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GEOHYDROLOGY AND REGIONAL GROUND-WATER FLOW OF THE COASTAL LOWLANDS AQUIFER
SYSTEM IN PARTS OF LOUISIANA, MISSISSIPPI, ALABAMA, AND FLORIDA--
A PRELIMINARY ANALYSIS

By Angel Martin, Jr., and C.D. Whiteman, Jr.

ABSTRACT

The Coastal Lowlands aquifer system of Louisiana, Mississippi, Alabama,
and Florida consists of altermating, discontinuous beds of sand, gravel, silt,
and clay of Miocene age and younger. The sediments thicken and dip toward the
Gulf of Mexico and are highly heterogenecus.

The Coastal Lowlands aquifer system has been subdivided into five re-
gional aquifers defined on the basis of water-level and pumpage data largely
from heavily pumped areas. These aquifers from youngest to oldest are: the
upper Pleistocene aquifer, the lower Pleistocene-upper Pliocene aquifer, the
lower Pliocene-upper Miocene aguifer, the middle Miocene aguifer, and the
lower Miocene aquifer. Electric logs of 279 wells were analyzed to construct
maps of aquifer thickness, sand and clay content, and dissolved-solids concen-
trations of interstitial water. BAnalysis of the hydraulic characteristics of
the regional aquifers indicates that the upper Pleistocene aquifer has the
highest lateral hydraulic conductivity and the lower Miocene aquifer has the
lowest.

A six-layer finite-difference ground-water flow model was used to inves-
tigate and quantify the regional ground-water flow of the Coastal Lowlands
aquifer system. The model was calibrated to match 1980 steady-state condi-
tions. Results indicate that pumpage fram the Coastal Lowlands aguifer system
exerts a major effect on the system under 1980 conditions; about 66 percent of
the water that entered the flow system was discharged by pumpage. Regional
ground-water flow under predevelopment conditions was primarily from recharge
areas in central and southeastern Louisiana and southwestern Mississippi
toward discharge areas along the gulf coast and in the major river valleys.
Pumping for industry, public supply, and irrigation has produced cones of
depression that distort or reverse the predevelopment flow pattern.

INTRODUCTION

The Gulf Coast Regional Aquifer-System Analysis (RASA) study described by
Grubb (1984) is one of a series of federally funded studies by the U.S.
Geological Survey designed to improve our knowledge of major aquifer systems
in the United States (Chase and others, 1983). This report describes the
development of a conceptual model of ground-water flow in the eastern part of
the Coastal Lowlands aquifer system, development of a digital flow model to
simulate ground-water flow in the aquifer system, and use of the model to



quantify flow in the aquifer system s'beldy—state conditions. The
Coastal Lowlands aquifer system consi of all aguifers of Miocene age and
younger occurring in the Gulf Coastal Plain the Mississippi Embayment of
Texas, Louisiana, Mississippi, Alabama, and Florida (Grubb, 1984).
This study addresses aonly that part of the tal Lowlands aquifer system
east of the Texas-Louisiana border. 1ls of other camponents of the region-
al aquifer system are being developed, as well as a large-scale regional model
of the entire Gulf Coast aquifer . Concurrent development of the models
allows input and ocutput to be shared campared to insure compatibility of
the final models.

The study area in Louisiana, Mississippi
about 68,500 mi2 (square miles) of whi.
water bodies, with the remainder off:
extends from the Texas-Louisiana bo
River in the western Florida panhandl
study area extends from a short di to more than 40 mi (miles)
offshore, while the arcuate northern extends northward to near
Jackson, Miss. Land-surface altitude ranges from near sea level along the
coast to more than 500 ft (feet) sea level in southwestern Mississippi
and 400 ft in west-central Louisiana.

, Alabama, and Florida covers
58,400 mi2 is land and inland
Gulf of Mexico. The area
Sabine River to the Escambia
The southern boundary of the

Climate in the study area is subtropical. Average annual temperatures
range fram about 18.5 °Cinthemrthtomx§than20.5 °C along the coast
(U.S. Weather Bureau, 1980a). Average annual rainfall ranges from about 48
in. (inches) in the northern and weste s of the study area to more than
65 in. in coastal areas of Louisiana

Coastal Plain were used to establish
work of the study area. Statewide, i ty, and multiparish reports were
used to define the framework. (See Selected References.) Where necessary,
and particularly in heavily stressed ocal and single county or parish
studies were used to camplete the def 't:.on of the hydrologic framework.

Detailed lithologic interpretati of 279 electric logs of wells were
used to divide the aguifer system in i i i
sand and clay bed thickness within e aqui
properties (spontaneous potential and resistance) of each sand bed more than
20 ft thick were recorded for estimation of concentration of dissolved
solids in interstitial water. Water-level, water-use, and aquifer-test data
were campiled from files of the U.S. Geologi Survey for use in the digital
ground-water flow model.

As part of the data collectlon is performed for this study,
ground-water levels in aquifers

Louisiana. The published

1085b), and the Catahoula aquifer in
(Martin and Whiteman, 1986), and wa

published showing gechydrologic seé
Martin, 1984) and statistical anal
(Martin and Early, 1987).

for 1984 in the Jasper and equi-
addition, reports have been
rthermn Louisiana (Whiteman and
ifer-test results in Louisiana



GEOHYDROLOGY

Geologic Setting

The study area is in the Gulf Coastal Plain physiographic province
(Fenneman, 1983). It lies along the northerm side of the gulf coast geo-
syncline and across the axis of the Mississippi structural trough (fig. 1).
The area is characterized by off-lapping, coastward thickening wedges of
fluvial, deltaic, and marine sediments. The last major transgression of the
sea across the area occurred during Eocene and Oligocene time, when extensive
beds of clay, silt, and lime were deposited to form the Jackson and Vicksburg
Groups. The southern edge of the outcrop-subcrop area of the Jackson and
Vicksburg Groups delineates the northern boundary of the study area shown in
figure 1. Deltaic processes have been dominant during deposition of the
sediments above the Jackson and Vicksburg Groups. Advancing deltaic fronts
pushed the shoreline and its associated beach, dune, and lagoonal deposits
seaward while blankets of fluvial sediments were deposited on the coastal
plain inland, and extensive marine deposits formed offshore. The entire
sequence of sediments above the Jackson and Vicksburg Groups has been named
the Coastal Lowlands aquifer system (Grubb, 1984). The undifferentiated
sequence of clay, silt, and lime beds of the Jackson and Vicksburg Groups
below the Coastal Lowlands aquifer system has been named the Vicksburg-Jackson
confining unit.

