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ABSTRACT

The potentiometric surface of the Middendorf aquifer for November 1996 shows that the generally
southeastward ground-water flow is affected by two potentiomentric lows. These two cones of depression have
developed because of ground-water pumping in the Florence-Hemingway area and around Mount Pleasant.

Comparing the November 1996 data with historical data shows that water levels near the outcrop
areas of this aquifer have not changed significantly. In areas influenced by pumping, water levels have
declined 47 to 257 feet during various periods of record.

INTRODUCTION

The Middendorf aquifer is the source of water for many public, industrial, and agricultural supplies in
much of the Coastal Plain of South Carolina. This important water resource is monitored by regularly
measuring the static water levels in wells. The potentiometric surface of an aquifer is defined by the elevations
at which water stands in tightly cased wells completed in the aquifer. This map of the potentiometric surface of
the aquifer was prepared by the Land, Water and Conservation Division of the South Carolina Department of
Natural Resources (SCDNR-LWCD), using data collected during late 1996. For selected wells, trends in the
ground-water levels are shown by hydrographs.

METHOD OF INVESTIGATION

Boundaries of the Middendorf aquifer used in this investigation are those defined by Aucott, Davis,
and Speiran (1987), who delineated the aquifer on the basis of geologic data (primarily geophysical well logs),
water-level data, water-chemistry data, and previous investigations. They acknowledged that the complex
deposition of sediments in the Coastal Plain makes aquifer delineation somewhat problematic. This aquifer has
been studied extensively by Cooke (1936), Siple (1957), Colquhoun and others (1983), Renken (1984), Aucott
and Speiran (1985a, and 1985b), Stringfield and Campbell (1993), and Aucott (1996).

The potentiometric map presented here was constructed by using water levels measured in 97 wells
from October to December 1996, and supplemented by data from April 1997 (FLO-274) and September 1997
(BFT-10 and 11) (see table). Wells used by Aucott and Speiran (1985a) and Stringfield and Campbell (1993)
were used in this study, where possible, to facilitate comparison of the potentiometric maps of this aquifer
made in 1982, 1989, and 1996. Data from additional wells also were used.

The hydrographs were constructed from data collected by SCDNR-LWCD and U.S. Geological
Survey personnel. Where continuous records are available, lowest monthly water levels were plotted.

GEOHYDROLOGIC FRAMEWORK

The Coastal Plain formations of South Carolina compose a wedge of sediments that thickens from
about 0 ft (feet) at the Fall Line to more than 4,000 ft at Hilton Head Island on the coast. These sediments
consist of sand, clay, and limestone of late Cretaceous and younger ages that were deposited on a pre-
Cretaceous basement complex of metamorphic, igneous, and consolidated sedimentary rocks.

The Middendorf Formation lies between the Black Creek Formation and the Cape Fear Formation,
the oldest of the Cretaceous formations in the region. The Middendorf aquifer is composed mostly of
permeable sediments of the Middendorf Formation (hence its name), but locally it may include sediments from
underlying or overlying formations. In the updip areas, the aquifer is composed of sand interbedded with clay
lenses deposited in an upper delta plain environment. Toward the coast, the aquifer is composed of thin- to
thick-bedded sand and clay that was deposited in marginal marine or lower delta plain environments. In
general, the Middendorf aquifer has coarser sand and less clay in the western part of the Coastal Plain than in
the eastern part.

The Middendorf crops out along the Fall Line from Chesterfield County to Edgefield County, except
for some areas in Aiken County where it not exposed. Its outcrop is narrowest in southwestern Edgefield
County -and widest 'in ‘Chesterficld County. The aquifer dips southeastward in the updip region near the Fall
Line; however, the dip is to the south along the coast. The top of the aquifer is at elevation 100, -700, and -

1,700 ft msl (referenced to mean sea level) at Aiken, Little River, and Charleston, respectively. Thickness
ranges from O at the Fall Line to more than 300 ft in Dorchester County.

GROUND-WATER FLOW SYSTEM

The potentiometric surface of the Middendorf aquifer generally declines toward the coast and defines
a southeastward regional ground-water flow. In southwestern Lexington and northern Richland Counties,
water levels are the highest, exceeding 350 ft msl. In areas where the aquifer crops out, it is recharged by
rainfall. In the upper part of the Coastal Plain where stream valleys are incised into the aquifer, it is drained by
those streams. This is shown by the convex curving of contour lines upstream near the Great Pee Dee,
Congaree, Wateree, and Savannah Rivers. In the lower part of the Coastal Plain, the aquifer discharges into
overlying aquifers or through pumping wells.

