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ADDENDUM

The purpose of this report is to present lithologic,
natural-gamma, and well—-construction data from these wells.
No interpretation of the data is made.

GEOLOGIC SETTING

A buried bedrock valley, trending northeast-southwest,
underlies Areas A and C of WPAFB. Depth to bedrock ranges from
5 ft to more than 250 ft in places. Areas A and C are in the
flood plain of the Mad River. The western half of Area B is also
in the Mad River flood plain; depth to bedrock is generally more
than 75 ft. The eastern half of Area B is in an upland area,
where bedrock is within 40 ft of the land surface.

Most of the consolidated rocks (bedrock) underlying WPAFB
consist of the Richmondian stage of Late Ordovician age
(table 1). The rocks of the Richmondian stage are fossil-
iferous, interbedded shales and limestones. The shales are fine-
grained and soft; the limestone layers are dense and hard. The
shale layers are as thick as 20 ft. The limestone beds consist
of thin layers ranging from a few inches to 2 ft thick (Walton
and Scudder, 1960) and can form from 25 to 50 percent of the
sequence. The rocks are greenish or blue gray; however, in the
upper part of the Richmondian stage, noticeably reddish zones can
be found. The upper part is exposed in a railrocad cut at the
southern end of the Huffman Dam (Norris and others, 1950).

The Brassfield Limestone of Early Silurian age is present
above an altitude of about 920 ft above sea level in Area B. The
Brassfield Limestone is massive and evenly bedded near the base
of the formation but forms thin and irregular beds near the top.
At some locations, the base consists of a granular limestone.

The Brassfield varies in color from dark gray to pink (Norris and
others, 1950).

The regional dip of the rocks is northeastward; however, in
the Fairborn area, the dip of the rocks is affected by a small
fold approximately 5 mi east of WPAFB. The rocks are nearly
horizontal east of the base (Walton and Scudder, 1960).

Wisconsinan glacial deposits cover much of the bedrock in
the WPAFB area. The deposits can be separated into till and
stratified sand and gravel. The uplands are covered with till,
which is an unsorted clay-rich mixture of sediments ranging in
size from clay to boulders. The bedrock valleys are filled with
outwash or valley-train deposits that are mostly sand and gravel.
Lenses of till are present within the outwash in places (Walton
and Scudder, 1960). Because outwash was deposited by meltwater
streams, it consists mainly of sand and gravel; outwash deposits
are typically well sorted. Generally, grain size of outwash can
be variable horizontally and vertically (Flint, 1971).



ADDENDUM

Table 1l.--Generalized geologic section of the Wright-Patterson Air Force

Base area (modified from Walton and Scudder,

1960)

System or
Period

Series or
Epoch

Group, forma-
tion, or stage

Thickness
(feet)

Character
of material

Quaternary

Holocene

Flood-plain deposits,
chiefly silt
and clay.

Pleistocene

Wisconsinan
stage

260+

Outwash sand and
gravel; (deposited
as kames and valley
train by meltwaters
from the glacier)

and (or)

Till, a heterogeneous
mixture of clay,
sand, gravel, and
boulders in which
clay predominates;
(deposited directly
by the glacier).

Pre-Illinoian
stage

Unknown

Sand and gravel or
till in the deepest
part of the buried
valleys beneath
the Wisconsinan
deposits.

Silurian

Middle
Silurian

Dayton
Limestone

2+

A white or bluish
fine-grained thin-
bedded dense lime-
stone or dolomite.

Lower
(or Early)
Silurian

Brassfield
Limestone

- 30+

Limestone in layers
ranging from thick
and massive layers
near the base to
thin near the top.

Ordovician

Upper
(or Late)
Ordovician

Richmondian,
Mayvillian,
and Edenian
stages,
undivided

1,000+

Shale, soft,
calcareous, inter-
bedded with thin
layers of hard
limestone.




METHODS OF WELL CONSTRUCTION AND GEOLOGIC SAMPLING

The wells were installed in three phases. During the first
phase, 14 bedrock wells were drilled by the cable-tool method
until bedrock was reached. Split-spoon samples of the unconsol-
idated materials were collected at 5-ft intervals during the
drilling. The samples were used to determine the character of
the geologic material penetrated during drilling. Four shelby-
tube samples were collected from clay-rich units and analyzed by
use of a triaxial chamber permeameter to determine the perme-
ability of the clay (table 2). The bedrock part of the hole was
drilled by rotary coring. Three-inch-diameter cores 20 ft in
length were collected for each bedrock well.

The second phase of drilling consisted of installation of
12 wells in the unconsolidated sediments at 6 sites; installation
of these wells completed 6 clusters. The wells were drilled by
use of an air-rotary rig equipped with a casing hammer. During
the third phase of drilling, the final four well clusters were
completed with the installation of nine wells by the cable-tool
method.

During the second and third phases, double- or triple-
cased holes were drilled in the unconsolidated deposits where
clay layers were between the surface and the desired well depth.
No geologic samples were collected during the second and third
phases of drilling.

A total of 35 wells at 13 locations were drilled. Ten
clusters consist of wells completed in bedrock and in unconsol-
idated sediments. One cluster consists of two wells completed
in bedrock. At the remaining two locations, a single well was
completed in bedrock.

All of the wells were constructed by use of a drive casing
larger than the final well casing. When the desired depth was
reached, the final well casing was installed through the drive
casing, which was then pulled back, and the annulus was grouted
to the land surface. Bentonite grout was used in the saturated
zone, and cement-bentonite grout (usually a 20:1 mixture) was
used in the unsaturated zone and between the larger drive cas-
ings of the double- and triple-cased holes.

