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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.

Dallas L. Peck
Director
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HYDROGEOLOGY OF THE SOUTHEASTERN COASTAL PLAIN
AQUIFER SYSTEM IN PARTS OF EASTERN MISSISSIPPI
AND WESTERN ALABAMA

By MicHAEL J. MALLORY

ABSTRACT

The 130,000-mi® Southeastern Coastal Plain aquifer system in South
Carolina, Georgia, Alabama, Mississippi, and adjacent areas of north-
ern Florida and southwestern North Carolina is composed of clastic
sediments of Cretaceous and Tertiary age. The clastic sediments that
constitute the aquifer system have been separated regionally into
seven major hydrogeologic units.

In a 32,000-mi® area in eastern Mississippi and western Alabama,
Cretaceous clastic sediments contain the Chattahoochee River aquifer
(locally the Ripley aquifer), the upper Black Warrior River aquifer
(locally the Eutaw-McShan aquifer), and the lower Black Warrior
River aquifer (locally the Tuscaloosa aquifer). This sequence of clastic
aquifers and intervening confining clays and chalks is a part of the
larger, regional Southeastern Coastal Plain aquifer system. This aqui-
fer system is separated from overlying aquifers of Tertiary age by the
extensive Pearl River confining unit in the Midway Group. There is
little flow between aquifers in the Cretaceous sediments and aquifers in
younger sediments. The Southeastern Coastal Plain aquifer system
overlies low-permeability consolidated rocks of Paleozoic to Jurassic
age in the north. In the south, the base of the aquifer system consists
of clays of Early Cretaceous age that isolate underlying, very saline
water (greater than 10,000 mg/L dissolved solids) from the freshwater
of the overlying aquifer system. The downdip limit of the freshwater
aquifer system is considered to be located where water in the aquifers
becomes saline (greater than 10,000 mg/L dissolved solids). Because of
the observed sharpness of the freshwater-saltwater interface, it is
assumed that the interface is in dynamic equilibrium and that little or
no flow crosses the interface.

Geologic structure and topography exert a profound influence on the
movement of water in the aquifer system. In the northern part of the
study area, the aquifer system occupies the eastern flank of the
Mississippi embayment. In the southern part of the study area, the
aquifer system lies on the northern flank of the Gulf Coast geosyneline.
The formations that form the aquifer system dip to the west in the
northern part of the study area, and the dip gradually changes to a
southerly direction in the southern part of the area. Land-surface
altitudes generally are highest in northern Mississippi and descend to
the south to a low point about 30 mi east of the Mississippi-Alabama
State line, where the Tombighee and Black Warrior Rivers exit from
the study area. From there, land-surface altitudes increase into central
Alabama. Most of the recharge to the aquifer system occurs in the
topographically higher parts of aquifer outerop areas. Conversely, the

low areas of the major river valleys are the primary ground-water
discharge areas.

Results from a multiaquifer digital model of the ground-water flow
system are used to quantify both predevelopment and 1982 conditions
in the aquifer system, including the effects of development by mankind.
Flow in the upper and lower Black Warrior River aquifers moves from
the higher parts of their outerops to the regional drains in the valleys
of the major rivers in the aquifer outerop areas. Water entering the
regional flow system in northeastern Mississippi in these aquifers flows
along a long arcuate path that leads considerably downdip into east-
central Mississippi before it flows back updip to emerge as base flow in
major streams in western Alabama. Discharge by upward leakage from
the upper and lower Black Warrior River aquifers to overlying aquifers
is not as significant as had been previously thought, and it accounts for
less than 5 percent of the total flow through the two aquifers. However,
interlayer leakage between the two aquifers is significant.

Flow in the Chattahoochee River aquifer in the study area is mostly
isolated from both the underlying Cretaceous sediments and the
overlying Tertiary sediments. Flow in this aquifer extends out of the
study area to the northwest beneath the Mississippi embayment.

The amount of water that flows in the regional ground-water flow
system is only a small fraction of the amount that enters the local- and
intermediate-scale ground-water flow systems. Of an estimated 3,900
ft3/s (about 7 in./yr) of water that enters the total ground-water flow
system, only about 310 ft%s under predevelopment conditions (pre-
1934), or about 390 ft%/s under 1982 conditions, enter the regional flow
system. These quantities represent about 8 percent of the total flow for
predevelopment conditions and about 10 percent for 1982 conditions.

