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INTRODUCTION

The South Carolina Water Resources Commission (SCWRC), in its
continuing efforts to acquire water-resource information for all parts o
the State, and being aware of the deficiency of detailed geologic and
hydrologic data for the area surrounding the Savannah River Plant (SRP),
began & geohydrologic investigation in part of the Lower Savannah River
Project Area in 1986. The area, consisting of Aiken, Allendale, and
Barnwell Counties in western South Carolina, lies almost entirely within
the Coastal Plain physiographic province. The framework for the
investigation is centered on a well cluster system, an extension of the
well cluster system being constructed on the plant site as a part of the
"SRP Baseline Hydrogeologic Investigation" (Bledsoe, 1984, 1987). The
format of the information obtained is compatible with that of the SRP

project.

The entire well cluster project, as originally proposed, consists of
ten well cluster sites, of five to ten wells each, located peripheral to
SRP (Fig. 1). The well cluster sites C-2 and C-6 were selected as part o
Phase I activities. Phase II well cluster sites (C-3 and C-5) were
selected on the basis of the Preliminary data obtained during Phase I. The
locations of the remaining sites are tentative and will be based on the
data obtained during Phases I and II. Budget constraints necessitated a
modification of the original planned activities and expenditures. The
Savannah River Operations Office and SCWRC agreed that the availeble funds

could best be used by coring two deep wells and completing two shallow
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vells annually for the first two years of the project. It was decided
that Phase I core holes (C-2 and C-6) would provide the most useful data
initially. Phase I of the Project consisted of continuous coring,
geophysical logging, physical testing of sediment samples, and the
construction of five permanent observation wells at the two sites.
Drilling operations began in October 1986 and were completed in August
1987 (Logan, 1987). Prior to work on Phase II, additional funds were

allocated to complete all of the wells at cluster sites C-2 and C-6.

SCOPE OF WORK FOR PHASE I1I

Phase II of the project consisted of continuous coring, geophysical
logging, physical testing of sediment samples, and the construction of
four permanent observation wells at sites C-3 and C-5. Three additional
wells were completed at C-2 and five more were constructed at C-6, for a
total of twelve wells completed during Phase II. Drilling operations
began in January 1988 and were completed in June 1988. 1In addition,
automatic digital recorders (ADR's) and a permanent chain-link fence were

installed at sites C-2 and C-6.

METHODOLOGY

Geologic data were obtained by continuously coring one exploratory
well at each cluster site from land surface through the Coastal Plain
sediments and into the crystalline basement. The core samples were
described in the field by SCWRC geologists (Appendices A and B). Cores

were wrapped in plastic, labeled in 5-foot intervals, and placed on a



polyvinyl chloride (PVC) tray. The tray was then inserted i;to a 5-foot
section of SCH-40 PVC and capped on both ends. The exploratory well at
site C-3 (AIK-826) was cored to a depth of 541 ft (feet) and the well at
gsite C-5 (BRN-357) was cored to a depth of 1,084.5 ft. After coring
operations were completed, the borings were geophysically logged by
SCWRC. The logs obtained include: naturel gamma-ray; single-point
resistance; long- and short-normal resistivity; lateral resistivity;
spontaneous-potential; and caliper. From examination of the geologic
samples and geophysical logs and consultation with geologists from SRP,
the aquifers were identified and the appropriate zones for screening were
determined. In addition, tentative formation contacts were selected.
These contacts will be considered tentative until age dates have been
determined by paleontological studies. The borings were then reamed to 12
1/4 inches, and 6-inch galvanized steel casing was set and pressure
grouted from 10 ft above the top of the screen setting to land surface.
After allowing the grout to set, &8 5 5/8-inch hole was drilled to a depth
of 25 ft below the bottom of the 6-inch casing. A 10-foot section of
4-inch screen equipped with 5 ft of blank-pipe sump and 35 ft of overlap
pipe was installed in the bore hole. The top of the overlap pipe was
fitted with a neoprene packer to isolate the screened zone. Typical
well-construction design is shown in Figure 2. Wells completed in Phase I
and Phase II of the project asre all natural-filter designed. This means
that a screen size is selected so that most of the material smaller than
the screen openings will be removed during development, leaving only the
coarser particles. A zone of higher hydraulic conductivity and porosity

is thereby created around the well screen. Wire-wound 4-inch well screemns
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with 0.010-inch openings were used in all 12 wells. Wells greater than
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300 ft in depth were constructed with standard threaded and coupled
Schedule 40 galvanized steel casing and stainless-steel screens. Wells
less than 300 ft in depth were constructed with threaded~joint PVC casing

and screens. Construction details for each well are given in the Table.