All but three of the bedrock wells were screened rather than
finishing them with an open interval below the bottom of the cas-
ing. The annular space around the screens was packed with clean
silica sand. At most of the wells completed in unconsolidated
materials, the formation in the screened zone was relatively free
of clay. 1In construction of these wells, the drive casing was
pulled back to allow the native formation to collapse around the
screen and create a natural gravel pack; however, if the forma-
tion contained very fine sand, silt, and (or) clay, the screen



Table 2.--Permeability of selected sediment samples analyzed by use of a
triaxial chamber permeameter

[ft, feet; lb/inz, pounds per square inch; ft/s, feet per second;
1b/ft3, pounds per cuﬁic foot]

Samplel Confining2 Head3

depth pressure pressure Permeability Sample
Well (ft)  (lb/in%) (1lb/in?) (Ft/s) classification
GR-314 65.5- 67.5 100 50 1.6x102 Gray silty clay,
(clus- trace of medium
ter 2) sand. Dry density,

117.7 1b/f£t3.
Moisture content,
16.9 percent.

GR-307 65.0- 67.2 100 32 8.9x10 1! Gray sandy clay, with
(clus- little gravel and
ter 7) silt. Dry density,

142.6 1b/ft>.
Moisture content,
6.5 percent.

GR-311 41.3- 43 100 29 1.2x10"2  Gray sandy clay,
(clus- trace of silt and
ter 11) seams of fine to
medium sand.
Dry density,
131.3 1b/ft3,
Moisture content,
10.7 percent.
MT-133 145 - 147 100 75 4.3x10’10 Dark-gray, silty
(clus- clay, fine sandy
ter 12) silt lenses. Dry
density,
112.5 1b/f£t3,
Moisture content,
14.3 percent.
1 l

Sample depth is measured in feet below land surface.

2 Confining pressure is the pressure applied to the sample to simulate in
situ conditions.

3 Head pressure is the pressure applied to the fluid to simulate the weight
of water at in situ conditions.



was packed with clean silica sand before the drive casing was
pulled back. A granular bentonite seal was placed above all

sand packs to prevent infiltration of the grout into the screened
interval. All of the screens were sealed on the bottom with a
welded or threaded cap.

The bedrock wells were constructed with black steel water-
well casing. The remainder of the wells were constructed with
stainless—-steel casing. Stainless-steel casing was used to avoid
problems with future water—-quality sampling plans. The screens
in all of the wells are constructed of stainless steel.

LITHOLOGIC, NATURAL-GAMMA, GRAIN-SIZE, AND WELL-CONSTRUCTION
DATA

Lithologic and natural-gamma logs, grain-size data from
selected split-spoon samples, and details on well construction
are presented in figures 2 through 68 and in table 3. The data
are organized by cluster; for example, figures 2 through 8
contain data on the wells in cluster 1.

The lithologic log for each cluster (for example, cluster 1,
fig. 2) consists of a graphical representation and a written
description of the lithology. Each log is a compilation of the
drillers' and on-site geologists' records.

The natural-gamma and lithologic logs were obtained for
the deepest well in each cluster and are considered to be
representative of other wells in that cluster (for example,
cluster 1, fig. 2). The natural-gamma log is typically a
continuous vertical profile of the borehole made during the
steady movement of the probe along the length of the borehole.
The probe measures natural-gamma-ray activity per unit volume
of rocks and sediments. Natural-gamma-ray activity generally
depends on the activity of naturally occurring isotopes of
potassium-40, uranium-238, and thorium-232. These naturally
occurring radioisotopes are more prevalent in clay-bearing
formations than in other formations; generally, the natural-
gamma log responds to clay-rich formations (Alger and Harrison,
1989). Natural-gamma logs were collected after the wells were
constructed and grouted. The bentonite (clay) plug and grout
emplaced in the annular space can affect the logs, but the
degree to which the logs are affected is difficult to determine.
The natural-gamma log provides data that supplement the litho-
logic data collected by the on-site geologist.

Grain-size distributions from selected split-spoon samples
(for example, figs. 3, 4, and 5) were obtained by sieve analyses
of the samples. The analyses were performed by placing a sedi-
ment sample of known weight on top of a series of sieves. The
mesh sizes of the sieves decrease from top to bottom. The
sieves are shaken for a period of time, and the sample separates
into portions of uniform grain size. The weight of the sample

7



retained by each sieve is converted to a percentage of the total
sample weight. The data are then graphed as "percentage coarser,
by weight" as a function of grain size.

Details of the final construction for each well are shown
in diagrams (for example, figs. 6, 7, and 8). The total depth,
screen length, and grouting details are shown. The water level
shown on the diagrams was measured on February 21, 1991. Repeti-
tive water—-level measurements have revealed that water levels

in three bedrock wells, GR-311, GR-312, and GR-315, have not yet
stabilized. These construction details also are listed in

table 3.
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Figure 2.--Naturai—-gamma and lithologic logs for well GR-315 (cluster 1).
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL. GAMMA
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§ Clay, olive-gray; calcareous; silt;
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Sand, fine- to medium-grained; subangular
to rounded gravel; silt; pebbles; clay. Color
grades from olive-gray to dark-yellow-

140 brown as depth increases
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=] Clay, olive-gray, calcareous; silt
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- Sand, pale- to moderate-yellow-brown,

-§ fine— to coarse—grained, subangular;
5°\ gravel; silt; clay; pebbles; cobbles.
180 180 q Some well cemented zones,
calcareous cement

|
190 { 190
200 200 ‘

Figure 2.—Natural-gamma and lithologic logs for well GR-315 (cluster 1)--Continued.
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to medium—-grained silty sand and gravel

%3] sand: angular gravel; pebbles; olive gray ciay,
~:] calcareous

Shale, greenish-gray, fissile, with blue-gray
: fossiliferous limestone intercasts and interbeds

Figure 2.~-Natural-gamma and lithologic logs for well GR-315 (cluster 1)--Continued.
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Figure 4.--Grain-size distributions of sediment samples from well GR-315 (cluster 1)

(A) 76.2 to 78.2 feet and (B) 143.

