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METRIC CONVERSION TABLE

The following factors may be used to convert the Inch-pound units
published herein to International System of units (SI).

Length
Multiply Inch-Pound units by To obtain SI units
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Flow
gallon per minute (gal/min) 0.06308 liter per second (L/s)
million gallons per day 0.04381 cubic meters per second
(Mgal/d) (m3/s)
Transmissivity
foot squared per day 0.09290 meter squared per day
(£t2/4) (m2/a)

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, This datum is referred to as sea level in this report.




HYDROLOGY OF THE TERTIARY-CRETACEOUS AQUIFER SYSTEM
IN THE VICINITY OF THE FORT RUCKER AVIATION CENTER, ALABAMA

By John C. Scott, Linda R. Law, and Riley H. Cobb

ABSTRACT

Fort Rucker Aviation Center in southeast Alabama is dependent on ground
water for its water supply. The original well field at Fort Rucker, con-
structed in 1941-42, consisted of six multi-aquifer wells spaced about 2,000
feet apart. Uppermost screens in all of the wells are in the basal part of
the Tuscahoma Sand about 150 to 200 feet below land surface. Forty years of
pumpage from the wells resulted in declines in water levels. By 1976, some
pumps were breaking suction and the demand for water was greater than the well
field could supply. The study area consists of Dale County and parts of
Coffee, Geneva, Henry, and Houston Counties.

The Tertiary-Cretaceous aquifer system in the study area consists of the
basal part of the Tuscahoma Sand, the Nanafalia Formation, and the Clayton
Formation of Tertiary age, and the Providence Sand and Ripley Formation of
Cretaceous age. For this report the system is divided into an upper and lower
aquifer. The upper aquifer consists of the Tuscahoma Sand, the Nanafalia and
Clayton Formations, and the upper part of the Providence Sand. The lower
aquifer consists of the lower part of the Providence Sand and the Ripley
Formation.

Water levels were measured in selected wells in June and July 1982 to
prepare a potentiometric map of the upper aquifer. An aquifer test made at
Fort Rucker during the study indicates that the upper aquifer has a
transmissivity of about 7,800 ft2/day (feet squared per day) and a storage
coefficient of 3 X 10™4, The aquifer test and a potentiometric map of the
principal aquifer system indicate that the original wells at Fort Rucker are
spaced too closely. New wells installed at Fort Rucker in 1981 and 1982
resulted in reduced pumpage from the old wells. The combination of reduced
pumpage from the old wells and wider spacing between the new wells resulted in
a temporary recovery of water levels in the area.

Field water-quality data were collected for most wells in the study area.

Field determinations for pH, specific conductance, and temperature indicate
that ground water is chemically suitable for most uses.
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INTRODUCTION

Fort Rucker Aviation Center is in the southern part of Dale County in
southeast Alabama. The study comprises an area of about 1,660 square miles
that .includes all of Dale County and parts of Coffee, Geneva, Henry, and
Houston Counties (see fig. 1). Principal cities in the study area are Dothan,
Ozark, and Enterprise. The Fort Rucker military reservation comprises an area
of about 20 square miles within the study area.

The original Fort Rucker well field was installed in 1941-42., Six wells
were drilled about 2,000 feet apart in a cluster. The wells are multiaquifer,
and screens were installed in all of the wells in the basal part of the
Tuscahoma Sand 150 to 200 feet below land surface. As a consequence of
development of the shallow agquifer and the cone of depression that resulted
from 40 years of pumpage, the pumps began breaking suction in the 1960's and
serious water shortages began to occur by the summer of 1976. Attempts were
made to reconstruct the wells by removing the shallow well screens, but the
reconstruction was essentially unsuccessful. In 1981, facilities engineers
at Fort Rucker Aviation Center requested the U.S. Geological Survey to make a
hydrologic and geologic study that would assist them in locating and designing
a new well field to alleviate immediate and future water-supply problems at
the center.

Purpose and Scope

The purpose of this study is to evaluate the hydrogeology of the
Tertiary-Cretaceous aquifer system in the Fort Rucker area. The study was
designed to identify hydrologic problems in the area that would aid facilities
engineers in locating and designing a new well field for Fort Rucker.

