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ABSTRACT

HAASE, €. S., G. A. GILLIS, and H. L. KING. 1986. Fiscal
year 1985 groundwater investigation drilling program at
the Y-12 Plant, Oak Ridge, Tennessee. ORNL/TM-9999,
Dak Ridge National Laboratory, Oak Ridge, Tennessee.
108 pp.

Groundwaler investigation drilling cperations at ten formerly or
currently used waste disposal sites in the Y-12 vicinity were completed
during the period August 15 through December 20, 1985. A total of

4 core holes, 11 soil borings, and 55 groundwater investigation wells
were drilled at the Beta-4 Security Pit, the Chestnut Ridge Security
Pit, Kerr Hollow Quarry, New Hope Pond, the Ravine Disposal Site

(81dg. 9712), Rogers Quarry, the Sludge Disposal Basin, the

United Nuclear Site, a site on Chestnut Ridge south of the Y-12 Burial
Grounds, and a site on Pine Ridge north of the Y-12 Burial Grounds.

The objective of the drilling program was to characterize the geology
and hydrology of the sites investigated so that an effective monitoring
well network could be designed and installed. The basic approach
followed at each of the sites was to identify the major features of
subsurface geology and then install the necessary boreholes to
investigate the hydrogeologic significance of such features.

Initially, a core hole or relatively deep borehole was drilled at an up
section location to determine the general components of the subsurface
geology. Study of drill cores, cuttings, and geophysical logs from
this initial borehole identified geohydrologically significant

targets. Those identified for investigation during the second stage of
drilling at a specific site include (1) the top of the water table,

(2) the interface between the base of soil and the top of weathered
bedrock, (3) base of weathering in the bedrock, (4) cavity zones near
the base of weathering in the top of bedrock, (5) zones of high
porosity in the unweathered bedrock, and (6) fractures or fractured
zones within the unweathered bedrock. After the investigatory phase
was completed, groundwater investigation wells were installed to
provide additional subsurface geolcgical data and to provide data on
hydrostatic heads and water gquality for the shallow-flow regime in
soils and upper weathered-bedrock zone and for the deep-~flow regimes
within the bedrock below the zone of significant weathering.

X1






1. INTROOUCTION

This report summarizes drilling operations conducted at ten currently
or formerly used waste disposal sites at the U.S. Department of Energy
Y-12 facility in Oak Ridge, Tennessee. A total of 4 coreholes, 11 soil
borings, and 55 groundwater investigation wells were installed during
the period August 15 through December 20, 1985. At the Beta-4 Security
Pit, the Chestnut Ridge Security Pit, Kerr Hollow Quarry, Mew Hope
Pond, the Ravine Disposal Site (Bldg. 9712), Rogers Quarry, the Sludge
Disposal Basin, the United Nuclear Site, a site on Chestnut Ridge
immediately south of the Y-12 Burial Grounds, and a site on Pine Ridge
immediately north of the Y-12 Burial Grounds (Table 1 and Fig. 1).
Investigations and drilling at the latter two sites were conducted in
cooperation with the U.S. Geological Survey (USGS).

The purpose of the drilling program was to install groundwater
investigation wells and to conduct preliminary geohydrologic
investigations to obtain data necessary for the design and installation
of permanent monitor well networks at the sites under investigation.
Although many such data are available from recently completed
geohydrologic investigations at the Y-12 facility, all such studies
centered on the plant site itself or on major waste disposal facilities
immediately west of the plant in Bear Creek Valley (Law Engineering
1983a and 1983b; Bechtel 1984a, 1984b, 1984c, 1984d, and 1984e;
Geraghty and Miller 1985a, 1985c, and 1986). As such, the
investigations provided much data on facility-wide hydrologic systems
but, in general, did not provide sufficient information about the sites
discussed in this report. Ffurthermore, several of the sites considered
in this report are located outside regions covered by previous
investigations and are in areas where little is known about the site
geohydrology.

The purpose of this report is to (1) present the details of the
drilling program; (2) summarize the details of and the existing data
on, the various sites; and (3) briefly summarize borehole siting
considerations. Discussion and interpretation of geological,
hydrological, and borehole geophysical data collected during drilling
operations will be presented in a forthcoming report (Haase and King,
in preparation).

2. BOREHOLE SITING AND DESIGN CONSIDERATIONS

The principal consideration in siting boreholes was to locate them such
that a maximum amount of geological and hydrological data could be
obtained from each well installed. Borehole locations were initially
based on site topography, available geclogic and hydrologic data, and
knowledge gained from previous investigations at geohydrologically
similar sites. The approach followed at each of the sites was to



Table 1. Borehole location suwmary

Name N (FL)b E (Ft)® Elevation (F1)b 1.0, (fy®

Beta 4 Security Pit

o -191 30, 780 54,219 1.007. 10 60.5
G-192 30,772 54,211 1,006.04 171.5
GW-194 30,583 54,218 992.47 12.5
GW-195 30,573 £4,089 1,000,23 23
Q- 19% 30,829 53,906 1,034, 84 27
- 197 20,734 54,087 1,001.72 17
Chestaut Ridge Security Pit
-173 28,271 59,472 w29 165
GM-174 28,205 59,215 1,114.06 145
GW-176 28,294 58,450 1,122.13 145
-7 28,403 57,497 1,155,52 145
Gr-179 28,522 58,569 1,124.33 m
Kerr Hollow Quarry
CH-143 24,254 63,512 910.72 600
142 24,524 64,030 968.29 295
Cht-143 24,257 63,522 aMn.o 253
G- 144 24,255 63,502 910.48 1%
N-145 24,40 63,266 837.29 110
G146 28,432 63,272 €831.00 220
o147 24,131 63,428 848.41 9
Gu-23) 28,05 £3,410 845 .90 n
New Hope Pond
GW-128 29,202 63,817 904,53 na
w149 29,201 63,824 904,76 50.5
@130 28,959 64,222 912.98 n.2
151 28,958 64,232 913.06 9.5
G-152 28,614 63,718 918.36 7.3
Gu-153 28,613 63,728 921.44 60
- 154 28,987 63,346 8.0 n.2
o220 28,949 64,225 912.74 5.2
222 28,954 63,328 908.82 F<3
Q-223 28,938 63,311 908.97 90.%
240 28,604 63,126 919.50 2.5
Ravine Disposal Site
156 30,485 62,466 961.54 2.5
G199 30,283 62,464 958.06 2.5
GW-200 30,3713 61,906 986.09 $1.5
Gut-201 30,318 61,512 965.87 21
G202 30,597 61,97 964,22 20.1
Rogars Quarry
CH-185 23,3%0 56,905 828.89 B4t 7
H-189 24,013 56,187 811.45 %3
-84 23,915 57,476 924.55 130
54165 23,392 56,924 829.63 471.%
Qe-186 23,388 56,862 ax8.31 m
187 23,393 55,980 831.59 162
188 23,663 56,174 834,32 8
[ 23,389 56,886 828,39 210
G-224 23,392 56,959 832.47 126
Sludge Disposal Basin
CH-157 21,947 64,069 1,031.90 540
G155 21,122 64,333 1,059.688 m
-156 21,626 €4,020 1,045.94 151.6
G157 21,417 63,892 1,044.85 145
G158 27,069 63,643 981,24 48]
G-159 21,784 63,49 1,048,713 157
G241 27,069 63,659 960.80 103
United Nuclear Site
04-203 20,35 54,190 1,102.78 156
G-205 28,364 54,008 1,101.76 164
G-221 28,359 54,388 1,103.62 158
USGS-IN/Y-12 Buria) Grounds
w62 31,33 44,483 1,036.40 s
W-163 31,334 44,481 1,036.99 225
- 164 31,328 44,410 1,036. 40 405
USGS - 15/Chestnut Ridge
G- 165 21,807 44,54) 1,000.39 325
n-166 21,835 42,53) 1,092.01 385

2y and E are Y-12 Plant coordinates. Elevation is for ground
surface measyred with respect to mean sea lewel. Total depth (7.0.)
is with respect to ground surface.

©1 £t = 0.3048 m.
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Fig. 1.

Index map of U.S. Department of Energy Oak Ridge Reservation illustrating locations
of the sites investigated in this study (1 mile = 1.609 km).



identify the major features of subsurface geology and then to

install core holes and groundwater investigation wells to study the
hydrogeclogic significance of such features. The wells were designed

to provide data on subsurface geology and on hydrostatic heads and water
quality for shallow-flow regimes in soils and upper weathered-bedrock
zones and for deeper-flow regimes in the unweathered bedrock.

Drilling at each site progressed in two stages. Initially a core hole
or relatively deep borehole was drilled at an up-section location to
determine the general components of the subsurface geology. Study of
drill core, cuttings, and geophysical logs obtained from this initial
borehole allowed geohydrologically significant targets to be
identified. Investigatory drilling activity was minimal at sites,
such as New Hope Pond, where subsurface geology was reasonably well
understood. At sites such as the Kerr Hollow and Rogers quarries,
however, investigatory drilling for the first stage was substantial
because few data on site subsurface geology were available.

During the second stage of the drilling program, groundwater
investigation wells were installed to intersect designated targets.
The depths and design of the boreholes fall into two categories, with
each one intended to investigate a particular portion of the hydrologic
system. Screened groundwater investigation wells were installed to
examine geohydrologic conditions in the unconsolidated material above
bedrock and in the weathered rock within the uppermost © to 15 m
(20-50 ft) of bedrock. Such wells range in depth from 9 to 60 m
(30-200 ft). Open groundwater investigation wells were installed to
determine geohydrologic conditions within the unweathered bedrock and
deeper subsurface. Such wells range in depth from 60-120 m

(200-400 ft). Targets identified for investigation during the second
stage of drilling at a specific site include (1) the top of the water
table, (2) the interface between the base of soil and the top of
weathered bedrock, (3) the base of weathering in the bedrock,

(4) cavity zones near the base of weathering in the top of bedrock,
(5) zones of high porosity in the unweathered bedrock, and

(6) fractures or fractured zones within the unweathered bedrock.

3. BOREHOLE CONSTRUCTION DETAILS

A general description of borehole construction procedures is provided
in this section. For most boreholes, several drill rigs were
available, and there were several possible variations in the general
construction procedures and materials discussed below.

3.1 Soil Borings and Split-Spoon Sampling

So0il borings were drilled immediately adjacent to permanent groundwater
investigation wells at selected localities. These boreholes were



temporary, auger-drilled holes for split-spoon soil sampling. After
sampling was completed, soil borings were first back filled with the
cuttings obtained from them during d¢rilling and then abandoned.
Split-spoon samples were taken at ncminal 1.5-m (5-ft) intervals. Soil
borings were drilled with Mobile B-53 or B-61 drill rigs using 15- or
20-cm-diam (6- or 8-in.-diam) hollow-stem augers. Soil borings
proceeded until auger refusal; depths ranged from 3.5 to 18 m

(12-60 ft). 1In addition to soil borings conducted specifically for
sampling, split-spoon sampling was undertaken during augering of
boreholes that will be used for the installation of shallow, screened
groundwater investigation wells.

Spiit-spoon sampling within shallow auger holes allows soil from the
vadose zone, above the static water table, to be chemically analyzed.
Study of such samplies provides an opportunity to determine if
contaminants have migrated away from disposal areas through this zone
at some past time. Additional characterization of the soil samples
obtained was not undertaken during this project.

3.2 Core Holes

Core holes drilled during the initial stage of investigation range in
depth from 165 to 257 m (540-842 ft). Core drilling was conducted with
a Joy 22 drill rig using Christiansen HQ bits, core barrels, and drill
rods. The diameter of core recovered is nominally 6 c¢cm (2.4 in.) and
the borehole diameter is nominally 9 cm (3.7 in.). The surface
conductor for the core holes was 11.5 cm-0D (4.5 in. 0D), tireaded and
coupled steel pipe. The surface conductor was installed in a nominal
18-cm (7-in.~diam.), water-rotary-drilled borehole that extended

from ground surface to the top of unweathered bedrock. The conductor
was tremie-grouted in place with a Portland Type 1 cement slurry.

A complete geophysical log package was obtained from each core hole.
The standard borehole geophysics package consisted of gamma-ray,
borehole-compensated density, borehole-compensated neutron porosity,
single-point resistance, spontaneous potential, 40- and 163-cm

(16~ and 64-in.) normal resistivity, temperature, and caliper logs.
Borehole-compensated acoustic velocity, sonic variable density, and
acoustic borehole televiewer logs were run in addition to the standard
log suite in several core holes.

The core holes were left open and uncased below the surface conductor
to permit hydrologic testing of deeper subsurface horizons. Such
investigations are planned for FY-86 and beyond and will make use of
straddle packers and sampling equipment supported by either wireline
equipment or a drill rig. At the completion of the hydrologic testing,
the packers may be left in place for further long-term data collection
or they may be removed, in which case the core hole will be grouted
closed.



3.3 Screened Groundwater Investigation Wells

Groundwater investigation wells finished in unconsolidated materials or
in the uppermost, weathered portions of bedrock were installed using
sand filter packs and spiral-wound screens. Well-screen and casing
material was either stainless steel or polyvinyl chloride (PVC),
depending on anticipated groundwater chemistry at a particular site. A
schematic diagram of a typical screened well is illustrated in Fig. 2.

Screened wells finished in soils and unconsolidated material were
installed with a Mobile BS3 drill rig. These wells were drilled with a
20-cm-diam (8-in.-diam) hollow-stem auger to total depth, which was
generally at the point of auger refusal. Surface conductors were not
installed in auger-drilled screened wells. Johnson UOP stainless
steel or PVC, 10-cm-1ID (4-in.-ID), spiral-wound well screens with
0.025-cm-wide (0.0710-in.-wide) slots were installed; screens ranged in
length from 1.5 to 6 m (5-20 ft). The casing used in the wells is
Johnson UOP flush joint 11.4-cm-0D (4.5-in.-0D stainless steel or
Schedule 40 PVC material. Porter-Warner sand blast sand was poured or
tremied into the annulus around the screen to form the filter pack.
Sufficient sand was placed in the borehole to bring the level of the
sand approximately 0.3 to 0.6 m (1-2 ft) above the top of the screen.
A layer of bentonite pellets 0.6 to 0.9 m thick (2-3 ft thick) was
poured or tremied on top of the sand filter pack into the annulus
around the casing to form an upper seal for the filter pack. A
Portland Type 1 cement slurry, mixed at the ratio of 5.2 to 5.6 L
(5.5-6.0 gal) per sack of solids, was tremied into the annulus around
the casing to seal it from the top of the bentonite seal to the ground
surface. During installation of the sand filter pack, the bentonite
seal, and the grout, the casing was suspended from the drill rig to
allow it to be centered in the borehole; centralizers were not used on
the auger-drilled screened wells.

