Ground-Water Pumpage from the
Gulf Coast Aquifer Systems,
1960-85, South-Central
United States

By Thomas O. Mesko, Thomas A. Williams, D.J. Ackerman,
and Alex K. Williamson

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 89-4180

A Contribution of the
Regional Aquifer-Systems
Analysis Program

Austin, Texas
1990



DEPARTMENT OF THE INTERIOR

MANUEL LUJAN, JR., Secretary

UNITED STATES GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report can be purchased
write to: from:

Project Chief U.S. Geological Survey

U.S. Geological Survey, WRD Books and Open-File Reports Section
North Shore Plaza Bldg., Rm. 104 Federal Center, Building 810

55 North Interregional Hwy. Box 25425

Austin, Texas 78702 Denver, Colorado 80225



CONTENTS

X 0¥ o0 of- Lo o3
IntrodUCEiom. .« ittt it i i e et et ettt e
Acknowledgments. . ..o i ittt i e e e e
Purpose and SCOPe. .. ...ttt ittt ettt e
Trends of ground-water PUmMPAEEe. ........c.tiiuttnnnennnreeeennnaeeeeensas
Trend by major category of use.........cciiiiiiiiiiiiiiiiiannans
Trend by areal distribution............ . . . ittt
Trend by aquifer system........ ... ittt riinananns
Trend by State.......oiuittiiiiiiiineeeirineteeeieinnneneesonnnnnnenss
Trend by model layer........c.iiiiiiininiiiiiiiniiniiennennnnnnenaens
Trend DY Area........c.iiitiitiinreueeneeanereesosseseasoneeosaansas
Trends in counties with largest withdrawals........................
Method of estimating ground-water pumpage.............cciivtieeecencnnnns
Pumpage by block for 1980. ... .... . ...ttt iniorentonnnnnn
Total pumpage by county, 1960-85. ... ... ... it iiniennnnnennn
Proportion distribution....... ... ...ttt nnnennnnnnnn
Special CasSeS. ... ittt et i e et e e e e

Central Arkansas............c.oiiiiiiiiiniieaiinnnnnn.

Harris and Galveston Counties, TeXasS.......u e ennnn

Areal distribution of ground-water pumpage, 1980........................
8 -
LI o O

0 -
|- o T

00 -

08 = o

B =T -
L o PP

07 = o L
= o

ILLUSTRATIONS

[Plates are in pocket]

1. Ground-water pumpage from layers 2 and 7 for 25-square-mile areas with
pumpage equal to or greater than 0.5 million gallons per day, 1980;
and number of areas and quantity pumped, 1960-85.

2. Ground-water pumpage from layers 3, 6, and 8 for 25-square-mile areas
with pumpage equal to or greater than 0.5 million gallons per day,
1980; and number of areas and quantity pumped, 1960-85.

3. Ground-water pumpage from layers 4 and 9 for 25-square-mile areas with
pumpage equal to or greater than 0.5 million gallons per day, 1980;
and number of areas and quantity pumped, 1960-85.

iii

]

]
]

o

O WO WO



ILLUSTRATIONS--Continued

4. Ground-water pumpage from layers 5 and 10 for 25-square-mile areas with
pumpage equal to or greater than 0.5 million gallons per day, 1980;
and number of areas and quantity pumped, 1960-85.

5. Ground-water pumpage from layer 11 for 25-square-mile areas with pumpage
equal to or greater than 0.5 million gallons per day, 1980; and number
of areas and quantity pumped, 1960-85.

Page
Figure 1. Map showing location of study area, aquifer systems,
model grid, and areas........... ... i i, 2
2. Map and graph showing: A, distribution of population, 1985
and B, population growth in study area, 1930-80......... 4
3. Map showing generalized outcrop of regional geohydrologic
UNIES . it e e e 6
4. 1Idealized diagram from northern edge of study area to edge
of Continental Shelf showing vertical relation of model
layers. . i e 7
5. Graph of ground-water pumpage by major category of use,
1960-85. . .. i e e e, 8
6. Map showing distribution of total ground-water pumpage
from all aquifers: A, 1960; B, 1965; C, 1970; D, 1975;
E, 1980; and F, 1985. ... ... .ttt 10
7-10. Graphs showing:
7. Ground-water pumpage by aquifer system, 1960-85...... 12
8. Ground-water pumpage by State, 1960-85............... 13
9. Ground-water pumpage from layers 2-11, 1960-85....... 16
10. Ground-water pumpage from layer 11 by aquifer
system, 1960-85. ... .. .. . . . i i 16
Figures 11-15. Graphs showing:
11. Ground-water pumpage, 1960-85, from: A, layers 2-6;
and B, layers 7-10........ . ittt 17
12. Ground-water pumpage by area, 1960-85................ 18

13. Ground-water pumpage by major category of use and

area: A, 1960; B, 1965; C, 1970; D, 1975; E, 1980;

and F, 1985 . ... ittt iineinarannananans 20
14. Ground-water pumpage for period 1960-85 from five

counties (parishes) with: A, largest total pumpage

during 1985; B, largest irrigation pumpage during

1985; and C, largest combined public supply and

industrial pumpage during 1985..................... 23
15. Number of blocks with ground-water pumpage equal to

or greater than 0.5 million gallons per day, and

quantity pumped from layers 2-11, 1960-85.......... 30

iv



Table 1.

N
.

Nowm P Ww

TABLES

Page
Relation among aquifer systems, regional model layers,
aquifers, permeable zones, and confining units............ 5
Summary of ground-water pumpage by major category of
use, 1960-85. ... ... ittt ittt e e it it e e e, 8
Summary of ground-water pumpage by aquifer system, 1960-85... 12
Summary of ground-water pumpage by State, 1960-85............ 14
Summary of ground-water pumpage by model layer, 1960-85...... 14
Summary of ground-water pumpage by area, 1960-85............. 18
Quantity of ground water pumped during 1985 within the
five counties (or parishes) having: (1) The largest total
withdrawal; (2) the largest quantity withdrawn for
irrigation, and (3) the largest quantity withdrawn for
public supply and industry combined........................ 22
Point, areal, and total ground-water pumpage by row,
column, and layer, 1980..........c0ittiiiiiiinnennnnsnnns 40
Sources of data on total pumpage by county, 1960-85.......... 27
Point, areal, and total ground-water pumpage by State,
county, and year, 1960-85....... ... .0ttt 155
Description of diskette containing pumpage data............... 177

CONVERSION FACTORS

For those readers who may prefer to use metric (International System)
units rather than inch-pound units, conversion factors for the terms used in
this report are listed below:

Multiply By To obtain
mile (mi) 1.609 kilometer
square mile (miz) 2.590 square kilometer
gallon per day (gal/d) 0.003785 cubic meter per day
million gallons per

day (Mgal/d) 3,785 cubic meter per day



GROUND-WATER PUMPAGE FROM THE GULF COAST AQUIFER
SYSTEMS, 1960-85, SOUTH-CENTRAL UNITED STATES

by

Thomas O. Mesko, Thomas A. Williams, D.J. Ackerman,
and Alex K. Williamson

ABSTRACT

The gulf coast aquifer systems of the south-central United States were divided
into 10 model layers for regional analysis of ground-water flow. Detailed estimates
of 1980 fresh ground-water pumpage were made for each layer underlying each 25-
square-mile area of the model grid. Total pumpage by county was compiled at 5-year
intervals for the period 1960-85. Total ground-water pumpage by county for years
other than 1980 generally was assigned to layers and 25-square-mile areas in the
same proportion as total pumpage by county in 1980.