The transition from predevelopment conditions to 1982 conditions
was accomplished mainly by an increase in total recharge to the
regional flow system, a decrease in discharge to rivers from the
regional flow system, and a slight decrease in ground-water storage.
These changes balance the 1982 ground-water withdrawal rate of about
160 ft3/s (103 Mgal/d). Of the total pumpage in 1982, about 51 percent
was supplied by decreased discharge to rivers and about 43 percent was
supplied by increased recharge to the regional flow system. About 3
perecent was supplied by withdrawals from storage in 1982; this
percentage has previously been higher for short times immediately
after abrupt increases in ground-water withdrawals. The remaining 3
percent of pumpage is supplied by a variety of sources that include
changes in vertical leakage from adjacent aquifer systems and
decreases in the amount of flow leaving the study area from the
Chattahoochee River aquifer.
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INTRODUCTION

BACKGROUND

The Southeastern Coastal Plain aquifer system study
is part of the U.S. Geological Survey’s Regional Aquifer-
System Analysis (RASA) Program. The Southeastern
Coastal Plain aquifer system provides water over an area
of about 130,000 mi® in the Southeastern United States.
The aquifer system extends from the southwestern flank
of the Cape Fear arch in North Carolina to the Missis-
sippi embayment in Mississippi (fig. 1). The Southeast-
ern Coastal Plain aquifer system is located among three
adjacent regional aquifer systems: the Northern Atlantic
Coastal Plain to the northeast, the Floridan to the south
and southeast, and the Gulf Coastal Plain to the west.

The Southeastern Coastal Plain aquifer system is
composed of clastic sediments of Cretaceous and Terti-
ary age in South Carolina, Georgia, Alabama, Missis-
sippi, and adjacent areas of northern Florida and south-
western North Carolina. The clastic sediments that
constitute the aquifer system have been subdivided
regionally into seven major hydrogeologic units, some of
which are hydraulically interconnected with the interfin-
gering and locally overlying Floridan aquifer system.
The composition, texture, and bedding character of the
major units differ from place to place. Sand aquifers of
the Southeastern Coastal Plain aquifer system are mas-
sive to thinly bedded, fine- to coarse-grained, quartzose,
locally feldspathic, and, in places, include limestone beds.
Chalk, clay, shale, and mudstone form the confining units
that separate the major aquifers of the Southeastern
Coastal Plain aquifer system. Locally, the major regional
aquifers have been subdivided into smaller units of
subregional extent.

PURPOSE AND SCOPE

This report is one of several chapters of Professional
Paper 1410 (fig. 2) that describe different aspects of the
Southeastern Coastal Plain aquifer system. This report
(chap. G) presents an analysis of the hydrogeology of the
clastic Cretaceous Coastal Plain aquifers in parts of
eastern Mississippi and western Alabama.

Results from a multiaquifer digital model of ground-
water flow are used to quantify predevelopment condi-
tions in the aquifer system as they existed before about
1934 and conditions as of 1980, including the effects of
development by mankind. The modeling section of this
report documents the use of the model to simulate the
regional flow system in the study area.

This report provides descriptions of (1) the hydrogeo-
logic framework and associated ground-water flow sys-
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tem and (2) a calibrated digital computer model capable
of assessing the effects of ground-water withdrawals or
other stresses on the ground-water flow system.

The study area is about 32,000 mi® in western Alabama
and eastern Mississippi and includes all or part of 33
counties in Mississippi and all or part of 22 counties in
Alabama (fig. 3).

PREVIOUS INVESTIGATIONS

Many geologic and hydrologic studies made in the
study area have been published by the U.S. Geological
Survey, the Mississippi Bureau of Geology, the Alabama
Geological Survey, the Mississippi Research and Devel-
opment Center, other State and Federal agencies, con-
sulting firms, and others. These studies include:

1. Investigations of the geology or hydrology of a county
or group of counties (Ellison and Boswell, 1960;
Knowles and others, 1963; LaMoreaux and Toul-
min, 1959; Newcome, 1974; Newcome and Bettan-
dorff, 1973; Newton and others, 1961; Paulson and
others, 1962; Scott, 1957; Wahl, 1965; Wasson and
Tharpe, 1975; Wasson and Thomson, 1970; Wasson
and others, 1965).