The Aquifer System

The Coastal Lowlands aquifer system consists primarily of alternating
beds of sand and gravel, silt, and clay. Gravel is common in the northern
part of the study area but becames finer and less coammon southward. Grain
size of the sand also decreases southward, grading to sandy clay or silt and
finally to clay. Lime and marl occur in the lower part of the aquifer system
and are more camon throughout the marine section to the east. A distinctive
feature of the sediments is their heterogeneity. Major lithologic changes
occur over short distances vertically and horizontally (fig. 2). Individual
sand beds can rarely be traced for more than a few miles, and even the most
extensive sand beds cannot be traced with certainty for more than 30 to 50 mi.
Dip of individual beds is southerly, ranging from about 10 to 50 ft/mi (feet
per mile) in the outcrop area and shallow subsurface. Dip increases to the
south and with increasing depth to well over 100 ft/mi at depths of more than
3,000 ft in the southern part of the study area.

The geopressured zone (a zone of abnormally high fluid pressure) occurs
within the sediments comprising the Coastal Lowlands aquifer system in the
southern part of the study area. Movement of fluids between the geopressured
zone and the normally pressured overlying sediments is believed to be rela-
tively small compared to the movement of fluids in the normally pressured
sediments (Grubb, 1986, p. 4). Where gecpressure occurs within the sediments
making up the Coastal Lowlands aquifer system, the top of the geopressured
zone is considered to be the base of the flow system. Thickness of the
Coastal Lowlands aquifer system as thus defined ranges from zero along the
northern edge of the outcrop area to more than 18,000 ft near the Louisiana
coast south of New Orleans. (See pl. 2.) The study by the RASA project staff
in Austin, Texas, is considering ground-water flow in all of the Coastal Low-
lands aquifer system above the geopressured zone (pls. 1 and 2).
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This study is confined to that of thtl Coastal Lowlands aquifer
system containing water with no more than 10,000 mg/L (milligrams per liter)
average dissolved solids (freshwater to moderately saline water). Water with
more than 10,000 mg/L dissolved solids is considered to be remnant saltwater,
either comnate or from ancient transgressions of the sea, and not part of the
modern ground-water flow system. The
system, as defined for this study, rang

slightly over 5,000 ft in southeastern
show the total thickness of sand and
system. Maximum sand thickness inc
the aquifer system to almost 3,000 ft i
ness decreases in the southern part of

(fig. 3). Figures 4 and 5
tage of sand in the flow

fram| zero along the northern edge of
southeastern Louisiana. Sand thick-
area because saltwater occurs

at progressively shallower depths south/ of the line of maximum sand thickness.
Sand content of the flow system ranges from less than 10 percent to more than
90 percent.

Predevelopment flow of water in
primarily from north to south (fig. 2).

Coastal Lowlands aquifer system was

southwestern Mississippi. Water that w
by evapotranspiration moved downward to
toward discharge areas at lower altitudes in
stream valleys. This natural circulation of
resulted in vertical differences in wat
Water levels decreased with increasing
increased with depth in the discharge a

ischarged locally to streams or
gional flow system and then
coastal plain and along major

The marine and deltaic parts of
saltwater. Freshwater moving downdip
water ahead of it, but the downdip move
sand beds pinch out or are displaced by faulting. Because the sand beds dip
at angles greater than the slope of sea floor, there is no direct connec-
tion between the sand beds and the Gulf of Mexico. Saltwater can move out of
the downdip part of the sand beds only by upward leakage through overlying
sediments. The present position of ter-saltwater interface is the
result of the interactions of the dri aulic head, the density of the
saltwater, the permeability and porosity of sands, and the vertical
hydraulic conductivity of the sediments overlying the saltwater.

aquifiers originally contained connate
rom the recharge areas forces the salt-
ment of saltwater is blocked where the

Large systems of normal faults di lacedﬁ downward toward the Gulf of
Mexico and numerous salt domes occur in the southern part of the study area.

The faults may act as barriers to

and movement of freshwater and salty water

1969), but the scale of this study is
faults are too sparse to permit consi
study, it is assumed that the collecti
ground-water flow system can be treat
of the agquifer system in the downdip

on the regional ground-water flow

irection.
assumed that, although the salt domes displa
aquifer system, their effects are too locali

—water flow and affect the occurrence
in| the aquifer system (Rollo,
ca;l'nFe and documented effects of the
ation of individual faults. For this
effect of the faults on the regional
as a reduction of the transmissivity
Similarly, it has been
or distort the sediments of the
to have a significant effect



SIMULATION OF THE GROUND-WATER FLOW SYSTEM

A digital quasi-three~dimensional ground-water flow model of the Coastal
Lowlands aquifer system is being developed using the U.S. Geological Survey
modular finite~difference model (McDonald and Harbaugh, 1988). The modular
model is well documented and has been used and tested in numerous studies. 1In
this study the modular model is used to simulate steady~-state flow in a lay-
ered aquifer system where the layers are not separated by discrete confining
units. The model of the Coastal Lowlands aquifer system is being used to
refine estimates of the hydraulic properties of the aquifer system, to quan-
tify ground-water flow in the aquifer system, and to investigate the effects
of present and possible future development of ground water.