Screened wells finished in bedrock were installed with either a
Driltech D-25, a Ingersol-Rand R300, or a Ingersol-Rand TS5 drill rig.
Because of the generally greater depths of these rotary-drilled wells
compared to the auger-drilled screened wells, surface conductors were
installed that extend through the soil and unconsolidated material to
the top of solid bedrock. Depths of surface conductors ranged from 4.6
to 35 m (15-115 ft). The surface conductors were either 27.3 cm-0D
(10.75 in.-0D) American Petroleum Institute (API) grade F-25, steel
pipe or 26.6 cm-0D (10.5 in. 0OD) schedule 40 PVC pipe. Surface
conductors were installed in nominal 30.4- or 38-cm-diam,
air-rotary-drilled boreholes and were tremie-grouted in place with
Portland Type 1 cement slurry as described above. After allowing the
surface conductor grout to set, the rotary- drilled screened wells were
advanced to total depth with a 25.4-cm-diam (10-in.-diam) tricone
roller bit (Ingersol-Rand T5) or with a 25.4-cm-diam (10-in.-diam)
air-hammer percussion bit (Driltech D-25 and Ingersol-Rand R300). The
boreholes were drilled with filtered compressed air, using just enough
water [typically 3.8-7.5 L/min (1-2 gpm)] to adequately clear cuttings



Screened Groundwater Investigation Well

4.5-in.-0D stainiess steel or PVC casing

16~in.—diam conductor borehole

10.75-in.-00D steel or PVC surface
conductor

Type 1 Portiand cement grout

9.625-:n.—~diam borehole

Type | Portland cement grout

Bentonite seal

45-1n.~0D, 0.01-1in. slot, spiral wound
stainless steel or PVC screen

Porter—-warner sandblasting sand
filter pack

Fig. 2. Schematic diagram illustrating typical construction

characteristics of a screened groundwater investigation wel}
(1 in. = 2.54 cm).



from the borehole. NL Industries "Qwik-Foam" was used during drilling
to facilitate cuttings removal. Stainless steel or PVC well screens
and casing material, as discussed above, were used to complete the
rotary-drilled, screened wells. Filter-pack sand and bentonite seal
material were poured or tremied into the annulus. During installation
of the sand filter pack, the bentonite seal, and the grout, the casing
was suspended from the drill rig to allow it to be centered in the
borehole; centralizers were used on rotary-drilled screened wells that
are in excess of 46 m (150 ft) in depth. When used, centralizers were
located at every other casing joint starting with the first joint above
the top of the screen. A final centralizer was placed at the top of
the casing, near ground jevel, to center it within the surface
conductor.

3.4 Open Groundwater Investigation Welis

Rotary-drilled, open groundwater investigation wells range in
depth from 61 to 122 m (200-400 ft). These wells were installed to
investigate hydrologic bhehavior of unweathered portions of the bedrock
that were sufficiently competent so that installation of a screen was
not required. A schematic diagram for a typical cpen groundwater
investigation well is illustrated in Fig. 3.

Open wells were drilled with a Driltech 0-25, a Ingersol-Rand T5, or a
Ingersoi-Rand R300 drill rig. Surface conductors that extend through
the soil and unconsolidated material layer to the top of solid bedrock
were installed on all open wells. The surface conductors are either
27.3-cm-0D0 (10.75-in.-0D), API grade F-25, steel pipe or 26.7-cm-0D
(10.5-in.-0D0), Schedule 40 PVC pipe. Surface conductors were installed
in nominal 38.5-cm-diam (15-in.-diam), air-rotary-drilled boreholes and
were tremie-grouted in place with a Portland Type 1 cement slurry as
described above. Depths of surface conductors ranged from 3 to 30 m
(10-100 ft).

After allowing the surface conductor grout to set, the rotary-drilled,
open wells were advanced to target depth for the bottom of the casing
with a 25.4-cm-diam tricone roller bit (Ingersol-Rand T5) or a
25.4-cm-diam air-hammer percussion bit (Driltech D-25 and Ingersol-Rand
R300). The boreholes were drilled with filtered compressed air, using
just enough water [typically 3.8-7.5 L/min (1-2 gpm)] to adequately
clear cuttings from the borehole. NL Industries "Qwik-Foam" was used
on several boreholes where extreme problems with mud inflow or cuttings
removal were encountered. The casing was installed using the draw
works on the drill rig. The casing material was 16.8-cm-00
(6.625-in.-00), APl grade F-25, 25 kg/m {17.0 1b/ft) steel-threaded and
coupled pipe. <Casing joints were tack welded to prevent them from
unscrewing during installation. A Halliburton Combination Guide-Float
Shoe was installed on the bottom of the casing string and Halliburton
S3 centralizers were tack welded at every third casing joint
[approximately every 18 m (60 ft)].



Open Groundwater investigation Well

6.625~in.-0D steel casing

10.75-in.-0D surface conductor

15~in.-diam conductor borehole

Type 1 Portland cement grout

LA AL R L TR LT R LA AL £ 1
AR AL LT RS A A AR L LE )

10-in.~diam borehole

Halliburton Poz Mix A grout

Halliburton Float Shoe

6-in.—diam open hole

Fig. 3. Schematic diagram illustrating typical construction
characteristics of an open groundwater investigation well
(1 in. = 2.54 cm).
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The casing was pressure grouted in place by Halliburton Well Services.
The grout formulation was Halliburton Poz Mix A with 4% bentonite, 2%
Halliburton Cal Seal, and 2% calcium chloride as additives. The slurry
was mixed with 21 to 23 L (5.5-6.0 gal) of water per sack (0.023 m3;

1 ft3) of solids. Grout slurry was circulated until return of grout

of the original consistency was observed in the annulus around the
casing. The inside of the casing was cleared of grout by pumping down
a bottom plug 1o seat against the float shoe. Water pressure was
maintained on the bottom plug until it was determined that the float
shoe was holding properly.

Grout around well casings was allowed 1o set for a minimum of 24 h.
After that waiting period, drilling of the open-hole interval in each
well began. This interval was drilled with a 15-cm-diam (6-in.-diam)
tricone roller bit (Ingersol Rand T5) or a 15-cm-diam air-hammer
percussion bit (Driltech D-25 and Ingersol-Rand R300). The open-hoie
intervals were drilled with filtered compressed air, using just enough
water [typically 3.8-7.6 L/min (1-2 gpm)] to adequately clear cuttings
from the borehole. NL Industries "Qwik-Foam" was used on several
boreholes where extreme problems with cuttings removal were
encountered. The open hole intervals were advanced to the total depth
and ranged in extent from 1.5 to 21 m.

3.5 Well Development

Well development was accomplished by removing at least seven well
volumes of water from the completed well. In high-yield wells

(7.6 L/min of water), development pumping was conducted more or less
continuously until the required volume of water had been removed and a
consistent level of water clarity had been achieved. During the early
stages of development, pumping action was oscillated or momentarily
stopped so as to surge the well to facilitate removal of drilling fines
from the well bore. This process was repeated two to five times in
screened wells and two to three times in open wells.

Low yield wells (<7.6 L/min) typically would not produce seven well
volumes of water within 6 to 8 h of development time. In this case the
well was pumped to dryness and allowed to recover for 24 h, at which
time the process was repeated. Depending on the recovery behavior of
the well, this procedure was repeated two to five times over a 1-week
period.

Well development was done with either an electric submersible pump or a
rotary drill rig using the air 1ift method. For wells up to 76 m

(250 ft) in depth, an electric submersible pump was lowered to the
bottom of the well on 2.54-cm-00 steel pipe. Wells deeper than 76 m
were developed by air 1ifting water from the bottom of the well using a
standard 11.4-cm-diam drill pipe and filtered compressed air from a
drill rig.



11

4. SITES INVESTIGATED

Details of the well installation activities at each of the sites
investigated are presented in this section. The discussion briefly
summarizes the well-siting strategy for each site and the salient
geohydrological observations made during well installation. Specific
details of construction for a particular well are contained in

Appendix A. Summaries of the geological formation(s) and of the
fractures and cavities penetrated by a particular well are presented in
Tables 2 and 3.

4,1 Beta-4 Security Pit

4.1.1 Background

The Beta-4 Security Pit site is located on the western edge of the
Exclusion Area within the Y-12 complex (Fig. 1). The site was used for
disposal of classified material from February 1968 through April 1976.
Details of the disposal history and geography of the site are summarized
elsewhere (Production Optimization Department/Y-12 Plant, 1984a).

4.1.2 Site Geology

The site is located on soils and residuum developed on the upper to
middle portions of the Maryville Limestone of the Conasauga Group. The
trace of the upper contact of the Maryville Limestone passes immediately
south of the site. Depth to bedrock varies throughout the site,
typically ranging from 3 to 4.6 m (10-15 ft). Studies in soils and
weathered bedrock developed on the Conasauga Group both in Bear Creek
Valley (Stedz and Huff 1981; Rothschild et al. .1984a) and in Melton
Valley (Sledz and Huff 1981; Rothschild et al. 1984b) indicate that
joints and fractures can exhibit a strong control on groundwater flow
direction. At the Beta-4 Security Pit site, major joint directions are
parallel and perpendicular to geologic strike, which parallels the
ridge crests. It is anticipated, therefore, that groundwater movement
al the site would be greatest in directions parallel and perpendicular
to the ridge crestis.

4.1.3 Drilling Summary

Locations of groundwater investigation wells installed at the Beta-4
Security Pit locality are illustrated in Fig 4. A total of eight
borings were made at this locality. Borings SB-192 and SB-195 are
auger/split-spoon soil borings obtained to provide samples of
unconsolidated material for chemical analysis. These borings are not
illustrated on Fig. 4 but are immediately adjacent to groundwater
investigation wells with the same designation. At the completion of
sampling, the so0il borings were backfilled with cuttings and material
obtained during the drilling process.
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Table 2. Borehole geology swmary

Name Rock formations(s) and downhole footages?

CH-143 CHICK: A 0-177/KNOX 177-td

CH-157 KNOX

CH-185 CHICK: E 0-123/0 123-183/C 183-379/8 379-680/A 680-td
CH-189 CHICK: B 0-268/A 268-578/KNOX 578-td

G- 142 CHICK: A 0-220/KNOX 220 -td

GW-143 CHICK: A 0-177/KNOX 1]7-td

GW-144 CHICK: A 0-177/KNOX 11)-td

GW--145 KNOX

M-146 KNOX

GW-147 KNOX

GW--148 CON: Maynardville

GW-149 CON: Maynardville

G-150 CON: Maynardville

GW-151 CON: Maynardville

GW-152 CON: Maynardville

“om-153 CON: Maynardville

Gw-154 CON: Maynardville

GW-155 KNOX

GW-156 KNOX

GW-157 KNOX

GwW--158 KNOX

Gi-159 KNOX

GW-162 COK: Pumpkin Valley

GW--163 CON: Pumpkin Valley 0-204/ROME 204-td

Gi-164 COM: Pumpkin Valley 0-197/ROME 197-td

G -165 KNOX
G - 166 KNOX
Gu-113 KNOX
GW-174 KNOX
Gu--176 KNOX
GW-117 KNOX
Gw-179 KNOX
GW-184 CHICK:
GW-185 CHICK:
GM-186 CHICK:
GW-187 CHICK:
GW-188 CHICK:
Gw--189 CHICK: C

GW-191 CON: Maryville
GW-192 CON: Maryville
GM-194 CON: Maryville
GW--195 CON: Maryville
Gw-196 CON: Maryville
Gw--197 CON: Maryville
GW-198 CON: Rutledge
GW-199 CON: Rogersville
GW-200 CON: Rogersville
GW-201 CON: Rogersville
G202 CON: Rutledge
GW-203 KNOX

GW--205 KNOX

Gw-220 CON: Maynardville
G221 KNOX

GwW--222 CON: Maynardville
GW-223 CON: Maynardville
GW-224 CHICK: E

GW-231 KNOX

GwW-240 CON: Maynardville
GW-281 KNOX

oOmoO e

ap, B, C, D, and £ - units of the Chickamauga Group as defined
by Stockdale (1951); CHICK - Chickamauga Group; CON - Conasauga
Group; KNOX - Knox Group; ROME - Rome Formation; td - total
depth.



13

Table 3. Sumary of major fractures and solution cavities encountered
during drilling operations

Name

Fracture or solution cavity, depth, and approximate water yieldd

GW-144
GW-147
GwW-149
GW-151
GW-153
GW-154
GW-155
GW-156
GW~157
GW-158
GW--159
GW-162
GiW-164
GW-~165
G166
GW-173
GW-174
GW-177
GW-179
GwW-184
Gw-185
GW-186
GW-187
GwW--188
GW-~189
GW-198
GW-199
GW-200
GW-201
G202
GW-220
GW-221
GW-222
GW-223
GW-224
GW-231
GW-240
GW--241

Frac @ 170 (W, 20-30 gpmP)

Frac @10-12.5(w), 19(w), 20-21(w), 24-25, 32.5-33(M), 46.5 to 47.5(W), 59.5 to 60.5
Water @ 4.0 / (W) @ 25-28

frac @ 26(w)

Frac @ 29-30

Water @ 5.0

frac @ 130-136, 165-177(mw)

Cav @ 92-93, 101-103, 106-112 / Frac @ 150

Water @ 74 / Frac @ 114-116.5, 140(w)

Frac @ 98(foam), 180(W, sul), 220-230, 250 -260{(mW, >25 gpm).

Cav @ 112-117 7 Water @ 130

Water @ 118

Frac @ 150(w), 197{(w), 280, 392(w)

Cay @ 103-113, 314-317(mW, >100 gpm) / Frac @ 92-96, 100~102

Frac @ 287-290, 320-323, 358-363(w, »300 gom )

Frac @ 103.6 / Cav @ 108.9, 140-14)

frac @ 143 7/ Cav @ 63-79.6, 91, 140

Cav @ 68-73, 96-97.5 / Frac @ 130-133

Cav @ 53-73 / Frac @ 112

Frac 8 115(w), 126-130(w)

Frac @ 713(W, 20-30 gpm), 170(w), 366(W, gas)

Frac @ 25(w), 164-169{W)

frac @ 92(w), 115-121(w), 134-135(W, >25 gpm), 159-160{W, >25 gpm)
Cav(mW) @ 27-29 / Frac @ 47-48, 55-58.5, 60-68. Lost circulation @ 60-68
Frac @ 44(w), 143-145(W), 164-165(W), 170(W), 200(W)

Water @ 22

Water @ 18

Frac @ S2(w)

Water @ 21

Water @ 17

Water @ 11.0

Frac @ 36-80, 153

Fractured zone-cavity @ 19.0 «

Cav(M) @ 57-59 / Frac @ 17-18, 27.5-29, 34-34.5, 36-36.5, 37-37.5, 38-39, 66-67, 68.5-69.5
Frac @ 115-120(wW, sul)

Frac @ 15-16.5, 17-17.5(w), 19-20.5(w), 23-24, 25-21, 28-29

Frac @ 29 to 30

Cav @ 78-89 / Frac @ 89-94.6

3cav - cavity; Frac - fracture or fracture interval; Water - depth at which the water table was
encountered, not necessarily associated with a fracture or cavity; (M) - mud, or thick, extremely
muddy water; (mW) - muddy water; (sul) - sulferous smell to water; (w) - small flow of water

<5 gpm; (W) - large flow of water, >5 gpm. Yields cited are based on drillers estimates of
surface discharge during drilling.

by gom =~ 3.7 L/min.
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Fig. 4. Topographic map of the Beta-4 Security Pit locality.
Locations of groundwater investigation wells are indicated by
solid circles. Contour lines are in feet (1 ft = 0.3048 cm).
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Wells GW-191, GW-194, GW-195, GW-196, and GW~197 are shallow, screened,
auger-drilied boreholes that extend into the top of the water table at
the approximate top of weathered bedrock. Well GW-192 extends into the
unweathered bedrock zone and is paired with well GW-191 to form a
piezometer cluster to investigate the vertical component of groundwater
flow at the site.

