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Analysis of Ground-Water Flow in the Catahoula
Aquifer System in the Vicinity of Laurel and

Hattiesburg, Mississippi

By Keith J. Halford and Nancy L. Barber

Abstract

The upper, middle, and lower Catahoula
aquifers in the vicinity of the cities of Laurel
and Hattiesburg in southern Mississippi are
made up of irregular, discontinuous sand zones
in the Catahoula Formation of Miocene age.
Withdrawal from the Catahoula aquifer system
increased from 28 to 41 million gallons per
day from 1970 to 1985, and decreased to 38
million gallons per day during 1990. Most
withdrawal in the Laurel area is from the lower
and middle Catahoula, and most withdrawal in
the Hattiesburg area is from the middle and
upper Catahoula aquifers. In the Laurel] area,
water levels in the lower Catahoula aquifer
declined at rates ranging from about 1 to 3.6
feet per year from 1964 until the late 1980’s in
response to the increase in pumping.

A three-dimensional model was devel-
oped to represent ground-water flow in the
Catahoula aquifer system. Simulated water
levels in the lower Catahoula aquifer, the layer
most affected by pumping, were lowered from
predevelopment levels as much as 130 feet in
the Laurel area and 100 feet in the Hattiesburg
area, according to the model analysis of 1992
conditions. Three scenarios of increased
pumpage for the period 1992-2020 were simu-
lated. Under the low-growth scenario, water-
level declines would be 20 feet or less below
1992 water levels in the middle and upper Cat-
ahoula aquifer in the Hattiesburg area, and
about 60 feet in the lower Catahoula aquifer in

the Laurel area. Under the moderate-growth
scenario, water-level declines would be 40 feet
or less below 1992 water levels in the middle
Catahoula aquifer in the Hattiesburg area.
Water-level decline would be about 110 feet in
the lower Catahoula aquifer in the Laurel area,
and water levels would be near the top of the
aquifer. Under the high-growth scenario,
water-level decline would be 40 feet or less in
the upper Catahoula aquifer and about 80 feet
in the middle Catahoula, with the largest
decline occurring in the Hattiesburg area.
Water levels would decline about 130 feet and
would be drawn down below the top of the
lower Catahoula aquifer in the Laurel area
under the high-growth scenario.

INTRODUCTION

The Catahoula aquifer system, the lower-
most aquifers of the Miocene-age series in
Mississippi, is a major source of water for
industry and public supply throughout the
Laurel and Hattiesburg areas in southern
Mississippi. In the Laurel] area, most public
and industrial water supplies are obtained from
the lower and middle Catahoula aquifers. Sup-
plies for the city of Laurel are obtained from
the lower Catahoula exclusively. In the
Hattiesburg area, most pumpage is from the
middle and upper Catahoula aquifers, although
the lower Catahoula also is used. Withdrawal
from the aquifers in the Laurel and Hattiesburg



areas increased from about 17 Mgal/d during
1960 to 41 Mgal/d during 1985, and decreased
to 38 Mgal/d during 1990. Water levels near
pumping centers in Laurel and Hattiesburg
declined at rates ranging from about 1 to

3.6 ft/yr between 1955 and 1985. However, the
rates of decline have decreased from 1985 to
1993, and in some areas, primarily in Laurel,
water levels have recovered in response to
decreases in ground-water pumpage and to
changes in the pumping distribution. If
ground-water use increases in response to pop-
ulation growth or industrial development,
water levels may decline below the contempo-
rary (1992) or historical low levels. The ability
to estimate the potential of the Catahoula
aquifer system would facilitate the manage-
ment and plans for additional development of
ground-water resources in the Laurel and
Hattiesburg areas.

A study of the Catahoula aquifer system
in the Laurel and Hattiesburg areas was per-
formed as part of a larger study by the U.S.
Geological Survey designed to improve under-
standing of ground-water flow for the
Miocene-age aquifers in selected areas of
southern Mississippi. This report was prepared
in cooperation with the Pat Harrison Waterway
District and with the Mississippi Department
of Environmental Quality, Office of Land and
Water Resources (OLWR).

Purpose and Scope

This report describes the ground-water
flow system in the Catahoula aquifer system
near two areas of ground-water development:
the cities of Laurel, in Jones County, and Hat-
tiesburg, in Forrest County. The report is based
on a study that included the collection of
water-level and water-use data, and the analy-
sis of electric-resistivity well logs to help
define the hydrogeologic framework.