Field work included inventory of all military, public water-supply,
industrial, and irrigation wells in the study area and selected domestic wells
where additional information was needed (see fig. 2). Water levels were
measured where possible, and field determinations for pH, specific conduc-
tance, and water temperature were made at most sites. Water levels were
measured in selected wells in the study area in June and July 1982. These
data were used to prepare a potentiometric map of the upper aquifer. Drill
cuttings, driller's logs, and geophysical logs were collected from four test
wells at Fort Rucker and from other wells and test wells drilled in the area
during the study. Drill cuttings were described by either the Geological
Survey of Alabama or the U.S. Geological Survey. An aquifer test was con-
ducted at Fort Rucker in March 1983 to estimate the hydraulic characteristics
of the aquifer, and the magnitude of mutual interference of water levels
between wells.
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Previous Geologic and. Hydrologic Studies

The first published geologic map that included the study area was
probably Michael Toumey's geologic map of Alabama. The map was included in
his second Biennial Report of the Alabama State Geologist in 1858. More
detailed geologic maps of the State were prepared later by Smith and others
{(1894) and Adams and others (1926). A map of the Tertiary formations in
Alabama was prepared by MacNeil (1946). Geologic maps of Coffee, Dale,
Geneva, Henry, and Houston Counties were compiled in the 1960's by the U.S.
Geological Survey in cooperation with the Geological Survey of Alabama. The
geologic map in this report (fig., 3) is modified from the map by MacNeil
(1946) . MacNeil's map is not as detailed as the county geologic maps, but the
detail presented is adequate for this report.

Ground-water data for the study area were published as early as 1907 in
Eugene Allen Smith's "Underground Water Resources of Alabama" (Smith, 1907).
More recent data are included in LaMoreaux (1948) and Carter and others
(1949)., Water-availability studies were made in the 1960's by the U,S.
Geological Survey in cooperation with the Geological Survey of Alabama.
Results of these studies were published in county water-availability reports
py the Geological Survey of Alabama.
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PHYSICAL FEATURES

The study area is in the Southern Red Hills and Dougherty Plain districts
of the East Gulf Coastal Physiographic section (Sapp and Emplaincourt, 1975).
The Southern Red Hills are characterized by sand hills dissected by southward-
flowing streams. The Dougherty Plain is a relatively flat upland that slopes
gently southward except where dissected by streams.

Most of the study area is drained by the Choctawhatchee River and its
tributaries. The northwestern corner of the area is drained by the Pea River
and its tributaries, and the eastern edge of the area is drai iwza by tribu-
taries to the Chattahoochee and Chipola Rivers.

The average annual rainfall in the study area is about 54 inches. The
wettest months usually are March and July; the driest usually are October and
November.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING CHARACTERISTICS

The study area is underlain by sedimentary deposits of Cretaceous and
Tertiary age (fig. 3). These deposits strike generally eastward and dip
southward 15 to 25 feet per mile. Geologic formations that comprise the
Tertiary-Cretaceous aquifer system are from oldest to youngest, the Ripley
Formation and Providence Sand of Cretaceous age and the Clayton and Nanafalia
Formations and Tuscahoma Sand of Tertiary age (figs. 4 and 5). The
Hatchetigbee, Tallahatta, and Lisbon Formations overlie the Tuscahoma Sand,
but are not important aquifers in the study area.

Ripley Formation

The Ripley Formation is the deepest geologic unit tapped for water
supplies in the Fort Rucker area. The Ripley crops out north of the study
area in Barbour and Bullock Counties and in the northern part of Pike County.
The formation is about 350 to 400 feet thick immediately south of the outcrop
and may be more than 500 feet thick in the study area. The Ripley consists of
sand and calcareous clay interbedded with calcareous sandstone and sandy
limestone. The upper 150 feet of the unit consists mainly of sand and sandy
limestone; the lower part consists mainly of calcareous clay and calcareous
sandstone. In the outcrop area, the Ripley is subdivided into the Cusseta
Sand Member and an upper unnamed member. Analysis of drill cuttings and
geophysical logs of test wells at Fort Rucker indicates that subdivision of
the formation in the study area is impractical. Sample logs of drill cuttings
collected from several wells in the study area are given in table 2.

Driller's logs of selected wells are given in table 3. These logs give
detailed lithologic descriptions of the Ripley and overlying geologic
formations.

