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Borehole Geophysical Logs at Naval
Weapons Industrial Reserve Plant,

Dallas, Texas

By Christopher L. Braun, Roberto Anaya, and Eve L. Kuniansky

Abstract

A shallow alluvial aquifer at the Naval
Weapons Industrial Reserve Plant near Dallas,
Texas, has been contaminated by organic solvents
used in the fabrication and assembly of aircraft
and aircraft parts. Natural gamma-ray and electro-
magnetic-induction borehole geophysical logs
were obtained from 162 polyvinyl-chloride-cased
wells at the plant and were integrated with existing
lithologic data to improve site characterization of
the subsurface alluvium. Software was developed
for filtering and classifying the log data and for
processing, analyzing, and creating graphical out-
put of the digital data. The alluvium consists of
mostly fine-grained low-permeability sediments;
however for this study, the alluvium was classified
into low, intermediate, and high clay-content
sediments on the basis of the gamma-ray logs. The
low clay-content sediments were interpreted as
being relatively permeable, whereas the high clay-
content sediments were interpreted as being rela-
tively impermeable. Simple statistics were used to
identify zones of potentially contaminated sedi-
ments on the basis of the gamma-ray log classifica-
tions and the electromagnetic-induction log
conductivity data.

INTRODUCTION

A Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI) is being conducted
by the Department of the Navy, Southern Division
Naval Facilities Engineering Command (SOUTHDIV)
at the Naval Weapons Industrial Reserve Plant
(NWIRP) located southwest of Dallas, Texas, in Grand
Prairie (fig. 1). A base closure is underway at the adja-
cent Naval Air Station (NAS).

Military and commercial aircraft have been built
at NWIRP since operation began in 1941. The facility is
a government-owned contractor-operated (GOCO)
plant. Vought Aircraft operated the facility from 1948 to
1994, and Northrup Grumman has operated the plant
since 1994. Fabrication and assembly of aircraft and air-
craft parts require the use of various organic solvents,
paints, metals, oils, fuels, and other toxic chemicals.

Previous studies by EnSafe/Allen & Hoshall
(1994, 1996a), the firm conducting the RFI, indicated
the presence of a dissolved-phase solvent plume in the
shallow alluvial aquifer beneath NWIRP and the adja-
cent NAS. Chemical analysis of water samples col-
lected from monitoring wells during the RFI indicate
the presence of organic solvents, such as trichloroethene
(TCE) in concentrations ranging from less than analyti-
cal detection levels to 27,000 pg/L.

Concern about the fate and transport of the
organic solvents in the ground water led SOUTHDIV to
request that the U.S. Geological Survey (USGS) con-
duct a study to develop a better understanding of the
geohydrology of the site and the subsurface character-
ization of the alluvium.

The aquifer consists of fine-grained alluvial sedi-
ments deposited over bedrock shale. The complex
deposits of sediments with heterogeneous permeabili-
ties, characteristic of alluvial deposits, typically yields a
spatially variable permeability distribution with vertical
anisotropy and, consequently, stratification of the
ground-water contaminant plume. Descriptive litho-
logic log data were available for subsurface geologic
site characterization (EnSafe/Allen & Hoshall, 1994,
1996a). Lithologic logs are subjective, involving the
field description of the sediments without the aid of lab-
oratory tests for grain-size distribution and mineralogy.
The lithologic logs were prepared by several geologists,
resulting in varied descriptions of the sediments. Natu-
ral gamma-ray and electromagnetic (EM)-induction
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logs, which were collected by the USGS in 1997, pro-
vide an objective method for classifying the relative
clay content of subsurface sediments and for distin-
guishing relatively permeable zones from relatively
impermeable zones. These borehole geophysical log
data were integrated with the existing lithologic log data
to determine the relative clay content and the conduc-
tance of subsurface materials.

Purpose and Scope

This report describes the capabilities of the log-
ging tools used to collect data to characterize the sub-
surface alluviam at NWIRP and discusses the
processing and analysis of the data resulting from the
logging. All logs collected at NWIRP by the USGS dur-
ing July and August 1997 are included in this report and
are interpreted and plotted in detail.

Description of Study Area

The study area is in north-central Texas in Dallas
County adjacent to the city of Grand Prairie, southwest
of Dallas. NWIRP (314 acres) is bounded on the east by
NAS (837 acres), on the south by Cottonwood Bay, and
on the north and west by residential, commercial, and
industrial areas of Grand Prairie (fig. 1). The NWIRP
site is relatively flat and drains into Cottonwood Bay,
then drains towards Mountain Creek Lake, which drains
into the West Fork Trinity River about 4 mi to the north-
east. Land-surface altitudes range from 502 to 460 ft
above sea level west to east and from 496 to 462 ft
above sea level north to south (Jones and Paillet, 1997).