15

to 1453 feet.
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Figure 6.--Construction diagram for well GR-316.
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4.___1 * -— 10
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‘ 118.5
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Figure 7.--Construction diagram for well GR-317.
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M*w—i

4-inch-internal diameter black
steel water-well casing o
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[
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{ 243
Bedrock
| [
7 7/8-inch~diameter corehole — — ______{
-— 247 1
Bentonite plug —»
- 255.1
Fine silica sand pack >
P - 257
Coarse silica sandpack —— | ®
5-foot-long x 4-inch-internal diameter
stainless—steel continous
0.02-inch slot screen :
- 267.5
Not to scale ‘Water level has not stabilized as of February 21, 1991

Figure 8.——Construction diagram for well GR-315.

19




DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MIN!
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X § coarse—gramned; gravel, pebbles

Sand, dark-yellowish—brown, fine-
to medium-grained; siit

?o| Sand, dark-yellowish—brown, fine~ to
‘Ul coarse—grained; gravel; silt; subangular
« pebbles; thin clay seams 45 to 57 feet

Clay, medium—-dark—-gray to olive-gray,
1 slightly calcareous; gravel

Figure 9.--Natural-gamma and lithologic logs for well GR-314 (cluster 2).
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Figure 9.-—Natural~gamma and lithologic logs for well GR-314 (cluster 2)--Continued.
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with fossils

Figure 9.-—Natural-gamma and lithologic logs for well GR-314 (cluster 2)-—Continued.
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Figure 10.--Grain-size distributions of sediment samples from well GR-314 (cluster 2)
(A) 44 8 to 46.8 feet and (B) 50.2 to 52.2 feet.
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Concrete surface pad ——g

; LAND SURFACE

Water level in well ———8» -.———13.4

Cement-bentonite grout (20:1)

28

Bentonite grout

8-inch—-diameter borehole

4-inch~internal diameter
stainless-steel casing

Bentonite plug

Natural formation "sand pack" _—-‘L.

5~foot-long x 4-inch~internal diameter
stainless-steel continous
0.01-inch slot screen

Not to scale

39.4

48.4
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Figure 11.--Construction diagram for well GR-318.
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I LAND SURFACE

10—~inch-diameter drive casing —gp»

Water level in well —8»
Cement~bentonite grout (20:1) —}—p»

4-inch-internal diameter
stainless-steel casing

-17.4

Bentonite plug

47

Top of clay

10-inch drive shoe-—-.‘t

8-inch-diameter borehole ————p»

1

Bottom of clay

Bentonite grout Lod

Y Y 4

{F_.-m

(L.__——-101

137

Bentonite plug

142

Natural formation “sand pack"

10-foot-long x 4-inch-internal diameter
stair(t)l%s1373teel continous

-inch slot screen

Not to scale
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Figure 12.——Construction diagram for well GR-319.
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6-inch protective pipe and locking cap\£'\

|
|
Concrete surface pad

vl

Cement-bentonite grout (20:1)

| LAND SURFACE

Water level in well—8») 17.8
18

Bentonite grout

8-inch-diameter borehole )

4-inch-internal diameter black
steel water-well casing

Damaged 8-inch-diameter drive casing

Unconsolidated deposits

Bedrock
8-inch drive shoe r

215

7 7/8-inch-diameter corehole —gm»|

223
Bentonite plug -
228
Fine silica sand pack
Mt 230
Coarse silica sand pack -

10-foot-long x 4—-inch-internal diameter
stainless—-steel continous
0.02-inch slot screen

Not to scale
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Figure 13.--Construction diagram for well GR-314.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE
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-4 Pebbles (limestone); clay; dark-yellow-brown
coarse—-grained sand

Sand, pale- to dark-yellow-brown, fine- to
medium—grained; subrounded gravel,
pebbles

!
I

[
|

Il

2.5 Sand, dark-yellow-brown, coarse- to very
. | coarse—grained, subangular; silt; clay

Silt, dark-yellow-brown, pebbles

== Shale, gray—green, fossils; blue-gray
fossiliferous limestone

Limestone, blue—gray, fossils; interbedded shale

Figure 14.—-Natural-gamma and lithologic logs for well GR-303 (cluster 3).
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PERCENTAGE COARSER, BY WEIGHT

100

40

20+

L]

LR LA

L i 118

1

A NN

T T TTTrIT

L 4.t 11}

T T Ty

0.1

1

10

GRAIN SIZE, IN MILLIMETERS

100

Figure 15.--Grain-size distributions of sediment samples from well
GR-303 (cluster 3) 20.1 to 22.1 feet.
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LAND SURFACE

Cement-bentonite grout (20:1) ___’_.

4

8-inch—-diameter borehole ———

4-inch-internal diameter
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stainless-steel casing >
Water level in well———8» 7.4
7.8
Bentonite plug
138
Natural formation "sand pack"
5-foot-long x 4-jnch-intern?l diameter
stainless-steel continous
0.01-inch siot screen
218

Not to scale

Figure 16.--Construction diagram for well GR-320.
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Water level in well 6.6
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Unconsolidated deposits it ’ 28
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. {H
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Figure 17.——Construction diagram for well GR-303.

