





Hydrology of the Floridan Aquifer System in
Southeast Georgia and Adjacent Parts of
Florida and South Carolina

By RICHARD E. KRAUSE and ROBERT B. RANDOLPH

REGIONAL AQUIFER-SYSTEM ANALYSIS—FLORIDAN AQUIFER SYSTEM

U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 1403 -D

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1989



DEPARTMENT OF THE INTERIOR

MANUEL LUJAN, JR., Secretary

U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

Any use of trade names in this publication is for description purposes
only and does not imply endorsement by the U.S. Government

Library of Congress Cataloging in Publication Data

(Regional Aquifer-system analysis) (U.S. Geological Survey Professional Paper ; 1403-D)

Bibliography: p.

Supt. of Docs. no.: I, 19.16:1403-D

1. Aquifers—Georgia—Mathematical models. 2. Aquifers—Georgia—Data processing. 3. Aquifers—Florida—Mathematical
models. 4. Aquifers—Florida—Data processing. 5. Aquifers—South Carolina— Mathematical models. 6. Aquifers—South
Carolina—Data processing. 1. Randolph, Robert B. 1IIL. Title. III Series. IV. Series: U.S. Geological Survey Profes-
sional Paper ; 1403-D

GB1199.3.G4K73 1989 551.49'09758 85-600148

For sale by the Books and Open-File Reports Section, U.S. Geological Survey,
Federal Center, Box 25425, Denver, CO 80225



FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program was started in
1978 following a congressional mandate to develop quantitative appraisals of
the major ground-water systems of the United States. The RASA Program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems, which in aggregate underlie much of the country
and which represent an important component of the Nation’s total water
supply. In general, the boundaries of these studies are identified by the
hydrologic extent of each system and accordingly transcend the political
subdivisions to which investigations have often arbitrarily been limited in the
past. The broad objective for each study is to assemble geologic, hydrologic,
and geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about in
it by human activities, and to provide a means of predicting the regional
effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a series
of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number,
and where the volume of interpretive material warrants, separate topical
chapters that consider the principal elements of the investigation may be
published. The series of RASA interpretive reports begins with Professional
Paper 1400 and thereafter will continue in numerical sequence as the interpre-
tive products of subsequent studies become available.

Dallas L. Peck
Director
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CONVERSION FACTORS
Factors for converting inch-pound units to the International System (SI) of units are given below:
Multiply By To obtain
Length
inch (in) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 . kilometer (km)
Area
square mile (mi?) 2.590 square kilometer (km?)
Volume
gallon (gal) 3.785 liter (L)
3.785x10°® cubic meter (m*)
Flow
gallon per minute (gal/min) 0.06309 liter per second (L/s)
6.309x 105 cubic meter per second (m%s)
million gallons per day Mgal/d) 0.04381 cubic meter per second (m®s)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)
cubic foot per second (ft*/s) 2.832x1072 cubic meter per second (m?®/s)
Transmissivity
foot squared per day (ft?/d) 0.09290 meter squared per day (m?d)
Hydraulic conductivity
foot per day (ft/d) 0.3048 meter per day (m/d)
Leakance
gallon per day per cubic foot 0.1337 meter per day per meter
[(gal/d)ft?] [(m/d)/m]
foot per day per foot [(ft/d)/ft] 1.000 meter per day per meter [(m/d)/m]
(or in reduced form, day ')
Gradient
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
Drawdown
foot per year (ft/yr) 0.3048 meter per year (m/yr)

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived from
a general adjustment of the first-order level nets of both the United States and Canada, formerly called “Mean Sea Level of 1929.”
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HYDROLOGY OF THE FLORIDAN AQUIFER SYSTEM IN
SOUTHEAST GEORGIA AND ADJACENT PARTS OF
FLORIDA AND SOUTH CAROLINA

By RicuarD E. Krause and RoBERT B. RANDOLPH

ABSTRACT

The ground-water flow of the Floridan aquifer system under
predevelopment (about 1880) and present-day (1980) conditions in
southeast Georgia and adjacent parts of Florida and South Carolina
was simulated using a three-dimensional finite-difference digital
model. The model was used to better define the hydrogeology and
ground-water flow system in the Floridan aquifer system in that area.

