j

I I I I Ifossits (recrystallized), well incjrated, chaulky Ifram smelL

I I I I Isurf ace. fragments, J

I I I I I Iapparently very

I I I I I Ihard. T.D. at 16.6 I

I I I I I jft. I

I I I I I I I

I I I I 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-5 1



2S7
LILLING LOG I RADIAN CORPORAy ION I INSTALLATION CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARSLL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 24.0 ft BGL

I 8. DATUN FOR ELEVATION SHOWN: se leveL

2. LOCATION: FtIghtLlne Are. I 9. MANUFACTURER'S DESIGNATION OF DRILL: MØbfle DriLl B-61 j

j3. DRILLING AGENCY: Envirorentat Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 10

J 4. HOLE NO.: LFO5-18 I 11. ELEVATION GROUND WATER: 594.11 ft MSL (6/18/90)

J 5. NAME OF GEOLOGIST: S. E. F.m I 12. DATE HOLE ESTABLISHED: 3/21/90

J

I

6. COORDINATES OF HOLE:

X: 2021280.30 Y: 398169.30

I 13. SURFACE ELEVATION: 612.10 ft MSL
I

I 14. BACKGROUND:

I

IDePthI

Içf.

I 15. MEASURING POINT ELEVATION: 611.84

Graphic Blow Soil.

Log Coun ICtass/Code 'Visual Description

ft NSL

i

I Renrics

I

... I Icoi&etion. No
I gravels.
I I I I

I I I I I

i
23.2 i

I
U/MARL

I

MarL: White/gray, inckirated, oxidation staining in
I

Iorove 1 1/2 ft.
I

I

I I I I fractures. IS.S., 50 bLows. 2

I I I I I un. recovery. T.D.

I I I I I I=23.95ft. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
I I I I I I I
I I I I I I I
I I I I 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- 53



'3 2S8
I DRILLING LOG I RADIAN cORPORATIO1 I INSTALLATION: CARStidELL AFB. TX I SHEET 1 OF 2 SHEETS I

1. PROJECT: CARSUELL AFB, I 7. TOTAL DEPTH OF HOLE: 20.8 ft BGI. I

I IRP PHASE II STAGE 2 I 8. DAT1M FOR ELEVATION SHOWN: see leveL I

I 2. LOCATION: FtiqhtLine Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL 5-61

3. DRILLING AGENCY: Envirorauentet DriLlers. Inc. 10. NO. OF SAMPLES TAKEN: 9 1

4. HOLE NO.: LF0519 I 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

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 606.30 ft MSL

j: 2021663.85 Y: 397850.57 I 14. BACKGROUND: I
15. MEASURING POINT ELEVATION: 606.08 ft NSL

Depth Graphic
(Ft.)I Log

Stow Soil I

Coi.x%t ICtass/Code Ivisuat Description
I
J

o ////Ø
I

I

:

U/CLAY ICLaY: Dark brown fIrst 1 ft., then orange/brown with

Iabtndant catcareous terieL, d, cohesive.

'

I°.3 ft. Recovery.

IStuck in sheLby

2 •

.........
....

I

I

I

U/SDND ISand: Orange, cemented 3 - 4 ft., medlue grained, dry.

I

I

I

I

I

I

4

6

6.3

.....

....
I

I''
..

p•.p••!
.Q

00

I
I
I

I

i

I

U/SAND

U/LMSN

U/SDGR

ISand: Orange, fine to inediue grained, quartzose, dane.

itoose.
I

I
ILimestone: I in. Limestone bed sderLain by 2 in.
Iceented sand at 6.0 ft.

Sand end GraveL: Orange, poorLy sorted, very fine
Jgrained sand to pebbLe size graveL, d. Gravel is

I

I

Ii ft. Recovery.

I

I

I

I

Ii ft. Recovery.

i

I

10 )f).
•b•b•

.j.
):P:P.
•Q.L
.•P:P.

I

I

I

I

I

U/SOGR ISand ard Gravel: Orange, 60% sand, 40% gravel, dau,

loxidation staining 11 13 ft; occasionaL Limestone

IcobbLes and thin beds, saturated at — 13.5 ft.

I

I

4.2 ft. Recovery.

!

I

I

I

I
I

13.7 .0.0.
ic5.b

:i*00'
)P:P.•00•'
•p.p
P:P:

I

J

I

i

I

U/GRSI4 IGravel end Sand: As above but > 80% graveLs (mainLy 2 .

1O en), saturated, assorted sand sizes, gravels mainLy

)sUrouid chert and anguLar Limestone ctasts.
I

i
i
I

lL. measured at
113.6 ft. 3.6 ft.

JRecovery.
.

I
i
i
i
i .

I
I

I

I

i
i

19 D00
•0.c.-j
•00•'

I

I
I
I

U/GRS$ IGravet and Sand: 80% graveLs 2 to 25 ta, 20% assorted
Isaid sizes, saturated, nLmerous sheLls (gryphea?); 19 . I

119.3 ft. meditau sand bed. I

I I

I I

I

I

I

i
1
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T3 2S9
I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB. TX I SHEET 2 OF 2 SHEETS

1. PROJECT: CARS&LL AFB, I 7. TOTAL DEPTH OF HOLE: 20.8 ft BGL I

IRP PHASE I! STAGE 2 j 8. DATUN FOR ELEVATION SHN: sea Level I

I 2. LOCATION: Flightline Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61

I 3. DRILLING AGENCY: Enviromental Drillers. Inc. J 10. NO. OF SAMPLES TAKEN: 9

I 4. HOLE NO.: LFO5-19 J 11. ELEVATION GROUND WATER: 593.54 ft MSL (6/18/90)

1 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3121/90

6. COORDINATES OF HOLE: J 13. SURFACE ELEVATION: 606.30 ft MSL

I X: 2021663.85 Y: 397850.57 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 606.08 ft MSL

lDepthl Graphic Blow J Soil I I

I(Ft.)I
Log Coirt ICtass/Code IVisuet Description I Remarks

2O.5 I I5O I U/MARL Jflarl: Limestone, weathered, tan/lite, inarated but ISaspling hard at
I I I I Iheavily fractured, oxidation staining on fracture 120 - 20.5 ft.; j
I I I I Ifaces. IDrove 1 1/2 ft. j
I I I I I jS.S., 50 blows I

I I I I I 2.5 in. T.D.

I I I I I I20.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 I I I

I I I I 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 (1989))

B—i
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' 293
WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB j
1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3/23/90

I 10. WELL COMPLETION METHOD: GRAVEL PACK V/SCREEN

2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aciuifer

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 28.00 ft j
4. WELL NO.: LFO4-O1 I 13. MEAS. POINT ELEY.: 629.24 ft MSL

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: ScheduLe 40 PVC I

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 29.95 ft I

8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in
I

18. REMARKS: 11O'x2"xO.O2" Screen13-1O'x2" Risers, Bottom PLug 1-Locking Cap,1-5'x2" Riser

I

I _________ TOP OF CASING
I—

I I I

I GROUND SURFACE I ______________________________________________ I

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 / BOREHOLE DIAMETER:
I

I I 'I I I I' 8.000 in I

I BOREHOLE
I 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 I I

I I 1 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 40.00ft 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 SCREEN LENGTH: I I

I I I I I ______ I I 9.7'Sft
I I

I FILTER PACK — I I I I I

I I LENGTH:
I I I I I I

I 12.10 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 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 I I ________________ I

I I I I I I
I ______________ I I I

I I
FILTER PACK MATERIAL: 8-20 Silica Sand I
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I WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSUELL AFB Z34

L
1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB 9. INSTALLATION DATE: 3/28/90 1

J 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer
3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 20.90 ft
4. WELL NO.: LFO4-02 13. NEAS. POINT ELEV.: 623.68 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 t
7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 23.10 ft

8. LOCATION TYPE: WI I 17. SCREEN SLOT SIZE: 0.02 in t
I 18. REMARKS: 1-1O'x2"xO.02 Screen,3-10' x2'1 Risers,1-Cut piece (—0.4'),l-Locking Cap, 1-bottom Cap I

I _________ TOP OF CASING
I

I I

I GROUND SURFACE I I

I f I I I I t I

I I I I I I I I

I BACKFILL MATERIAL:
I I I I I

I I Cement-Sentonite Grout I I I I I

I I I I I I I I
I I 'I I I / BOREHOLE DIAMETER: I
I I 'I I I I' 8.000 in I

BOREHOLE
I 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 J SEAL MATERIAL: I I

I I I I I I Bentonite I

I I I I I I I I

I I f 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 I 37.65ft
I

I I ______ I I I I I I
I I f I I I I I I
I I I I I I I I I

I I I 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 .1 I

I I I I I I SCREEN LENGTH:
I I

I I I I I________ I I 14.35 ft
I

FILTER PACK
I I — 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 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 BLANK LENGTH: I 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 _____________ I
FILTER PACK MATERIAL: 8-20 SiLica Sand I
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T? 295
WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I
1. PROJECT: IRP PHASE II STAGE 2, CARSILL

1

AFB 9. INSTALLATION DATE: 4/3/90 I
10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

I 2. LOCATION: Site LFO4 11. ZONE OF COMPLETION: Aquifer I

I 3. INSTALLING CO.: Radian Corporation 1 12. SEAL END DEPTH: 19.40 ft I

I 4. WELL NO.: LFO6-03 13. MEAS. POINT ELEV.: 623.25 ft MSL I

I 5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 6.00 in I

6. WELl. TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheiLe 80 PVC I

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 22.40 ft

8. LOCATION TYPE: WI. I 17. SCREEN SLOT SIZE: 0.02 in I
18. REMARKS: lxlOIx6N PVC 0.020 screen, lxSIx6H screen, 2x10'xóM PVC riser, lxS'x6" riser.

EROUNn SURFACE

t I I I

I I I I

I BACKFILL MATERIAL: I I
Cement- Bentoni te Grout I

I I I

I I I

I 'I I I
BOREHOLE J

DEPTH: I
37.52ft ( I

TOP OF CASING I

II t
I I I

I I I

I I I

I I I! BOREHOLE DIAMETER: I

I\ 14.500 in I

I I I

I I I

I I
SEAL MATERIAL:

Sentonite

I

I

I
CASING DEPTH:

37.42 ft

I
I
I

I

I

I

I

I I
I I

_______ I I
t I I

SEAL LENGTH:

2.3Oft
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 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 FILTERPACK —
I LENGTH: I I I

I 18.l2ft j 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
4' 4' I I

+

t

SCREEN LENGTH:

14.26 ft

I

BLANK LENGTH:

0.76 ft

+

FILTER PACK MATERIAL: 8-20 Silica Sand
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I WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB

I

9. INSTALLATION DATE: 3/20/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

I 2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer

I 3. INSTALLING cc.: Radian Corporation I 12. SEAL END DEPTH: 13.20 ft I

I 4. WELL NO.: LFO4-04 I 13. MEAS. POINT ELEV.: 612.07 ft MSL I

I 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

I 6. WELL TYPE CLASS: MONITORING WELL J 15. CASING MATERIAL: ScheLe 40 PVC I

I 7. FORMATION OF COMPLETION: J 16. SCREEN BEGIN. DEPTH: 15.20 ft I

I 8. LOCATION TYPE: WL J 17. SCREEN SLOT SIZE: 0.02 in I

I 18. REMARKS: Soirided WeLL after Conç,Letion. 25' BLS. * cave-In from 25.2' - 24.8'
I

I ________ TOP OF CASING

I I I I

I GROUND SURFACE I I I

I t I I I I t I

I I I I I I I

BACKFILL MATERIAL:
I 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 I / BOREHOLE DIAMETER:
I

I I 'I I I I' 8.000 in
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 t I I I I I I

I I SEAl. LENGTH: I 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 I I I I I

I I t II II 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 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 SCREEN LENGTH:

I I I I I _____ I 9.73ft I

I I FILTER PACK
I I — I I I I

I LENGTH: I_______I I I I I

I I 11.6Oft 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 BLANK LENGTH: I I

I I I I I I I O.32ft
I I

I I I I I I I I I I

I i i I I I _____________ I

I I I I I

4, I I I

FILTER PACK MATERIAL: 8-20 SiLica Sand I
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73 297
WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSUELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 4/2/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK WJSCREEN

2. LDCATIOW: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer
3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 30.00 ft

4. WELL NO.: LFO4-1O I 13. MEAS. POINT ELEV.: 626.54 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: 39.22 ft

8. LOCATION TYPE: WI. I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 4x1OSx2N Riser (-1.25). 1x2"xlO' Screen (0.020 St.), lx2UxO.21 Sed. Trap, 1 - Locking 2" topcap, I

FLush morlt in cast iron vault - grout.

I _________ TOP OF CASING
I

I I I I

I GRQJND SURFACE .1 I

I I I I I I t I

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 I N 8.000 in
I

I BOREHOLE I I I I I I

I DEPTH:
I I I I I I

I 49.5Oft
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 I I I I I

I I I I I I I I I
SEAL LENGTH:

I I I I

I 4.20 ft f I I CASING DEPTH:
I

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 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 SCREEN LENGTH:
I I

I I I I I_____ j 9.73ft I I

FILTER PACK
j J

—
LENGTH: I _______ I I I I I

I 19.50 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 BLANK LENGTH: I

I I I I 0.15 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 1

FILTER PACK MATERIAL: 8-20 SiLica Sand
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FILTER PACK MATERiAL: 8-20 SiLica Sand

B—8
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I WELL COMPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB 1 9. INSTALLATION DATE: 3/22/90 J

1 10. WELL COMPLETION METHOD: GRAVEL PACK %JISCREEW I

I 2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Acpjifer I

j 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 11.80 ft I

J 4. WELL NO.: LFO5-O1 I 13. MEAS. POINT ELEV.: 621.96 ft MSL

J 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

J 6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 60 PVC I
J 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 14.95 ft

J 8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in

I 18. REMARKS: 1-1O'x2"xO.02" Screen, 2-10'x2" Risers, 1-0.2 Bottom, 1-Locking Cap

I I

I

I

I

GROUND SURFACE

I
I

I

I

TOP OF CASING I

I

I

I1 I I I I 1
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 I /( I I I' 8.000 in
f I

BOREHOLE I I I I I I
DEPTH: I I I I I I
25.2Oft I I I I I

I I I I I j SEAL MATERIAL: I I

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

j
SEAL LENGTH: J I I I I

I I 2.00 ft I I I I CASING DEPTH: f
I I I I I I I 25.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_I I I I I

I I I I I I I I I I

I I I 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

I
I
I

13.60 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 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 1 I

I
4 I

I
1 4 4, I i



299

WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB
I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3122/90

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN

2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Aiifer I

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 15.00 ft I

4. WELL NO.: LFO5-02 I 13. MEAS. POINT ELEV.: 622.69 ft MSL
I

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
I

7. FORMATION OF COMPLETION: 1 16. SCREEN BEGIN. DEPTH: 16.95 ft

8. LOCATION TYPE: WI I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-1O'x2"xO.02" Screen, 2_1O?x2H Risers, 1-0.2 Bottom Trap, 1-Locking Cap I

I I

I I

________ TOP OF CASING I

I I I
GROUND SURFACE j I

I t I I I t I
—

I I I I I I

I BACKFILL MATERIAL:
I I I

Cement-Bentonite Grout I I I I

I I I I I I I I

I I 'I I I I' BOREHOLE DIAMETER:
I

I I 'I I I \ 8.000 in

BOREHOLE I 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 I I SEAL MATERIAL: I

— I I I I I Bentonite I I
I I ______ I I I I I I
I I t I I I I I I
I I SEAL LENGTH:

I I I I

I 2.00 ft
I

CASING DEPTH:
I

I I I I I I I 27.OOft
I

I I _____ I I I I I I

I I f I I I I I I

I I I I I I I I I

I I I I I ___ I I _______ I I

I I I I I_I I I I I

I I I I I ___ I I I I I

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 9.75ft I I
I I FILTER PACK

( I I I I I—
LENGTH: I________ I I I I

I I 12.20 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 I I I I I I I I

I I I I I I BLANK LENGTH: I I

— I I I I I J f 0.30 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

FILTER PACK MATERIAL: 8-20 SiLica Sand I

B—9
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB ,j
I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 4/2/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK V/SCREEN

2. LOCATION: Site LFO5 j 11. ZONE OF COMPLETION: Ajifer

I 3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 4.80 ft
I 4. WELL NO.: LFO5-14 13. MEAS. POINT ELEV.: 602.98 ft MSL

I 5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 5.12 ft I
f 8. LOCATION TYPE: VI. 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 1x2"x5.O' Riser (-0.2 '), lx2MxlO' Screen (-1.83'), lx2HxO.13 Bottom cap, 1 Locking top. FLush Mount

I w/ cast-iron vauLt-grouted. I

I _________ TOP OF CASING I

I I I

I GROUND SURFACE I I I

I t I I I I I I

I I I I I I I I

I BACKFILL MATERIAL:
I 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 / BOREHOLE DIAMETER: I
I I /1 I I' 8.000 in

I

I BOREHOLE I 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 I SEAL MATERIAL: I

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 SEAL LENGTH:
I I I I

I I 2.00 ft f I I CASING DEPTH: I

I I I I I I I 13.l5ft 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 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 I LENGTH: I_______ I I I I I

I I 8.50 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 I BLANK LENGTH:

I I I I I I 0.l3ft I

I I I I I I I I I I

I I I I I II _______________ I

I I I I I I

I ______________ I I I

FILTER PACK MATERIAL: 8-20 SiLica Send

B—i0
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL MB

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

f 2. LOCATION: Site LFO5 I 11. ZONE OF COMPLETION: Aquifer

I 3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 11.60 ft

4. WELL NO.: LFO5-18 I 13. MEAS. POINT ELEV.: 611.84 ft MSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: Scheôte 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 13.90 ft
8. LOCATION TYPE: WI. I 17. SCREEN SLOT SIZE: 0.02 in J

18. REMARKS:

_________ TOP OF CASING
I

GROUND SURFACE I I I

I f I I I I t 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 / BOREHOLE DIAMETER:

I I 'I I I j\ 8.000in I

BOREHOLE
I I I I I I

I DEPTH:
I I I I I

I 23.95ft 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

I I SEAL LENGTH:
I I I I

2.00 ft f I ( CASING DEPTH: I

I I I I I I 23.95ft 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 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 SCREEN LENGTH:

I I I I_____ I I 9.74ft
I I

FILTER PACK — I I I I

I I LENGTH: (________ f
12.75 ft — 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 0.30 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

FILTER PACK MATERIAL: 8-20 Silica Sand

B—il
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB 9. INSTALLATION DATE: 3121/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

I 2. LOCATION: Site LFO5 L 11. ZONE OF COMPLETION: Aquifer I

I 3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 8.15 ft I

I 4. WELL NO.: LFO5-19 L 13. MEAS. POINT ELEV.: 606.08 ft MSL I

I 5. WELL CUtlER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in I

I 6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

I 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 10.25 ft I

I 8. LOCATION TYPE: UL I 17. SCREEN SLOT SIZE: 0.02 in I

( 18. REMARKS: Casing is actuaLLy 19.9' but sits 0.4' beLow Land surface; 1_1Ox2H Screen, 1-10' Riser, 1-0.2'

I Bottom Trap. 1-Locking Cap

_________ 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

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 I' BOREHOLE DIAMETER: I
I 'I I I I' 8.000 in

I

BOREHOLE I I I I I I
DEPTH:

I I I I I I
20.75ft 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 I t I I I I I I

I I SEAL LENGTH:
I I I

I 2.55 ft
I I CASING DEPTH:

I I I I I I I 20.3Oft
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 J SCREEN LENGTH: I

I I I I I_____ I I 9.75ft I
I I FILTER PACK

J — I I I I - I

I I LENGTH: I I I I I I

I I 12.6Oft 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 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

I I

I FILTER PACK MATERIAL: 8-20 Silica Sand
II

B— 12



APPENDIX C

Well Development Information

(Previous Well Development Information may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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APPENDIX D

Water Quality Sampling Records

(Previous Water Quality Sampling Records may be found in
CH2M Hill (1984), Radian (1986), and Radian (1989))
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GROUND WATER QUALITY SAMPUNG RECORD

PAIE1 j1z

&eáTYPE MCflO
D- DUPUCATE F. F.D BLANK
R. REPLiCATE 18. TRP BLANK
S. SPIKE LB. LAB BLANK
K. )GdOWN N. NORMAL

D- 3

EMHbDM
G- GAB
B. BML
PP - PER4jAU PUMP
SL- SUCTION UFT PUMP

W- SU8YPiF PUMP
AL. SAMPLER

EP- BLADOER PUMP

INSTAU.AT1ON O _______ LOG DATE ___________
LOCATION ID

-
LOT CONTROL NO.

