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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.
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GEOLOGIC FRAMEWORK

following: LaMoreaux (1949) discussed ground water in
southeast Alabama. Ivey (1957) discussed the geology
and ground water of the Monroeville, Ala., area. Various
authors have also produced reports published by the
Geological Survey of Alabama on the geology and
ground-water resources of individual counties based on
data collected in the late 1950’s through the 1960’s, and
these are listed in the references at the end of this
report.

The following reports have been produced by this
study in Alabama: Davis and others (1983) described a
test well in the Nanafalia aquifer in Choctaw County,
Ala. Planert and Sparkes (1985) estimated the hydraulic
conductivity of the confining bed between the Eutaw and
Gordo aquifers in Marengo County, Ala. Williams, Plan-
ert, and DeJarnette (1986a, b, ¢) and Williams, DeJar-
nette, and Planert (1986a, b) presented maps of the
potentiometric surface and ground-water withdrawals
for the Eutaw, Lisbon, Providence-Ripley, Tuscaloosa,
and Nanafalia-Clayton aquifers, respectively, in Ala-
bama. Davis (1988) defined the geohydrologic framework
for the Coastal Plain rocks within the Alabama subre-
gional study area.
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METHOD OF STUDY

The hydrogeologic framework of the aquifer system
was determined primarily from geophysical logs and
descriptions of well cuttings and cores on file with the
U.S. Geological Survey and the Geological Survey of
Alabama. The geophysical logs were also used to calcu-
late the depth to water that contains concentrations of
10,000 mg/L (milligrams per liter) of dissolved solids,
which was considered the limit of fresh ground-water
flow. Two wells were drilled in areas for which data were
lacking. A well inventory and mass water-level measure-
ments were made to obtain data needed to delineate
aquifers and to determine the configuration of the poten-
tiometric surfaces of water in the aquifers. Three aquifer
tests were conducted in the study area. The values of
aquifer properties determined by the tests were used in
conjunction with estimates of transmissivity made from
specific-capacity tests as initial or rough estimates of the
aquifer properties in Alabama. After the data were
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assembled, a digital model of the aquifer system was
constructed to evaluate the initial estimates of the aqui-
fer properties and to refine them through iterative
simulations. The model analysis was used to determine
the regional ground-water flow patterns for the Coastal
Plain sediments in Alabama and to evaluate the effects of
pumping on the ground-water flow system.

GEOLOGIC FRAMEWORK

GEOLOGIC SETTING

Coastal Plain sedimentary rocks are present in south-
ern and western Alabama. These sedimentary rocks are
underlain by metamorphic, igneous, and sedimentary
rocks of Paleozoic and early Mesozoic age. The Coastal
Plain sedimentary rocks are the produect of cyclic inva-
sion and retreat of ancient seas, and were deposited from
Jurassic through Holocene time under marine, marginal
marine, and nonmarine conditions. Deeply buried sedi-
mentary rocks of Jurassic age are not considered part of
the regional aquifer system being studied. They were
excluded because the study focused on the fresh ground-
water flow system and the Jurassic rocks are known to
contain water having a dissolved-solids concentration of
greater than 10,000 mg/L (Renken, 1984).

STRATIGRAPHY

The section of rocks studied in this aquifer evaluation
ranges in age from Early Cretaceous through Tertiary
(pl. 1). The rocks have a combined thickness of approxi-
mately 3,500 ft. Most of the following discussion is taken
from Adams and others (1926), Copeland (1966, 1968),
Copeland and others (1976), Jones (1967), MacNeil
(1946), and Scott (1968).