After the screens were installed, the wells were developed by
alternately surging and pumping with air. Development continued until a

clear, sand-free discharge was obtained.
CLUSTER SITE C-2

Cluster site C-2 is located about 5 miles west northwest of the town
of New Ellenton, S.C., and 15 miles northwest of the center of SRP (Fig.
3). The land surface elevation is approximately 420 ft m.s.l. Two wells
(AIK-817 and AIK-818) were installed in the cluster as a part of Phase I
activities, and three additional wells were added in Phase II. The well

layout for cluster C-2 is shown in Figure 4.

The three additional wells drilled in Phase II are wells AIK-823,
AIK-824, and AIK-825. AIK-823 was drilled to a total depth of 168 f¢t
(+247 £t m.s.1.) and screened in the Congaree Formation between 153 and
163 ft (+262 to +252 ft m.s.1.). This well did not yield water. AIK-824
was drilled to & total depth of 365 ft (+55 ft m.s.1.) and screened in the
Black Creek Formation between 350 and 360 ft (+70 to +60 ft m.s.l.). The
last well (AIK-825) was drilled to a total depth of 230 ft (+190 ft
m.s.1.) and screened in the Peedee Formation between 216 and 226 ft (+204

to +194 ft m.s.1.). The screened zones and water levels obtained at



Table. Well cluster construction data.
1 1
Veit Lo tituse Deoth Screened Casng Screen \“'.:‘;':' Qevation of | Develooment
Nuroer Longrtude Dnlled Intervai Type Type Date Land Surtace | Tme (Hours)
Cluster Site C-2 .
4° Stomniess
Alx-a17 I 26 16 581 320 - 330 §° SCH-40 Steel 010 238.10 420 ¢
81 46 14 Galv. Steet slot 10-25-488
4° Stomiess
AlK-818 33 26 6 429 40 - 420 6 SCH-40 Steer 010 240.70 420 6
a1 46 6 Golv. Steel Slot 10-25-4d8
AlX-823 33 26 13 168 133 - 163 6° SCH-40 4 PVC Dry 413 0
g1 46 17 pPvC Mo Slot 10-25-48
4° Stoamiess
AlK-824 33 26 16 363 3%0 - 360 6° SCH-«0 Steel 010 239.83 420 4
81 46 17 Galv. Steet Slot 10-25-48
AlK-d23 33 26 16 £30 216 - 226 6* SCH-«0 4° PVC 24033 420 4
Bl 46 .6 PVC $10 Slot 10-25-48
Cluster Site C-3
4° Stomniess
AlK-826 33 32 30 s41 485 — 495 6° SCH-40 Steel #10 272.01 295 7
61 29 03 Golv, Steel Slot 10-25-38
Cluster Site C-5
BRN-357 33 19 14 L084.5 None 6° SCH-40 None None 263 Abandoned
g1 24 28 Galv. Steel and Cemented
4° Stamiess
BRN-338 3319 16 847 832 - 842 6 SCH-40 Steel 910 208.58 265 3R
81 24 28 Galv. Steel Slot 10-25-48
BRN-339 33 19 16 220 199 - 209 6° SCH-40 4* PVC 212.08 263 30
81 24 28 PvC 810 Slot 10-25-38
BRN-360 3319 15 139 125 - 134 6° SCH-40 4° PVC 238.06 265 -]
81 24 28 PVC a0 Slot 10-25-38
Cluster Site C-6
4° Staniess
BRN-349 33 10 42 1383 1030 - 1040 | 6° SCH-40 Stesi W10 180.18 208 a
g1 18 S5 Galv, Steel Slot 10-25-488
BRN-330 33 10 43 170 158 - 163 6° SCH-40 4° PVC 171.31 205 8
g8l 18 Se pPveC 810 Slot 10-25-88
BRN~-3I31 33 10 43 93 g0 - % 6* SCH-40 4° PVC 171.97 203 6
a1l 18 53 pvC #0 Slot 10-25-388
BRN-332 33 10 44 293 278 - 288 6° SCH-«0 4° PVC 160.10 203 3
81 18 33 pvC Mo Stot 10-25-88
4° Stamd
BRN-133 33 10 43 390 s73 - 583 | 6° SCH-«0 Stoet 10 168.47 203 .
81 18 3¢ Galv. Steel stot 10-25-88
4° Stamiess
BRN-334 33 10 44 413 396 - 406 6* SCH-&0 Staet #10 199.97 203 4
g1 18 34 Galv. Steel Slot 10-25-88
4° Stomnl
BRN-333 33 10 44 m 686 - 696 | 6° SCH-40 Stoel 810 167.99 205 14
gt 18 33 Galv. Steel Slot 10-25-88
4° Stamniess
BRN=-336 23 10 43 929 914 - 924 6* SCH-40 Steel %10 189.88 203 13
a1 18 36 Galv. Steel Slot 10-25-48
L Al depth asasUrerents in feet below land surface.
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Figure 4.