The climate is subhumid with summers generally
long and hot (mean maximum July temperature during
1961-90 about 96 °F) and winters generally short and
mild (mean minimum January temperature during
1961-90 about 34 °F) (Ramos, 1997). The average
annual precipitation in north-central Texas is 32 in.,
with most of the precipitation occurring during spring
and fall.

NWIRP is located on a stream terrace about 40 to
80 ft above the current flood plain of the West Fork
Trinity River. The terrace alluvium is composed of Qua-
ternary alluvial deposits and is underlain by the Upper
Cretaceous Eagle Ford Shale, which dips very gently
toward the east-southeast. The Upper Cretaceous Aus-
tin Chalk and Taylor Marl overlie the Eagle Ford Shale
in eastern Dallas County. However, in western Dallas

County where NWIRP is located, the Austin Chalk and
Taylor Marl were removed by erosion during the late
Tertiary Period, resulting in an unconformable contact
between the Eagle Ford Shale and the Quaternary allu-
vial deposits (Dallas Geological Society, 1965).

The alluvial aquifer at NWIRP ranges in thick-
ness from about 10 to 75 ft and consists of fine sand, silt,
and clay. EnSafe/Allen & Hoshall (1994) identified
three distinct water-yielding zones separated by thin,
silty, clay layers. Pumping tests at more than 20 wells
produced 1.5 to 2.0 gal/min of sustained flow from each
well (Jones and Paillet, 1997). The bluish-black Eagle
Ford Shale forms an underlying confining unit.

Approach

USGS personnel used portable geophysical well-
logging equipment with a natural gamma-ray sonde and
an EM-induction sonde to log 162 polyvinyl-chloride-
cased wells at NWIRP during July and August 1997. At
nested piezometers, only the deepest well at each site
was logged. Each day, wells were logged proceeding
from the least contaminated wells to the most contami-
nated wells on the basis of TCE concentrations from
EnSafe/Allen & Hoshall (1996b). The geophysical-
sonde probe and wetted cable were decontaminated
after each use with a phosphate-free detergent wash. A
scrub brush was used to remove mud from the probe,
and both the probe and wetted part of the cable were
rinsed with potable water. Northrup-Grumman granted
permission for disposal of the rinsate, less than 2 gal/d,
at the decontamination facility. Personnel tried to main-
tain a constant logging speed of 20 ft/min at each well.
The geophysical log data were collected in digital form
in the field using a laptop personal computer, stored on
floppy disk, and subsequently entered into a database
for analysis and graphical display. (See appendix for log
data.) Multiple lithologic sections were developed from
the logs and are described and plotted in detail by Anaya
and others (2000).

After the field data were collected, well-
construction and descriptive lithologic information
were entered into ASCII text files for plotting with the
geophysical logs. The Perl programming language was
used to develop software for filtering the data (reducing
statistical variations); for classifying the clay content of
the sediments (assigning ranges of low, intermediate,
and high on the basis of the natural gamma-ray logs);
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for integrating the gamma-ray and EM log data with
lithologic descriptions; and for processing, analyzing,
and creating graphical output of the digital data.

After the clay content of the sediments was clas-
sified on the basis of the gamma-ray logs, the EM log
data for wells located in uncontaminated areas were
grouped by clay-content classification to determine the
range of conductivity for each class of sediment. Simple
statistical tools were used to verify that each class was
unique and to determine the median and standard devi-
ation of the conductivity of the sediments in uncontam-
inated areas. Conductivities greater than or equal to the
median plus one standard deviation for a particular sed-
iment class were interpreted as having anomalously
large dissolved solids concentrations in the ground
water at that location. Software was developed to define
and plot the locations of these anomalous conductivity
values.

BOREHOLE GEOPHYSICAL LOGS

The natural gamma-ray log provides a record of
the natural gamma radiation detected in a borehole from
materials within about 1 ft of the sonde (Keys and Mac-
Cary, 1971). The emission of natural gamma-ray
particles is directly related to the amount of clay within
rock materials because clay minerals have a higher per-
centage of radioactive potassium, thorium, and uranium
isotopes than do many other minerals in sedimentary
rocks. Gamma-ray logs have been used extensively in
alluvial deposits to provide quantifiable data on the clay
content of lithologic units. A clean sand produces
gamma-ray particle emissions at a much lower rate than
asilty clay. Because the permeability of a lithologic unit
is inversely related to the amount of clay sediments
within the lithologic unit, a silty sand or sandy clayey
silt on a lithologic log can be compared with the
gamma-ray log to quantify the relative clay content and
thus, the relative permeabilities of subsurface sedi-
ments. Low clay-content sediments are considered rela-
tively permeable, whereas high clay-content sediments
are considered relatively impermeable.