SAMPI.E TYPE J'"''5? SAMPLE ID

LOG TIME (2,O

SAMPLE DEPTH (FT.) S7Z—

INITiAL GROUNDWATER DEPTH (FT) 7v "a'P263.3 ;i
SAMPUNG PERIOD: START CSO COMPLETE //,ç
SAMPUNG METHOD " LOGGER CODE_______________
LAB CODE DATE SENT /Z9O
PRESERVATION METHOD
COMMENTS

FIPL PARAMETER MEASUREMENTS: DETECTION

POTENTIAL OF HYDROGEN pH S.U. 4.øi -
SPECIFiC CONDUCTANCE SC umhoslcm 92_ /
REDOX POTENTIAL Eh involti
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I73 ?L/f- 2

1r.,t.. .i44Ifi 'L 3? * 72'
.

TIME
TOTAL VOLUME
WITHDRAWN pH (a&mlioslcm)

,

COMMENTS
(GALS) Bore Voluiess

0.0 0.0 - - - START PUMPING

'frc '• a 9, o ,,.
::>j3 2.1) 37 949 VI "
;7' 3.t' 9� h1' I,
t95p /. 1) "
2% �:o . 7z 4'

L?; p 6 9oz- c' "



GROUND WATER QUALITY SAMPUNG RECORD ;: 'j
PAGEIOF2

SAMPLE TYP (WSAOE
D. JPUCTE F!.
R. REPLICATE TB.
S. SPIKE LB.
K. KNOWN N.

pfl
TmP

LAB

NORMAL D-4

- 'r- (j—4-±)7o7: I/ —65 ?Jt 1?

COMPLETE /2i'
LOGGER CODE
DATE SENT_________

- SU!Me'9I PUMP
AL. NR.urr SAMPt
BP. BLADDER PUMP

SAMPLE TYPE

-7_i-'-
INSTAU.ATION ID LOG DATE -'

LOCXIION ID
-

LOT CONTROL NO.

SAMPLE ID

LOG TIME _______

/7'
SAMPLE DEPTH (FT.)

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STARS
SAMPUNG METHOD ''
LAB CODE __________
PRESERVATiON METhCO
COMMENTS C7 0 -v iD Ll.J. 4./.-

f/44-z -

.
PARAMETER MEASUREMENTS:

DETECTni
UML

SPECIFIC
POTENTIAL OF HYDROGEN pH S.U.

CONDUCTANCE SC iamhoslcm
OX POTENTIAL Eh mvolts

TEMPERATURE TEMP C
ALKAUNITY (C4C03) ALK mg/I

7?T#t rfrnf/J .',',i

-,
.

.

• TOTAL VOLUME
WITHDRAWN

(GALS) Bore Vohsass
pH

SC
(MmSIO.lem)

EMP
(C1 COMMENTS

0.0 0.0 START PUMPING

/,(/) /.(,I 4ç ir $i79' %#6L
I, / g I. 33 1// — M/ '; '
/"/' 'i" % 93/ ,rc 'I

"° ' • 6fr3 5 "
//s .O L 3 PX6/ &ge -

MEOOW$MGOO
0. GRAB
B. BAiLER
PP . PERSTA1JC PUMP

SL. SUCTION LIFT PUMP



GROUND WATER QUAUTY SAMPLING RECORD 313
PAGE 1 OF 2

TOTAL VOL.UI
WITHDRAW

SAMPLES TYPES (WSACODE)
0 - DUPUCATE FB

R. REPLJCATE TB.
S. SPIKE LB.
K- KNOWN N-

SAMPLE METhODS (WSMCODE)

G. GRAB
B- JLER
PP- PERISTAUC PUMP
SL.. SUCTION UF PUMP

D—5

DETECTiON

B2 AlT

SF - SUBME8LE PUMP
Al.- AJR-UFT SAMPLER
BP. BLADDER PUMP

SAMPLE V1'PE

INSTALLATiON ID ________ LOG DATE ____________ LOG TiME
LOCATION ID - O—z9 LOT CONTROL NO.

______ SAMPLE ID SAMPLE DEPTH (FT.) ' '/3

INITIAL GROUNDWATER DEPTH (Fl)
SAMPLING PERIOD: START_________________
SAMPLING MET)ftOD

17. R (roe) 1, Jo. 7' 3V ,
COMPLETE

LOGGER COOE
DATE SENT .y/,i/gpLAB CODE /'a/

1'7"4" ,',/ 4L-3 / /
PRESERVATION METhOD °()
COMMENTS I

li/i... //'7O&
FiNAL PARAMETER MEASUREMENTS: '-' '"—
POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhos/cm
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

PO/pMt-/c (.P) //pi,éc-4'9 '-

P-st. Volumes

nao BLU
TRIP BLAMC

LAB BLAM(

NORMAt



GROUND WATER QUALITY SAMPLING RECORD

INSTALLATiON ID ________ LOG DATE

LOCATION so '4' —42

;d 314
PAGEI 0F2

LOG TIME /9/6

SAMPLE DEPTH (Fr.) _3' il

uTe.'INITIAL GROUNDWATER DEPTH (FT).
SAMPLING PERIOD: START________
SAMPUNG METHOD ________________
LAB CODE ___________
PRESERVATION METHOD.
COMMENTS ________

COMPLETE
LOGGER CODE
DATE SENT__________
Z) t#y�

SAMPLES TYPU (WSAOE)
D. DUPUCATE FB.
R. REPLICATE TB.
S. SPIKE LB.
K. KNOWN N.

S.u.
Mmhos/cm
mvolts

SC
ALK mg/I

SAMPLE METHOOt (WSMCODE)
Q. GPAB

B. 5frJE
Pp. PEPJSTALJC PUMP
5). - SUCTION LIFT PUMP

5P. SUBMBLE PUMP
hL. NR.UFF SAMPLER
Øp. BLADOER PUMP

SAMPLE TYPE Iv SAMPLE ID

LOT CONTROL. NO.

i),i2
//I/4__"

-

RPL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
REDOX POTENTIAL Eh
TEMPERATURE TEMP
ALKALINITY (CaCO3)
phen6?cler (p) Mkqh,1

I qI,n,fy r .r1l+(fJ 310 fl"3/L

DETECflO
UMIT

/

-er •33 rn9/L

/O.1S 0.0 0.0

TIME
TOTAL VOLUME
WITHDRAWP+/'CJ,) pH (jimheslcm)

r,,w
(C) COMMENTS

(GALS) S.#. VO$vm•s

START PUMPING

'09;

—

Z.O
p

9
/3

59s 9bc- '. c /u e'a
,/i-/g 7'&'i

/z7c .-o 5T9 20 /9,, "
//) p zç ../S vo "
ia; 0 3. oq 06 gc22 /1 ?- 4' - 'i, 7%-;T

I

—i

RaD
TP BLA
LkB BLRM

D- 6



GROUND WATER OUAUTY SAMPUNG RECORD ';? 315
PAGEI OFZ

MMPLUTonfl
D. DUPLICATE Fl.
R. RUC1T TB-
S. SPE LI-
I(.. )cNOwp4 N.

TR

NOAL _

P. SIJSM*PF PUMP
N.- NR4T SAMPt
P. BL&CCER PUMP

INSTAU.ATION ID _______ LOG DATE
LOCATION ID "/4
SAMPLE TYPE. Al SAMPLE ID

LOG TIME

LOT CONTROLNO.

SAMPLE DEPTH (FT.) 't' i1(-
/ 7.

INITIAL GROUNDWATER DEPTH (PT) '"° ' 3 es-'
SAMPUNG PERiOD: STARI /C4'Z COMPLETE /t'
SAMPUNG METhOD LOGGER CODE_______________
LAB CODE DATE SENT c/9T/7a
PRESERVATION METH &'
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECT1OP

POTENTIAL OF HYDROGEN pH 5.1.1. . 9t.
SPECIFiC CONDUCTANCE Sc j*mhas/cm /

REDOX POTENTIAL Eh mvofts —
TEMPERATURE TEMP C
ALICAUNITY (C&C03) ALK mg/IYu1,'./ .O ,' 2 1ti

.

TiME
TOTAL VOLUME

WITHDRAWN pH Iumhoslcm) COMMENTS
I AL3) lois VIii•s

/,, 0.0 0.0 — — - START PUMPINGi; / ' /r 7;9-v S,,t7Z Z'7&O
b.7'1 b/ e( "

,c. d / c - //
/ s'// b. 6B 67 -'

,ç £3 • . 9 "
tc4's 90 — — — -'' ----

SAMPLE McrHOot coo
G- Wl
B. MILM
PP. PiAUC PUMP
S*. - SUCTION LIFT PUMP



GROUND WATER OUAUTY SAMPUNG RECORD 2 316
PAGEI 0F2

MMP
0. 0IUCTI p.
R. JCATE TB.
S. SPEL LB.
K. KNOWN N.

UMHOMOE
G. GRI
B. BAILER
PP. PiAUC PUMP
SL.. SUCflON LiFT PUMP

SUSM'-i1 PUMP

BLAOOER PUMP

J
INSTAU.AI1ONID --'"- LOG DATE

LOCATIONID

SAMPLE TYPE_______ SAMPLE 3D

LOG TIME

LOT CONTROL NO.

/

SAMPLE DEPTH (F3 L 6'i 6'(--

— 22.
IMTIAL GROUNDWATER DEPTH (FT) " °'—' - '/
SAMPUNG PERIOD: STAR "' COMPLETE /'ca CA
SAMPUNG METHOD LOGGER CODE_____________
LAB CODE DATE SENT_______________
PRESERVATION METHOD ''-' - ''
COMMENTS -
FIPUL PARAMETER MEASUREMENTS: DETECIM

POTENTIAL OF HYDROGEN pH S.U. ' ' "'9 -
SPECIFiC CONDUCTANCE SC j&mho s/cm /
RED0X POTENTIAL Eh mvolts
TEMPERATURE T.4P C
ALKAUMTY(C&C03) ALK mg/I

pfl'e4.e 9I-/( o Vif' 9z/-' Z51 "W_
.

TIME
TOTAL VOLUME

WITHDRAWN PH (umh..Scm) COMMENTS
(GALS) Bore VeIu•a

00 0.0 - - START PUMPING
"-"1 /.D 3t2 /c.o
/'/,i' t2 W 'Z- '

/'/'' . o b.L T4 '
/d/ 9 �Z-/ ,4-tii ,
J72 £T5 . L b3. ',-

.O 7' 33 3.o' V

E''4'1 !c4 J32'44k'
/cc

7'7
2o
9./(

''
;i p

TP
LB BLMC
NORMAL. D-8



GROUND WATER QUALITY SAMPUNG RECORD 17
PAGEt 0F2

PARAMETER MEASUREMENTS:
DETECTION

POTENTiAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE Sc Mmho./cm /

POTENTIAL Lb mvolts
TEMPERATURE TEMP C
ALKAUNITY ICaCO3) ALK mg/I

?fte 4.e 07fd -i -z 7j7g.. ,id/ ,4&'
TOTAL VOLUME

WITHDRAWN pH (umh..1cvR) COMMENTS

(GALS) Dors VokamssJ

0.0 0.0 - - - START PUMPING

70 2 /Z q z-
'59 Z.0 '. 3C /2Z2- 9/ LT 7d

,'z9- /c "
'/0 /263 "

ic;o •5TD . 6.5 /2' 7'/ "
3 6.90 /Z ' J/MrL7

SAM coo SAMPLEMETHOOt *$MCOO
0. 0tWUTE PB. RE.DBLANK 0. GRAI
A. RLJCATE TB. TBLAM( B- MJL
S. SPEE LB. LAB BLAM( PP. PAUC PUMP
K - KNOWN N • NORMAl. S&. - SUCTION LF PUMP

iiINSTALLATION ID -< '' '— LOG DATE

LOCATION ID
—

SAMPLE TYPE Al

-2 70 LOG TIME

LOT CONTROL NO.

SAMPLE ID ____________ SAMPLE DEPTH (FT) /9/a'I7-

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START '-'
SAMPUNG METHOD
LAB CODE __________
PRESERVATION UETWX ' ''7 ""
COMMENTS

LOGGER
DATE SENT

D— 9

SP. ShIM hi PUMP
L- MR.UFT SAMPLER
BP - BLAOOER PUMP



GROUND WATER QUALITY SAMPUNG RECORD ;3 318
PAGE10F2

INSTALLATION ID (3'' LOG DATE

LOCATION ID Ls-4/
SAMPLE YPE Ai' (f,- SAMPLE ID

LOG TIME /230

SAMPLE DEPTH (FT)

TP
A8 BLAMC
NORMAL

D—1O

3. 3RA1
B. 8AIL
PP. PSTAUC PUMP
SL. SUCTOH LF PUMP

- SU!M4 PUMP
AL. AJMUFT SAMPtER
BP- BLADDER PUMP

S

LOT CONTROL NO.

-7 2 ',5
INITIAL GROUNDWATER DEPTH (FT) ' ?"k'" "n
SAUPUNG PERIOD: START________________ COMPLETE ___________ -
SAMPUNG METHOD LOGGER COOL
LAS CODE K,9O'z/ DATE SENT_______
PRESERVATION METHOD ' - / /

COMMENTS

FINAL PARAMETER MEASUREMENTS:
oErEcC

POTENTIAL OF HYDROGEN pH S.U.
SPECiFIC CONDUCTANCE SC jimhoslcm /
REDOX POTENTIAL Lb mvolts
TEMPERATURE TEMP C -
ALICAUNTY (CaCO) ALK mg/I —

4x se - ,
.

TiME
TOTAL VOLUME
WITHDRAWN pH (*imoslcm) COMMENTS

(GALS) Be'. Vo$w•.// 0.0 0.0 - - - START PUMPING -
/. 7 �t .t&1g

/2D/ 6 sc mo S'' &'y —f' -
L'o <p b/ th' .'

�-O bi',' 69 '7 -i9 '.o • / t5 "

SAMPtE$T
0. OIPUCATI FI-
R. UCATE TB.
S. SPIE LS.
PC.. )0JOWP4 N-



GROUND WATER QUALITY SAMPLING RECORD ' 31S
PAGEI 0F2

NORMAL.
D—11

LMENOOt
G- GRAI
B. MILES
PP. PSTALJC PUMP

SI.. SUCTION LFT PUMP

. SU1Mi1 PUMP
*1.. MR4JFT SAMPtM
8P. BLADDER PUMP

W4STALLATION ID ________ LOG DATE
LOCATION ID 1c::-1)4/

SAMPLE TYPE Al SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) 2t 3,' '37Z -

—
GROUNDWATER DEPTH (FT) '" '7M

SAMPUNG PERIOD: START COMPLETE I/2
SAMPUNG METHOD /5 LOGGER CODE______________

CODE DATE SENT_______________
PRESERVATION METH ,74i-i
COMMENTS

PARAMETER MEASUREMENTS:
DETECTIO:

POTENTIAL OF HYDROGEN pH 5.11. /• 7c
SPECIFIC CONDUCTANCE SC umhoslcrn 94 /

POTENTZAL Eh mvolts
TEMPERATURE TP C
ALICAUNITY (CaCO3) ALK mg/I

hV ñL/e' -7'r ,4, , 2,y7 4f/ ,,
TOTAL VOLUME
WITHDRAWN pH Imh.s1cm1 COMMENTS

I GALS) lore VsIu.s
00 0.0 — - - START PUMPiNG

to é b't' /- / .'f Zt4 &A'7
Z$ p- //

jc 6i1 3j 'f� 7a "

0. DIJPUCATE FI-
R. REPUCAII lB.
S. SPIKE LI.
IC. IadOWN N.



GROUND WATER QUALITY SAMPLING RECORD j!
PAGEI 0F2

INSTALLATION ID ________ LOG DATE

LOCATION ID

N

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STARJ "-
SAMPUNG METHOD '5
LAB CODE '''
F RESERVATIONMETH "i '''4 ''
COMMENTS ________________________

&WUTOO
0. OUPUCATE Fl. FIB.D .ANK
R UCATE 'TB. 'TRIP BLAMI
S. SPIE LB. LABBLANC
K- INOWN P4. NORMAL. D—12

LOG TIME )9iç
SAMPLE DEPTH (FT2Z-.

- 'art- -
_____ 3: Zif?/ L3

COMPLETE /2�
LOGGER CODE 44
DATE SENT —

SAMPLE TYPE. SAMPLE ID

LOT CONTROL NO.