2. Statewide appraisals of water resources (Averett,
1968; Crider and Johnson, 1906; Newcome, 1971;
Smith, 1907; Wasson, 1980).

3. Compilations of water-use data (Callahan, 1976;
Pierce, 1972).

4. Investigations of the particular aquifer systems (Cre-
taceous) of interest to this study throughout their
extent in each of the States (Boswell, 1963; Carl-
ston, 1944),

5. Digital computer flow model studies of smaller areas
within the area of this study (Gardner, 1981; Ker-
nodle, 1981).

One series of previous investigations is of special
significance because it presents a regional overview of
the water resources of virtually the entire area of this
study. These reports are the various chapters of U.S.
Geological Survey Professional Paper 448, “Water
resources of the Mississippi embayment.” Chapters of
interest to this study are 448-A, “Availability of water in
the Mississippi embayment” (Cushing and others, 1970);
448-B, “General geology of the Mississippi embayment”
(Cushing and others, 1964); 448-C, “Cretaceous aquifers
in the Mississippi embayment” (Boswell and others,
1965); and 448-1, “Low-flow characteristics of streams in
the Mississippi embayment in Mississippi and Alabama”
(Speer and others, 1964).
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FIGURE 19. —Water levels in selected wells in aquifer outcrop areas, 1973-84.

during early days of utilization of these aquifers. These | Cretaceous and Paleozoic rocks known as the “Fall Line”
maps and the details of aquifer geometry previously | because the much more indurated Paleozoic rocks typi-
described guided the delineation of the boundaries of the | cally support higher physiographic relief that results in
study area. The updip boundary is the contact between | rapids and waterfalls where streams cross the contact.
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The downdip boundary of flow in each aquifer is located
where the aquifer becomes saline (greater than 10,000
mg/L of dissolved solids). The downdip limit of the
freshwater circulation system is thought to represent a
surface across which little or no flow takes place because
of the observed narrow width of the freshwater-
saltwater transition zone (Gandl, 1982). If substantial
mixing or displacement were occurring, it would be
expected that the transition zone would be more diffuse.
The northwestern boundary of the study area coincides
generally with the limits of permeable material in the
lower two aquifer units being studied (the upper and
lower Black Warrior River aquifers). However, the
Chattahoochee River aquifer thickens to the north and
west, and the northwestern study boundary for this
aquifer is arbitrary. The formations that make up the
Chattahoochee River aquifer are also included in the Gulf
Coastal Plain RASA study, and conditions along the
northwestern boundary were determined in conjunction
with that study. The southeastern boundary of the study
area was chosen to follow flow lines and to correspond to
a gradual facies change from a predominantly clastic
lithology in the east to a lithology dominated by chalk in
central Alabama.

The locations of four hydrogeologic sections are shown
in figure 20. Figures 21, 22, 23, and 24 illustrate the
generalized conceptual model of the predevelopment
flow system. These four hydrogeologic sections are
drawn along row 27; along row 55; in an arc from row 19,
column 35 to row 29, column 24 to row 55, column 24 to
row 60, column 31; and along column 17.

The hydrogeologic section D-D’ along row 27 (fig. 21)
is approximately perpendicular to the strike of the
outcrop of the aquifers and is located in the northern,
topographically higher part of the outcrop area. Consid-
erable recharge enters the outcrop of all three major
aquifers in this area, and ground water generally flows
downdip to the southwest. There is also a component of
flow out of the plane of the section (to the southeast) for
the lower and upper Black Warrior River aquifers and
into the plane of the section (to the northwest) for the
Chattahoochee River aquifer. (See the intersecting sec-
tion F-F" shown in fig. 23.) The concentration of flow
lines in the more shallow part of the aquifer system
compared with the sparser flow lines in the deeper parts
suggests the relatively sluggish nature of the flow in
these deeper aquifers.

There is a general upward leakage from the lower
Black Warrior River aquifer to the overlying upper
Black Warrior River aquifer. Only a small amount of
upward leakage occurs between the upper Black Warrior
River aquifer and the Chattahoochee River aquifer
because of the very low vertical hydraulic conductivity of
the Black Warrior River confining unit that separates
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them. In addition, only a small amount of upward leakage
occurs through the Chattahoochee River confining unit
between the Chattahoochee River aquifer and the over-
lying Pearl River aquifer that forms the upper boundary
of the aquifer system.

