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FACTORS FOR CONVERTING INCH-POUND UNITS

Multiply By To obtain
feet (ft) 0.3048 meters (m)
inches (in) 2.540 centimeters (cm)
miles (mi) 1.609 kilometers (km)
square miles (m?) 2.590 square kilometers (km?)
gallons per minute (gal/min) 0.06309 liters per second (L/s)
million gallons per day (Mgal/d) 0.04381 cubic meters per second (m3/s)
43.81 liters per second (L/s)

feet squared per day (ftz/d) 0.0929

TO INTERNATIONAL SYSTEM (SI) UNITS

Transmissivity

meters squared per day (m?/d)

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. It was formerly called “Sea
Level Datum of 1929” or “mean sea level” in this series
of reports. Although the datum was derived from the
average sealevel over a period of many years at 26 tide
stations along the Atlantic, Gulf of Mexico, and Pacific
Coasts, it does not necessarily represent local mean
sea level at any particular place.






GEOHYDROLOGY OF THE ALBANY AREA, GEORGIA

b

y
D. W. Hicks, R. E. Krause, and ). S. Clarke

ABSTRACT

From 1960 to the present (1978), the Albany-Dougherty
County Metropolitan Area of southwest Georgia has expe-
rienced a period of rapid growth. This rapid growth has
caused ground-water use to more than triple during the
past 20 years, presently averaging about 39.4 million gallons
per day. Large withdrawals in the Albany area have caused
water levels to decline in one aquifer as much as 135 feet
since 1940.

Ground water in the Albany area is obtained from four
aquifers of Late Cretaceous to middle Tertiary age that
range in depth from about 40 to 960 feet below land surface.
From deepest to shallowest the aquifers are: the Providence
(sand), the Clayton (limestone), the Tallahatta (sand), and
the Ocala (limestone). Ground water is present in the
underlying Cusseta Sand at depths of about 1,250 to 1,500
feet; however, high drilling costs, low yields, and excessive
concentrations of chloride (422 milligrams per liter) and
dissolved solids (1,610 milligrams per liter} in Cusseta waters
make development of this unit undesirable.

Well yields range from less than 25 gallons per minute in
the Providence and Clayton aquifers, to more than 2,000
gallons per minute in the Ocala aquifer. Areal variations in
the hydraulic conductivity of the Providence, Clayton, and
Ocala aquifers cause yields to vary throughout the Albany
area. The productivity of the Providence and Clayton
aquilers progressively increases toward the west and north-
west parts of the area, where well yields of about 2,000
gallons per minute are reported from the Clayton. The
Tallahatta aquifer generally yields from 1,000 to 1,400
gallons per minute to wells and does not exhibit significant
areal variations in hydraulic conductivity throughout the
reportarea. The productivity of the Ocala aquifer decreases
in the west and northwest parts of the area where the

limestone comprising the aquifer becomes thinner and less
permeable.

Due to the relatively low hydraulic conductivity of the
Providence, Clayton, and Tallahatta aquifers, large ground-
water withdrawals in the Albany area have produced
widespread depressions in the potentiometric surface of
each aquifer. Accelerated agricultural use of the Clayton
aquifer to the northwest in parts of Dougherty, Terrell, and
Calhoun Counties has elongated and expanded the cone of
depression at Albany about 14 miles in that direction.
Increased pumpage could limit the availability of water
from the Clayton aquifer.

Heavy pumping has increased the naturally occurring
head differences between the Providence, Clayton, Talla-
hatta, and Ocala aquifers in the Albany area and has
enhanced the possibility of leakage of water through the
intervening confining layers that separate these aquifers.
The total amount of leakage from the Providence into the
Clayton and from the Ocala into the Tallahatta, and the
areal extent of this leakage, is presently unknown. Brine-
trace studies made in eight wells at Albany indicate that in
addition to leakage through confining layers, about 1.1
million gallons of water per day recharge the Clayton
aquifer through idle multiaquifer wells that also penetrate
the Providence and Tallahatta aquifers of higher head.

Water in the Providence, Clayton, Tallahatta, and Ocala
aquifers is suitable for most uses and generally contains no
constituent concentrations that exceed the Georgia Envi-
ronmental Protection Division and U.S. Environmental
Protection Agency standards for safe drinking water.
However, in areas where the Ocala is poorly confined or is
in direct contact with surface water, localized water-quality
changes are possible.



