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POTENTIOMETRIC SURFACE OF THE FLORIDAN AQUIFER AND TERTIARY SAND AQUIFER
IN SOUTH CAROLINA

NOVEMBER 2004

By

Brenda L. Hockensmith

ABSTRACT

The potentiometric surface of the Floridan aquifer and its updip clastic equivalent, the Tertiary sand aquifer, shows
a generally southeastward ground-water flow affected by several potentiometric depressions. These cones of depression have
developed because of ground-water pumping at Summerville, North Charleston, Walterboro, and Eutawville. Water levels in
Jasper and Beaufort Counties continue to be affected by pumping in the Savannah, Ga. area.

Comparing the 2004 data with historical data shows that water levels near the northwest outcrop areas have declined
and near the northeast show inconsistent trends. In areas influenced by pumping, water levels have declined as much as 35 feet

between 1998 and 2004.

INTRODUCTION

The Floridan aquifer and its updip clastic equivalent,
the Tertiary sand aquifer, is the source of water for many
public, industrial, and agricultural supplies in much of
the South Carolina Coastal Plain. This important resource
is monitored by regularly measuring nonpumping water
levels in selected wells. The potentiometric surface of an
aquifer is defined by the elevations at which water stands
in tightly cased wells completed in the aquifer (Neuendorf
and others, 2005). This potentiometric-surface map was
prepared by the Land, Water and Conservation Division of
the South Carolina Department of Natural Resources (DNR),
using data collected during late 2004. Trends in ground-
water levels for selected wells are shown by hydrographs.

METHOD OF INVESTIGATION

The boundaries of the Floridan aquifer and the Tertiary
sand aquifer used in this investigation are those defined by
Aucott and others (1987), who delineated the aquifer on the
basis of geologic data (primarily geophysical logs of wells),
water levels, water chemistry, and previous investigations.
They acknowledged that the complex deposition of sediments
in the Coastal Plain makes aquifer delineation uncertain.
DNR is currently redefining the hydrogeology of the South
Carolina Coastal Plain on the basis of palynological and
hydrogeological data from anetwork of wells and coreholes in
the State (Gellici, 2007a and b). This aquifer has been studied
extensively by Cooke (1936), Siple (1957), Colquhoun and
others (1983), Renken (1984), Aucott and Speiran (1985a,
and 1985b), and Aucott (1996). Regional and local studies
include Siple (1975), Johnson (1978), Hayes (1979), Crouch
and others (1985), Davies and others (1985), Hassen (1985),
Park (1985), Crouch and others (1987), Meadows (1987),
Hughes and others (1989), Logan and Euler (1989), Gawne
(1990), Whiting and Park (1990), Garza and Krause (1992),
Gawne (1994), Aadland and others (1995), Ransom and

White (2000), and Hockensmith (2001b).

The potentiometric map presented here was constructed
by using water levels measured in 244 wells in October
and November 2004 (see table). Water-level measurements
made during that period are representative of median aquifer
conditions, whereas in other periods, such as late winter
or early spring and midsummer, measurements represent
maximum and minimum levels, respectively. Data were
collected by DNR, the U.S. Department of Energy, the
South Carolina Department of Health and Environmental
Control (DHEC), and the U.S. Geological Survey (USGS)
personnel. Wells measured by previous investigators were
used, where possible, to compare 2004 data with historical
potentiometric maps. Corrections for tidally influenced wells
were not made because insufficient data existed. For a few
wells in Beaufort County, monthly mean data for October or
November were used and are noted as such in the table.

The hydrographs were constructed from measurements
by DNR and USGS. Where continuous records were
available, daily mean water levels were plotted to minimize
tidal influence.

GEOHYDROLOGIC FRAMEWORK

The Coastal Plain formations of South Carolina
compose a wedge of sediments that thickens from 0 ft (feet)
at the Fall Line to more than 4,000 ft at Hilton Head Island.
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 Floridan aquifer generally includes the Cooper
Formation, the Ocala Limestone, and the Santee Limestone
(Aucott and others, 1987). These units range from Oligocene
to middle Eocene in age. The updip limit of this aquifer
extends from central Allendale County through northern
Colleton County, central Berkeley County south of Lake
Moultrie, and eastward through southern Georgetown
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County (Aucott and others, 1987, as modified from Miller,
1985).