30




DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE
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yellow-brown, calcareous silt

A
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i
3
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.0

A 4
£630.50)5,C:05.
'3 O e !

s.00HQ:
9507 o0
0° o

T

AN
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0
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08"

0" .:o. &,
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0_9.00. ..
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40

0,
L)

8
R
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&

:
g

0.2

Sand, fine- to medium-grained,
subangular; calcareous silt

-§ Sand, fine— to coarse—grained, angular;

70

.’0 20 0. LP )
0
[-]

PR angular to rounded gravel; pebbles to
O 5] 2-inches; pale-yellow-brown,
s o+ calcareous silt and clay

gL
.150" 3
i

—JClay, olive—gray, calcareous; sand; gravel

>T]Sand, fine- to coarse-grained, subangular;
2\ subrounded gravel; pebbles to 1-inch,

100

?
+
4
;

374 pale-yellow-brown, calcareous silt

and clay; interbeqded silt-cla
seams {nd gravel seams Y

Figure 18.-—Natural-gamma and lithologic logs for well GR-304 (cluster 4).

31




DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

o g & 8 &

100

AL CLLAS LU LLLLE
110 110
120- § 120
130- é 130
140— 5 140
150-. g 150
160'- ? 160

§

s

170 ‘> 170
180 180
N .
200.- 200

(@]

o olive-g

~:¢:1Sand, fine— to coarse—grained, subangular;
-4 subrounded gravel; peﬂ;les |

=4 pale-yellow-brown, calcareous silt

~/(j and clay; interbedded silt-clay

1seams and gravel seams

to 1-inch,

lay content increasing; color grading
ray

Figure 18.—-Natural-gamma and lithologic logs for well GR-304 (ciuster 4) -—Continued.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

R
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2002 3 .§- =
L

] 2%
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> - — -] Shale, greenish-gray, soft, fissile,
i ‘ —- - some fossils; bluish—gray,
,,}» F———— fossiliferous limestone

220 <} 220 FEm=o

230 230

Figure 18.-—Natural-gamma and lithologic logs for well GR-304 (cluster 4)-—Continued.
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Figure 19.--Grain-size distributions of sediment samples from well GR-304 (cluster 4)
(A) 339.5 to 41.5 feet and (B) 139.7 to 141.7 feet.
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Concrete surface pad
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8-inch-diameter borehole ————»'

Bentonite grout

4-inch-internal diameter
stainless—steel casing

!

-t 30.1
Bentonite plug—— 4 {
35.1
Natural formation "sand pack" ————‘—.
5-foot-long x 4-inch-internal diameter
stainless—steel continous
0.01-inch slot screen
-«— 426
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Figure 20.--Construction diagram for well GR-321

35




6-inch protective pipe and lockingcap—— g

Concrete surface pad

LAND SURFACE

Water level in well ————g»

Cement-bentonite grout (20:1) =

10-inch—diameter drive casing————— g

4-inch-internal diameter
stainless-steel casing ~»
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and ¢emen groufT o >
of cla
—opof cay —_——T7
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0.01-inch slot screen } S
| P 147.2
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Figure 21.--Construction diagram for well GR-322.
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{

Bentonite grout ———‘ —8»
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Unconsolidated deposits
Bedrock

]
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e o
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stainless-steel continous

0.02-inch slot screen —_—t>
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Figure 22.-—Construction diagram for well GR-304
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

g & § ¢

-

(0) C
0
LRN AL LLLL UL ° Topsoil, dark-brown, clay-rich; well-rounded
~ cobbles; black organic layer 2.5-4.5 feet
= > .
f .-{Sand, medium- to coarse—grained; pebbles; silt
10 S 10 DI ;9554 Cobbles, well-rounded; sand; silt
,0-9. 0 laky
20 20 Sand, fine- to coarse—-grained; well-rounded
i 1 pebbles; silt
-] Clay
B -§] Pebbles; rounded to well-rounded gravel;
3 ) fine—- to medium-grained sand; silt
40 40 ;
50 50 .
1 Sand, fine- to medium-grained; gravel;
;| rounded pebbles; silt; thin (1-2 inches)
- 7 clay seams between 46-52 feet
60 60
Gravel, fine-grained, rounded; pebbles
70 E 70 sand; silt; clay
\é : Clay; silt; fine—grained sand; fine—grained,
80}~ 80 1 angular gravel; rounded pebbles
§ Sand, fine—grained; subangular to rounded,
20 90 fine—grained gravel; rounded pebbles;
{ i clay; sijit; cobg:es
100 100

Figure 23.--Natural-gamma and lithologic logs for well GR-305 (cluster 5).
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NATURAL GAMMA,
COUNTS PER MINUTE
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.",'é Sand, fine- to medium-grained; subangular
to rounded, fine—grained gravei; pebbles;
siit; clay; cobbles

Shale, greenish—gray, soft, fossiis
iimestone interclasts; thin beds of
blueish—gray limestone

Figure 23.--Natural-gamma and lithologic logs for well GR-305 (cluster 5)--Continued.
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Figure 24.-~Grain-size distributions of sediment samples from well GR-305 (cluster 5)
(A) 46.8 to 49.1 teet and (B) 118.7 to 120.9 feet.
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Not to scale

I LAND SURFACE

[220)]

A

30V4HNS ANV MO39 1334 NI 'H1d3d

425

Figure 25.--Construction diagram for well GR-323
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LAND SURFACE

Water level in well ————p» 4—5

10-inch—-diameter drive casing———#»

Cement-bentonite grout (20:1) »
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stainless—steel casing —

Bentonite plug®
Top of clay

—_—— —— — 73

10-inch drive shoe —D‘,.,_l <75
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8-inch-diameter borehole ————g»

JOV4HNS ANV MO39 1334 NI ‘'H1d3d

Bentonite grout ———1}—.
- 107
Bentonite plug———1-9» \
1 -- 111.6
Natural formation "sand pack" ‘l—b

10-foot-long x 4-inch-internal diameter
stainless-steel continous
0.01-inch slot screen -

41277

e - 130.6**

*plug is within 10-inch casing but exact depth is uncertain.
Not to scale **well probably hit rock at 130.6 feet.