CRETACEOUS ROCKS

Rocks oF EARLY CRETACEOUS AGE

Rocks of Early Cretaceous age do not crop out in
Alabama. At their updip extent in the subsurface, these
sediments overlie sedimentary, metamorphic, and igne-
ous rocks of Paleozoic age. Downdip, they overlie sedi-
mentary rocks of Triassic and Jurassic age. Pink nodular
limestone fragments and red and green shale, sometimes
found near the top of the Early Cretaceous sediments,
distinguish them from the massive sand of the overlying
Coker Formation of Late Cretaceous age. In places, the
upper part of the Early Cretaceous sediments contains
massive beds of coarse to very coarse sand and fine
gravel (Davis, 1988).
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Rocks OF LATE CRETACEOUS AGE

The Late Cretaceous formations of Alabama crop out
in the northern part of the Coastal Plain province in a
belt 50 to 75 mi wide and about 275 mi long which trends
westward in the eastern part of the State and northwest-
ward in the western part of the State (fig. 6).

The formations are composed of deposits of sand,
gravel, clay, and chalk; most were deposited in relatively
shallow marine waters, but some were deposited by
streams on low plains that bordered the coast. A consid-
erable part of the basal formation of the series was
deposited by streams. The chalk was formed as a calcar-
eous muddy ooze on the bottom of a relatively clear sea
of moderate depth. These beds dip south toward the Gulf
of Mexico or south and west toward the Mississippi
embayment at low angles, about 20 to 50 ft/mi. The
deposits can be divided into 10 formations, which are, in
ascending order, the Coker and Gordo Formations of the
Tuscaloosa Group, the McShan Formation, the Eutaw
Formation, the Mooreville Chalk, the Blufftown Forma-
tion, the Demopolis Chalk, the Ripley Formation, the
Prairie Bluff Chalk, and the Providence Sand of the
Selma Group.

The Tuscaloosa Group is composed of the Coker and
Gordo Formations in western Alabama and is designated
the Tuscaloosa Group undifferentiated in eastern Ala-
bama, where the two formations cannot be separated. It
crops out along the Fall Line in a band 10 to 30 mi wide
(fig. 6). The group consists of irregularly bedded sand,
clay, and gravel that generally attain a thickness of about
1,000 ft. The gravel oceurs chiefly in the basal beds of the
formations near their contact with the underlying rocks
(Adams and others, 1926). In the eastern part of the
State, the group is more regularly laminated.

The Coker Formation of the Tuscaloosa Group consists
of varicolored, unconsolidated beds of clay, sand, and
gravel that range from 25 to 100 ft thick and were
deposited in a fluvial to deltaic environment. The coarser
sand beds and the gravel beds are near the bottom of the
formation. The gravel contains large amounts of quartz
pebbles derived from conglomerate of the underlying
Pottsville Formation of Paleozoic age. The upper part of
the Coker consists chiefly of clay and sandy clay contain-
ing lenses of micaceous and glauconitic sand. Massive
clay beds, as thick as 80 ft, are present in the Coker in
Fayette County.

The lower half of the Gordo Formation of the Tus-
caloosa Group is predominantly a gravelly sand and is the
main gravel-bearing part of the Tuscaloosa Group. It also
contains some mottled clay. The upper part of the Gordo
consists essentially of lenticular beds of mottled clay,
carbonaceous clay, and crossbedded sand that locally
contains gravel. The great amount of gravel in the lower
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part of the Gordo indicates an uplift of the source area in
northern Alabama and Tennessee. The gravel and
coarse-grained sand probably were deposited on a broad,
low-lying alluvial plain. After the initial influx of gravel,
sea level rose intermittently, and marine to marginal
marine clay accumulated over extensive areas. Occasion-
ally, the clay beds were buried by blankets of sand.
Downdip, in south-central and southwestern Alabama,
the entire Gordo Formation is marine.