Total ground-water pumpage in the gulf coast aquifer systems increased by a
factor of 2.5 during 1960-80, from 3,800 to 9,500 million gallons per day but
decreased by 7 percent to 8,900 million gallons per day in 1985. This was
consistent with a nationwide decline of about 12 percent between 1980 and 1985.
About 12 percent of all ground water pumped in the United States is withdrawn from
aquifers in the study area. Harris County, Texas, had the largest total pumpage of
ground water during 1960-85 of all counties in the study area. A total of 380
million gallons per day of ground water was pumped in Harris County during 1985. Of
that total, 360 million gallons per day was pumped mostly for public supply and
industry combined. The largest withdrawals for irrigation occurred in Poinsett and
Lonoke Counties, Arkansas, where 300 million gallons per day in each county was
pumped for irrigation during 1985.

The total number of 25-square-mile areas with ground-water pumpage equal to or
greater than 0.5 million gallons per day increased from about 1500 during 1960 to
about 2,500 during 1985. However, total ground-water pumpage increased at a
proportionately faster rate, indicating that pumpage increased most rapidly in areas
where ground-water supplies had been previously developed. Detailed pumpage data are
available on a floppy disk upon request.

INTRODUCTION

The U.S. Geological Survey began an investigation in 1981 to describe the ground-
water resources of the Gulf Coastal Plain in the south-central part of the United
States as part of the Survey’s Regional Aquifer-System Analysis (RASA) program. The
RASA program (Sun, 1986), which began in 1978, was authorized by Congress to develop
quantitative appraisals of the major ground-water systems of the United States. The
Gulf Coast Regional Aquifer-System Analysis (GC RASA) study area (fig. 1) occupies

Manuscript approved for publication November 7, 1989.
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about 230,000 square miles onshore in Louisiana and parts of Alabama, Arkansas,
Florida, Illinois, Kentucky, Mississippi, Missouri, Tennessee, and Texas. An
additional 60,000 square miles located offshore on the Continental Shelf is included in
the study area (Grubb, 1984).

Large quantities of both surface water and ground water are withdrawn for use
within the study area. During 1980, ground-water withdrawals were about one-half as
large as surface-water withdrawals, based on a compilation of county totals from the
references given in table 9.

From a national perspective, about 12 percent of all ground-water pumped in the
United States is withdrawn from aquifers in the study area. Ground-water pumpage for
irrigation, public supply, and industry accounts for most of the ground-water pumpage
in the study area (Grubb, 1984, p. 15-20). Most use of ground water for irrigation
occurs in four large geographic areas (Grubb, 1984, p. 19). The largest area in the
Mississippi Alluvial Plain extends from southeastern Missouri, southward through
eastern Arkansas, northwestern Mississippi, and the northeastern corner of Louisiana.
The second area includes parts of several parishes in southwestern Louisiana. The
other two areas are in Texas: one extends westward from Houston and includes parts of
several counties; the fourth area extends from near San Antonio, southwestward to the
vicinity of the Rio Grande and includes parts of several counties. Ground-water
pumpage for public supply and industry generally is located near densely populated
areas (fig. 2a), Within the study area, pumpage in densely populated areas during 1985
occurred in Houston, Texas, New Orleans and Baton Rouge, Louisiana, Jackson,
Mississippi, and Memphis, Tennessee. Trends in ground-water pumpage, especially pumpage
for public supply, are influenced by population trends. Population in the study area
almost doubled during the period 1930-80 (fig. 2b).

The principal sources of ground water withdrawn in the Gulf Coast RASA study area
are three regional aquifer systems; the Mississippi embayment aquifer system, the Texas
coastal uplands aquifer system, and the coastal lowlands aquifer system (fig. 1, Grubb,
1984). These aquifer systems have been described in detail by Grubb (1986), Wilson and
Hosman (1987), Arthur and Taylor (1987), Ackerman (1989), Brahana and Mesko (1988),
Martin and Whiteman (1989), and Ryder (1988). The aquifer systems were subdivided
vertically into layers for simulation of ground-water flow (Weiss and Williamson, 1985,
and Hosman, 1988). Table 1 shows the correlation among aquifer systems, aquifers,
permeable zones, confining units, and model Iayer. The outcrop patterns of
geohydrologic units are shown in figure 3 and the generalized vertical relation of the
units is shown in figure 4.

The purpose of the Gulf Coast RASA study is to define the geohydrologic framework,
geochemistry, and ground-water flow patterns on a regional scale. Both regional- and
subregional-scale ground-water flow models were selected as tools to investigate flow
patterns. A rectangular grid subdivided by squares that are 10 miles on each side was
used for the regional model. Subsets of the regional grid with squares that are 5
miles on a side were used for the subregional models (fig. 1).

Computer simulation of historical ground-water flow in the study area requires
estimates of the quantity of ground water pumped from each layer underlying the
geographic area covered by each square of the rectangular grid. Estimates of ground-
water pumpage at this level of detail were not readily available in the study area.
Typically published estimates of total ground-water pumpage by county for the years
1975 and 1980 were available. However, for years prior to 1975 and for several States,
county estimates of ground-water pumpage were available only from unpublished data in
files of the U.S. Geological Survey or State agencies.

3
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Therefore, to obtain the detailed data required for the Gulf Coast RASA study,
estimates of ground-water pumpage during 1980 were made for each layer underlying the
25-square-mile geographic area covered by each square of the model grid. Total pumpage
of fresh ground water by county also was compiled from both published and unpublished
sources at 5-year intervals for the period 1960-85. For years other than 1980, county
estimates of ground-water pumpage generally were assigned to layers and squares of the
model grid in the same proportion as total pumpage by county in 1980.
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Table 1.--Relation among aquifer systems, regional model layers,
aquifers, permeable zones, and confining units

[Modified from Wilson and Hosman, 1987, p. 5.]

Aquifer Regional
system model Regional geohydrologic units
layer
number
Coastal 11 Permeable zone A (Holocene-upper Pleistocene deposits)
lowlands 10 Permeable zone B (lower Pleistocene-upper Pliocene
deposits)
9 Permeable zone C (lower Pliocene-upper Miocene
deposits)
17 Zone D confining unit
8 Permeable zone D (middle Miocene deposits)
16 Zone E confining unit
7 Permeable zone E (lower Miocene-upper Oligocene
deposits)
15 Vicksburg~Jackson confining unit
(Oligocene Vicksburg Group and Eocene Jackson Group)
11 »* Mississippli Riwer Valley alluvial aquifer
Texas 6 Upper Claiborne aquifer
coastal 14 Middle Claiborne confining unit
uplands 5 Middle Claiborne aquifer
and 13 Lower Claiborne confining unit
Missis- 4 Lower Claiborne-upper Wilcox aquifer
sippi 3 Middle Wilcox aquifer
embayment 2 * Lower Wilcox aquifer
(Eocene Claiborne Group and Eocene and Paleocene
Wilcox Group)
12 Midway confining unit
(Paleocene Midway Group)
1 * McNairy-Nacatoech aquifer

(Cretaceous McNairy and Nacatoch Sands)

* Not in Texas coastal uplands aquifer system
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Figure 4.--ldealized diagram from northern edge of study area to edge of Continental Shelf
showing vertical relation of model layers. (From Williamson, 1987)

Purpose and Scope

This report presents details and summaries of ground-water-pumpage data for the
Gulf Coast RASA study area for the period 1960-85. First, summaries are presented of
the data aggregated in a variety of ways. This is followed by a detailed discussion of
the methods used to (1) assign 1980 pumpage data to specific layers and squares of the
model grid and (2) distribute total pumpage by county from other years to layers and
squares of the model grid. Finally, pumpage data for 1980 are presented by layer for
each square of the model grid in tabular form and on maps by layer for all squares with
0.5 Mgal/d or more pumpage. Total pumpage by county at 5-year intervals for the period
1960-85 also is included in tabular form. Pumpage from the McNairy-Nacatoch aquifer,
which underlies the Mississippi embayment aquifer system was estimated by J.V. Brahana
and T.0O. Mesko (1988) and is not included in this report.