The EM-induction log records the conductivity
and resistivity of materials within about 3 ft of the sonde
(McNeill and others, 1990). The conductivity of aquifer
materials is sometimes used to identify zones of ground-
water contamination. In a study of a sand and gravel
aquifer of glacial origin, the conductivity ranged from

less than 5 to 10 mS/m for uncontaminated water-
bearing zones of clean sand and gravel, from 15 to 45
mS/m for uncontaminated water-bearing zones of silt
and clay, and from 10 to 80 mS/m for contaminated
water-bearing zones of sand and gravel (Williams and
others, 1993).

Gamma-Ray Log Processing and Analysis

Gamma-ray log data, radiation emissions
recorded in counts per second, were obtained with a
scintillometer-logging sonde at 0.1-ft downhole inter-
vals and were sent uphole digitally. The same gamma-
ray logging sonde was used to collect all gamma-ray
log data at the site over a relatively short period (15
days) to mitigate the effects of uncalibrated, raw
gamma-radiation emissions. Natural gamma radiation
is a random phenomenon and, thus, produces variable
emissions even when the sonde is stationary (Schium-
berger, 1972). A program was created to filter the statis-
tical variations of the data with a user-defined, one-
dimensional weighted-average convolution (moving
window) algorithm. Using a trial and error method, a set
of 15 windows was selected so that the weightings were
linearly distributed with a 5:1 ratio between the central
window and the outermost windows. The following
equation was used to filter the gamma-ray logs for all of
the wells at the NWIRP site:

gamma; = 0.023 X g; 7 +0.037 x g;_ + 0.050 X g;_s5
+0.063xg; 4+0.076x g;_3+0.090x g;_»
+0.103xg;_; +0.116 X g; + 0.103 X g;;
+0.090 X g;,» + 0.076 X g;, 3 + 0.063 X g;,4
+0.050 X g;,5 + 0.037 X g;,6 + 0.023 X g;,7,

where

gamma; = filtered gamma radiation, in counts per

second,
g; = actual gamma radiation, in counts per

second, and
1 = central window.

The filter had a smoothing effect on the graphical
output of the logs, which aided in the interpretation of
the relative clay content of sediments (fig. 2).

The interpretation of lithology from gamma-ray
logs began with generalization of the gamma-ray log
data using the digital filter and classification by compar-
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ing the filtered log data with existing lithologic log data.
The filtering removed the statistical variations inherent
in gamma radiation, whereas the classification aided in
visual interpretation and separation of the log data into
low, intermediate, and high clay-content sediments.
Exploratory analysis of the filtered logs, in conjunction
with their associated lithologic descriptions, provided
values used in the development of an algorithm to sep-
arate the filtered gamma-ray log data into three groups
on the basis of relative clay content. Classification of
the gamma-ray data into low (less than 50 cps), interme-
diate (50 to 55 cps), and high (greater than 55 cps) rela-
tive clay content (fig. 2) simplified the process of
correlating the well logs to develop lithologic sections.

Electromagnetic-Induction Log Processing
and Analysis

The EM-induction logging tool uses an electro-
magnetic field to induce an electric current through the
materials surrounding the borehole and measures con-
ductivity, in millisiemens per meter, and inversely, the
resistivity, in ohm-meters, of the materials within about
3 ft of the detector. The conductivity data for wells with
no detected contaminants in the water (EnSafe/Allen &
Hoshall, 1996b) were analyzed to determine the natural
variability of conductivity for each of the sediment
classes defined with the gamma-ray log data. Boxplots
used in an initial exploratory analysis of the conductiv-
ity data indicated that for the majority of the data (inter-
quartile range), conductivities generally increased as
relative clay content increased (fig. 3). The Wilcoxon
rank-sum test (Helsel and Hirsch, 1992) was used to
determine whether conductivities for high clay-content
sediments are the same as conductivities for intermedi-
ate clay-content sediments, whether conductivities for
intermediate clay-content sediments are the same as
conductivities for low clay-content sediments, and
whether conductivities for low clay-content sediments
are the same as conductivities for high clay-content sed-
iments. The tests indicated a statistically significance
difference at the o = 0.05 significance level (two-sided
p-value <=0.0000), thus providing an independent vali-
dation of the gamma-ray-based sediment classes.

The generally small concentrations of contami-
nants within the subsurface plume (EnSafe/Allen &
Hoshall, 1994, 1996a) and mostly high relative clay
content of sediments within the study area (see well logs

in appendix) prohibited a direct quantifiable relation
between conductivity and vertical distribution of the
contaminant plume. A dataset of conductivities from the
well log data for wells with no detected contaminants in
the water was used to establish a baseline for the natural
distribution of conductivity within the aquifer materials.
The statistical medians and standard deviations were
determined for low, intermediate, and high clay-content
sediments (table 1). Conductivities greater than or equal
to the median plus one standard deviation for each of the
sediment classes were interpreted as indicators of
potentially contaminated sediments. Conductivities
equal to or greater than 155.63 mS/m for low clay-con-
tent sediments and equal to or greater than 194.68 mS/m
for intermediate clay-content sediments indicated
potential contamination. Conductivities for high clay-
content sediments were not used to identify potentially
contaminated zones because of the increased variance
in conductivity associated with increases in relative clay
content. The interquartile range in conductivity for high
clay-content sediments (103 mS/m) was about 2 times
that for low (49 mS/m) and intermediate (52 mS/m)
clay-content sediments (fig. 3).

