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Multiply By To obtain
square mile 2.509 square kilometer
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million gallons 0.04381 cubic meter per

per day second
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National Geodetic Vertical Datum of 1929 (NGVD of 1929).--A geodetic datum

derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called mean sea level.



GULF COAST REGIONAL AQUIFER-SYSTEM
ANALYSIS--A KENTUCKY PERSPECTIVE

By

Hayes F. Grubb and J. Kerry Arthur

ABSTRACT

The Gulf Coast Regional Aquifer-System Analysis is a study of regional aquifers in
sediments of mostly Cenozoic age in an area of about 230,000 square miles in the Coastal Plain
of Kentucky, Alabama, Arkansas, Florida, Illinois, Louisiana, Mississippi, Missouri, Tennessee,
and Texas and an additional 60,000 square miles offshore. Three aquifer systems have been
identified: two in sediments of mostly Eocene age (the Mississippi embayment aquifer system
and the Texas coastal uplands aquifer system) and one in sediments of mostly Miocene and
younger age (the coastal lowlands aquifer system). Major objectives of the study are to
delineate the geohydrologic framework, describe the ground-water chemistry, and to determine
regional flow patterns. To study regional flow patterns the aquifer systems have been divided
into regional aquifers and confining units based on regional-scale permeability. Maps depicting
characteristics of the geohydrologic framework and dissolved-solids concentrations in water in
the aquifers have been completed. Evaluation of ground-water flow using both regional- and
subregional-scale digital models is nearing completion.

The Mississippi embayment aquifer system is the only one of the three aquifer systems
found in Kentucky. About 1 percent of the total area underlain by the aquifer system is
located in all or parts of eight counties in western Kentucky. Results of ground-water flow
simulation indicate that much of the area underlain by the aquifer system in Kentucky is part
of a regional recharge area. Regional predevelopment recharge (prior to pumping ground-
water) exceeded 2 inches per year throughout a large part of Graves County and recharge
occurred in all eight counties underlain by the aquifer system.

Ground-water pumpage from aquifers of the Mississippi embayment aquifer system in
Kentucky has increased by a factor of about 3 from about 4 to 12 million gallons per day,
during the period 1960-85. An increase in recharge to aquifers in Kentucky and an increase in
aquifer outflow to adjacent States has resulted from pumpage. The increase in net recharge
supplied the 12 million gallons per day pumpage from aquifers in Kentucky and a small
increase in outflow to adjacent States. The increase in outflow to adjacent States from
predevelopment conditions is due mostly to pumpage in Tennessee that induces recharge in
aquifer outcrop areas located in Kentucky. The potentiometric surface of the middle Claiborne
aquifer was lowered about 10 feet from predevelopment.

The aquifers of the Mississippi embayment aquifer system have the potential to produce
much more water than was pumped during 1985. The effects of pumping large additional
quantities of water from the Mississippi embayment aquifer system would be: substantial
lowering of the potentiometric surface, decreasing the rate of discharge, shrinking the size of
the discharge areas compared to predevelopment, and reducing aquifer outflow to adjacent
States in the pumped aquifer as well as lowering of the potentiometric surface of the aquifers
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overlying the pumped aquifer, and increasing the rate of recharge and expanding the size of the
recharge areas compared to predevelopment. The potential for sustaining additional ground-
water withdrawals from the aquifers of the Mississippi embayment aquifer system in Kentucky
are from greatest to least: the middle Claiborne aquifer, the lower Wilcox aquifer, the upper
Claiborne aquifer, and the middle Wilcox aquifer.

Simulation of ground-water flow with a digital computer model was used to evaluate the
magnitude of the effects of additional pumpage within Kentucky. Pumping an additional 30
million gallons per day from the middle Claiborne aquifer would increase the area having 2
inches per year or more recharge about twofold; an area of substantial size that was a
predevelopment discharge area would become part of the recharge area. An elongate area of
about 75 square miles with recharge of 4 inches per year or more would be expected to develop
across the central part of Graves County. The potentiometric surface of the middle Claiborne
aquifer would be lowered by more than 20 feet at the center of each of three additional
pumping centers in Kentucky. The potentiometric surface would remain well above the top of
the aquifer at the locations near Clinton in Hickman County and near Bardwell in Carlisle
County. At the location south of Mayfield in Graves County the potentiometric surface might
be as much as 80 feet below land surface.