Well GW-196 has the highest elevation and should serve as an
up-gradient, background well for the site. Wells GW-197, GW-191, and
GW-192 are approximately along strike from the site to the west and to
the east, respectively, and will allow potential strike-parallel
movement of material away from the site to be investigated. Wells
GW-195 and GW-194 are south of the site and serve to monitor potential
movement of contaminants from the site in a direction perpendicular to
strike. ‘

4.2 Chestnut Ridge Security Pit

4.2.1 Background

The Chestnut Ridge Security Pit is located on the crest of Chestnut
Ridge immediately south of the central portion of the Y-12 complex
(Fig. 1). Disposal of classified maierialis at the site is conducted in
trenchs and auger holes. Details of disposal operations and general
inventories of materials disposed of are summarized elsewhere
(Production Optimization Department/Y-12 plant, 1984b). Before the
drilling operations summarized in this report, one groundwater
monitoring well, No. 1080, had been installed at the site.

4,2.2 Site Geology

The security pit is located in soil and residuum developed on top of
the stratigraphically lowermost portion of the Copper Ridge Dolomite,
which is the basal formation in the Knox Group. The soil and residuum
locally contain abundant chert and rubble-rich horizons that occur at
the top of bedrock and are dispersed irregularly throughout the soil
column. Depth to bedrock at the site varies from 15 to 27 m (50-90 ft).

Available information on site hydrology was summarized by Geraghty and
Miller (1985b). In general, the hydrology of the Knox Group at the
site is not well understood. Groundwater flow directions in the
shallow subsurface (61 m) have not been determined but are probably
generally controlled by a groundwater divide that runs along the crest
of Chestnut Ridge in the vicinity of the security pits. The location
of ihe groundwater divide would influence whether water from the site
would flow northward into the Bear Creek watershed or southward toward
watersheds in Bethel Yalley. Work by Ketelle and Huff (1984) elsewhere
along Chestnut Ridge indicates that joints, fractures, and solutional
features developed within the upper bedrock can exert substantial local
influence on groundwater flow directions. Analysis of joint and
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fracture patterns suggests that preferred groundwater flow directions
within the upper bedrock are paraliel and perpendicular to the ridge
crest (Law Engineering, 1983b).

4.2.3 Drilling Summary

Initial plans for monitoring well installation at the Chestnut Ridge
Security Pit site were developed by Geraghty and Miller (1985b).
Because of the complexity of site hydrology discussed above, the
original well installation plans were modified during the present
drilling program to more completely address the hydrologic issues
discussed above. Locations of the five groundwater investigation wells
completed at this site are shown in Fig. 5.

A total of 12 borings were made at this locality. Borings SB-173,
SB-174, SB-176, SB-177, and SB-179 are auger/split-spoon soil borings
obtained to provide samples of unconsclidated material for chemical
analysis. These borings are not illustrated in Fig. 5 but are
immediately adjacent to groundwater investigation wells with the same
designation. Two additional soil borings (SB-178 and SB-180), not
associated with groundwater investigation wells, were also completed.
They are located immediately adjacent to the northwest and northeast
corners of the disposal area illustrated in Fig. 5. A1l soil borings
at the Chestnut Ridge Security Pit site are nominally 18.3 m deep and
were audered to refusal. 1In all cases, the soil borings bottomed in
zones of chert gravel dispersed within the soil and did not reach to
the top of bedrock (as determined by subsequent drilling of groundwater
observation wells). Split-spoon samples were taken during the augering
at 1.5-m intervals for chemical study.

Wells GW-173, GW-174, GW-176, GW-177, and GW-179 are screened and
finished in the top of bedrock. The objeclive of these wells was to
monitor groundwater occurring at the top of the water table, which
typically corresponds to the soil/bedrock interface. During the
instailation of the surface conductor for these wells, zones of cavity
formation and solutional alteration were encountered within 3 to 7.6 m
(10-25 ft) of the top of bedrock. The vertical extent of such cavities
ranged from 0.3 to 5 m (1-17 ft). 1In all cases, the surface conductor
was advanced 0.3 to 1.5 m (5 fi) past the bottom of the first
significant cavity encountered below the top of bedrock. Such a
practice prevents potential intercavity migration of surface waters.

Wells GW-177 and GW-173 were installed to the west and to the east of
the active and proposed burial areas 1o monitor possible migration
along strike of material from the disposal area. Furthermore, well
&W-177 occupies the highest topographic location and should serve as an
up-gradient well for the site. Wells GW-176 and GW-174, in conjunction
with existing well 1080, were placed south of the active site to
monitor potential movement of material away from the site in a
direction perpendicular to strike. Similarly, well GW-179 was
installed north of the active disposal area to monitor potential
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Fig. 5.

Topographic map of the Chestnut Ridge Security Pit locality.
Locations of groundwater investigation welis are indicated by
solid circles. Solid square indicator position of existing,
groundwater monitoring well. Contour lines are in feet

(1 ft = 0.3.048 cm).
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movement of material perpendicular to strike northward. Analysis and
comparison of hydrologic data from these wells should permit
identification of the groundwater divide and resolution of its
significance to groundwater flow behavior at the site.

4.3 Kerr Hollow Quarry

4.3.1 Background

Kerr Hollow Quarry is located on a low ridge running along the north
side of Bethel Valley (Fig. 1). The quarry was active in the 1940s and
was abandoned sometime in the Jate 1940s. Since the early 1950s, the
quarry has been used for the disposal of reactive materials from the
Y-12 Plant and from Oak Ridge National Laboratory. Generalized details
of the material disposed of and disposal operations conducted at the
quarry were presented by Geraghty and Miller (1985d).

4.3.2 Site Geology

Kerr Hollow Quarry is located at the contact between the Newala
Formation of the Knox Dolomite and Unit A of the Chickamauga Group.!

At the site, the contact is an unconformity and exhibits approximately
1% to 30 m of topographic relief. The uppermost Knox Group at this
site consists of medium-bedded to massive dolostone with locally
abundant nodular to bedded chert occurring throughout. The basal
portion of the Chickamauga Group consists of abundant thin- to
medium-bedded maroon and gray siltstones and thin-bedded 1imestones and
less-abundant-to-rare, nodular-to-bedded chert. A schematic cross
section of the quarry site is presented in Fig. 6. As with other
strata in the Oak Ridge vicinity, both the upper Knox Group and the
basal Chickamauga Group are pervasively jointed, with predominant joint
directions being parallel and perpendicular to geological strike, which
is approximately parallel to the ridge crests. 1In the vicinity of Kerr
Hollow Quarry, an additional joint set that trends approximately
north-south is also noted (Law Engineering, 1983b).

Porosity and density geophysical logs from the site suggest that most
of the strata are "tight," with low porosity (0 to 5%) and, by
inference, low permeability. Examination of drill cores demonstrates,
however, that significant, major fractures and fractured intervals
occur throughout the bedrock to depths of 183 m (600 ft). Furthermore,
such fractured zones generally correspond to pronounced anomalies on
the single poinl resistance and spontaneous potential geophysical

logs. Taken together, the drill core and geophysical log data suggest
there are thin [0.3-0.9 m (<1-3 ft)], relatively permeable,

Tstockdale (1951) divided the Chickamauga Group into eight units,
A through H, based on rock type and bedding patterns; Unit A is the
lowermost unit.
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KERR HOLLOW QUARRY CROSS SECTION
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Schematic cross section of Kerr Hollow Quarry locality. The
line of section is from north to south, along the E 63,500

grid line. Asterisks denote boreholes that have been projected
on to the line of the cross section. Wavy lines indicate the
unconformity between the Chickamauga and Knox groups. Note the
relief on the unconformity suggested by the two intersections
illustrated. Vertical exaggeration is 2X; 1 ft = 0.3048 m.
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water-bearing zones associated with most fractured zones occurring
throughout the bedrock (Haase and King, in press). It appears highly
probable, therefore, that groundwater movement within the bedrock
occurs principally within fractures and fracture systems and not
pervasively within any one stratigraphic unit. To understand the
hydrologic behavior in the vicinity of the quarry it is necessary to
understand the spacing, density, and orientations of fracture systems.

4.3.3 Drilling Summary

Initial plans for monitoring well installations at the Kerr Hollow
Quarry site were presented by Geraghty and Miller (1985d). The
original well installation plans were modified during the present
drilling program to allow more complete characterization of subsurface
geohydrologic conditions and to intercept hydrologic targets identified
during the initial core-drilling stage of the investigation. Locations
of the eight borings conducted at this site are illustrated in Fig. 7.

Boring CH-143 is a 183-m-deep core hole that was collared in the lower
portion of Unit A of the Chickamauga Group. The core hole penetrated
the contact with the Newala Dolomite of the Knox Group and continued
approximately 122 m into the Newala. Core hole CH-143 provides a
detailed map of the stratigraphy and structural character of the strata
surrounding Kerr Hollow Quarry that was used to select target deptihs
for the other groundwater observation wells at ithe site (Fig. 6).
Because of the hydrologic importance of fractures and fractured zones,
much of the drilling was aimed at such features. Because of their
spacing and freguency, however, wells in this initial stage of
investigation were finished to study several closely spaced fractures
or groups of fractured zones. Depending on the results of chemical
analysis and hydrologic data, additional wells, finished to specific
fractures, may be required. Further details of the geological and
geophysical data from core hole CH-143 and their interpretation will be
presented elsewhere (Haase and King, in preparation).

Well GW-142 is an open well that has the highest topographic
elevation. It was installed as a potential up-gradient, background
well completed in unweathered bedrock. During the drilling of GW-142,
only trace quantities of water were encountered in the bedrock down to
depths of 61 m (200 ft). Casing was installed to a depth of 76 m
(248.5 ft), after several water-bearing fractured intervals had been
encounterad. Subsequent drilling of the open hole portion of the well
below 76 m indicates that the strata remained relatively tight and
contain only small quantities of water also associated with fractured
zones.

Wells GW-143 and GW-144 form a piezometer cluster designed to
investigate potential hydrostatic head differences between the
uppermost Knox Group and lowermost Chickamauga Group. Both wells are
finished in bedrock and are screened. These wells also intersect the
downdip projection of all strata that crop out in the quarry and will
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Fig. 7. Topographic map of the Kerr Hollow Quarry locality. Locations
of groundwater investigaticn wells are indicated by solid
circles. Contour lines are in feet (1 ft = 0.3048 m).
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serve to monitor potential downdip migration of material out of the
quarry. Both wells intersect several apparent bedding-plane-paralle]
fracture systems that occur within the stratigraphic interval of
interest.

Wells GW-145 and GW-146 and wells GW-147 and GW-231 form two piezometer
clusters along the western edge of the quarry. These wells are
designed to investigate potential head differences between various
stratigraphic units cropping out within the quarry and to monitor for
potential strike-parallel movement of material out of the quarry. Well
GW-146 is an open well finished in unweathered bedrock. Wells GW-145,
GW-147, and GW-231 are screened wells finished in unweathered bedrock.

4.4 New Hope Pond

4.4.1 Background

New Hope Pond is located on the east end of the Y-12 complex (Fig. 1).
It is a man-made impoundment on the East Fork of Poplar Creek. The

pond serves as a settling basin for creek waters before being discharged
into the natural channel and flowing off Y-12 property.

4.4.2 Site Gee¢logy

The New Hope Pond site is Tocated on soils and residuum developed on
the Maynardville Limestone of the Conasauga Group. The trace of the
contact between the Maynardville Limestone and the underlying
Nolichucky Shale roughly coincides with the Y-12 access road {Second
Street) that passes immediately north of the pond. Depth to bedrock
ranges from 3 to 4.6 m (10 to 15 ft) throughout the site. As is
typical of the Conasauga Group, joints and fractures may have
significant influence on groundwater flow directions. Principal joint
directions at the New Hope Pond site are parallel and perpendicular to
geological strike, and it is anticipated that those orientations would
be preferred groundwater flow directions. At other sites, approximately
610 to 1219 m (2000 to 4000 ft) east of New Hope Pond, the Maynardville
Limestone has been demonstrated to exhibit solution cavities and other
solutional alteration features (Rothschild et al. 1984a). Such
features can profoundly influence groundwaler movement, although the
impact of such features cannot be predicted as easily as that of
regionally systematic joints and fractures. Although several fracture
zohes within the Maynardville Limestone were encountered during
drilling at this site, only one significant solution cavity was
encountered (in well GW-153).

4.4.3 Drilling Summary

To characterize the geohydrological setting of the New Hope Pond site,
11 borings were completed (Fig. 8). An initial plan for monitor well
installation was presented by Geraghty and Miller {(1985b), and the
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present drilling program is basically an implementation of their plan,
with the addition of several borings to more completely investigate
site hydrology.

All groundwater investigation wells at the New Hope Pond site are
screened. They were installed in piezometer clusters such that data on
both lateral and vertical groundwater flow components could be
obtained. Two clusters, one to the east and one to the west of the
pond, were installed to monitor potential strike-parallel groundwater
movement.

To the east, well GW-150 is finished in the unconsolidated soil and
residuum developed on the Maynardville Limestone. Well GW-220 is
completed in the lower Maynardville Limestone to a depth of 14 m

(45.2 ft) and well GW-151 is completed in the basal Maynardville
Limestone, in a transition zone characterized by alternating layers of
shale and Timestone, to a depth of 29.4 m (96.5 ft). To the west, well
GW-154 is finished in the unconsolidated residuum. Well GW~222 is
finished in the lower Maynardville Limestone to a depth of 7.6 m

(25.0 ft) and well GW-223 is finished in the shale/limestone transition
zone at the base of the Maynardville Limestone to a depth of 27.6 m
(80.5 ft).