Table 1. Statistics for clay-content sediment classes in
contaminant-free areas of shallow alluvial aquifer

[mS/m, millisiemens per meter]

Conductivity (mS/m)
Sediment class Standard
Mean Median

deviation
Low clay 118.38 107.49 48.14
Intermediate clay 144.72 144.97 49.71
High clay 217.27 211.18 62.25
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. Gamma Gamma Gamma EM Induction Logs greater than the

Well Construction Cond Resi median plus one

. Log Log Log onductance esistance i

Details . : mS/m Ohm-m standard deviation
Description cps cps relative clay indicating potential

i 8o 8 8 83 = Bl, o 8 §.. o0 g g Cconamination

l_- i 1l lﬁll | ‘ T

Bottom of borchole @ 32'

T




85

DEPTH BELOW LAND SURFACE, IN FEET

DWP-5-10
Lithology l(\;atural lgltered glassed g&‘;’;:icusc t?ognsl’.,ogs ";?:::::‘3"::‘:‘}‘;"
Well Construction _ ;I:gma ;’J]:;na a;::;m Conductance Resistance median plus. one
Details é Description cps cps relative clay mS/m Ohm-m 1::;::::; ‘:)i:::::;::
«» o 8 8 B, 5 8 B8 & B, o 8 8o, 0w gy Contamination
O [ R T Commaon o wel =5 it o715 it composed [ TTT[TTTTTTTTTTTTTTTTT]TITT R L L
J01T. L) ooty om0 TN IO 7 TP T i
] || Genbemontecementgrout s 2 rvetihsome coere 111 HEELTT| TN TTITEITT| (0T = T LT T i
‘. | Peee e HTERH TR T Cp ey T {umpmnfinm
Bentonie pllet annlar sl R[]I LELUT] T |t
3 LT e ﬂll__llﬂ}ﬂl I MR 0 HCCHE
2P Criserpipe L DR (LT L i
Sutiewaerlevl @75 42 T LU e LT L
Brcomeredvat @9 [ PR L e | L L g
g LT DL
W uguu LLLHLL P e e — [ g
b LR VL P TR P L — — ] g
:Z Ne=NRTL TR D SRR NN ey W W T TTTTTRT
425" Borehle N LR L m}bm B — — — R R
b HHFEHHHH HHHHHA A -
g Sikycly: 15520 Dark 4L B HH L IHH FH H T — — — T e
Filter pack 6.24' = OyBiric ey iy oy Lo AHEEH HHH T FH T T — — — [ I T
= odor L TR TR HE — — — (R [
= H I H1] ﬂwﬁ HH :i%hw H{HH R
2"PVC 0010 slotted, well  [==] Clay: 20-24 Orange- HH @ i T
rereen 82 =] brownand gy motded: I TR ) A ([ — — = | IRFL ] T )
= ST AP AR TP = = = (T ] o |
275" Sump = uliu A G e Rt Gl
Botom of borehole @24 [ T TR T T 7 = [T ] o0 |

25’



DEPTH BELOW LAND SURFACE, IN FEET

DWP-5-12

Lithology Natural | Filtered Classed Geonics t?(?nsl,,ogs M Conductanee
Well Construction _ G;'::gma Gi’:;na Ga;::)t;a Conductance Resistance median plus. one
Details é Description cps cps relative clay mS/m Ohm-m l:t;:;i:l:; ‘;3:::;:;
77} o 2 § §o 9 § .8-3 = E_,.o © § §0m9‘288 contamination
T ] Contmaton e ™ B8 Conerie 0715 Concrt LA LA LA N L A AL L
| e THIUIT T~ T T
] F] | | 2 pvCriser pipe =] plastic clay; racture at mn CULVT LT (i
b = WQWW:“TEFHMWmWi 1
| ] | | 825 Borehole = I R I SN
1 [1 = RARRA VAR AU I | I A i1 (A (I
| P | | g cement et B ALLAA (RN O | S I8 1 T
(] f) = ATRTR T | T AT VLAY T T
d = SETHARSITR} R | ERRANE M\‘unmmuu
] = L L LU L0 o
e = AERAANURRRATY | I || I O 11 DA
L) L [ paemerio @017 ES LI L e — — et e ad) 1 {lo g
12-14' = b — — e
4 | | e gk 13 = L /wf (NUR] S N W GW T T
| £ ATy NEREREA W T
= 44|+rf HH [ — SYRNES /4 A A
= szm HH = — = — {FE e
e e O A ey ooy TS FHIHA HH H == L [
| Drown slighty gravely Y L — e [ FR ] [
oY g HEHHH S
o7 _ Y | — sanuky Rl ity ol
5 Dic oy sighty sy (TTHTEBFTH VPR PppIT PeE |- — — — ﬂ-l# [l
= By windanei il antd i ST T |
=] 2525 md 205 TR ITTHTTTUTT T~ [ [Ty T |
= TG T[T TN TT{TT T T NIy
= TOTEET Ty Ty frrpm UL LR
= = nSanmimbe i e e e i
||| |zvcomosmesvn 5 &L T T~~~ 4 o T i
(= | = nhanImmm R NN AR I
=0 = 0 T R A e AR R R AN (T e O
2.75" Sump =2 Sandy clay: 31-32' Very PEECEEY TR EE e et v [ o I O A O TR TR AR A RAAHAT