Dimpling this surface are cones of depression resulting from ground-water withdrawal. The
potentiometric surface has been affected by pumping in Berkeley, Charleston, Colleton, Dorchester, Florence,
Sumter, and Williamsburg Counties. Mount Pleasant has the lowest point on the potentiometric map, with a
water level below -130 ft msl.

HISTORICAL TRENDS

Potentiometric levels of the Middendorf aquifer have been observed since 1917 (Cooke, 1936).
Aucott and Speiran estimated the potentiometric levels before development (1985b). When they compared
their predevelopment surface map with that of November 1982, they noted declines in Berkeley, Charleston,
Darlington, Dillon, Dorchester, Florence, Georgetown, Horry, Kershaw, Lexington, Marion, Orangeburg,
Sumter, and Williamsburg Counties (Aucott and Speiran, 1985a). Stringfield and Campbell (1993) prepared a
potentiometric surface map for November 1989. They also observed continued declines between November
1982 and November 1989 in Berkeley, Charleston, Dorchester, Kershaw, and Williamsburg Counties. The
historical water levels of several wells discussed below (denoted by *) are represented in the assembly of
hydrographs.

The 1996 data indicate little change in the potentiometric surface near much of the outcrop area in
recent years. A comparison of the 1996 surface with the predevelopment surface indicates that little change
has occurred in water levels in Chesterfield, Kershaw, Lee, Marlboro, and northern Richland Counties. In
Chesterfield County (CTF-46) water levels were 113 ft msl in September 1972 (Aucott and Speiran, 1984) and
117 tt msl in November 1982, November 1989, and November 1996. No change in water level was noted in
eastern Kershaw County (KER-82) in 1982, 1989, and 1996. Water levels in Marlboro County (MLB-112%)
have remained stable since 1972, averaging 131 ft msl with seasonal fluctuations of 3 ft. On the LEE-23*
hydrograph, water levels also have changed little, ranging from 188 to 195 ft msl for the period of record.
Sparse data suggest that little decline has occurred in northern Richland County.

Water levels in central Dillon County appear to have declined from predevelopment levels. Near
Dillon, water levels were at 115 ft msl in 1917 (DIL-1) (Cooke, 1936) and 69 ft msl in 1996 (DIL-121). In
DIL-70, a decline of 20 ft occurred between 1982 and 1996, but in DIL-79*, located in the eastern part of the
county, water levels have changed little since 1982.

Potentiometric contours in Aiken County and western Barnwell County show ground-water flow
toward the Savannah River in the Middendort aquifer. This is consistent with previous investigations (Aadland
and others, 1995; Aucott and Speran, 1985a and b; Clarke and West, 1997; Siple, 1967; Stringfield and
Campbell, 1993). Aadland and others (1995) suggested that the Cretaceous-age sediments in this area
constitute a single aquifer system and that there is discharge from this aquifer to the Savannah River. Pumping
also is influencing the potentiometric surface of the aquifer, since an estimated 10 mgd (million gallons per
day) of water is pumped from the Middendorf aquifer in Aiken and Barnwell Counties and adjacent counties in
Georgia. Clark and West (1997) indicated that water levels in ATK-817* may respond to both precipitation
and pumping. Other wells in this area, such as AIK-430%, may be similarly effected. The extent to which
pumping affects water levels is not evident from the 1996 data, owing to the effect of natural discharge to the
Savannah River.

In eastern Barnwell County, where the Middendorf is well confined (Aadland and others, 1993), the
direction of ground-water flow is to the south or southeast. Wells are more likely to be affected by pumping,
and less by precipitation, than those to the west (BRN-349%) (Clark and West, 1997).

Where the potentiometric contours point upstream, such as along much of the Congaree and Wateree
Rivers, these rivers gain water from the Middendorf aquifer where it forms their beds or banks. In addition,
water levels are influenced by industrial pumping exceeding 1.3 mgd in northwestern Calhoun County along
the Congaree River and 2.2 mgd in Richland County along the Wateree River (1996 water use data, South
Carolina Department of Health and Environmental Control). The extent of pumping effects is not well defined,
owing to sparse data.

The cone of depression has expanded in northern Florence County compared to 1989 (Curley, 1990,
Stringfield and Campbell, 1993) and 1992 (Rodriguez, Newcome, and Wachob, 1994). In FLO-146, water
levels were -35 and -70 ft msl in 1982 and 1996, respectively. Water levels also have declined in FLO-209,
from -40 ft msl in 1989 to -74 in 1996. Predevelopment water levels in the Florence area were above 100 ft
msl but have declined more than 170 ft.

