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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain

cubic foot per day (f3/d) 0.02832 cubic meter per day

cubic foot per second (ft/s) 0.02832 cubic meter per second

cubic foot per second per mile 0.01760 cubic meter per second
[(f3/s)/mi] per kilometer

foot (ft) 0.3048 meter

foot per day (ft/d) 0.3048 meter per day

foot per foot (ft/ft) 1 meter per meter

foot per year (ft/yr) 0.3048 meter per year

foot squared per day (ft%/d) 0.09290 meter squared per day

gallon per minute (gal/min) 0.06309 liter per second

inch per year (in/yr) 2.54 millimeter per year

mile (mi) 1.609 kilometer

million gallons per day (Mgal/d) 0.04381 cubic meter per second

square mile (mi%) 2.590 square kilometer

Abbreviated water-quality units used in this report:

milligrams per liter = mg/L

Sea Level: In this report “sea level” refers to the National Geodetic Vertical Datum of
1929--a geodetic datum derived from general adjustment of the first-order level nets of the United

States and Canada, formerly called Sea Level Datum of 1929.

The standard unit for transmissivity is cubic foot per day per square foot times foot of
aquifer thickness [(f%/d)/ft?] ft. In this report, the mathematically reduced form, foot squared per

day (ﬁz/d), is used for convenience.
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GROUND-WATER HYDROLOGY, HISTORICAL WATER USE, AND
SIMULATED GROUND-WATER FLOW IN CRETACEOUS-AGE
COASTAL PLAIN AQUIFERS NEAR CHARLESTON AND
FLORENCE, SOUTH CAROLINA

By Bruce G. Campbell and Marijke van Heeswijk

ABSTRACT

A quasi-three-dimensional, transient, digital, ground-water flow model representing the
Coastal Plain aquifers of South Carolina, has been constructed to assist in defining the ground-
water-flow system of Cretaceous aquifers near Charleston and Florence, S.C. Both cities are near
the centers of large (greater than 150 feet) potentiometric declines in the Middendorf aquifer. In
1989, the diameter of the depressions was approximately 40 miles at Charleston and 15 miles at
Florence. The potentiometric decline occurred between predevelopment (1926) and 1982 near
Florence, and between predevelopment (1879) and 1989 near Charleston. The city of Charleston
does not withdraw water from these aquifers; however, some of the small communities in the area
use these aquifers for a potable water supply. The model simulates flow in and between four
aquifer systems. The model has a variable-cell-size grid, and spans the Coastal Plain from the
Savannah River in the southwest to the Cape Fear Arch in the northeast, and from the Fall Line in
the northwest to approximately 30 miles offshore to the southeast. Model-grid cell size is 1 by 1
mile in a 48 by 48 mile area centered in Charleston, and in a 36 by 48 mile area centered in
Florence. The model cell size gradually increases to a maximum of 4 by 4 miles outside the two
study areas. The entire grid consists of 115 by 127 cells and covers an area of 39,936 square
miles.

The model was calibrated to historical water-level data. The calibration relied on three
techniques: (1) matching simulated and observed potentiometric map surfaces, (2) statistical
comparison of observed and simulated heads, and (3) comparison of observed and simulated well
hydrographs. Systematic changes in model parameters showed that simulated heads are most
sensitive to changes in aquifer transmissivity.

Eight predictive ground-water-use scenarios were simulated for the Mount Pleasant area,
which presently (1993) uses the Middendorf aquifer as a sole-source of potable water. These
simulations use various combinations of spatial distribution, and injection of treated wastewater
effluent for existing and future Middendorf aquifer wells.

INTRODUCTION

The Coastal Plain aquifer system in South Carolina is an important source of potable water
in the state. The aquifer system consists of deltaic and marine sediments that were deposited from
Cretaceous through Holocene times. The Coastal Plain sediments cover the southeastern two
thirds of the state, and gradually thicken from the Fall Line to the Atlantic shoreline (figs. 1 and
2). The system can be divided into a series of aquifers and confining units, on the basis of the
relative permeability of the sediments. One of these aquifers, the Middendorf aquifer, is an



important source of potable water for the city of Florence and four towns in the Charleston area
(fig. 3). Water levels in the Middendorf aquifer have declined substantially from predevelopment
levels in the Charleston and Florence areas due to concentrated withdrawals for potable and
industrial water supply. In 1989, water levels in the Middendorf aquifer were -10 ft below sea
level (bsl) in the Charleston area and -42 ft bsl in the Florence area (fig. 4). Predevelopment water
levels in these areas were 126 ft above sea level (asl) in Charleston and 105 fi asl at Florence
(Aucott and Speiran, 1985b). Water-level declines of 136 ft occurred between predevelopment
(1879) and 1989 in the Middendorf aquifer near Charleston, and 147 ft between predevelopment
(1926) and 1982 near Florence. Ground-water withdrawals are expected to increase in the future
as populations grow and development increases. An increased demand on already stressed
aquifers could lower water levels further, unless the locations and withdrawal rates of new and
existing wells are carefully planned.

To address the concerns of users of Middendorf aquifer water, the U.S. Geological Survey
(USGS) in cooperation with S.C. Department of Natural Resources-Water Resources Division
(SCDNR-WRD), initiated an investigation to compile existing water-resource information and
incorporate the data into a ground-water flow model. Simulations of proposed industrial
pumpage were completed by the USGS in cooperation with the Mount Pleasant Waterworks and
Sewer Commission. The digital ground-water flow model presented in this report represents the
Coastal Plain aquifer system. The model has four layers and a variable-size grid cell. Each model
layer is discretized to 1- by 1-mile grid cells centered on the depressions near Charleston and
Florence, with the cell size gradually increasing to 4 by 4 mi outside the areas of interest (fig. 5).
The finer discretization in these areas allows greater resolution and the simulation of hypothetical
withdrawal scenarios. A previous ground-water flow model was constructed for this area of
South Carolina by Aucott (1988) as part of the USGS Regional Aquifer System Analysis
program.

Purpose and Scope

The purposes of this report are: (1) to describe the hydrogeologic framework of the
Cretaceous aquifers underlying the Charleston and Florence, South Carolina areas; (2) develop,
calibrate, and apply a quasi-three-dimensional, finite-difference digital model to simulate ground-
water flow within the Cretaceous aquifers; and (3) demonstrate model use by evaluating ground-
water use scenarios for the Charleston area. Ground-water flow for the period 1879-1989 was
simulated in three aquifers -- the Black Creek, the Middendorf, and the Cape Fear. Tertiary and
younger aquifers were combined and simulated in a single specified head layer. The model area
includes the entire Coastal Plain of South Carolina (fig. 5), but is designed to emphasize
simulations in the Charleston and Florence areas.

Existing and new data collected for this study include water levels, water use, hydrologic
properties, and well locations. These data are stored in and managed with the U.S. Geological
Survey Ground-Water Site Inventory database. The SCDNR-WRD water-use database for
1982-89 was converted to model input for use in the ground-water flow model.









































































































































































































































































