Pumping an additional 10 million gallons per day from the lower Wilcox aquifer near
Clinton in Hickman County, in addition to the 30 million gallons per day of simulated pumpage
from the middle Claiborne aquifer, would have substantial impact on the potentiometric
surfaces of aquifers and the vertical flow between aquifers, but minimal impact on size of
recharge and discharge areas. The potentiometric surface of the lower Wilcox aquifer would be
lowered about 330 feet at the pumping center, but it would be about 500 feet above the top of
the aquifer. About 7 million gallons per day of the additional pumpage from the lower Wilcox
aquifer would move downward through the overlying middle Wilcox aquifer from either the
middle Claiborne aquifer or the upper Claiborne aquifer. The direction of flow would be
reversed in the lower Wilcox aquifer and the 2 million gallons per day of outflow to adjacent
States that existed under predevelopment conditions would be captured by the additional
pumpage. In addition, about 1 million gallons per day would flow from adjacent States to the
pumping center in the lower Wilcox aquifer located near Clinton in Hickman County.

INTRODUCTION

The Gulf Coast Regional Aquifer-System Analysis is a study of regional aquifers in
sediments of mostly Cenozoic age. The study area underlies about 230,000 square miles of the
Coastal Plain in Kentucky, Alabama, Arkansas, Florida, Illinois, Louisiana, Mississippi,
Missouri, Tennessee, and Texas, and about 60,000 square miles of the Gulf of Mexico, between
the coast and the edge of the Continental Shelf (fig. 1). The study is part of the U.S.
Geological Survey’s Regional Aquifer-System Analysis (RASA) program, which began in 1978
and is designed to provide a regional understanding and assessment of the Nation’s ground-
water resources (Bennett, 1979). A summary of progress on the RASA program through 1984 is
given by Sun (1986). Major objectives of the study are to delineate the geohydrologic
framework, describe the ground-water chemistry, and to determine regional flow patterns.The
project objectives and the study approach have been discussed in detail by Grubb (1984, and
1985).

A discussion of regional ground-water flow in the aquifers in Tertiary-age sediments
underlying western Kentucky is presented in this report. A general summary of the gulf coast
aquifer systems is given first followed by a more detailed description of the geohydrologic units
that underlie Kentucky. The primary focus of the report is an analysis of ground-water flow in
Kentucky under predevelopment conditions (prior to pumping) compared to conditions during
1985, and an evaluation of the potential for the aquifers to yield additional water within
Kentucky. The analysis and evaluation are based upon results from ground-water flow
simulations using the model described by Arthur and Taylor (1990).
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Figure 1.--Location of Guif Coast Regional Aquifer-System Analysis study area and adjacent
Regional Aquifer-System Analysis study areas.

GULF COAST AQUIFER SYSTEMS

The sediments that make up the gulf coast aquifer systems of the south-central United
States can be described in a general way as a gulfward-thickening wedge of unconsolidated to
semiconsolidated, complexly interbedded sand, silt, and clay with minor beds of lignite, gravel,
and limestone. The sediments crop out in bands roughly parallel to the present day Gulf
coastline except for the large inland extent of middle Eocene and older sediments in the
Mississippi embayment, the East Texas embayment and the Rio Grande embayment (fig. 2, and
Hosman, 1988). The oldest exposed sediments in the study area are of Cretaceous age and crop
out in a band up to 20 miles wide along the northeastern rim of the Mississippi embayment. The
oldest exposed sediments along the northwestern boundary of the study area in Arkansas and
Texas are of Paleocene age and crop out in a 10 to 15 mile-wide band adjacent to older,
mostly-consolidated sediments of Cretaceous age. Bands of progressively younger sediments crop
out seaward or toward the axis of the Mississippi embayment in an offlap relation. A major
exception is a 30 to 120 mile-wide band of alluvium of Pleistocene and Holocene age that
covers the older units from southern Illinois to the modern delta of the Mississippi River in
extreme southern Louisiana (fig. 2).

The geologic units typically thicken from a feather edge near the updip limit in the out-
crop area to thousands of feet near the present day coastline. A zone of abnormally high fluid
pressure (also called geopressure, Dickinson, 1953, and Jones, 1969) occurs at depth in geologic
units ranging in age from Paleocene to Pliocene in coastal Louisiana and Texas. The flow of
fluids from the abnormally high pressure zone to the normally pressured zone is believed to be
small because of the minimal permeability of the sediments. Therefore, for purposes of this
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Figure 2.-—-Generalized geology, Gulf Coast Regional Aquifer-System Analysis study area.

study the top of the geopressured zone (or the transition from normal pressure to abnormally
high pressure) is considered the base of the ground-water flow system where it occurs above the
massive clay of Paleocene age. No attempt was made to characterize the sediments downdip
beyond either that line where the top of the geopressured zone intersects the top of the
individual aquifers or confining units, or beyond the edge of the continental shelf. The
occurrence of geopressure in successively younger sediments gulfward results in the aquifer
systems as well as most individual geohydrologic units within each aquifer system, attaining
maximum thickness several tens of miles updip of their downdip limit.