Water levels in eastern Florence County (FLO-128%) declined from 61 ft msl in 1959 (Aucott and
Speiran, 1984) to a low of 1 ft msl in August 1993; then they recovered somewhat and fluctuated between 20
and 7 ft msl from October 1993 to December 1996. In western Florence County, water levels are less affected
by pumping. Cooke (1936) reported a water level elevation of 131 ft msl for a well near Timmonsville in
1917. Water levels in FLO-85%, also located near Timmonsville, average 124 ft msl for the period of record
and range from 131 to 120 ft msl. Apart from seasonal variations, there is an overall decline of 0.2 ft per year.

The cone of depression centered at Mount Pleasant in Charleston County has deepened since 1989.
At CHN-167, the water level was —132 ft msl in November 1996. The water level was -10 ft msl in CHN-185
in 1989 (Stringfield and Campbell, 1993). Predevelopment water levels near Mount Pleasant were above 125
ft msl in 1971 and measured 118 ft msl as recently as 1975 (Aucott and Speiran, 1984). The potentiometric
surface in this area has declined by more than 257 feet, for a rate of about 10 ft/yr. Elsewhere in Charleston
County, water levels in wells CHN-2, CHN-183, and CHN-186 have declined from 1989 to 1996 by 48, 60,
and 69 ft at rates of 7, 9, and 10 ft/yr, respectively. Water levels in CHN-14* show a sharp decline of more
than 59 ft since early 1991, with some seasonal variations.

The cone of depression present at Summerville in November 1989 was absent in November 1996.
The city of Summerville used an average of 4.3 million gallons per day in the late 1980's from surface water
sources and five wells open to the Middendorf aquifer (Newcome, 1990). In 1994, Summerville began
receiving water from Lake Moultrie (Newcome, 1995), and discontinued use of the wells. The effects of
Summerville’s pumping changes are seen in the hydrograph for BRK-431*. In 1983, the water level was
above 65 ft msl in this well. Water levels declined from 1989 until January 1995 and recovered to 39 ft msl by
November 1996. Water levels in DOR-206 and DOR-221 recovered 53 and 39 ft, respectively, between 1989
and 1996 . Pumping continued until late 1994, and recovery probably exceeds that reported for DOR-206 and
DOR-221.

A cone of depression is centered at Hemingway, in eastern Williamsburg County. The water level in
1970 was 54 ft msl in WIL-37 (Aucott and Speiran, 1984), but it declined 89 ft (3.4 ft/yr) by 1996.
Public-supply and industrial pumpage in western Williamsburg County totals more than 2.6 mgd, part of which
is obtained from the Middendorf aquifer, and it is likely that the potentiometric surface has declined in this
area.

- Water levels also are declining in the Middendorf aquifer at Walterboro. Data from COL-50 indicate

a 1996 water-level elevation of 103 ft msl. Previous investigations noted water levels of 126 and 136 ft msl in
1989 and 1982, respectively. In 1980, a water level of 150 ft msl was measured in a well north of Walterboro
(Aucott and Speiran, 1985b). These data suggest that a decline of about 47 ft may have occurred in this area
since 1980.

A cone of depression in Sumter County is a result of pumping in and around the city of Sumter.
Average ground-water pumpage in 1994 exceeded 12 million gallons per day for the city and nearby Shaw Air
Force Base, located about 7 miles to the northwest (Newcome, 1995). In 1996, the pumpage neared 15 mgd
(South Carolina Department of Health and Environmental Control). Although the proportion of these supplies
that is withdrawn from the Middendorf aquifer is not known, and water-level data are sparse, it is apparent that
a cone of depression is centered at the city of Sumter.