Well cluster C-2 layout.



cluster site C-2 are presented in Figure 5 and again in the Table. Inm
addition, ADR's have been installed on the two Phase I wells, and the
entire site has been fenced with 6-ft high industrial 9-gage chain-link
fence with & 20-foot gate. For additional information, including a
deteiled lithologic log and geophysical logs for cluster site C-2, refer

to Logan's 1987 Phase I report.
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Figure 5. Vertical head relationship for wells at cluster c-2.
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CLUSTER SITE C-3

Cluster site C-3 is located about 15 miles east of the city of Aiken,
S.C., and within Aiken State Park (Fig. 6). The land elevation is
approximately 295 ft n.e.1. Well AIK-826 was installed in the cluster as

a part of Phase II activities. The well layout for cluster C-3 is shown

in Figure 7.

The exploratory boring (AIK-826) was continuously cored to & depth of
541 ft below land surface (-246 ft m.s.1.). The lithologic column is
shown in Figure 8. A detailed lithologic log for AIK-826 is presented in
Appendix A. Geophysical logs are presented in Pocket A. Saprolite was
encountered at a depth of 520 ft below 1and surface (-225 ft m.s.1l.) and
unveathered crystalline rock at & depth of 530 ft (-235 ft m.g.1.). On
the basis of data from the deep boring, the screen zone was selected
between depths of 485 and 495 ft below land surface (-188 to -198 ft
m.s.1.) to best correlate with the deep (Middendorf) monitoring wells at

SRP. Complete construction details and the water level measurement are

given in the Table and Figure 9.

11
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CLUSTER SITE C-5

The C-5 cluster site is located about 6 miles northwest of the town of
Barnwell, S.C., and 15 miles east of the center of SRP (Fig. 10). The
1and surface elevation is approximately 265 ft m.s.1. A totael of three
wells were installed in the cluster as part of Phase II activities. The

well layout for cluster C-5 is shown in Figure 11.

The exploratory boring (BRN-357) was continuously cored to a total
depth of 1,084.5 ft below 1and surface (-819.5 ft m.s.1.). Saprolite was
encountered at a depth of 1,031 ft (-776 ft m.s.1.) and unweathered
crystalline rock at a depth of 1,064 £t (-799 ft m.s.1.). The lithologic
column is presented in Figure 12. A detailed lithologic log for BRN-357
is presented in Appendix B and the geophysical logs in Pocket B. Because
of difficulties encountered in the removal of temporary casing the
exploratory boring (BRN-357) had to be abandoned and plugged with cement.
As a result, an offset well (BRN-358) was installed to a depth of 847 ft
below the land surface (-582 ft m.s.1.). After examining the lithologic
and geophysical logs and consulting with geologists at SRP, the screen
zone was chosen between 832 end 842 ft below land surface (-567 and -577
ft m.s.1.). This zone correlates with the "bottom lower Tuscaloosa" of
SRP (Middendorf), the deepest zone of the monitoring wells in the
cluster-well program. The sediments below the Tuscaloosa are too
impermeable at SRP for the instellation of a monitoring well. This zone
is probably the Cape Fear Formation. Because of the presence gf & high
permeability zone within the Cape Fear Formation downdip from SRP, it will

be screened as a part of Phase III. After examining the data from

16
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BRN-357, the screen zones for the two shallowest wells in th; cluster were
chosen. Well construction data for these wells are given in the Table.
The screen zones for wells BRN-359 and BRN-360 were chosen to be 199 to
209 ft and 125 to 135 ft below lend surface, respectively (+76 to +66 ft

and +140 to +130 ft m.s.1.). Water levels in the three wells are shown in

Figure 13.
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Figure 13. Vertical head relationship for wells at cluster C-5.
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CLUSTER SITE C-6

The C-6 cluster site is ljocated about 5 miles southeast of the town of
Barnwell, S.C., and 19 miles east-southeast of the center of SRP (Fig.
14). The land surface elevation is approximately 205 ft m.s.1. A total
of three wells (BRN-349, BRN-350, AND BRN-351) were installed in the
cluster as part of Phase I activities, and five additional wells were

installed in Phase II. The well layout for cluster C-6 is shown in Figure

15.