Model Grid

A finite-difference grid was prepared for use with the digital flow
model. To facilitate data collection, data transfer, and the comparison of
model results, the same grid orientation was used for the regional model and
each of the more detailed component models. Figure 6 shows the relation
between the regional model grid and the model grid used for this study. The
regional grid uses uniform blocks 10 mi on a side, while the grids for the
component models use uniform blocks 5 mi on a side. Each regional grid block
contains four of the component model blocks. The grid for this study, repre-
senting an area of 136,500 mi? (390 X 350 mi), consists of 78 rows and 70
colums (fig. 7). Vertically, the sediments of the area are divided into five
layers of variable thickness. A sixth layer is used to represent the upper
boundary of the model. With six layers, the total number of blocks is 32, 760.
Many of the blocks are inactive because they are in areas where the aquifer
represented by that layer does not exist. The total number of active blocks
is 11,238.

Model Layers

Although treatment of the Coastal Lowlands aquifer system as a single
heterogenecus, anisotropic aquifer is useful in developing a conceptual model
of the ground-water flow system, the aquifer system must be subdivided into
layers in order to use a digital model to investigate the vertical distri-
bution of flow within the aquifer system. Attempts to correlate and map
previously named aquifers led to the conclusion that no horizons above the top
of the Jackson and Vicksburg Groups can be mapped across the study area.
Morgan (1963, fig. 3) and Winner and others (1968, table 1) subdivided the
freshwater-bearing part of the aguifer system in relatively small areas of
Louisiana into zones based on water-level and water-quality data. More
recently, Buono (1983) emphasized the unity of the aquifer system in south-
western Mississippi and southeastern Louisiana by naming the entire fresh-
water-bearing part the Southern Hills agquifer system. Buono (1983) noted that
none of the previous subdivisions of the aquifer system could be applied
across his study area.

The Coastal Lowlands aquifer system as defined for the gulf coast RASA
studies (Grubb, 1984) includes the Southern Hills aguifer system (Buono,
1983), but is far more extensive~--from the Escambia River of western Florida
to the Rio Grande River at the southern border of Texas. The Coastal Lowlands
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aquifer system also includes the saltwater-be.
which Buono (1983) excluded. Weiss and Willi

tical constraints and the strategy
thickening wedge of sediments into 1la
ground-water flow model. The strategy
areas (Baton Rouge, Louisiana, to the
and establishing layers at these sites
data. Five layers were defined at ea
the layers thinnest at the top and
the best resolution in the part of the
freshwater and where most of the flow o
at the pumping centers, they were exten
maintaining the thickness of each layer
aquifer system thickness as at the pump
checked to insure that the resulting la
sand bed. Where necessary, layer conts
top or bottom of major sand beds.

The upper layers, representing
an updip direction to simulate the outa

ing part of the flow system,
(1985) discuss the theore-

ide the massive coastward-

able for analysis by a digital
of selecting heavily-pumped

Houston, Texas, to the west)
the is of water-level and pumpage

punping center with emphasis on making

ively thicker downward to provide

flow tem that contains the most

ccurs. | After the layers were defined

ded along the strike of the beds by

as thg same percentage of the total

age centers. Electric logs were

yer breaks did not occur within a major

cts were adjusted to coincide with the

to div
suit

r sediments, were pinched out in
ttern in which progressively

younge
pat

older bands of sediment are exposed in
lower layers pinch out in a downdip
sition of sandy zones to clay and shal
geopressured zone, which is treated as
occurs above the top of the Jackson
layers, which include the saltwater-be
used in the regional model. For this
saltwater-bearing part of the aquifer
alang the line at which the average di
all of the sand beds in the layer
solved-solids concentration was calcul
resistivity data from electric logs.

an updip direction. Similarly, the

irection to reflect the downdip tran-

and the rise of the top of the
the base of the flow system where it
Vicks) Groups. The resulting

ing of the aquifer system, are
tudy, ich does ot include the
tem, each layer was truncated downdip
lvedrsolids content of the water in
10,000 mg/L. The average dis-
ted us spontaneocus potential and
use the top of the geopressured zone

lies well below the level at which the|aver dissolved-solids content of the

water exceeds 10,000 mg/L, the base of|the fl

of the top of the Vicksburg-Jackson
layer containing freshwater to modera
Figures 8 through 12 show the areal
study and the outcrop-subcrop area of

The five layers resulting from
aquifer system described above are wel
model, but do not correspond to aquif
studies. To discuss the properties
gechydrologic unit names were devel

system for this study consists
ining unit or the base of the deepest
ly saline water (pls. 1 and 2).

t of each layer as defined for this

subdivision of the Coastal Lowlands
suited for use with a digital flow
named and described in previous
characteristics of the layers, new
by the RASA project staff in Austin,

Texas, during the period that this report was being prepared. The names used

in this report differ slightly from
the recomendations of a report by L
regional aguifers, from youngest to ol
the lower Pleistocene-upper Pliocene
Miocene aquifer, the middle Miocene
One confining layer (the lower Miocene
lower and middle Miocene aquifers over
of regional aquifers and gechydrologic

newly developed names, which follow
and Davidson (1987). The five
t, are the upper Pleistocene aquifer,
ifer, the lower Pliocene-upper
ifer, the lower Miocene aquifer.
confi unit) was defined between the
part of the study area. The relation
units model layers and to previously



named aquifers is shown in table 1. It should be noted that these aquifers
are defined as hydrologic units, and they may contain beds significantly
younger or older than indicated by their names. Plates 1 and 2 show the
regional aquifers or model layers, on west-east and north-south geohydrologic
sections, respectively.

Boundary Conditions

One of the most important aspects of any model is the proper selection of
boundaries. Hydrologic boundaries must be accurately represented to avoid
boundary-related errors in model results. The boundaries used in the model to
simulate predevelopment conditions and 1980 conditions as steady state are
discussed below. Also discussed are changes that may be needed in some of the
boundaries if the model is used to simulate the effects of large changes in

pumpage.