Locally, three subdivisions of the Floridan aquifer
are recognized; the upper, middle, and lower Floridan.
The upper Floridan corresponds to the highly permeable,
bioclastic limestone of the Ocala Limestone. The middle
Floridan corresponds to the permeable part of the lower
Ocala Limestone and the upper Santee Limestone (Crouch
and others, 1987; Gawne, 1994; Gawne and Park, 1992; and
Ransom and White, 2000). The lower Floridan corresponds
to the lower permeable sections of the Santee Limestone
and the upper part of the Black Mingo Formation (Gawne,
1994).

The Tertiary sand aquifer is divided into upper and lower
units. The upper unit is the sand facies equivalent of the
Floridan aquifer. The updip limit extends from northwestern
Allendale County to Orangeburg and curves eastward into
southern Georgetown County (extended Floridan aquifer).
It is composed of sediments from the Barnwell, McBean,
and Congaree Formations and ranges in age from Early to
Late Eocene. The lower unit consists of clastic sediments of
Early Eocene and Paleocene ages and includes part of the
Black Mingo Formation.

The base of the Floridan dips southeastward and is at
elevation 300, -600, and -1,400 ft msl (referenced to mean
sea level) at Aiken, Walterboro, and Hilton Head Island,
respectively. Thickness ranges from 0 ft at the updip limit to
more than 1,000 ft at Hilton Head Island.

The upper Floridan is the major aquifer of Beaufort,
Jasper, and southern Hampton Counties. The lower Floridan
is a source of ground water for Colleton and northern
Hampton Counties. The middle Floridan is a source of water
supply in north-central Hampton County, and especially for
recent developments in Beaufort County. For the preparation
of this map, water-level data from upper Floridan wells in
Beaufort and Jasper Counties and most of Hampton County
were used. Data from middle and/or lower Floridan wells
were used within the boundary shown for the Floridan
aquifer. Elsewhere, data from wells in the Tertiary sand
aquifer were used.

GROUND-WATER FLOW

The potentiometric surface of the Floridan aquifer dips
generally coastward and defines a southeastward regional
ground-water flow. Water levels in Aiken, Barnwell, and
northern Allendale Counties are not contoured because data
are sparse and commonly represent unconfined-aquifer con-
ditions that are influenced by surface topography. The high-
est water level, 258 ft msl, was noted in Aiken County. In
areas where the aquifer crops out, it is recharged by rain-
fall. In the updip sections, where stream valleys incised the
aquifer, it is drained by those streams. This is shown by the
convex curving of contour lines upstream along the Santee,
Savannah, Salkehatchie, and Little Salkehatchie Rivers, and
the North and South Forks of the Edisto River. In the down-
dip sections, the aquifer discharges into overlying aquifers
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or through pumping wells.

Dimpling this surface are cones of depression caused by
concentrated ground-water withdrawal. The potentiometric
surface has been affected by pumping in Beaufort, Berkeley,
Charleston, Colleton, Dorchester, and Orangeburg Counties.
The greatest impact of ground-water withdrawals is in Jasper
and Beaufort Counties, where water flows toward Savannah.
Potentiometric levels are below -57 ft msl near Savannah
and are the lowest measured in 2004.

HISTORICAL TRENDS

Potentiometric levels of the Floridan aquifer have been
observed since 1916 (Siple, 1975). Aucott and Speiran
estimated predevelopment potentiometric levels (1985b).
When they compared their predevelopment potentiometric
map with that of November 1982, they noted declines
in Barnwell, Beaufort, Berkeley, Charleston, Colleton,
Dorchester, Jasper, and Orangeburg Counties (Aucott and
Speiran, 1985a). The 2004 data show that the potentiometric
surface has continued to decline since 1982 throughout most
of the areal extent of the aquifer.

One of the worst multiyear droughts on record, from
June 1998 through August 2002, caused significant effects
on hydrologic conditions in South Carolina (Kiuchi, 2002).
Historical low flows were recorded in 2001 for numerous
regulated and unregulated streams (Kiuchi, 2004). Many of
the large lakes, originally built for hydroelectric power or
flood control, were at their lowest levels near the end of the
drought: some were substantially below desired operating
levels (Gellici and Badr, 2004). Water levels in selected
Floridan and Tertiary sand wells in Allendale, Charleston,
Colleton, and Hampton Counties had declines ranging from
5.5 t0 9.3 ft (Gellici and Harwell, 2004) as a direct result of
this meteorological event or, indirectly, because of increased
ground-water pumping.