?,qL ,172—

FIPL PARAMETER MEASUREMENTS:
OETECTui

POTENTIAL OF HYDROGEN pH S.U. '. Pr-'
SPECIFiC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolta
TEMPERATURE TEMP C
AUCAUNITY (CaCO3) ALIC mg/I

.4474! LA 12i— L7Z d4LA 345
.

TIME
TOTAL VOLUME

WITHDRAWN pH taamlsoslcmb
COMMENTS

IGALS) sole Vo$uss
0.0 0.0 — - - START PUMPING —

Jqcc / 1) h ! c"A &i3r z ë'ic' 2.7 /J?( 79� //

/19S 5 � 'oz— ti 'j
/t9/. co %çi ,l

/17/0 b.o • 7th' /O ;9c', 5 '1f'

MMOO
G- 0M1
B- MI1
PP. PBiTAUC PUMP
SI. - SUCTION 157 PUMP

SP. JBP4tttF PUMP
L- MN-LiFT SAMPt
BP- 8IAOOER PUMP



GROUND WATER QUAUTY SAMPUNG RECORD

PAGEI 0F2

U TYPE&
0. 0UPUTE FB -

• RIPLICATE lB-
S. SPICE LB.
(.. KNOWN N-

TP

NORMAL D-13

SF - SUBMEP"i1 PUMP
AL. MR4JPT SAMPtER
IF. BLADDER PUMP

SAMPLE TYPE A'

INSTALLATION ID ________ LOGoa
LOCATION ID 96- LoT cowrRoi. No.

SAMPLE ID

LOG TIME t2)

SAMPLE DEPTH (FT.)

772 35 (wi'
GROUNDWATER DEPTH (FT) 21) -

SAUPUNG PERIOD: START________________ COMPLETE ""-5
SAMPUNG ME4 LOGGER CODE________________

DATE SENT___________________CODE
PRESERVATION METH( £j4'
COMMENTS J,44i L,ir 't7

.

75L

DETECTION
PARAMETER MEASUREMENTS:

. uurr
POTENTIAL OF HYDROGEN pH S.U.
SPECiFIC CONDUCTANCE SC gmho./cm /

POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALICAUNITY (CaCO3) AUC mg/I
,P1/-42 #ltf'

44'P4T- '* 6J' r'64 c
• TOTAL VOUJUE

WITHDRAWN pH (j&mhoslcm)
rp
(C) COMMENTS•

(GALS) Bor• VoIum•s

0.0 0.0 - - - START PUMPING

to b.P2 özC 6,o0, 'z'
20 .9Z ó$ I' 1'-', iwY;c s 6. ' '2. "
3. 69?- 14'/ "
1.0 . B4 é?c' I,

4g 's

MMPLEMHODtMOOO
G- GRAB
B- BAILER
PP - PRJ$TAUC PUMP

SL. SUCTON LIFT PUMP



GROUND WATER QUAUTY SAMPUNG RECORD '-

INSTALLATION ID ('L LOG DATE ___________ LOG TIME
LOCATIONID Lc LOT CONTROLNO.___

4/

PAGE1 0F2

TP
LB M(
NORMAL D—14

MW5McCD
0- GRa.8
B. MILE
PP - PEMxSTAIJC PUMP
SL - SUC11ON UFT PUMP

SP- SUBMsBLE PUMP
AL- NR.Ufl SAMPlER- BlADDER PUMP

SAMPLE TYPE SAMPLE ID

/1270

SAMPLE DEPTH (FT.) _________—

INITIAL GROUNDWATER DEPTH (FT) /• ''7Z-'
SAMPLING PERIOD: START t- COMPLETE ____________
SAMPLING METIjOD LOGGER CODE £' i
LAB CODE ___________ DATE SENT 27
PRESERVATION METW ° — S

COMMENTS '"'' ''I'''
FIPL PARAMETER MEASUREMENTS: DETECTIL

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umhes/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) AUC mg/I//€1) '-' 5 '%- 72'. '' 3?/ 4lf/

.

TiME
TOTAL VOLUME

WITHDRAWN pH (mhosIcm) COMMENTS
(GALS) lerS Ve$um.s

///3ç 0.0 0.0 - - - START PUMPING

/95 ' /0 f3 ' p62— I's
//)9/ 1.0 Ib'Z .e73

,//t'Y/'/ 3.' 47? g;t�
//,2K q c 9é9' -rn&
729i 4e2 . 0fl �", ,7/fr(/
/251 0 $ SP - ',

SAMPLES TYPES CW5AD
0- DuPurE FB-
R- REPLICATE TB.
S. SPIKE LB.
K. KNOWN N-



GROUND WATER QUALITY SAMPLING RECORD i1 223
PAGEI 0F2

0. JPUCA11 F!.
R. RLICATE TB.
S. SPIKE LS.
K- KNOWN N.

TP
LAB BLAMC

NORMAL D—15

s- sueutteii PUMP
AL - AIR-LiFT SAMPLE
BP. BLAOCE PUMP

INSTALLATION

LOCATION

SAMPLE TYPE

ID LOG DATE LOG TiME /
ID___________________ LOT CONTROL NO._________________

N'I SAMPLE ID SAMPLEDEPTH (FT) /fl2S p2—

ro. z.cc"3r( 4'I)
IMTIAL GROUNDWATER DEPTH (FT) '•'53• r-
SAMPLING PERIOD: STAR COMPLETE

SAMPLING MEX)IOO LOGGER CODE______________
LAB CODE /&" DATE SENT________________
PRESERVATION METH 6!j —A S
COMMENTS

DEEC?IO
FINAL PARAMETER MEASUREMENTS: uMrr
POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC jimhoslcm 'ic,;2 /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALICALJ4ITY(CaCOs) ALK mg/I
,#t"• 4e/( 47

1'i's if . 3q "/ 7,. i/ ,9' 35Cr
.

TIME
TOTAL VOLUME

WITHDRAWN pH
SC

(umh.slcml
rEMP.
(C) COMMENTS.

(6A1$) br. VoIua.s
00 0,0 - - START PUMPING

,'/d ,p -o '' c ''.
2. C /29 6ø '/

iV 3.C 'z- I- "
,'4"6 +c oc ,.czo 6Z "
'4//t? 5 0 • bJ6 'wa 5 '3'" "°- 7' '"
,q25 "

' a I? ,'32' '9 '
.o 6ø /260 Ll� '

/7Zf 'f/Y I3 izco ec '

MMMm
G- GRAB
B- MM.ER
PP - PIAUC PUMP
52. - SUCTION LiFT PUMP



GROUND WATER QUALITY SAMPUNG RECORD p—Jo ':.v-b
¼.A.,

INSTAU.A110N ID ________ LOG DATE Z599
LOCATION ID

PAGEI OFZ

/ 70. g.i' r4
INITIAL GROUNDWATER DEPTH (FT) 0.' .3 5ty
SAMPUNG PERIOD: START________________ COMPLETE ___________ -
SAMPUNG MET)IOD. LOGGER CODE______________
LAB CODE ___________ DATE SENT -
PRESERVATION METhC ' '" :
COMMENTS

$AMAO
0- OUPUCATE FB.
• UCATE TB.
S. SPIKE LB.
)(. 0WN N.

TP AtM
L8 BLAMI
NORMAL D—16

SAMPLE TYPE SAMPLE ID

LOT CONTROL NO.

LOG TIME /230

SAMPLE DEPTh (FT. 27 o —

PARAMETER MEASUREMENTS:
.

POTENTIAL OF HYDROGEN pH S.U. . /
SPECIFIC CONDUCTANCE SC umhos/cm "'

OX POTENTIAL Eh mvolts
ERATURE TEMP 'C

ALKAUNITY (C&C03) AUC mg/I
J?/srZI. 4L(//7d ñ 9 'Ø_ 1?rj. #1-,' 4'9 '

DETECI
UMIL
? t1

1'—
' /

.

.

• TOTAL VOLUME
WITHDRAWN PH

SC
(iimh..Icm)

TEMP
(C) COMMENTS

0.0 0.0

/ZCi I. 2 6. /Z�i2 '9'*' J?4, 7741

START PUMPING

I/
,?cf2 o 6..3 /tS' b "
i.3o' '/ '7 6.61 /

MW5MGOD
0- GRAS
B- BAIL
PP - PTAUC PUMP
SI- SUCT)ON urr PUMP

N..
sLmtat1iE PUMP

BC.A00 PUMP



GROUND WATER OUAUTY SAMPLING RECORD ' 25
PAGE 1 OF 2

SAMPLES TYPES: (WSAOE)
D- DUPliCATE FE.
R. REPLJCATE TB.
S- SPIKE tB.
K- KNOWN N-

INSTALLATION ID LOG DATE

LOCATiON ID____________________
SAMPLE TYPE______ SAMPLE ID

LOT CONTROL NO.

LOG TIME _______

SAMPLE DEPTH

' fl9?INITIAL GROUNDWATER DEPTH (FT) -3
SAMPLING PERIOD: STAR7 COMPLETE
SAMPUNG METJ400 LOGGER CODE /'#DdV
LAB CODE /('"i'1 DATE SENT_________________
PRESERVATION METh' —

COMMENTS
:

FiNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U. 67
SPECIFIC CONDUCTANCE SC umhos/cm
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP 'C
ALKALINITY (CaCO3) ALK mg/I
FQflGpJe.1 (R As'n4y : C C
Tijcj II1rr t.2I21/L 1I4Pr'J 39

DETECTION
UMIT
0t2/
//

TIME
TOTAL VOLUME

WITHDRAWN p11 (Mmhoelcm)-- -- -
('C) COMMENTS.

(GALS) Sore Vogijm.s

L1/D 0.0 0.0 - START PUMPING

09 4'
ogg

l.a
z .a

/ 6. — Sd

%o
/ f 1-1 - - i•

1
tJ

oø7. 3.a /� 4.& hl.S "
i�3 3. — - —

, VI —

SAMPLEMETHODS:(WSMCODE)
FIELOBLANK G. GRAs
TRIP BLANC B. BALER
I.AB BLANC PP - PERI5rAajc PUMP
NORMAl. SL - SUCTION I.F1 PUMP

D— 17

AL-
BP-

SUBM13LE PUMP
MRFT SAMPLER
BLADDER PUMP



GROUND WATER OUAUTY SAMPLING RECORD
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INSTALLATiON ID ________ LOG DATE

LOCATION ID

SAMPLE DEPTH (FT.)

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START_______
SAMPUNG METJIOD
LAB CODE ___________
PRESERVATION METHOD
COMMENTS ___________________

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)

Fhrc ?4ht. .0

SAIAPLE$ TYPES: (WSADE)
D. DUPUCATE FB-
R. REPJCATE TB.
S. SPIKE LB.
K. KNOWN

umbosIam
mvolts

$AMPLE METHODS: (WSMCODE)

G. GRAB
B. BhJL.ER

PP - PEMISTAUC PUMP
SL. SUCTION UFT PUMP

SAMPLE TYPE A! SAMPLE ID

LOT CONTROL NO.

LOG TIME /2

7O Z? 'gr

COMPLETE
LOGGER CODE
DATE SENT....

(p'/ 2) 44-tJ

Z3.--,?.?,' f/'
/Z,41

V L- - 9,C73 91'i-,.c16- / Z# -
FINAL PARAMETER MEASUREMENTS:

pH S.U.
SC
Eh
TEMP

T+( atk; 1\ 5 r/I.

.C

DETECTIOF
UMif

I
/g.$_ £9.1

ALK mg/I —

ha IL..

liME
TOTAL VOLUME
WITHORAWP*'' pH IMfuheslem)

J
IEMP COMMENTS(•C)

(GALS) .t. VOhI
0.0 0.0 — — - START PUMPING

/E- (oO ie 5 /
5cJ ? 0 j ,' '.S c100 1
5O(c, 3.0 3.21 G.44c O te l(

4. '.27 'Z2.. '
-

---- -

MELD &ANK
TP
LAB BLAM(
NORMAi.

D— 18

hi..
BP.

SUBMIBLE PUMP
MR MPLR
BLADDER PUMP



GROUND WATER QUALITY SAMPLING RECORD f ) V
PAGEl 0F2

INSTAU.AT1ON _______ LOG DATE

LOCATION ID
/

LOT CONTROL NO.

LOG TiME ______

SAMPLE DEPTH (FT.) '7

SAMPLES V(PE SACOD
D- DUPUCATE FB.
R. REPUCATE TB -
S. SPIKE 1.8.
K. KNOWN N-

SAMPLE METNOOt (WSMCODE)
0- GRAS
B. BAILER
PP - PERI5TALIC PUMP
SL. - SUCTiON LFT PUMP

,Y

/4'/a

SAMPLE TYPE SAMPLE 10

/2'.INITIAL GROUNDWATER DEPTH (Fr)
SAMPLING PERIOD: START
SAMPLING MEJHOD
LAB CODE ___________
PRESERVATION METhC ''3
COMMENTS

— COMPLETE
LOGGER CODE
DATE SENT

(p, z) 4d>7/ 417L /
,f/4-4 4/

I

''— '' ' DETECTION
FIWIL PARAMETER MEASUREMENTS: urr
POTENTiAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC Mmhas/cm /
REDOX POTENTiAL Eh mvolts
TEMPERATURE TEMP C /•b
ALKALINITY (CaCO3) ALK mg/I7?44est/ t20

V' '"/.L '41#41-F7xJ) 394

TiME
TOTAL VOLUME
WITHDRAWN(j pH (mheIM)

EMP
(C) COMMENTS

.

(GALS) $o Volum•s

/J,, 0.0 0.0 - - - START PUMPING

/31- /. � /Zq ,'. iw -i,e
j.3/ 7 2'. , 9 O /tf�
,3ç ) j'/� 3O /154w

,,

/ '-/ e/ 3 ''

TP 8L
L&B BLAM(
NORMAL

D— 19

AL-
SUBMERSiBLE PUMP

NR SAMPLER
BLADDER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD 3 328

INITIAL GROUNDWATER DEPTH (F)
SAMPUNG PERiOD: STAR,T ''"-
SAMPUNG METND '
LAB CODE
PRESERVATION METh '
COMMENTS __________________

PAGEIOFZ

SAMPLE DEPTH (F Z

SAMUUPO
0- OUPUCATE FB.
R. UCATE re.
S. SPIKE LB.
K. KNOWN N.

L8 NK
NORMAL

D—20

5p. SUMEP'1 PUMP
At. NR-urr SAMPt

- 8I.AOCER PUMP

INSTAU.ATION ID ________ LOG DATE

LOCATION ID

SAMPLE TYPE A SAMPLE ID

LOT CONTROL NO.

LOG TIME /32c7

22'. /frt-' . 3o.

/7/3COMPLETE
LOGGER CODE //'vt"
DATE SENT_______� S

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC umho$/Cm

OX POTENTIAL Eh mvoltl
TEMPERATURE TEMP •C
ALKAUNITY (CaCO3) AU( mg/I

?#-' 't.4'
1i)7 I4't1P, fri 3 1:1 , ..- 3q5

DETECTIU?
UMrr

ft'

—
/

• TOTAL VOLUME
WITHDRAWN pH

SC
(unhoslcm)

EMP
(•C) COMMENTS

(GALS) $Of Vs$vss
•, —/5s0 0.0 0.0

,z /• ' c.?o /jISTART PUMPING

74'fr /13 1A4i. - 06 —

/jc- 3.1? 6 ,;74 ted 1--,-t,',,'I

/•3c9 C) b.÷' '6/ 1'6,'7Z'( 1'/()
/'�i S . ',. / 4frM i C

Q. GR.a.
B- BM.ER. PUMP

SI - SUCTION LFT PUMP



GROUND WATER QUAUT'Y SAMPLING RECORD
S C.

PAGEIOF2

sAMáTM
0. OUPUCATE Fl- F1RD RANK
R • RUCATE TI - T RANK
S. scE a. se.ta
IC. POiIOWN N • NORMAL D—21

Q- GRAI
8. MJL
PP . PiAUC PUMP
SL - SUCTION LFF PUMP

INSTAU.AIION ID '' "— LOG DATE

LOCATION ID LOT CONTROL NO.

SAMPLE TYPE_______ SAMPLE ID

LOG TiME

SAMPLE DEPTH (FT.) lii) '

C'. jj iç. 4
GROUNDWATER DEPTH (PT) '' 9p.f

SAMPLING PERIOD:
STAR,

13' COMPLETE
SAMPLING

METOD,,
LOGGER CODE______________
DATE SENT S7fr1OCODE

PRESERVATIONMEThC ' 1"'j
COMMENTS /(.),47( #ld

.

OETECTIO:
PARAMETER MEASUREMENTS: UMIT

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC MmhesIcm /

OX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3). ALK mg/I

,I4I-;°.°k so+ 501-
TOTAL VOLUME SC rEMP COMMENTSWITHDRAWN pH tumho.lem) (•C)

(GALS) BOyS Voluss

0.0 00 - - START PUMPING/ /.') 4. ,1 9
:.c g4;Z ,,
5.5—

•

6;?9 g;— '/
�o 4. g 5 9"7' • St "d1' 7i6tu1

SP. stmM1a. PUMP
- NN.UFT WI(PtER

IP- 8LACOR PUMP



GROUND WATER OUAUTY SAMPLING RECORD
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SAMPLE DEPTH (FT) ' '

ZA ' 'T

INSTAU.ATTON ID _______ LOG DATE
LOCATION ID -o-S-
SAMPLE TYPE '4/ SAMPLE ID

LOT CONTROL NO.

LOG TIME /2O

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START COMPLETE /S
SAMPLING METPjOD LOGGER CODE
LAS CODE ___________ 0 DATE SENT_________
PRESERVATiON METHOD , - /''
COMMENTS

a

,

SPECIFIC

DErEcllut
PARAMETER MEASUREMENTS: uMrr

POTENTiAL OF HYDROGEN pH S.U. I'. 2 01
CONDUCTANCE Sc umhoslcm " /

POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKALINITY (CaCO) ALK mg/I —''.' m.i' 0.
i'm_ 7.41 gL/(. 5

TOTAL VOU.JME
WITHDRAWN pH

Sc
(*imh..lcmh

TEMP
(•C) COMMENTS

(GALS) BO,• VOIMm.S

0.0 0.0 - - - START PUMPING —

2.t /i//
't 0 //S' 16
:.(/ 6.60 /,'"

IJ' 1 // . 2/1
• A9 //2— 'I

- 6-s •/ ' 1P8' ,t1'#J .t.i-1r/e- •17 if -
-o 6 Z // y3 b / '° ' ''-

SAMPLETVPU (W5AOOE SAMPLE METHOOS
0. DUPLICATE FB. FIBLDBLANK G- GAI
R. RBPIJCATE TB. TP BLANC B - BAILER
S • SPIKE LB. LAB BLANK PP. PrA1JC PUMP
K. KNOWN N. NORMAL D—22 SL - SUCTION UFT

SF- SUBMtkE PUMP
At. MN-LiFT SAMPLER
SF- BLACCER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD
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POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3)hei , -°

1c4c iruk

DETECTIO
UMIT

INSTAUJ11ON ID _______ LOG DATE
LOCATION ID

SAMPLE TYPE 'V

99

SAMPLE ID

LOT CONTROL NO.