The upper boundary of the model consists of a constant-head layer (layer
1) overlying the five layers representing the aquifer system. The head speci-
fied for each block of the constant-head layer is the water-table altitude at
the location of that block. This layer acts as a source or sink for all water
entering or leaving the flow system except that removed by pumpage. Use of a
constant-head upper boundary for the present phase of modeling is justified
because there has been no significant decline in the water table as a result
of development through 1980. The constant-head boundary has the potential of
supplying unlimited recharge from layer 1 to the underlying layers of the
model. Flow through the lower face of layer 1 must be monitored during cali-
bration of the model to insure that recharge does not reach unreasonable
levels at any point. If the model is used to investigate the effects of large
increases in pumpage, it may be necessary to modify this upper boundary by
limiting the maximum rate of recharge.

All of the lateral boundaries of the model are no-flow boundaries. Along
the northern and eastern sides of the model, the no-flow boundary in each
layer is at the updip limit of the outcrop-subcrop area of the layer. The
southern boundary of each layer is at the line along which the average calcu-
lated dissolved-solids concentration of the water in the sands of the aquifer
represented by that layer exceeds 10,000 mg/L. As discussed in the section
describing the aguifer system, water with more than 10,000 mg/L dissolved
solids is not considered to be part of the modern flow system in this study.

The western boundary is no flow a short distance west of the Sabine
River. From the upland areas of southeastern Texas, ground-water flowed
southeastward toward the Sabine River and southward and southwestward toward
the Texas coastal plain under predevelopment conditions. Under 1980 condi-
tions, flow fram the upland areas of southeastern Texas diverges, with part of
the water moving southeastward to or across the Sabine River and part moving
toward punping centers near Beaumont, Texas. Under both predevelopment and
1980 conditions, the effects of the no-flow boundary would be confined to the
area west of the river. The area west of the river is being modeled by the
Texas District as part of a study of the Coastal Uplands and Coastal Lowlands
aquifer systems of Texas and is included in this model only to minimize the
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effects of the no-flow boundary within the study area. If future simulations
involve large changes in pumpage near the western boundary of the model, it
may be desirable to change the boundary to specified head or head-dependent
flux to better simulate the changing flow conditions near the boundary.

The lower boundary of the model is simulated as no flow. In the northern
part of the model area, this boundary is the top of the thick clays of the
Jackson and Vicksburg Groups. Although a small amount of water may leak
upward through these clays from the underlying Eocene sediments, the maximum
anticipated rate of leakage is negligible in relation to the volume of flow in
the Coastal Lowlands aquifer system. In the southern part of the model area,
the lower boundary of the model is at the base of the lowest layer containing
water with an average dissolved-solids concentration of less than 10,000 mg/L.
Where the average calculated dissolved-solids concentration of water within
that layer exceeds 10,000 mg/L, the layer is truncated by a no-flow boundary
and the lower boundary of the model moves up to the bottom of the layer above.
This produces a stepped lower boundary with sharp discontinuities of trans-
missivity from high values in grid blocks representing the maximum or near-
maximum thickness of the lowest layer to zero in adjacent no-flow grid blocks.
(See pls. 1 and 2.) A planned future modification of the model is to smooth
the lower boundary by considering the dissolved-solids concentration of water
within individual sand beds of the lowest layer instead of the average value
for all sand beds. Elimination of sand beds from the computation of transmis-
sivity as they become salty will improve the representation of the transmis-
sivity of the aquifer and of the distribution of freshwater to moderately
salty water near the base of the aquifer system.

Model Input

In order to simulate ground-water flow in the aquifer system, hydraulic
properties of the aquifer system, initial and boundary conditions, and pumping
stresses, if any, must be supplied to the model. The entry for each property
at each grid block represents an average value of the property throughout the
block and is made at the center of the block, defined as the node or nodal
point. Major items of data input are discussed individually below.

Layer Extent Arrays

Layer extent arrays define the active areas and boundaries of the model.
Variable-head nodes represent the areas of the flow system in which the
aquifer represented by the model layer exists and in which heads are free to
change in response to changing stresses. Constant-head nodes represent boun-
daries of the flow system where head does not change with time, but through
which flow into or out of the system may occur. No-flow nodes represent
boundaries of the flow system through which no flow will occur under any
conditions. Layer extent arrays are a direct reflection of the conceptual
model of the aquifer system and were constructed during the mapping and
definition of the geohydrologic framework.
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Water-Tablg Altitudes

Water-level altitudes representi ‘ water

levels in the aquifer system at

the start of the simulation period are Isupplied for each active node of the

model.

Head values supplied for constant-head nodes are critical because

these values affect the heads calculated by the model at variable-head nodes.
For steady-state simulations, the starting head supplied to variable-head

nodes is not critical. In the present model,
the model (layer 1) are constant head v

the water table.

rith wat

all nodes in the upper layer of
ter levels set at the altitude of

An initial attempt to generate a matrix representing the water table by

digitizing a hand-contoured map of the
Because of the sparse water-level data
land-surface altitude, about one third
were above the altitude of land surfa
338). The availability of a detailed

of the

altitude and the variability of land-
(Williams and Williamson, 1989, p. 337).
calculate water-table altitudes for ea
altitudes, shown as a contour map in figure 1
values in the constant-head nodes in the top

Transmissivity is input to the model as
lateral hydraulic-conductivity value for each
node is multiplied within the model by the hwy
campute the transmissivity for each node.

Sand Thickness

1

water table was not satisfactory.
relative to small scale variations in

resulting water-table altitudes

iams and Williamson, 1989, p.

se of land-surface altitudes
entries per model block, led to
able altitude to land-surface
altitude within each model block
resulting equations were used to
The calculated water-table
, are used as the water-level
ayer of the model.

¢

i ssivitjy

a matrix of sand thickness and a
layer. Sand thickness at each
draulic-conductivity value to

The total thickness and percentage of s
for each of 279 gecphysical logs. Forl logs
assumed that the missing part of the layer
sand as the part shown on the log. ices
ness, and percentage of sand for each jactive
tion for each model layer. The sand ickn
the model. Figures 14 through 23 maps Q
of sand derived from these matrices £
head layer.

in each layer was calculated
t ended within a layer, it was
tained the same percentage of
f layer thickness, sand thick-
e were generated by interpola-
s matrices were used as input to
f sand thickness and percentage

each model layer below the constant-
Sand thickness for each layer ine

reases from zero along the

northern edge of the layer to as much as 1,600 ft in the middle Miocene

aquifer (model layer 5) east of Baton
for each layer ranges from less than
(

uge, Louisiana.
percent to greater than 90 percent.

