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HYDROLOGY OF THE BAYOU BARTHOLOMEW ALLUVIAL AQUIFER-
STREAM SYSTEM, ARKANSAS

By M. E. Broom and J. E. Reed

' ABSTRACT

The study area comprises about 3,200 square miles of the
Mississippi Alluvial Plain in southeast Arkansas. About 90 per-
cent of the area drains south to the Ouachita River in Louisiana.

The alluvial aquifer and the streams are hydraulically con-
nected and are studied as an aquifer-stream system. Bayou
Bartholomew is a principal stream of the system.

The aquifer is underlain by confining strata of the Jackson
Group and Cockfield Formation.

The mean annual surface-water yield of the area that drains
to the Ouachita River basin is nearly 2 million acre-feet. Flood-
control projects have significantly reduced flooding in the area.
Basin boundaries and low-flow characteristics of streams have been
altered as a result of the flood-control projects and streamflow
diversion for irrigation.

The direction of ground-water flow generally is southward.
Bayou Bartholomew functions mostly as a drain for ground-water

flow from the west and as a recharge source to the aquifer east



of the bayou. As a result of navigation pools, the Arkansas
River is mostly a steady-recharge source to the aquifer.

Pumpage from the aquifer and streams increased from about
20,000 acre-feet in 1941 to 237,000 acre-feet in 1970.

Estimates of flow, derived from analog analysis but lacking
field verification, indicate that recharge to the aquifer in 1970
was about 161,000 acre-feet. About 70 percent of the recharge
was by capture from streams as a result of ground-water pumpage.
Discharge from the aquifer was about 233,000 acre-feet. About 80
percent of the discharge was through wells.

Stream diversion in 1970 from capture and open channel,
excluding capture from the Arkansas and Mississippi Rivers, was
about 110,000 acre-feet. Return flow to streams from rice irriga-
tion and fishponds was about 60,000 acre-feet.

The chemical quality of streamflows is excellent for irriga-
tion. Water from the aquifer generally ranges from permissible
to excellent for irrigation. The use of water from the aquifer
in the flood-plain area, exclusive of irrigation, is severely
limited unless it is treated to remove the iron and reduce the

hardness.

INTRODUCTION

The study area, in the Mississippi Alluvial Plain (fig. 1),
comprises about 3,200 square miles in southeast Arkansas. The

area is bounded on the east by the Mississippi River, on the north
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by the Arkansas River, on the west by the Ouachita River-Bayou
Bartholomew drainage divide, and on the south by the Arkansas-
Louisiana State line.

The streams and the alluvial aquifer are hydraulically
connected, so that a change in stage or flow in the streams also
results in a change in head or flow in the aquifer; thus, water
in either the aquifer or the streams is part of a single inte-
grated aquifer-stream system. This system is termed the Bayou
Bartholomew alluvial aquifer-stream system, modified after a
classification by Sniegocki and Bedinger (1970). Bayou Bartholomew
is a principal stréam of the system.

Water-resources and related development affecting the Bayou
Bartholomew system have progressed very rapidly in the last 20
years. Present (1972) development includes flood-control levees
along the Mississippi and Arkansas Rivers, navigation pools in
the Arkansas River, deepened and straightened stream channels,
drainage canals, wetlands cleared of forests, and water diverted
for irrigation, fish farming, and industry.

Problems associated with water-resources development in the
area include (1) local demands for water that exceed the supply;
(2) increasing water-1ift and conveyance costs; (3) streamflow
depletion caused by pumpage from the alluvial aquifer; (4) demands
outside the State for water originating in the study area, requir-

ing that potential water yield of the area be known; and



(5) constantly changing requirements for design of the data-
control network as stresses of development increase and diversify.

In 1971 the U.S. Geological Survey, in cooperation with the
Arkansas Geological Commission, began a study of the Bayou
Bartholomew system. The objectives of this study are to (1) ana-
lyze cause-effect relations of present watér-resources development,
(2) project quantitative responses of the system to existing and
future stresses of development, and (3) evaluate the data-control
network. These objectives will be accomplished by use of
electrical-analog or digital-computer models. The models will
incorporate fixed and variable flow data so that stresses on the
system can be simulated and responses from the models can be
measured and scaled in terms of real-system responses.