LOG TIME 772

SAMPLE DEPTH (FT.) -

INITIAL GROUNDWATER DEPTH (FT)
7.0. z/.ac,3rcic sr— -5Jfpf. M4f £'

COMPLETE '9%
LOGGER CODE______________
DATE SENT �-i'-9a

SAMPUNG PERIOD: START '74'
SAUPUNG METHffiD
LAB CODE
PRESERVATION METh " ''"!1
COMMENTS

RPL PARAMETER MEASUREMENTS:

pH
SC
Eh
TEMP

S.U.
umho s/cm
mvolts

SC

ALK mg/I
(,Q5

.

TIME
TOTAL VOUJUE
WITHDRAWN pH

SC
(jimhs$lcm)

EMP
(•C) COMMENTS.

(GALS) Bors VOIuss, 00 0.0 - - - START PUMPING

aIW' / � //'5 4o 4J'L ¶f 7f
L3 . 2 6 &F //7 - '
Pt3 9• .c 643 ,/, �6
p73 , 6.0 //$.�

'

MUOU MHOOt MOOO
0. DIWUCATE FB. F1aDBLANK G. GM$
A. PIJCATE TB. TRIP BLANK B. BPJL
S. SPIKE LB - LlB BLANK PP - PBA'rALJC PUMP

• POOWN N - NORMAL D—23 SL- SUCTION LFI PUMP

.
AL.

1 PUMP
MN SAMP
BLACOER PUMP



GROUND WATER QUAUTY SAMPUNG RECORD 3

PAGEI 0F2

I /Z•
1/

.,. 0

'7'O

SAMTAOO
b. OIJPUCATE Fl.
R. RJC*TE TB-
S. SPIKE LB.
K. KNOWN N-

/
ff7/

HOOMOOO
Q- GRAB

B- BAILER
PP. PTMJC PUMP
SL- SUCTION LFT PUMP

SP. SU!M1 PUMP
AL - MN4JFT SAMPt
BP- BLADDER PUMP

SAMPLE TVPE

INSTALLATION _______ LOG DATE
-

LOCATiON so_____________________ LOT CONTROL NO.

SAMPLE ID

LOG TIME //99

SAMPLE DEPTH (FT.) 2' �2 r—

-7 T4/? f4'I'')
INITIAL GROUNDWATER DEPTH (FT) 7C— I/.9/75dci7
SAMPUNG PERIOD: START /'/Z/) COMPLETE
SAUPUHG METHOD LOGGER CODE '1"
LAB CODE /r'*z" DATE SENT_______________
PRESERVATION METW! -. ///V2f-41i
COMMENTS

0

FiNAL PARAMETER MEASUREMENTS: DETECflU

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC jjmhos/cm /
RED OX POTENTIAL Eh mvoltz -
TEMPERATURE TEMP C
ALICAUNITY (CaCO3) ALK mg/I

P4 9-i-,f- - 0 0 -

72-t 'j I 2C 2 7;,j:- 4-c,t - 3 %

TIME
TOTAL VOLJJUE
WITHDRAWN pH (mheslcm) COMMENTS

(GALE) ISIS VoIuss

1,,,ç 0.0 0.0 - - START PUMPING —

///'7 /0 . ' ?, -
'/7/ . S' 4.?4 1'i e.?i / '

I,
//

L' . F' ".

h.fO
'M

FD m
TP IKA*
LB NK
NORMAl. D—2A



GROUND WATER QUAUTY SAMPUNG RECORD
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SAMUPO
0. DUPUCATI FB.
R- UCATE 11 -
S. SPlICE .3.
K- IOJOWP4 N-

LAB ØLANK

NORMAL D-25

- SUBM'lF PUMP
AL- AIR-LiFT SAMPt
lIP- 8LACOER PUMP

INSTALLATION 10 C$'t- LOG DATE

LOCATION iø /::1M;- -5'
SAMPLE TYPE '/ p415 M"i7 SAMPLE ID

LOG TIME

LOT CONTROL NO.___________________
________ SAMPLE DEPTH (FT) 77•

72 (4.4'tP)
INITIAL GROUNDWATER DEPTH (FT) 7'
SAMPUNG PERIOD: START //# COMPLETE
SAMPUNG METHOD LOGGER OOE
LAB CODE M'' DATE SENT -?-a
PRESERVATION METh '- •' "-' .
COMMENTS

FiNAL PARAMETER MEASUREMENTS:
DETECTIO

POTENTIAL OF HYDROGEN pH S.U. —
SPECIFIC CONDUCTANCE SC Mmhaslcm /
REDOX POTENTIAL Eh involts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/IP'/t'- fAc 'd '(• 40j '/ r.- - 3

.

lIME
TOTAL VOLUME
WITHDRAWN PH (MMh.SICM) COMMENTS

(OALIJ I.i'. vo..// 0.0 0.0 — — - START PUMPING

/3',,,; / 1P 'éWP#9 P42
,c2 2.ci 6J- "

,

,cir 3.o Vt a;.:: "t� 1 (,.qp 9Z/ '
/J� 2 . 7 9 6g" "
/'/A o 4p,, 7:-' 6t6é "
/.ii'v ? 2'? 6f "

ts iPa .

/.czz —
,4,f'1

6.e5
't-"i

,/
2O

bb i,1f2

MW5MCOD
G- GMI
B- MILM
PP. PUTALJC PUMP
SL. S&JCI1ON trr PUMP



GROUND WATER OUAUTY SAMPLING RECORD ';!a 334

PAGE 1 OF 2

30. •3j1.3 -zo. '/0. iSea/s 7') /d'�r a ' / / -'-
COMPLETE _____________

LOGGER CODE /2iv'
DATESENT ---_ -

(pi,L<z)

SAMPLES 1PE
D - DUPUCATE FB.
A. RUCATE 75-
S- SPiKE LB.
K- KNOWN N-

SAMPLE METHbDS (WSMCOOEI
G. GRAB

B. SAILER

PP. PERSTAUC PUMP
SI.- SUCTION LIFT PUMP

SP- SUBMERSIBLE PUMP
AL. MR.UFT SAMPLER
BP- BLADDER PUMP

SAMPLE TYPE

INSTALLATiON ID ' ' LOG DATE ?/'/ 7 LOG TIME

LOCATION ID ' Z/ ' 5 LOT CONTROL NO. ___
'V SAMPLE ID

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START
SAMPUNG MEJJIOO
LAB CODE 7(q-ev"
PRESERVATION METHOD.
COMMENTS ________

SAMPLE DEPTh (FT.) 7 i (.

RPL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE SC
REDOX POTENTIAL Eh
TEMPERATURE TEMP

ALICAUNITY(CaCO3) ALK/'A74' 4( 4/iI7
i4 YD7-t..

6h7S.U.
J4mhos/cm
mvolts
.C

mg!I

qqy

DETECTIOI.
UMIT
LO/

9• /

.

TiME
TOTAL VOLUME

WITHDRAW,
(GALS) ItVOhapiss

Pt1
sc

(jamhoslcm)
TEMP
(C)

1
COMMENTS

.

p-i 0.0 0.0 - - START PUMPING 1

/'7 to •9:' O ii4
/C-eS Z. /. .C 2 "
/Ot c4 0 Z / 64' 910 6 7 'i—' "9fc Z9 6.6 ci41 — — — "

j
TP
L&B BLANK

NORMAL
D-2 6



INITIAL. GROUNDWATER DEPTH (FT) 'th-) '''.3 'rs
SAMPUNG PERIOD: START /420 COMPLETE /4w-
SAMPUNG MEINOD LOGGER CODE_______________
LAB CODE DATE SNT
PRESERVATION METhOD ,,j 179L.� (p,i/ t
COMMENTS

.

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
RED OX POTENTiAL
TEMPERATURE
AL.KAUNITY (CaCO3)e/p''/'' 14i/e- 0

TOTAL VOLUME
WITHORA

GROUND WATER OUAUTY SAMPLING RECORD

INSTAU.ATION ID _______ LOG DATE
LOCATION ID__________________
SAMPLE TYPE. 'V

v/Le /9

••).
PAGE 1

/552LOG TIME

LOT CONTROL NO.

SAMPLE ID SAMPLE DEPTH (FT.) /-92(&2

pH
SC

TEMP

S-U.
Mmhoslcm
mvolts

44I:.f9

ALK mg/I

DETECTION
UMIT

—a'),/
a,

3qi ,_

I

0- DUPUCATE Fl. F1D BLANK
R- REP1JCP.TE TB. ThP8LANK
S. SPIcE LB. LABBLAM(
K - KNOWN N. NORMAL D—27

uucoo
G- GR8
B- BAILER
PP - PETAIJ PUMP
S. - SUCTION LiFT PUMP

SP - SUBMERSBLE PUMP
AL. M4JFT SAMPLER

- BLADDER PUMP



GROUND WATER QUALITY SAMPUNG_RECORD
P-i 'iL• a

PAGEt OF 2

INSTALLATION ID _______ LOG DATE.
LOCATION ID " #4 ______

SAMPLE DEPTH (FT.) L 7Z—

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STAR! //L7Z
SAMPUNG METJ'IOD
LAB CODE _________
PRESERVATION METH' 4/ O.
COMMENTS

0. JPUE FE-
R- RUCATE lB.
S. SPIKE LB.
K- IUOWN N-

SAMPLE METHCOt (W5MD'
G- GRAB
B- SAILER
PP - PER4TAUC PUMP
S1. SUCflON UPT PUMP

SAMPLE TYPE A) SAMPLE 10

LOG TIME

LOT CONTROL NO.

______4L /jSV 'Dpvqe-•

S

COMPLETE
LOGGER CODE
DATE SENT_. 5—ti- r'

FiNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC gmhos/cm
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaGO3) ALK mg/I

DETEC

'
/

.'
Pheno' A

);.tre4 pj- - 53 r?o,/s..
.

.

TIME
TOTAL VOLUME

WITHDRAWN pH (umh..Icm '? COMMENTS

I GALE) Bore VO$vss
0.0 0.0 — - - START PUMPING —

,os7 /. p p9- Z3 ir.
,')59 ' i 6$'
/s5. J 0Z 9 .i .

/,c9 �0 9c #c e -
//9/ . c . oc 'I.

RBLD
Thp a
LB JJC
NORMAL

D— 28

- SJBMEi1 PUMP
AL- NR-UPT SAMPLER

BP - BLADDER PUMP



GROUND WATER OUAUT'f SAMPLING RECORD ' ''
PAGEi OFZ

TP
L8 ØLANK

NORMAL
D—29

G. GRA$
8- MILE
PP - P8TMJC PUMP

SL - SUC11ON UFT PUMP

• J4'F PUMP
AL. MR.UFT SAMPL
BP- I.ACOER PUMP

SAMPLE TYPE

INSTALLATION ID _______ LOG DATE ___________ TIME

LOCATION io -7/5 LOT CONTROL NO.___

________ SAMPLE 10

/f-22'2

SAMPLE DEPTH (FF.) -
7') gre'

INiTIAL GROUNDWATER DEPTH (FT) r'3'r' L/1- i'Z'
SAMPUNG PERIOD: START /'23 COMPLETE /6Z'7
SAMPUNG METHOD LOGGER CODE______________
LAB CODE DATE SENT_________________
PRESERVATION NETH " '4f
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECTIO

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC MmhOS/Cm /23 /
REDOX POTENTIAL Eh mvolti
TEMPERATURE TEMP C /2/
AUCAUNITY (CaCO3) AU( mg/IM"
Uç() 4)O1 tA1J Fj,LTeRD Aç- 5(o rlc/

TIME
TOTAL VOLUME
WITHDRAWN

.

PH (umhoslcMI
I'.IP COMMENTS

(QALS) Dot. VoIu..
,',z 0.0 0.0 — - - START PUMPING

,',, ,'. L' .9c //4&' 6$- -
,''/ c to : //
/t9i•l -*2 'Z9 £3 "// f /Z3- t$Z -

SAMUT
D. OLUCATE
R. UCATE TB-
S. SPIIE L8.
K. IGIOWP4 N.



GROUNO WATER OUAUTY SAMPUNG RECORD
d d3

PAGEI OFZ

/f /
/u;'ti
/('7.7
/u2'L,

/lz,*

/, j

-v .—

c(
1)

oo
9-/i;i
7¾
?./;

SAUT
0- ouPuCArE FB. FI0&ANK
R - TB. TRIP BLAMC
S. SPIKE LB. LABBLAMC
K. iI NORMAL D—30

c/
—k,S)

S91-9

-71 .—It-
6ccc
I,c
, -0
'2& S. 1-

0- GPAR
0- BALERp. PER4T*UC PUMP
Si... SUCTION LIFT PUMP

,,

/2'

SP- SUBMtr"F PUMP
AL. MR-UFT SAMPLER
BP. BLA000R PUMP

SAMPLE TYPE______

INSTALLATION ID ________ LOG DATE LOG TIME

LOCATION ID "' LOT CONTROL NO.

SAMPLE ID SAMPLE DEPTH (FT) I</

— / 7).
INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START " COMPLETE
SAMPUNG METHOD /? LOGGER CODE ''-"
LAB CODE DATE SENT -1'-;o--y() -
PRESERVATION UETH ' - 'I4I4', , — P4- /4 .
COMMENTS

RPUL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH LU
SPECIFIC CONDUCTANCE SC umho.Icm

0ETECTIOt,
"

.

REDOX POTENTIAL Eh mvolts
TEMPERATURE T4P •C
ALKAUNITY (CaCO3) ALK mg/Ifri.. 3

,'2,
•

7727- - 2 c 7rr- 74 /t/-i( - 2 • .

:

TIME
TOTAL VOLUME
WITHDRAWN pH (mfteslcmb COMMENTS

-
(GALS) lot. VoluMs.

0.0 0.0 — - - START PUMPING

/4/,flZ

,,'
I, —

,çLI1,-f--' &-.Vc2'



GROUND WATER QUALITY SAMPLING RECORD

PAGEIOF2

INSTAU.A110N ID "'- -- LOG DATE
-

LOG TiME

LOCATION ID P77'9—/ wr CONTROL No.___
Al ____ ___

- 7. 7 7ç'4(iJ
INITIAL GROUNDWATER DEPTH (FT) 7t'5 "
SAMPLING PERIOD: STMT COMPLETE _____________
SAMPUNG METJ'IOD LOGGER CODE_______________
LAB CODE ("" DATE SENT________________
PRESERVATION '/ kM ,411'L 7f/eiL1 #II&rWIJ�
COMMENTS

.

DETECTIOt
L PARAMETER MEASUREMENTS: urr

NTIAL OF HYDROGEN pH S.U. C.

IF1C CONDUCTANCE SC umhoslcm /
OX POTENTIAL Eh mvoltz

ERATURE TEMP C t.f
AUMTYICCO3) ALIC mg/I

.-r6)1. ,i/fr7i7€bó' '' t 2.- 315.
TOTAL VOLUME

E WITHDRAWN pH (wuho.1C1
EMP
(C) COMMENTS.

(GALl) lore VOIsju
q 0.0 0.0 - - START PUMPING

/ ,,
2 / S -,. .

7z) 127 69 "" A?i3 z9-
Z -4O . ;
3 . 7&' "

SAMPLE 1PE. SAMPLE ID SAMPLE DEPTH (F) 29ic

SAMPtTYPCW5M'4OF1
0- 0IJPUE FB.
R. RIPUCATE TB.
S. SPIKE LB.
K. KNOWN N.

FDTP a
Lsa
NORMAL. D—31

G- GRAI
B.
PP. PETAUC PUMP
SI.. SUCTLON lifT PUMP

• JUMe'°' PUMP
hi. NN.UFT SAMPLE
BP- eLACCER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD ' '
PAGEt 0F2

SAMPLE3 TYP OOO
0 - OUPUCATE
A- UCATE
S. SPIKE
K. KNOWN

SAMPLE DEPTH (F1) 30•

c:') . �
COMPLETE i'/-'7

LOGGER OOE ''°-'
DATE SENT ''

s ',-L — ,Or ,; ,'

MPLEMNOMGOna
G. GRAI
B- BAJL
PP. PoAUC PUUP
SL - SUCTION LFT PUMP

INSTALLATION ID '-'-— LOG DATE.
LOCATION ID d
SAMPLE TYPE 4" SAMPI.E lD_

LOG TIME

LOT CONTROL NO.

INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: START '
SAUPUNG METHOD
LAB CODE __________
PRESERVATION METW —
COMMENTS __________________

PARAMETER MEASUREMENTS: OETECTkt

POTENTIAL OF HYDROGEN pH s.u. C'. 2- . &
SPECIFIC CONDUCTANCE SC umhoslcm /

POTENTIAL Eh mvalt$
TEMPERATURE TEMP C -
ALKAUNITY (CCO3J ALK mg/IJ

2- :7i, 45g.
TOTAL VOLUME
WITHDRAWN pH (umho,lcm) COMMENTS

-
(AL3) Bors Volumss

0.0 0.0 — - - START PUMPING -
/0 6 9, /' .e-r /'' zv. 6Sf 5 Lfr

3 0 5/ 8O 9.o 1

4,0 .SI 8coS G.5
5.'O . 6,S2 8'4 G1 h

,Q (r9 05 '.5i? 5O "

—

,4qJ,.

iLl4

//:'
9p/

9t/( =
.7I/4 ,qi, =ac

•i
-

FE- PaD.aNK
TB- TPBL%MC
LB. LA8BLMC
N. NORMAL D-32

SP. SUBMtPE PUMP
AL. MR.UFT SAMP*
BP - BLADOER PUMP



GROUND WATER OUAUTY SAMPLING RECORD 3 3i
PAGEIOF2

INSTALLATION ID ( "-- LOG DATE
LOCXflON ID " — 'Z.i,
SAMPLE 1VPE 'V SAMPLE ID

MMT
C- DUPLICATE FE.
A. REPLICATE TB.
S. SPIKE L3.
K. O4OWN N.