To the north of the site, well GW-148 is complete fo a total depth of
3.4 m (11.1 ft) in residuum developed at the contact between the
Maynardville Limestone and the Nolichucky Shale. Well GW-149 is
finished in the basal Maynardville Limestone to a depth of 15.4 m
(50.5 ft).

The wells in the cluster at the south site of the site are
topographically the highest, and the shallowest well in the cluster
(GW-152) should serve as up-gradient well, at least for flow in the
unconsolidated zone. Well GW-152 is completed in Maynardville
Limestone residuum to a depth of 5.3 m (17.3 ft). Wells GW-153,
completed to a depth of 18.3 m (60 ft), and GW-240, completed to a
depth of 9 m (29.5 ft), are both finished in the upper Maynardville
Limestone.

4.5 Ravine Disposal Site (Building 9712)

4.5.1 Background

The Ravine Disposal Site is located immediately north of the Y-12
garage (Building 9712), inside the Y-12 perimeter fence that runs along
the south side of Bear Creek Road (Fig. 1). The history of disposal of
material at this site is poorly known, but it appears to comprise a
substantial amount of wood, construction debris, and dirt. Lesser
amounts of metal scrap and possibly some uranium-contaminated material
were also disposed of at the site before the mid-1950s. Available data
for the Ravine Disposal Site are summarized elsewhere (Production
Optimization Department/Y-12, 1984c).
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4.5.2 Site Geology

The Ravine Disposal Site is located on soils and residuum developed on
the Rogersville Shale and Rutiedge Limestone formations of the
Conasauga Group. The trace of the contact between these formations
runs approximately east to west and disects the site. The trace of the
contact between the Rogersville Shale and the Maryville Limestone runs
along the south edge of the site. Depth to bedrock varies throughout
the site, typically ranging from 3 to 4.5 m (10 to 15 ft). As with
other formations in the Conasauga Group, the Rogersville Shale and
Rutledge Limestone are pervasively jointed, with the principal joint
directions being parallel and perpendicular to geological strike. It
is suspect that such joints and fractures at the Ravine Disposal Site
strongly control groundwater flow direction.

4.5.3 Drilling Summary

To investigate geohydrologic conditions at the Ravine Disposal Site,
five groundwater investigation wells were installed (Fig. 9). Based on
topographic considerations, groundwater should move from northwest to
southeast. The effect of the original ravine should be that of a
west-to-east conduit within the unconsolidated and fill material, and
thus the presence of the ravine, even though it is filled in, will have
a significant influence on groundwater movement.

Wells GW-198 and GW-199 straddle the original ravine on the north and
south side respectively. Both wells are screened and are completed in
the unconsolidated soils and residuum to depths of 8.1 and 6.9 m {26.5
and 22.5 ft), respectively. These wells should monitor hydrologic
conditions within the original ravine and detect potential
strike-parallel transport of material from the ravine fill.

Well GW-202 is a screened well drilled to a depth of 6.1 m (20.1 ft).
It is finished in the unconsolidated soils and residuum developed on
the Rutledge Limestone. This well is at the highest topographic
elevation of the wells at the site and should serve as a background or
up-gradient well.

Wells GW-200 and GW-201 are screened wells that form a piezometer
cluster to investigate the vertical flow component for groundwater
movement at the site. Well GW-200 is finished to a depth of 17.5 m
(57.5 ft) in bedrock at the contact between the Maryville Limestone and
Rogersville Shale, and Well GW-200 is finished to a depth of 6.4 m in
residuum developed above the contact zone.

4.6 Rogers Quarry

4.6.1 Background

Rogers Quarry is located along Bethel Valley Road, approximately 4.8 km
west of Kerr Hollow Quarry and 8 km east of Oak Ridge National
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Laboratory (Fig. 1). The quarry is approximately 915 m (3000 ft) south
of the Y-12 complex and is located on a 1ine of low hills running along
the north side of Bethel Valley at the southern edge of Chestnut

Ridge. The guarry was a source of construction materials in the 1940s
through the late 1950s. It was abandoned in the early 1960's and has
subsequently been used for disposal of a variety of materials from the
Y-12 Plant. It currently receives fly ash slurry from the Y-12 Steam
Plant. Background details and a summary of disposal operations are
presented elsewhere {Production Optimization Department/Y-12 Plant,
19844d).

4.6.2 Site Geology

Rogers Quarry is situated in the lower portion of the Chickamauga Group.
A schematic cross section is presented in Fig. 10. The footwall
{(bottom) of the quarry is the uppermost portion of Unit B of the
Chickamauga Group. Unit B consists of interbedded red to reddish-gray
calcareous siltstones. The unit is variable in character and thickness
throughout the Oak Ridge vicinity; at the guarry it is approximately

62 m (220 ft) thick but only the uppermost 15 to 30 m (50-100 ft) are
exposed in the guarry proper. Within the quarry this upper portion is
predominantly siltstone. The hanging wall (top) of the quarry is

Unit D and the lowermost portion is Unit £ of the Chickamauga Group.
Units D and £ consist of interbedded gray calcareous siltstones, wavy
to evenly bedded limestones, and thirly bedded cherts. All of Unit D
{13 m (42 ft)] and approximately 15 to 30 m (100 to 150 ft) of Unit E
are exposed at the quarry. The pay zone of the quarry consists of

Unit C of the Chickamauga Group. This unit is a medium to Yight gray,
pure, evenly bedded limestone. The limestone is medium- to fine-grained
and, in several intervals, approaches lithographic limestone in quality
and uniformity. Unit C is approximately 45 m (150 ft) thick and is
100% exposed at the quarry.

Depths to bedrock at the quarry, away from the workings, vary from 3 to
9m (10 to 30 ft). The contact between overburden and bedrock appears
to be sharp, occurring within a few meters. Al]l strata at Rogers
Quarry have a uniform dip to the southeast of 35 to 45. Large-scale
(several meters or more) folds or faults appear to be rare. On a small
scale {less than several meters), however, the strata exhibit joints
and fractures with the density and lateral continuity of such features
varying from bed to bed. Most fractures appear to be filled with
secondary calcite mineralization, although open fractures occur
throughout the strata at the guarry. Thin [<0.3 to 6 m (<1 to 20 ft)]
chert-rich intervals typically have the highest fracture density,
followed by thin limestone-rich intervals. Siltstones typically
exhibit the lowest fracture density. There are, however, numerous
exceptions to the preceding generalization, and the analysis of
fracture-joint patterns at the quarry will be a complex task. The
limestone-rich portions of all units locally exhibit solutionally
widened bedding surfaces and fractures. Such zones range from <0.3

to 1.5 m in thickness. No discrete solution cavities were noted.
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Several fracture zones within Unit C contained petroleum shows.
Typically, fractures were noted that were partially filled with
residual "“dead" crude oil. However, in several occurrences [e.g., at
62 m (204 ft) in CH-185], fractures partially saturated with volatile,
free crude 0il were noted. Most petroleum-bearing fracture zones were
also associated with minor natural gas shows.

Little is known about the subsurface hydrology at the quarry. The
porosity and density geophysical logs suggest that most of the stirata
are "tight" with low porosity and, by inference, low permeability. A
significant exception to this pattern occurs in the Timestones of

Units D and £ and more rarely in those of Unit €. Several anomalies
are noted on the electric logs for Timesiones of these units that
suggest there are thin (<0.3-1 m), relatively permeable,

water-bearing zones occurring within these units. Correlation of the
electric log anomalies with drill core and with acoustic logs
demponstrates that the electric loyg anomalies are usually associated
with fractured zones {Haase and King, in press). Wells completed into
two fracture zones identified from eleciric log anomalies (GW-187 and
GW-224) had water production of 94 L/min {25 gpm) from a fracture zone
at 36 m (120 ft) depth and >150 L/min (>40 gpm) from a fracture zone at
46 m (160 ft) depth. Water from both zones had a distinct "sulfur"
smell. Electric logs of core hole CH-185 suggest that, at depths below
100 m (350 ft), a low resistivity fluid occurs in the well bore. Until
a sample can be obtained for chemical analysis, all that can be inferred
about this fluid is that it has very low resistivity, much less than is
typical of "fresh” water occurring in the shalilow subsurface. Electric
Tog patterns resemble those observed in deep, brine-flooded boreholes
in Melton Valley near ORNL (Haase, in preparation).

4.6.3 Drilling Summary

Initial plans for groundwater and surface water monitoring at the
Rogers Quarry site were prepared by Geraghty and Miller (1985d). Their
proposal was focused primarily on the surface water system and on
anticipated regqulatory requirements. The drilling program summarized
in this document was directed to obtaining a more complete
characterization of gechydrologic ccnditions at the quarry site. The
nine boreholes completed at Rogers Cuarry are illustrated in Fig. 11.

Two core holes, CH-185 and CH-189, were drilled at the site to
determine subsurface geology and to identify drilling targets for
groundwater investigation wells. Core hole CH-185 was collared in

Unit £ [0.3-38 m (1 to 123 ft)] of the Chickamauga Group and penetrated
all of Units D [38-55 m (123-183 ft)], € {55-115 m (183-379 ft)], and B
[(115-207 m (379 to 680 ft)]. Core hole CH-185 reached a total depth of
257 m (841.7 ft) in Unit A of the Chickamauga Group. Core hole CH-189
was collared in Unit B [0-82 m (0 to 268 ft)] of the Chickamauga Group,
penetrated all of Unit A [82-176 m (26B8-578)], and reached total depih
of 233 m (763 ft) in the Newala Formation of the Knox Group [176-233 m
(578-763 ft)]. Further details of the geological and geophysical data
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from core holes CH-185 and CH-189 and their interpretation will be
presented elsewhere (Haase and King, in preparation).

Groundwaler investigation well GW-184 is a screened well drilled to a
depth of 40 m (130 ft). It is completed in interbedded marcon
siltstones and gray limestones that occur in the lowermost portion of
Unit C of the Chickamauga Group.  These strata form the footwall of the
quarry and are exposed along the exireme northern portions of the
guarry pit. Topographic considerations suggest that groundwater at the
quarry should move from north to south Because well GW-184 is open to
strata occurring along the north edge of the quarry pit and because it
has the highest elevation, this well should serve as an up-gradient,
background well for the quarry site.

Well GW-188 is 21 m (70 ft) deep and is a screened well finished into a
prominent zone of fractured limestones within Unit D of the Chickamauga
Group that had been identified in CH-185. The well was positioned to
monitor for potential strike-parallel movemenlt of contaminants away
from the quarry within this fracture system.

The remaining five wells at the guarry site were grouped into two
piezometer clusters to investigate not only specific, hydrologically
active, subsurface zones but to also investigate the vertical flow
potential of the groundwater surrounding the guarry. Wells GW-187 and
GW-224 are screened wells that form a cluster with an existing well,
No. 1081. Well No. 1081 is 12 m (38 ft) deep and is screened in
unconsoiidated residuum and soil developed on Unit £ of the Chickamauga
Group. Wells GW-224 and GW-187 are drilled to total depths of 38 and
45 m, respectively, and are completed in prominent fracture zones
within Unit E of the Chickamauga Group that were identified in core
hole CH-185.

Wells GW-185, GW-186, and GW-189 form a piezometer cluster to
investigate hydrologic targets within Unit C and the upper part of

Unit B. Wells GW-186 and GW-189 are screened and were drilled to total
depths of 52 and 64 m (171 and 210 ft), respectively. They are
completed in prominent fracture zones within Unit C of the Chickamauga
Group that were identified in core hole CH-185. Well GW-185 is an open
well and was drilled to a total depth of 144 m (471.5 ft). It was
completed 1o investigate hydrologic targets within strata of Unit B
that underlie those investigated by well GW-184.

4.7 Sludge Disposal Basin

4,7.1 Background

The Sludge Disposal Basin is located on the northern crest of Chestnut
Ridge, approximately 305 m (1000 ft) due south of New Hope Pond

(Fig. 1). The site has been used tc dispose of sediments and sludge
removed. from periodic dredging of New Hope Pond. A summary of
analytical results and groundwater quality data from the disposal site
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are presented by Geraghty and Miller (1985b). Two groundwater
monitoring wells, Nos. 1095 and 1096, had been installed previously at
the site.

4.7.2 Site Geology

The Sludge Disposal Basin is located in soil and residuum developed on
top of the stratigraphically lowermost portion of the Copper Ridge
Dolomite, which is the basal formation in the Knox Group. A schematic
cross section of the site is shown in Fig. 12. The soil and residuum
locally contain abundant chert and rubble-rich horizons that occur both
at the top of bedrock and dispersed irregularly throughout the soil
column. Depth to bedrock at the site ranges from 15 to 27 m (50-90 ft).

The Copper Ridge Dolomite at the site consists of thinly to thickly
bedded, dark gray to buff dolostones. Dolostones range from massive
bedded, without significant bedding structure, to having faint, planar
laminations. Locally, dolostones contain intervals exhibiting wavy to
planar cryptalgal laminations. Such intervals are typically
interbedded with intraformational breccias and micrite-rich beds
containing disseminated rip-up clasts. Intervals of bedded to nodular
chert occur throughout the portion of the Copper Ridge Dolomite
penetrated by core hole CH-157.

The Copper Ridge Dolomite at the Sludge Disposal Basin has an uniform
dip to the southeast of 35 to 45. The strata exhibit joints and
fractures, with the density and lateral continuity of such features
varying from bed to bed. Most fractures appear to be filled with
secondary calcite mineralization although open fractures occur
throughout. Thin [<0.3-6 m (<1 to 20 ft)] chert-rich intervals
typically have the highest fracture densily, followed by thin dolostone
intervals. Locally, many stratigraphic intervals exhibit solutionally
widened bedding, joint, or fracture surfaces although no discrete
solution cavities were noted. Locally, generally bedding plane-parallel
fractures are concentrated into fracture zones from <0.3 to 1 m

(<1 to 3 ft)] in thickness. Numerous high-angle fractures are also
noted throughout the strata penetrated by core hole CH-157.

Little is known about the subsurface hydrology at the Sludge Disposal
Basin. Available information on shallow subsurface hydrology of the
site has been summarized by Geraghty and Miller (1985b). Groundwater
flow directions in the shallow subsurface [61 m (200 ft)] have not been
determined but are probably generally controlied by a groundwater
divide that runs along the crest of Chestnut Ridge in the vicinity of
the security pits. The location of the groundwater divide would
influence a general control as to whether water from the site would
flow northward into the Bear Creek watershed or southward toward
watersheds in Bethel Valley. Work by Ketelle and Huff (1984) elsewhere
along Chestnut Ridge indicates that joints, fractures, and solutional
features develcped within the upper bedrock exert substantial local
influence on groundwater flow directions. Analysis of joint and
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fraciure patterns suggests that preferred groundwater flow directions
within the upper bedrock are parallel and perpendicular to the ridge
crest.