The distinction between the MeShan and Eutaw For-
mations is based on the character of the glauconite found
in outerops, with the glauconite in the Eutaw Formation
being coarser and of a darker green color. The formations
are difficult to distinguish in the subsurface. Because of
this difficulty, the McShan has been mapped as part of
the Eutaw Formation in Alabama (Charles Copeland,
Geological Survey of Alabama, oral commun., 1986);
therefore, in this report the Eutaw Formation includes
sediments of the McShan Formation. The Eutaw Forma-
tion crops out in a belt parallel to, and immediately south
of, the Tuscaloosa Group (fig. 6). The Eutaw is composed
predominantly of glauconitic, fine- to medium-grained,
micaceous sand, which is commonly crossbedded and was
deposited in shallow marine waters. The maximum thick-
ness of the Eutaw is about 400 ft. Throughout the lower
half of the formation, the sands are interstratified with
subordinate thin laminae and massive layers of clay. The
upper 100 ft of the Eutaw Formation in central and
western Alabama, which consists chiefly of massive
glauconitic sand, with indurated calcareous beds in the
uppermost part, has been named the Tombighee Sand
Member. In eastern Alabama, all but the basal part of
the Eutaw consists of calcareous carbonaceous clay and
sandy limestone beds. The basal part of the unit consists
of glauconitic sand and reworked sand, clay, and gravel
from the underlying Tuscaloosa Group undifferentiated.

The Selma Group consists largely of calcareous strata
between the top of the Eutaw Formation and the base of
the Tertiary System. The Selma Group crops out south
of, and parallel to, the Eutaw Formation in a belt ranging
in width from 25 to 35 mi. The different formations
making up the Selma Group are mostly clay and chalk in
western Alabama, but they grade eastward by facies
change into sand and clay.

The Mooreville Chalk, the basal unit of the Selma
Group in central and western Alabama, overlies the
Eutaw Formation in unconformable to gradational con-
tact and consists of an unnamed lower member and an
upper Arcola Limestone Member. Caleareous clay, marl,
and clayey chalk of the unnamed lower member thicken
from about 260 ft in western Alabama to about 600 ft in
central Alabama. To the east, the member thins and
merges or grades into clastic rocks that are part of the
Blufftown Formation. The Blufftown, which is exposed







































PREDEVELOPMENT STEADY-STATE FLOW SYSTEM

aquifers. Most of this recharge drains to smaller streams,
with relatively little residence time in the aquifer, is
transpired by vegetation, evaporates, or flows down-
ward through the aquifer and intervening confining units
into an underlying aquifer. The balance continues to flow
downdip into the confined parts of the aquifer, generally
toward lower land-surface elevations. Because ground-
water flow is controlled by the forces of gravity, the flow
usually moves to the lowest potentiometric elevation in
the system. Normally, from the deep, confined parts of
the aquifer, ground water discharges to large rivers that
act as regional drains or, upon encountering a relatively
impermeable downdip boundary, flows vertically into
overlying aquifers. However, there are extremely com-
petent confining units within the Southeastern Coastal
Plain aquifer system that isolate some of the major rivers
from the deep, confined parts of the aquifers. Flow that
originated in the recharge areas at the basin divides of
these aquifers originally moved downdip; when it
encountered the impermeable boundary within the aqui-
fer downdip, the overlying confining unit prevented
upward movement and the ground water had to move
laterally, approximately along the strike, to a point
where the flow could be diverted updip to discharge at a
river in the outcrop of the aquifer. This pattern of
regional flow is illustrated by the predevelopment poten-
tiometric surfaces of the aquifers.

The predevelopment flow patterns within the five
major aquifers in the Alabama Coastal Plain are shown
by the potentiometric surface maps in figures 8 through
12. The five aquifers are separable, the lower two from
the upper three, on the basis of somewhat different
ground-water flow patterns that result from differing
hydrogeologic conditions. In all five aquifers, however,
the two major factors believed to determine flow pat-
terns are discharge to rivers and a presumed no-flow
boundary downdip resulting from a combination of low-
permeability rocks and highly mineralized water. For
example, the Chattahoochee, Alabama, and Tombighee
Rivers are prominent drains for all the aquifers, and the
low gradients and smooth characteristics of the potenti-
ometric surfaces in figures 8 through 12 reflect the
damming effect of the decrease in permeability downdip.
Steeper gradients would be expected for aquifers having
such relatively low transmissivities if appreciable water
was being discharged at the downdip limits.