MLf METHOt oom
G- GMI
B. BML
PP. PErAIjC PUMP

D-33 SL- SUCT7ON i.T PUMP

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.)

— 7). - ?L'2 ..i4.'()1J
INITIAL GROUNDWATER DEPTH (FT) ''1 '-
SAMPLING PERIOD: START COMPLETE /'Z-
SAMPLING METhOD LOGGER CODE '"'-'
LAB CODE DATE SENT________________
PRESERVATION UETh '4 —'' — "' '
COMMENTS

FilIAL PARAMETER MEASUREMENTS:
DErECTIO:

POTENTIAL OF HYDROGEN pH S.U. c'. "
SPECIFIC CONDUCTANCE SC gmhoslem /
RED OX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

73,t'.4si1. )O— 4 ,
.

TIME
TOTAL VOLUME
WITHDRAWN pH •ie COMMENTS

(GALl) lore VoIv.s
0.0 0.0 — — START PUMPING

i5?% / 0 )O, 04 J&2a1vcJ IC
,�z z.o liz— 4 "
,'9 3o 4. 1 j', "
' / ./ ° . b' I,

/ç .'�- . 6. 4z "

P m
LAB

NORMAL

AL.
EP.

PUMP

MRT
ELACCER PUMP



GROUND WATER OUAUTY SAMPUNG RECORD- ,a;- 43

MMTO
0. 0IWUCE PR.
R- RU 11.
S. SPIKE LB.
K- IGIOWN N.

LR MC
NORMAL D—35

- stmu—tE PUMP
AL. MR.UFF SAMPt
eP. PUMP

SAMPLE TYPE 'V

INSTAU.ATION ID _______ LOG DATE 9'
LOCATION ID -/flA ,.

SAMPLE ID

LOG liME

SAMPLE DEPTH (FT.) zc 9/ A 72

IMTIAL GROUNDWATER DEPTH (P3) ci' — "f9f
SAMPUNG PERIOD: START •215 fr COMPLETE
SAMPUNG METhOD '' LOGGER CODE
LAB CODE DATE SENT
PRESERVATION METH' 9'' -
COMMENTS ________________________

FINAL PARAMtIR MEASUREMENTS: DETECTIC

POTENTIAL OF HYDROGEN pH
SPECIFIC CONDUCTANCE Mmhas/em
RED OX POTENTIAL Eli mvoltz
TEMPERATURE TEMP C
ALKAUNITY (CaCO3) AUC mg/I

Mk0.0
UnWr'l 1of1 4. -

(-'0/

(- /

.

.

TIME
TOTAL VOLUME
WITHDRAWN pH (mh.sIcmI COMMENTS

(GALS) $•T VSh..s
0.0 0.0 -. - - START PUMPING

'øy '.a 6k, 9Z I'.D 7 Z? 7*'ti,
i� o' L '

9J4'h O 3� "
#ia � t7 "

. 4 4'

1)

I

G. W$
B- BAILIN

- p*uc PUMP
SL - SUCTION LDT PUMP



s, /
PAGEX OF '—

GROUND WATER OUAUTY SAMPUNG RECORD

INSTAUAflON
LOCATiON ID

SAMPLE
>,t¼ t)

ID LOG DATE"' "P •" ''' LOG TiME

LOT CONTROL NO.____

TYPES___________ SAMPLE ID

3O vk'eJ: 3qo
SAMPLE DEPTH (FT.) ' 57

ZT j7— (i.d 7ci
af .C- jçç'4r.

TOTAL VOLUME SC rEMP 'f'" O1/7
CO MMENTSTIME WITHDRAWN pH (MMh$lC& (• Cl

(GALS) Son Volvm..

i5/? —

/3t 7. CI sf 71T - 4iir 2_t3 2 0 ______ LJ 99- 69b L7 ti1.4r.4J .Sf6aZ?- 7,
,'f73 J.o 993 'g "' �Ta

.

t b51 I'

ILZ —. T
/C3? - it/4 -

..___
I

1

..

.
._

.

I

ii
.

I

.
.

___ —

D-3 6



GROUND WATER QUALITY SAMPLING RECORD

PAGEI 0F2

SAMPLEB TYP SACOO
0. DUPLICATE Fl.
R- UCATE TB.
S. SPIKE LB.
K- KNOWN N.

SAMPLE MHMCOD
G. GRAB
B- BAILER
PP - PERISTAUC PUMP
SI..- SUCTION UFT PUMP

INSTAU.A11ON ID /4 "k— LOG DATE

LOCATION ID i">
SAMPLE 1VPE. Al SAMPLEID

LOT CONTROL NO.

LOG TIME _____

SAMPLE DEPTH (FT.) J

'••JGROUNDWATER DEPTH (FT) A7Z r'
SAMPLING PERIOD: START COMPLETE
SAMPLING METHOD LOGGER CODE_______________

CODE Z922't"
,1/ATE

SENT________________
PRESERVATION METHOD

0 /447
COMMENTS

.

DETECTIONPARAMETER MEASUREMENTS:
. UMIT

POTENTIAL OF HYDROGEN pH S.U. a o/
SPECIFiC CONDUCTANCE SC umhoslcm 9-9

POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

,3iv'. rnf(' P
4'99 cMer4 4('

• TOTAL VOLUME SC TEMP COMMENTSWITHDRAWN pH (j&mh.slcm) (•C)(Q$) lor VOluM•
0.0 0.0 - - - START PUMPING

/0 9�3 ,t M'7
,acq z. -, 9ç qç ." , &ig :

93' t'ø° -.

ST • - — — 2'

RD
TRIP

NORMAL
D—37

AL.
SIJBMER41 PUMP
MFT SAMPLER
BLADDER PUMP



SURFACE WATER QUALITY SAMPUNG RECORD 2 246

INSTALLATION ID ________ LOG DATE 9
LOCATiON ID L/—O 5/
SAMPLE TYPE N SAMPLE ID ______________

POTENTIAL OF HYDROGEN
SPEOF1C COICUCTA NCE
REDOX POTENTIAL
TEMPERATURE
ALKALIMTY (CaCO3)

0
r-.I fçcli 2'f

__________ COMPLETE ____ -____
LOGGER CODE _______
DATE SENT __________

START COMPLETE —
_______________ LOGGER CODE

_____________________ DATE SENT
.4' 1 ,$L-'O., -47a77-c

POTENTiAL OF HYDROGEN
SPEC1FIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUMTY (CaCO3)

/Ph'edt'' /?Z#". -1- r.5: 33 4?f/
SAMPLE TVPES (WSACOOE)

0 - DUPUCATE FB -

R- REPUCATE TB.
S- SPiKE. L5-
K- KNOWN N-

$ SUBMERSIBLE PUMP
AL - AIR-UFT SAMPLER

BP- BLADDER PUMP

LOG TiME
LOT CONTROL NO.

SAMPUNG PERJOD STARS
SAMPUNG METHQP
LAB CODE
PRESEWfATION METHOD _______ -_____
COMMENTS /1A9-#E -' 'i

SAMPLE DEPTH (FT.)

PARAMETER MEASUREMENTS:

pH
SC
Eh
TEMP

S-U.
hos/cm

mvolts
oC

DETECTION
UMIT

/,-
,2/

ALK mg/I

F4rcI Z/'%

INSTALlATION ID ________ LOG DATE
LOCATION ID "-'' LOT CONTROL NO.
SAMPLE TYPE_________ SAMPLE ID —

LOG TIME _______

SAM PUNG PERIOD:
SAM PUNG MET1j9D
LAB CODE
PRESERVATION METHOD
COMMENTS "'

SAMPLE DEPTH (FT.) t 8�

O33

c-1 -

PARAMETER MEASUREMENTS:
DETECTION

UMIT

pH S.U. 2OJ
SC umhos/cm ____________ /
Eh mvott* _______________ __________
TEMP °C ___________ ________
ALK mg/I P &"b'

l17Z_ 7it/ ''c' E+'c7 '/L
SAMPLE METHOD& (WSMCODE)

FIELD BLANK G - GRAB

TRIP BLA( B- BAILER

LAB BLAM( PP. PERISTAUC PUMP

NORMAL SL - SUC11ON UFT PUMP

D-3 8



SURFACE WATER QUALITY SAMPUNG RECORD

INSTALLATION ID 5 "- LOG DATE
LOCATiON ID 17
SAMPLE TYPE ' 'V SAMPLE ID —

LOG TIME _____

SAMPLE DEPTH (FT.) a- 3ic

SAMPUNG PERIOD: STAJT
SAMPUNG METHD fLAB CODE '' 4,
PRESERVATiON METHOD -
COMMENTS ''"9 P149,f

• PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U. ___________
SPEC*FIC COICUCTAN Sc ___________
REDOX POTENTIAL . _________
TEMPERATURE . TEMP °C ___________
ALKAUMTY (CaCO') ALK mg/Itië 0. ' 7IMZ ,f.J/ '3/ 4?1/ --- ,, ---

— —

__________ COMPLETE _________
LOGGER CODE ________
DATE SENT J-"V T A41'7 1fxi.

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH
SPECFIC COM)UCTANCE SC
REDOX POTENTIAL Eh
TEMPERATURE TEMP

ALKAUNITY (CaCO3)
'9-0

1?rAL r?,28 4i,*' 4'39 '/-

DETECTION
UMIT

/9qc_ / —

7,,i47- /. Zr- L7E#/j q:;s '/t
SAMPLE METHOD& (WSMCODE)

G- GRAB
B- BALER
PP- PERISTAUC PUMP
Si.- SUCflON LIFT PUMP

D—3 9

SP. SUBMERSIBLE PUMP
AL- MR-LIFT SAMPLER
BP. BLADDER PUMP

LOT CONTROL NO.

,4''- ,4442

COMPLETE —
LOGGER CODE

— DATE SENT �- -9g9

jmhos/cm
mvolts

DETECTION
UMIT
t2 o/

INSTALLATION ID ________ LOG DATE
LOCATION ID jml-3
SAMPLE TYPE___________ SAMPLE ID —

LOT CONTROL NO.
LOG TIME _______

SAMPLE DEPTh (FT.) a '(1�

SAMPUNG PERIOD: STT
SAMPUNG METJOD &
LAB CODE ______________________
PRESERVATION METHOD
COMMENTS '-'" ''' /_� S& J ## 7

S.U.

mhas/cm
mvohts
IC

ALK mg/I

SAMPLE TYPES (WSACOOE)

D- DUPUCATE FB- FiELD BLANK
R- REPLICATE TB - TR!P BLANK
S. SPIKE. LB. LABBLANK
K. KNOWN P4.



4.

SURFACE WATER QUALITY SAMPUNG RECORD 't8I &. .42I.

a

INSTALLATION ID _________ LOGDATE

LOCATiON ID L7c- 5b
SAMPLE TYPE___________ SAMPLE ID —

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPEOFIC COPCUCiA NC
REDOX POTENTIAL
TEMPERATURE
ALKALIMTY (CaCO3) ao

Z3' '/L

INSTALLATION ID LOG DATE
LOCATION ID _____________________
SAMPLE TYPE 'V SAMPLE ID

LOG TIME
LOT CONTROL NO.

SAMPLE DEPTH (FT.)

SAMPUNG PERIOD: STAR.T /230 COMPLETE —

SAMPUNG METHOO, LOGGER CODE 'fr -l.'
LAB CODE _____________________ DATE SENT ______________________
PRESERVATION METHOD I4/A'I::j -
COMMENTS c'6Z'

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN ___________ ________
SPECiFIC CONDUCTANCX ____________ _________
REDOX POTENTIAL __________ _______
TEMPERATURE _____________ _________
ALKALINITY (CaCO3)

,7,t.". Atk
f'Vfr/I'fb# izz '/

SAMPLE (PES (WSACOOE)
D - DUPLJCATE FB.

- REPLICATE TB.
S- SP1K.E LB-
K. KNOWN N-

FiELD BLANK

TRIP BLA?O(

LAB BLAM(

NORMAL

SAMPLE METHOD& (WSMCODE)
G- GRAB

B- BAILER

PP. PERISTAUC PUMP
SL - SUCTiON LIFT PUMP

D—40

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

LOG TIME
LOT CONTROL NO.

/2cS

SAMPLE DEPTH (FT.) L7 � S"S

SAM PUNG PEIOD START iii COMPLETE _____________________
SAMPUNG METHO , LOGGER CODE ' It"
LAB CODE /(g DATE SENT ______________________
PRESERVATION METHOD 'ø". ñ-__-COMMENTS '4' 's1' J5' 7-t4'

pH S.U.
SC j.imhos/cm
Eh mvotts
TEMP 'C

DETECTION
UMIT

j3 /
a

ALK mg/I
7;6!;.e::

.ZZP T/i

pH
SC
Eh

s.U.
j.imhos/cm
mvolts

DETECTION
UMIT

;4qq

TEMP °C
ALK mg/I

zq /
af

: •:?. DØ



SURFACE WATER QUALITY SAMPLiNG RECORD se-. d49

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPEFIC COtCUCTA NC
REDOX POTENTIAL
TEMPERATURE
ALKAUMTY (CaCO3)h'AA 0,0 /o o7 2 13/zro 7z 4y 205 /2o

INSTALLATION ID ________ LOG DATE Si P LOG TIME
LOCATiON ID

-
- LOT CONTROL NO. ____

SAMPLE VI'PE___________ SAMPLEID ____________ _________

SAMPUNG PERIOD: STAR7 C)3. - COMPLETE ________________________
SAMPUNG METHQD LOGGER CODE .'W4'
LAB CODE _______________________ DATE SENT_______________________
PRESERVATION METHOD " " 4-s - ',P2 1' ,Z?,y'
COMMENTS Wc*er 4rtP

DETECTION
UMIT
0.0//--
p.'

SAMPLE r'PEs (WSACOOE)

0- DUPLICATE FB-
P.. REPUCATE TB -
S. SPIKE La-
x- KNOWN N-

FIELD BLANK

TRIP BLAM(

LAB BLMc
NORMAL

SAMPLE METhOOSI (WSMCODE)

G. GRAB
B- BAILER
PP. PERISTAUC PUMP
SL - SUCTION LIFT PUMP

D-41

SP. SUBMERSIBLE PUMP
AL - 4*JR.UFT SAMPLER

BP - BLADDER PUMP

LOT CONTROL NO.
LOG TIME /INSTALLATION ID ________ LOG DATE ________

LOCATION ID 5Z-
SAMPLE TYPE N SAMPLE ID ____________ SAMPLE DEPTH (FT.) b'S i.t
SAMPLING PERIOD: START COMPLETE ______________________
SAMPLING METHOD LOGGER CODE ___________________
LAB CODE DATE SENT S8 -'9t9
PRESERVATION METHOD -AfbZ
COMMENTS ¼id LQ P'O .f. Ais / 9- -7/

p,,. ps'
DETECTION

UMIT
pH S.U. ___________ _______
SC
Eh
TEMP

Umhos/cm
mvolts

ALK mg/I

i-/n -/ 1
- —

p. /

SAMPLE DEPTH (FT.) CD. 5

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONOUCTA NCE
REDOX POTENTIAL
TEMPERATURE
ALKAL NITY tCaCO3)

0.0

pH s_U.
SC J4mhos/cm
Eh
TEMP

15
mvolts

DC

ALK mg/I

1Sl9
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HYOROCEOLOGIC INSTIGA TION
CARSWELL. AIR FORCE BASE

FORT WORTH, TEXAS

Texas State Plane Coordinat, and Elevation
or

Test Wells
So.Li Gas Probes and

Satnpl,Lng Points

ril 8, 1988

II BRJTTAIK & (RAW?ORD
LAND SIJMVEVING &içj TOPOGRAPHIC MAPPING

E3 (SI?) 925—0211 - M.tro 429512
P0. Oo 11374 3905 SoulIl Ftswsy

Fovt Worth. T.iag 75)10



BOREHOLE AND MONITOR WELL SURVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding
elevation of top of P.V.C. value)

N$J4BER EAST ELEV9TION OF ELEV.4 TION OF N4 TUR,4L
Top OF P.V.C. ouio 4T sELL

855 4(45) 402,068.84192 2,024,357.78905 566.38 5.9
85.5 8(34) 402,390.17981 2,024,331.93158 569.73 567.2

ass 0(36) 402,254.07567 2,024,565.70484 559.57 560.0
855 0(38) 402,418.08908 2,024,487.37097 56.1.45

P1 (111) 397, 712.30601 2,019,695.14307 •628 .58 625.5
P2 (96) 397,542.85438 2,020,627.90845 •618.78 615.5

19 (1.31) 401,089.90010 2,025,128.18992 570.27 566.5
18 (132) 401,268.84868 2,025,291.18966 560.25 560.49 (4.SP)

IC (134) 401,032.46237 2,025,482.01757 560.00 560.31 (45P)
10 (137) 400,852.84768 2,025,642.78693 563.93 560.5
1ff (135) 401,173.20809 2,025,407.53205 562.25 559.4

IF (236) 401,002.55061 2,025,607.46.316 562.26 559.5

39 (121) 398,360.53325 2,017,786.72397 633.47

38 (218) 398,345.88397 2,028,291.94176 633.84

JC (117) 397,831.27206 2,018,292.28878 635.39
.30 (120) 398,598.98292 2,027,477.40425 625.25 621.6
3ff (219) 398,358.43082 2,019,005.28691 622.87

49 (129) 396,920.99434 2,020,042.19064 625.76 624.6
48 (130) 396,940.34767 2,020,463.636.63 619.90 618.4
4C (98) 397,217.02642 2,020,785.3.1555 623.04 610.9
40 (97) 397,446.17694 2,020,620.98175 615.35 623.1
4ff (95) 397,651.12948 2,020,607.5623.1 6.18.54 617.5
4F (93) 397,680.42426 2020,255.75892 625.36 622.8
46 (100) 397,836.73039 2,020,857.61303 620.02 619.2
4H (99) 397,541 .43 725 2,020,916.8491.3 613.43 610.5

5,4 (109) .398,061.75689 2,029,781.72497 623.18 619.4
58 (90) 398,520.35788 2,020,283.72459 600.45 597.4
SC (104) 398,339.27594 2,020,196.97152 608.68 606.8
50 (203) 398,362.32.313 2,019,960.29729 611.71 608.5
5ff (1101 397,802.46440 2,019,748.19597 626.89 623.9
SF (94) 397,904.64236 2,020,535.56245 628.95 619.4
56 (88) 398,274 .57747 2,020,894.69337 615.39 622.0
SM (89) 398,351.69445 2,020,546.91832 610.62 608.4

10.4 (108) 397,91330549 2,020,009.97063 626.70 624.2
108 (92) 397,899.01251 2,020,243.06886 624.46 621.1
100 (91) 398,197.02603 2,020,267.33493 617.24 615.4
100 (107) 397,857.53638 2,020,078 .59020 623.33
20ff (106) 397,896.37914 2,020,247.65 722 622.52
lOP (105) 397,946.08160 2,020,196.19956 621.47

119 (101) 398,941.02097 2.020,086.99390 608.22 604.8
228 (102) .398,653.42765 2,020,236.885 70 608.14 603.