The Floridan aquifer system, known as the principal artesian aquifer
in Georgia, South Carolina, and Alabama, and as the Floridan aquifer
in Florida, consists of interbedded clastics and marl in the updip area
and massive limestone and dolomite more than 2,000 feet thick in the
downdip area. The Floridan aquifer system, primarily of Eocene age,
is hydraulically connected in varying degrees but has been divided
into the Upper and Lower Floridan aquifers in most of the study area.
In southeast Georgia and northeast Florida, the Lower Floridan in-
cludes a basal unit herein formally designated the “Fernandina
permeable zone.” The Floridan, in most of the area, is confined above
by clay beds of the Miocene Hawthorn Formation. Low-permeability
clastic, evaporitic, or carbonate rocks form the base of the aquifer
system.

The Floridan is heterogeneous; transmissivity of the Upper Floridan
ranges from nearly zero near the aquifer’s updip extent to about 1
million feet squared per day in the cavernous thick carbonate sequence
in south Georgia. Areally, the Floridan is traversed by the Gulf Trough,
a structurally controlled, clastic-infilled series of grabens, approxi-
mately aligned along strike. This feature is an important control on
the regional flow system; it impedes flow from the upgradient, primar-
ily clastic part to the downgradient, massive carbonate part of the
Floridan.

Simulation results indicate that a total of about 900 million gallons
per day (1,400 cubic feet per second) of water flowed through the aquifer
system prior to development. About two-thirds of this flow was in the
area upgradient from the Gulf Trough. This flow consisted of recharge
in areas between streams, lateral movement downgradient, and
discharge to the major rivers. The flow system in most of the area
downgradient from the Gulf Trough was characterized by slow lateral
movement resulting from low diffuse recharge and discharge.
Throughout the study area, almost all circulation was within the Up-
per Floridan.

Pumpage from the aquifer system, totaling about 625 million gallons
per day (970 cubic feet per second) in 1980 and concentrated primarily

in the areas downgradient from the Gulf Trough, changed the flow
system markedly. The flow system was nearly unchanged upgradient
from the Gulf Trough, where less than 5 percent of the pumpage oc-
curred. Downgradient from the trough, large ground-water with-
drawals concentrated along the coast, primarily from the Upper
Floridan, caused significant head declines. These head declines caused
lateral and vertical gradient changes and reversals, increased circula-
tion in, and upward leakage from, the Lower Floridan and the Fer-
nandina permeable zone, a local degradation in water quality, and
land subsidence. Although not tapped by producing wells, the Fernan-
dina permeable zone provided about 180 million gallons per day (280
cubic feet per second) of water to the coastal pumpage through solution-
enlarged faults breaching the confining beds. The quality of the water
in the Fernandina permeable zone ranged from fresh to brine, locally
contaminating the Upper Floridan, most notably in Brunswick,
Georgia. Model-simulated flow through the Floridan aquifer system
under present-day (1980) conditions totaled about 1,350 million gallons
per day (2,100 cubic feet per second).

Although heavily developed along the coast, the Floridan could with-
stand some additional development, especially inland, as indicated by
simulations involving future hypothetical pumping schemes. The area
around Waycross, Georgia, could probably undergo additional develop-
ment of more than 26 million gallons per day (about 40 cubic feet per
second), but in some places along the coast, where heavy withdrawals
have already posed water-quality problems, additional development
probably could not occur without detrimental effects to the system.

INTRODUCTION

The Floridan aquifer system, known as the principal
artesian aquifer in Georgia, Alabama, and South
Carolina and as the Floridan aquifer in Florida, is the
major source of water in the area of its occurrence, except
where it contains saline water. About 625 Mgal/d
(970 ft3/s) of water was withdrawn from the aquifer in
1980 for industrial, municipal, agricultural, and other
uses in the eastern half of the Coastal Plain of Georgia,
northeast Florida, and the southern part of South
Carolina. Problems that have developed because of this
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heavy withdrawal are (1) decline in water levels, chiefly
around pumping centers, but areawide as well, (2) highly
mineralized water induced into the aquifer from
underlying strata, (3) seawater moving toward pumping
centers from offshore, and (4) land subsidence.

In 1978, the U.S. Geological Survey began a study of
the Floridan aquifer system on a regional scale under
its Regional Aquifer-System Analysis (RASA) program.
The RASA program represents a systematic effort to
study a number of regional aquifers which together
cover much of the country and provide a significant part
of the Nation’s water supply. (See fig. 1 in chapter A of
this Professional Paper series (Johnston and Bush, in
press) for the location of these regional aquifers.) The
overall objectives of the Floridan aquifer-system study
include (1) a complete description of the hydrogeologic
framework and geochemistry of the entire aquifer
system, (2) an analysis of the ground-water flow through
the aquifer system, (3) an assessment of the effects of
large withdrawals of ground water on the aquifer, and
(4) an appraisal of water-management alternatives. The
study is regional in scope, and the aquifer system is
defined in its entirety, without regard to political sub-
divisions.