Although the cities of Laure] and Hatties-
burg and adjacent areas are of specific interest

to this study, ground-water flow model investi-
gations encompassed a much larger area that
covered much of southeastern Mississippi and
parts of Louisiana and Alabama (fig. 1). The
model was used to estimate the changes in
water levels in the upper, middle, and lower
Catahoula aquifers under three scenarios of
simulated pumpage.

Physiography and Climate

Most of the area included in the ground-
water flow model is located in the Long-Leaf
Pine Hills physiographic district (Stephenson
and others, 1928), an area of rolling to moder-
ately rugged hills ranging from 100 to 500 ft
above sea level. The southern part of the area
is located in the Coastal Pine Meadows, a nar-
row physiographic district near the gulf coast
that is relatively flat and contains extensive
areas of swamp and marsh.

Southern Mississippi is characterized by a
humid, subtropical climate. Average precipita-
tion over the study area ranges from 54 to 60
in/yr (National Oceanic and Atmospheric
Administration, 1985). Rainfall is distributed
evenly throughout the year except during drier
summer months. The average yearly tempera-
ture is 68 °F. Summer temperatures range from
65 to 98 °F, and winter temperatures range
from 20 to 65 °F.

The major population centers in the study
area are Hattiesburg, with a 1990 population of
41,882, and Laurel, with a 1990 population of
19,730 (U.S. Bureau of the Census, 1991).
Larger cities are located on the gulf coast, but
these are not within the area of development of
the Catahoula aquifer system because of the
availability of shallower aquifers in the coastal
area.,

Previous Investigations

The water-yielding properties of the Cata-
houla Formation in Mississippi were first
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Table 1. Geologic units underlying southeastern Mississippi (Modified from Dockery, 1981)

System Series

Group

Geologlc unit

Holocene
Quaternary

Undifferentiated alluvium and
terrace deposits

Pleistocene

Citronelle Formation

Pliocene

Graham Ferry Formation

Miocene

Pascagoula Formation
Hattiesburg Formation
Catahoula Formation

Tertiary

Paynes Hammock Formation
Chickasawhay Limestone

Oligocene

Vicksburg

Bucatunna Formation
Byram Formation
Glendon Limestone
Marianna Limestone
Mint Spring Formation

Eocene

Claiborne

Cockfield Formation

Hydrogeology

The principal sources of ground water in
the Laurel and Hattiesburg areas are sands
within the Catahoula Formation which com-
pose the Catahoula aquifer system. Generally
the Catahoula Formation contains a thick
water-bearing sand near the base of the forma-
tion and two other sands higher in the
sequence; however the sands generally cannot
be correlated regionally. Between and within
the sands are units of clay that vary in thick-
ness and areal extent. Following Boswell and
others (1987, p. 18), the sands in this report are
referred to as the lower, middle, and upper
Catahoula aquifers. The base of the lower
Catahoula aquifer system in the study area was
identified using borehole geophysical logs and
the Glendon Formation, a highly resistive
limestone unit within the Vicksburg Group, as
the primary marker bed. Typical electric-
resistivity log patterns for the Catahoula

Formation in the Laurel and Hattiesburg areas
(fig. 3) illustrate the alternating sand and clay
Zones.

The configuration of the base of the lower
Catahoula aquifer is irregular (fig. 4) but gen-
erally dips to the south and west; the dip of the
middle and upper Catahoula aquifers is simi-
lar. Generalized hydrogeologic sections
through the modeled area (fig. 5) illustrate the
irregular thickness and dip of the Catahoula
aquifer system and the intervening confining
units. Within the Jones-Forrest County area,
the three aquifers can be correlated in an area
approximately 10 to 15 mi east-west and 30 to
40 mi north-south. Outside of this area, the
correlation of aquifers and confining units
between borehole locations is less certain.