124 (224) 397,175.89292 2.019,636.221 69 635.66 632.0
22B (123) 397,333.41 742 2,019,895.65480 627.55 625.6
120 (225) 397.213.82758 2.019.968.84527 628.05 625.5
120 (122) 397,511.40056 2,019.943.01512 627.45 624.8
12E (114) 397,324.25035 2,020,019.35440 627.48 624.5
126 (127) 397.211.26499 2,019,819.73011 629.22
12H (126) 397,175.34773 2,029,813.89486 629.06
121 (125) 397,231.20475 2,019,824.9 74 73 269.15
123 (128) 397,175.26975 2,019,858 .53625 628.66
12K (126) 397,222.63773 2,019,904.66442 626.74
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:J.:L' AND MONITOR WELL StifiVEY DATA

(Monitor wells are distinguished from
boreholes by having a corresponding
elevation of top of P.V.C. value) S _-

Page 2
NLbI8ER fRTH EAST ELEVATION OF ro ELEVATION OF NATURQ

P. V.0. PI QRQJ(iQ 4T SELL

15A (149) 400,123.22038 2,025,232.61342 570.24 570.7
158 (148) 399,906.57343 2,025,252.78758 567.12 564.2
150 (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
I73 (56) 400,362.97881 2,023,809.58530 579.79 577.0
17K (72) 400,193.17235 2,024,001.90555 575.34 573.8
17L (61) 400,394.21647 2,023,966.04349 577.27 574.4
1)74 (65) 400,380.91204 2,024,264.07312 574.28 572.6

•M3TE: IEI.LS P1 & P2 - TE ELEVATIONS 5)WN ARE flE TOP OF
THE OPERATOR NUT.
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SITE LFO5

'

LFO 5—Si
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

ELEVATION OF FLOWLINE OF CREEK AT GUAGE
WATER ELEVATION AT GUAGE
ELEVATION OF 1' MARK ON GUAGE

TYPE NORTH Nyfl 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
LFO5—11
LFO5—12
LFO5—13
LFO5—14
LFO5—15
LFO5—16
LFO5—17
LFO5—j.8
LFO5—1 9

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"

STAFF GAUGE 398,445.2564 2,021,286.7444
578.2
579.07
579.44

SITE LFO4

NUMBER TYPE NORTH "Y" EAST 'X" 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
LF04—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
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SITE ST14

SD13—S1
SD13—S2
SD13—S3
SD13—S4

EAST "X ELEVATION
TOP OF PVC.

SURFACE WATER SAMPLES

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

ELEVATION
NATURAL
GROUND AT
WELL/ SORE

WATER
ELEVATION

551.64
551.14
549.72
548.95

NUMBER TYPE

ST14—01
ST14—02
ST14—03
ST14—04

EAS.T 'X" ELEVATION
TOP OF PVC

WELL
WELL
WELL
WELL

NORTH TMYN

399,886.0854
400,102.4353
400,672.3650
400, 231. 5326

NORTH

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

SITE SD13

575.89 -

575.64
576. 72
575.74 -

NUMBER TYPE

573.2
572.7

574.83 ASP
572.9

ELEVATION
NATU RAL

GROUND AT
WELL/BORE

WELL
WELL
WELL
WELL

SD13—01
SD13—02
SD13—03
SD13—04

NUMBER

399,964.3693 2,024,842.2218 573.24 570.3
400,058.5313 2,024,974.4094 573.39 570.64 ASP
399,934.0917 2,024,919.8140 571.54 568.6
399,931.9664 2,024,992.0174 569.24 566.81 ASP

NORTH "Y" EAST "X"
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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 IRI' Remedial Investigation/Feasibility Study (RI/FS). The

objective of the aquifer tests was to determine the hydraulic characteristics

of the shallow ground-water bearing zone (Upper Zone Aquifer). The following

sections describe the geologic setting of the Flightline Area, aquifer test

procedures, and test results.

1.1 Principles of Aquifer Pumping Tests

The value of an aquifer as a source of ground water depends upon

water quality and the capacity of the aquifer to store and transmit water.

The latter two characteristics are referred to as the properties of storage

and transmissivity. The transmissivity is a function of an aquifer's

hydraulic conductivity. The hydraulic conductivity is defined as the flow of

water in cubic feet per day through a cross-sectional area of one square foot

under a hydraulic gradient of one foot per foot (Davis and DeWeist, 1966).

Hydraulic conductivity has the dimensions of length/time, or velocity, and is

expressed in the units of feet per day.

Transmissivity is a measure of the volume of water which will flow

each day through a one foot wide vertical strip of aquifer which extends the

fall saturated height of the aquifer. The transmissivity is equal to the

product of the hydraulic conductivity and the saturated thickness of the

aquifer, and indicates the capacity of the aquifer as a whole to transmit

water (Theis, 1935).
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The storage coefficient is a dimensionless term defined as the

volume of water the aquifer releases from or takes into storage per unit

surface area of the aquifer per unit change in the component of head normal to

that surface (Walton, 1962). The storage coefficients of unconfined aquifers

(e.g., water table aquifers), such as the Upper Zone Aquifer in the Flightline

Area, usually range from 0.05 to 0.30 (Ferris, et al., 1962). Unconfined

aquifers usually have higher values for storage coefficients than confined

aquifers, and these higher values reflect that releases from storage represent

mostly pore dewatering, whereas in confined aquifers, releases from storage

represent the effects of water expansion and aquifer compaction due to changes

in fluid pressure (Freeze and Cherry, 1979). The storage term for unconfined

aquifers is also known as the specific yield.

Storage and transmissivity are commonly determined by conducting

aquifer tests in wells completed in water-bearing units. Aquifer testing may

include constant discharge pump tests, variable rate (step) discharge tests,

constant drawdown tests, water level recovery tests, and slug tests.

At the Flightline Area, a constant discharge pump test and water-

level recovery tests were conducted to determine the hydraulic properties of

the geologic units which contain contaminated ground water. In a constant

discharge pump test, a well is pumped at a constant rate and water levels are

measured for the duration of the test in the pumping well and in the obser-

vation wells which penetrate the water-bearing unit. During the recovery

test, the change in the water levels in the wells are recorded after cessation

of pumping until near static water levels are attained. Graphs of drawdown

and recovery versus time after pumping started and stopped are compared to

graphs calculated from mathematical aquifer models to estimate the aquifer

parameters.
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2.0 GEOLOGIC SETTING

The geologic setting of the Flightline Area at Carswell AFB is

described in detail in the main body of this report. Specifically, Section

3.3 provides information about the geologic setting, topography, and strati-

graphy. Section 3.4 contains a detailed description of the hydrogeology for

the Flightline Area. The reader is referred to these sections prior to

proceeding with the remainder of this appendix.

The following paragraphs are provided to supply additional infor-

mation about the subsurface conditions in the area immediately affected by the

aquifer tests.

Soil boring data collected during well installation in the vicinity

of the aquifer test location has revealed a coarsening downward sequence of

lithologies from land surface to bedrock, which is comprised of the Goodland

and Walnut Formations.

The deposits from the surface to bedrock (referred to as "Upper

Zone" deposits) are generally 30 to 40 feet thick and consist of 10 to 15 feet

of fine grained materials (clay and silt) underlain by 20 to 30 feet of sands

and gravels. The thickest sequence of coarser grained materials (sands and

gravels) is generally oriented in an east to west trend through the Flightline

Area, roughly paralleling White Settlement Road. These deposits are uncon-

solidated and coarsen downward to predominantly limestone and chert gravels at

the contact with the underlying bedrock.

Bedrock of the Goodland and Walnut Formations consists of inter-

bedded, fossiliferous, hard limestone and calcareous shale. The thickness of

the Goodland and Walnut Formations in the vicinity of the pumping test

location is approximately 30-40 feet. The Goodland and Walnut Formations have

been dry when sampled during drilling activities in the area, and with the

thickness and hardness of the formations they are believed to form an effec-

tive confining layer between the Upper Zone water-bearing deposits and the

underlying water-bearing sands of the Paluxy Formation.
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The water-bearing zone (Upper Zone Aquifer) immediately adjacent to

the pumping well (LFO4-03) is an unconfined, or water-table, aquifer. The

water table as encountered in the subsurface is under atmospheric pressure,

and wells completed in the aquifer will reflect the actual water level. This

is in opposition to confined aquifers where wells tapping the aquifer may have

water levels considerably above the top of the aquifer.

Water levels from wells LFO4-02 and LFO4-03 were electronically

monitored during the pump test and recovery test. The lithologic logs of

these wells and well construction data are located in Attachment A.

Well LFO4-03, the pumping well, is screened across the lower 14.3

feet of Upper Zone sediments. These sediments are mainly medium grained sand

with minor gravels in the upper 10 feet of screened interval, and the lower

section of the screen is across predominantly small pebble size gravels (< 10%

sand).

Well 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
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organic content. The time spent in the sun allowed volatile organics in the

ground-water samples to volatilize to the overlying air column. The volatile

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

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

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

the HNu PID. Table 3-1 summarizes the results of the headspace analyses

performed on the discharge water samples from the Flightline Area pump test.

As seen from the table, the aeration of the pump test water prior

to discharging to the city sewer system reduced the volatile organic content

of the water in every sample analyzed. The average reduction, considering all

the analyses, was slightly over 40 percent. The HNu PID is not compound

specific, instead measuring the total volatile organic content in the air.

The instrument was responding very well, and duplicate (D) analyses performed

on the samples from 1630 showed only a three percent relative difference.

3.1.2 Test Types and Measurements

Background water-level data in the pumping well and the near

observation well were collected electronically (at 10-minute intervals) for

approximately 40 hours with a Hermit electronic data logger prior to the step

test. The background data are useful for observing natural trends in the

Upper Zone Aquifer water level, such as increases from recharge or decreases

due to evapotranspiration. A slight downward trend in water levels, followed

by a slight recovery, was observed in wells LFO4-02 and LFO4-03. The back-

ground water level data for the two wells, as well as hydrographs showing the

natural water level trends, are included in Attachment B.

A step test was performed prior to the start of the pumping test to

establish the optimum pumping rate. The optimum pumping rate for the Flight-

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

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

minute. The pump was rated at approximately 25 gpm (with the amount of
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TABLE 3-1. HEADSPACE ANALYSIS

Time Sample
Taken

HNu Value (ppm)
Time Sample
Analyzed

Background
HNu Reading

Water Going
Into Pool

Water Going
Into Sewer

0945 20+ 2-3 1515 0.1

1030 4.5 3.8 1525 0.0

1130 4.6 3.3 1530 0.0

1315 9.4 2.2 1535 0.0

1430 11.6 7.9 1910 0.0

1530 10.3 6.0 1912 0.0

1630 10.4 7.3 1915 0.0

1630 (D) 10.3 7.5 1918 0.0

1915 12.0 6.8 2120 0.0

(D) - Denotes duplicate sample

F— 10



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 Assumptions

The data obtained during the June 1990 Upper Zone aquifer pumping

test were analyzed by several methods. In addition to field plotting of

drawdown and distance drawdown measurements, a computer aquifer analysis

program was used. The well hydraulics interpretation program used was WHIPm,

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 Neuman (1975) for unconfined aquifers.

These techniques consider the effects of gravity drainage in an unconfined

aquifer, which result in a delayed yield of ground water to the well and a

corresponding fluctuation in the time-.drawdown data curve. As can be seen

from Figure 4-1, delayed yield was not pronounced (if evident) in the loglog

plot of the near observation well drawdom. Attempts at matching respective

portions of the drawdown curve with various Type A and Type B curves met with

no success. Therefore, in the analysis of unconfined aquifer data showing no

apparent delayed yield, the techniques of Theis and Cooper-Jacob were applied

to the data.

The Theis and Cooper-Jacob analyses were used as both field methods

and in later data analysis for estimating aquifer parameters. Time versus

drawdown for observation wells were plotted on semi-log paper. From this

plot, the change in drawdown over a particular log cycle was used in the

calculation of aquifer transmissivity and storativity, using the equations:

T — 2.3Q and s — 2.25Tt0
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 (Cooper-

Jacob) analyses and Theis recovery analyses to obtain preliminary estimates of

the transmissivity and storage coefficient. Theis curves are generated using

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

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

generation of final transmissivity and storage coefficient values.

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

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

atives of the drawdowns were performed. Observing the derivative drawdown

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

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

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

transmissivities and storage coefficients were optimized using an ordinary

least squares fitting criterion. This correction minimizes irregularities

inherent in field generated data to improve computer aided curve matching

techniques and allow greater accuracy in the calculation of aquifer par-

ameters.

Three different computer generated plots and analyses were deter-

mined to best represent the Upper Zone aquifer hydraulic properties of

transmissivity and storage coefficient. These were the observation well

(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.

F- 15
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4.2 Water Level Behavior in Pumping Well and Near Observation Well

The observed maximum drawdown was 3.58 feet in the pumping well and

0.20 feet in the near observation well, located 50 feet north of the pumping

well.

4.3 Results

The results of the computer-assisted pump test analyses are pre-

sented in Table 4-1. The drawdown and recovery curves for the observation

well were analyzed as well as the recovery curve for the pumping well. The

average values for the parameters of transinissivity 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 WHIPN generated plots for the analyses are provided

in Attachment E.
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4 i.

DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET I OF 2 SHEETS

1. PROJECT: CARSLL UI,
I TRP PHASE II STAGE 2

L 7. TOTAL DEPTH OF HOLE: 37.7 ft BGL I

8. DATUN FOR ELEVATION SHOUN: see Level I

I 2. LOCATION: F($qhttlne Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl 8-61

3. DRILLING AGENCY: Etwirorvuentat DriLLers. Inc. 10. NO. OF SAMPLES TAICEN: 14 I

I 4. HOLE NO.: LFO4-02 11. ELEVATION GROUND WATER: 597.45 ft MSL (6/18/90)

I 5. NAME OF GEOtOGIST: S. E. Fain 12, DATE HOLE ESTABLISHED: 3/28/90 I

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 621.00 ft MSL I

J X: 2020510.50 Y: 397732.54 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.68 ft MSL I

)Depth Graphic Blow

WI
0

2

U/CLLR

U/CLLR

LJ/CLLR

U/CuR

U/CLLR

Orange/browi, very silty, minor very fine grained
stiff, calcarecus nodules, carbo.ceaua streaking.

Soil

CLass/Code IVu& flprrantirin

U/SDLR

14

16

16

111

113

113.,

— I

18.5

U/SDGR

CLay: Dark brown, silty, firm, roots, d,
carbonaceous staining.

iCtay: As above; at 3.0 ft. going to orange/brown, silty

ctay with 5 . 10% calcreous materiel.

IClay: As above.

Clay:

sand,

Clay: As above, increasing catcareous material to 30%.

Sand and Gravel: Orange, very poorly sorted, cohesive,
lclayev, silty, da., abumdant calcareous material.

ISand: Orange, fine grained, minor Larger sizes to
Icoarse, slightly clayey and silty, dMV.

(Sand: As above, increasing coarseness with depth, 5 -

110% smelt gravel..

Sand: As above, gravelly; changing to tan, fine to
fnedius grained, Loose, quartzose at 18.0 ft., deep.

Sand: As above, welt sorted, meditj. grimed, daep; 0.4
Ift gravelly zone at 21.5 . 21.9 ft.

U/SDLR

I Remarks

(FuLL sasplers

tunIcs noted.

11.5 ft. Recovery

I3. ft. Recovery

UISOLR

I

16.

U/SDLR
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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 IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 37.7 ft BGL I

8. DATtAI FOR ELEVATION SHOWN: sea level I

j 2. LOCATION: Fiighttine Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 1

3. DRILLING AGENCY: Envirorinental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 14 1

j 4. HOLE NO.: LFO4-02 11. ELEVATION GROUND WATER: 597.45 ft MSI. (6/18/90) I
1 5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/28/90 I—

I6. COORDINATES OF HOLE:

I X: 2020510.50 Y: 397732.54

13. SURFACE ELEVATION: 621.00 ft MSL

I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 623.68 ft MSL

Depthl Graphic Blow Salt I
I(Ft.) Log Cout IClasa/Code IVisuat DescriDtion I Remarks I

i ciö•c i I
I I I I

I I I I
I

j
t

i
I

23.5 PP.)..
P..P.•c
!P:P:

I

I

I

U/SOLR

I

Sand: Orange/tan, medii.. grained, welt sorted,
IsLroiaid. 9OZ quartz; 0.3 ft. graveUy zone at 27 ft.,
Isaturated at 28 ft.

I

4.O ft. Recovery

j

I

I

O•OC
i.d:d.

I

I

I
I

I

I

I d:o:c I I I

I

I

I

I

28.5

j.C
PPPPPP:

I

I

J

I

I

U/SDLR

I
I

Sand: As above, 1-3% granule size gravel.

I

I

I

I

JIJ. 1. measured at
128.1 ft. BLS, 5.0

Ift. Recovery

i pp•ç i , i
I ).C.O. I I

I cc5.c I I I

I I I

I

I
::Vc
i.Q.Q.

I

I

I

I

I

I

I

I
33.5 . .. ..

J.Q.c
I

i

U/SDLR Sand: Tan, mediuu grained, quartzose, loose, wet, 5
Igravets to 25 mu.

i

J3.7 ft. Recovery.