Components of the Floridan aquifer-system analysis
were divided on the basis of discipline, as well as areally.
Areal subdivisions were based on the similarity of
hydrologic features and problems and on the location of
natural hydrologic boundaries within the aquifer system
(fig. 1). Results of the study are being published as
separate chapters in this Professional Paper series as
follows:

A. Summary of the hydrology of the Floridan aquifer
system
B. Hydrogeologic framework of the Floridan aquifer
system
C. Regional hydrology and ground-water develop-
ment of the Floridan aquifer system
D-H. Hydrology of the Floridan aquifer system:
D. In southeast Georgia and adjacent parts of
Florida and South Carolina (this report)
E. In east-central Florida
F. In west-central Florida
G. In south Florida
H. In southwest Georgia, northwest Florida,
and extreme south Alabama
I. Geochemistry of the Floridan aquifer system.

Chapter A summarizes the hydrogeologic framework,
hydraulic characteristics, and geochemistry of the
aquifer system.

Chapter B describes the geologic framework and
hydrogeologic characteristics of the aquifer system.
Maps, sections, and fence diagrams show the relations
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of lithofacies, structure, thickness, and stratigraphy to
aquifer and confining-unit geometry.

Chapter C presents a description of the regional flow
system based on digital simulation and discusses
ground-water development on a regional scale.

Chapters D-H present descriptions of the ground-
water hydrology of the subregions emphasizing local
hydrologic features and development.

Chapter I describes the natural geochemistry of the
aquifer system. Maps, sections, phase diagrams, and
tables are used to explain the occurrence of the
hydrochemical facies, the relation between natural
changes in water chemistry and the flow system, and
geochemical changes induced by pumping and land
development.

HISTORICAL TERMINOLOGY OF THE
FLORIDAN AQUIFER SYSTEM

The existence of a regional flow system in what is
herein called the Floridan aquifer system was first
described in some detail in peninsular Florida by
Stringfield (1936, p. 132, pl. 12). Warren (1944, p. 17)
described the extension of this flow system in
southeastern Georgia and applied the term “principal
artesian aquifer” to the carbonate units involved
(table 1). Stringfield (1966, p. 95) used the term “prin-
cipal artesian aquifer” to describe the permeable car-
bonate rocks from the lower part of the Hawthorn For-
mation through the Oldsmar Limestone in Georgia and
South Carolina, as well as in Florida and Alabama. The
term “principal artesian aquifer” as defined by String-
field has been used in Georgia and South Carolina.

Parker (in Parker and others, 1955, p. 188, 189)
described the limestone units from the basal part of the
Hawthorn Formation through middle Eocene (Lake
City) limestone and named that sequence the “Floridan
aquifer.” The term “Floridan aquifer” is entrenched in
the Florida ground-water literature and is also widely
used in national and international publications.

Cederstrom and others (1979, p. 8, 14) referred to the
aquifer as the “Tertiary limestone aquifer.” Their
designation of the aquifer includes rocks, primarily car-
bonates, of the Tampa Limestone through the Oldsmar
Limestone.

During the regional study of the Floridan aquifer
system, Miller used the term ‘‘Tertiary limestone
aquifer system,” which combined the age of the rocks
and their general lithology, as the name of the aquifer
system (Miller, 1982a, b, c, d, ). By the end of the study,
the term “Floridan aquifer system’ was formally ap-
plied to the aquifer system (Miller, 1985). The term
“Floridan aquifer system” is uniformly used in all
chapters of this Professional Paper series and is proposed









INTRODUCTION

APPROACH AND METHODS

The hydrogeologic framework of the Floridan aquifer
system was determined chiefly by Miller (1985), who
delineated the aquifer system on the basis of lithologic,
paleontologic, and hydrologic data determined from
selected wells. These data were correlated with
geophysical well-logs and were extrapolated throughout
the study area.

Most of the hydrologic data used in this study were
available from previous investigations and ground-water
monitoring programs. Sources of the data, some of which
dated back to the late 1800’s, were the published
literature, files containing unpublished data in the form
of tables, maps, graphs, and logs, and the more recent
computer data bases.