Figure 26.-—Construction diagram for well GR-324.
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Figure 27.--Construction diagram for well GR-305.

43




DEPTH, IN FEET BELOW LAND SURFACE
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9]

lay, pale-yellow-brown, calcareous; fine-
rained sand; gravel

@Q

Sand, pale- to moderate-yellow-brown, silty,
d fine— to coarse—grained, subangular; gravel;
\_] pebbles to 1.6 inches; calcareous clay

‘(; Q, 0 Q. 3
5’;906 053] Sand, moderate-yellow-brown, medium-
o) :

o %8333 to coarse—grained; gravel; pebbles
©..0110 1.6 inches, silt

:1 Sand, pale-yellow-brown, fine— to coarse-
i grained; gravel; calcareous clay; silt

Sand, light-brown, medium—-grained,
1 subangular; silt; clay

Sand, olive—gray, fine- to coarse—grained,
silty; clay; fine gravel

Figure 28.--Natural-gamma and lithologic logs for well GR-306 (cluster 6).

44




DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MIN
(4) § § -
100 T
110 2
120
- i
130
140
"
150
a g‘f
160}~
70 }
;

180 f
200

100

110

120

130

140

150

160

170

180

190

200

Sand, light-olive-gray, fine- to coarse~grained;
gravel to 1.6 inches, silt

Sand, olive-gray, fine- to medium-grained,
silty; gravel to 1.6 inches, clay

Clay, silty, calcareous; gravel; sand

Sand, fine- to coarse—grained; gravel
to .8 inch, silt; clay

Figure 28.-—Natural-gamma and lithologic logs for well GR-306 (cluster 6)--Continued.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

SR

2000

b S
TR YOI Ty

210

220

F<§

230

240

200

210

220

230

240

; Sand, fine- to coarse-grained; gravel
qto .8 inch, silt; clay

Shale, greenish—gray, soft, fissile,
glauconitic, fossils; medium-bluish—-
gray to gray fossiliferous

and intraclasts

|

Figure 28.-—Natural-gamma and lithologic logs for well‘ GR-306 (cluster 6)--Continued.
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Figure 29.--Grain-size distributions of sediment samples from well GR~306 (cluster 6)

(A) 44 .2 to 46.2 feet and (B) 63.9 to 65.9 feet.
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Figure 30.--Grain-size distributions of sediment samples from well GR-306 (cluster 6)
(A) 1053 to 107 3 feet and (B) 111.6 to 113.6 feet.
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Figure 31.—-Grain-size distributions of sediment samples from well GR-306 (cluster 6)
190.7 to 1927 feet.
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6-inch protective pipe and locking cap ———g»

Concrete surface pad

Cement-bentonite grout (20:1)

4-inch-internal diameter
stainless-steelcasing— 1 _g»

8-inch—diameter borehole ——g»

Water level in weH_—..

Bentonite plug

v

Natural formation "sand pack"

10-foot-long x 4—inch-internal diameter
stainless—-steel continous
0.01-inch slot screen >

Not to scale

LAND SURFACE

<|-— 495

30V4HNS ANV MO39 L334 NI ‘Hid3a

Figure 32.-—Construction diagram for well GR-330.
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6-inch protective pipe and lockingcap — g

Concrete surface pad:

Cement-bentonite grout (20:1) »
Water level in well ———8»

8-inch—diameter borehote ———.‘

)

4-inch-internal diameter
stainless-steel casing

Bentonite grout

Bentonite plug ——4—’

Natural formation "sand pack” ————f{—g»

10—-foot-long x 4-inch-internal diameter
stainless-steel continous

0.01-inch slot screen————F—g»

Not to scale

LAND SURFACE
(®—=281 o
- o 0
-
X
b4
mn
m
m
-
©
m
? 2
5
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]
»
c
D
1 B
m
-4 94
-— 1015
‘e 115

Figure 33.——Construction diagram for well GR-331.
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6-inch protective pipe and lockingcap . g»

Concrete surface pad\
I LAND SURFACE

Water level in well ————8» -§—— 257
Cement-bentonite grout (20:1) — 1 g»

4-inch-internal diameter
stainless-steel casing —

10-inch-diameter drive casing———p»

Top of clay
10-inch drive shoe ———g» rsAd—— 165
~Botiom of dlay - ————72

8-inch-diameter borehole ——— g»

- 1775
Bentonite plug—————p»

182

Natural formation "sand pack" » )

10-foot-long x 4-inch—internal diameter
stainless-steel continous (
0.01-inch slot screen —8»

4— 1955

44— 196

Not to scale

30v44NS ANV MO138 1334 NI 'H1d3d

Figure 34.--Construction diagram for well GR-332.
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6-inch protective pipe and lockingcap —— —— g»

Concrete surface pad

Cement-bentonite grout (20:1)

LAND SURFACE

Water level in well——38»

8-inch-diameter borehole ——.‘

4

4-inch-internal diameter black )
steel water-well casing ————p»
Bentonite grout — 1 g

Unconsolidated deposits

-t 20

|—267

216
Bedrock
7 7/8-inch-diameter corehole ——p»
222
Bentonite plug V_’
226
Fine silica sand pack L’
- 228
Coarse silica sand pack
10-foot-long x 4-inch-internal diameter
stainless-steel continous
0.02-inch slot screen »
238.2

Not to scale
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Figure 35.--Construction diagram for well GR-306.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