The sand thicknesses of the upper, mid-
dle, and lower Catahoula aquifers and related
confining units also were measured using bore-
hole geophysical logs (figs. 6-8). The aquifers
are irregular in thickness, are discontinuous in
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places, and may contain discontinuous lenses
of clay. Between clay lenses, two aquifers coa-
lesce to form one aquifer. Accordingly, the
three Catahoula aquifers form a complex sys-
tem (which will be referred to as the Catahoula
aquifer system in this report), in which the
individual aquifers may be hydraulically well
connected because of missing or thin confining
units. In the Hattiesburg area, where the upper
and middle Catahoula aquifers are the primary
water sources, the sand thickness of the upper
Catahoula is about 200 ft, and the sand thick-
ness of the middle Catahoula generally is less
than 100 ft. In the Laurel area, the sand thick-
ness of the lower Catahoula aquifer (the water
source for the city of Laurel) generally is less
than 100 ft. However, the irregular thickness
and extent of the aquifers can cause variations
in sand thickness of 50 ft between wells that
are 100 ft apart.

The confining units overlying the upper,
middle, and lower Catahoula aquifers are pri-
marily clays within the Catahoula, Pascagoula,
and Hattiesburg Formations. These clays vary
in thickness from nearly zero to several hun-
dred feet (figs. 9-11). The thick clays of the
Paynes Hammock Formation, the
Chickasawhay Limestone, and the Vicksburg
Group underlie and are the base of the Cata-
houla aquifer system in various parts of the
study area.

Beyond the boundaries of the study area,
aquifer and confining unit maps were highly
generalized by extending thickness values
determined near the study area to the periphery
of the modeled area. This generalization effec-
tively extends the hydrogeologic framework
identified within the study area to realistic
hydrologic boundaries useful for ground-
water-flow model calibration. Pumping is
small within this area of generalization com-
pared to withdrawals at Laurel and Hatties-
burg, and no long-term water-level changes are
known to have occurred.

The primary recharge area for the Cata-
houla aquifer system is in the northern part of

13

the modeled area where the aquifers crop out
in Clarke, Covington, Greene, Jasper, Jones,
Smith, and Wayne Counties, Mississippi and
in Washington County, Alabama (figs. 1-2).
The recharge areas for the individual Cata-
houla aquifers have not been mapped, but gen-
erally the upper Catahoula aquifer crops out
along the southern edge of the outcrop area
shown in figure 2, the middle Catahoula crops
out parallel to the upper Catahoula and farther
to the north and east, and the lower Catahoula
aquifer crops out along the northern edge of
the modeled area. The upper Catahoula aquifer
(fig. 6) is not present in the Laurel area.

The principal source of water for the Cata-
houla aquifer system is the infiltration of rain-
fall in the outcrop areas. Most of the water
available for recharge either runs off directly to
streams or is discharged locally as base flow to
perennial streams. The water that does infil-
trate the outcropping sands of the Catahoula
aquifer system moves within a regional
ground-water flow system downgradient
toward the Gulf of Mexico and toward the
Tombigbee River (Martin and Whiteman 1989,
fig. 33). The regional ground-water flow from
outcrop areas toward the gulf coast is distorted
locally in the Laurel and Hattiesburg areas by
cones of depression caused by pumping. In
addition to the lateral, downgradient move-
ment of water within the aquifers, water also
moves vertically through overlying and under-
lying confining units. The vertical movement
is much slower than the lateral movement
because the clays of the confining units do not
transmit water as readily as the sands of the
aquifers.

The southern limit of freshwater (water
having less than 10,000 mg/L dissolved-solids
concentration) in the Catahoula aquifer system
is near the gulf coast. Water with a dissolved-
solids concentration between 1,000 and 10,000
mg/L generally is not considered freshwater;
however, for simulation purposes the density
of such waters is sufficiently similar to that of
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freshwater to consider these waters a contin-
uum of freshwater.

Water Use

Water-use data for areas of heavy pump-
ing in and near Laurel and Hattiesburg (fig. 12)
have been collected since 1972 at S-year inter-
vals as part of a cooperative program with the
Mississippi Office of Land and Water
Resources (OLWR). Additional data for the
period before 1972 for some water users are
available from U.S. Geological Survey files
and published reports. Much of the reported
water use is based on telephone interviews,
with supplemental information from OLWR
permit files and Mississippi State Department
of Health records. For this study, water-use
data were compiled for the years 1960, 1965,
1970, 1975, 1980, 1985, and 1990.

Water-use data are of varying reliability.
Many water users do not meter their withdraw-
als, and water use must be estimated from
other information such as the population
served or the yield of the well. Larger public
suppliers and industries generally meter their
withdrawals and can provide more accurate
water-use data than the estimated amounts.
Well locations for larger water users generally
have been field-verified. Well locations for
smaller users may be field-verified or may be
based on a reported location.