10
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The upper part of the Ripley formation is developed for water supplies at
Fort Rucker and the cities of Ozark and Dothan. The Ripley Formation is
usually developed in conjunction with the overlying Providence Sand. However,
municipal wells at Ozark are apparently screened solely in the Ripley. Ozark
well 4 (well 22) had a drawdown of 89 feet after pumping 750 gal/min (gallons
per minute) for 24 hours in 1968.

Providence Sand

The Providence Sand, the uppermost Cretaceous formation, overlies the
Ripley Formation and crops out in Barbour, Bullock, and Pike Counties. The
Providence, in the area of outcrop, consists of the Perote Member at the
bottom and an unnamed member at the top. The Perote Member consists mainly of
clay, and the unnamed upper member consists mainly of sand. These lithologies
are present in the subsurface in the Fort Rucker area. Sand in the upper
member, however, is interbedded with sandy limestone and calcareous sandstone,
and the lower part of the Perote Member is mainly sand. The Providence is
about 150 to 220 feet thick in the outcrop area and in the subsurface in the
Fort Rucker area.

The Providence is a major source of water supply at Fort Rucker, Enter-
prise, Dothan, and at several smaller towns and communities in the study area.
The Providence is generally developed in conjunction with the underlying
Ripley Formation or with the overlying Clayton and Nanfalia Formations and the
Tuscahoma Sand. A municipal well at Dothan (well 91), apparently screened
solely in the Providence, had a drawdown of 36 feet after pumping 876 gal/min
for 48 hours in 1974.

Clayton Formation

The Clayton Formation, the lowermost Tertiary formation in the study
area, overlies the Providence Sand and crops out in southern Bullock County
and in Barbour and Pike Counties. At outcrops, the Clayton consists of a
basal sand that is overlain by relatively pure limestone. This limestone
is overlain by sandy limestone and sandy clay that comprise the upper part of
the formation. The maximum thickness of the Clayton in Barbour County is
about 125 feet (Newton, 1965) and in Pike County is about 180 feet
(Shamberger, 1968). Analysis of drill cuttings from test wells at Fort Rucker
indicates that the thickness of the Clayton in the study area is about 150 to
175 feet. The lithologic character of the formation in the subsurface is
similar to that at outcrops except that most outcrops are deeply weathered and
mich of the limestone is absent due to solution.

The Clayton is a major aquifer in some parts of southeast Alabama, and is
developed in some of the original wells at Fort Rucker. However, tests made
in the Clayton during the 1981-82 test drilling program at Fort Rucker indi-
cate that the limestone in the Clayton is not very permeable in the vicinity
of Fort Rucker. The low permeability probably results from the limited extent
of solution channel development compared to the more extensive channel-
development in the Clayton in other parts of the study area. A capacity test
for a well developed in the Clayton at Battens Crossroads indicates that the
well had a drawdown of 15 feet after pumping 112 gal/min for 24 hours in 1968.

13



Nanafalia Formation

The Nanafalia Formation overlies the Clayton Formation in the study area,
and crops out in southern Barbour and Pike Counties, and in northern Coffee,
Dale, and Henry Counties. The Nanafalia consists of siltstone, calcareous
clay, and sand in the area of its outcrop. In the subsurface in the Fort
Rucker area, the unit consists of glauconitic fossiliferous sand, calcareous
carbonaceous clay, and sandy limestone. The Nanafalia is about 100 to 160
feet thick in the study area.

Sand beds in the Nanafalia Formation are a major source of water in the
study area. The Nanafalia is usually developed in conjunction with the over-
lying Tuscahoma Sand and the underlying Clayton Formation and Providence Sand.
The original wells at Fort Rucker are screened in the Nanafalia, but are also
screened in the Tuscahoma, Clayton, and Providence. A capacity test made for
a well at Newville, apparently screened solely in the Nanafalia, indicates
that the well had a drawdown of 86 feet after pumping 210 gal/min for 24 hours
in 1974.

Tuscahoma Sand

The Tuscahoma Sand overlies the Nanafalia Formation and crops out over a
large part of the study area (fig. 3). The basal part of the Tuscahoma con-
sists primarily of glauconitic sand which is 25 to 50 feet thick in the Fort
Rucker area. The upper part consists of 80 to 120 feet of calcareous carbon-
aceous clay. Geohydrologic data indicate that both parts of the Tuscahoma
thicken toward the west.