Percentage of sand



Aquifer Hydraulic Conductivity

Five hundred and twenty aquifer tests from the Coastal Lowlands of
Louisiana, Mississippi, and Alabama were examined to determine aquifer lateral
hydraulic conductivity. These tests were of varying quality, reliability, and
detail. Same were single-well tests (pumping well) not designed to measure
the hydraulic characteristics of the aquifers, but to test well efficiency.
Other tests, specifically designed to measure aquifer hydraulic characteris-
tics, included the pumping well and at least one properly spaced observation
well. The remaining tests can be classified as intermediate between the two
previously described well groups.

Transmissivity of the agquifer was calculated using an appropriate analy-
tical method for each aquifer test. The hydraulic conductivity of the aquifer
at the location of each test was determined by dividing the calculated trans-
missivity by an appropriate sand thickness. For same single-well tests, the
length of the screened interval within a sand bed was used for calculation of
hydraulic conductivity because the tests involved low pumping rates, small
well diameters, short pumping periods, and short screen lengths. Under these
conditions, the calculated transmissivity value was assumed to represent only
the part of the aquifer penetrated by the well screen (Meyer and others, 1975,
p. 18). For other tests inwvolving large pumping rates and long screen inter-
vals, the entire sand-bed thickness was used for calculation of hydraulic
conductivity.

The following table shows the number of aquifer tests, values for
arithmetic and harmonic means of lateral hydraulic conductivity, average value
of the two means, and the standard deviation about the arithmetic mean for
each regional aguifer. The average value of hydraulic conductivity fram the
two means was used for calculating transmissivity for each model layer during
initial model simulations. The arithmetic mean is affected by extreme high
values. Several high values of lateral hydraulic conductivity for each
regional aquifer greatly increased the arithmetic-mean values. The harmonic
mean, defined as the reciprocal of the arithmetic mean of the reciprocals of
the hydraulic-conductivity values, is not significantly affected by extreme
high values and is always less than or equal to the arithmetic mean. The
harmonic mean is affected by extreme low values. The harmonic means of
aquifer hydraulic conductivity are considerably lower than the arithmetic
means as shown in the following table. The averages of the arithmetic and
harmonic means probably represent better estimates of lateral hydraulic
conductivities of the aquifers than the arithmetic or harmonic means
individually. On average, the upper Pleistocene aquifer has the highest
hydraulic conductivity, whereas, the lower Miocene aquifer has the lowest.
The relatively large values of standard deviation indicate the large
variability of hydraulic conductivity values in each aquifer. Hydraulic
conductivity is not required for model layer 1 because it is a constant-head
layer.
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'Hydraulic conductivity (feet per day)

Number -
lla: del Aquifer Oi.f for gt?;_ Harmonic Average Standard

yer ° tqe- Sl ts mean mean of means deviation
2 Upper Pleistocene----- 93 236 171 203 97
3 Lower Pleistocene-

upper Pliocene-—----- 84 97 43 69 100
4 Lower Pliocene-upper

Miocene - 106 111 73 91 73
5 Middle Miocene--—-==--- 124 91 32 62 60
6 Lower Miocene----=—-—~- 113 74 29 51 65

Restriction of Vertical Flow

The vertical movement of ground water between the regional aquifers is
simulated in the model in terms of leakance. For this study, the leakance is
defined as the vertical hydraulic conductivity of the clays within and between
the regional aquifers divided by the ickness of clay between midpoints of
the regional aquifers. Descriptions of the confining beds, interbedded clays,
and the vertical hydraulic conductivity of the clays are given below.

Confining Units

Clays of the Jackson and Vicksburg Groups form the Vicksburg-Jackson
confining unit (Grubb, 1984, p. 15) at|the b of the Coastal Lowlands
aquifer system. This confining unit is modeled as an impermeable (no flow)
lower boundary of the flow system and is not active element of the model.

A thick sequence of clay and silt in lower part of the Coastal Low-
lands aquifer system can be mapped beneath s of southwestern and south-
central Louisiana. This clay separates the er Miocene aquifer fraom the
middle Miocene aquifer and has been named lower Miocene confining unit and
is referred to as the zone E confining unit Grubb (1987, p. 105-113). The
lower Miocene confining unit would normally treated in the model as a
distinct confining unit; but because of its nelatively small areal extent
within the study area, it was treated as a ial case of the interbedded
clays within model layers as described below.

Interbedded Clays /(

Extensive confining clay beds do not within the Coastal Lowlands
aquifer system, but large water-level |differ s do occur vertically within
the flow system. Same provision must be made in the model to restrict ver-
tical flow between layers to duplicate the observed water-level differences.
The method, successfully applied in other regional aquifer studies, adopted
for this model was to treat the inter] ed clays between vertically adjacent
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nodes as being equivalent to a single clay bed (Bredehoeft and Pinder, 1970).
The equivalent clay thickness was computed by adding one-half the aggregate
clay thickness of the upper layer to one-half the aggregate clay thickness of
the lower layer. Where the lower Miocene confining unit was present in
southern Louisiana, its thickness was added to the equivalent clay thickness
of the adjoining layers. Use of the equivalent clay thickness introduces an
areal variability into the leakance between model layers that corresponds to
the conceptual model of the flow system. There will be relatively low
restriction to vertical flow in areas where the aquifers represented by the
model layers contain little clay, and relatively high restriction to vertical
flow where the aquifers contain a high percentage of interbedded clay.