Withdrawals from the Catahoula aquifer
system in the modeled area are concentrated in
the Laurel and Hattiesburg areas (fig. 12). In
the Laurel area, most public-supply and indus-
trial withdrawal is from the lower and middle
Catahoula aquifers, and some additional
pumpage is from the deeper Cockfield Forma-
tion of Eocene age. The city of Laurel with-
draws water from the lower Catahoula
exclusively. In the Hattiesburg area, most
withdrawal is from the middle and upper Cata-
houla aquifers, although some withdrawal also
is from the lower Catahoula aquifer. South of
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Hattiesburg, water is available from sand
zones in the overlying Hattiesburg and Pasca-
goula Formations, and the Catahoula aquifers
are not widely pumped.

From 1970 to 1985 the total estimated
pumpage from the Catahoula aquifer system in
the modeled area increased from 28 Mgal/d to
41 Mgal/d; during 1990 pumpage decreased to
38 Mgal/d (fig. 13). The decline in total pump-
age from 1985 to 1990 primarily resulted from
declines in withdrawals for thermoelectric
power generation and for industrial purposes.
Industrial withdrawals declined steadily from
1970 to 1990. Public-supply withdrawals
increased more than 120 percent from 1970 to
1990, reflecting population growth, increasing
numbers of public water-supply systems, and
increased water use per person.

Effects of pumping

Withdrawal from the Catahoula aquifer
system has affected water levels in the aqui-
fers. In the Laurel area, the water level in the
lower Catahoula aquifer declined until the late
1980’s in response to increases in the amount
of water pumped from the aquifer. The water
level in well 67G0S55 (fig. 14), located in a
Laurel well field west of the center of the city
(fig. 2), declined about 83 ft between 1964 and
1987, an average rate of 3.6 ft/yr. However,
between 1987 and 1993 the water level rose 27
ft. (All hydrographs in figs 14-16 are shown
for the period 1970-92 for ease of comparison.
Several water-level measurements were made
prior to 1970 and were used to calculate long-
term rates of water-level decline.) The water
level in well 67F020, located in the Laurel air-
port well field, and well 67C034, located in the
same well field as well 67G055, declined at
average rates between 1 and 2 ft/yr before
1988; water levels at these wells increased
from 1988 to 1993. The average rate of water-
level decline for wells 67F020 and 67C034
prior to 1988 is less than the rate of decline
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computed for well 67G0SS because of a
shorter and more recent period of record.
Water levels in these wells were not measured
during the 1960’s and 1970’s, when the water
levels in the lower Catahoula declined more
rapidly. The recovery of water levels in the
lower Catahoula during the late 1980’s and
early 1990’s resulted as the city of Laurel
began actively managing pumpage, using
water-level changes to decide the distribution
of withdrawal between the two well fields.

Long-term water-level declines also
occurred in the Hattiesburg area as ground-
water withdrawals increased (fig. 15). The
water level in well 35D008 in Hattiesburg,
screened in the middle Catahoula aquifer,
declined at an average rate of about 2 ft/yr
from 1964 to 1992. The water level in well
35B006, screened in the upper Catahoula aqui-
fer, declined at a rate of less than 1 ft/yr from
1955 to 1992. The average water-level decline
in well 35D130 in Hattiesburg, also screened
in the upper Catahoula aquifer, was about
1 ft/yr from 1946 to 1981.

Water levels in areas outside of the major
pumping centers near Laurel and Hattiesburg
also have declined but at smaller rates (fig. 16)
than water levels near the pumping centers. At
well 35L079 in southern Forrest County and
screened in the upper Catahoula aquifer, the
water level declined at an average rate of 0.7
ft/yr between 1970 and 1992. Water levels in
well 73L063, located in Lamar County and
screened in the middle Catahoula aquifer,
declined at a rate of 1.2 ft/yr between 1975 and
1992, although most of this decline took place
before 1980. In well 111MO11, located in
Perry County and also screened in the middle
Catahoula aquifer, water levels declined 0.6
ft/yr between 1979 and 1993.