The two lowermost aquifers in the system are the
Tuscaloosa and Eutaw aquifers. They are isolated from
the overlying aquifers, except updip in the easternmost
part of the study area, by the Selma confining unit, which
is the most effective confining unit in the study area.
Flow patterns within these two aquifers were similar,
reflecting a degree of hydraulic interconnection. Within
the study area, ground water entered the Tuscaloosa and
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Eutaw aquifers primarily by direct recharge updip in the
outcrop areas, and to a lesser extent by flow from the
east and west in the confined zone. Some of the water
that entered the system by recharge in the outerops was
immediately drained to nearby streams or was removed
by evapotranspiration; the remainder moved downdip
into the confined zone. Downdip movement of ground
water was eventually impeded by low-permeability rocks
and highly mineralized water. Because vertical move-
ment is restricted by the overlying Selma confining unit,
the water first flowed laterally along the strike of the
aquifer and then flowed updip, discharging to the
regional drains in the outcrop area of the Eutaw aquifer.

The regional drains for the Tuscaloosa and Eutaw
aquifers are the Tombighee-Black Warrior and Alabama
River systems (which represent the topographically low-
ermost points for these aquifers in the study area), and to
a lesser degree the Chattahoochee River. While the
Tombigbee-Black Warrior and Alabama Rivers drain a
relatively large part of the study area, the Chatahoochee
River receives flow from the Eutaw and Tuscaloosa
aquifers only in the recharge areas adjacent to where the
river crosses the outcrops of those two aquifers (figs. 11,
12). The potentiometric maps indicate significant depres-
sions in the potentiometric surface around the two major
drains, even where the aquifers are confined (figs. 11,
12). These potentiometric lows probably are due to
vertical leakage into the Eutaw aquifer from the Tus-
caloosa aquifer, and then to the rivers from the Eutaw
aquifer through fractures in the Selma confining unit,
which underlies the rivers (Gardner, 1981).

The three uppermost aquifers in the study area, the
Providence-Ripley, Nanafalia-Clayton, and Lisbon aqui-
fers, likewise have mutually similar flow patterns (figs.
8-10) and are hydraulically connected over much of their
mutual extent. The flow patterns within the three aqui-
fers are somewhat different from those in the Eutaw and
Tuscaloosa aquifers, for several reasons. First, there is
no major overlying confining unit as effective as the
Selma confining unit overlying the Eutaw aquifer, so
vertical leakage is less restricted. Second, recharge and
discharge areas are, in general, relatively larger, and
drains exert a more significant immediate influence on
ground-water flow. Third, the density of major drains is
greater in the upper three aquifers, resulting in gener-
ally shorter flow paths.

The sources of water entering the Providence-Ripley,
Nanafalia-Clayton, and Lisbon aquifers are essentially
the same as those for the Tuscaloosa and Eutaw aquifers;
however, no water enters the Providence-Ripley aquifer
from the west because the aquifer terminates within the
study area. The major drains are the Tombigbee, Ala-
bama, Conecuh, Choctawhatchee, and Chattahoochee
River systems. In contrast to the condition in the Eutaw
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and Tuscaloosa aquifers, the Chattahoochee River is a
more significant drain for the upper three aquifers. This
is because of (1) the river’s relatively lower elevation
within the outcrops of those aquifers, (2) the fact that
aquifers become more transmissive from west to east in
the upper three aquifers (opposite the condition in the
lower two aquifers), and (3) the large combined outcrop
area in the upper three aquifers. The result is that a
significant amount of ground water entering the study
area from the east by way of the Providence-Ripley,
Nanafalia-Clayton, and Lisbon aquifers discharges to the
Chattahoochee River. In contrast, most of the flow
entering the Eutaw and Tuscaloosa aquifers from the
east in downdip areas flows under the Chattahoochee
River and continues northwestward to discharge into the
Alabama River (figs. 11, 12).