The geohydrologic section E-E' along row 55 (fig. 22)
is approximately perpendicular to the generalized strike
of the outcrop and through the major river valley at the
confluence of the Tombigbee and Black Warrior Rivers.
In this section, there is a component of flow from the
deeper parts of the upper and lower Black Warrior River
aquifers flowing updip toward the outcrop. This flow
results from water moving toward the potentiometric
low that underlies the Tombigbee-Black Warrior River
valley. The upward discharge to the river valley repre-
sents the major regional drain for these aquifers. The
Chattahoochee River aquifer is not prominent in this
section because the formations constituting it have
largely undergone a facies change to chalk.

The arcuate geohydrologic section F-F" (fig. 23) is
approximately parallel to the strike of the outcrop and is
located in the updip area near the outcrop. The denser
network of flow lines illustrates the more active flow
system present in the shallower, unconfined parts of the
aquifers. The rather erratic flow pattern indicates the
effects of “intermediate scale” flow where recharge in
topographically higher areas is discharged in lower
areas. As local topography affects the potentiometric
surface near the outcrop, patterns of leakage are dis-
rupted, and the general trend of upward leakage from
the lower to the upper Black Warrior River aquifer is
reversed in numerous smaller areas where downward
leakage between these units occurs. This section is updip
from the Pearl River and Chattahoochee River aquifers;
consequently, those aquifers are not shown.

Flow paths at the downdip edge of the study area
illustrate the assumed static nature of the interface of the
saltwater-freshwater transition zone. The geohydrologic
section G—-G’ along column 17 (fig. 24) is approximately
parallel to the generalized strike of the outcrop and is
near the downdip edge of the study area in the downdip
sluggish part of the flow system in the upper and lower
Black Warrior River aquifers. Here, the inability of the
very tight Black Warrior River confining unit to leak
enough water upward causes flow in the upper and lower
Black Warrior River aquifers to be southeastward
toward major regional drains in the valleys of the Tom-
bigbee, Black Warrior, and Mobile Rivers. Flow in the
the Chattahoochee River aquifer is predominantly north-
westward, toward its ultimate discharge point in Mis-
souri (Brahana and Mesko, 1987). This fact complicated
the modeling of this aquifer in this study and necessi-
tated coordinating boundary conditions with the Gulf
Coastal Plain RASA study, which modeled the unit in the
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TaBLE 3.— Construction features of selected long-term observation wells

Top of

Land Water level sereen Location in
elevation Well . (feet model grid
Well Latitude Longitude (feet Y. ar depth Ge019g1 ¢ below Year (feet
number drilled unit measured below
above (feet) land land
sea level) surface) surface) Row Column
B006 34° 32" 00" 089° 04’ 59" 385 1955 500 Ripley 25 1955 110 17 24
F002 34° 39’ 217 088° 33’ 41” 525 1950 491 Eutaw 183 1950 406 19 31
F016 33° 54’ 00" 088° 59’ 50" 340 1931 820 Eutaw 103 1940 27 19
G102 33° 27" 10" 088° 47" 17" 381 1,008 Eutaw 177 1940 968 35 18
H004 33° 36" 20" 088° 39’ 25" 215 1953 386 Eutaw 99 1953 306 34 21
H009 34° 16’ 32" 088° 40’ 30” 285 1947 335 Eutaw 47 1947 59 24 27
Ho12 33° 34" 05" 088° 39’ 32" 194 1937 800 Tuscaloosa -11 1940 400 34 21
H042 34° 15" 36" 088° 42’ 10" 280 1966 562 Tuscaloosa 164 1966 510 24 26
H046 33° 37" 12" (088° 38" 46" 237 1962 203 Tuscaloosa 28 1963 34 21
H115 33° 06’ 45" 088° 33" 28" 185 1954 1,807 Tuscaloosa 33 1955 1,767 42 18
K037 33° 51’ 36" 089° 00’ 53" 320 130 Ripley 64 1958 27 19
Lo022 33° 25" 17" 088° 23’ 56" 178 1960 1,190 Tuscaloosa —44 1960 1,170 38 23
0014 34° 05’ 22" 088 37" 17" 266 1940 612 Tuscaloosa 22 1940 587 27 26
0015 34° 05’ 237 088° 37" 17" 266 1956 282 MecShan 20 1956 208 27 24
GRE-3 32° 50" 05" 087° 53’ 20" 172 407 Eutaw 37 1952 395 51
MAG-1 32° 30’ 55" 087° 50’ 41" 110 900 Eutaw 1 1953 860 56 22
HAL-1 32° 42’ 05" 087° 35’ 28" 257 278 Eutaw 43 1961 258 55 27
TUS-5 33° 13’ 40" 087° 38’ 16" 157 109 Tuscaloosa 24 1964 103 47 31
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FIGURE 30.—Observed and simulated water levels in wells B006 and K037 in the Chattahoochee River aquifer.