I

i

I
i
I
I 37

)..Q.
I

I

I'
1 I U/MARL

I

I

I

ILimestone: Marty, weathered sand and gravel intermixed,

I

I

I

I

IT.D. = 37.7 ft.
I I I I Ifisaite. I

I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I

I I I I I I
I I I I 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 I INSTALLATION: CARSWELL APS. TX I SHEET 1 OF2SNEETS I

1. PROJECT: CARSELL AFB, 7. TOTAL DEPTH OF HOLE 37.6 ft BGL I

I IRP PHASE LI STAGE 2 I 8. DATLJI FOR ELEVATION SHOWN: sea level
I 2. LOCATION: F(lhttthe Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61 I

I 3. DRILLING AGENCY: Erwironnentat Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 14

I 4. HOLE $0..: LF04-03 11. ELEVATION GROUND WATER: 597.58 ft MSL (6/18/90)

I 5. NAME OF GEOLOGIST: S. 0. B(otat. S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3120/90

6. COORDINATES OF HOLE: ,1

I X: 2020506.79 Y: 397683.46

13. SURFACE ELEVATION: 620.50 ft MSL

14. BACKGROUND:

[ 15. MEASURING POINT ELEVATION: 623.25 ft P4SI.

loepthl Graphic
)(Ft.)I Log

Stow SoIL
I

Coiafl Class/Code IVisual Oe.criptlon I Remarks
O UICLAY ICLay: Brosa,, soft to firm, semi-plastic, with fine IFuLI recovery

//,// roottets and minor carbonaceous streaking and siless otherwise

/',/'/ particles, O1*t TO Wet. (indtcsted."//,. I I I

2 ",/,/' U/CLAY Clay: As above, firm to stiff (stiffens to base), minor Too stiff to cut.

fcatcarecus debris, mere aindant carbonaceous staining,/ very stiff; 3.8 - 4.0 ft.

4 U/CLLR Clay: Orsnge/browi at 4.1 ft; brittle, dairp, abudant Hard pushing. I
I catcareous debris, slickensided, calichified with some I
I lauthigenic mineralization (crystals of CaCO3 in shell

/'/',/ I I rags.); very hard, silty. I I

6 /,//' U/CLLR Clay: As above, very stiff, slightly sandy end silty.
/// I I I/// I I I I

I I I
S U/CLLR Clay: As above, few large CaCQ3 pebbles (25 sos), 1 ft. recovery, I/,// Increasing clacareous mt.rI.t with depth, very fine ST. Rig broken.

Brained sand. Continue after

,,/,/'/ I I Irepeirs.
10 //// U/CLLR Clay: Orange/brown, silty, cohesive, danp, 30% ICaliche layer at

calcareous material, stiff. 112 ft., drilling

I thrh. I

12.1 UISOFN Sand: Orange, fine grained, Loose, d, quartiose,
well sorted; at 14.3 ft. sharp change to tan, very fine I
grained sand, heavily oxidized in laminae. I I

I I I I
14.5 U/SAND Sand: Orange, fine to medlia grained, quartzose, dp, 3 ft. Recovery.

too..; gravelly seem 15 - 15.5 ft. I

I I 1

I I I

I I I

I I
I I

I I I

I I I

I

I 19.5 U/SDLR Sand: Orange/tan, fine to medius grained, daep, loose, 4 ft. Recovery.

cid. I JsL*roIsd, ' 90% quartz, 1 - 3% smalL gravel end shells.
I I I

OO•C ___
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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, I 7. TOTAL DEPTH OF HOLE: 37.6 ft BGI. 1

IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: FLIghtLIne Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Envirorinental Drillers. Inc. I 10. NO. OF SAMPLES TAKEN: 14

4. HOLE NO.: LFO4-03 I 11. ELEVATION GROUND WATER: 597.58 ft $51 (6/18/90)

5. NAME OF ''': S. B. S. E. Fain I 12. DATE HOLE FtT1R1teMI 3/flj9O
6. COORDINATES OF

X: 2020506.79

HOLE:

Y: 397683.46

I 13. SURFACE ELEVATION: 620.50 ft $51

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 623.25 ft MSL

p_v)

JDepth

f(Ft.)
Graphic

Lo

Blow Soil
I

Couit Ictass/Code IVisuat Description I R&fltkS

I

'L)L)
bz

P:P: i

I

i

I

i

I P:P: I I I

I OO I I I

I c5.b.c I I I

I

I

j

1

i

24.5
dd•

ci.crc:*
I

I

I

,

U/L
I

Isand: Orange/tan, fine to mediun grained, wet, loose,

0.5 ft. gravelly zone at 27 ft., quartzose; at 30 ft.

I

JW. L. measured at
26.3 ft. BLs. 2.6

ft. recovery.

i

I •OO I I

I c5•c5.c I I

I I I I

I

I

:

29.5
d.ci•cjjj
.Q..
O)<

I

J

:

i
j

U/SDLR
I

Sand: As above, saturated.

:

i
I

I

J3.2 ft. Recovery.

{

i
I

I

i

32 - •• '-
0

)00
J

I

i

U/GRVL Gravel: Varicolored, up to pebble size (30 nm), shells,

1<10% sand, saturated.
i

I

i

I 00 I I I

I JOD I I I

I 0 3 U/GRVI. Gravel: As above, mainly smelt pebble size (5 - 10 nm), J

I

f

o 0
oo(:o00

I

I

I

Ishells, stAangutar to stA,rouied, large percentage of

Icert.

I

I

I

I I i j50 U/MARL Mart: Chalky gray, inc*.jrated, oxidation stained Saspter refusal at

I I I I Ithroughout. I3- ft., drove 1

I I I I I
11/2 in. S.S. 50

I I I I I Iblows 1 in.; T.D.

I I I I I
z37.6ft.

I I I I I

I I I I I 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
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSUELL AFB I

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

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

2. LOCATION: Site LFO4 I 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 20.90 ft

4. WELL NO.: LFO4-02 1 13. MEAS. POINT ELEV.: 623.68 ft MSL I

5. WELL OWNER: U.S. AIR FORCE I 16. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: Schedute 40 PVC I

7. FORMATION OF cOMPLETION: 1 16. SCREEN BEGIN. DEPTH: 23.10 ft I

8. LOCATION TYPE: WI. I 17. SCREEN SLOT SIZE: 0.02 in I

— 18. REMARKS: 1.101x2Mx0.02N 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

I f I I I t I—
I I I I I I I I

I I
BACKFILL MATERIAL:

I 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 I / BOREHOLE DIAMETER:

I I 'I I I I' 8.000 in
I

BOREHOLE I I I I I I

DEPTH: I I I I I

37.7Oft I 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 I

I I t 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 J
37.65ft

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 SCREEN LENGTH:

I I I I ________I I 14.35 ft
I

— I FILTER PACK I I 1 I I

I I
LENGTH: ________ I

I
16.80 ft — 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
BLANK LENGTH:

I

I I I I I I I
0.20 ft

I

I I I I I I I I

I I I I I I I _______________
— I I I I

I ______________ I I

FILTER PACK MATERIAL: 8-20 SiLica Sand

F—2 7



WELL COMPLETION LOG RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

) 1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 4/3/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK WISCREEM I
I 2. LOCATION: Stte LFO4 I 11. ZONE OF COMPLETION: Aquifer 1—
I 3. INSTALLING CO.: Rathan Corporation I 12. SEAL END DEPTH: 19.40 ft

4. WELL NO..: LFO4-03 I 13. MEAS. POINT ELEV.: 623.25 ft MSL

L 5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 6.00 rn I
6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 80 PVC I

j 7. FORMATION OF QIPLETION: I 16. SCREEN BEGIN. DEPTH: 22.40 ft

I 8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in I
18. REMARKS: lxlO'x6" PVC 0.020 screen, 1x5Sx6U screen, 2x10'x6" PVC riser, 1x5x6M riser.

I I

I I

TOP OF CASIUG

I

I

GROUND SURFACE

t I I I

I I I I I

I I
BACKFILL MATERIAL:

I I I

I I
Cement-Bentonite Grout

f I I

I I I I I

I I 'I I I

I I 'I I I

I BOREHOLE
I I I

I
DEPTH:

I I I

J
37.52ft

I I I

I I I I I

I I I I I

I I I I

I I t I I

I
SEAL LENGTH:

I

I I
2.3Oft

I

I I I I I

I I + I I

I'

I'

t

BOREHOLE DIAMETER:

14.500 in

SEAL MATERIAL:
I

Bentonite
I

CASING DEPTH:

37.42 ft

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 FILTER PACK

I I LENGTH:

I I 18.12 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

4,

I

4.

I I

I I I

I I ___ I

I I — I

I ___ I

I I — I
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ATTACHMENT B

Background Water-Level Data and Hydrographs
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— - umping we

Time Time Time Time
minutes minutes minutes minutes

0 0 600 -0.05 1200 -0.06 1600 -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
26() -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 -007 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 1160 -0.05 1780 -0.08
590 -0.05 1190 -0.06 1790 -0.08
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H d.à - ..'servation weI

Time Time Time Time
minutes minutes minutes minutes

0 0 600 0 1200 -0.03 1800 -0.01
10 0 610 -0.02 1210 -0.05 1810 -0.01
20 0 620 -0.01 1220 -0.05 1820 -0.01
30 -0.01 630 -0.01 1230 -0.04 1830 -0.01
40 0.01 640 -0.01 1240 -0.04 1840 -0.01
50 0.01 650 -0.01 1250 -0.03 1850 -0.02
60 0 660 -0.01 1260 -0.03 1860 -0.01
70 0 670 -0.01 1270 -0.04 1870 -0.01
80 0 680 0 1280 -0.04 1880 -0.01
90 0 690 0 1290 -0.03 1890 -0.01

100 0 700 0 1300 -0.03 1900 -0.01
110 0 710 0 1310 -0.05 1910 -0.01
120 0 720 0 1320 -0.04 1920 -0.01
130 0 730 -0.01 1330 -0.03 1930 -0.01
140 0 740 0.02 1340 -0.05 1940 -0.01
150 0 750 0 1350 -0.05 1950 -0.01
160 0 760 0.01 1360 -0.05 1960 -0.02
170 0 770 0 1370 -0.05 1970 -0.01
180 0 780 0 1380 -0.05 1980 -0.01
190 0 790 0 1390 -0.05 1990 -0.01
200 0 800 0.01 1400 -0.05 2000 -0.01
210 0 810 0 1410 -0.05 2010 -0.01
220 0 820 0 1420 -0.05 2020 -0.01
230 0 830 0 1430 -0.05 2030 -0.01
240 0 840 0 1440 -0.05 2040 -0.01
250 0 850 0 1450 -0.05 2050 -0.01
260 0 860 0 1460 -0.05 2060 -0.03
270 0 870 0 1470 -0.05 2070 -0.03
280 0 880 0 1480 -0.05 2080 -0.03
290 0 890 0 1490 -0.02 2090 -0.02
300 0 900 0 1500 -0.02 2100 -0.02
310 0 910 0 1510 -0.03 2110 -0.02
320 0 920 0 1520 -0.03 2120 -0.01
330 0 930 0 1530 -0.02 2130 -0.03
340 0 940 0 1540 -0.02 2140 -0.02
350 0 950 0 1550 -0.02 2150 -0.02
360 0 960 -0.01 1560 -0.02 2160 -0.02
370 0 970 -0.02 1570 -0.01 2170 -0.02
380 0 980 0 1580 -0.01 2180 -0.01
390 0 990 -0.01 1590 -0.01 2190 -0.01
400 0 1000 0 1600 -0.01 2200 -0.01
410 0 1010 -0.02 1610 -0.01 2210 -0.01
420 0 1020 -0.02 1620 -0.01 2220 -0.01
430 0 1030 -0.03 1630 -0.01 2230 -0.01
440 0 1040 -0.02 1640 -0.01 2240 -0.01
450 0 1050 -0.01 1650 -0.01 2250 -0.01
460 0 1060 -0.05 1660 -0.01 2260 -0.02
470 0 1070 -0.01 1670 -0.01 2270 -0.02
480 0 1080 -0.03 1680 -0.01 2280 -0.02
490 0 1090 -0.03 1690 -0.01 2290 -0.01
500 0 1100 -0.03 1700 -0.01 2300 -0.01
510 0 1110 -0.03 1710 -0.01 2310 -0.02
520 0 1120 -0.02 1720 -0.01 2320 -0.02
530 0 1130 -0.01 1730 -0.01 2330 -0.02
540 0 1140 -0.03 1740 -0.01 2340 -0.01
550 0 1150 -0.04 1750 -0.01 2350 -0.03
560 0 1160 -0.05 1760 -0.01 2360 -0.02
570 0 1170 -0.03 1770 -0.01 2370 -0.02
580 0 1180 -0.02 1780 -0.02
590 0 1190 -0.03 1790 -0.02
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ATTACHMENT C

Hermit Collected Water-Level Data for
Pump and Recovery Tests
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Pumping well drawdown - Pump test

Time Drawdown Time Drawdown Time Drawdown Time Drawdown
minutes ft. minutes ft. minutes ft. minutes ft.

0.0000 0.58 5.5 3.65 110 3.94 660 4.05
0.0033 0.42 6.0 3.67 120 3.94 670 4.03
0.0066 0.50 6.5 3.67 130 3.95 680 4.05

0.0099 0.51 7.0 3.69 140 3.95 690 4.06
0.0133 0.54 7.5 3.70 150 3.95 700 4.05
0.0166 0.63 8.0 3.70 160 3.97 710 4.06
0.0200 0.63 8.5 3.71 170 3.97 720 4.05
0.0233 0.65 9.0 3.72 180 3.96 730 4.05
0.0266 0.68 9.5 3.72 190 3.98 740 4.06
0.0300 0.71 10 3.73 200 3.96 750 4.05
0.0333 0.75 12 3.75 210 3.97 760 4.05
0.0500 0.88 14 3.77 220 3.97 770 4.06
0.0666 0.98 16 3.78 230 3.98 780 4.06
0.0833 1.09 18 3.79 240 3.99 790 4.07
0.1000 1.17 20 3.81 250 3.98 800 4.07
0.1166 1.26 22 3.82 260 3.98 810 4.06
0.1333 1.34 24 3.82 270 3.98 820 4.06
0.1500 1.40 26 3.82 280 4.00 830 4.06
0.1666 1.47 28 3.84 290 3.99 840 4.07
0.1833 1.54 30 3.84 300 4.00 850 4.07
0.2000 1.59 32 3.85 310 4.01 860 4.07
0.2166 1.65 34 3.86 320 4.01 870 4.07
0.2333 1.70 36 3.86 330 4.01 880 4.07
0.2500 1.76 38 3.86 340 4.01 890 4.07
0.2666 1.82 40 3.86 350 4.01 900 4.08
0.2833 1.85 42 3.87 360 4.01 910 4.08
0.3000 1.90 44 3.86 370 4.01 920 4.08
0.3166 1.94 46 3.88 380 4.02 930 4.08
0.3333 1.99 48 3.87 390 4.02 940 4.08
0.4167 2.16 50 3.87 400 4.02 950 4.09
0.5000 2.30 52 3.88 410 4.03 960 4.13
0.5833 2.42 54 3.88 420 4.01 970 4.11

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
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Observation well drawdown - Pump test

Time Drawdown Time Drawdown Time Drawdown Time Drawdoin
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 54 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

2 39?

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
0.4167 2.24 36 0.62 270 0.52
0.5000 2.02 38 0.61 280 0.53
0.5833 1.85 40 0.61 290 0.52
0.6667 1.70 42 0.61 300 0.51
0.7500 1.56 44 0.61 310 0.53
0.8333 1.45 46 0.61 320 0.53
0.9167 1.35 48 0.60 330 0.51
1.0000 1.27 50 0.60 340 0.51
1.0833 1.20 52 0.60 350 0.52
1.1667 1.15 54 0.60 360 0.51
1.2500 1.10 56 0.60 370 0.51
1.3333 1.06 58 0.60 380 0.51
1.41 66 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 weU 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
0.41 67 0.23 36 0.21 270 0.12
0.5000 0.23 38 0.2 280 0.15
0.5833 0.23 40 0.2 290 0.12
0.6667 0.23 42 0.2 300 0.11

0.7500 0.23 44 0.2 310 0.14
0.8333 0.23 46 0.2 320 0.14
0.9167 0.23 48 0.2 330 0.1

1.0000 0.23 50 0.2 340 0.1
1.0833 0.23 52 0.2 350 0.11

1.1667 0.23 54 0.2 360 0.12
1.2500 0.23 56 0.2 370 0.11
1.3333 0.23 58 0.2 380 0.11
1.4166 0.23 60 0.19 390 0.11
1.5000 0.23 62 0.2 400 0.12
1.5833 0.23 64 0.2 410 0.12
1.6667 0.23 66 0.2 420 0.09
1.7500 0.23 68 0.2 430 0.11

1.8333 0.23 70 0.19 440 0.11

1.9167 0.23 72 0.19 450 0.11

_______________________ 74 0.19 460 0.1
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ATTACHMENT D

Hand Monitored Water-Level Data and Ilydrographs of the
Eand-Measured Water-Level Data
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RADIANCDOM?ION
, 4i01

Page / of /
AQUIFER TEST DATA

Owner ________ Address Ch5i,i4 ,P3
Date c/ J", /'o
Well No. Lfo4'- 01

County State IX
Measured by �é1- :; ,,., ,_ '4 -, 7'—

_________ _____________ Test No. ______

Measuring equipment j1I4,) '•p/ __/ ,1, ,

N.

Distance from pumping well __________ iype of test _______________

T1m Data
Pump on: Date______ Time c15 (t)

Pump off: Date Time i'3'i'7 (t)

Duration of aquifer test:
,. -,

Pumping — Recovery "

Watar Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Ourafton End

Time
Clock I Sine. i Watar

Oat. Time iPump On I Livi R.mani

T1m
clock Sine. Water I

Oat. Tim. Pump On I Level R.muiia

—

fOV'( /7? 35
'S 31O p6:36
/7o 5t'O . 'lO
2o/., 7V7 .2b'//
222O 975 %V

ô/;zzg/? 99 2'*' I__________
"/JY

/2/Lc /7i

I I

I I
.
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RADIANCOPOTION
4i04

Page__/ of I
AQUIFER TEST DATA

Owner _________ wess C,54'L 17

Date /'O
Welt No. LO /J

County State 7)i(
Si'e ,'-a,Measured by

Measuring equipment m(45 ' '7';

C.,

0

Distance from pumping well Type of test ________________ Test No. ______

TI Data
Pump on: Data / Time 07 '/5 (1)

Pump off: Date 6/71 Timei3 ,'7 (t')

Duration of aquifer test:

Pumping /#'—Vi'- Recovery (WY

Water Level Data
Static waler level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Time
Clocl Sinc. I W.tsr

Oat. Tim. Pump Oat Lav.i R.marI

TIme
ClOCK Since Wutr

Dat• Time Pump Oat Lavel Rsmailcs

'f' o&c'c — /3
o'o'
1257 3, /.,3
/S'i 3'Io /
,,5 y, iyi
(6'1 5q, '7.//
?�/ 77 1,3
ZZ03 /t'5
235 '77 /5.,

/?,ç
H'°

H

/19'S '•'7

- , I.
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Page / of(

AQUIFER TEST DATA

N.0

Owner _________ Address 6/ jf.3
Date J"#Ie. /9()
Well No. L F04' '/
Measuring equipment iii,.i- ,,1

County _______________ State _______________

Measured by S1't 3'/'
Distance from pumping well __________ Type of test ____________

-/,#,,

Test No. ______

Time Data
Pump on: DateG 1 Time

Pump off: Date 6—21 Time aZt.