The types of data assembled and used in the analysis
and simulation of the flow system included the following:
(1) precipitation, streamflow, evapotranspiration (de-
rived from rainfall, pan-evaporation, and temperature
data), used for determining recharge and discharge
rates; (2) aquifer characteristics, including thickness,
specific capacity, hydraulic conductivity, and
transmissivity; (3) hydraulic head; (4) confining-unit
characteristics, including thickness, vertical hydraulic
conductivity, and leakage coefficients; and (5) water use.

Most of the water-quality data used in the description
of the geochemistry of, and quality of water from, the
aquifer system were collected and published as part of
previous investigations and water-quality monitoring
programs. Interpretations of water quality were focused
primarily on local anomalies, such as concentration of
chloride in the areas of saltwater encroachment.

The gathering of new field data was limited to selected
areas and activities to fill specific data voids, as follows:

1. Two wells penetrating the entire Floridan aquifer
system were drilled near Waycross, Ga. Geologic,
geophysical, hydrologic, and water-quality data
were collected from coring, logging, packer testing,
aquifer testing, and water sampling. Results are
reported by Matthews and Krause (1984).

2. An offshore oil-test well abandoned in 1979 was used
for data collection, including drill-stem testing.
Geologic, geophysical, hydrologic, and water-quality
data were collected and analyzed, and were reported
by Johnston and others (1982).

3.In May 1980, synoptic water-level measurements
were made in approximately 500 wells tapping the
Floridan aquifer system in the study area. The
resulting potentiometric surface provided informa-
tion on the present-day (1980) flow system and was
used for model calibration. The map and the related
information were reported by Johnston and others
(1981).
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4. Geophysical logging was done in selected wells where
data were lacking to provide better definition of the
hydrogeologic framework.

The principal method of analysis of the Floridan
aquifer system was computer simulation. Computer
simulation was used to (1) identify the types of data that
are needed to understand the flow system, and to in-
dicate what data were lacking, (2) provide a working
hypothesis for testing and evaluating various concepts
of the flow system, and (3) provide a tool that can be used
to evaluate alternative methods of resource manage-
ment and to estimate the development potential of the
aquifer system.

The computer model used in this analysis is a quasi-
three-dimensional, finite-difference code that simulates
lateral flow within aquifers and leakage vertically
across confining units. All components of the flow system
within the Floridan aquifer system, as well as hydrologic
units that are adjacent to it and that affect it hydro-
logically, are part of the simulation.

LOCATION AND EXTENT OF STUDY AREA

The hydrogeologic investigation covers an area of
about 30,000 mi? in southeast Georgia and adjacent
parts of Florida and South Carolina, of which 10,000 mi*
is offshore (fig. 1).

The extent of the study area is based on natural
hydrologic boundaries. The western and southern bound-
aries were delineated on the basis of ground-water
divides. The northern boundary is the outcrop area and
updip limit of the aquifer system. The eastern boundary
is the easternmost limit of the aquifer system in South
Carolina or the freshwater-saltwater interface offshore
in Georgia and part of South Carolina.

PREVIOUS INVESTIGATIONS

The hydrogeology of the Floridan aquifer system in
southeast Georgia and in parts of Florida and South
Carolina has been investigated extensively in the areas
of greatest development. However, these studies are
restricted almost entirely to a narrow band between the
coastal cities of Savannah, Ga., and Jacksonville, Fla.,
which represents less than 15 percent of the area in-
cluded in this study. Among the more recent and com-
prehensive hydrogeologic investigations in this coastal
area are those by Hayes (1979) and Spigner and Ran-
som (1979) in the Low Country (southern part) of South
Carolina, Counts and Donsky (1963) in the area of
Savannah, Ga., Dyar, Tasker, and Wait (1972) and
Krause (1972) in parts of Liberty and McIntosh Counties,
Ga., Wait and Gregg (1973) and Gregg and Zimmerman
(1974) in the area of Brunswick, Ga., and Bermes, Leve,
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and Tarver (1963), Leve (1966) and Snell and Anderson
(1970) in the northeast Florida area. Paull and Dillon
(1979) provide a description of the geology and
hydrogeology of the offshore area, the Florida—Hatteras
Shelf and Slope, and the Inner Blake Plateau.

Inland from the coastal area, almost no hydrogeologic
investigations have been conducted and data are
lacking. One exception was an investigation by Krause
(1979) of the hydrogeology of the area of Valdosta, Ga.,
on the western limit of this study.