The purpose of this progress report is to summarize what is
now known about the system, so that work priorities can be adjusted
to meet the objectives of the study. In addition, the report will
be used to disseminate information gained while the study is in

progress.

Previous Investigations

Veatch (1906) predicted that large quantities of ground
water could be developed from the alluvium. Thirty years later,
Branner (1937) reported a few large-capacity wells in the allu-

vium, In petroleum oriented studies, Spooner (1935) and Caplan



(1954) dealt extensively with the regional structure and stratig-
raphy of the sedimentary rocks. Fisk (1944, 1947) made extensive
investigations of the alluvial geology of the Mississippi River
valley.

Accelerated ground-water deve1opment in the study area in
the 1940's brought about studies by the Geological Survey, in
cooperation with the University of Arkansas and the Arkansas
Geological and Conservation Commission (Arkansas Geol. Comm.).
These studies by Hewitt and others (1949), Klein and others (1950),
Onellion and Criner (1955), Onellion (1956), and Bedinger and
Reed (1961) provide the data necessary for initial modeling of
the boundaries and the character of the alluvial aquifer. Addi-
tional data resulted from the Arkansas River navigation studies

(Bedinger and Jeffery, 1964; and May and others, 1965a, 1965b).
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PHYSIOGRAPHY

The land surface in the study area is largely a part of
the alluvial plain of the Arkansas and Mississippi Rivers
(fig. 2). From an altitude of about 200 feet at Pine Bluff,
the plain slopes southward at slightly less than 1 foot per
Hi1e to an altitude of about 100 feet at the Arkansas-Louisiana
State line. Owing to levees along the Arkansas and Mississippi
Rivers and the northward merging of the Monticello Ridge and the
Arkansas River levee, much of the study area is a closed surface-
drainage basin on the north, east, and west. Thus, about 90 per-
cent of the area drains south to the Quachita River in Louisiana.
About 10 percent of the area is on the riverward side of the
levees and drains directly to the Arkansas and Mississippi Rivers.
The alluvial plain east of Bayou Bartholomew (fig. 2) is
typified by sluggish, meandering streams. Other surface features
include abandoned meanders, oxbow lakes, and natural levees.
Natural Tevees along the streams provide local relief of 10-15
feet. The natural-drainage network is inefficient, and flooding
is caused by surface backwater during and after periods of heavy
rainfall. The backwater areas support lush wetland forests that
provide habitats for wildlife. In recent years drainage canals
have been dug and streams cleared and straightened through many
of the backwater areas to alleviate flooding and to reclaim land

for farming.



The alluvial plain west of Bayou Bartholomew rises abruptly
20 feet or more to alluvial terraces (fig. 2). Farther west
the alluvial terraces abut outcropping rock of the Jackson Group
(fig. 2). The outcropping Jackson forms the Monticello Ridge.
Altitudes along the crest of the ridge average about 300 feet
but locally rise to slightly more than 400 feet where Pliocene(?)
deposits cap the Jackson Group. The alluvial terraces widen
southward and overlap the Jackson Group and older rock in most of

Ashley County.
GEOLOGY

Rock units that control the flow of water in the Bayou
Bartholomew system are summarized in table 1. The areal distri-
bution of the units is shown in figure 2.

The flood-plain and terrace deposits comprise the alluvial
aquifer. The Pliocene(?) deposits are not significant to the
system. The Jackson Group and the Cockfield Formation generally
function as confining strata at the base of the alluvial aquifer.
The structure of the Jackson and Cockfield is framed by a basinal
downwarp, with the long axis trending northwestward through the
study area. Maximum downwarping is in Desha and Lincoln
Counties. Thus, from surrounding areas, the Jackson and Cockfield

dip toward the center of the study area.
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