The scarcity of data makes conclusions problematic in Horry and Georgetown Counties, Lake Marion
and vicinity, and Hampton County. In Horry and Georgetown Counties, the only two data points available
from 1996 are near Little River; however, the Middendorf aquifer is not used there as a source of water supply.
BRW-18635 (Brunswick County, N.C.) had a minimum water level of 52 ft msl in 1996 and, reportedly, 70 ft
msl in 1992, The water level in HOR-315 was reported at 5, -17 and -5 ft msl, for 1982, 1989, and 1996,
respectively. Records indicate that this well has two screened intervals, and one may be in the Middendorf
aquifer; however, the upper section is open to the Black Creek aquifer. Therefore, the water levels in this well
are more likely to reflect pumping from the Black Creek rather than Middendorf. Well GEO-88, south of
Georgetown, believed to be open to the Middendorf, had a water level of 84 ft msl in 1992.  Located in
Myrtle Beach, HOR-973 is a multiscreened well, open to both the Middendorf and Cape Fear aquifers, that had
a water level of 103 ft msl in 1992. During its construction in 1988, the use of weighted mud was necessary
below the Black Creek aquifer to prevent flowing. Previous investigations have proposed a cone of depression
in coastal Horry and Georgetown Counties. In light of the recently observed heads at wells BRW-1865, GEO-
88, and HOR-973 and the absence of known withdrawals from the Middendorf aquifer in this region, no such
cone is shown on the 1996 map.
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Little information is available in the Lake Marion vicinity. To the west, ORG-79 had a water level
above 180 ft msl in 1964 (predevelopment) and at 170 ft msl in 1996. Water levels near Orangeburg were at
about 175 ft msl in 1942 and 1989, and levels seem to be declining slowly. In Clarendon County, CLA-3 and
CLA-20 both were megsured at 93 ft msl in 1996. Between 1982 and 1989, these wells declined about 10 ft,
but no change occurred between 1989 and 1996. Southeast of Lake Marion, water levels have been more
active, as noted previously. The potentiometric contours in this region, therefore, are interpolated among these
few data points.

Southern South Carolina also has few Middendorf observation wells. ALL-347 and JAS-426 have
been added to the ngwork in this area in recent years and indicate that ground water probably flows
southeastward between these wells. Near Beaufort, BFT-10 and BFT -11 had water levels of 150 and 135 ft
msl, respectively, in 1996. The discrepancy between the two wells may be a result of the difference in well
construction (BFT-10 i screened in a deeper zone) or proximity to pumping on Fripp Island (BFT-11 is nearer
Fripp Island). Wells BFT-454 (open to both the Middendorf and Cape Fear aquifers) and BFT-2055 (open
only to the Cape Fear)jon Hilton Head Island both had water levels at 168 ft msl in 1996. In view of these
data, the 150-ft potentiometric contour is drawn near Beaufort. This would indicate that ground-water flow
becomes easterly or noftheasterly in Jasper and Beaufort Counties.

SUMMARY AND CONCLUSIONS

The potentiorpietric map for the Middendorf aquifer, constructed by using water-level data from 97
wells measured during late 1996, shows that the generally southeastward ground-water flow is affected by
several potentiometric fows. These potentiometric lows have developed because of ground-water purmping
around Florence, Hemipgway, and Mount Pleasant.

Historical data show that water levels are stable nearest the aquifer’s outcrop area, however,
fluctuations have occurred in areas influenced by pumping. The greatest water level change has occurred at
Mount Pleasant, where water levels have declined nearly 260 ft from the estimated predevelopment level.
Water-level declines also have been recorded at Florence, Hemingway, and Walterboro. Following a period of
decline at Summervillg, water levels have recovered at least 53 ft as a result of discontinuing the use of
Middendorf wells. |
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Water-level elevations in wells completed in the Middendorf
aquifer in South Carolina, November 1996

Well
Number

AIK-582
AIK-643
AIK-817
AIK-818
AIK-826
AIK-863
ATK-864
AIK-865
AIK-866
AIK-902
ATK-2380
ALL-347
ALL-358
BRN-78
BRN-303
BRN-308
BRN-327
BRN-330
BRN-333
BRN-349
BRN-356
BRIN-358
BRN-370
BRN-382
BRN-383
BRN-384
BRN-385
BRN-423
BRN-438
BFT-10
BFT-11
BFT-0454 (1)
BFT-2055 (2)
BRK-245
BRK-431
BRK-444
BRW-1865 (3
CAL-27
CAL-115
CHN-2
CHN-14
CHN-167
CHN-174
CHN-183
CHN-186
CHN-187
CHN-219
CHN-604
CHN-633
CTF-46
CLA-3
CLA-20
COL-50
DAR-69
DAR-81
DAR-82
DAR-103
DAR-228
DIL-70
DIL-79
DIL-90
DIL-121
DOR-206
DOR-221
FLO-128
FLO-146
FLO-153
FLO-179
FLO-209
FLO-274
GEO-88 (4)
HOR-315
HOR-973 (5)
JAS-426
KER-82
KER-87
LEE-23
LEE-75
LEX-180
LEX-181
MRN-68
MLB-27
MLB-31
MLB-39
MLB-110
MLB-112
MLB-131
MLB-136
ORG-73
ORG-3§7
ORG-389
RIC-175
RIC-293
RIC-543
RIC-585
SUM-119
SUM-151
SUM-230
SUM-161
WIL-37
WIL-176