2§ 88

N (
LN LA L LI
B :{Clay, pale- to moderate-yellow-brown,
calcareous, fine—grained, subangular
sand; fine grai gravel
10 10 ’
20 20
‘| Sand, moderate-yellow-brown, fine—grained,
2 subaﬁgular: calcareous silt
30 30
- 1;’
2 yd Sand, dark-yellow-brown, fine- to coarse-
grained, subangular; angular coarse-
40 40 grained gravetl‘;gcalcarengus
silt; pebbles
K
\S 50
50 \z -Z{Clay, dark-yellow-brown, calcareous;
+'1 sand; gravel

= SR
R
60 60 %
3 EErn 25 Clay, olive-gray, calcareous; fine—grained
’mﬁ%ﬁ"‘w"’: sand; subrounded gravel; pebbles
70 70 FARSE
80 80
Sand, pale-yellow-brown to olive-gray,
o fine—-grained; silt; clay; calcareous
90 + 90
Silt, olive—gray to dark-yellow-brown; fine—-
graiM sand layers alternating with very-
B 4 fine+ to medium—grained sand, fine—
grai gravel layers; calcareous
100 100

'

Figure 36.--Natural-gamma and lithologic logs for well GR-307 (cluster 7).
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DEPTH, IN FEET BELOW LAND SURFACE

COUNTS

NATURAL GAMMA,

g &

-

R MINUTE

2

100%

g

110

120

130

140

150

160

170

g P TP A P o mw

180

190

100

110

120

130

140

150

160

170

180

190

Silt, olive-gray to dark-yellow-brown; fine-
grained sand layers alternating with very— -
fine~ to medium—grained sand, fine-
grained gravel layers; calcareous

: Clay; calcareous; silt; fine—grained sand
layers alternating with fine—-grained
=4 gravel layers; pebbles

By -+:1Sand, very-fine- to coarse—grained; subrounded
$q to rounded gravel and pebbles; silt; clay;
y interbedded with thin (2 inches) clay- = .

e -,‘35:33 silt layers and lenses of coarser
S-S0 uars: 8] sand and gravel

A -.o.". " ® o
SR

Q% 2 bQ

'~. Clay, light-olive—gray; silt; fine~ to coarse-
7] grained sand, subrounded gravel and pebbles

Silt, light-olive—gray; fine- to coarse-grained
sand; calcareous clay; subrounded gravel;
pebbies; interbedded thin (2-4 inches)
olive-gray, calcareous, clay beds

Figure 36.--Natural-gamma and lithologic logs for well GR-307 (cluster 7)--Continued.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

s 8888

0 : £
2001 T 200

- | €
210} {.]g 210
Sr

220

<%%4 Clay, olive-gray, calcareous; silt; fine—
79 to coarse—grained sand; gravel

Silt, light-olive-gray; fine~ to coarse-
grained sand; caicareous clay

220

i

230 230

] Sand, fine- to ooars%?rained; silt; clay;
“o-§ subrounded gravel and pebbles;
.\ cobbles around 245 feet

240 240 BotSssi

h
Vo
7, Cel00
0009, 9
[X5) o J
Oy gAY

1{
]
o

P

b9y
Olo
a
v

(@

l AL
o

250 250

A

i

Shale, greenish—gray, soft, fissile; blue-gray,
260 260 coarse—grained fossilferous limestone
3 interbeds and interclasts

"]
270 \ == 270
Limestone, greenish—gray, shaly; interbeded
 with blue—-gray coarse—grained
- fossiliferous limestone
280 280 Sl

Figure 36.-~Natural-gamma and lithologic logs for well GR-307 (cluster 7)--Continued.

56




100

1 L L1y

A4 3t 111

LR AL

LB LRAI

PERCENTAGE COARSER, BY WEIGHT

GRAIN SIZE, IN MILLIMETERS

Figure 37.--Grain-size distributions of sediment samples from well GR-307 (cluster 7)
(A) 34 TO 36 feet and (B) 153.5 TO 155.5 feet.
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Figure 38.——Grain-size distributions of sediment samples from well GR-307 (cluster 7)
234.9 to 236.9 feet.
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‘ B

6-inch protective pipe and lockingcap.— _g»

Concrete surface pad

lLAND SURFACE

8-inch—-diameter borehole ———g»

4-inch-internal diameter
stainless-steel casing———}—9»

Cement-bentonite grount (50:50)%1_’

30V44NS ANV MO138 1334 NI ‘H1d3a

Water level in well ————8» )}« 25
-4 26
Bentonite plug ———}-o»
—> - 313
Coarse silica sand pack =

5-foot-long x 4-inch-internal diameter
stalgless-_steel continous

.01-inch slot screen

Not to scale

Figure 39.——Construction diagram for well GR-326.
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6-inch protective pipe and lockingcap ——— g»

Concrete surface pad \ |

F

o

Cement-bentonite grout (20:1) ————»

Water level in well ——8»
10-inch—-diameter drive casing————g»

4—-inch—-internal diameter

stainless-steel casing

LAND SURFACE

-—— 248

Jop of clay | —51
10-inch drive shoe—-—b‘;r 44— 615
Cement-bentonite grout (50:50) ——®»
B — —— e — — 80
Bottom of claw
Bentonite grout ‘ L
8-inch-diameter borehole ———— » ‘
- 132
Bentonite plug &
- 136.6
Natural formation "sand pack" —» 1
10—-foot-long x 4-inch—-internal diameter L
stainless—steel continous {
0.01-inch slot screen - )
L J‘ 153.8

Not to scale

30V4HNS ANV1 MO138 1334 NI 'H1d3a

Figure 40.--Construction diagram for well GR-327.
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6~inch protective pipe
and locking cap

Concrete surface pad \

14-inch~diameter drive casing——— »

Cement-bentonite
grout (50:50)

Water level in well ————8»