For the generally unweathered bedrock in the deeper subsurface [61 m
(200 ft)], porosity and density geophysical logs for core hole CH-157
suggest that most of the strata are "tight," with low porosity (0 to
5%) and, by inference, low permeability. Several anomalies noted on
the electric logs suggest there are thin [<0.3-1 m (<1 to 3 ft)],
relatively permeable, water-bearing zones occurring throughout the
section. Correlation of the eleciric lTog anomalies with drill core and
with a fracture density log prepared from examination of the drill core
demonstrates that the electiric log anomalies are usually associated
with fraclured zones (Haase and King, in press). The data suggest that
water movement within the deeper bedrock probably occurs principally
within fractures and fracture systems. To understand the hydro]oglc
behavior in the vicinity of the Sludge Disposal Basin one must
understand the spacing, density, and orientations of fracture systems.

4.7.3 Driiling Summary

Initial plans for monitoring well installation at the Sludge Disposal
Basin site were presented by Geraghty and Miller (1985b). The original
well installation plans were modified during the present drilling
program to more completely address the hydrologic issues discussed
above. Locations of the seven borings conducted at the site are
illustrated in Fig. 13.

CH-157 is a 165-m-deep core hole collared in the lower portion of the
Copper Ridge Dolomite The core hole provided data for a detailed map
of the stratigraphy and structural character of the strata underlying
the Sludge Disposal Basin site.

Screened wells were installed along the immediate perimeter of the site
and at some distance from it to monitor groundwater occurring at the
top of the water table, which typically corresponds to the soil/bedrock
interface. Furthermore, analysis and comparison of hydrologic data
from all wells at the site should permit identification of the
groundwater divide and resolution of its significance to groundwater
flow behavior at the site. During the installation of the surface
conductor for these wells, zones of cavity formation and solutional
alteralion were encountered within 3 to 7.5 m (10-25 ft) of the top of
bedrock. The vertical extent of such cavities ranged from (0.3 to

1.5 m (1-5 ft). 1In all cases, the surface conductor was advanced 1 to
5 m past the bottom of the first significant cavity encountered below
the top of bedrock.

Wells GW-156 and GW-159 were instalied to the west and to the east of
the active and proposed burial areas to monitor possible migration
along strike of material from the disposal area. The wells are both
48 m deep and are completed in the uppermost weathered bedrock.
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These wells, together with existing well No. 1095, which is also
screened in the interval at the top of bedrock, are north of the
disposal area and will serve to investigale movement of material
perpendicular to strike northward from the site. Comparison of
hydrologic data from both groups of wells should also permit
identification of the groundwater divide at the site.

Well GW-155 occupies the highest topegraphic location and should serve
as an up-gradient, background well for the site. This well is 54 m
deep and is also completed in weathered bedrock immediately below the
top of rock.

Well GW-157, in conjunction with existing well No. 1096, was placed
south of the active site to monitor potential movement of material away
from the site southward, in a direction perpendicular to strike. Well
GW-157 is 44 m deep and, 1ike well No. 1096, is completed in weathered
bedrock just below the top of rock.

Wells GW-158 and GW-241 form a piezometer cluster that was placed
approximately 90 m south of the site. Well GW-241 is a 31 -m-deep
screened well completed at the top of bedrock. Well GW-158 is a
134-m-deep open well completed in a fractured interval. These wells
will allow the vertical component of groundwater fiow south of the site
to be investigated and the potential, along-fracture, downdip movement
of material away from the site Lo be menitored.

4.8 United Nuclear Site

4.8.1 Background

The United Nuclear Site is located on the northern crest of Chestnut
Ridge, immediately south of the western end of the Y-12 complex

(Fig. 1), and is used to dispose of waste from the Rhode Island-based
company. Materials disposed of are low-level radioactive wastes and
contaminated equipment packaged in 0.02 -m3 (55-gal) drums and in

boxes. A summary of site disposal activities and groundwater chemisiry
is presented in Geraghty and Miller (1985b).

4.8.2 Site Geology

The United Nuclear Site is located in soil and residuum developed on
top of ithe stratigraphically lowermost portion of the Copper Ridge
Dolomite, which is the basal formation in the Knox Group. The soil and
residuum locally contain abundant chert and rubble-rich horizons that
occur both at the top of bedrock and are dispersed irregularly
throughout the soil column. Depth to bedrock at the site ranges from
15 to 27 m (50-90 ft).

The deohydrologic setting of the United Nuclear Site is very similar to
that discussed for the Chestnut Ridge Security Pit and the Sludge
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Disposal Basin Sites. Available information on site hydrology has been
summarized by Geraghty and Miller (1985b). Groundwater flow directions
have not been determined but, as ai the other sites mentioned, are
probably generally controlled by a groundwater divide that runs along
the crest of Chestnut Ridge in the vicinity of the site. The location
of the groundwater divide would influence a general control as to
whether waier from the site would flow nerthward into the Bear Creek
watershed or southward toward watersheds in Bethel Valley.

4.8.3 Drilling Summary

The locations of the three borings completed at this site are given in
Fig. 14. A1} borings at the site are screened wells finished in the
top of bedrock. The objective of these wells was to monitor
groundwater occurring at the top of the water table, which typically
corresponds to the soil/bedrock interface. During the installation of
the surface conductor for these wells, zones of cavity formation and
solutional alteration were encountered within 3 to 7.6 m (10-25 ft) of
the top of bedrock. The vertical extent of such cavities ranged from
0.3 to 3 m (1-10 ft). 1In all cases, the surface conductor was advanced
0.3 to 1.5 m (1-5 ft) past the boitom of the f1rst significant cavity
encountered below the top of bedrock.

Wells GW-203, GW-205, and GW-221 were placed south of the active site
to monitor potential movement of material away from the site in a
direction perpendicular to strike. The wells are 47.5, 50, and 48.1 m
(156, 164, and 158 ft) deep, respectively. Existing wells at the site,
Nos. 1090 and 1091, are also screened in the interval at the top of
bedrock. Well 1090 is northwest of the disposal area and serves to
investigate movement of material perpendicular to strike northward from
the site. Well 1091 is east of the site and serves to monitor
potential contaminant movement parallel to strike. Comparison of
hydrologic data from all wells should permit identification of the
groundwater divide and resolution of its significance to groundwater
flow at the site.

4.9 USGS Hydrostatic Head Wells - Site-IN

4.9.1 Background

Site USGS-IN is located on the south slope of Pine Ridge, immediately
north of the active portion of the Y-12 Burials Grounds in Bear Creek
Valley (Fig. 1). The wells drilled at this site were constructed in
cooperation with the U.S. Geological Survey. The wells will provide
information on hydrostatic heads within the Tower Pumpkin Valley Shale
and the Rome Formation that is required to support USGS groundwater
modeling efforts for Bear Creek Valiey. The wells will also become
part of the Y-12 well network and will serve as up-gradient and
background wells for northern portions of the Bear Creek Valley Burial
Grounds.
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4.9.2 Site Geology

The site is located on soil and residuum developed on the Pumpkin
Valley Shale of the Conasauga Group. Depth to 'solid bedrock at the
site was approximately 3.5 m (12 ft). The Pumpkin Valley strata
intersected consist of interbedded maroon and gray-brown siltstones and
shales. Rome Formation strata penetlrated during the drilling consist
of a massive 15~ to 23-m-thick (50- to 75-ft-thick) gray green
sandstone at the top of the formation, foliowed by interbedded maroon
and gray sandstones, siltstones, and shales occurring in the middle
portions of the formation. Strata of the lower Rome Formation were not
penetrated.

4.9.3 Drilling Summary

Locations of the three wells installed at site USGS-1N are illustrated
in Fig. 15. The wells form a piezometer cluster to investigate the
vertical flow of groundwater at this locality.  Well GW-162, with a
total depth of 38 m (125 ft), is completed in interbedded siltstones

and shales of the lower member of the Pumpkin Valley Shale. HWell

GW-163 has a total depth of 69 m (225 ft) and is completed in a

massive, gray-green sandstone at the top of the Rome Formation. This
well produced water at the rate of approximately 3.7 to 7.6 L/min (1 to
2 gpm) during drilling. It is currenitly artesian with a flow rate of
approximately 1.9 L/min (0.5 gpm). Well GW-164 has a total depth of
123 m (405 fi) and is completed in interbedded sandstones, siltstones,
and shales of the middle portion of the Rome Formation. The well
produced approximately 3.7 to 7.6 L/min (1-2 gpm) of water during
drilling of the upper 113 -m-deep (370~-ft-deep) section. After this
interval was cased off, little water was produced during the drilling of
the open hole portion until a depth of approximately 122 m (400 ft) was
reached. At that depth a fraciured interval was encountered and the
well began to produce approximately 3.7 L/min of water. The well is
currently artesian, with a flow rate estimated at <1.9 L/min (<0.5 gpm).

4.10 USGS Hydrostatic Head Wells - Site-1S

4.10.1 Background

Site USGS-15 is located on the slope of Chestnut Ridge, slightly north
of the northern crest of that ridge (Fig. 1). The site is immediately
south of the active portion of the Y-12 Burial Grounds in Bear Creek
Valley (Fig. 1). The wells drilled at this site were constructed in
cooperation with the U.S. Geological Survey. The wells will provide
data on hydrostatic heads within the lower Copper Ridge Dolomite that
are required to support USGS groundwaler modeling efforts for Bear
Creek Valley. The wells will also become part of the Y-12 well network
and will serve as up-gradient wells for the southern portions of the
Bear Creek valley Burial Grounds.
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4.10.2 Site Geology

The borings at this locality are located in soil and residuum developed
on the Copper Ridge Dolomite. Depilh ito bedrock at the site ranges from
12 to 23 m (40 to 75 ft). Site geohydrological conditions are generally
similar to those discussed for the Sludge Disposal Basin, the Chestnut
Ridge Security Pit, and the United Nuclear sites.

4.10.3 Drilling Summary

Locations of the two borings installed at this site are illustrated in
Fig. 16. The wells were installed to form a piezometer cluster that
investigates the vertical component of groundwater movement at the site
and two of several significant fracture and cave intervals encouniered
at depihs below 61 m (200 ft). Well GW-165 is drilled to a total depth
of 100 m (325 ft) and is completed in a major cave and fracture zone.
The well produced over 378 L/min of slightly turbid water during
development. Well GW-166 has a total depth of 117 m (385 ft) and is
completed in a 1-m-long (3-ft-long) mud-filled cave or fractured zone.
During development, this well produced in excess of 1440 L/min

(300 gpm) of very muddy water.

5. SUMMARY

Geological and geophysical data obtained from the core holes and deep
groundwater investigation wells installed during this drilling program
provide information essential to the documentation of site geology at
each locality. Such information, combined with hydroleogic data from
the groundwater investigation wells, will allow the hydrologic behavior
of each site to be interpreted in a comprehensive geological framework.
Because of the strong control that site geology exerts on groundwater
flow in the Oak Ridge vicinity, such an understanding is essential to
the design of an effective contaminant monitoring program. The
boreholes installed in this drilling project represent the first

step in such a monitoring effort.

Although the wells installed were designed and located with groundwater
characterization as the primary objective, they also provide an initial
monitoring capability around the sites. In particular, construction
technigues were used that should permit use of the groundwater
investigation wells in a comprehensive contaminant monitoring network.
Any decision pertaining to the applicability of the wells discussed in
this repori to such a monitoring effort must await evaluation of data
obtained from them during the initial year(s) of their operation.
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Borehole Construction Diagrams
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" WELL CONSTRUCTION SUMMARY

| wen Nome: CH/2 ‘ Total Depth; __ &0
| Location: gt T WuRr: o ‘ |
| orined py: SloTex (St £ £ X Colliys) Dote Comploted: 22405 65

} Notes:

Downhoie Depths

Top
Bottom

conductor Hole Dla:

Surface Conductor

Type: LQNE ; Top | —
10, — .. 08— Bottom| —

N Top | ©
Bottom| SV’

Borehole Die:

srout: DIL4AD, Type |

Casing
Type: S Top | O
0.0 .4 0.8. 2" Botltom| SY

s (AR A » ey ' .
ESIEITSL L LETHITT

b a mt el AL R N A AT A LA RS
XYLV PR o VAR L P L

' . 33" Top | SY’
Open Hole Die: Bottom| 00"
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WELL CONSTRUCTION SUMMARY

/

| welnl Name: (5T ' Total Depth: -~
§ Location: _._- it

| Drilled By: 25K (> (07 Dote Completed: /K75~
| Notes:

Downhole Depths

LosT Gocee v [ REY

@63’ '
TOER €767
difer € S5

Top
Bottom

Conductor Hole Die: ~—

sSurface Conductor
Type: AL Top
.o — —— 0.D. Bottom

R R R R AR R SRR R

-~ #” Top
Boreholse Dlsa: Botiom

Grout; S ny [y

Cesing
Type: S7¢EL Top

0. %" ep. 44" Bottom

o
T &
' E

3.7" Top
Bottom

Open Hole Dia:
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WELL CONSTRUCTION SUMMARY

27 avid

{ well Name: .~ -7 1 Totel Depth:

| Locstion: / L
 Drilled By: U&m’\ (SRfe FA 2 Qlums, Dote Completed: .£&3¢/dS.