Three aquifer systems have been identified within the Gulf Coast RASA study area
(Grubb, 1984, and fig. 3): the Mississippi embayment and Texas coastal uplands aquifer systems,
which occur principally in Eocene-age sediments, and the coastal lowlands aquifer system,
which occurs principally in Miocene age and younger sediments. These aquifer systems were
delineated on the basis of differences in regional ground-water flow patterns, the distribution of
fine-grained sediments, and the presence of two regional units of minimal permeability (the
Midway confining unit in Paleocene-age sediments, and the Vicksburg-Jackson confining unit
in Eocene- and Oligocene-age sediments) recognizable on geophysical well logs. The two
confining units are predominantly massive marine clays that restrict the vertical movement of
water between aquifer systems. The Mississippi embayment aquifer system is the only one of
the three systems found in Kentucky. The aquifer system underlies all or parts of eight
counties in western Kentucky or about 1 percent of the total area underlain by the system.
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A regional-scale aquifer (the McNairy-Nacatoch) underlies the Midway confining unit
throughout the northern part of the study area. The McNairy-Nacatoch aquifer is composed of
sediments of Cretaceous age and crops out to the east of the Mississippi embayment aquifer
system’s outcrop area in Kentucky, Tennessee, and northern Mississippi. The aquifer is covered
by alluvium of the Mississippi River to the west in Arkansas, and Missouri. Preliminary results
from simulation of ground-water flow in this aquifer indicate that there is only a small volume
of flow from the McNairy-Nacatoch aquifer across the Midway confining unit and that the
aquifer functions independently of the aquifers above the Midway confining unit throughout
most of its areal extent (Brahana, 1987, and Brahana and Mesko, 1988). Although the
McNairy-Nacatoch aquifer probably has the potential to yield additional water within
Kentucky, especially in and near the outcrop area, it is not included in the discussion that
follows. The study of the McNairy-Nacatoch aquifer was not as near completion as the study
of the Mississippi embayment aquifer system at the time of this writing (1989) and could not be
included in the analysis. The net effect of not including the McNairy-Nacatoch aquifer in this
analysis is to underestimate the potential of producing ground water in Kentucky from the
aquifers that are the subject of the Gulf Coast Regional Aquifer-System Analysis.

Although major contrasts in regional scale permeability are differentiated by mapping the
two regional confining units and the three aquifer systems, variations in permeability exist
within each aquifer system that affects the vertical flow of water. The variability in
permeability is due to the interbedded nature of the sediments. Vertical movement of water
within each aquifer system may be restricted by regionally extensive clay beds that occur
between aquifers or by thin regionally discontinuous clay beds within the individual aquifers.
The aquifers in the Mississippi embayment and Texas coastal upland aquifer systems typically
are massive sand beds separated by regionally extensive clay beds. The aquifers in the coastal
lowlands aquifer system typically contain discontinuous clay beds and generally are not
separated by regionally extensive clay beds.

These aquifer systems have been divided into regional aquifers and confining units based
on regional-scale permeability. The divisions are: Mississippi embayment aquifer system with six
aquifers and two confining units; Texas coastal uplands aquifer system with five aquifers and
two confining units; and the coastal lowlands aquifer system with five aquifers and two
confining units.

Hosman and Weiss (1988) present detailed maps of aquifer thickness, percentage and
aggregate sand thickness, and altitude of top for each regional geohydrologic unit in the
Mississippi embayment and Texas coastal uplands aquifer systems. Detailed maps of the
geohydrologic units of the coastal lowlands aquifer system are presented by Weiss (1990). Maps
of dissolved-solids concentrations and water temperature for all the aquifers in the three aquifer
systems are presented in Pettijohn and others (1988).

Throughout the Gulf Coast RASA study area large volumes of water are being withdrawn
from the aquifer systems for use by cities, industry, and agriculture. An estimated 8,900
million gallons per day of ground water was withdrawn from aquifers in the study area for all
uses during 1985 (Mesko and others, 1990). Pumpage during 1985 represents a decrease of
about 7 percent from the 9,500 million gallons per day withdrawn in the area during 1980. The
1985 decrease in pumpage is the only decrease during the period 1960-85 based on data
tabulated at 5-year intervals. During 1960 ground-water pumpage for irrigation was about 1.5
times more than the combined pumpage for all other uses. The ratio increased by a factor of 3
in 1980 and 1985.

Ground-water pumpage from the Mississippi embayment aquifer system was about 5,600
million gallons per day during 1985, about 60 percent of the total pumpage in the study area.
Most of the pumpage from the Mississippi embayment aquifer system, about 4,800 million
gallons per day during 1985, was from the Mississippi River Valley alluvial aquifer. Only about





































