Damaged 10-inch-diameter

8-inch-diameter drive casing

Bentonite grout

4-inch-internal diameter
stainless-steel casing

6-inch-diameter borehole

Natural formation “sand pack"

5-foot-long x 4-inch-
. internal diameter
stainless-steel continous

0.01-inch slot screen

)
-
— LAND
— S
-8
-@—294
Top of clay 51
Drive shoe ———a» LM —-«JC—SGB
drive casing———Mg» 82
~ Bottom of clay ===
y P
155
—Jopofclay —_———
er‘——'— 179.5
—»
e e e N, | - 4
Bottom of clay
-
-- 209
— '
)¢ 2445
~— -- 2498

Not to scale
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Figure 41.-—Construction diagram for well GR-328.
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6-inch protective pipe and locking cap———g» \
Concrete surface pad i
lLAND SURFACE
-
Cement-bentonite grout (20:1) ——{-—p»
-_— 30
Water level in well ———®» -.———31.1
8-inch—diameter borehole ——-—>1
4-inch-internal diameter black
steel water-well casing =
Bentonite grout ————t—p»
¢
Unconsolidated deposits { 251
Bedrock
7 7/8-inch-diameter corehole ————g»
- 260
Bentonite plug —
- 265
Fine silica sand pack -
- 267
Coarse silica sand pack — >
10-foot-long x 4-inch—-internal diameter
stainless-steel continous
0.02-inch slot screen L
<|*— 2776

Not to scale

Figure 42 --Construction diagram for well GR-307.
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DEPTH, IN FEET BELOW LAND SURFACE

Topsoil, dark—brown

—]Clay, dusky-yeliow; limestone pebbles

Limestone, bluish—-gray, fossiliferous, shaly; soft,

fissile, glauconitic greenish—gray shale

NATURAL GAM
COUNTS PERMN&E

O = ‘ N 0

T T

- _—:2: _____ 1

10 10 ===

} ) & L - lx

B t T

o L2l B

§ 0

S

A ====x

30 30 ) 4 » - b —

Figure 43.—Natural-gamma and lithologic logs for well GR-308.
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8-inch protective pipe and lockingcap ————g»

Concrete surface pad \

I : ILAND SURFACE
|

10-inch—-diameter borehole — —g»

Water level in well
6-inch-internal diameter black /—H
steel water—-well casing 1
—

Cement-bentonite grout (20:1)

Unconsolidated deposits

Bed .
roc JVW—

5 5/8-inch-diametercorehole g

:

JFOV4HNS ANV MO139 1334 NI ‘'H1d3a

3.7

Not to scale

276

Figure 44.-—-Construction diagram for well GR-308.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,
COUNTS PER MINUTE

s § 8 8

LLLLILLLL

10

/[

\ | it ymes

\/

70

at!

100

o

10

20

<]Clay, brown, sandy; gravel

-{Clay, gray; gravel

Limestone, light-pink to white, massive,

coarse, crystalline; very thin,

] pale—green shale beds

Gravel, .3-.5 inch, well sorted, subangular
o to subrounded

Limestone, shaley, gray—-green to gray,
massive, fine—grained, fossil fragments

78.1-81.9 feet red banding or red and
green mottling, shaley limestone

Figure 45.-—Natural-gamma and lithologic logs for well GR-312 (cluster 9).

65




DEPTH, IN FEET BELOW LAND SURFACE

NATURAL GAMMA,

COUNTS PER MINUTE
§88 8
100(’) u ~ e N o
HH HHN_L»HH
<I
b3
110 p ]
\
- \\>
1/
120 =
Al
» 2;
130 §§
- g
140

100

110

120

130

140

Limestone, shaley, grading to

==T—T1 —red-brown with gray—green

bands from 101-105 feet

Limestone, gray-white, massive,

fossils, fine— to medium—crystaline;

thin, green shale

Limestone, gray-white, massive,
fossiliferous; shale, green

Figure 45.-—-Natural-gamma and lithologic logs for well GR-312 (cluster 9)--Continued.
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8-inch protective pipe and locking cap ———gm|

Concrete surface pad

Cement-bentonite grout (20:1)
6-inch—internal diameter black

steel water—well casing
Water leve! in well ———» 245

7 7/8-inch—-diameter borehole —__g» )

1 \

Unconsolidated deposits { 38
—
Bedrock

v

5 5/8-inch-diameter corehole————g»

Cement grout —

116.6

Not to scale

ILAND SURFACE
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Figure 46.--Construction diagram for well GR-309.
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8-inch protective pipe and locking cap ————8»

Concrete surface pad

LAND SURFACE
\ ‘}
Cement-bentonite grout (20:1) 1
Water level in well®* ———a» -<— 228
Unconsolidated deposits ! ag
Bedrock

6-inch-internal diameter black r
steel water-wellcasing — | gn

7 7/8-inch-diameter borehole ——8»|

3OV4HNS ANVT MO138 1334 NI ‘Hid3a

L.J-n—*—ns.s

1 :

5 5/8-inch-diameter corehole —__gm) [

)
e 130

|
Not to scale *Water level has not stabilized as of February 21, 1991

Figure 47 —-Construction diagram for well GR-312.
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DEPTH, IN FEET BELOW LAND SURFACE

NATURAL

GAM

MA,
COUNTS PER MINUTE

g § &

o N
0 nu.‘uu T lln
10
.
b
P o
20
30

10

20

Ciay, dark-brown, siity

~-4Ciay, moderate—yeilow—-brown, caicareous;
silt; gravel

Ciay, moderate-yellow-brown to light-
olive—brown, silty, caicareous; fine-
grained gravel; grayish—olive

clay stringers

Clay, olive—gray, caicareous; fine-
gramed gravei

gramed grave
——
—TL——T]Limestone, pinkish-gray, massive, fractured,
C—Xr——lcoarse—grained; fractures and interbeds of

e o— green—gray shale
— .' = I’IY

- ll = ll; T

——1;—1,148.7 feet limestone becomes pinkish~
e white, unfractured, sugary texture
e T ]