A comparison of the 2004 potentiometric surface in the
northwestern extent of the aquifer with that of 1998 indicates
that water levels generally declined. In AIK-849, the only
well measured in Aiken county, water levels declined 2 ft
from 1998 to 2004. Wells in Barnwell County all declined
during this same interval. Declines ranged from 2 to 5 ft
with the average decline being 3.7 ft. In Allendale County,
declines ranged from 3 to 11 ft (where 1998 data existed),
with the exception of ALL-330, which recovered 6 ft. Water
levels in ALL-373 (Fig. 1) generally declined from a high of
160 ft msl (5/11/1998) to 146 ft msl (6/21/2002) largely as a
result of the drought, then recovered to 153 ft msl in March
2004 but have been variable since then. Bamberg County
water-level changes from 1998 to 2004 varied from 10 to
-5 ft, and averaged +0.1 ft. There is no apparent trend in the
county with regard to recoveries and declines.

Water-level elevation changes between 1998 and 2004
are inconsistent in the northeastern extent of the aquifer,
where data are sparse. The maximum recovery was 3 ft
(GEO-306) in Georgetown County, whereas a decline of
6 ft was observed in GEO-303. Water levels differed only
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Figure 1. Hydrographs of wells ALL-373 and ORG-430.



slightly (0 to -1 ft) in Williamsburg County. CLA-73, the
only well measured in Clarendon County, declined 11 ft in
this interval.

Water-level differences in Orangeburg County are also
conflicting for the same period. Little change occurred near
Holly Hill (ORG-9) where water levels were nearly the same
in March 1946 and November 1998 and 2004. Water levels
in Eutawville (ORG-92), near Lake Marion, were 80 ft msl
in September 1965, 60 ft msl in November 1982, 38 ft msl
in November 1998, and 35 ft msl in November 2004, for a
total decline of 45 feet. A recovery of nearly 11 ft occurred
in ORG-48 from 1998 to 2004; however, water levels near
Orangeburg are variable, ranging between 163 to 176 ft msl
since 2001 according to the hydrograph for ORG-430
(Fig. 1).

Water levels declined significantly in eastern Dorchester
and most of Charleston Counties. Among the greatest changes
between 1998 and 2004 occurred along the Interstate 26
corridor between Summerville and Charleston. In the cone
of depression near Summerville, water levels declined more
than 17 and 11 ft, to -35 and -43 ft msl, respectively, in
DOR-49 and DOR-240 during this period. Comparing these
values with an estimated predevelopment level of 40 ft msl
(Aucott and Speiran, 1985) indicates that historical declines
are 75 to 83 ft. To the southeast, another cone of depression
defined by a 30-ft contour line exists about North Charleston.
The two wells defining this cone differ in water-level changes
from 1998 to 2004; CHN-297 shows a 5-ft decline, whereas
CHN-460 shows a 6-ft recovery for this period.

Pumping in Dorchester County contributed to the
deepening of these cones of depression. Reported pumpage,
primarily from the Floridan/Tertiary sand aquifer, increased
by 1.6 mgd (million gallons per day) from 2001 to 2004 and
averaged 4.2 mgd, in 2004 (Bristol, 2003; and Childress and
Bristol, 2005).

The cone of depression defined by the -20-ft contour
encompasses most of Charleston County on the 2004 map.
The greatest decline noted from 1998 to 2004 occurred in
CHN-813, where water levels declined 35 ft. Northeast of
this well, water levels are similar to 1998 levels. CHN-44
and CHN-484, in southern Charleston County, show
seasonal fluctuations and an overall decline of 6 and 11
feet, respectively, for this period (Figs. 2 and 3). Near
Edisto Beach, water-level trends in COL-301 are similar
to CHN-484, with a decline of 4 ft between November
2000 and November 2004 (Fig. 3). At COL-301, specific
conductance, an indirect measure of dissolved mineral matter
in water, shows an increase with declining water level and is
an indication that saltwater intrusion is occurring.