TRENDS OF GROUND-WATER PUMPAGE

Total ground-water pumpage increased from 1960 to 1980 by a factor of 2.5 from
3,800 to 9,500 Mgal/d. However, total pumpage declined during 1980-85 by 7 percent to
8,900 Mgal/d (fig. 5 and table 2), which coincided with a nationwide decline in ground-
water pumpage between 1980 and 1985 of about 12 percent (Solley and others, 1988).

The many categories of water use that are typically found in published reports
were combined into three simple categories for purposes of this report: irrigation,
public supply, and industrial. The irrigation category also includes aquaculture (fish
farms, locally a major use in Arkansas and Mississippi); other rural use variously
reported as rural self-supplied, rural domestic, and rural livestock; and mining. The
public supply category typically was used as reported; however, the rural system and
municipal categories reported in Mississippi were combined. The industrial category
includes uses reported as industrial, self-supplied industry, power generation, and
thermoelectric. In some of the subsequent discussions and graphs, the public-supply and
industrial categories are combined.
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Figure 5.--Ground-water pumpage by major category of use, 1960-85.

Table 2.--Summary of ground-water pumpage by major category of use, 1960-85

[Quantity in million gallons per day; figures may not add to total because
of independent rounding.]

Year Public Supply Industrial Irrigation Total
1960 600 1,000 2,200 3,800
1965 700 1,000 2,700 4,500
1970 900 1,300 3,400 5,500
1975 1,100 1,300 4,900 7,300
1980 1,300 1,000 7,200 9,500
1985 1,400 800 6,700 8,900




Trend By Major Category of Use

Pumpage for public supplies increased during 1960-85 from 600 to 1,400 Mgal/d
reflecting population growth in the southern part of the United States (fig. 2b). The
recent decline in total pumpage during 1980-85 was caused by decreases in industrial
and irrigation pumpage. Industrial pumpage during 1960-75 increased from 1,000 to 1,300
Mgal/d, with peak years in 1970 and 1975, but decreased to 800 Mgal/d during 1985.
Withdrawals for irrigation more than tripled during 1960-80, increasing from 2,200 to
7,200 Mgal/d. However, irrigation pumpage declined to 6,700 Mgal/d during 1980-85, in
part due to weather, economic factors, and to more efficient application of irrigation
water. Declines in ground-water pumpage for industry and irrigation in the study area
are consistent with reported declines nationwide (Solley and others, 1988).

Trend Byv Areal Distribution

Distribution of pumpage from all aquifers during 1960-85 (figs. 6a-6f) indicates a
changing pattern of pumpage with respect to time. During 1960, the largest areas of
pumpage were located along the gulf coast associated with irrigation of rice and with
populated urban areas. During 1985, the largest areas of pumpage were located in the
northern Mississippi embayment associated with large-scale irrigation of crops, and
aquaculture (or fish farming). Pumpage near populated areas has increased in quantity
and in areal extent indicating the growth of metropolitan areas. Populated areas that
had large-scale pumpage during 1960 and during 1985 were Houston, Texas, Lake Charles
and Baton Rouge, Louisiana, and Memphis, Tennessee.

Trend By Aquifer System

The largest increase in pumpage occurred in the Mississippi embayment aquifer
system (fig. 7 and table 3) where pumpage increased from 1,500 Mgal/d during 1960 to
5,900 Mgal/d during 1980, then declined slightly to 5,600 Mgal/d during 1980-85. The
second largest increase in pumpage occurred in the coastal lowlands aquifer system
where pumpage increased from 2,000 to 3,200 Mgal/d from 1960 to 1980 and declined
slightly to 2,800 Mgal/d during 1980-85. The Texas coastal uplands aquifer system had
the smallest total pumpage and the smallest increase in pumpage of the three aquifer
systems. In this aquifer system, pumpage increased from 270 to 460 Mgal/d during 1960-
80 and declined slightly to 430 Mgal/d during 1980-85.

Trend By State

In recent years, Arkansas has been the State with the largest withdrawals of ground
water in the study area (fig. 8 and table 4). Ground-water pumpage during 1960-80
increased due to irrigation, from 980 to 4,100 Mgal/d but declined to 3,800 Mgal/d by
1985. Pumpage in Arkansas during 1985 was more than 2.5 times that of Texas, (1,500
Mgal/d during 1985) or Louisiana and Mississippi, (1,400 Mgal/d each during 1985).

Ground-water pumpage in Texas continually increased from 1,100 to 1,700 Mgal/d
during 1960-80 due to increased public-supply and industrial pumpage in southeastern
Texas. Ground-water pumpage in Louisiana increased from 1,000 to 1,800 Mgal/d during
1960-80 due to increased rice irrigation. Ground-water pumpage in Mississippi increased
from 360 to 1,300 Mgal/d during 1960-80 due to increases in irrigation, public-supply,
and industrial withdrawals.
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GROUND—WATER PUMPAGE, IN MILLION GALLONS PER DAY
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Figure 7.——Ground—water pumpage by aquifer system, 1960—85.

Table 3.--Summary of ground-water pumpage by aquifer system, 1960-85

[Quantity in million gallons per day: figures may not add to total
because of independent rounding.]

Year Aquifer system

Mississippi Texas coastal Coastal

embayment uplands lowlands
1960 1,500 270 2,000
1965 1,800 380 2,300
1970 2,300 360 2,900
1975 3,900 410 3,000
1980 5,900 460 3,200
1985 5,600 430 2,800
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Figure 8.——Ground—water pumpage by State, 1960—85.



Table 4.--Summary of ground-water pumpage by State, 1960-85

[Quantity in million gallons per day; figures may not add to total because of
independent rounding; Illinois pumpage is negligible.]

Year State
Ala- Arkan- Flor- Ken- Loui- Missis- Mis- Tennes- Texas
bama sas ida tucky siana sippi souri see
1960 50 980 70 <10 1,000 360 20 160 1,100
1965 60 1,200 70 10 1,200 420 40 160 1,400
1970 70 1,500 70 10 1,500 510 60 220 1,600
1975 90 2,600 80 10 1,600 980 90 240 1,700
1980 60 4,100 80 10 1,800 1,300 210 260 1,700
1985 60 3,800 80 10 1,400 1,400 260 260 1,500

Table 5.--Summary of ground-water pumpage by model layer, 1960-85

[Quantity in million gallons per day; figures may not add to total because of
independent rounding.]