The Tuscahoma is developed for water supplies in conjunction with under-
lying formations at Fort Rucker, Enterprise, Dothan, and several other towns
and communities in the study area. Large capacity wells (wells producing 100
gal/min or more) are rarely developed exclusively in the Tuscahoma. Records
of a few wells that are developed exclusively in the Tuscahoma indicate that
wells in the Tuscahoma area generally have specific capacities ranging
from 1 to 2 (gal/min)/ft (gallons per minute per foot of drawdown).

Hatchetigbee Formation

The Hatchetigbee Formation overlies the Tuscahoma Sand and crops out in
Coffee, Dale, and Henry Counties. The Hatchetigbee is included with the
underlying Tuscahoma Sand on MacNeil's geologic map (fig. 3). The Hatchet-
tigbee consists of a basal glauconitic sand bed that is 4 to 10 feet thick at
outcrops, and upper beds that consist mainly of carbonaceous clay. The upper
part of the unit generally ranges in thickness from 20 feet in Henry County to
50 feet in Coffee County. Test well records indicate that the Hatchetigbee is
about 50 feet thick at Fort Rucker.

The Hatchetigbee is not a major aquifer in the study area, and is

generally not tapped by large capacity wells. Some domestic wells in the
study area are developed in the basal sand bed of the Hatchetigbee.

14



Tallahatta Formation

The Tallahatta Formation overlies the Hatchetigbee Formation and crops
out in Coffee, Dale, and Henry Counties. The Tallahatta varies in thickness
and lithology throughout the study area. The unit is only about 20 feet thick
in northern Coffee County, but is more than 100 feet thick in the southern
part of the study area. The Tallahatta consists of silty clay, calcareous
sandstone, and fossiliferous silty sand. At some outcrops in Dale and Henry
Counties, the Tallahatta contains beds of massive siltstone which are typical
of the formation in southwest Alabama. The Tallahatta is included with the
overlying Lisbon Formation on MacNeil's geologic map.

The Tallahatta Formation is not a major aquifer in the study area,
although it was a principal source of water for Dothan in the early years of
Dothan's public water system. Dothan presently (1983) uses one well (well
109) developed in the Tallahatta and the overlying Lisbon Formation. A capa-
city test made for this well in 1955 indicated a drawdown of 53 feet after
pumping 584 gal/min for 8 hours. The Tallahatta is a principal source of
water for several towns and communities south of the study area.

Lisbon Formation

The Lisbon Formation overlies the Tallahatta Formation and crops out on
uplands over much of the study area. The Lisbon generally ranges in thickness
from 20 feet in northern Henry County to 150 feet along the southern part of
the study area. The Lisbon consists of sand, sandy limestone, and calcareous
sandy clay in the subsurface. At outcrops, the Lisbon is generally weathered
to massive silty sand.

The Lisbon Formation is not a major aquifer in the study area, mainly
because of its proximity to the land surface, The Lisbon is a principal
source of water supply south of the study area, especially in southern Houston
County where it is developed in conjunction with the overlying Ocala Limestone
for irrigation and public water supplies, The Lisbon is developed in some
parts of the study area for domestic and stock supplies.

Residuum

The uppermost Tertiary formations in the study area consist of residual
clay, sand, gravel, and chert boulders that are the residual remains of the
Moodys Branch Formation and the Ocala Limestone of Eocene age and Miocene and
(or) Pliocene deposits. These deposits, which have been jumbled due to the
solution of the limestone, are collectively named residuum. The residuum is
generally less than 25 feet thick at Fort Rucker, but may be as much as 100
feet thick in the Dothan area.

Because of the jumbled heterogeneous characteristics of the residuum, it
is not a significant source of water in the study area. Domestic and stock
wells in some parts of the area are developed in the residuum. In southern
parts of Houston and Geneva Counties, where the Ocala Limestone has not been
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completely dissolved, it is a major aquifer for municipal, irrigation, and
other farm-related uses. Some wells in this area are developed solely in the
Ocala; others are developed in the Ocala and the underlying Lisbon Formation.
The Ocala Limestone and the Moodys Branch Formation undifferentiated crop out
along the southern margin of the study area.