INTRODUCTION

From 1960 (o the present (1978), the Albany-
Dougherty County Metropolitan Area in southwest
Georgia has experienced a period of rapid growth.
This rapid growth has caused ground-water use to
more than triple during the past 20 years. Long-term
large ground-water withdrawals have caused the
water level in one aquifer to decline as much as 135 ft
since 1940.

The use of ground water for irrigation is rapidly
increasing to the west and northwest of Albany in
parts of Dougherty, Terrell, and Calhoun Counties.
The increased agricultural use in these areas could
affect ground-water availability in Albany.

Most municipal wellsin the Albany areatap two or
more of the four ground-water reservoirs present.
Because of multiaquifer well construction, almost
nothing was known about the water-bearing or
water-quality characteristics of individual aquifers
prior to this investigation.

Although waters from the four aquifers tapped in
the Albany area generally are of good quality, the
deeper water-bearing zones underlying these aqui-
fers yield water having concentrations of chloride and
dissolved solids that exceed the safe drinking water
standards. Head differentials resulting from declining
water levels in the heavily used aquifers may acceler-

.ate the infiltration of poor-quality water from the
underlying zones.

To better manage the water resources in the
Albany area, municipal, industrial, agricultural, and
other water users need to know the development
potential of the vital ground-water resource. Recog-
nizing this, in 1976 the city of Albany and the Georgia
Department of Natural Resources, in cooperation
with the U.S. Geological Survey, began an investiga-
tion to evaluate the ground-water resources of the
Albany area.

Purpose and Scope

The purpose of this study was to evaluate the
development potential of the ground-water resour-
ces in the Albany area. To properly analyze the
ground-water system the following hydrologic fac-
tors were evaluated: the head and water quality in
each aquifer utilized; the head and water quality of
the underlying water-bearing zones; and the relative
yields supplied by the Providence, Clayton, and
Tallahatta aquifers to multiaquifer production wells.

Methods

Since this investigation began in 1976, the U.S.
Geological Survey has drilled a total of 12 test wells in
the Albany area (pl. 1), each tapping one of the four

aquifers used for water supply in the area or the
underlying water-bearing unit. Geophysical logs were
made in these and other wells throughout the study
area to gain a better understanding of the stratig-
raphy, the nature of the hydrologic system, and the
water quality. Continuous drill cores were collected
intest well 95-01 from land surface to a depth of about
1,400 ft. Flowmeter surveys were made in six multi-
aquifer city wells to estimate the relative yields from
specificwater-bearing zones. Borehole-flow analyses
were made in eight multiaquifer production wells
where the direction and velocity of flow in the well
bores were recorded in order to estimate the relative
head in each aquifer under pumping stress. Continu-
ous water-level recorders were installed on 11 test
wells to monitor water-level fluctuations. Water-use
and water-quality data were collected to gain a better
understanding of the long-term effects of heavy
pumpage on the ground-water system.

Location and Description of the Study Area

The study includes parts of Lee, Terrell, and
Mitchell Counties and most of Dougherty County,
encompassing a total area of approximately 390 mi?
(fig. 1).

With the exception of the extreme southeast and
northwest corners, the entire study area lies within
the Dougherty Plain district (fig. 1) of the Coastal Plain
province of Georgia (LaForge and others, 1925). The
Dougherty Plain is bordered on the east by the Tifton
Upland and on the west by the Fall Line Hills. The
study area is characterized by a relatively level or
gently undulating topography, where altitudes range
from 160 to 280 ft. Conspicuous round to irregularly
shaped depressions mark the southwest and north-
east parts of the study area. These depressions are
sinkholes caused by solution of limestone bedrock
followed by subsurface collapse, and are typical
surface features in karst terrane.

The Flint River and its tributaries, including Kin-
chafoonee, Muckalee, Kiokee, Coolecwahee, and
Piney Woods Creeks, drain the study area.

Well-Numbering System

This report utilizes a well-locating system in which
the wells are numbered serially in each county. Each
well is assigned a county number and a sequence
number within that county. Accordingly, well number
95-01 represents well number 1 located in county 95.
From this number the exact location of each well can
be obtained from the index of ground-water sites on
plate 1. Counties and their respective numbers used
in the well-numbering system are: Calhoun, 37;
Dougherty, 95; Lee, 177; and Terrell, 273.
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Previous Studies

Little detailed hydrologic investigation has been
done in the Albany area. Stephenson and Veatch
(1915) discussed the geology, hydrology, and water
quality in a general context. Herrick (1961) presented
paleontologic and lithologic descriptions of three
wells in the Albany area. The most complete study in
the Albany area was done by Wait (1963), with the
resulting report containing data collected through
1957. However, the hydrologic data in Wait’s report
were obtained primarily from multiaquifer wells.
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GEOLOGY

The Coastal Plain sediments underlying the study
area consist of alternating units of sand, clay, shale,
and limestone (table 1 and fig. 2). The sediments
extend to a depth of at least 5,000 ft and dip to the
southeast by as much as 25 ft/mi, progressively
thickening in that direction.