Year Model layer number
2 3 4 5 6 7 8 9 10 11

1960 40 40 250 380 50 60 170 190 260 2,400
1965 50 60 330 390 60 70 210 230 320 2,800
1970 60 70 350 470 70 80 250 300 420 3,500
1975 70 80 430 510 60 100 310 340 460 5,000
1980 70 100 440 560 70 90 290 360 470 7,100
1985 80 120 410 530 60 100 320 350 420 6,400
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Ground-water pumpage in Missouri increased rapidly during 1960-85 (from 20 to 260
Mgal/d) because of a large increase in the irrigation of rice. Pumpage in Tennessee
also increased from 160 to 260 Mgal/d during 1960-85. This increase was largely due to
public-supply withdrawals in and near Memphis, Tennessee. Ground-water pumpage in
Alabama was about the same during 1985 (60 Mgal/d) as during 1960 (50 Mgal/d) but
almost 45 percent greater during 1975 (90 Mgal/d). The decrease from 1975 to 1985 is,
in part, due to a decrease in pumpage for industry (Mettee and others, 1978; Baker and
others, 1982; and Baker and Mooty, 1987). Pumpage in Florida was relatively constant
ranging from 70 to 80 Mgal/d during 1960-85. Ground-water pumpage in Kentucky was
about 10 Mgal/d and Illinois had negligible pumpage in the study area.

Trend By Model Laver

The most heavily pumped layer designated for modeling purposes in the study area
is layer 11 (fig. 9 and table 5), which includes the Mississippi River Valley alluvial
aquifer (fig. 3) in the Mississippi embayment aquifer system (table 1) and permeable
zone A in the coastal lowlands aquifer system. Pumpage from this layer continually
increased from 2,400 to 7,100 Mgal/d during 1960-80, and then declined to 6,400 Mgal/d
by 1985. Layer 11 is the primary source of water for irrigation through much of the
area of the Mississippi embayment and coastal lowlands aquifer systems (fig. 10).
During 1985, pumpage from all other layers (2-10) totaled slightly more than one third
of the pumpage from layer 11. Layer 5 is heavily pumped in the Mississippi embayment
but only slightly pumped in the Texas coastal uplands aquifer system. Pumpage from
layer 5 during 1960-85 ranged from 380 to 560 Mgal/d, primarily for public supplies
(fig. 11a). Layer 10 occurs in the coastal lowlands aquifer system and is a primary
source of water in the Houston area, Texas. During 1960-85, pumpage ranged from 260 to
470 Mgal/d (fig. 11b). Pumpage in layer 4 ranged from 250 to 440 Mgal/d and is widely
scattered along the eastern margin of the Mississippi embayment, but is largely
concentrated in the Winter Garden area of southern Texas.

Trend By ‘Area

The Gulf Coast RASA study area was subdivided into nine geographic areas (fig. 1)
on the basis of geographic, geologic, or hydrologic boundaries. These geographic areas
help in comparing and contrasting regional trends in ground-water pumpage. The areas
are: 1) Winter Garden; 2) northeastern Texas; 3) western embayment; 4) Mississippi
Alluvial Plain; 5) eastern embayment; 6) southern Texas; 7) southeastern Texas; 8)
southwestern Louisiana; and 9) eastern coastal lowlands.

The largest sustained pumpage occurred in the Mississippi Alluvial Plain where
ground-water pumpage increased from 1,300 to 5,600 Mgal/d during 1960-80 and decreased
to 5,300 by 1985 (fig. 12 and table 6). Irrigation was the principal use of ground
water in the Mississippi Alluvial Plain during 1960-85 (fig. 13). The primary source of
ground water in this area is the Mississippi River Valley alluvial aquifer.

Pumpage in southeastern Texas increased from 760 to 1,200 Mgal/d during 1960-80
and decreased to 1,000 Mgal/d by 1985. The southeastern Texas area is underlain by
several layers of the coastal lowlands aquifer system. Major pumping centers are
located in the Houston area of Harris County and the rice-irrigation areas of Jackson
and Wharton Counties. Pumpage of ground water in southeastern Texas for irrigation has
been about equal to that for public supply and industry combined during 1960-85 (fig. 13).
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TABLE 6 .--Summary of ground-water pumpage by area, 1960-85.

[Quantity in million gallons .per day; figures may not add to total because of
location of areas shown on figure 1.)

independent rounding;

Year
Area

1960 1965 1970 1975 1980 1985
Winter Garden 180 250 240 280 270 220
Northeastern Texas 90 130 120 120 190 210
Western embayment 90 90 110 120 130 130

Mississippi Alluvial
Plain 1,300 1,600 2,000 3,600 5,600 5,300
Eastern embayment 150 160 220 250 270 280
Southern Texas 100 140 30 60 60 60
Southeastern Texas 760 850 1,200 1,200 1,200 1,000
Southwestern Louisiana 700 760 990 940 1,100 830
Eastern coastal lowlands 460 530 650 700 700 670
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Pumpage in southwestern Louisiana ranged from 700 to 1,100 Mgal/d during 1960-80
and decreased to 830 Mgal/d by 1985. Southwestern Louisiana is underlain by the
coastal lowlands aquifer system. Large quantities of ground water are pumped for rice
irrigation in the central part of the area, and for public and industrial supplies in
Rapides Parish at Alexandria and Calcasieu Parish at Lake Charles. However, the
largest quantity of ground water pumped in the area was for irrigation, mostly from
permeable zone A.

Pumpage in the eastern coastal lowlands area increased from 460 to 700 Mgal/d
during 1960-80 and decreased to 670 by 1985. The eastern coastal lowlands area is
located in parts of Alabama, Florida, Louisiana, and Mississippi and is underlain by
the coastal lowlands aquifer system. Principal pumpage in this area is for public and
industrial supplies at Mobile, Alabama; Pensacola, Florida; Baton Rouge and New
Orleans, Louisiana; and Biloxi, Gulfport, and Hattiesburg, Mississippi. Relatively
small quantities of ground water were pumped for irrigation in this area during 1960-85
(fig. 13).

Pumpage in the eastern embayment area increased from 150 to 280 Mgal/d during
1960-85. This area includes parts of Alabama, Illinois, Kentucky, Mississippi, and
Tennessee and is underlain by the Mississippi embayment aquifer system. Principal
pumpage in this area is for public-supply and industry in Shelby County at Memphis,
Tennessee; in Hinds County at Jackson, Mississippi; and for numerous small cities along
the eastern part of the embayment. Only small quantities of water are withdrawn for irrigation.

The Winter Garden area of Texas is underlain by the Texas coastal uplands aquifer
system. Pumpage in this area ranged from 180 to 280 Mgal/d during 1960-85. Use of
ground water in this area is primarily for irrigation and pumpage is primarily from the
lower Claiborne-upper Wilcox aquifer.

Northeastern Texas is underlain by the Texas coastal uplands aquifer system.
Pumpage in this area ranged from 90 to 210 Mgal/d during 1960-85. Large quantities of
water are pumped by industries in Angelina County.

Pumpage in the western embayment increased from 90 to 130 Mgal/d during 1960-85,
one of the smallest increases in the study area. This area is underlain by the
Mississippi embayment aquifer system in parts of Arkansas and Louisiana.

Pumpage in southern Texas increased slightly during 1965, decreased during 1965-75,
and remained constant for 1975-85. Pumpage in this area was the smallest of all areas
at 60 Mgal/d during 1975-85, due in part to infiltration of saline water into zones
that previously contained freshwater (Texas Department of Water Resources, 1984). This
area is underlain by the coastal lowlands aquifer system where water is withdrawn for
public-supply, industry, and irrigation.