Most Berkeley County water levels have recovered
since 1998. Recoveries ranged from less than 1 ft to 5 ft.
The few wells showing declines are BRK-48, BRK-174,
BRK-177, and BRK-612 with declines of 9, 1, 5, and 7
ft, respectively. BRK-48 and BRK-612, with the largest
declines, are located in southwestern Berkeley County near
[-26. Wells in northern Berkeley County may be influenced
by Lake Marion but less so by Lake Moultrie, where stages

13

in each lake averaged 75 ft msl for November 2004.

Colleton County water levels east and southeast of
Walterboro are below sea level and make the aquifer
susceptible to saltwater intrusion. All but three wells in
Colleton County declined between 1998 and 2004. The
average decline was 7 ft and ranged from 1 to 13 ft. The
potentiometric surface is dominated by a lobate curve
of the -10-ft contour southeast of Walterboro. A cone of
depression formerly was documented about Walterboro in
July 1986 (Crouch and others, 1987), March 1991, July
1991, February 1992, November 1992, and November 1993
(Gawne, 1994) and November 1998 (Hockensmith, 2001).
Prior to development the water levels were above 50 ft msl
at Walterboro, but by 1982 they had declined to 25 ft msl. In
1998 the water levels were lower than -30 ft msl (COL-269),
representing a total decline of 80 feet. Water levels ranged
between -2 and -15 ft msl near the city. COL-269 recovered
18 ft, whereas COL-274 declined 2 ft, from 1998 to 2004.
The hydrograph for COL-16 (Fig. 2) shows a variable but
overall declining trend with a low of -16 ft msl occurring
in late July 2002 and recovering 18 ft to 2 ft msl in August
2003.

Hampton County showed water-level recoveries in
the northwest and declines in the southeast in 2004 from
1998 levels. Recoveries were greatest near the Allendale
County line. HAM-72 and HAM-181 recovered 8 and 12 ft,
respectively, and recoveries in other wells ranged from 1 to
3 ft. Near Furman, HAM-201 declined 5 feet to 58 ft msl,
the greatest decline for the county. Predevelopment levels
in this area were estimated at about 75 ft msl (Aucott and
Speiran, 1985), indicating a decline of about 17 ft. In eastern
Hampton County, declines averaged 2 ft. HAM-76, with a
water level of 31 ft msl, indicates a decline of more than 20
feet from predevelopment levels. Water levels in HAM-83
averaged about 10 ft msl prior to 1998 but declined, with
some variability, to less than 1 ft in August 2002, then
recovered to 9 ft msl in March 2003 and have been more
variable since then than prior to 1998 (Fig. 2).

Beaufort and Jasper Counties show the influence of
ground-water pumping in the greater Savannah area, with
contour lines perpendicular to the coast and declining to
the southwest. Reported pumpage near Savannah ranged
from 54.0 to 57.5 mgd (million gallons per day) in Chatham
County from 1998 through 2004 (Bruce Crawford, DHEC,
written communication, 2008). Estimates of predevelopment
water levels (circa 1880) are 30 ft msl near Savannah and 10
ft msl on Hilton Head Island, the water discharging near Port
Royal Sound (Counts and Donsky, 1963).

North of the Broad River, water levels remain above sea
level, except for the Gardens Corner area, the northwest edge
of Port Royal Island, and a small area on St. Helena Island. A
cone of depression centered at Gardens Corner is -9 ft msl at
its center (BFT-420) and has declined 9 ft between 1998 and
2004. Other wells within the 0-ft contour declined 3 to 5 ft
during the same interval.
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The highest water level in Beaufort County, at 22 ft
msl, was in BFT-1925 on northern Port Royal Island. Water
levels in this recharge mound are 1 to 4 ft lower than in 1998.
A second recharge mound exists about BFT-1599, with a
water level of 14 ft msl on Ladies Island. Hassen (1985)
mapped a recharge mound greater than 15 ft msl (with 2-ft
contour interval) in March 1984 on the island and Ransom
and White (2000) noted a mound greater than 10 ft msl (5-ft
contour interval) in September 1998.

On St. Helena Island, water levels range from -1 to 6 ft
msl at BFT-1592 and BFT-600, respectively. A small cone
of depression is indicated by the 0 contour about BFT-1592,
where the water level was 4 ft lower than in 1998 and is
probably caused by irrigation pumping.

South of the Broad River in Beaufort County, water
levels are at or below sea level, and the direction of ground-
water movement is generally southwest toward Savannah,
Ga. BFT-429 shows seasonal variations superimposed
on declining trends until 1990 when the downward trend
in water levels ceased (Fig. 4). Another period of decline
occurred between 1998 and 2001 as a result of the drought.