N
(oY
DWP-5-12—Continued

Lithology Natural | Filtered Classed Geonics 39S, EM Conductance
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Lithology Filtered Classed g&"[ﬂf’igz‘s{mgs EM Conductance
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Lithology Natural Filtered Classed Geonics 395, EM Conductance
EM Induction Logs greater than the
Well Constructi Gamma Gamma Gamma dian ol
e onstruction Conductance Resistance median plus one
Details .. Log Log Log mS/m Ohm-m standard deviation
Description cps cps relative clay indicating potential
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Lithology Natural Filtered Classed Geonics 395, EM Conductance
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Litholo Natural Filtered Classed Geonics 395, EM Conductance
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Lithology I(‘iatural Filtered Classed g;loltficusc t?ognsl’,ogs P;‘::ﬂ?:r"gl';c:at"‘f:
Well Construction :‘:;a Gi’:;na Ga;;l)l;la Conductance Resistance median plus one
Details "é Description cps cps relative clay mS/m Ohm-m “s:l::::; ‘:)Z::::tl;l;
Bertonie pellet anmlar eal 7] Sy Tar: 04 Brown. T IO T ey T [TTTTTTT [
7 = HHJME MHTITHITHTT S [T T WH@H\JHH
(1| — T T~~~ T i
Static waterlevel @39 | =3 TR T _l_HF_HU_ L g Er %Hlﬂ_””_ﬂ” o
;: bk oamtorems gy and || LRI T T L1 [T
SO . e s <11 ) T iy s ==y i
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e oack 219 i 2L LN L PLL LI
Flerpeek 212 b L JJIL;ILL QT (AT
R HH —HHTHLL H TR
e o FHHH P (IR
2" PVC 0.010 slotted, well ] Silty sandy clay: 15-19'
screen 318 S rovm, soft. slghtly sily. FH | FH T [THHHA TR
= HLHHTHA T H (HHH AT
275" Sump = (P A H |
Bottom of borchole @ 19 | | H([tHH|HH
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Lithology

Well Construction

Symbol

Description

Filtered
Gamma
Log

cps

Geonics 39S,
EM Induction Logs

int

Resistance

Ohm-m

low 2 ®

EM Conductance
greater than the
median plus one
standard deviation
indicating potential
contamination

0_
3
b | R
‘.
IR
o o
11k E
A 17
SH1¥F| P
k| k.
111 4] ]2
a3
11K k.
23
k| k.
A L
A3
k| k.
H |
16 1L
151

T

25

36

Continuation of well
4 14 completion Sakrete to 2'

=]
k| k| ls Static water level @ 2.9'

Clay: 0'-4' Brown, plastic
clay; silty, sandy and moist
in places

IR ARARR AR
|lllll|l'! ‘lllllll[lllll‘lllllilhll

Lean bentonite-cement grout

I

A1 2" PVC riser pipe

INNARRRNAN
HHHHHIHI

T
Il

8.25" Borehole

? > Bentonite pellet annular seal
113

Filter pack 13'-26'

Encountered water @ 17

Clay: 4'-18.5' Brown,
plastic clay with 1" very
silty, sandy clay seam at
17
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T
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T
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|
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2" PVC 0.010 slotted, well
screen 15'-25

Silty sand: 18.5'-22"
Brown, loose, silty sand

TTITTITELC O

Silty sandy clay: 22'-24'
Alternating brown, loose,
silty sand and very silty,
sandy clay

Running sand backfill 26'-32'

T T e

Silty sand: 24'-32' Loose,
running, slightly silty sand
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DWP-7-6—Continued

. Geonics 39S, EM Conductance

Lithology gat“ral lgltered ((;Zlasse: EM Induction Logs greater than the

. ma amm .