REGIONAL FLOW SYSTEM

WELL F002

G45

FT 1T

150
160
170
180
180

Simulateq

NN
- O
(= =]

[LLEAY AL LAALY LAARN AR LN LA L R

URFAC
NONN
. WwWoN
o O© o

v b e e 1y

1
w
0
o

LI L N L L L I Y BN T T

vl oo bedvo b gl

11

[T r T T rr oot

25
50
75
100
125

150

UL AR LR RRN AR ERRRN RN RN

cooa by e by TN I N T B

175

285

260

235

210

185

160

135

lllllllllllllIIIIIlltIIIlIIIIIIIIIlI

b
b

ELL 0015
20 T

110

WATER LEVEL, IN FEET ABOVE SEA LEVEL

[rrrJprrrprrr

30
40
50
60
70
80
380
100
110

Simulateq

WATER LEVEL, IN FEET ABOVE OR BELOW LAND SURFACE

L LA KAL) LARRY LU EARNLLLEY LEARN LA P

v b by b b v Ly 1y

246
236
226
216
206
196
186
176
166
156

L L T T

A IYTTL INETAITENY AUTTY NRITI FRATA ROARAAATA NN

]rll

vl by by by 19

oy
0
Q) [TTTT
oL

120

1934 1938 1942 1946 1950 1954 1958

146

1962 1966 1970 1974 1978 1982 1986

FIGURE 31.—Observed and simulated water levels in wells F002, H009, and 0015 in the upper Black Warrior River
aquifer.

near the northern limit of deposition of the aquifer, the
match between observed and simulated hydrographs is
poor. This mismatch is possibly caused by the proximity
of the aquifer boundary (no flow). At well H009, located
in a major drawdown center in Lee County, Miss., the
agreement between observed and simulated hydro-
graphs is good. Agreement between observed and sim-
ulated results at well 0015 is only fair; however, at this
well, there is some question of the accuracy of the
unusually high water-level measurement reported by the
driller for 1956. Because this information is the only
measured water level until regular measurements were
begun in 1976, if this measurement were too high, the
agreement would be considerably better. Well F016 is in

the downdip part of the aquifer; agreement at this site is

fair. Well HO04 is located near a moderate drawdown
center in Clay County, Miss.; agreement at this site is
somewhat poor. Well G102 is located in the downdip part
of the aquifer; agreement of observed and simulated data
at this site is also fair. Wells GRE-3, MAG-1, and
HAL-~1 are located in the major discharge area. GRE-3
and HAL-1 are near the updip edge of the aquifer, and
MAG-1 is somewhat farther downdip. Agreement
between the observed and simulated hydrographs at all
three of these wells is good.

Seven hydrographs of wells in the lower Black Warrior
River aquifer are shown in figures 34 and 35. At well
H042, in the Lee County, Miss., drawdown center,
agreement between observed and simulated hydro-
graphs is good, although this well does show considerable
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FIGURE 32. —Observed and simulated water levels in wells F016, H004, and G102 in the upper Black Warrior River
aquifer.