On Hilton Head Island, water levels appear to be 1 to
5 ft higher in 2004 than in 1998. Although tidal corrections
could not be applied to the 2004 data, the trend is consistent
throughout the island, including wells located in the island
interior where tidal influence is small. Two wells, BFT-771
and BFT-444, with declines of 4 and 10 feet, respectively,
oppose this trend and are probably influenced by nearby
wells.

Total reported ground-water use in Beaufort County
was 18.6 mgd in 2004. The majority (12.4 mgd) came from
the upper Floridan aquifer, mostly for public supply. The
second greatest pumpage is from the middle Floridan (3.8
mgd) largely for golf-course irrigation. Less than 0.2 mgd is
pumped from the lower Floridan in Beaufort. The remaining
ground-water pumpage is from surficial (0.2 mgd) and
Cretaceous-age aquifers (2.1 mgd) (Robert Devlin, DHEC,
written communication, 2008).

The lowest point on the potentiometric surface, at -57
ft msl, is in Jasper County. Predevelopment levels were
estimated to be above 25 ft msl throughout the county, and
ground-water flow was toward the southeast. The direction of
ground-water flow has changed and now is to the southwest.
The 1998 map shows water levels in the southwestern part of
the county at below -70 ft msl, for a decline of more than 95
ft with documented declines ranging from 7 to 11 ft between
1982 and 1998 (JAS-109, -111, -134, and -298). Data from
2004 indicate that some recovery has occurred since 1998 so
that water levels are estimated to be more than 80 ft lower
than predevelopment levels. JAS-421 showed a recovery of
17 ftbetween 1998 and 2004, and both this well and JAS-112
indicate water levels above -60 ft msl.

In northern Jasper County the data from JAS-298 and
JAS-397 show that water levels declined 3 ft between 1998
and 2004, although these wells may be tidally influenced.
Water levels in JAS-425 ranged from 12 to -1 ft msl between
2000 and 2004 (Fig. 4).
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Reported ground-water use in Jasper County in 2004
was 1.1 and 0.9 mgd from the upper and middle Floridan,
respectively. Upper Floridan pumpage was 0.7 mgd for
irrigation and 0.4 mgd for water supply. Middle Floridan
pumpage was 0.1 mgd for irrigation and 0.8 mgd for water
supply (Robert Devlin, DHEC, written communication,
2008).

There is aneed for additional observation wells in several
areas of the Coastal Plain. This map was constructed with
120 fewer wells, or a 33-percent decrease from the 364 wells
available in 1998. In constructing this map, several cones of
depression are defined by only one or two wells (Eutawville,
Summerville, and North Charleston). The declines noted
along the coast are a concern and should be monitored
because the aquifers are susceptible to saltwater intrusion
caused by increased development and the proximity of the
saltwater interface. The influence of Georgia’s ground-water
pumpage on the aquifer also should be closely observed. In
light of pressures to provide sufficient water for all users,
obtaining data in these areas should have high priority.
Efforts should be intensified among ground-water users and
governmental agencies to maintain existing observation
wells and seek additional wells.

SUMMARY AND CONCLUSIONS

The potentiometric map for the Floridan aquifer and
its updip equivalent, constructed by using water-level data
from 244 wells measured during late 2004, shows that the
generally southeastward ground-water flow is affected by
several potentiometric lows. These potentiometric lows
developed because of ground-water pumping around North
Charleston, Summerville, Walterboro, Gardens Corner, and
Eutawville. In Jasper and Beaufort Counties, the ground-
water flow reversed from its predevelopment direction and
now flows southwestward toward Savannah, Ga.

Historical data show that water levels declined near
the northwestern aquifer outcrop area, but fluctuations
have occurred in areas influenced by pumping. The greatest
fluctuations occurred in southern Jasper County, where water
levels have declined more than 80 ft from the estimated
predevelopment level but have recovered from 1998 levels.

Potentiometric maps are only as good as the data available
to construct them. A greater availability of observation
wells, timely measurements, and periodic construction of
potentiometric maps will provide improved understanding
of the aquifer and subsequently allow better management of
this resource.
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Figure 4. Hydrographs of wells BFT-429 and JAS-425.
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