Terrace and Alluvial Deposits

Terrace and alluvial deposits of Quaternary age are present along and
adjacent to the flood plains of major streams in the study area. These
deposits consist of sand, silt, clay, and small gravel, and are usually not
more than 25 feet thick. These deposits, which are not shown on MacNeil's
geologic map, are most extensive in the valleys of the Choctawhatchee and Pea
Rivers.

The terrace and alluvial deposits are not a major source of water in the
study area. A few domestic wells are developed in the deposits.

HYDROLOGY OF THE TERTIARY-CRETACEOUS AQUIFER SYSTEM

The Tertiary-Cretaceous aquifer system in the study area consists of
water~-bearing units in several geologic formations. Geologic formations
comprising the aquifer system are the basal part of the Tuscahoma Sand and the
Nanafalia and Clayton Formations of Tertiary age, and the Providence and
Ripley Formation of Cretaceous age (see fig. 6). A clay zone in the upper
part of the Tuscahoma Sand is the upper confining layer for the aquifer system
and massive clay beds in the lower part of the Ripley Formation comprise the
lower confining layer. Geologic and hydrologic data compiled during the study
indicate that a clay zone in the Providence Sand is a third confining layer
that divides (to some extent) the aquifer system into an upper and lower
aquifer. Therefore, for this stsudy, the Tertiary-Cretaceous aquifer system
is divided into an upper aquifer consisting of the Tuscahoma Sand, the
Nanafalia and Clayton Formations, and the upper part of the Providence Sand,
and a lower aquifer consisting of the lower part of the Providence Sand and
the upper part of the Ripley Formation. Fort Rucker, Dothan, and Enterprise
pump water mainly from the upper aquifer; Ozark pumps water from the lower
aquifer.

Source of Ground Water

All ground water in the study area is derived from rainfall that occurs
on or north of the area. Most of the rainfall leaves the area as runoff
through streams or as evapotranspiration. Some of the rainfall infiltrates
downward to recharge the aquifers that underlie the study area.
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Recharge and Discharge

The amount of recharge received by the aquifers is difficult to estimate
because it is dependent on when the rainfall occurs, the intensity and magni-
tude of the rainfall, and atmospheric and hydrologic conditions such as air
temperature and soil-moisture conditions. For example, a 2-inch rainstorm in
July will usually run off or remain in the soil zone, later to be evaporated
or transpired back to the atmosphere. A 2-inch rain in December will usually
result in significant recharge because the evapotranspiration rate is low and
because winter rains generally are less intense and of longer duration than
summer rainstorms.

The area of recharge for the Tertiary-Cretaceous aquifer system is 20 to
50 miles updip (north) of pumping centers in the study area (see fig. 6). The
recharge area for the upper aquifer is 20 to 40 miles updip from the pumping
centers; the recharge area for the lower aquifer is 40 to 50 miles updip.

Water moves downdip through the aquifer system to points of downdip-
discharge. The principal areas of downdip-discharge are at major pumping
centers in the study area. Major centers that pump from the upper aquifer
are Fort Rucker, Dothan, and Enterprise. Ozark is the major center that
pumps from the lower aquifer.

A large part of the recharge in the outcrop area is lost as discharge to
perennial (ground-water supported) streams. A major control on the amount of
recharge received by the aquifer is the transmissivity of the aquifer downdip.
The downdip-transmissivity limits the amount of water that can move through
the aquifer from the area of outcrop. A transmissivity of 7,800 ft2/d and a
hydraulic gradient of 10 ft/mi will permit about 0.6 Mgal/d per lineal mile of
outcrop area to move through the upper aquifer. Expressed another way, this
is about 1.4 inches of recharge per square mile of outcrop.

Aquifer Test

An aquifer test was conducted at Fort Rucker during the week of March
14-18, 1983. The purposes of the test were to obtain data from which estima-
tes of hydraulic characteristics (transmissivity and storage) of the upper
aquifer could be made and to determine the magnitude of pumping-~level intexr-
ference between wells. Well 70 (Fort Rucker well 9) was used as the pumping
well during the 24~hour test, and drawdown measurements were made in wells 65,
66, 69, 71, and 79 (Fort Rucker wells 1, 2, 4, 6, and 10) which were not
pumping during the test period (figs. 7 and 8). Wells 47 and 72 (Fort Rucker
wells 7 and 8) were pumping at a constant rate into the Fort Rucker water
system prior to and during the test period. Wells 67 and 68 (Fort Rucker
wells 3 and 5) were not pumping, but were not used for the aquifer test.