Vertical Hydraulic Conductivity of Clays

Few data exist to define the vertical hydraulic conductivity of the clays
which restrict vertical flow between aquifers. No aquifer tests are known
from the area that were designed, or are adequate, to permit calculation of
vertical leakage across clay beds. Laboratory measurements were made on two
core samples of clay from a test well in the Baton Rouge, Louisiana, indus-
trial district (Whiteman, 1980, table 4). The values of vertical hydraulic
conductivity measured for these cores, 1.1 X 10°® ft/d (feet per day) for a
core at 450 ft and 1.7 X 1075 ft/d from a core at 2,115 ft, are within the
ranges of laboratory values reported by Gabrysch and Bonnet (1974, table 2)
for clay cores from the Coastal Lowlands aquifer system in Texas. Because the
vertical hydraulic conductivity of the mixture of clays, silts, and sandy
clays making up the equivalent clay thickness was expected to be higher than
the laboratory values measured on relatively pure clays, a single value of 2.0
X 10° ft/d was initially assigned for all nodes in all layers of the model.

Ground-Water Pumpage

Ground-water pumpage data were obtained from published reports and
existing files in two basic formats: distributed pumpage and point pumpage.
Distributed pumpage, such as for irrigation or rural-domestic use, is collec-
ted by county or parish and is rarely related to specific wells or sites. The
distributed pumpage for each county or parish was divided among model nodes in
the developed, non-urban areas of that county or parish (D.J. Ackerman, U.S.
Geological Survey, written commun., 1985). Because most distributed pumpage
is from relatively shallow wells, the distributed pumpage was usually assigned
to the uppermost aquifer. In the few cases where distributed pumpage from
deep wells formed a significant part of the total pumpage from a county or
parish, the pumpage was divided between the aquifers involved. Point pumpage,
from municipal or industrial wells or well fields, is collected by well or by
site. This pumpage can be assigned, based on well depth, directly to the
model nodes from which the water is withdrawn. Total pumpage from the modeled
area in 1980 was about 252.4 Mft3/d (million cubic feet per day) or 1,888
Mgal/d (million gallons per day). By aquifer and model layer, the pumpage
was:
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. Model Pumpage
Aquifer aver

teyer | uets/a Mgal/d
Upper Pleistocene-- 2 166.9 1,248.5
Lower Pleistocene-upper Pliocene--- 3 16.0 119.7
Lower Pliocene-upper Miocene——----- 4 21.8 163.1
Middle Miocene —— 5 37.4 279.8
Lower Miocene---- - —— 6 10.3 77.0

Figures 24 through 28 show the
Pumpage of about 95 Mft3/d from the
in southwestern Louisiana for rice irri

r Pleistocene aquifer (model layer 2)
gation constitutes about 38 percent of

;\:%21 dis%zibution of pumpage by aquifer.

the pumpage from the entire aquifer system. Concentrated withdrawals from

pumnping centers occur from all aquifers

De

from the lower Miocene aguifer (model

or 4 percent of the total pumpage, is f
layer 6).

No recharge or waste injection wel
Although brine, produced in conjuction

Ll1s wer

The least pumpage, about 10.3 Mft3/d

included in the model.
with 01l and gas, and some liquid

industrial wastes are disposed of through injection wells, most of the
injection occurs into saltwater-bearing sands|that are not included in this
model. No significant recharge of freﬁsl’mater} through wells occurs in the

area.

CALIBRATION

Calibration is the process in whi
conditions are adjusted to reduce the
results and field observations to an a

volumetric budgets, or any combination
matching model-simulated water levels
measured 1980 water levels. Measured
blocks on the basis of the location any
levels were available from a single we
used.
water level was camputed based on the

th mode
difference between model-simulated
cceptab
based on matching water levels, hydraulic gral

OF THE| MODEL

1 parameters and boundary
le level. Calibration may be

dients, drawdowns, flow rates,
e. This model was calibrated by

of th

for 1980, treated as steady state, to
water levels were assigned to model

d dep

11, the
If more than one well was located in

distance of each well from the node.

of the wells. If multiple water
mean of the water levels was
model block, a weighted mean

The entire Coastal Lowlands aquifer sysiiem was not under steady-state

conditions in 1980.

For example, wat
Louisiana, were declining due to incr%ses in pumpage.

Baton Rouge, Louisiana, water levels
pumpage.
ered to be significant in relation to
aquifer system simulated. Transient g
conditions will be done at a later dat
coefficient of the aquifer system and

calibration results to test the validi

levels in the Alexandria area,
In Lake Charles and
re recovering due to decreases in

The rate at which these water levels were changing was not consid-

the horizontal and vertical scale of the
imulati
e for c
to cali
periods. The 1980 steady-state calibration w
ty of ﬁhe 1980 steady-state calibration.

ons starting with predevelopment
alibration of the storage

brate the model over varying time
111 be campared with transient
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Thus far, only the leakance of the confining beds and the transmissiv-
ities of the agquifers have been adjusted in the calibration process. Care was
taken to insure that these parameters were adjusted within reasonable ranges
based on values from field observations, information from previous studies,
and results from the regional model being calibrated by the project staff in
Austin, Texas. Initially, uniform parameter adjustments were made over the
full areal extent of each layer. As expected, adequate calibration could not
be obtained using uniform parameter adjustments, so subareas within each layer
were delineated and used in subsequent calibration simulations.

Table 2 shows the range of uniform values of vertical and lateral hydrau-
lic conductivity tested for each model layer and the range of values used in
the subareas of each layer for the simulation that gave the best match of
measured water-level altitudes, water-level gradients, and large cones of
depression. Maps of the model-simulated water-level altitudes for the simu-
lation using the ranges of values in table 2 producing the best simulated
results are shown in figures 29 through 33. Hand-contoured maps of measured
water-level altitudes (figs. 34-38) were campared to the simulated water-level
altitudes to prepare difference maps (figs. 39-43). Both the selection of
measurements to be used and the contouring of the maps of measured water-level
altitudes are subjective and responsible for some of the errors indicated by
the difference maps. Vertical differences in water levels within an aquifer
may occur anywhere in the study area, but are most common and largest in the
outcrop areas and near pumping centers. Because of the inherent errors
resulting from the subjectivity involved in their preparation, the difference
maps were used in calibration of the model only as guides to areas needing
attention and to monitor the effects of changes made during calibration.