Well Construction amma am L Conductance Resistance median plus. o:}e
tail g Log Log g mS/m Ohm-m standard deviation

Details g Description cps cps relative clay indicating potential

s ° Bo 8 8 B2 & Bl e 8 fo., 0w gy Comamination
RE KOO -3 ] (NN TR "Lv-l |:-__ _.__ TR NN
Botiom of borehale @ 32 W R I i
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DEPTH BELOW LAND SURFACE, IN FEET
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Lithology Iéatural Igltered Classed Geonics fffiogs F;?:ﬁ&"ﬂ.‘fﬁﬁ?ﬂ
Well Construction _ :’:gma :l::;na Ga[':::a Conductance Resistance median plus. one
Details 'E. Description cps cps relative clay mS/m Ohm-m i;:;::;:‘: :Z::::;l;
@ o 8 8 8, g 8 82 £ I, © 8 §.. o w g g Contamination
[ ] [ [ Comtmuation i well o551 Gravely clay: 0-T Biown T [T T T T
S z’g-; vl patecey THTT T = = = [T T |y
) )| |Beporie et s STy sy e T T = T T
g 9 TSI — — T T A &
111 Pl ek 22 = ] u*?m |11 fhP i
e 5 iy, sandy clay with many AT N RNE N (30 M
= OO O AT (T CCLLEY)
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= LR L (LU T L LY LI (kg
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= JJI'E L N L g e 1N st
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= sinyclay TR HHHHHH HHHHH WERER AV TR
2 PVE Q010 ot wel | H R HHFH T A - — — =] - g At
screen 621 = H SRR FHHH T R = — — =] HE 1] ]
= HH | HH (T L — — = H 1 s
= H R T = — — = ] H )
= FH T HHHHHH
L1 | 275 sump = AT = — — (] | )
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Lithology Natural | Filtered Classed Geonles 3.:.81’4,@ N Conductinee |
w . Gamma Gamma Gamma - medisn pluso
ell Construction Conductance Resistance “n plusone
- Log Log Log mS/m Ohm-m stand ard deviation
Details -a Description cps cps relative clay indicating potential
@ o % 8 8, g 8 B8 £ Bl © 8 §o., o e g g Ccontaminaton
Continuation of well =12 Sity sandy clay: 0:2.5 T T TITITET T r ey I (T
ot ple s sl | = coysndverysiyand 111 TJTVTT| T[TV T T il MM
0.5-2' fEns m o T T T u 1T
Y VC siser o = P LT TR T l T
2" PVCriser pi = Silty sandy clay: 2.5"-3' L ) — e - —] — — -
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Filter pack 2-14 = iy T VL AT I
2" PVC 0010 soted, well £ L L T L LU
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Bottom of borchle @ 14 NETY ETTTA SUTTL EYATA K UNAENIT] T
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Lithology léatural F(‘;ltered glassed g;ol::lcusc 33‘ls£0gs ";::::::‘gl‘:::’t:c:
Well Construction - :l:;l 2 :l::;n a a::::a Conductance Resistance median plus‘ox}e
Details é Description cps cps relative clay mS/m Ohm-m ns::l:::;: ‘::;::::;‘l‘
@ g 2 o 8 8 8% P Bl o 8 8., o w g g -Ccontamination
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1 = T~ = = 7T 7 mm
| F| | | (G727 068 Qe
L1 L 04 downward to gray, slightly hlll (11 %y L <
N . . . 7| gravelly clay; very gravelly = — — — — — I, — il ol
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T Sz N XY { | P A I [ e
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Lithology Natural F(‘;ltered glassed g\e{o]:icuscgfnsl’logs ';‘:::f::‘?h‘:l:‘::?
Well Construction Gamma amma amma Conductance Resistance median plus. 01.":
: ) Log Log Log mS/m Ohm-m standard deviation
Details E. Description cps cps relative clay indicating potential
? o 8 8 8o 8 8 83 = B, o B §o.,ow gy Ccontaminaton
] ] Comimatonofwel oSy gavely oame o1 [T T T 7T T T
L E] [ T AT T T T T T T T
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1B | | Lean bentonite-cement grout [52] &vellyciaisitecoment N 17y T [TT1{(TTITINT| (T CLCT LT i
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| | 275" sump e ok Ry i o el o v T
1 | Bottom of orehote @ 26 [ T TTT T T = = = [T | o