fluctuations in water levels that are too short term to be
simulated by the model time steps. Well 0014 is located
at the same site as well 0015, which is finished in the
overlying upper Black Warrior River aquifer. In the
selection of wells for model calibration, an attempt was
made to locate as many such pairs of wells as possible to
provide information on the degree of interconnection of
the aquifers. Agreement of observed and simulated
water levels at this well is good. Wells H046 and H012
are located within about 3 mi of each other in a drawdown
center in southeastern Clay County, Miss. The spacing
between these two wells is less than one model grid unit.
Results from these wells illustrate the problems inherent
in discretizing a physical system into a finite-difference

grid. While the mateh of the observed and simulated
hydrographs at well H0O12 is one of the best of any of the
control points, the match at well H046 is one of the
worst. For wells this close together and for areas with
hydraulic gradients this steep, significant errors are
introduced because the model represents the head in a
16-miZ area as a single value. At well L022, in the updip
part of the aquifer, agreement of observed and simulated
results is fair. At well H115, in the downdip part of the
unit, agreement is poor. At well TUS-5, located in the
extreme updip area of the aquifer, very near the outcrop,
agreement of results is also poor. Although the model
grid cell that contains this well location is modeled as
confined, local topographic relief or variations in deposi-
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FIGURE 33.—Observed and simulated water levels in wells GRE-3, MAG-1, and HAL-1 in the upper Black Warrior
River aquifer.

tional patterns may, in reality, cause the flow at this
point to behave more nearly like that in an unconfined
system.

THE TRANSIENT FLOW SYSTEM

In the time since pumpage from wells began in the
Southeastern Coastal Plain aquifer system, the aquifer
system has been in a state of change, dynamically
adjusting to the effects of development. To be a useful
tool in the understanding of the areal flow system, a
digital computer model must be able to simulate this
transient behavior of the system.

SIMULATION OF TRANSIENT CONDITIONS

The preliminary predevelopment model provided the
starting point for the simulation of transient conditions.
In the process of calibrating the model to reproduce
observed long-term hydrographs, several changes were
made in the hydrologic parameters of the preliminary
model. Rerunning the predevelopment model with the
final parameters calibrated under transient conditions
produced results similar to the initial predevelopment
conditions, and these parameters were accepted as the
best calibration to represent both steady-state and tran-
sient conditions.
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FIGURE 34. —Observed and simulated water levels in wells H042, 0014, H046, and HO12 in the lower Black Warrior
River aquifer.
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FIGURE 35. —Observed and simulated water levels in wells L022, H115, and TUS-5 in the lower Black Warrior River
aquifer.

CALIBRATION

In addition to the hydrologic parameters necessary for
steady-state simulation, calibration of the transient sim-
ulation model required the following.

1. The areal distribution of the value of storage coeffi-
cient—a measure of the amount of water taken
into or released from an aquifer in response to a
unit change of head —for each of the aquifers in the
system. Only storage in aquifers was considered in
this model. Although storage in the thick clays of
the confining units that separate the aquifers is
perhaps significant, no direct or indirect evidence
is available to quantify flow derived from confining

unit storage. The assumption that all of the stor-
age in the system is from aquifer material may,
therefore, result in some overestimation of the
aquifer storage coefficients.

2. The historical pumpage through time from each of
the aquifers. The method used to determine his-
torical pumpage was discussed previously.

3. A record of the observed water levels through time

in response to pumping. For the purposes of model
calibration, this record consisted of the 18 long-

term hydrographs shown in figures 30 through 35.
Initial simulations of transient conditions in many
areas failed to reproduce adequately the decline in head
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that had been historically observed. Analysis of this
inability to reproduce observed drawdowns led to a
revision of an assumption made in the preliminary
steady-state model, namely, that in the precipitation-
rich environment of the coastal plain, sufficient recharge
was available to provide all the water that the aquifer
could transport out of its recharge area. While it is
obvious that much potential recharge is rejected by the
aquifers, the most realistic limit on the amount of
recharge actually accepted by the aquifer seems to be
imposed by the rate at which infiltration through the
unsaturated zone of the aquifer outcrop can occur. A
second factor, which limits recharge and increases
hydraulic gradients in the aquifer outcrop area and which
had not been incorporated into the preliminary steady-
state model, is the reduction in transmissivity that
occurs as the aquifer thins to a “feather edge” in its
outerop. Both of these factors will produce similar but
discernible results. If resistance to infiltration predomi-
nates, the pattern of heads and gradients will be as
shown in case 1 in figure 36, with lower heads near the
updip edge of the aquifer outcrop and a more nearly
constant hydraulic gradient downdip. If, on the the other
hand, reduction of transmissivity in the outerop area is
dominant, the pattern of heads and gradients will be as in
case 2 in figure 36, with higher heads in the updip edge
of the outcrop and a distinet break in slope of the
hydraulic gradient near the downdip edge of the outerop
area. A major part of the calibration of the transient
model consisted of the adjustment of outerop infiltration
rates and transmissivities in and near the outcrop areas
to achieve an accurate simulation of the observed draw-
downs in the regional aquifers.