Model-simulated water-level altitudes were compared to measured water-
level altitudes from individual model blocks after each simulation. Figure 44
is a histogram showing the difference between the model-simulated and measured
water-level altitudes for the best simulation. In this comparison, model
layer 2 shows the best fit of simulated to measured water-level altitudes with
292 of 349 simulated water-level altitudes within 20 ft of the measured water-
level altitudes. Model layer 5 shows the poorest fit, with 21 of 276 simu-
lated water-level altitudes differing by more than 100 ft from the measured
values.

The root-mean-square error (RMSE) and the mean error were calculated for
each model layer after each simulation:

N
RMSE =/ 3 (1S - h’;‘)

i=1  *
N

where hs is the model-simulated water level, " is the measured water level,
and N is the number of water-level pairs compared. Minimizing the RMSE by
adjusting the model input parameters gives values of the parameters which
produce simulated water-level altitudes best fitting the measured values. The
mean errors indicate whether the model-computed water-level altitudes for each
layer, taken as a whole, are higher or lower than the measured water-level
altitudes.
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Mean error and RMSE for each layer for the model-simulated water levels
shown in figures 29 through 33 are:

Mean error Root-mean-square

Layer (feet) error (feet)
2 5.36 14.64
3 11.29 34.68
4 6.09 39.75
5 ~7.65 57.86
6 12.13 45.96

Comparisons of the maps showing simulated (figs. 29-33) and measured (figs.
34-38) water-level altitudes show that the model reproduced regional hydraulic
gradients and large cones of depression resulting from large withdrawals with
reasonable accuracy.

Flow rates and volumetric budgets of the aquifer system cannot be
measured independently with enough accuracy to be used directly in the cali-
bration of the model. Model-simulated nodal flow rates and volumetric budgets
provide useful qualitative checks on model results. For example, if simulated
recharge rates or flows between model layers are unreasonably high in any part
of the model area, the model cannot be considered to be adequately calibrated
even though simulated and measured water-level altitudes agree closely.

MODEL RESULTS

Following calibration of the model as described in the preceding section,
purnpage was removed and another simulation was made to represent predevelop-
ment conditions. The resulting water-level altitudes are shown as maps in
figures 45 through 49. These maps cannot be campared directly with maps of
measured water-level altitudes as was done with the simulation representing
1980 water levels because too few predevelopment water levels are available.
Harris (1904) published numerocus water levels, many measured in 1903, for
relatively shallow wells in coastal Mississippi and in southern Louisiana.
Most of the well locations and water-level altitudes given by Harris (1904)
are approximations. Some additional measurements are available from the
records of wells drilled in the late 1800's and early 1900's. Although
several hundred wells had been drilled in southern Louisiana by 1903, flowing
and pumping yields were relatively low and water levels measured in 1903 were
probably within a few feet of the predevelopment level. Because of the uncer-
tainties in the measured data, statistical camparisons were not made between
the simulated and measured predevelopment water levels, but visual camparisons
indicated reasonable agreement.

Flow of water into and out of the constant-head upper layer of the model
under predevelopment conditions is shown in figure 50. Flow out of the
constant-head layer (positive) represents recharge to the aquifer system and
flow into the layer (negative) represents discharge from the aguifer system.
Recharge is concentrated in the uplands of west-central and northern-southeast
Louisiana and southwestern Mississippi. Discharge occurs in the low-lying
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coastal plain and marshes of southern Laxisiana, Mississippi, and Alabama and
along the alluvial valleys of the major rivers of the area. Figures 51
through 55 are flow-vector plots ing the rate and direction of flow within
each regional aquifer. Also shown are| the areas where each aquifer receives
recharge fram (dowrward flow) or discharges to (upward flow) the overlying
aquifer or the constant-head boundary. These figures indicate that predevel-
opment flow in the Coastal Lowlands ifer tem was primarily fram recharge
areas in the northern part of the area i
coast and in the major river valleys.  Drai
system to the Mississippi River valley was
parts of the valley, not to the
the eastern side of the valley.

test to the central and western
of the Mississippi River along

Figure 56 is a schematic north-south section of the aquifer system
showing the vertical distribution of fpow between the constant-head upper
layer and the outcrop of each of the ifers and the distribution of flow
within the aquifer system. The flow rates shown are for the areal extent of
the aquifer system. Figure 56 shows t most of the flow under predevelop-
ment conditions occurs in the upper of aquifer system. Of a total
inflow to the aquifer system of 202.4 Mft3/d, 70.2 Mft3/d (about 35 percent)
circulates within the upper Plei aquifer (layer 2), and 63.4 Mft3/d
(about 31 percent) circulates within the ou areas of the older aquifers
(layers 3-6). Most of the water entering an jaquifer in its outcrop area
circulates and is discharged locally within the outcrop area. Only 68.8
Mft3/4 (about 34 percent) of the water entering the aquifers in the outcrop
areas moves downdip beyond the ocutcrop area or downward to a deeper aquifer to
become part of the deep regional circulation under predevelopment conditions.

Areal and vertical distribution of ground-water flow in the aquifer
system under 1980 conditions, treated as ste state, is shown in figures 57
through 63. Withdrawal of water from the aquifer system at the 1980 rate
and coastal Louisiana and the coastal
areas of Mississippi, Alabama, and tern Florida to change fram areas of
discharge to areas of recharge (fig. 57). rer the area of the model,
recharge with 1980 pumpage increases 379.7 Mft23/d (nearly twice the prede-
velopment rate) and natural discharge is ced to 127.3 Mft3/d (about 63
percent of the predevelopment rate). (See fig. 58.) Pumpage of 252.4 Mft3/d
accounts for about 66 percent of the total discharge from the aquifer system,
with pumpage fram the upper Plei aquifer (layer 2) of 166.9 Mft3/d
amounting to about 44 percent of the total discharge.