The sedimentary units show lateral variations in
lithology and thickness that represent changing en-
vironments throughout the depositional history of
the area. Transgressions and regressions of the sea
caused the depositional environment at any given
locality to change from one depositional cycle to the
next. Where changes in sea level were rapid, a
transitional sequence may be missing from the
sedimentary record.

The original thicknesses of the individual litho-
logic units were controlled by the length of deposi-
tion and the sedimentation rate. Moreover, since

deposition, the units have been modified in thickness
and composition by weathering, erosion, compac-
tion, and chemical alteration.

Stratigraphy
Gulfian Series (Upper Cretaceous)

The Upper Cretaceous Series in the outcrop area
can be divided into six formations (Cooke, 1943).
From oldest to youngest they are: the Tuscaloosa,
Eutaw, and Blufftown Formations, the Cusseta Sand,
the Ripley Formation, and the Providence Sand (table
1). The Cusseta Sand, Ripley Formation, and Provi-
dence Sand were the only Upper Cretaceous forma-
tions investigated during this study. Due to similar
lithologies, these formational contacts in the Albany
area are not definite and figure 2 represents only the
approximate stratigraphy of this series. Figure 3 shows
the Cusseta, Ripley, and Providence stratigraphic
sequence partially penetrated by test well 95-08 in
Albany, along with selected geophysical logs that
reflect the different lithologies. The Cusseta, Ripley,
and Providence sequence was penetrated fully at oil-
test well 95-12 in western Dougherty County, where
the thickness of the sequence is about 640 ft.

Cusseta Sand equivalent

In the report area the Cusseta Sand is a silty,
micaceous, calcareous sand containing thin layers of
interbedded shale. Glauconite is abundant in the
deeper zones, but becomes less prominent higher in
the section.

Ripley Formation equivalent

Overlying the Cusseta Sand is a sedimentary unit
that corresponds stratigraphically to the Ripley For-
mation. The absence of definite lithologic breaks
makes establishing formational contacts difficult, if
not impossible. The lower part of the Ripley consists
of fossiliferous claystone containing interbedded sand
partings and fine sand. The claystone grades upward
into a massive siltstone that is slightly calcareous and
clay rich. In the upper part of the formation the clay is
completely absent, and the Ripley consists of light,
fine to medium, micaceous sand.

Providence Sand equivalent

The Ripley Formation is overlain unconformably
by the Providence Sand. The basal unit of the Provi-
dence consists of a slightly dolomitic coquina that
grades upward into afossiliferoussiltstone. The upper
part of the Providenceis avery fine- to coarse-grained
calcareous, clayey, micaceous sandstone.

Figure 4 was constructed using geophysical logs
from 10 wells in the Albany area and shows the
approximate altitude of the top of the Providence



Table 1.

Generalized stratigraphy, water-bearing properties, and water-quality characteristics of formations underlying the Albany area.