Figure 48.——Naturai-gamma and iithologic logs for weil GR-310.
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6-inch protective pipe and lockingcap g

Concrete surface pad

Cement-bentonite grout (20:1)

Bentonite grout

8-inch—diameter borehole ———g»

4-inch-internal diameter black
steel water-well casing

Water level in well ——8

Unconsolidated deposits

(

7 7/8-inch-diameter corehole ————»

Bentonite plug

Fine silica sand pack

Coarse silica sand pack

iLAND SURFACE

10-foot-long x 4-inch-internal diameter
stainless-steel continous
0.02-inch slot screen

Not to scale

—8»
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o
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Bedrock 305
35
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—
417
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Figure 49.--Construction diagram for well GR-310.
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DEPTH IN FEET, BELOW LAND SURFACE

COUNTS PER MINUTE
g &

3 8
(

Q
° m Tt
Soil, black; brown clay; gravel

10 10

20 Sand, brown, fine- to very—-coarse grained;

gravel; clay; pebbles; calcareous

aly

30

1Clay, medium-gray, calcareous; sand
E and gravel stringer

O Gravel, angular to subangular; coarse- to
-1 very-coarse—~grained sand; pebbles 1o 1.6

50 ] 50 2. inches; medium gray clay
60— 60 =< |Gravel; pebbles to 1.6 inches; moderate-
E yellow—brown, calcareous, silty clay
g
70 ‘ 70 y:5]Sand, brownish-gray, coarse- to very-coarse-

3% 5e ° grained; gravel; es to 2.4 inches
-jcalcareous clay; yellow-brown clay
-9 and silt stringers

=9 Clay, medium-gray to moderate-yellow-brown,
%] silty, calcareous; coarse—grained, silty sand;
=4 subangular to rounded coarse-grained gravel

Figure 50.--Natural-gamma and lithologic logs for well GR-311 (cluster 11).
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DEPTH IN FEET, BELOW LAND SURFACE

COUNTS PER MINUTE
(0] SR~
100 T 100
110 110 : Clay, medium—-gray to moderate-yellow-brown,
-] silty, calcareous; coarse-grained silty sand;
4;-'*@."';‘;1'; subangular to rounded coarse—grained gravel
120 120
130 130
140 140
:*1Clayey gravel, medium—-gray, fine-grained,
' - Jcalcareous; coarse—grained pale-brown
150 150 -~ sand and gravel stringers; cobbles
\{to 3 inches
160 160
170 170
180 180
<={Clay, dark- to light-olive-gray, sandy,
wjcalcareous; coarse—grained sand; rounded
Z:{oravel; pebbles to 1.6 inches
190 190 o
200 200

Figure 50.——Natural-gamma and lithologic logs for well GR-311 (cluster 11)--Continued.
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DEPTH IN FEET, BELOW LAND SURFACE

NATURAL GAMMA.
COUNTS PER M

o 8

200 IR
210 210

TE

1000
2000C
2,500

Sift, light-olive—gray, sandy; calcareous
clay; fine—grained sand

- 4
220 220 :
:1Sand, medium- to light-olive~gray; gravel;
«]calcareous clay; pebbles to 1 inch
- b
230 i 230
Sand, medium-gray, silty, fine— to medium-
- grained; calcareous; gravel
240 240

Sand, medium-dark-gray; fine-grained

- ‘} :.. “. . .“' -
L Stz 25 aravel; calcareous clay;
250 250 [..°”
LA
b

pebbles to .6 inch

n- :.. .T;
9 (2R
8 R PR
5 . . -
{ —{Clay, olive-gray, calcareous; fine-grained

260 260 gravel; pebbles to .6 inch

270 \ 270
! Limestone, blue—-gray. shale partings,
= \ fossiliferous; greenish—gray fissile
j‘ == shale with limestone infraclasts
280 E, 280
B B +
290 290

Figure 50.——Natural-gamma and lithologic logs for well GR-311 (cluster 11)--Continued.

73




100

20f -

T TTIrIT T

1.t L 111 i

T TT7raT

[l llllll\.l b U

T 7Ty

100

PERCENTAGE COARSER, BY WEIGHT

[ 11 1211 1

T T 77777 T

i1 1 1113 1

LR

11t itl

1

L1 L 111}

0.1

1

10

GRAIN SIZE, IN MILLIMETERS

100

Figure 51.--Grain-size distributions of sediment samples from well GR-311 (cluster 11)

(A) 30 to 32 feet and (B) 40.7 to 92.2 feet.
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Figure 52.--Grain-size distributions of sediment sa
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Figure 53.-—-Grain-size dnstnbutnons of sediment samples from well GR-311 (cluster 11
9 (A) 218 1o 219 feet and (B) 231.3 to 232 3 feet. ¢ )
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6-inch protective pipe and lockingcap ————————g»

Concrete surface pad

LAND SURFACE

Cement-bentonite grout (10:1) —————{ g» ‘

Water level in well ————gm €113

8-inch—-diameter borehole —D}

4-inch-internal diameter
stainless—steel casing

30v4HNS ANV1 MO138 ‘1334 NI Hid3a

€———16.2

Bentonite plug —1'—0

Coarse silica sand pack

Natural formation "sand pack"

10-foot-long x 4-inch—internal diameter
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Figure 54 ——Construction diagram for well GR-333
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Figure 55.--Construction diagram for well GR-334.
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