Data obtained during the test indicate that the Tuscahoma Sand, the
Nanafalia and Clayton Formations, and the upper part of the Providence Sand
are hydraulically interconnected at Fort Rucker, and can be considered to be a
single aquifer (upper aquifer) from a hydrologic viewpoint. Figure 9 is a
semi-logrithmic plot of drawdown versus the radius (distance) from the pumping
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well after 24 hours of pumping. The transmissivity is determined by the slope
of the line drawn through the points in the following equation:

-2.30Q
T=2 s/ logqor

where T = transmissivity, in feet squared per day,
discharge of the well, in cubic feet per day,
drawdown, in feet,

radius, in feet from pumping well.

R o
il

and

Computations of data collected during the test indicate that the upper aquifer
has a transmissivity of about 7,800 ft2/d4 and a coefficient of storage of
about 3x10~4. These values are in the normal range for an artesian aquifer
consisting of unconsolidated sediments.

The drawdown data indicate that the interference of pumping levels
between the new wells is relatively small, and that interference between
well 70 (Fort Rucker well 9) and the old wells is sufficiently small to allow
pumping from well 70 and one or more of the o0ld wells without serious mutual
interference. Figure 10 is a suite of curves that depicts, in a general way,
the theoretical drawdown at various distances from a well that is discharging
constantly from the upper aquifer at a rate of 700 gal/min (Knowles and
others, 1963). The curves, which show drawdowns after 1, 5, 10, and 20 years
of continuous pumping, may be used to aid in estimating optimum spacing of
future wells at Fort Rucker. For example, a well discharging at a rate of 700
gal/min 5,000 feet from an idle well would cause a drawdown of 14.5 feet in
the idle well after 20 years of continuous pumping. The curves may also be
used to estimate the mutual interference between existing wells. The data
plots for the curves were computed from the aquifer characteristics obtained
from the aquifer test at Fort Rucker.

Capacity tests made by Fort Rucker personnel in 1975 indicate that the
well field was capable of producing from 3.0 to 3.5 Mgal/d at that time (oral
commun., Mr. John Ard, Fort Rucker Waterworks Manager, 1982). Well 47 was
placed in production in 1977 and wells 70, 72, and 79 were placed in pro-
duction in 1982-83. Pumpage from these wells combined with selected pumpage
from the original wells will produce 5 to 6 Mgal/d. An additional well, to be
completed in 1984, will increase the capacity of the well field by about 0.8
Mgal/d.

Withdrawals

Pumpage from the aquifer system for public water supplies has increased
by as much as a factor of 10 during the past 40 years. Reported daily water
use at Dothan was about 1.4 million gallons in 1946 (Carter and others, 1949).
Maximum daily use is presently (1983) about 14.8 million gallons. Pumpage at
Ozark, which was about 0.25 Mgal/d in 1946, is presently 2.75 Mgal/d. Pumpage
at Enterprise has increased from 0.4 Mgal/d in 1946 to 5.3 Mgal/d in 1983.
Historical pumpage records for Fort Rucker are not available. However, water
level records compiled for the original wells at Fort Rucker indicate an
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accelerated rate of decline from 1976 to 1982, Waterworks officials report
that the demand exceeded the capacity of the wells during summer months from
1976 to 1982 (oral commun., Mr., John Ard, Fort Rucker Waterworks Manager,
1982).

Ground-water withdrawals for irrigation use increased significantly
during the past 40 years. Pumping from ground-water sources for irrigation
was practically nonexistent in the 1940's, but is presently common in some
parts of the study area. The amount of water used for irrigation is difficult
to estimate because irrigation is geasonal and sporadic due to climatic
conditions and crop requirements. However, based on available data for
irrigation wells in the study area, 10 Mgal/d or more of ground water is used
for irrigation some of the time during the growing season. Use of ground
water for irrigation will probably accelerate more in the next 40 years as
farmers attempt to maximize production to compensate for increasing costs of
fuel, fertilizer, and farm machinery.