DEPTH BELOW LAND SURFACE, IN FEET

DWP-8-4

Lithology Natural Filtered Classed S;;’!ﬂcuscg’fnsl’ngs El\:afé’:‘:'h‘:::’t'l‘lc:
Well Construction — G:Tma Gil::ma Gal‘;ma Conductance Resistance ﬂedian plus one
Details ‘E. Description cpsg cpsg relativeg clay mS/m Ohm-m "s::l::::; ii:i?:;:;
» o 8 8 3. g 8 '.,°_,_§ z §»° e 3 §0m9£88 contamination
P FT T T ety B oz e [[LITTTTTITITTITIITIT T (T T[T T [
LHE 1 L ek AR 41
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L1 | :Z MIF NN ARENAT AR AR S | S WO QLU LA
T s I N Y R s 0 O ST R
:, QS R L E NN AN T
8 e R MFE%L WL PEQ UL | — et L s
ol LB B =1 anderay, mouted, sy, || LLLSTLH LT LLEN ERAR R
[ [ e Stadewaterlevel @ 108112y RO St {1 LA L - — N uu’mnmnmn
| T o ey fetodr R L — — e g
did = TR I L — e e ] A
N R = L FEER] LN — — b ] N
s | [ [ = HHHH R HHH N
) T = R TR R — [ LY
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DWP-8-4—Continued

Bottom of borehole @ 34

Il

Shale: 33.5-34'

(LD
LA

L L
[

DTN

Lithology Natural Filtered Classed Geonics 395, EM Conductance
EM Induction Logs greater than the
Well Construction Gamma Gamma Gamma edian plus
- Lo Lo Lo Conductance Resistance mecian pius one
Details 2 g ] g mS/m Ohm-m standard deviation
Description cps cps relative clay s .
E indicating potential
@ o 8 8 8., g 8 83 £ é’ o © 8 HowowvegR contamination
o'—a Brown,vcrygrave"yclay; Tt II_:-‘ Ivl_l‘l IEALE Ill_l I_l—l.i — — __I l._‘_ll_ u AVLUPRRRR R LI eine
O ._ "
2] toosamvetsonesacid” [}y I R N (T e
2.75" Sump o5 _L | | J_ J_l
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Well Construction

Details

Lithology

Symbol

Description

EM Conductance
greater than the
median plus one
standard deviation
indicating potential
contamination

15

Continuation of well
completion Sakrete to 1'

Bentonite pellet annular seal
-3

Filter pack 3-14'
2” PVC riser pipe
Static water level @ 4.38'

Encountered water @ 6'

8.25" Borehole

2" PVC 0.010 slotted, well
screen 4'-14'

2.75" Sump
Bottom of borehole @ 14

o000
s

Concrete: 0'-1' Oil-covered
concrete and base

Gravelly clay: 1-6' Gray

=| and brown, mottled,
v| slightly gravelly, plastic
- clay; numerous rootlets

i R S

NN
Ui

T
i

N7
W

T
1lllllll

NN
HHHHIHH

‘ Sandy silt: 6'-7° Gray, soft,

sandy silt

1 Gravelly sand: 7'-7.5'

Loose gravel over loose
sand

Clay: 7.5-14' Brown,
plastic clay; fracture at 9.5'

Natural Filtered Classed Geonics 39S,
G:mma Gimma Gall;n ma Conduct}jxeI nducnil‘::s]i;‘:flslce
c:sg c:))sg relati:’)eg clay mS/m Ohm-m

o 8 8 8. 3 8 8% =& 2, o 8 fon.cowegan
T T TTTT T T
TUTIHTT T THTT AT~ = 7 | T I
T T I 10— — — T 7T i
TRETITT| T T T [T T L |
lgwmuﬁwmr L] (g
NN RN TR N A A A (1 T O
sl oI g
BB LN L g L LT TN ([t
LR L | L] N
i mm CC L ol
i TRTY(FYRTR 8 O | R RR AR
L Fe e — el o
L L e — ] |l
LR LRI R — L1
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DEPTH BELOW LAND SURFACE, IN FEET

DWP-10-1
Lithology gatural F(';ltered glassed g;l"l:ﬁ gffiogs ‘;:’:af::&‘;;‘*:"f
Well Consfruction _ :I:gma 'I’Jl::;na a::::a Conductance Resistance median plus. ot‘ie
Details é Description cps cps relative clay mS/m Ohm-m I::::::; :‘:;:::;l;
» o 8 8 8, g 8 33 £ %o e 8 8c.cowgasn contamination
O [F] F] ] Contnution ofwell 551 Gravlly sl 02 Very TTTTTIT TTTT T T T
TN - R T~ = [T T
“ q‘ Ifarbentonile-cement grout %—’f vaveellycclay:Z‘-thrown, H]J. Iﬂ’ — _! I__H_ |_| HU lﬁ”ﬂ]”[ﬂ”
E < I Do ] | i A m U I "
I D || B ptranmtasca. 5™ Sy vty 7 4171 1B 111111 | IGHTTT 1 |
e 57 Ll I g R ! IR D
] ] | ke ol (s R | L1 i
VIFILL] |2 pvesieripe M3 i s, LRI ulf_nun_n_ TR
] Encountered water @ 9' &: ng:xiz;;?;r:::;ty |J_L U_“ J_HI__HJ_L I_L“ | .I__l J_I_U |_|J_I_||U.J“|_H”
| U sttt @ 103 B 2] e pseie T TS T T L L
LR by ol LB L L L L | L {{um s
IE N LR L L L L | L (g
THEH s soena Py LR L LD (LU L | L uuumu%ﬁ
HE h ) L REET | HHEH A L | I
= % AT UL ey
HIE N EUV— L (U I { R R
11E! | romning sand HH (] HH H |
HLEL = HEE T {FHY FH H {HH AT
T LELH |2 pveooosoneawen | A [ EH 4 | e
B | | e = W HHTH T i
1 FEE o %ﬂﬁ adhalinlin i |t
1IE 5 Santy gz, | 11111 7] (T 17 4 |t
| R (2757 sump <7 ek bl ninbuinl iRl G
i J Bottom of borshole @ 2¢ T ITH T ) ) T { (T e
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DWP-10-3