ANALYSIS OF THE GROUND-WATER
FLOW SYSTEM

A three-dimensional model was used to
quantitatively analyze the ground-water

flow in the Catahoula aquifer system in the
study area. The McDonald and Harbaugh
(1988) modular finite-difference model
(MODFLOW) was used to simulate flow in the
Catahoula aquifer system and solve the gov-
erning equation:

oh
-V(KVh) +Q = Ssa_t’
where
V is del, the vector differential operator
K is hydraulic conductivity,
Q is the source/sink term,
h is hydraulic head,
S, is specific storage, and
t istime.

Description of Model

The use of a finite-difference model
requires the discretization of the aquifer sys-
tem into cells. Each cell is specified by layer,
row, and column. The size of these cells in the
model for this study was based on the distribu-
tion of estimated pumpage during 1960-90 and
on the distribution of water-level and budget
data used to calibrate the model. The active
cells ranged in size from 0.25 to 114 mi?. Vari-
ably spaced, small cells were used in the Lau-
rel and Hattiesburg areas (fig. 17), where
water-level data are relatively numerous and
pumping rates have changed greatly over time.
The largest cells were in areas of little or no
pumping and outside of the study area. The
model grid covered an area greater than 13,500
mi? and was divided into 56 rows of 48
columns.

The grid was oriented parallel to the out-
crop area throughout most of the model
because the outcrop area was better defined
than the other lateral boundaries. No measure-
ments of anisotropy were available and a lat-
eral anisotropy ratio of 1 to 1 was used for
simulation. Values of aquifer and confining
unit hydraulic properties were assigned to the
center of each cell, defined as a node, by
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averaging observed or estimated point values
within the cell.

The simulation approach was based on the
assumptions that (1) flow is primarily lateral
within the aquifers, (2) flow through the con-
fining units is primarily vertical, and (3) the
amount of water released from storage from
the confining units is negligible compared to
the total lateral flow within the aquifers. The
assumptions of flow directions in the aquifers
and confining units are reasonable because the
hydraulic conductivity of sand composing the
aquifers is much greater than that of clay com-
posing the confining units. The model was ver-
tically discretized into four layers, three of
which were used to simulate the Catahoula
aquifer system. Layer 1 represented the surfi-
cial aquifer and was the specified-head upper
boundary for the model (fig. 18). Layers 2, 3,
and 4 represented the upper, middle, and lower
Catahoula aquifers, respectively.

Vertical flow between aquifers was simu-
lated with leakance values assigned at each
cell between model layers. The leakance is the
vertical hydraulic conductivity of the confining
unit divided by its thickness in units of feet per
day per foot. Throughout most of the model
area the leakances used represent the resis-
tance to flow across individual confining units.
The zone parallel to the outcrop from Hatties-
burg to the south and between layers 1 and 2 1s
an exception. The leakances in this zone repre-
sent the combined vertical resistance to flow
across all confining units and aquifers between
the surficial aquifer and the upper Catahoula
aquifer.

Boundary Conditions

Proper representation of model boundary
conditions is one of the most important aspects
in the simulation of an aquifer system. Model
boundaries are assigned to represent the actual
hydrologic boundaries as accurately as possi-
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ble. Where model boundaries are necessarily
highly generalized, they are placed far enough
away from the influence of hydrologic stresses
in the model area to minimize their effects on
simulation results.

The upper boundary model, layer 1, is a
source or sink for the Catahoula aquifer sys-
tem. A specified-head was used to define the
upper boundary and represents the long-term,
average water-table altitude throughout the
model area. There has been no significant
long-term decline or rise in the water table in
the outcrop area for the Catahoula aquifer sys-
tem or elsewhere in the model area (W.T. Oak-
ley, U.S. Geological Survey, oral commun.,
1993).

Estimates of potential recharge to the Cat-
ahoula aquifer system were determined from a
climatic budget. Assuming that the spatial
variation in evapotranspiration corresponds
with the spatial variation in rainfall, a contour
map of rainfall available for recharge was
derived by adjusting contoured values of aver-
age annual rainfall (not shown, Lamonds and
Boswell, 1986, p. 297) by:

Fraction of
rainfall remaining

Total rainfall - Total evapotranspiration
Total rainfall

For southern Mississippi, with an average
rainfall of 56 in/yr and evapotranspiration of
about 35 in/yr (Callahan and Barber, 1990, p.
321), the fracti<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>