Trends in Counties with Largest Withdrawals

The five counties with the largest ground-water withdrawals during 1985 are
located in three States and reflect different combinations of the three major water-use
categories used in this report (table 7 and fig. 14a). The largest total ground-water
pumpage by county during 1985 was 380 Mgal/d in Harris County, Texas, for public
supply, industry, and irrigation. In Harris County, the proportion of ground-water
pumpage for irrigation has decreased from about 18 percent during 1960 to about 35
percent during 1985 owing to increases in the quantity used for public supply and
industry and a decrease in the quantity used for irrigation.
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Table 7.--Quantity of ground-water pumped during 1985 within the five counties
(or parishes) having the largest total withdrawal, the largest quantity
withdrawn for irrigation, and the largest quantity withdrawn for
public supply and industry combined

County or Principal Million gallons

State

Parish municipality per day (mg/d)
Counties with the largest total ground-water pumpage
Texas Harris 380
Arkansas Poinsett 300
Arkansas Lonoke 300
Arkansas Cross 260
Mississippl Bolivar 230

Counties with the largest pumpage for irrigation

Arkansas Poinsett 300
Arkansas Lonoke 300
Arkansas Cross 260
Arkansas Arkansas . 220
Mississippi Bolivar 220

Counties with the largest combined public supply

and industrlial pumpage

Texas Harris Houston 360
Tennessee Shelby Memphis 180
Louisiana East Baton Rouge Baton Rouge 120
Florida Escambia Pensacola 74
Louisiana Calcasieu Lake Charles 72
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Irrigation was the major use of water pumped in the remaining four counties with
the largest ground-water withdrawals during 1985 (table 7, fig. 14a and 14b). The
total quantity pumped in these counties during 1985 ranged from 300 Mgal/d in Poinsett
and Lonoke Counties, Arkansas, to 230 Mgal/d in Bolivar County, Mississippi. About 10
Mgal/d was withdrawn in Bolivar County for public supply and industry while an
insignificant quantity was withdrawn for these uses in Poinsett, Lonoke, and Cross
Counties, Arkansas.

Ground-water withdrawal for irrigation in Arkansas County, Arkansas, during 1985
was equivalent to that withdrawn in Bolivar County, Mississippi, but an insignificant
quantity was pumped for public supply and industry.

During 1985, Poinsett and Lonoke Counties, Arkansas, each had irrigation
withdrawals of 300 Mgal/d. Lonoke County irrigation pumpage ranged from 93 to 370
Mgal/d from 1960-80, but declined to 300 Mgal/d by 1985. The decline in irrigation use
from 1980 to 1985 was partly a result of an increase in irrigation efficiency and also
was due to 1980 being somewhat drier than normal. Withdrawals in Cross County,
Arkansas, which is adjacent to Poinsett County, have continued to increase during 1960-85.

Aquifers comprising model layer 11 are the primary source of water for irrigation
and aquaculture (fish farms). Agricultural statistics indicate harvested acreage has
increased during 1960-85, which is reflected in an increase in ground-water use for
irrigation.  Irrigation of rice probably is the largest single use of ground water for
irrigation.  Estimates indicate that as much as 36 inches of water per acre per year
are pumped on rice fields for irrigation (Luckey and Fuller, 1985). During the 1970,
restrictions on rice acreage were removed and the total quantity of harvested rice
increased rapidly, as did the use of water for irrigation.

The five counties or parishes with the largest ground-water pumpage for public
supply and industry combined are Harris County, Texas; Shelby County, Tennessee; East
Baton Rouge and Calcasieu Parishes, Louisiana;, and Escambia County, Florida (table 7
and fig. l4¢). The quantity pumped in these five counties (or parishes) reflects
urbanization associated with the cities of Houston, Texas; Memphis, Tennessee; Baton
Rouge and Lake Charles, Louisiana; and Pensacola, Florida. Although none of the county
(or parish) boundaries coincide with the city boundaries, the county (or parish) total
pumpage is an accurate reflection of ground-water-pumpage trends of the five cities in
the study area that withdraw the largest quantities of ground water.

Ground-water pumpage for public supply and industry combined in Harris County,
Texas, increased by about 70 percent from 1960 to 1975 (fig. 14c). However, the peak
pumpage during 1975 is only slightly greater than the quantity pumped during 1970,
1980, and 1985. This trend does not show the substantial reduction in ground-water
pumpage in the southeastern part of Harris County that occurred after surface water
became available in late 1976 (Gabrysch, 1979). Population growth north and west of
Houston resulted in substantially increased ground-water pumpage for public supply in
the northern and western parts of Harris County (Williams and Ranzau, 1987, p. 15-17).
Overall pumpage in Harris County peaked in 1970, followed by a sharp decrease in
irrigation pumpage.

The variable trend in ground-water pumpage for public supply plus industry
observed for Harris County, Texas, is also true of the other four counties (or
parishes) except that pumpage in Escambia County, Florida, changed little during the
period 1960-85. Pumpage in the other three counties (or parishes) peaked at different
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times but decreased from 1980 to 1985. Pumpage in Shelby County, Tennessee, decreased
about 10 percent from 1980 to 1985, while pumpage in East Baton Rouge Parish,
Louisiana, decreased about 20 percent. The total decrease of pumpage in Calcasieu
Parish, Louisiana, was about 50 percent from the peak during 1975 (fig. 14c). These
overall reductions in pumpage are because of large decreases in withdrawals for
industry and small gradual increases for public supply (Cardwell and Walter, 1979;
Walter, 1982; Lurry, 1987; Criner and Parks, 1976; and Hutson, 1988.)

METHOD OF ESTIMATING GROUND-WATER PUMPAGE

Ground-water-pumpage data were differentiated into two types, point and areal, for
purposes of obtaining detailed withdrawal estimates for this study. Point-type data
include the two major use categories, public supply and industrial discussed earlier,
and also most withdrawals for generation of thermoelectric power . The location of
point pumpage usually is available and detailed pumpage records often are collected for
each well or well field. Most of the water pumped is eventually discharged to some
surface-water body and little is returned directly to the aquifer. Areal-type data
include mainly irrigation use, but also aquaculture (fish farms), self-supplied
domestic, and mining uses. The specific locations of areal withdrawals typically are
known only in a general way and quantities often are estimated on a county-wide basis.
The amount of water pumped commonly is estimated for each county by multiplying some
known value, such as acres irrigated, population, or mining production, by a water-use
factor. A significant amount of the water pumped may return to the shallowest aquifer
through seepage. The detailed methods for assigning 1980 pumpage to model blocks are
described below, followed by descriptions of the methods used for assigning 1960-75
and 1985 total pumpage by county to model blocks and of significant exceptions to the
principal methods used.

Pumpage by Block for 1980

Pumpage for 1980 was assigned to each model block for both types of data, point and
areal, and then added to obtain an estimate of total pumpage for each block. Block
dimensions consist of the 25-mile-square geographic areas (squares of the model grid)
and the thickness of the underlying layer. There are as many blocks at a specific
location as there are layers underlying the 25-square-mile area.

Point-type data from U.S. Geological Survey and other agency files and reports
were assigned directly to a block based on the latitude and longitude of the public
supply or industry withdrawing the water, if the layer being pumped was known. Much
point-type data in the coastal lowlands aquifer system had only the well depth
available, with no information about which model layer the well was completed in;
therefore, a computer program was used to correlate well depth to layer and to assign
the pumpage to the appropriate layer. The same program was used to assign pumpage from
the Memphis aquifer in Tennessee to model layers 4 and 5.

Areal type data were assumed to have been from the shallowest layer that occurred
in an area, except where known to be withdrawn from an underlying layer.  Areal
withdrawal data available only as total pumpage by county generally were distributed to
blocks based on the ratio of the surface area of a block to the total area of a county.
For example, if the total area of a county was contained in 10 squares of the model
grid, each block of the shallowest layer would be assigned 10 percent of the total
pumpage in the county. In some instances, the percentage of pumpage calculated for a
block was weighted based on other factors. If a detailed report on ground water in a
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county contained a map of well locations, the density of the number of wells in and
around the county was used to estimate the quantity of pumpage. In areas where rice
was irrigated, blocks were weighted with a larger proportion of total pumpage in the
county than for blocks in which irrigation for other crops or no irrigation occurred.
Also, topography of the land surface in a county was used to weight the proportion of
pumpage assigned to a block. In Missouri and Arkansas, large-scale-agricultural
production and irrigation does not occur on hilly terrain; therefore, a smaller
percentage of total pumpage in the county was assigned to blocks underlying hilly
terrain than to those underlying the alluvial plain.