Figures 59 through 63 show the rate and direction of flow within each
regional aquifer under 1980 conditions. Also shown are the areas where each
aquifer receives recharge from ( flow) or discharges to (upward flow)
the overlying aguifer or the constant+head bbtmdaxy Camparison with the
predevelopment flow-vector plots (figs. 51-55) indicates that regional flow in
the Coastal Lowlands aquifer system in 1980 remains primarily north to south
and toward the major rivers. However, the flow fields have been significantly
affected by heavy pumpage in all regi 1 ifers. This is especially evi-
dent in the upper Pleistocene aquifer|in sou tern Louisiana near Lake
Charles and in southeastern Louisianal in the New Orleans area. Regional flow
lines in these areas have been al or since predevelopment time.
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NEED FOR MODEL REFINEMENT

More model simulations will be made to improve the match between measured
and simulated water-level altitudes. These simulations will involve further
modification of the leakance of the confining units and the transmissivities
of the aquifers, as well as possible modification of boundary conditions such
as the location of the downdip no-flow boundary. As mentioned in the discus-
sion of the lower boundary of the model, it is plamned to smooth the lower
boundary of the model by thinning the lowest active layer downdip as saltwater
occurs at progressively higher levels within the aquifer represented by that
layer. Transient simulations calibrated by matching long-term water-level
changes will be used to determine aquifer storage coefficients and to refine
the calibration of the model made in steady-state simulations. Simulations
will be made to study the effects of changes in pumpage from the Coastal
Lowlands aquifer system on water levels, hydraulic gradients, and flows. Sen-
sitivity analysis will be done to determine the sensitivity of the model to
the hydraulic characteristics of the aquifers and confining units, changes in
punping stresses, and boundary conditions. Sensitivity analysis provides
insight into the probable accuracy of projections made by the model and may
indicate where additional work to improve the model is needed or would be most
productive.

SUMMARY AND CONCLUSIONS

The Coastal Lowlands aquifer system of Louisiana, Mississippi, Alabama,
and Florida is an off-lapping sequence of fluvial, deltaic, and marine depo-
sits of Miocene age and younger. The aquifer system consists of alternating,
discontinuous beds of sand, gravel, silt, and clay that thicken and dip
southward toward the Gulf of Mexico. The sediments are highly heterogeneous
with few individual sand beds that can be traced for more than a few miles.
The aquifer system is underlain by the Vicksburg-Jackson confining unit, a
marine clay sequence of the Jackson and Vicksburg Groups.

The Coastal Lowlands aquifer system is subdivided into five regional
aquifers. Electric logs of 279 wells were analyzed to construct maps of
aquifer thickness, sand and clay content, and dissolved-solids concentrations
of interstitial water. The regional aquifers were defined on the basis of
water-level and pumpage data from heavily pumped areas and extended into
lesser-developed areas by extrapolating aquifer thicknesses. The aquifers,
from youngest to oldest are the upper Pleistocene aquifer, the lower Pleis-
tocene-upper Pliocene aquifer, the lower Pliocene-upper Miocene aquifer, the
middle Miocene aquifer, and the lower Miocene aquifer. In this study, the
base of the ground-water flow system is defined as the shallower of either the
top of the Vicksburg-Jackson confining unit or the bottom of the deepest layer
overlying the confining unit containing water with no more than 10,000 mg/L
average dissolved solids.

Sand thickness in the flow system increases from zero along the northern
edge of the aquifer system to almost 3,000 ft in a small area in southeastern
Louisiana. Sand content ranges fram less than 10 percent to greater than 90
percent.
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Hydraulic characteristics of the re
analysis of aquifer-test data. The anal
upper Pleistocene aquifer has the highe

gional laquifers were determined from
ysis indicates that on average the
lateral hydraulic conductivity (203

ft/d) and the lower Miocene aquifer has the lowest (51 ft/d).

A six-layer finite-difference gro
investigate and quantify the regional f1
system. The model is being calibrated b

-water flow model is being used to
of the Coastal Lowlands aquifer
steady-state simulation to match

1980 conditions. The model in its present state generally reproduces the

ground~water hydraulic gradients and the
maps of measured water-level altitudes.

major control on flow in the aquifer system

major es of depression shown by
Results indicate that pumpage is a
er 1980 conditions; about 66

percent of the water entering the flow system is discharged by pumpage.

Pumping for industry, public supply, and

irrigation under 1980 conditions

produced cones of depression that distorted or reversed the predevelopment

flow pattern. Total pumpage from the modeled

Mft3/d. Pumpage of about 95 Mft3/d £

of depression and constitutes about 38

ea in 1980 was about 252.4

the Pleistocene aquifer of
southwestern Louisiana for rice irrigation p ced the most widespread cone

aquifer system. The least pumpage, a
total pumpage, is from the lower Miocen

Removal of pumpage from the model

cent lof pumpage from the entire

t 10.3 Mft3/4 or 4 percent of the

aquifer.

1llows simulation of predevelopment

conditions. Regional flow of ground water in the Coastal Lowlands aquifer
system under predevelopment conditions was primarily from recharge areas in
the uplands of central Louisiana and thwestern Mississippi toward discharge

areas along the coast and in the major r

iver valleys. Results indicate that
under predevelopment conditions most of|the fl¢

occurred in the upper part of

the aquifer system. About 35 percent (70.2 Mft3/d) of the total flow in the

aquifer system (202.4 Mft3/d) circulated i

upper Pleistocene aguifer, and about 31| percent (63.4 Mft3/d) circulated in

the outcrop areas of layers 3 through 6,
aquifers.

Planned model refinement includes making |additional steady-state simula-

tions to improve the calibration of the| model

1980 conditions. Other work

will include transient simulations to improve estimates of aquifer storage

coefficients, sensitivity analysis to dete
tions based on model results, and simulations

present and possible alternative pumping
levels in the future.
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Figure 1.--Location of the study area and major structural features in

and near the

study area.






























































































































































