Notes:

Downhole Depths

lost Cic B ; - Yop
Gy : 4 Conductor Hole Dia: : Boitom

e, i)k
- 2 Surface Conductor |
&J/O'/, 3{{""‘) L R X ]’ypo; e Top
€ Y0 - : 0, =—— . 0.0.C .B‘“‘om

Yop
Bottom

’ 7
Borehols Dia: 7 »

Grout: [Tl iy i

Casing
Type: SIEEL Top

10, .Y ol _Yh" Bottom

" Geolegic Summary

345" Top
~ Bottom

Open Hole Dis:
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" WELL CONSTRUCTION SUMMARY

. Well Name: St \ Total Depth:
 locatlon: o | _

| Drifled By: CoTEK (e TR QAT pate Completed: 7 ( ¢
| Notes:

fownhole Depths

N Top
Bottom

Conductor Hole Dia:

Surface Conductor
Type: .. —_ Top
0. — _ 0.b._— Bottom

R R AR AR R ERIA:

pia. Y Top
Borehois Dia: Bottom

6rout: ]‘Q\"TLA/VL N T?r)ﬁ [

Cating
Type: STEEL Top

0.4 0. <% _ Bottom

m,gksgm arg

3.0

Open Hols Dis:
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"WELL CONSTRUCTION SUMMARY

| Well Neme: SAIHL Yotal Depth: _< 7

| Locetlon: Kekg 1"X?LLQ¢*J§\/‘(/4/\:/CY

| Dritted By: SLTEK (R M 5 kv (otuins) pate Completed: ST &S
| Notes:

Downhole Depths

. Jop | ©
Conductor Hole Dla: /& 7% Bottom| -n

surface Conductor
Type: NG T4 Top 0O
0.0, __U34" 9. 122" Bottom| 20

Taletatalatafelatalniolalatbsiy)

Top ,
Bottam| 2~

Borehole Dia: /1~

o
- srout; Jeliburleas
B :
2 Casing

Alpul
'3 Type: __.SZcc/ Top |curfnce
-§ 1.0, _Gla" 0B _£78°_ Bottom| 244 5’

” Tﬂp
‘.._.........-— ® 6
Open Holo Dla: Botto Py
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" CONSTRUCTION SUMMARY

Well Name: 3:Y/Y3

-
Total Gepth: _o/o3

| Locatlon: K& floleow QusnKY

eifled By: SEATEK (A H Keney (ouuns) pate Completed; ZYATES

Sohel rock @ /6 LR

"~ Geologl: Summary

Conductor Hole Die: /%4 _

Surfece Conductor
Type: ._B2YC *#0

1.0. 978" . 0. w0k’

Borehole Dia: 90"

Grout: Adiburior/

Casing
Type: _ctec!
1.8. LR @B, 77

Open Hole Dis: ___©

Downhole Depths

Top
Bottom

Top
Bottom
Tob
Bottom

Top
Bottom

O
207

14
20’

Aloce
Surtale
A5’

Top

QOE

Bottom

253"




WELL CONSTRUCTION SUMMARY

Notes:

| Well Name: " -4

Jwid

! Location: _KSKK ~L oW Grurnny

Tote! Depth:

/95"

| britied By: _GoTek (KM, 3 Limoy Couins

) Date Completed: ZYOT 5

“Geologic Summery .

alotr & 1707
~F0- 3 Wc'm

ro FR. 40}

A - 4 A
ceAr

ws' -6’

l’,//‘ll; e 7

PERR L TR O A SR L LR O

TAIARARASAREINERS

“1*—1 Conductor Hole Bie: /5

Surface Conguctor

Type: £ve “0
00U 8B 2B

Borehole Dia: 7/

Filler: feef/tvd, Type T

Casing (with Screen)
Type: _2v¢. 710
0, A 0B _Hla"

Seal: _Buufrrife

Pack: _ And (0.‘;{)‘ w.ﬁu@)

Screen
Type: .. LVC 40

I . M N R YN

Top
Bottom

Top

Bottom

Top
Bottom

Yop
Sottom

Top
Bottom

Top
Botiom

Top
Botiom

Downhole Bepths

Aboce.
Surface 3’

/90’

(457

/A’

148

450’

/1507

%’
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" WELL CONSTRUCTION SUMMARY

otes:

Well Name: (! /‘/f Totsl Depth: _//Q’
ocetion: KR X)) QIR
ritied By: §foték (K. 3 Koy Guuns)  pate Completed: 2 YO &5

‘6eologlc Summary

To.FR. 2|

34’ {rachre.

w/ wafep

4 prad

6o’ {ra ehuaredf

2o I

s ‘e /

LG E A

’02’ ﬁd(fula/
LOMEs ‘-‘{

wafeR

N A N C T AT R DR ek

,frsacéuror/

LT T T T AT I d T AT P AP AR L LD
bobabalolalababel talaiaitsy)

Conductor Hole Dia:

Surface Conductor
Type: NG A0
/A Y W N

Borehole Dia: -

Filler: _Cecul fetloud T E

Casing (with Screen)
PYC  # s

0.0 M2

Type:
1.0, __H

seal: Benfen: te

Peck: __Sand /lol./} g@fﬂ«y)

$creen
Type: Py #40

0. 4" e 11"

Downhole Depths |

Top o
Bottom |

Top 0’
Bottom| /2

Top
Bottom o'
Abece
Top |Suche 3
Bottom| 109

Top

Bottom; 344’
Top 86’

Bottom; //po
Top 88.5"

Bottom| g8 5
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WELL OleICT 1ON SUMMARY

| well Name: _S(J /4% Total Depth: _ 220"

| Location: _KEXK [oLow QQ«’MXY ; _
 Dritled By: GroreX (KA {Rgngy (0eins)  pate Completed: F4T 8
| Notes:

Downhole Depths

Top
Bottom

ot ek 1 |
o e 3 Conductor Hole Dia:

Surface Conductor
Type: .__EXC. Top
0. % ep 2’ Botiom

Frae tared zrnrs 3 " . Tbﬂ
at 207" ancl I Borehoi2 Dle: Vi Bottom

T

-IR-

Grout: Al butlon

Casing y 157
Type: steel Top |surface

0. %7 em.&B Bottom|{ /o

Goologié Summérg

¢ Top
~ Bottom

' Open Hole Dis:
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WELL CONSTRUCTION SUMMEARY

weil Name: _G(U /Y3 Totel Depth: 7’
Locatlon: _LeXR _Houow @WGKK" 4
Drilled By: CEOTEK  (Renpy Cocins)  pate completed: o5 Sergs

Notes: §a@{¢ca- Cadens WM

Downhole Bepths

- LAES
SOLATENS

[
Ak @ 6} ,':' ' fe)
b 6 £:1 B33 0% Conductor Hole Dia: __10" B Top p
rracturrd Zonrs %i :": : ottom o9
i€-12.5" w L 23 |
watce g5 52 | Surface Conductor
1" wfuwnter , 7 o2 Type: PYC #d0 Tﬂp Q
co-ar w [BY B 10.__2%8" 0.b._me’| Bottem| «.'
waleR \o 550
24-a%' : :' -
32.5- 33" pue : " Top O
. cons ; Borehole Die: o
N - I - Bottom| .9’
| s water g4 Filter: _Grout, Betfud Type T
E §%.5-40. %
=3
e Cesing (with Screen) g1
B Type: . EYC *40 Top |cucloce 31
B LD 4" 0.m._t/a" Bottem| (9’
®
g 65

Seal: B?N‘fONi’E '0'3 Hq-sl
Bottom| 4’

. Sand Top 53
Pack: 2an Bottom| g/

screen
Type: __AC *40 Top 53.1

1.0, A" om A" Bottom| (g i
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WELL CONSTRUCTION SUMMARY

wei Name: S/ 748 ) Total Deptn: 7/ /’
I Locetlon: . SN Aok {o~D

Dritled By: gaTex {fasese) Date Completed: 30Tyl &%~
| Notes:

Bownhole Depths

Conductor Hole Dia: __NA Top
Bottom

Surface Conductor
Type: NONE Yop
1.8, - . O0.B..__C ’Bottom

2l ababebaiatybiiniaisiaby

[P i d L i A A L Er T I ST T
el nbaiadat baisiilahaiabaial

Top
Bottom

sphf spcﬁ:v
o] SAMP 282

coph o

Borehole Bla: 8" (Auqer)

oL

And 0!

Filler: _rzmu:,.&aﬂmd_‘g,ed

Casing (with Screen) Y
Type: NG *+o - Top  |ucace 3

o

184 0.8 __ 4 Bottom| 1 ¢’

Geologic Summary

seal; __Berdoude Top 2.6
Bottom| . .’

. Sand Top N
Pack , Bottom

screen
Type: . LYC. #LD Top
104l e.p. A Bottom




" WELL CONSTRUCTION SUMMARY

g - P4
[ wey Name: A% Totatl Depth: _S85

| Locetion: Arw fre {Dr)
{ pritted By: .GLerex (R4 Guiys) Date Completed: /Y4« &
| Notes:

s B - engroarmomrmscro

Downhole Depths

; < Conductor Hole Din: _NA__ Bo];(;gm

Surface Conductor
Type: NONE Top
. __ - 0B, __-_ Bottom

Top
Bottom

vhier (@ 4 E Borehole Dia:

oA T
mineR limest

Solcd rock@ 12’ BY
ool he //mesbm'
qrag - GreeN B3
shale

Filler: _qroul fettind Type L

Cesing (with Screen)
Type: PVC 4D Top

LB 4 0.9._4h" Bottom

25'-38" very 4
hard cense [3
hmmbwc;f . Seal: __Benlorile fop
peaoy flowo 1 K Bottom

TR R R R R T T Tt

]
L E
E
B
Lyl
i:f 9
o
2 &
e
B m
e

water

Pack: ___SAnp (3-%4 gwﬂk«#) Bo];‘:zm

screen
Type: __PYC. T4 Top

06D, 4 0.D._4%" Bottom
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WELL CONSTRUCTION SUMMARY

| Wwell Name: _2(//C0 - Total Depth: /1 77
| Location: _Alcw Hore [o~

Dritted By: _GtoTer (Goss4ce) Date Completed: 2/Ave &
j Notes:

Bownhole Depths |

NA ~ Top -
Bottom -

Conductor Hole Dia:

Surface Conductior
Type: NONE - Top -

'.n. —-m-:-..-—- ncnn - Bot‘om -

- ‘ . " Top ’_O
Borehole Dla: 6 (augerl | 00 Y
Filler: ___Crout, Ll TR

Casing (with Screen) | Ao
Type: __BNC %40 Top |Sycface 3
00, 4 . 0.8 . 44" Bottom| /i.7°

" Geologic Summary

230 PR KRR TR R ERRETRERRLEIIRIL

‘ /
:  Beoytornte ~ Top 3
Seal Bottom 5!

. Sand Top 5'
Pack: Bottom 7’

screen
Type: . LYC 74D Top b. 2

0. 4 0.8, _HA" Bottom| //. 2




WELL CONSTRUCTION SUMMARY

60

Motes:

well Name: ~t /5!

Locetion: Aew Hove (e

a2

Tote! Depth: _9¢ <

Dritied By: _C&amrx (Ruwy Cowns)

Dete Completed; /¥du¢ &

Solid rock 6 1’
. qry - Ak
ol Mmoot Ay

waler @ 24"
red gy micnie & ﬁ_g
({racturad cone g

per criller)

#'- 43 qray smle

43'-48' med qray- B4

redrish (]ray
ierite.

A 9 - rectdich

mienife w,mu

Ak gray - greent

<hale

65" mottled gray
micrite

72! gray m.rrl"‘&,
macr shale

Sp—

o THHHA HHRAR R R AORRRR R AT

3¢’ "
A med - #.gray

mitrife  mimnor shale,

Conductor Hole Dia: __/!"

Surfuc’e Conductor
Type: J:VC :
LB, 174" 0B {2k

"

Borehole Dia: (1l

Filler: _&M@_z

Casing (with Screen)
Type: PNG FHO

1B, 4" _ 0.0._M0"

Seal: ___Pentornte
Pack: __SAND
screen
Type: . PNC 49

(I A | & . X

Downhols Depths

Top | o
Bottom| 9, o
Top o’

Bottom 1A

Top )
Bottom| ¢ =’
Top |oniee 3/
Bottom| 9¢.5
Top 83’
Bottom| oo
Top 85"
Bottom| ¢, 5°
Top B
Bottom| 9
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WELL CONSTRUCTION SUMMARY

| wenl Nome: OL , Tote! Depth: /7 3’

| Location: &4 0P RN

Drilled By: Seorex (Gosshse) Date Completed: J94u¢ 8~
| Notes:

Downhole Depths |

Top -
Bottom -

Conductor Hole Dia: ___NA

Surfece Conductor
Type: NONE. Top -
iD= 8.0, -~ Bottom -

Borehole Bia: 8" (Aucer) Top 0
Bottom /.27

HLRERERARARITRARIRRATERATTIIRC

g Filler: __Grou? Betlad &pEI
E :
| o % Casing (with Screen) Y TEeS
I E v Tup’: : pye, *+0 Top Sorfore 2
13 e B 00, 4 8D %" Bottom| /7.3’
& 3 K
At Bl B

I: _Bewionte Top 8.8’
see : Bottom

: _Sand Top
Pack Bottom

Screen
Type: Pve  #4D Top /.8
0. 4 e8._4%R" | Bottom| 5, g’
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CONSTRUCTION SUMMRRY

2 >
Well Name: & 152

| Locatiom: AW i

= (B~

/
Tota! Depth: &0

O%%

ey Coteins)

| Drilled By: SE07CK

Dote Completed: 3/J7 &5

“Geologic Summary

T3
.t .

PO A CH P CP CR b R R TR G
e bbb e ha b kel bt gkt

A Ao A

el

FIEL DRATETRY LTI T TR

Conductor Hole Dia:

Surface Conductor
Type: NG *40

0. 159 e 22 0%

»

Borehoie Dia: /0

Filter: deal, Roetiind Type ©

Casing (with Screen)
Type: PG 4o
1B 4 e.B._4%"_

Seal: _ Bevionite

Peack: tud.

Screan
Type: __NC _#¥O

1.8, 4 ____ op. AL

Downhole Depths [

Top

Bottom

’

29

Top

Bottom

8’ 29’

3 P2

12" 10"

Top

Top

Bottom

Top

43¢

Bottom

Top

#4457

Bottom

Top

49.5'

Bottom

59.5°
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WELL CONSTRUCTION SUMMARY

| weit Name: ¢ /59 . Totel Depth: _//->
| Location: A8 b0 (o
| Dritled By: SoTek  (Boss{se) Date Completed: .50Tve &5~

| Notes:

Downhole Depths |

Top
e N
Conductor Hole Dia: _NA___ Botto

Surface Conduclor
Type: NONE Top
R | P 0.0.__- Bottom

,. .. .
854008000 baia i iabataialaly)
Bahataleininlabaiobadataianois]

wlater at &'
‘ Top
Bottom

Borehole Dla: _8°_(Augeg)

Filler: __Grou?