The current total use of ground water for industry is estimated to be
about 5 Mgal/d. 1Industrial use of ground water has not increased as signifi-
cantly as use for irrigation and public supplies, because the economy is based
on agriculture., Industrial ground-water use will probably increase during the
next 40 years and may increase significantly if industry continues to expand
in the area as it has during the past 15 years.

Fluctuations of the Potentiometric Surface

In a confined artesian aquifer system such as the one underlying the
study area, the level to which water will rise in wells developed in the
aquifer is called the potentiometric surface. The potentiometric surface
fluctuates in response to seasonal variations in recharge and discharge. 1In
areas of heavy pumpage, such as Fort Rucker, Ozark, and Dothan, fluctuations
of the potentiometric surface also reflect the variations in rates of with-
drawals.

A water-level recorder was installed on an unused municipal well (well
24) at Ozark in 1982 to monitor fluctuations of the potentiometric surface
in the lower aquifer (Ripley Formation). Figure 11 shows fluctuations of the
water surface in the well from February 1982 through March 1983. The figure
also shows average daily pumpage per month by the city of Ozark and total
monthly precipitation at Eufaula Wildlife Refuge (about 50 miles northeast of
Fort Rucker in the outcrop area of the lower aquifer). Comparison of the
three graphs in figure 11 indicates that the potentiometric surface of the
lower aquifer at Ozark is affected more by pumpage from the aquifer than by
recharge., However, recharge apparently had some effect on the potentiometric
surface during the winter of 1982-83 because the water surface was higher in
February 1983 than in February 1982. Rainfall records of the National Weather
Service indicate that precipitation was generally below normal during the

winter of 1981-82, and was generally above normal during the winter of
1982-83.
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Historical water-level data were recorded for the study area as early as
1895 (Smith, 1906). Smith published water-level data that were obtained bet-
ween 1895 and 1905. Additional water-level data were published in the 1940's
(LaMoreaux, 1948) and in the 1960's in the county water-availability reports.
These data and data collected during the current study indicate that the most
significant declines in the potentiometric surface occurred after 1965.

Waterworks personnel at Fort Rucker have measured water levels in the
original Fort Rucker wells periodically since the wells were constructed.
These data, shown graphically in figure 12, indicate that the largest water-
level declines at Fort Rucker occurred between 1976 and 1982. This accele-
rated decline resulted from increased water use at Fort Rucker (oral commun.,
Mr. John Ard, Fort Rucker Waterworks Manager, 1982). Mr. Ard reported that
during summer months from 1977 to 1981 the demand for water exceeded the
capacity of the well field and the use of water at Fort Rucker had to be
restricted.

A potentiometric map of the upper aquifer in the study area is shown in
figure 13. The map is compiled mainly from water-level measurements made in
June and July 1982. Depressions in the potentiometric surface have developed
in the Dothan area, the Battens Crossroads area, and the Fort Rucker-
Enterprise area. These depressions result from long-term withdrawals of large
amounts of water. Before wells 70, 72, and 79 (Fort Rucker wells 9, 8, and
10) were installed, a depression had formed in the vicinity of Fort Rucker's
well field. After these wells were placed in service in 1981-82, the original
wells were idle most of the time and the water surface recovered about 20
feet. This recovery resulted from pumping the new wells which are 5,000 feet
or more apart as opposed to the previous pumpage from the original wells which
are about 2,000 feet apart. The recovery of the water level is temporary, and
a depression will probably develop around the new wells in future years. The
system can withstand a deeper cone of depression than the one that developed
around the original well field because the pumps are set deeper in the new
wells.

Effects of Withdrawals on the Aquifer System

Prior to development by wells, aquifers are in a steady state because,
over a long period of time, recharge is equal to discharge (Lohman, 1972).
Discharge from wells upsets this balance by causing a loss from storage. The
imbalance remains until there is no further loss from storage. The loss from
storage can be counterbalanced only by an increase in recharge, a decrease in
natural discharge, or a combination of the two, as long as pumpage continues.