Callahan (1964), using existing data, included most of
the study area in a report on the Coastal Plain aquifers
in Georgia and parts of northeast Florida and southern
South Carolina. Stringfield (1966) is the most com-
prehensive reference on the water from Tertiary lime-
stone in the Southeastern States.

Only in two areas has the ground-water-flow system
been studied by using computer simulations. The studies
were in Georgia, in the areas of Brunswick (Krause and
Counts, 1975) and Savannah (Counts and Krause, 1976;
Randolph and Krause, 1984). The simulation models,
although only two-dimensional in scope, serve as
management tools for evaluating declines in the water
level and deterioration of water quality due to heavy
pumping.

The regional aquifer-system study of the Floridan
aquifer system has generated several reports in addi-
tion to those in this Professional Paper series. These
reports, all covering the Floridan aquifer system on a
regional scale, describe the hydrogeologic framework of
the aquifer system (Miller, 1982a, b, ¢, d, e); the
geochemistry and ground-water quality (Sprinkle,
1982a, b, ¢, d); the estimated potentiometric surface prior
to development (Johnston and others, 1980); and the
potentiometric surface for present-day (May 1980) con-
ditions (Johnston and others, 1981).

Results of test drilling and aquifer testing conducted
during this investigation have been reported. Included
are (1) results of hydrologic testing in an abandoned oil
exploratory hole on the Atlantic Outer Continental Shelf
(Johnston and others, 1982), (2) geologic and hydrologic
data from a test-monitor well at Fernandina Beach, Fla.
(Brown, 1980), (3) geologic and hydrologic results of test
drilling and aquifer testing near Waycross, Ga. (Mat-
thews and Krause, 1984), and (4) geologic and hydrologic
data gathered from test drilling at Jacksonville Beach,
Fla. (Brown and others, 1984).

The predevelopment flow system in the study area was
described by Krause (1982) as part of this study. The
report documents the initial phase of this study: model
design, calibration, and results of computer simulation
of the aquifer flow system prior to development. Because
the report was preliminary in scope, conceptualization
of the aquifer system was more general than that
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reported herein. In effect, the preliminary report
describes a working conceptual model and consequent
simulation of the predevelopment flow system in the
Floridan. However, simulation of the present-day (1980)
flow system under stressed conditions brought about a
somewhat different conceptual model of that flow
system.

GEOGRAPHIC AND TOPOGRAPHIC SETTING

The study area lies entirely within the Coastal Plain
and Continental Shelf provinces of the Atlantic Plain
(Fenneman, 1938, pl. 3). The onshore Coastal Plain prov-
ince accounts for about 20,000 mi? of the study area and
the offshore Continental Shelf province, about 10,000
mi?. Of the Coastal Plain province, about 75 percent of
the area is within the Sea Island section, 16 percent
within the East Gulf Coastal Plain section, and 9 per-
cent within the Floridan section (fig. 2).

The topographic divisions shown in figure 3 are chiefly
those of Cooke (in LaForge and others, 1925, p. 17, for
Georgia; Cooke, 1936, p. 3, for South Carolina; and
Cooke, 1939, p. 14, for Florida). Stringfield (1966,
fig. 2) modified the divisions somewhat to conform along
State lines.

The Coastal Lowlands range in altitude from sea level
to about 100 ft. The region typically consists of barrier
islands, marshes, level plains, and a series of five ter--
races resulting from the most recent advances and
retreats of the sea during the late Pleistocene, which left
shorelines and sea floors along the Coastal Lowlands.

The Central Highlands of Florida include all of north-
central Florida inland of the Coastal Lowlands and
range in altitude from about 40 to 250 ft in the study
area. The Central Highlands area includes lakes,
swampy plains, terraces, ridges, and hills. The central
part of the Central Highlands is marked by karst
topography—characterized by numerous sinks, sinkhole
lakes, sinking streams, and springs—that extends into
the Valdosta area of south Georgia. The karst
topography in this area is a result of uplifting of the car-
bonate rocks during post-Oligocene time which locally
exposed the rocks and facilitated erosion of the over-
burden (Stringfield, 1966, p. 73). This part of the study
area, because of its karst features, is one of the most
hydrologically dynamic areas, having large quantities
of recharge through swallow holes, sinkholes, and sink-
hole lakes, and discharge from springs.

The Coastal Terraces of Georgia and South Carolina
range in altitude from about 100 to 270 ft. The area’s
topography is chiefly an inland continuation of the ter-
races deposited along the Coastal Lowlands and is
represented by similar shorelines and sea bottoms left
by early Pleistocene advances and retreats of the sea.