The distribution of storage coefficient values was
estimated in the process of transient calibration.

Minor changes, as described in the section “Simulation
of Predevelopment Conditions,” were made to improve
the representation of boundary conditions during the
calibration of the transient model.

The process of calibrating the transient model involved
minimizing the root-mean-square error at 96 points in
space and time from the 18 long-term hydrographs.
Calibration was made to the first eight pumping periods,
simulating the time span from predevelopment to 1980.
The final pumping period, simulating heads near the end
of 1982, was used to check the calibration.

During calibration, root-mean-square error was
reduced from 39.7 to 7.2 ft for the Chattahoochee River
aquifer layer, from 46.7 to 26.0 ft for the upper Black
Warrior River aquifer layer, and from 50.2 to 28.5 ft for
the lower Black Warrior River aquifer layer. Compari-
sons of observed and simulated hydrographs for the
calibrated model are shown in figures 30 through 35.
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The accuracy of the calibrated transient model was
checked by simulating the potentiometric surfaces of the
aquifers for the fall of 1982, In the fall of 1982, as part of
this study, a synoptic set of water-level measurements
was made for all of the Southeastern Coastal Plain
regional aquifers. Figures 37, 38, and 39 show maps of
the simulated and observed water levels. The match
between the simulated and observed surfaces is consid-
ered good and indicates that the model is well calibrated.

SUMMARY OF FLOW COMPONENTS

An analysis of the calibrated model indicates that
before development (pre-1934), about 310 ft%/s of water
flowed through the Mississippi-Alabama part of the
Southeastern Coastal Plain regional aquifers. More than
300 ft*/s of this amount represented recharge from the
aquifer outcrop areas, and the remainder, less than 10
ft%/s, represented water flowing from vertically adjacent
aquifers. In these steady-state conditions, nearly all the
water flowing through the aquifer system discharged to
regional drains in major river valleys. However, about 5
ft3/s discharged to vertically adjacent aquifer systems,
and about 3 ft%/s left the study area laterally from the
Chattahoochee River aquifer. Recharge to the outcrops
of individual aquifers was about 20 ft*/s to the Chatta-
hoochee River aquifer, about 90 ft%s to the upper Black
Warrior River aquifer, and about 190 ft%/s to the lower
Black Warrior River aquifer.

In 1982 the average pumping rate from the regional
aquifer was about 160 ft*s. This pumping rate was
balanced by (1) an increase in total recharge to about 370
ft3/s from 300 ft%s, (2) a decrease in discharge to river
valleys to about 220 ft%/s from about 302 ft%s, (3)
withdrawals of about 5 ft%/s from aquifer storage, and (4)
a slight increase in water received from vertically adja-
cent aquifer systems (to slightly more than 10 ft%s) and
a slight decrease in water flowing out of the system to
aquifers outside the study area (to slightly less than 5
ft%/s). These values indicate that, of the total pumpage in
1982, about 51 percent was derived from decreased
natural discharge from the aquifer, about 43 percent was
derived from increased recharge in outcrop areas, and
about 3 percent was being supplied from the aquifer
storage. The remaining 3 percent includes all other
factors, including vertical interchange with adjacent
aquifers and lateral flow moving out of the study area.
The cumulative numerical truncation errors present in
the model also have a slight effect on these percentages.

SUMMARY AND CONCLUSIONS

Cretaceous clastic sediments in eastern Mississippi
and western Alabama include the aquifers known locally
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Southeastern Coastal Plain aquifer system. This aquifer
system is separated from overlying aquifers of Tertiary
age by the regionally extensive Pearl River confining
unit, in the Midway Group, which is equivalent to the
Vicksburg-Jackson confining unit of the Gulf Coastal
Plain regional aquifer system. There is little interaction
between the aquifers in Cretaceous sediments and aqui-
fers in younger sediments. The Southeastern Coastal
Plain aquifer system overlies poorly permeable consoli-
dated rocks of Paleozoic to Jurassic age in the north. In
the south the base of the active-flow system consists of
clays of Early Cretaceous age that isolate underlying,
very saline water from the freshwater of the overlying
aquifers. The downdip limit of active flow in the South-
eastern Coastal Plain aquifer system is located where
water in the aquifers becomes saline (more than 10,000
mg/L dissolved solids). Because of the observed sharp-
ness of the freshwater-saltwater transition zone, it is
assumed that the interface of this transition is in dynamic
equilibrium and that little or no flow crosses the inter-
face.