Point, areal, and total withdrawals for 1980 tabulated by layer and model-grid
location (row and column), are presented in table 8. Table 8 is presented in the
supplemental-data section of this report due to its length.

Total Pumpage ounty, 1960-85

Total pumpage by county for 1960-85 was compiled for the point and areal types of
data using the references and sources shown in table 9. Generally, reported total
pumpage by county was used in this study without adjustment. However, for years when
no estimates of total pumpage by county were available, data were estimated on the
basis of other sources such as proration from State totals published on a national
basis. After compiling the data, plotting graphs, and comparing trends, several
anomalies in the published data became obvious and were adjusted to form a more
regionally consistent pattern.

A brief discussion of the methods commonly used by earlier investigators in
preparation of the reports listed in table 9 follows. The listing of table 9 does not
imply that these methods were used directly in this study, just that the investigators
compiling the data contained in the reports mentioned above typically used these
methods. Public-supply and industrial pumpage commonly is metered, or estimated, for
each well or well field. Areal-type data are much more difficult to compile because of
the large number of privately owned wells withdrawing water for irrigation, stock, and
rural domestic use. Irrigation pumpage in the study area generally was estimated from
county crop-acreage statistics and water-use requirements for various crop types.
Estimates were made of the amount of water used to irrigate a particular crop, which
then was multiplied by the number of irrigated acres of that particular crop in each
county to obtain the quantity of water withdrawn. Rural-domestic use usually is
estimated from population figures and a per-capita water-use value,

Estimated water-use data compiled on a county basis in the United States are
summarized by use and State by Solley and others (1988). The 1985 data on total
pumpage by county from the U.S. Geological Survey’s National Water Use Program (Mann
and others, 1982) were differentiated into more use categories than had been reported
in U.S. Geological Survey Circulars on estimated use of water prior to 1985.
Categories of water use presented by Solley and others (1988), which were considered to
be point-type data for this report, include public supply, industrial, thermoelectric,
and commercial. Categories of water use considered to be areal-type data, include
domestic, irrigation, livestock, mining, hydroelectric, and miscellaneous.

Point, areal, and total withdrawals tabulated by State and county for 1960-85 are
presented in table 10 in the supplemental data section of this report.
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The sum of county pumpages in table 10 may not equal the State total in table 4,
because values in table 4 were obtained by adding the pumpage for all blocks assigned
to each State. Some pumpage in counties on or near the study-area boundary may be from
aquifers below the gulf coast aquifer systems and would be included in table 10 but not
in the pumpage from layers that were added to construct table 4. In addition, county
and State totals shown in tables and figures other than table 10 were summed from the
block data that were aggregated by county based on whichever county contained most of
the block. Therefore, many county totals will be slightly different from the original data.

Proportion Distribution

Generally, total point- and areal-withdrawal data by county for 1960-75 and 1985
were proportionally distributed to individual model blocks using ratios calculated from
the 1980 detailed data. Distributions of point and areal withdrawals to blocks within
each county were calculated separately for each of the two data types and then summed.
It was assumed that the distribution of each type of pumpage within a county did not
change during 1960-85. It was recognized that within a county, pumpage increases
generally occurred in and around areas where pumpage had been developed previously. Two
special cases in which distribution of pumpage did significantly change within the
county are described in a following section of this report.

The method used to distribute county pumpage totals for each of the two types of
data was:

1. Each 25-square-mile area was assigned to whichever county contained most of its area.
All block pumpage from the 1980 detailed data was aggregated to obtain a county total
pumpage for each data type.

3. Each block pumpage was divided by its corresponding county total to calculate the
ratio of pumpage from each block within that county for each data type.

4. For the years, 1960, 1965, 1970, and 1985, point- and areal-type data were multiplied
by the block ratios calculated in step 3.

This method produced a file structured like the 1980 detailed data (table 8) for
each of the years. These files are available on diskette; both the files and diskette
are described in table 11 in the supplemental data section.

Special Cases
Central Arkansas:

Spatial and vertical distribution of pumpage in central Arkansas between the
Arkansas and White Rivers changed significantly during 1960-85. In general, the
pumpage was nearly all from layer 11 in 1960. The proportion from layer 5 gradually
increased during 1965-85. Point- and areal-type data for layers 5 and 1l in this area
were distributed using the same methods as previously mentioned; however, the
distribution of pumpage between layers 5 and 11 for each county changed at each 5-year
interval from 1960-85.

Harris and Galveston Counties, Texas:

Pumpage data in Harris and Galveston Counties, Texas, for 1960-85 were compiled
independently of data for other counties because of the large amount of ground water
withdrawn; the significant change in spatial distribution of pumpage within these
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counties due to increased use of ground water in the western part of the area; and the
availability of more detailed data. Ground-water pumpage decreased significantly in
Galveston County and in the eastern and southern parts of Harris County after 1976
because surface water sources were developed in order to halt land-surface subsidence
resulting from large-scale withdrawals of ground water. The same method of estimating
distributions and prorating them to other years was used; however, more detail was
included. The two counties were divided into nine subareas and the distribution between
and within each subarea was allowed to vary with time. These subareas, as described by
Gabrysch (1980, 1982, and 1984) are: Texas City; Alta Loma; Other Galveston County;
Downtown Houston; Pasadena; Katy; Baytown; NASA; and Other Harris County.

In Harris and Galveston Counties all wells greater than 6 inches in diameter were
required by law to be metered after 1976 and pumpage reported to the Harris-Galveston
Coastal Subsidence District. Data available for 3,159 metered wells included pumpage,
depth, latitude, and longitude (R.J. Neighbors, Harris-Galveston Coastal Subsidence
District, written commun., 1985). These wells were assigned to the appropriate subarea,
25-square-mile area, and layer based on their location and depth. Pumpage data were
aggregated and proportionally distributed to model blocks by subarea within Harris and
Galveston Counties.

Annual pumpage totals for the nine subareas for the years 1960-1985 were reported
by Gabrysch (1972, 1980, and 1984; R.J. Neighbors, Harris-Galveston Coastal Subsidence
District, written commun.; and C.W. Bonnet, U.S. Geological Survey, written commun.).
The total pumpage for each subarea during 1960-80, at 5-year intervals, was derived by
averaging the annual pumpage totals during an interval which extended from two years
prior to two years after the specified pumpage year. For example, a pumpage total for
1975 was calculated by averaging pumpage for 1973, 1974, 1975, 1976, and 1977. No
averaging of years was done on the 1985 pumpage data.

Pumpage totals for all wells in each block were summed for each of the three years
1976, 1980, and 1985. The 1976 block totals were used to define the proportion
distribution within each of the nine subareas for 1960-75 (just as the 1980 proportion
distribution was used for 1960-75 and 1985 distributions for other counties). Block
totals for 1980 and 1985 were used for their respective years.