Duration of aquifer test:

Pumpung/'" Recovery ICPV

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
Flow 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Tim.
Clock Since I Wstr

Oats TIms Pump On I Level R.maricp

Tim.
Clock Slnca I Wat•r

Oats Time Pump On I Level Remarks

— /,-/c /73jj.s'1ol ;�i.y
o qç L4,

c23Oc) i /fo L'83'' '5 21'' __________
3c /.q/ /?o5 2/9k

•3o
O3'15 l'O

;,I.4/f
c9/.ff I__________

/9c5
zoS?7'1

730 "-/
2'''

O'Ioo 7 3111 z'oes ''/8 I___________
Oio /O� 2/.7'/ . )/.'/?
1 Oco / 3 ,2 /. q, ho é ,2/ '1 '7

.i030 ,cc 05Y9 f/'1f 2LL/t1
jic' icpç )J.i //'/7ft8?H 2/9'7 i'(Ci.vy

2/,'. I

I/1O
/230

2f5g .2/.'/3
/.'/3

I___
1

I'zS5 3/0
/3301 /.L/I
/'/oS 3&c' /'/'/
/'135H/fo ?.1.'/';'

'SlO 'i'fc f4'5
/"O s'5 -'-ic
/&'ó S/I .7/.L/ç

hQ'/O .S3c .21.4(5

CD S •7f'(5



T 'iO4RADIANCONPOMVSON ?age_._j0 /
AQUIFER TEST DATA

0wner 14J/ ress C/25Z ,41E _______ _______
Date c7/ /-iie / ' Measured by •5•fr( £'

______________________ Distance from pumping well __________ Type of test ______________________ _______

Measuring equipment u/IWd 47fJ/ffI 7v/Z — /,,,,
Well No. LO /T'LF

County ________________ State _______________

co77- &#-,7

Test No. ______

Time Data
Pump on: Date C.e — I Time 7 '5 it)

Pump off: Data 6z Time!.__1?(t')

Duration of aquifer test: g.j
Pumping ,2LZ Recovery FWV

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Data
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Time
Clock Slnc• Wat•r

Oat. TIms Pump On I L.vel Reqn.r$cs

I
-

T1m I
Clock Since W.tr

Oat. Tim. i Pump On I i.avsl RemaiU

c'/?/O7oo —

't'/0'7 Bf 1u27.o3

i3if )'/
/7i 555 -'o,'
JOC') S1.na2_I
217 87Zl7./
2L(1 ''
Z32. ,,7H27o7 I

—H

.
r-.C

C.,
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Page / t /
AQUIFER TEST DATA

Time Data
Pump on: Date b/','/ rime 0 (t)

Pump off: Date 42 Time
Duration of aqui1er test:

Pumping I 2O'- Recovery 4't

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Oat.
1-40w 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Tims
Clock Since Wstsr

Oat. Tim• Pump On I Level Rem.fli

TIms I

Clock Since Water
Oat Tim. i Pump On I Level Remarka

/cv D3 —

/3o',' 3/g 23,7q
64'S 37V

.

zoo,' 73, 23.7V'

220q g6 23.7V

('/z 21t1 5/ p3.77
"22z /1/7 a3-7
'/c$I/73 �3.79

I

I

.

I

Owner ____________ Address

— Date 7/ J',e /gT

Measuring eauipment

Well No. L P0 1" Distance from pumping well __________ Type of test // t

County State ________________

Measured by -'" /?/l, i" '

/YAliI- 2'4J "€1 ,, 74
Test No. ______

F—1L7
—

N.0



RADIANCOOM?ION

Time Data
Pump On: Date?j. Time t7V5(t)
Pump off: Dateó2Z.- Time ____
Duration of aquifer test:

Pumoing /2 Recovery

Discharge Data
How 0 measured _____________________

Depth of pump/air line ________________

Previous pumping? Yes _____ No _____

Duration End ___________

406
Page _j__oi I

AQUIFER TEST DATA

Owner 25'411I Address 4!7 County State ____________

Date / ./ ' I- / ' Measured by 5t V j - ' " '
Well No. L /' V'" Distance from pumping well __________ Type of test /t7 '" Test No. _______

Measuring eauipment /41/ A'SJ 4/4'!

Water Level Data
Static water level _____________________

Measuring point

Elevation of measuring point

Tim.
Clock Slric. I Water

Data Tim• Pump On I Livel RemarkS

Tim. I
Clock Since Wstsr

Date I Tim. Pump On I L*vs Remarks

W/ oc co — L / /7
/Joo 3, 17.,3 6V7_ø$

i 7/6
/q_ / 7.if
22o7g

L'/22.W1)3''176'
/J'7
/?.'9

i9 lilY /719 I I_______
/b8q / "°")'

:

H

I

t,__,. 0

C,,

C
C,

C
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Page _________ ci /
AQUIFER TEST DATA

County ________________ State ________________

Dy
/#' .S(c /71 / /

Well No. (0 B Distance from pumping well Type of lest ________________ Test No. ______

Measuring eaulpment z_,

Time Data
Pump on: Date)1 Time 7 'IS(t)
Pump ott: Date Time 0397(r)

Duration of aquifer test:
,,

Pumping /201 Recovery (Cl

Water Level Data
Static water level

Measuring point

Elevation of measuring point

Discharge Oata
How 0 measured

Depth of pump/air line

Previous pumping? Yes No

Duration End

Tim.
Clock I Sinc. I Wit.,

Date Tim. On I Level Aemarki

Tim.
Clock Since I Water

Date Tim. Pump On I Level Remarks

(/.?I%cR —

1i311

/(o7
3I5.(7

Ioo, 74,7 J �(,7
za)_ i'7 95t
.2/'3 '7t5
0 22 j/. I

I

/2/7'/25.7/

I

I I

I

:

Owner___________ Address Ci2S 4.'t-

--
Date ;2 / - /' q
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page __________ of

AQUIFER TEST DATA

(P-.1:I/
Time Data

Pump on: Date Time
Pump ofl: Date - Time

Duration of aquifer test:
-, -, LI,Pumping I ' '- Recovery 7''

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

Timi
Clock Since I Water

Date Tim. Pump On I Lsvst Remark.

Time
Clock Since Waler

Oat. Tim. Pump Ont Level Remark.

(i-?/1'oc$' — 2/.O I

___________f3p7 IZ 21.é3'2,- 5)7 I

2f __________

22/
',c

LØS
q

2f.9
9

16 ? //? o i.
i2°Z Jc V ,2/. ?3 , ..

.

I

Owner C, /'1--Address 413
Date 6—2/ qô

________________ County ________________ State ________________, 7L
Measured by

Well No. _____________________ Distance from pumping well __________ Type of test ______________

Measuring eauipment /1/2 4i '-ed óv/ ________

Test No. ______
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ATTACHMENT E

WHIP Plots Used in Analysis
of Pump and Recovery Tests
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1 .E+D1

TME (MINS

113 4j

Variables

Saturated thickness = 11.7 ft
Naxinura drawdown (pumping well) = 3.5 ft
r = 50 ft
Q = 18.3 gpni
Pump well radius = 0.25 ft
Effective casing radius = 0.7 ft

Results

Transmissivity = 9771 ft2/day
Storage coefficient = 1.2 x 102
(Results have Dupuit correction applied and have been optimized with seven
iterations by the Levenberg7Marquardt flinimization Algorithm).

F—61

LE—432

1.E-i-iJO __________ TIME_DRAWDOWN PLOT FOR LFiJ4_02
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Results

Transmissivity = 8260 ft2 Iday
(Result has been optimized with seven iterations by the Levenberg—Marquardt
Minimization Algorithm).

0,24 OBSE1ATION WELL (L104—02) RECOVERY TEST

0,20

c116

1E+OO 1.E+O1 1.E+02
T / TPRIME

1.E+C33 1.Ei-04—

F—6 2



T / TPRME

Windowed data (2,lOOj on T/TPrirae plot used in analysis.

Results

421

Transniissivity = 9501 ft2 /day

(Result has been optimized with seven iterations by the Levenberg—Marquardt
Minimization Algorithm).

F—6 3
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APPENDIX G

DPM Evaluation Worksheet for the

Flightline Area
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Ste scstion: Flightilne Area (Sites LFO4, LFO5, WP07 and FTO9)

SURFACE WATt?. PATHWAYS

Multthlier Product Max.
(circle (scor. x score

Observ.d rel.sses on.) nult.)

Isv. containants bean a.t.ct..d n suriac. w.t.r? 0 100 1 01) 100
If Y.I, esagn acer. of 100 end proc.ad tø it. 10.

If no, .ssn score of 0 and proceed to it 2.

Pathway characteistjcs

2. Distanc, to n.ar..t surface water 0 1 2 3 4 _______ 12

3. Net pr.ciptation 0 1 2 3 1 ______ 3

4. Surface erosion pot.ntjal 0 1 2 3 4 ______ 12

5. Rainfail intensity 0 1 2 3 4 ______ 12

6. Suriac. permeability 0 1 2 3 3 9

7. Sum of it. 2 through 6

8. NormaLized scar. (miltiply item 7 x 100148) _______

9. Flooding potential 0 1 2 3 8 _______ 24

10. Adjustad pathways acer.
If item 1 is 100. enter 100. If item 1 is 0, enter
sum of items 8 and 9. 11 sum exceeds 100. enter 100. ______

11. Waat cont.air.nt •it.ct.iven.ss factor (Tab).. 2) _______

12. Final scar, for surface water pathways (multiply item 10 z item 11) 100

CCfIENTS ON SURFACE WATER PATHWAYS

Known surface water contamination

G—3



426

Site dentzficstion: Flightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

GROATU PATAYS

.2Z! MultthLiCr Product Max.
(circle (score x

Cbservad releases on.) .iLt.)

3. Save COnt1nent5 been d.t.cted in groundwater? 0 100 1 100
If yes, .ssrgn score of 100 end proc..d to it 20.
II no, ass score of 0 and proc..d to iten 14.

Pathway eharact.rjst)cs

14. Depth to seasonal high groundwater Iron base of
wast.e or contnat.d ron. 0 1 2 3 9 _______ 27

S. P.rmability of the unsatuzat.d zone 0 1 2 3 5 15

.6. Infiltration pct.nt.s1 0 1 2 3 5

:7. S of its 14 trough 16
15. Normaliz.d score (onitiply zten 17 1 10057)

19. Potential for discrete fsatux.s zu the unsaturated
zone to "sbort—czrcuit the pathway to the wat.r
table 0123 5 _____ 15

20. Adusted pathways score. If iten 13 is 100. enter 100.
II it. 13 ii 0, enter at of itu 16 azid 19.
If s exceeds 100. enter 100. 100

21. Waste cont.aiximent effectiveness factor (Table 5) 1.0
22. Final score for groundwater pathways (multiply it 20 x lien 21) 100

C3ITS ON JNDW&T. PATWV.YS

Known ground—water contamination

G-4



2 42'

Site d.ntificatiOn: Flightilne Area (Sites LFO4, LFO5, WP07 and FTO9)

:ONTAMI?(Awr HAZARD -- SURFACE WAT1

:f contaminants have bean det.ct.d in surface water (seer. of 100 in it.sm 1), ceespiet. items 23 through 28. If
contaminants have not b..n d.t.ct.d (scor. of 0 in item 1), cmuplete it.sa 29 through 32.Attach Hazard Worksh..t or list
of contaminants. a. appropriate.

Result Loaarithm
(circi. (bale 10)

one)
23. Sum of htran health hazard quotients (irma coL* 10 of Hazard f

Worksheet) L.,X.LIJ

— 24. Human health hazard aeon 0 1 2 4)
25. NormaLized han health hazard score (multiply item 24 x 100/6) 100

26. Sum of scological hazard quotients (enter the larger of the suma of 9.97 1.0
col*am 11 or 12 of Hazard Worksheet)

2?. Lcological hazard score 0 1 2)
456 50.0

Z5. Normaliz.d •cological hazard score (multiply item 27 x 100/6) _______

29. Maxi human health hazard index 0 1 2 3 4.
5 6 7 8 9 Conteminant: ________________

30. Normalized human health hazard scor. (multiply item 29 x 10019)

31. Maxiass. •cologicai. hazard index 0 1 2 4 6 Contaminant: ________________

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

CNTAMINANT HAZARD -- GROU$VWAT

f contaminants have bean d.t.ct.d in groumdwat.r (seer, of 100 in item 13). compLete iteem 33 through 38. If contaminants
av. not been detected (scor. of 0 in item 13). compLete items 39 through 42. Attach Hazard Worksheet or list of
contaminants. as appropriate.

33. Sum of human health hazard quoti.nta (from colxm 10 of Hazard 1 2i0 11 1
Worksheet) _______ ______

34. iuman health hazard score 0 1 2 4 &
35. Normalized human health hazard score (multiply item 34 x 100/6) 100

36. Sum of ecological hazard quotients (ent.r the larger of the eums of 293 9 2 5
columu 11 or 3.2 of Hazard Worksheet) _______

37. Ecological hazard score 0 1 2 3
83338. Normalized ecological hazard score (multiply item 37 x 10016) _______

39. Max..an human health hazard index 0 1 2 3 4
5 6 7 8 9 Contaminant: _______________

-0 NorniaL.zed human health hazard score (multiply item 39 x 100/9)

41. Maximum ecological hazard index 0 1 2 1. 6 Contaminant.: ________________

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

G-5



Sits identification: Flightilne Area (Sites LFO4, LFO5, WPO7 and FTO9)

3 9 9

9
3 ____ 9

31 ____ 3

1 3 3

1 3 3

27 27

Multiplier Product Max.
(scar. x
aiuit.)

HUMM KEALTa RECEPTtS -- SURFACE WATEIQ PATHWAY

43 Population that obtains drinking wstsr I row potentially aif.ct.d
surfac. water body(i..) within 3 mil.s (4.8 ko) downitr.

44. Water us. of nearest surfac. water bociy(i.a)

45. Population within 1000 ft (305 m) of th. site

46. Dst.nce to the nearest installation bondaxy

47. Land us. and/or zoning within 1 miii (1.6 lan) of th. sits

48. Sum of it.z 43 through 47

49. Final scar. for htan health receptors on surface water pathways
(multiply tsn 48 x 100/27)

Score
(circle

on.)

o 1

o i 2Q

0 1 2

0 1

0 1 2

100

ECOLOGICAL RZCEPTS -- SURFACE WAT PATAYS

50. Importanc./s.nsitivity of biot.a/habitatz in
surface water both.s nearest the sit.

potentially afi.ct.d 0 1 3 10

51. Pr.ssnc. of critical snvirox*.nts within 1 mile (1.5 km) of the
sits , 3 1 0

52. Sum of it.a 50 wd 51 10 18

53. Final score for ecological receptors on surface water pathways
(multiply itn 52 x 100/18) 55.6

CNTS ON SURFACE WATU REPiS

G— 6



Site identification: FJ.ightline Area (Sites LFO4, LFO5, WPO7 and FTO9)

ECOLOGICAL RECEPTS -- GRQVI!1AT PATHWAYS

62. E5ti.mat.d m.an gromdwat..r travel. tim. from current. waste location to
any dcwngrath.nt habitat or natural area

63. Importanc./s.nsitivtty of downgradi.nt biot.f habitats that are

confirmed or susp.ct.d groundwat.r discharg, points

6'.. Presence of "crit.ical. .nvirom.nt. within 1 ciii.. (1.6 km) of th.

';: 42

10 -

8

27

3

3

51

53.1

15

12

35

3

3

96

Multiplier Product Max.
(*cOrU x score
omit.)

9 0 27

UMA) HEALTH REPTS -- GROIflU)WATfl( PATHWAY

54 Esti.mat..d m.an groxidwat.r trav.l tim. from current waste locat.ion to
n.ar.st downgrathent water supply "sills)

55. Estimat.d mean gromdwat.r travel tim. from curr.nt. wast.. location to
any downgradient surfac. water body that supplies water for domestic
us. or for food chain agriculture

56. Grotcidwat.r us. of the uppermost aquifer

57. Population pot.nti.U.y at risk from growdwat.er contamination

58. Population within 1000 ft (305 ci) of th. sit.
59. Distance to the nearest inatallatiop boondary

60. Si of items 54. through 59

61. Final score for h*ssan b.alth receptors on groimdwat.r pathways
(omitiply item 60 x 100/96)

Score
(circle

on.)

2 3

0 1@3

0 1)3
0 6 9 12

18

24. 35

0 1 2

0 1 23)

0 13

0 1

site

65. S.zn of items 62 through 64

66. Final scorà for ecological receptors on gro*dwater pathways
(multiply item 65 x 100/21)

6

6

1 __
9

CS
54.

55.

12
_______ 21

57.1

ON OGNDWATER HECEPTORS (attach additional pages if needed)

No downgradient wells.

Travel time 0.2 ft/day. 1,000 ft to surface water. 13.9 days.
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Site 1der1t.1ficaton:F1jght1jfle Area (Sites LFO4, LFO5, WPO7 and FTO9)

SCORING SI.HIARY SHEET

67 SurIec. w.t.r/hrs, h..lth scores

68. Surfac. wat.r/.cologxcal scar..

69. Grotmdwst.r/h.n.n h.alth scores

70. Gromdwst.r/ecoLojcsj scores

Psthweys 5 core

100 x
12

100 x
12

100
it 22

100
it 22

Contaminmxt
hezerd core Receptors score

100 x 100 ) /10,000 —

it,.m 25(30 it 49
50 x 5S. ) /10,000 —its 26/32 it 53

100 x S 1 ) /10,000
it.. 35/40 it 61

83.3 57.1 /10,000
it.s 38/42 66

Ov.rsU. score

1 00

_77 -

c;3

47.6

OVALL SITE ScORE:

71. 100 )2 + (_27.82 + 53.1 )2 x s ... 47.6)2 — 67.136.65
its 67 it 68 it 69 it. 70

72. OversU sit. scar. — 67,136.E53.4$4 — 19,381.25
it 71

G—8
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