Geologic structure and topography exert a profound
influence on ground-water flow in the aquifers. In the
northern part of the study area, the aquifer system
occupies the eastern flank of the Mississippi embayment.
In the southern part of the study area, the aquifer
system lies on the northern flank of the Gulf Coast
geosyncline. The formations that form the aquifer sys-
tem in the study area dip to the west in the northern part
of the area; however, these beds gradually change to a
southerly dip in the southern part of the area. Land-
surface altitudes generally are highest in northern Mis-
sissippi, descending to the south to a low point about 30
mi east of the Mississippi-Alabama State line, where the
Tombigbee and Black Warrior Rivers exit from the study
area. From there, land-surface altitudes increase into
central Alabama. Most recharge to the aquifer system in
the study area occurs in the topographically higher parts
of aquifer outcrop areas. Conversely, the low areas of the
major river valleys are the primary discharge areas.

Regional flow in the lower two aquifers, the upper
Black Warrior River aquifer and the lower Black War-
rior River aquifer, is controlled both by the hydrologic
properties of the aquifer materials and by the topogra-
phy within their outcrop areas. Topography within the
outcrop area determines the locations of major natural
recharge and discharge areas, whereas the transmissiv-
ity primarily determines the total amount of flow
through the aquifers. In these aquifers, flow is from the
higher outcrop areas to regional drains in the valleys of
major rivers and to low-lying areas of the aquifer out-
crop. The lowest parts of the outerop of these aquifers
are near the confluence of the Tombighbee and Black
Warrior Rivers in western Alabama. Ground water
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entering the regional aquifer system in the northeastern
part of Mississippi flows along a long arcuate path that
carries it considerably downdip in east-central Missis-
sippi before it flows back updip (although, of course, still
downgradient) to emerge in major stream valleys in
western Alabama. Discharge by upward leakage from
the upper and lower Black Warrior River aquifers to
overlying aquifers, while present, is not as significant as
had been previously thought and accounts for less than 5
percent of the total flow through the aquifers. However,
leakage between the upper and lower Black Warrior
River aquifers is significant.

Flow in the Chattahoochee River aquifer (locally the
Ripley aquifer) is mostly isolated, both from the under-
lying Cretaceous sediments and from the overlying Ter-
tiary units. Flow in the Chattahoochee River aquifer
extends out of the study area beneath the Mississippi
embayment. This fact complicated the modeling of this
aquifer and necessitated coordinating boundary condi-
tions with the Gulf Coastal Plain RASA study, which
modeled the unit in the Mississippi embayment.

The amount of water that flows in the deeper, regional
ground-water flow system is only a-small fraction of the
amount that enters the local and intermediate ground-
water flow systems. Of the estimated 7 in/yr or 3,900
ft3/s of ground-water recharge in the study area, only
about 310 ft¥/s under predevelopment conditions, or
about 390 ft?/s under 1982 conditions, enter the regional
ground-water flow system. These amounts represent
about 8 percent of the total flow infiltrating the soil for
predevelopment conditions and about 10 percent for 1982
conditions.

The transition from predevelopment conditions to the
1982 pumping conditions was accomplished mainly by an
increase in recharge to and a decrease in discharge from
the regional flow system to rivers and lakes and by a
small decrease in ground-water storage. These changes
balance a pumping rate of about 160 ft*/s (103 Mgal/d) in
1982. Of the total pumpage in 1982, about 51 percent was
supplied by decreased discharge and about 43 percent
was supplied by increased recharge. About 3 percent was
supplied by aquifer storage. The remaining 3 percent of
pumpage was supplied by a variety of sources that
included changes in vertical leakage from adjacent aqui-
fer systems and changes in lateral flow leaving the study
area from the Chattahoochee River aquifer. The cumu-
lative numerical truncation errors present in the model
also have a slight effect on these percentages.
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