AREAL DISTRIBUTION OF GROUND-WATER PUMPAGE, 1980

The total number of blocks with ground-water pumpage greater than 0.5 Mgal/d has
continually increased from about 1,500 in 1960 to about 2,500 in 1985, however, the
increase in the total quantity of water pumped is disproportionately greater (fig. 15).
A block has an area of 25-square miles and a thickness equal to the thickness of the
layer. This indicates that pumpage is increasing more rapidly in areas where ground-
water resources already have been developed than in areas where resources have not been
developed even though this conclusion is partially affected by the method of pumpage
distribution.

The distribution of ground-water pumpage in 1980, by layer, is shown for those 25-
square-mile areas that had pumpage equal to or greater than 0.5 Mgal/d (plates 1-5).
The location of these areas indicate principal pumping centers for each layer. For
layers 2-10, pumping centers generally are associated with large metropolitan or
industrial areas, except in the Winter Garden area of southern Texas where irrigation
is the predominant use. Pumpage from layer 11 generally is associated with large areas
of irrigation even though it is also pumped for industry and public supply. A chart
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presented with each map indicates total pumpage for that layer during 1960-85 at 5-year
intervals, and the number of 25-square-mile areas that had ground-water pumpage equal
to or greater than 0.5 Mgal/d (plates 1-5).

Laver 2

Significant pumpage from layer 2 (plate 1) was widely scattered throughout the
northern and eastern parts of the study area primarily in Arkansas, Mississippi,
Missouri, and Tennessee. Pumpage of ground water from this layer continually increased
during 1960-85 (plate 1) as did the total number of 25-square-mile areas with pumpage
equal to or greater than 0.5 Mgal/d. During 1985, about 80 Mgal/d of water was pumped
from this layer and more than 30 areas had pumpage equal to or greater than 0.5 Mgal/d.
The principal use of water from this layer is for public supplies.

Laver 3

Pumpage from layer 3 (plate 2) generally is concentrated in Texas. Pumpage of
ground water continually increased during 1960-85. The number of 25-square-mile areas
with 0.5 Mgal/d or more pumpage generally has increased as well (plate 1). During
1985, about 120 Mgal/d of water was pumped from this layer and about 50 areas had
pumpage equal to or greater than 0.5 Mgal/d.
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Layer 4

Pumpage from layer 4 (plate 3) is concentrated in the Winter Garden area in Texas
(Klemt and others, 1976), mainly in Atascosa, Dimmit, Frio, and Zavala Counties. Also,
water is withdrawn from layer 4 in Arkansas, Kentucky, Mississippi, Tennessee, and
northeastern Texas. Use of water in the Winter Garden area is principally for
irrigation; however, pumpage in eastern Texas in Angelina and Nacogdoches Counties is
principally for industry. Pumping in the eastern part of the study area is primarily
for public supplies. Pumpage from this layer has exceeded 400 Mgal/d since 1975 and
the number of 25-square-mile areas with pumpage equal to or greater than 0.5 Mgal/d
increased during 1960-80. During 1985, over 400 Mgal/d of water was pumped from this
layer (plate 3) and about 180 areas had pumpage equal to or greater than 0.5 Mgal/d.

Laver 5

Pumpage from layer 5 (plate 4) generally is dispersed throughout the northeastern
part of the study area. This layer is the second most heavily pumped layer (layer 11
is the most heavily pumped). Four concentrated areas of pumpage from this layer are:
1) Shelby County, Tennessee, around Memphis, where the layer is a principal source of
water for public supplies; 2) southern Arkansas in Columbia, Lafayette, Ouachita, and
Union Counties near the cities of Magnolia, Lewisville, Camden, and El Dorado where the
water is used for public supply and industry; 3) eastern Arkansas in Arkansas and
Prairie Counties where the water is used for irrigation, and Jefferson County near Pine
Bluff, where the water is used for both public supply and industry; and 4) Hinds
County, Mississippi, near Jackson, where the water is used for public supply and
industry. The number of 25-square-mile areas with pumpage equal to or greater than 0.5
Mgal/d has increased continually since 1960 to about 125 during 1985. The quantity of
water pumped from this layer peaked in 1980 at about 560 Mgal/d, but was still more
than 500 Mgal/d during 1985 (plate 4).

Layer 6

Pumpage from layer 6 (plate 2) is located primarily in the east-central part of the
study area. Concentrated areas of pumping are in Washington County, Mississippi, near
Greenville, and in Hinds, Madison, and Rankin Counties, Mississippi, near Jackson where
the water is used for public supply; in Brazos and Burleson Counties, Texas, where the
water is used for irrigation and public supply, and in Angelina County, Texas, where
the principal use of water from this layer is for industry. The number of 25-square-
mile areas with pumpage of 0.5 Mgal/d or more has continually increased to about 38
during 1985. Pumpage from this layer peaked in 1980 at 70 Mgal/d, but was still about
60 Mgal/d during 1985 (plate 2).

Laver 7

Pumpage from layer 7 (plate 1) occurs in parts of Alabama, Florida, Louisiana,
Mississippi, and Texas. Pumpage from this layer is primarily for public supply and
industry. Areas of significant pumpage are located in Mobile and Washington Counties,
Alabama, near Mobile; in Escambia County, Florida, near Pensacola; and in Forrest,
Jones, and Lamar Counties, Mississippi. The number of 25-square-mile areas with pumpage
of 0.5 Mgal/d or more averaged about 20 during 1960-80 and increased to about 30 during
1985. The quantity of water pumped has been more than 80 Mgal/d since 1970 and was 100
Mgal/d during 1985 (plate 1).
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Laver 8

Pumpage from layer 8 (plate 2) is located in parts of Alabama, Florida, Louisiana,
Mississippi, and Texas. Pumpage from this layer is withdrawn for public supply,
industry, and irrigation. Concentrated areas of pumping are in 1) Baldwin, Escambia,
and Mobile Counties, Alabama, where the water is used primarily for public supply and
industry but does include some irrigation; 2) Escambia County, Florida, where the water
is used primarily for public supply; 3) East Baton Rouge and Rapides Parishes,
Louisiana, at Baton Rouge and Alexandria, where pumpage is for public supply and
industry; 4) Copiah, Forrest, Harrison, and Jackson Counties, Mississippi, near
Hazlehurst, Hattiesburg, Gulfport, and Pascagoula, respectively, where pumpage is for
public supply and industry; and 5) Lavaca County, Texas, near Hallettsville, where
pumpage is principally for irrigation. The number of 25-square-mile areas with pumpage
of 0.5 Mgal/d or more has almost doubled since 1960 from about 45 to nearly 90 during
1985. The quantity of water pumped has increased in about the same proportion, almost
doubling during the same interval, to about 320 Mgal/d during 1985 (plate 2).

Laver 9

Pumpage from layer 9 (plate 3) is located in parts of Alabama, Louisiana,
Mississippi, and Texas. Pumpage from this layer is used for public, industrial, and
irrigation supplies. Pumping from this layer is concentrated along the coast in Baldwin
County, Alabama, and Harrison and Jackson Counties, Mississippi, near Gulfport and
Pascagoula; in East Baton Rouge, West Baton Rouge, and Point Coupee Parishes, Louisiana
(centered around Baton Rouge); and in Harris and Lavaca Counties, Texas, around Houston
and Hallettsville. The number of 25-square-mile areas with pumpage of 0.5 Mgal/d or
more has continually increased during 1960-85 to about 100 during 1985. The quantity of
water pumped from this layer has been 300 Mgal/d or more since 1970 and was about 350
Mgal/d during 1985 (plate 3).