SIMULATION OF GROUND-WATER MOVEMENT

DESCRIPTION OF THE FLOW MODEL

The model used to simulate the ground-water flow
system of the Alabama subregional study area and the
entire Southeastern Coastal Plain aquifer system was
the U.S. Geological Survey’s modular finite-difference
ground-water flow model (McDonald and Harbaugh,
1984), which enables a quasi-three-dimensional simula-
tion of flow components within a multilayer aquifer
system.

The model simulates the regional flow system by
approximating potentiometric surfaces defined by head
measurements from deep wells. It also simulates the flow
to streams provided by discharge from the deep parts of
the aquifers. Simulations were made to approximate
both predevelopment conditions and transient conditions
since significant pumping began. Aquifer characteristics
derived from the initial calibration of the steady-state
(predevelopment) model were used as initial conditions
for the transient model. The additional stresses provided
by simulated pumping in the transient model allowed
refinement of the aquifer characteristics. These refined
characteristics were then used to recalibrate the steady-
state model.

To ensure continuity of the simulated aquifer proper-
ties between subregional models, each subregion of the
Southeastern Coastal Plain RASA study overlapped the
adjacent subregions (fig. 13). Modeling was independent
from subregion to subregion, but differences in cali-
brated values in overlap areas of the various subregional
models were resolved by mutual agreement. To provide
an overview of the flow system in the Southeastern
Coastal Plain, and to ensure the compatibility of the
different subregional models, a regional model was con-
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structed using the data from the subregional models
(Barker and Pernik, chap. C of this Professional Paper).
The regional model had a coarser mesh than the subre-
gional models, each cell of the regional model having four
times the cell area of the subregional models.

The horizontal finite-difference grid for the Alabama
subregional model consisted of 68 rows and 60 columns,
with a node spacing of 4 mi, each cell representing an
area of 16 mi” (fig. 14). The flow system was modeled in
six layers—five active layers (aquifers) and an overlying
source-sink layer. Simulated vertical flow between adja-
cent model layers was controlled by intervening confin-
ing units in which vertical leakage could be varied
areally. The model layers corresponded to the following
named aquifers (A) and confining units (C), which were
numbered sequentially from shallowest to deepest, as
follows:

iﬁrggr Layer name

Al Coastal lowlands aquifer system of the Gulf Coast
RASA study and the Upper Floridan aquifer
(source-sink layer)

C1 Yazoo confining unit

A2 Lisbon aquifer

C2 Tuseahoma confining unit

A3 Nanafalia-Clayton aquifer

C3 Prairie Bluff confining unit

A4 Providence-Ripley aquifer

C4 Selma confining unit

A5 Eutaw aquifer

C5 Gordo confining unit

A6 Tuscaloosa aquifer

Constant-head boundaries, head-dependent flux
boundaries, no-flow boundaries, and river nodes were
applied for each model layer, as shown in figures 15
through 20. Boundary conditions for the model were
chosen to coincide as closely as possible with assumed
no-flow boundaries, with ground-water divides, or with
the estimated water-table head in the overlying aquifer,
represented by the source-sink layer (layer Al) (fig. 15).

The updip limit of each aquifer and the downdip limit of
freshwater were modeled as no-flow boundaries, with
the downdip limit based on either a delineated line,
where water in the aquifer has a dissolved-solids concen-
tration of 10,000 mg/L, or an extreme reduction in
permeability (figs. 16-20). The northeast model bound-
ary approximately coincides with the ground-water
divide between the Flint and Chattahoochee Rivers. It
was designated a constant-head boundary for the steady-
state model, and a head-dependent flux boundary for the
transient model. The southeast boundary approximately
coincides with the downdip limit of the Providence-
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