Gulf Coast Group Thickness
Era System Series Stage and (feet) Lithology Water-bearing properties Water—quality characteristics
Formation
Quaternary Pleistocene Dune sand 0-35 Fine to coarse, well sorted, angular Not water bearing
to subangular quartz sand
Terrace deposits 0-20 Poorly sorted gravel, sand, and clay Not water bearing
Oligocene Vicksburgian Flint River
Formation Light-gray, cherty limestone Properties unknown Quality unknown
Jacksonian Ocala 150-200 White to light-pink, fossilifetous Ocala aquifer is a very productive water-bearing Water is generally a hard calcium bicarbonate
| Limestone limestone unit throughout the Dougherty Plain. Reported well type that meets all State drinking water stan—
yields of more than 2,000 gal/min. Yields decrease| dards (1977)
north and west of Albany
a Lisbon Slightly glauconitic, fine, calcareous Limited water—bearing potential--used only in mul-
2 Formation sand, clay, and interbedded limestones tiaquifer wells where other aquifers are tapped
¥
)
Eocene Claibornian i 235-340
& Tallahatta Fine cto medium sand, clayey sand, and Tallahatta aquiier is a major aquifer in the Albany
2 Formation interbedded limestone layers that are area; used for municipal, agricultural, and indus-— Water is a hard calcium bicarbonate type that
e very fossiliferous at the top of the trial supplies. Reported well yields of as much as| meets all State drinking water standards (1977)
= ! formation 1,400 gal/min and is suitable for most uses
S Tertiaty
2 Hatchetigbee Very iine, green-stained quartz sand, Aquifer is tapped by many multiaquifer wells; how—
8 & Formation locally calcareous and glauconitic ever, water-bearing properties unknown
Sabinian 3
e —
Upper © Tuscahoma 110-120 Fine to medium, micaceous, clay-rich Used in some multiaquifer wells; water-bearing
Paleocene g Sand and sand. Glauconite is abundant through- | properties unknown
8 Nanafalia Formatiom, out. Lower part is monfossiliferous, Quality unknown
= undifferentiated clay-rich sand (pccasionally greater
than 50 percent clay)
Clayton Fine to medium, calcareous quartz sand Used in some multiaquifer wells; water—bearing
Formation 40-120 and interbedded thin limestones properties unknown
(upper wunit)
)
Lower 8 Clayton Massive, light—gray, recrystallized Clayton aquifer is a major aquifer in the Albany The Clayton aquifer produces water that is suit-
Paleocene Midwayan © Formation 70-125 limestone. Very fossiliferous at the area. East of Albany the agquifer is a poor produ- able for municipal, agricultural, and industrial
2 (limestone wmit) top of the wnit cer; however, to the west and northwest, well supply. It is gemerally a soft sodium bicarbo—
= yields as great as 2,000 gal/min have been reported| nate type that meets all State drinking water
! standards (1977)
Clayton Fine to medium, arkosic sand, locally Water—bearing properties unknown
Formation 15-40 glauconitic and silty
(lower unit)
Providence Upper part of unit is a dense, gray, Providence aquifer is used in the Albany area for Water from this aquifer is a soft sodium bicar-
Sand clayey sand. Middle part is generally| municipal and industrial supply. Yields range bonate type that is suitable for most uses and
a coquina. Lower part is sand con-— from less than 25 to about 500 gal/min meets State drinking water standards (1977)
| Navarroan taining varying amounts of silt
>2,500
Ripley Fine to medium, calcareous sand and Not water bearing
| Formation fossiliferous claystone
Cretaceous Gulfian Cusseta Fine, micaceous, calcareous sand con-— Not used as an aquifer in the Albany area; how- Water is a soft sodium bicarbonate type that
Sand taining varying amounts of silt and ever, in other areas of Georgia yields as great has concentrations of chloride and dissolved
= clay as 500 gal/min have been reported solids that exceed State drinking water stan—
L Tayloran dards (1977)
"y Blufftown
£ Formation
Austinian Eutaw Formation Alternating layers of sand, sandy Not used in the Albany area Water quality is about the sawme as that in the
clay, and clay Cusseta and does not significantly change
through the Tuscaloosa. Below the Tuscaloosa,
Eaglefordian Tuscaloosa the concentration of sodium chloride is repor-
Woodbinian Formation ted to increase significantly
Washitan,
Comanchean Fredericks— Undifferentiated
burgian, and
Trinitian
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Sand. Depths to the Providence can be estimated
throughout the study area by reading from figure 4
the approximate altitude of the formation and sub-
tracting this from the land-surface altitude.

Geophysical well logs indicate that the Providence
thickens downdip to the southeast. From figure 4, an
average dip of about 23 ft/mi was computed for the
top of the Providence Sand.

Paleocene Series

The Paleocene Series consists of the Midway
Group and part of the Wilcox Group (table 1). The
Clayton Formation is the only unit of the Midway
Group recognized beneath the study area, and it
unconformably overlies the Upper Cretaceous Provi-
dence Sand. The Nanafalia Formation and Tuscahoma
Sand undifferentiated represent the lower part of the
Wilcox Group in the study area, and unconformably
overlie the Clayton.

Clayton Formation

The Clayton Formation in the study area can be
divided into three lithologic units. The lowermost
unit is a fine to medium calcareous sand containing
varying amounts of silt and glauconite. The middle
unit is a massive limestone composed of highly
calcitized fossils in a recrystallized, slightly sandy
limestone matrix that forms a tough, coherent rock.
The sand content of the limestone increases upward,
with the rock becoming less coherent. The upper unit
consists of fine to medium, calcareous, quartz sand
containing minor glauconite and varying amounts of
silt and clay.