Laver 10

Pumpage from layer 10 (plate 4) is located in parts of Alabama, Louisiana,
Mississippi, and Texas. Concentrated areas of pumping from this layer are Ilocated in
East Baton Rouge and West Baton Rouge Parishes, Louisiana, near the city of Baton
Rouge; and in Colorado, Galveston, Harris, Kleberg, Lavaca, and Victoria Counties,
Texas, near the cities of Houston, Galveston, and Victoria. Withdrawals near the major
cities are primarily for public supply, but in rural areas rice and other crops are
irrigated. The number of 25-square-mile areas with pumpage of 0.5 Mgal/d or more ranged
between 100 and 150 during 1960-80 and was about 130 during 1985. The quantity of water
pumped was more than 470 Mgal/d during 1980 and decreased to about 420 Mgal/d by 1985
(plate 4).

Laver 11

Pumpage from layer 11 (plate 5) is located in parts of Arkansas, Louisiana,
Mississippi, Missouri, and Texas. This layer is the most heavily pumped of all layers
in the study area, and the primary use of the water is for irrigation. However, some
water also is used for public supply and industry. The 25-square-mile areas with the
largest pumpage are in Calcasieu and Orleans Parishes, Louisiana, near Lake Charles and
New Orleans, and in Adams County, Mississippi, near Natchez. Total pumpage from these
four 25-square-mile areas totaled 179 Mgal/d during 1980.
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Two intensively irrigated areas in the Mississippi Alluvial Plain in Arkansas
contained a total of more than 100 of the 25-square-mile areas with pumpage between
10.0 and 24.9 Mgal/d during 1980. These two areas are located in parts of Craighead,
Cross, Greene, Lawrence, Lonoke, and Poinsett Counties. Other areas of large-scale
pumpage are in southwestern Louisiana and southeastern Texas. The number of 25-square-
mile areas with pumpage of 0.5 Mgal/d or more continually increased during 1960-85 and
was 1,700 during 1985. The quantity of water pumped was about 7,100 Mgal/d by 1980 and
decreased to about 6,400 during 1985. Pumpage from this layer has nearly tripled since
1960 (plate 5).

SUMMARY

The Mississippi embayment, Texas coastal uplands, and the coastal lowlands aquifer
systems were subdivided into 10 layers (numbered 2-11) for the Gulf Coast RASA study.
Computer simulation was selected as a tool to study regional ground-water-flow
patterns. Therefore, detailed estimates of ground-water pumpage were needed to simulate
historical ground-water flow. Fresh ground-water pumpage during 1980 was assigned, by
layer, to each 25-square-mile geographic area of the rectangular model grid. Total
ground-water pumpage by county for 1985 and 1960-75 (at 5-year intervals) generally was
assigned to layers and 25-square-mile areas in the same proportion as total pumpage by
county in 1980.

Total ground-water pumpage peaked during 1980 at 9,500 Mgal/d and decreased to
8,900 Mgal/d by 1985. Irrigation was the largest major use of ground water with 7,200
Mgal/d pumped during 1980. Pumpage for public supply continually increased during 1960-
85 while pumpage for industry declined.

Areas of large-scale pumpage during 1960 were located near the gulf coast
associated with rice irrigation and populated areas. While the previous areas of large-
scale pumpage were still well defined during 1985, the largest areas of pumpage were
located in the northern Mississippi embayment associated with crop irrigation.

The Mississippi embayment aquifer system is the most heavily pumped system in the
study area. During 1960-80, pumpage increased from 1,500 to 5,900 Mgal/d, the largest
increase of the three aquifer systems. The coastal lowlands aquifer system had the
second largest increase in pumpage from 2,000 to 3,200 Mgal/d during the same Dperiod.
The smallest pumpage was from the Texas coastal uplands aquifer system, increasing from
270 to 460 Mgal/d during 1960-80. Pumpage from all three aquifer systems decreased
slightly from 1980 to 1985.

Arkansas had the largest withdrawals of ground-water in the study area during 1960-
85. Pumpage ranged from 980 to 4,100 Mgal/d, primarily for irrigation. Texas,
Louisiana, and Mississippi were other major users of ground water. In Texas, pumpage
ranged from 1,100 to 1,700 Mgal/d; in Louisiana pumpage ranged from 1,000 to 1,800
Mgal/d; and in Mississippi pumpage ranged from 360 to 1,400 Mgal/d.

Aquifers comprising model layer 11 were the most heavily pumped in the study area.
During 1960-85, pumpage ranged from 2,400 to 7,100 Mgal/d, which was greater than
pumpage from layers 2-10 combined. Primary use of ground water from layer 11 was for
irrigation. Layer 5 was the second most heavily pumped layer with pumpage ranging from
380 to 560 Mgal/d during 1960-85.
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The Mississippi Alluvial Plain continually had the largest pumpage of the nine
geographic areas within the study area. Pumpage ranged from 1,300 to 5,600 Mgal/d
during 1960-85. The southeastern Texas area, which includes Houston and Galveston,
ranked second with pumpage ranging from 760 to 1,200 Mgal/d.

The county with the largest total pumpage of ground water during 1985 was Harris
County, Texas, which includes Houston, where 380 Mgal/d was withdrawn for public
supply, industry, and irrigation. Other counties with significant total pumpage were
Poinsett, Lonoke, and Cross Counties in Arkansas, and Bolivar County, Mississippi.
Large-scale pumpage in these counties was associated primarily with irrigation,

The largest withdrawals of ground water for public supply and industry combined
were in Harris County, Texas, where pumpage was 360 Mgal/d during 1985, and was greater
than from any other county in the study area during 1960-85. The variable trend of
pumpage observed in Harris County, Texas, Shelby County, Tennessee, Calcasieu and East
Baton Rouge Parishes, Louisiana, during 1960-85 generally is due to decrease in pumpage
for industry in contrast to continually increasing pumpage for public supply.

The largest withdrawals of ground water for irrigation were in Poinsett and Lonoke
Counties, Arkansas, where 300 Mgal/d were withdrawn in each of the counties during
1985. Withdrawals for irrigation in Cross County, Arkansas, were 260 Mgal/d during 1985
and was 220 Mgal/d in both Arkansas County, Arkansas, and Bolivar County, Mississippi.

Detailed estimates were made of ground-water pumpage for each layer underlying the
25-square-mile geographic areas of a model grid. For years other than 1980, county
estimates of ground-water pumpage generally were assigned to layers and 25-square-mile
areas in the same proportion as total pumpage by county in 1980.

The total number of 25-square-mile areas with ground-water withdrawals equal to or
greater than 0.5 Mgal/d increased from about 1,500 during 1960 to about 2,500 during
1985. However, total ground-water pumpage increased at a proportionately faster rate.
This indicates pumpage is increasing most rapidly in areas where ground-water resources
have been developed previously.
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Table 11.--Description of diskette containing pumpage data

Disk format: Detailed pumpage data are included in six ASCII files on a standard
high-density (1.2 MB), 5-1/4 inch, IBM-PC/AT, MS-DOs L/
formatted floppy diskette.

Data file names are: "GCPUMP60.DTA" for the 1960 pumpage.
"GCPUMP65.DTA" for the 1965 pumpage.
"GCPUMP70.DTA" for the 1970 pumpage.
"GCPUMP75.DTA" for the 1975 pumpage.
"GCPUMPS80.DTA" for the 1980 pumpage.

"GCPUMP85.DTA" for the 1985 pumpage.

Data format is:

Columns Contains
1-3 5-mile row
4-5 5-mile column
6-7 Layer number
8-11 Areal pumpage in 10,000 gallons per day
12-15 Point pumpage in 10,000 gallons per day

1/ Use of product or trade names does not constitute an endorsement by the
U.S. Geological Survey.

177