INTRODUCTION

The Tifton Upland ranges in altitude from about 120
t0 400 ft in the study area and is characterized by rolling
hills and both gentle and deeply incised valleys. The
Hawthorn Formation of Miocene age (table 1) underlies
the Tifton Upland and extends downdip toward the
coast, becoming more deeply buried under the Coastal
Terraces. The upland is terminated to the northwest by
a scarp and to the southeast by the Coastal Terraces.
The Coastal Terraces boundary of the Tifton Upland is
the approximate downdip edge of the Gulf Trough, a
series of clastic-filled basins formed by high-angle faults
(D.C. Prowell, U.S. Geological Survey, written commun.,
March 1982; Miller, 1985). The trough is narrow,
generally less than 5 mi wide but as much as 10 mi wide
in central Georgia and near the Florida—Georgia State
line. The trough has a pronounced effect on the
hydrology of the aquifer system, as ground-water flow
is impeded by the fine clastic material in the trough, and
on water quality, as mineralized water is associated with
evaporites downgradient from the trough.

The Dougherty Plain ranges in altitude from about
200 to about 600 ft in the study area. The Dougherty
Plain is typical of a karst topography, especially in the
southwestern part of Georgia where limestone is covered
by only a thin residuum. The northwestern part of the
plain is characterized by subtle hills and valleys. Here
the Hawthorn Formation is missing and the aquifer
grades into sands.

The Louisville Plateau and Fort Valley Plateau are
similar to the northeastern part of the Dougherty Plain.
The plateaus range in altitude from about 300 to
600 ft and are characterized by broad, flat uplands. The
area of the Louisville Plateau is roughly the same as
the areal extent of sand and calcareous sand (Barnwell
Formation) that is equivalent in age to the Upper
Floridan aquifer. The Fort Valley Plateau is also
underlain by this sand.

The Aiken Plateau is similar to the Louisville Plateau,
having about the same altitude range and being
underlain by similar material. Undrained depressions
and Carolina Bays are common in the Aiken and
Louisville Plateaus.

The Fall Line Hills area ranges in altitude from about
300 to 800 ft and is characterized by rolling hills and
valleys. The area corresponds roughly with the outcrop
area of Cretaceous material that extends from the Pied-
mont province at the Fall Line to the plains and plateaus
coastward.

GENERAL HYDROLOGY

PRECIPITATION

Average annual precipitation based on the records for
1941-70 ranges from less than 44 in/yr south of
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Augusta, Ga., to more than 58 in/yr in a small area west
of Jacksonville, Fla. (fig. 4). Each area of extreme range
is represented by only one climatological station. In most
of the study area, the average annual precipitation
ranges from 46 to 56 in/yr. Precipitation is generally
lowest in the east-central part of the Coastal Plain of
Georgia and along the South Carolina coast and greatest
in northern Florida.

Rainfall is unevenly distributed throughout the year.
Within the study area, maximum rainfall, mainly from
thunderstorms, occurs during the summer months of
July and August in most of Georgia and in South
Carolina. Maximum rainfall occurs in June, July, and
August in south Georgia, and in July, August, and
September in northeast Florida. Minimum rainfall oc-
curs during October and November over most of the area
and extends through December in south Georgia and
northeast Florida, and through January farther south
in Florida. Seasonal variation is greater in the ccastal
area than inland.

Rainfall as a source of recharge to aquifers is most im-
portant during the nongrowing season, when
evapotranspiration is lowest. Generally, October
through March constitutes the nongrowing season in the
study area. During this period, average precipitation
ranges from about 15 in/yr along the coast to almost
25 in/yr immediately below the Fall Line.

RUNOFF

Average annual runoff, based primarily on records for
the period 1941-70, ranges from about 10 to 15 in/yr in
most of the study area (fig. 5). Runoff is generally lowest
along the coast and highest immediately below the Fall
Line, corresponding to a similar distribution of
precipitation.

Runoff is anomalously high in the Suwannee River
basin, where average annual runoff for the period of
record was greater than 35 in/yr. Rainfall is also high
in this area (fig. 4), but the primary cause of the high
runoff is interbasin transfer of water. In this area, water
derived from rainfall in adjacent basins moves through
the Floridan aquifer system and discharges as springs
or seeps into the downgradient part of the Suwannee
River basin. Conversely, the upgradient part of this
basin loses significant quantities of water to sinking
streams, thereby<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>