The five additional wells drilled in Phase II are BRN-352, BRN-353,
BRN-354, BRN-355, and BRN-356. The first Phase II well (BRN-352) was
drilled to a total depth of 295 ft (-90 ft m.s.1.) and screened in the
Congaree Formation between 278 and 288 ft (-73 to -83 ft m.s.1.). BRN-353
was drilled to a total depth of 590 ft (-385 £t m.s.1.) and screened in
the Peedee Formation between 573 and 583 ft (-368 to -378 ft m.8.1.).
BRN-524 was drilled to a total depth of 415 ft (-210 ft m.s.1.) and
screened in the Black Mingo Formation between 396 and 406 ft (-191 to -201
ft m.s.1.). BRN-355 was drilled to & total depth of 701 ft (-495 m.s.1.)
and screened in the Black Creek Formation between 686 and 696 ft (-481 to
-491 ft m.s.1.). The last Phase II well (BRN-356) was drilled to & total
depth of 929 ft (-724 £t m.s.1.) and screened in the Middendorf Formation
between 914 and 924 ft (-709 to -719 ft m.s.1.). Well construction date
and water level measurements are presented in the Table and Figure 16. In
addition, a detailed iithologic log and the geophysical logs for cluster
gite C-6 are presented in Logan's 1987 Phase I report. ADR's have been

installed on the three Phase I wells, and the entire site has been fenced

21
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with 6-ft high industrial 9-gage chain-link fence with a 20-foot gate.

Finally, red cedar seedlings were planted along the perimeter of the

compound.

SUMMARY

Phase II of the "Geohydrologic Investigation and Establishment of a
Permanent Multi-Observational Well Network in Aiken, Allendale, and
Barnwell Counties, South Carolina" project saw the completion of cluﬁter
sites C-2 and C-6 as well as the initial coring phase of sites C-3 and
C-5. The first well at site C-5 was continuously cored to a depth of
1084.5 feet with a total recovery of 72 percent. Additional coring in an
offset well brought recovery up to 78 percent, reasonably good recovery in

unconsolidated deposits. Following completion of the core hole, three

additional observation wells were completed at the site.

The first well at site C-3 was continuously cored to a depth of 541
feet with a total recovery of 72 percent. Here again, recovery was
somewhat low but is reasonable in the unconsolidated sediments. No
additional observation wells have been drilled at gite C-3 to date. The
analytical program for Phase II began in the field with detailed
lithologic descriptions of the cores by SCWRC geologists. Further
analyses of the cores in the SCWRC geology laboratory will include
detailed megascopic and microscopic descriptions, core photography, sieve
analyses and insoluble-residue analyses. In addition, the cley fractions

from selected intervals will be analyzed by X-ray diffraction.

25
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A team of outside consultants has been selected to proviée additional
analytical expertise. These consultants were selected on the basis of
their experience and their performance with the Savannah River
Laboratories so that quality and consistency in the interpretation of the
data are assured. The analyses provided by these consultants will imnclude
marine macrofossil and microfossil age dating as well as nonmarine age
dating by pollen and spores. Further isotopic sge dating will be done on
pore water and authigenic glauconite grains. Petrographic analyses of
thin sections from selected units will be made, and the clay fraction from
various aquifers and confining units will be X-rayed to determine the clay
constituents. Finally, chemical analyses of water samples from the
various aquifers will be made by both the SCWRC water laboratory and

outside analysts to determine water type and quality.

The culmination of this in-depth analytical program, coupled with data.
compiled on SRP by Savennah River Laboratory geologists and hydrologists,
will be the most comprehensive and detailed regional subsurface database
in the State. This database will in turn give us the necessary tools to
further define the complex regional stratigraphy and allow for a full
assessment of the water quality, movement, and availability in the region.

Phase III of the project is a cooperative effort between the SCWRC and
the microbiologists of the Savannah River Laboratories' "Deep Probe"
project. This phase is already under way with the coring of two deep
wells at site C-10 near Allendale, S.C., (Fig. 1). During the coring of
these wells the microbiologists from the Savannah River Laboratories
worked jointly with the SCWRC geologists in developing and applying

techniques to collect uncontaminated subsurface samples for

26



microbiological analyses. Preliminary detection analyses ;f tracers adde
to the drilling fluids have yielded very encouraging results, making thig
Project an extremely important step forward in the newly developing field
of subsurface microbiology. The second hole on the site is currently
being completed in the Cape Fear Formation, making it the first well in
the State to be completed in that formation, and thus yielding useful
water date for that aquifer. The first well at the site is projected to
be screened in either the lower Middendorf aquifer or the Black Creek
equifer. Thus, the two Phase III wells at site C-10 are another crucial
step toward reaching the overall objective of gathering high-quality
subsurface data so that the hydrogeology of the region can be more fully

evaluated.
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