Grid
Number

38X-nl0
38W-nl
40V-s2
40V-53
36U-01
40Y-k6
39X-k25
39X-n62
39W-w2
40W-q1
40W-q4
35AA-q2
37283
36W-jl
38Y-bl
38X-i2
37Y-0d
38Y-m3
38Z-13
34Y-x1
34Y-x8
35X-e2
38X-nS6
37W-ul
37Y-13
39Y-u3
37Y-17
38Y-03
39X-ub
271T-cl
271-s2
27KK-d1
27KK-r14
18W-b1
19Y-w2
18AA-ed
2Q-j6
30R42
30R-g2
18CC-rl
18DD-k3
17DD-g7
20GG-el
16CC-k1
20FF-v1
16DD-m2
15DD-f1
16DD-j1
16DD-y3
17H-m!
218-r2
218-m1
26CC-d2
17L-i3
171-v2
20K-s3
20J-ul
17J-m1l
113-f1
9K-ud
117-k3
10L-cl
21AA-r2
20BB-o4
13M-p3
16M-wl
18N-i2
17M-l1
16M-h2
16Q-s1
10X-v1
2Q-m3
55-f1
30FF-12
220-y7
24K-pl
21M-bt
21M-k1
34R-tl
33R-y1
13M-al
13[-h1
13G-w1
14[-y2
15J-d2
15H-12
14G-11
17G-j4
2Vl
31W-52
I1W-sd
29N-ml
29Q-n1
27Q-ml
29P-td
22P-y2
248-d1
248-d2
22Q-e2
125-c1
128-hl

Latitude, in
degrecs, minutes,
and seconds

331705
332240
332615
332615
333232
331252
331729
331712
332016
332110
332110
330130
330648
332358
331445
331834
331208
331246
330842
331042
331043
331916
331708
332040
331128
331057
331347
331239
331510
321947
322109
321455
321128
332424
331020
330424
335333
334836
334840
325121
324730
324827
323451
325233
323602
324713
324822
324812
324553
343711
334149
334159
325443
341835
343034
342113
342557
342730
342823
342042
342752
341943
330151
325737
341144
341011
340813
341154
341311
335122
331508
335230
334317
323705
342511
342107
341405
341406
334608
334608
341447
343348
344008
343024
342935
343715
344212
344310
FE2445
332148
332145
340800
335249
335229
335656
335504
334406
334417
335458
334451
334353

Longitude, in
degrees, minutes,
and seconds

813859
813820
814612
814612
812908
814532
814029
814320
814231
814835
814835
812303
813021
812520
813657
813625
813341
813727
813628
811852
811856
812424
BI13E06
813001
813048
814043
813431
813927
814021
304228
804125
804353
804215
795602
200219
7195935
783520
805453
805858
795741
795553
795332
800937
794555
800623
794718
754402
794517
795000
795244
801218
801249
803852
795136
795119
800701
800543
795248
792405
791006
792005
791702
801221
800948
793449
794718
795619
795059
794718
794600
791624
783710
785410
805944
801930
802918
801103
801104
811523
811523
793001
793207
793236
793926
794310
794115
793626
795017
HUSUS3
810156
810159
805215
805342
804210
805027
801517
802816
802811
801927
792706
792744

1 Well is open 1o both the Middendorf and Cape Fear aquifers
2 Wellin open to the Cape Fear aquifer
3 Wellis located in North Carolina

o

Well was not measured in November 1996; see text
Well is open to both the Middendorf and Cape Fear aquifers; see text

Water level elevation
above or below (-)
mean sea level, in feet

180
220.6
238.1
240.0
275.9

149
176.6
170.%
205.2
168.3
168.1
192.3
190.0

233
182.8
191.9
185.6
181.0
183.2
199.0
197.8
214.1
1825
2183
190.8
170.8
186.8
1722
1742

150

135
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 XPLANATION

POTENTIOMETRIC CONTOUR shows elevation
at which water would have stood in tightly
cased wells. Dashed where approximated.

Hachures indicate depressions. Contour
interval is 20 feet. Datum is mean sea level,
CONTROL POINT — Well in which water level or

artesian pressure was measured in November
1995.
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