Casing (with Screen)
Type: PY& Top
0.0 4 0. Mk Bottom

Geologic Summary

sSeal: Bentonife Top
Bottom

s _SanD ' Top
Pack A Bottom

Screen
Type: __PYC Tap

.0 4" o.p. Ak Bottom
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TIDELL CONSTRUCTION SUMMARY

| weit Neme: S0 155 _ Total Depth: /22’

| Locatlon: 2G06€ Lsroses. Hasmd

| Dritted By: A& Cuek (Cwriéce) Bate Completed: (P47 5
| Notes:

Downhois Dapths

7 o,
TOFR 89 g X ‘5 >t " rup o)
3  t t*— conductor Hole Dia: _/3
¥ n H Bottom| 95
B k)
3 ER Surface Conductor
& 5 Type: steel Top
3 B 1.0. 2" 0.0. 0%+ Bottom| 95
9‘. -‘; o L] » B T ——————
) )

; . " - Top
Iy ae trirat renes A Borehole Dia: 8 2 Bottom / 07
~4 @5-)77 wf : < rT Jn A fps T
werer/ el B Filter; CCnsn T, /gL Ape T
1 E :
B Casing (with Screen)
= Type: . LVC {t64”) Yop | 13
[ 2 08, 4 0.8 Ak’ Bottom| /77
B g
B i
. B?NI‘ONIk Top /4 P
Seal Bottom| /(C

Pack: __Sand/ Top 1<
Bottom| /77

Screen
Type: __PVC  (s07) Tep | /67

10. A" _ o0 4R Bottom| /77
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WELL CONSTRUCTION SUMMARY

i = , .
| wet Name: 2 /§'L‘ Totel Depth: /7€
| Location: SLUNSE HISIosae Adsia

| oritted By: AL Gerk (Capnew) Date Completed: LEOTE
Notes:

Downhole Depths

TowR 84/

Yop ol
Bottom| G«

Conductor Hole Dla: _/(S

ToFR. 3’

surface Conductor
Type: Top
0.0 __ 0D Bottom| Q4 '

CA\/I/-y At
OQ-OS"ANC/

)

als” Top Gt

Borehole Dis: gottom| /572 7

= éahff«(c recl,

< Filter: &ML&]M% \ Te

€

g | cav At

2 12’ *

@ | e Casing (with Screen)

. -g , Type: PNC Top |71 3
§ Driiling beeak 1.p. 4" 6.8 A" Bottom| /57

@ 150, '
| &

sSeal: ﬁ&ﬁf e Top | /9%

Bottom| /4$

/14

. 5.4!\/ 0 Top
Pack Bottom

screen
Type: .. LVC Yop | /Y7

0.4 op._t2 | sottom|/f7
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WELL CONSTRUCTION SUMMRRY

| Weill Name: (J /S?

Lacation:

SEE LAsPISEL (345

Tots! Depth: _ /¥’

Britied By: A Curk (Gonprec)

Dats Completed: AA4T §C

70 wR 18’

Terr. a4’ |
(scme unler )| B

Water a? 4’ ’
(sancl lense?) 6l

A,

144 - 406 3
0" wi water BY

Geologlc Summary

Conductor Hole Bia: __/5 "

Surface Conductor
Type: -
D K" om, L%

Borehole Dis: a°

Finter: (g ) Al Tap-L

Casing (with Screen)
| Type: NG :
1647 0. _HL"

Seal: M#nﬂéz

Pack: Smp

Screen
Type: .. v _—
N AR X A

Bottom

Top
Bottom

Top
Botiom

Top
Bottom

03

145

Top

Bottom

Tap /30
Bottom| /33
Top /33
Bottom| /4

Tep

/35

145"
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WELL CONSTRUCTION SUMMARY

; ‘ 7
| wen Nome: (/%8 , Total Depth: /Y’
| o L6 [sposst [S4siN |
i Location: : e
 oritied By: AL Gk Cognt] Dote Completed: JST
§ Notes:
Downhole Depths
Tosk - 87" | 21 L .57 Top S
TRR <93 | 72 § Conductor Hole Ole: 2 Bottom| 99
pee Betaes [ Surface Conductor | ~
w/Tf I, ) 5 Type: Jrfil Top O'
K0 /SD ha g 0.8, /0" 0.n. 203’ Bottom| 74
260 (%55p~) 3 ; '
?IO ; N i q’
. . [0 Top 7
20y 4 Borehoie Dia: Bottom | 352
E, 57"73 Ca - ‘- Heeoce
; ) B N o 2
HEy ; Srout: HALcigyeroN Pty b 258
asin 7 .
| % ~§ ‘ ‘l'gpg: ST L _ Top 2 Stice s>
] & AT A Bottom| 2c¢ '
4 :
L Top 356’
= W "
Open Hole Dia: Bottom| o1’
e
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CGNWN %&M R TR

Notes:

| wen Name: G0/ /5T

Totei D

epth: /S

Loacation: KEE 1)/5!"03:'&»« (3452
| pritted By: AL Cuek ((Mwﬁ‘z.g)

Date Completed: /29T &5

7o rFRr. U

/ V8 :. 5

Conductor Hole bia: __/5_

Top
S8otltom

Surface Conduclor

Type:
0.0, . 0B 0¥

Top
Botiom

Borehole Dla: ___ &2

Tab

Bottom

Filler: G M\HW‘ Tl

Casing (with Screen)
Type: Y&
0B, 4. 8B4

Top
Botiom

Gy TR W R AR R TR T

Seal: %ﬁw‘@

Top
Bottom

Pack: Send

Top

Bottom

Screen
PYC

Type:

T T S % N &/

Top
Bottom

Downhois Bepths

I

/23

+3

/57

145

/$7

/197

/57




WEeLL

69

CONSTRUCTION SUMMARY

| Well Name: Li‘t‘/é} ;
f Location: __)TE LS6S -IN

Total Depth:

i

| Notes:

Drited By: A L Cuxk (ComeBite)

Date Completed: £6AlvET

Conductor Hole Dla: /5"

A AL A BRI BABAAGLLA AL AL a0,

Surface Conductor
Type:
1.0, 0. 0B ¥

L LSRR EALAL LSSttt

To.FR. /2°

Borehole Bia: 10"

srout: oyl oty f‘lwz

Casing

Type: _
1.0. 6% ___ 08678

| Gooiogk Summary

Open Hole Dia: ___ &~

- Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Downhole Depths

a

26 ]

26

F2’

G’

Top

2

Bottom

/25 ¢
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' WELL CONSTRUCTION SUMMRRY

Wel Name: (/63 , Total Depthn: 205’
Locetion: - XT& (S5 IN
Britied By: _A:L. CLikk (Cmptey) Date Completed: /Y40y &y
| Notes:

Downhole Depths

. i Top 1.9
Conducior Hole Bls: _/5 " Bottom| 2.

Surfece Conductor
Type: Top o
LB, 0" 0.0, _0%" Bottom| =z’

Siababatababelelalelelalatoiy

/2 -2a0’ <hale

[ Y/ S % 7 Bottom| v g-/

” T3t/
* PUNOR Ly ssrup Bcl’ehoﬁe E“&: Q0 Top """‘“"‘""‘7‘““"";*1
Bottom| 30 <
P bz HixA

e 28 e srout: Aau sy Mi i

g

bt Casing

= Typs: Top

&

e 2iar 4 Top 208
Open Hole Dia: CJ Botiom ,




n

_ WELL CONSTRUCTION SUMMARY

| wenl Name: &2/ /64 Tote! Depth: e

| Location: 3 (0S5 /N

 Dritted By: A.¢. Ceark (Compses) Date Completed: %EAov 7S~
| Notes:

| X Bochile %0-378" 0 8% " dua.

Downhole Depths

Top
Bottom |

R Y I i Conductor Hole Dia: __/S"
e 3

U © - Surface Conductor

Sraciure A

0 17 | @b Type: Top
15,0:”: ’ K- :?; l%..zcz_.,.__. 0.D. 0%y Bottom

Corre £ A7’

oM

Top
Bottom

Borehoie Dia: Q07

IEN ¢

Grout: ﬂ&lﬁﬁ""&ﬂ 24 peti e

Casing
TQDO: — -
0./ ep. 78

4

i

4

‘

i

j

]

i

I

;

3

9

i

o

,
E
)
 ©
2
I

%" Top

Open Hole Dia: Bottom
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WELL CONSTRUCTION SUMMARY

* iwell Name: Sullé<

| Locetlon: (g (/S€5-05

| britted By: AL AR (Cuare)
Notes:

4
Total Depth: 3%

Dete Compisted: 2740V S

4 R ’ . . /
oWk 70 , b : Conductor Hole Dia: /<
TOFE  [le . .

CavE: 03-113 X f Surfguce Conductor .
. B O Type: SIEfL op
bescs 7\;-%’ B I!!ll 20 o Lo% Bottom
00-101. et o8 -8,
RS = it )
(e @34-31 g3 K P
Aol B TS Borehale Dla: __/0O Top
S 1 B Bottom

PDIJ/ X
Grout: AL BXTON 3% S

Casing
Type: .Sl Top

0. & o 6T Bottom

. o" Top
Open Hole Dia: Bottem
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WELL CONSTRUCTION SUMMARY

| iiell Name: &“j[éc Tote! nepgh: ;S(,
Locatlon: _D0E (365 /S
Dritted By: A.L. Cearx (Cok) Date Completed; (SAYSS”

| Notes:

Downhole Depths |

7owg 50' | ! . Yoo | O
tH OB : IS op
FR. 67 H ot Conductor Hole Dia: (> _____ Bottom| 94

Fescs 281-290 |- Surfoce Conductor
320-323 [ 123 | Type: _Srfee Top

. : . L Y qé Y
cave fFedcs g A 1.0. . 2C 0.8. /0% ‘ Bottom

35533 A :
M. M*W » - “
' Borehole Dla: /2 Top | 96

>3 2P X Bottom| <50

Keow chEE
Grout: HALBRTn Pagy IR

Casing
Type: 2X1& Top

19. 6" op. GB Bottom

| 2
| ®©
 E
B
=l
UD
F
;] 8
| ©

&” Top
Bottom

Open Hole Dies:
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IRSEQR cmmum’ l@?ﬂﬁ S&!MMMW |

=7
| ielt Neme: Gul /%3 - Totel Depth: /¢
| Locatlon: SHEIVT Ardeg SEQe ™y (7S

| ritied By: .A.¢. Canx Dote Completed: ./SAut 95
Notes:

Downhole Depth

a: /5 Top | O
Conductor Hole Dla: . 5| | o0 [

Suiface Conducior "
Type: S‘Tzfz_ Top (8]
B0 em. LoV Bottom| 73/”

mie.  J07 Top 7¢
Borehols Dia: Bottom | 7ec7

Filler: <CEAlg/T | cedes A

Casln (mlm Sc en)
Type: _law fess ffc 0¥ Top

i.8. .Y ___ o _ﬂ_’__ Botiom

bGasslogic Summar

S I R R R A R R AR R ARG AR RREERL

gal: Lo TOM (TE Top
Sea Bottom

s SAp Top
Pack Bottom

Screen
Type: -Sfmu/z;s stee!  Jobgsen) Top
1.8. 7 0.8 %4 Bottom
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"WELL CONSTRUCTION SUMMRARY

Well Name: &) 1Y Totel Depth: ¢
Locetion: ChesanT_Aidse Secyr Ty s

% Dritled By: At Gk (Cedri) Date Completed: /Chus &
§ Notes:

Downholie Depths

S o
' ty? &
) b 4
) 2 I 52 5 Top 3
7§ 4 Ed e conductor Hole Dia: 4 =
T s :,;; ) Bottom|
Toks: fO £ R
B E Surface Conductor p
. i E Type: _SEEL Top 2.
cavs #3774 LEY EY 100 . oD /0% | Bottom| 5v
g1 ¥ B
I - ’ “Top | 5©
2 B re la: 0
o @ 193 : Borehols D , Bottom | 7o

0. ¢ 0B YA Bottom| /%’

g Filler: (GwenT TYRE /
€

S Casing (with Screen) :
é Type: Sibuelss SRLe , ¥Y Top §O
r-]

3 »

| @

seal: Beyton Tzt Top | /3%
Bottom)] /7y

s D Top /3%
Pack: Bottom| /y¢

screen
Type: STAnLEss STae | 30Y Yop /3C

0. Y ee .« Bottom| /s




IWELL CONSTRUCTION SUMMARY

16

Weil Name: S/ /7%

Location: CHESTAVUT /J/AQ‘E Secup™y Frx

Total Depth:

/!

riled By: A L. Coixg
Notes:

ate Compisted: 2 /dusSC

Conductor Hole Dia: /S

Surfece Conducior
| Type: Srxee -
0.0, L0° om0

Borehols Bis: /9

Filler: Cfwen~T TYPE 1

Casing (with Screen)
Type: STA/ALTss STEEC 204

N AN X .4 S

Seat: binror It

Pack: SA~D

$creen
Type: SThin LISy STES

XA T

Downhols Depths |

Top
Bottom

Tap
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Botiom

Tap
Bottom

)

&7 ¢

o

55’

£i6’

/957

;’ﬂscto!)

/5’

/3

/3y

/3¢

/38

s
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WELL CONSTRUCTION SUMMARY

wetl Neme: S¢/ /7'{‘ . Totat Depth: _/9C
Locetion: _(HESTAVT /‘7066 O YK 1Y /D/T ; ;
Dritled By: AL Craxt (Comprins) Date Completed: 2YJT &<
Notes:

Downhole Depths

Toe ~ Conk -2’ Top o

Bottom| »#<

/

Conductor Hole Dia: _/S_

(’Awhj 68-73" |
%-975" |-

Surface Conductor
Type: Top
1.0. /0" 0.p. 107" Bottom

Ciactnee
/301227

\ " Top
. A
Borehmle Dia Bottom

Fitter: Cnsal, hitlhd Do T

Casing (with Screen) -
Type: Pye Top

4D, A 0B _d2 Bottom

SeaI:E Alufm{ca | Top

Bottom

Geologic Summeary

SRIESa 2 ki ba 'R“RR#RRVRWRRRWW

. SAnD Top
Pack : Bottom

Top
Bottom
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IWELL CONSTRUCYION SUMMARY

Well Name: S /37

Location: CHESTNOL /‘)106 & SKU( Iy PﬂS

Totsl Uepth:

/177

Brilted By: A-L. (¢ Date Completed: (3 0§
Notes:
; Downhoie Bapths
i " O
: Conductor Hole Dia: _/$ Boz‘:zm o~
Surface Conductor
- Type: _STee L Top | O
3 1. /0 o.p./0% _| Bottom| 7’
& - “ Top
g ._&
; g Borehole Dis: Bottom| /57
K ¢ (3 CiAss A
E % Filter: LTt LLASS
Bl
“ g Casing (with ?rsenl
kS * | Type: STamg s STeec, 304 Top
1 2 % 5.4 on._Yh" Bottom| /17’
o R
@ 3
: : /
: seal; fenToNTE Top | /0f
Bottom) /0¢
/
. SAuD Top | /0¢
Pack: Bottom| // 7’
screen ;
Type: STAuLEss STE 8 & Top /47
(3 T A X 7. S Bottom| /17’
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WELL CONSTRUCTION SUMMARY

Wwell Name: 04/ /84 Total Depth: /30"

Location: kowci @um;\u

| brined By: GEaTRK. (R M, Catgsnis)

§ Notes:

Date Completed: /SV0VIS

Doiwnhole Depths

. A » Top o 7
Conductor Hole Dia: & Botiom| *

Surfoce (fnductor o
Type: Top
i.0. 9 7/5 “ B nTs” Bottom| &’

3s | feackume Z Top ¥

Bottom| /¥ ¢’

gorehole Bla: /¢

Filler: Sl i1 _Foetlind e I

Bottom| /370’