52|

Encountered water @ 9'

™| Static water level @ 9.5°

8.25" Borehole

2" PVC 0.010 slotted, well
screen 6'-21"

1 | 275" Sump

Bottom of borehole @ 22'

T

Silty sandy clay: 9'-14
Alternating loose, silty
sand and slightly to very
silty, sandy clay

{ Sand: 14-22' Loose,
.| running sands

L1

LA

it

L1 LI LTI

Y — — — Lo (AN

i — — — L (U N

HIH — — — A HHHE TS

I — — — 4 HHHHTTH TR

[ATTHH FHHEE A TR
M — — — H{HH] R R

H M — — — H{HH{HH R

A | A e — — — H([HH | ]

A | HHH A T e — — — [t | ]
T T |
T T P — = (rr ] i
T A L e A R AN R Lttt

Lithology Natural Filtered Classed Geonics 395, EM Conductance
Gamma Gamma Gamma EM Induction Logs greater than the
Well Construction —_ Lo Lo Lo Conductance Resistance median plus one
. 4 g g ) standard deviation
Details 2 - . mS/m Ohm-m
E. Description cps cps relative clay indicating potential
@ o 8 & 8, g 8 8: £ 8o . o w g g Contamination
1[4 | | Soncmuation of well LA O i comporedof T T T IO [T J[THTm
lo o A 4 v E ) e — e
i 3] e T[T T T 1 [y
- > b ] I1TH T LT LI e
7 ygonie pelletannular seal 8, T IR LT T L ([
. N N T irer i ohaT — — — — 1 ! TR R
] [ | | 2 pveriserpipe b L LT LA NN LLLL) L RTRRRL
RS EERER Fill .22 P
B I ilter pack 5'-22' && il lﬂl - U |_” 'mm_l--””_ﬂ”
== Clay: 6-9' Orange-b ,
S ArI ({0 (A
= ORI I Ly LA
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Lithology Natural | Filtered Classed Ceonics t?(?nsl,,ogs ";r‘faf;“g]‘:n”’t'l‘;e

Well Construction _ G;Tma G:f::ma Ga[‘;ma Conductance Resistance median plus. one

Details 'E. Description cpsg cpsg relativeg clay mS/m Ohm-m "31:;1!:::;: ‘::)‘t’:j:tli‘:;

@ o 8 8 8, 8 8 8% & B, o 8 §..,owp gy Ccontaminatin
" [FT [ Cormatonate F;g;igfg;an:o=n'Asphauover T T T T T T
e sy | T TN — — — FTCT T mimim
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|1F F = E = R O o AR L L D
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It = RN T | N AR 7 (L I
ERE = [TNTRAE 3 T | R R A I T (e
T 55| Brown shehly ravely, NUH AERURRATAI IR S 1 WA 1 A
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AR R | e - mmﬁm____iuﬁuwmmw
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£ o PR | — i
> g mumm____4p;uw [T
o 15 55 K A L A
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Well Construction - G;l::;n a G:l:;n a Gallj::;la Conductance Resistance median plus one
Details 'E Description cps cps relative clay mS/m Ohm-m l:t::c]:::; :z::::;:;
@ o 8 8 8. g 8 ; : 8o w o » g g Ccontamination
] | [t i G-+ oo [T T [Ty
it 24 Sy gy v || T TTHTHIRTT T {{T0
1 [ | | Leambomonit comentgrow 534 Dok e gndog oy | FERATY | (771 |[TTT]T1T] T1 (i
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| ]| e = Mh:minnihan QI i Ty
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sereen 13-23 = FRERTH P = — ] E ()
=eree oo Tl et o e Ol
L | 275" sump 5= T T T e — — D‘[l aRnRaRiltin il
|| Bottom of borehote @ 24 T T | = = T T T T |




b

DEPTH BELOW LAND SURFACE, IN FEET

DWP-10-DW1
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