Available hydrologic data indicate that water levels in the pumping
centers are continuing to decline. No significant decrease in streamflow or
decline in water levels is apparent in the recharge area and, according to
records of the National Weather Service, rainfall during the past 20 years was
about normal. Based on these data the aquifer system has not reached a new
state of equilibrium subsequent to withdrawals from the pumping centers.
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The depression around the pumping centers will continue to increase in
size until drawdowns from pumpage lower water levels sufficiently to increase
the amount of water entering the aquifers to offset the pumpage. Through the
use of the potentiometric map, a rough estimation of the rate of increase
needed to attain a new equilibrium can be made. Flow paths for ground-water
movement can be drawn on the potentiometric surface to determine the area from
which pumpage in the study area obtains its water (fig. 14). The intersection
of the area of diversion with the outcrop-area of the aquifer determines the
contributing area (recharge area) for the pumpage. An estimate of the addi-
tional recharge needed to attain equilibrium can be made by dividing the
pumpage (expressed in acre-inches per year) by the area of recharge (in
acres). Pumpage is 33 Mgal/d (443,577 acre-inches per year) for the area of
diversion and the recharge area equals about 400 mi2 (256,000 acres). The
resultant rate is about 1.75 in/yr that must be supplied to attain a new
equilibrium. This rate appears to be a reasonable value, but available data
are inadequate to ascertain if the transmissivity of the aquifer is suf-
ficiently high to support the gradient of the potentiometric surface to induce
that amount of recharge. Based on the single transmissitivity value for the
aquifer, natural recharge would be about 1.4 in/yr under the present ground-
water gradient. A steeper gradient induced by pumpage would increase the rate
of water-movement through the aquifer and enable a greater amount of water to
be recharged. To reach a new state of equilibrium, the additional water would
have to be captured from the sources of discharge in the recharge area, evapo-
transpiration and streamflow, or from a reduction in withdrawals in the
pumping centers. Reduction of evapotranspiration would not cause any adverse
effects but reduction of streamflow could cause problems during dry periods.
Reduction in pumpage is not expected to occur in the foreseeable future.

QUALITY OF WATER

Field determinations for specific conductance, pH, and temperature were
made for most wells inventoried during the current study. No laboratory che-
mical analyses were made.

The specific conductance of water from wells sampled ranges from 220 to
540 micromhos per centimeter at 25°Celsius. The pH ranges from 6.1 to 8.1
units and has a median of about 7.2 units. The temperature ranges from
19°C (Celsius) or 66°F (Fahrenheit) to 26.5°C or 80°F. More detailed water-
quality data are published in the water-availability reports for Coffee,
Dale, Geneva, Henry, and Houston Counties. Additional water-quality data
are available in the files of the U.S. Geological Survey and the Alabama
Department of Environmental Management, Water Division.
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SUMMARY

The Tertiary-Cretaceous aquifer system in the study area includes the
basal sand in the Tuscahoma Sand, sand beds in the Nanafalia Formation, porous
limestone and sand beds in the Clayton Formation, and sand beds in the
Providence Sand and the upper part of the Ripley Formation. For this report,
this system is divided into an upper and lower aquifer. The upper aquifer
consists of the Tuscahoma Sand, the Nanafalia Formation, the Clayton
Formation, and the upper part of the Providence Sand. The lower aquifer
consists of the lower part of the Providence Sand and the Ripley Formation.

The aquifer test at Fort Rucker indicates that the upper aquifer has a
transmissivity of about 7,800 ft2/d and coefficient of storage of about
3x1074.

Wells too-closely spaced, causing excessive drawdown because of inter-
ference when pumped, appear to be the most common problem in the study area,
especially at Dothan and Fort Rucker. Wider spacing for future wells and
selective pumping from existing wells should alleviate the excessive drawdown
problem.

Preliminary evaluation of the aquifer system indicates that the system is
in a state of hydrologic imbalance as a result of heavy pumpage at Fort
Rucker, Dothan, Ozark, and Enterprise during the past 40 years. A new state
of equilibrium can be attained only by an increase in recharge to or by
reducing discharge from the system.

Water-quality data collected during this study and data collected during
previous studies indicate that water in the aquifer system is of good chemical
quality and is suitable for municipal, domestic, irrigation, and some
industrial uses.

Data collected during the study indicate that the aquifer system in the
study area is a reliable source of water supply for current and future uses.
However, sites for additional wells should be carefully selected to avoid
mutual interference between wells.
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