Geologlc Sumﬁiarg

Casing (with Screen)
Tgpa' .E&..,J‘L‘IO Top
. L

0.0. Y4

1t .. PALALETOY TR R R

seal; BinTONITE

Top

Pack: 340D

Top

ACSLD

Tgpe

Yop

LY X7

74 °

Bottom| /0/{’

Bottom| /300’

162.5

Bottom| /7.5




80

WELL CONSTRUCTION SUMMRRY

| weit Nome: S/ /195 Total Depth: 42 <
Location: _A06ERs (g
Drilied By: §arek (XA (ogims) Gate Complated: 00K £S5
Netes:

Downhois Depth

Top | O

. 6"
Conductor Hole Die: _/[6 Bottom| /v

Surface Conductor
Tupe: PVC‘ Top O

no’ witer HES 100" 0.8, 2% Bottom| /7
$ fﬁf“
é yolag Wb
3¢ ‘?‘;gl{” /0" Top

Baorehoie Dia:

Grout: (hes8uizon R R’Z,Nx A

Casing

Type: _3fc/ Top |*19

0. & 0D 6% Bottom| 40s

¢ . 60" Top | 405
Dpen Hole Dia: Bottom| 77/ &




81

WELL CONSTRUCTION SUMMARY

wetl Name; </ /8( Totel Depth: _/2/ /
| Locetion: Losers (uakKy
| oritted By: Ssorer (Rl (o ins) Bete Completed: S0 £

| Notes:

Downhoie Depths
TAwR 13 0 % | | R O
) | — . /5 op
R 145 TE1 B3 Conductor Hole Die:  Bottom| Joe
fce  IH Surface Conductior
' : 24 Tupe: /’VC‘,AS(A ‘qD ‘ Top O
> 7 | T g ~ Bottom| /
16469 W zl 100" en. L% | A%
i H H ‘ , 7
Limesta ] H Borehole Dia: /0" Top | /#5
13 =3¢ § Bottom| /7/0
‘ g Limsrfors- % Filler: (omesd, Tipe |
g b9 “"’7‘ % -
@ ¥ Casing (with Screen)
% o Type: Mﬁ‘__—' o Top | */9
% g i.B.__40 8.0. 4/~ Bottom| /0.0
3 g
3 seat: dotnite Top | /37.9
eal ‘ Bottom| /730
Pack: M | Yop /‘Y:LQ

Bottom| /7/.0

; screen
Type: Top /50.¢
1.0. ¢ 0.0 4> Bottom| /%.0
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CWSLL CONSTRUCTION SUMMRRY |

| weit Name: x;\"’ [2F 4
Locstlon: _AQSEKS QVN"A:/* e

Total Deptih:

L4
/63

[ britiea By: Sk (KM (o)

Dote Completed; OY0ec 5™

s IR

owk 7’ S IS | .
ToFR K" TR B <! Conductor Hole Dia: /&
Few @ %) 1R B

PATAIS IS ) Sudo’f%(ﬁo?duciar

\ ) b § - V g

PR EF Type: :
sach > B { 5"
Fuls 5 Lot : Borehole Bia: 7

Fillers _CEMENT

Casing (with Screen)
Type: pvC s do

.0.. 4" op 4R

Geologic Summary

Seal: BINTONTZ

Pack: _SAVD

Screen
Type: PVC sch £0

0. ¢ ep 41"

Doirvnhoiz Dapths

Top
Sottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Botiom

Top
Bottom

o

7/

shepup

/20"

/36,6¢

/3807

1610

1479

[63.0
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" WELL CONSTRUCTION SUMMARY

1 weit Name: o] 187

1 Location: _Kosexs Wunny

Totael Depth:

éé’

4 t&’(UNS)

1 oritted By:
{ Notes:

Date Completed: O3ATES”

Weatheced reek at |-
13’ E
ol reck Al 1} 3
Cavity 729"
eorf m(td/y PUTA R S
Fracturecl sones :::
sy - 48" )
55- 585"
¢ 68"
lest aiReuls hon
At eo’ avd B0

| Sooioglc Summorg |

R T

Conductor Hole Dla: __/L’

Surface Conductor
Type: pve #Fo

0. 27 _ 0., 105"

Borehsie Dia:

Filler: ___Crou? _fethnd Tpe

Casing (with Screen)
Type: __£v¢ #49

I T B X W &7

seal: _ [enleni e

Pack: ___ Sawd
screen
Type: __LNC #40

D4 0.0 AHAY

Downhole Depths

Top

Bottom

Top
Bottom

Top
Bottom

Top
Botlom

Top
Bottom

Yop
Bottom

Top
Bottom

g

Abouse
Sucfoee.

NS

49’

49!

52.9°

7.5
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WGELL CONSTRUCTION SUMMBARY

| wet Nome: 0 2/9 Totsi Depth: 2/

! Location: _K0S6xs Qusrs v

| prined By: _Storsk (KAl Guins) Date Complated: _F0cc 5
| Notes:

Downhole Depths |

" e
el

TR 7.0
TEE A0

Fac @
4d (w)
K3 W

L i e . /0" Top [ /20
172 () ] ‘  Borehole Dia: Bottom| #/0.0

200 (¥

Tap | O
Bottom| /90

Conductor Hole Dia: (S

Surface Conductor
Type: V(s *o Top 1’

1.0. 20" o.n. Lok’ Bottom| /5.0

S R L DN LA LR E R LD
.é_&rvswnt.»a,»xasz-,g\z-.a.xiv,-:.

ko

R R R

Fitler: Ceomen! Yipe T

#-170 Liyedon

N Casing (with Screen)
170730 M&fi—; 4 K Type: LY, <cb 92 Top
8. %" 88.%4H" Bottom

Seal: &wﬁwé Top

Bottom

Pack: _Sand Top

Bottom

$iree
Type: AC , Q/O?Cf Top

.0._ 4% 00 4 Boitom
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lI!El CONSTRUCTION SUMMARY

¥ wen Neme: 5/ /5 - Total Depth: _ (-5
| Location: GETA Y uF(JI‘jFS’ 2T
 oritted By: S2oek (R A Goeons) Date Completed: AT ES
{ Notes:

‘Downhole Depths

Conductor Hole Dla: Top
, Bottom
Surface Conductor f /
Type: __2VC (o) - Top Q
0.0. 4" op. 22’ | Bottom| ;7

Top
Bottom| + =’

Borehoie Dla: ___[{~

i ‘,

, g Filler: _Crout

E

» Casing (with Screen)

‘ '-:-, Type: PN (Fuo) Top Q,tffr«p_;‘;‘
g i.D. 4" 8.8, 47"  Bottem| (o’

| @

3t PR R LR TR R R R R TTOOE(TT(

seal: __Centorife Top 42
: Bottom| s’

Pack: __Sanc : Top 45
° Bottom| 70

screen
Type: NG (#48) Top | 4
1.0, 4 . 00 HR" Bottom| -
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WELL CONSTRUCTION SUMMBRRY

T4

| wen Nome: ./ /52 5 Total pepth: __/ 25
Locstion: ATy ¥ Securme LT
| oritted By: GEaTik (Gotsgée) Date Completed: 303¢- &1
| Notes:

Downhols Depihs

TowR 7§

Conductor Hole Dla: AWVE Top
Bottom| —

el

Surface Conductor
Type: Top -
1o, . 0.D. Bottom| ——

" 2L Ey Noaiaiabainbalaiabeiegyg

Top O
Bottom| /7.7

6 I
| Borehole Dia:

Fitter; (asnT_ Ty

Casing (with Screen)
Type: 2vC, sh”40 Top

1.B. <" __ 08 %5 _ Bottom| /25

N THHR A L R R R R R R AT AT AT

LAY
i ﬁf o iTE Top
Sea - Bottom: ¢.¢

o SAnD Top ¢.$
Pack: Bottom

screen
Type: 2V Top 7.5
0. Y ____ o.n YA Bottom| /7




WELL CONSTRUCTION SUMMARY

87

§ iWell Name: Ged 194

 Locetion: 26T & Secunimy [

Total Depth:

# ]
,/;" ¢,

b oritted By: O&TeK  (G0S3466)

| Notes:

Date Completed: 3036785

" Geologic Summery

PR WHRALR T TERRRIRIRTIRARXT AT B

Conductor Hole Bla: AGME

Surface Conductor

Type:
0. . 0.D.

Borehole Dis: g"

Filler; Casatl TV 1

Casing (with Scfeen)
Type: L/ xl 40 '
184 08 YLl

Seal: gf/‘, Tor iTE

Pack: S4~D

Screen

1.0, %Y 0.8, YLl

Top

Bottom

Top

Bottom

Top
Boltom

Top
Bottom

Top
Bottom

Yop
Bottom

Top
Bottom

Bownhole Depths

L)

/2.5

AN

¢

T4

25"

/2.
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WELL CONSTRUCTION SUMMBRY

¢ Well Name: Gt /‘7_§ < Tota! Depth: 307
Locetlon: zers AN AN i)
| Oritled By: Q&0TEK [ &oS Date Complated; SOrfs”
| Notes:

Downhois Deplhs

. AJORJE Top | ==
Conductor Hole Dia: AONS Bottom| ——

Surface Conductor —
Type: Top
6 __ 0.D. Bottom| —

Top O
Bottom | /3 o’

6"
Borehole Dia:

Filler: QaisaT

Casing (with Screen)
Type: C H§o Top
.0, 4 e 4 Bottom| 230’

ST I H AR DR R R

Top

sesl: finToVITE
Bottom

Top
Bottom

Pack: SAND

screen ,
Type: PVC, s 4o Top | /2.0

(RO AN ¥ A Bottem| 7.’
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Il!ll CONSTRUCTION SUMMARY

well Name: S«/_/7¢ Total Deptn: 270
| Location: 5670 § MEXURTY 2is
| Dritled By: GeTek  (€oss46g) Date Completed: 205¢p8S

Notes:

Downhols Depths

. ANONT Top
Conductor Hole Dla: AONL Bottom

Surface Conductor

Type: Top
0. 0.0 Bottom

§ Top
Bottom

Borehole Dila:

Filler: 42~ THE !

Casing {with Screen)
Type: Top
1.0 A" op. 40 Bottom

Gealogic Summary
Vi AR HH AR R ARRAR G RAAIRAEIRRAC T o

 seat: BiaTon ITE | Top
Bottom

k: 34D Top
Pac Bottom

screen
Type: Ptfl} sl 0 Yop

1.0 %" ___ 0.8 944" Bottom
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* WELL CONSTRUCTION SUMMARY | %

el Name: Skt KT

ocation:

Bemg 4 Secoe s [

Tota! Depth:

(1o’

rilled By: Searel  (€OSS¢4¢

Dats Compiated: 30%6rds

Conductor Hole Bis: NonE

Surfece Conductor

Type:
1.0,

0.5.

r

Borehole Bia: G

Filter: LEuin]

Casing (with Screen)

| Type: 5<

0.8 ¥ 8.0 45"

Seal: BINTINITE

Peck: 34nD

screen
Type: FYC sl 40
0. 4" 08 Y

Top
Botiom

Top
Bottom

Top
Bottom

Top
Bottom

Tep
Botiom

Top
Bottom

Top
Sottom

’

10

.o’

ol

2.07

/207

/2.0
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WELL CONSTRUCTION SUMMARY

X . : ,
| wen Neme: 04/ /72 Total Bepth: /¢ ¢

| Location: Aqune Wisrsse SIE

| Dritled By: Gegrex  (oss¢se ) Bate Completed: £/ ¥
§ Notes:

Downhole Depths

Tow. &, okt

Top
Bottom

Conductor Hole Bia; _NA

T A K . <’ »':

Surfece Conductor
Type: NA Top
- 0.0, _- Bottom

'o & ety

wazew at 22’

PR 4240 404k BN R e e,

R H A HRRRRRR

TYop
Bottom

Borehole Dla: __3 _(#ucee)

Filler: CintaT

tasin (with Screen)
Type: _21C Top
1.0. ¥ @.p LA Bottom

" Geologic Summary

seal; Jfnon Tt Top
Bottom

+ S4rD Top
Pack Bottom

Screen
Type: 1 V& Yop
0. ¢ pp 4R Bottom
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WELL CONSTRUCTION SUMMARY

= ,
| wen Name: §4/ (19 . Total Depth: 227
| Locstion: Kdune Disposse Sime
| prites By: SForek (Cossgsw)

| Notes:

Date Completed: (/3675

Downhole Depths

TO.W R,

TO. "

‘Geologic Summary

untcre @,

o.R'LES

f
I~

P
EdR

Conductor Hole Dia: "4

K

Surface Conductor
Type: NA
b . 0.0, -

Borehole Dia: _8 _(Aucce)

Filler: (LaEnT

Casing (with Screen)
Type: . V<&
B4 08,47

Seal: bs o 7t

Pack: _SAND

crean

Type: 2" -
T AU Y 75

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom

Top
Bottom




g3

WELL CONSTRUCTION SUMMARY

| wen Name: 14/ IO — Total Depth: S5
| Location: _/duveE TISPISAC STE .
 Dritted By: GEaTex  (PA! Goyns) Date Completed: . 0T §C

| Notes:

Downhole Depths

Top
Bottom

1 Conductor Hole Dia:

Surface Conduclor
Type: G _(*Ho) Top

1.0, U4 0D, 120k Bottom

T Top
Bottom

Ferc f,‘lh’f/ PONE

Borehole Dia:

E P

Filler: Qa.ﬂaj prtlnd JopT

{7

Casing (with Screen) g s
Type: BN (%+0) Top |Sfoc 2]

I T S ¥ N £ A Bottom| 57 ¢’

Geologic Summery
0 TR VAR A DR AR A

seal: _ Bevbrite Top [ ~0.2°
Bottom| 4y’

. SA vl Yop
Pack Bottom

Screen
Type: __2NC (*40) Top

1.0, 4 0.D. ML Bottom
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u@gNmm@ﬂ suM‘W ST Sa—

Weit Name: 04 29! - Totai Depth: __ (0
| Location: Adune D508 A7€
| Dritted By: SSOTBK (Soss 4547 Date Completed: /#3655

Downhols Depths

To.w R 28! R} Top

R B Conductor Hole Dia; . NA___
wag £ D 7" LRy AR Bottom
oo o [ _

Surface Conductor
Type: NA Top
Wb, OB Bottom

Top
Bottom

Borehole Bla: _ 2~ (awerc)

 Fillers £E0 €T

Casing (with Screen)
Type: .2/~ Top
0.0..Y . 0.8 %5 _ Bottom

8sologic Summary
T T AR TR T TR A TATUTIAATATS

eal: StaXn Tt Top
s Bottom

. SAND Top
Pack: Bottom

creen
Type: P "/z i Top

1.0. 4" o.p. <L Bottom
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