Variations in lithology also occur laterally in the
Clayton Formation. Downdip, to the southeast, the
clay and silt content in the limestone increases
sharply, filling the pore spaces and causing a decrease
in effective porosity and permeability.

Due to irregularities developed on the surface of
the underlying formations prior to deposition of the
Clayton, to extensive post-Clayton erosion, and to
solution of the middle limestone unit, the surface
configuration and thickness of the Clayton Formation
vary throughout the study area. The average thickness
of the entire formation ranges from about 180 ft in the
northwest part of the area to about 245 ft in the
southeast part. The limestone part of the formation
ranges in thickness from about 125 ftin the northwest
to about 70 ftin the southeast. Figure 5 shows that the
Clayton Formation generally dips to the southeastata
rate of about 17 ft/mi. The dip rate increases in the
southeast part of the area to about 22 ft/mi.

Nanafalia Formation and
Tuscahoma Sand, undifferentiated

The Clayton Formation is unconformably overlain
by the Nanafalia Formation and the Tuscahoma Sand,

undifferentiated. The basal part of this sequence
grades upward from a nonfossiliferous sand and clay
to a fine to medium, calcareous, fossiliferous sand.

 The upper part consists of a fine, slightly micaceous,

clay-rich sand. Glauconite is abundant throughout,
composing approximately 50 percent of the sediment
in some clay-rich zones.

The thickness of the Nanafalia-Tuscahoma seg-
uence is fairly uniform in the study area, increasing
onlyslightly downdip to the southeast where it attains
a maximum thickness of about 120 ft (fig. 2).

Eocene Series

Eocene sediments of the Hatchetigbee, Tallahatta,
and Lisbon sequence represent the entire Claiborne
Group and the upper part of the Wilcox Group in the
study area, and unconformably overlie the Paleocene
Tuscahoma Sand. The sequence is difficult to subdi-
videinthe report area because it consists throughout
of lithologically similar alternating layers of thin- to
medium-bedded sands, sandy clays, and siltstones, all
of which are highly glauconitic and commonly cal-
careous (fig. 2). Minor beds of white- to medium-gray
limestone are present. Coarse, broken oyster shells
are prominentin the limestones and calcareous sands
and are the only macrofauna that occur in the
sequence.

Hatchetigbhee, Tallahatta, and Lisbon
Formations, undifferentiated

In the absence of any definite lithologic or faunal
breaks, the following informal subdivision of the
Hatchetigbee-Tallahatta-Lisbon sequence is used in
this report. The predominantly clayey section imme-
diately overlying the Tuscahoma Sand is thought to be
the Hatchetigbee Formation in the study area. Overly-
ing the predominantly clayey Hatchetigbee Forma-
tion is a section that consists primarily of fine to
medium sands and clayey sands. Thin limestone beds
are interlayered throughout the middle and upper
parts of the section. In the study area the limestone
beds are more fossiliferous near the top of the section
where they are replaced by a thick layer of coquina.
The sand, limestone, and coquina section is the part
of the Eocene most commonly used as an aquifer and
is herein referred to as the Tallahatta Formation. The
uppermost part of the sequence is predominantly
clay, much like the Hatchetigbee, and contains promi-
nent beds of calcareous, glauconitic sand and lime-
stone. This section is herein correlated with the
Lisbon Formation.

The Hatchetigbee, Tallahatta, and Lisbon Forma-
tions, as subdivided here, are considered to be
“operational”” stratigraphic units whose gross litho-
logic characteristics can be correlated for reasonable
distances and which generally fit a currently accepted
stratigraphic division.
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The top of the Hatchetigbee-Tallahatta-Lisbon
sequence dips to the southeast at approximately 10
ft/mi (fig. 6) and undergoes a marked increase in
thickness downdip (fig. 2). The thickness of this
sequence ranges from about 235 ft in the northwest
part of the area to about 340 ft in the southeast.

Ocala Limestone

The OcalaLimestone comprises the upper Eocene
Jackson Group inthereportarea and unconformably
overlies the Lisbon Formation. The Ocala Limestone
crops out in the study area along the Flint River and
Kinchafoonee, Muckalee, and Piney Woods Creeks
where erosion has removed the overburden.

The basal section of the Ocala consists of a tough
fine- to medium-grained recrystallized, dolomitic,
moderately fossiliferous limestone. The limestone is
more sandy in the middle of the section where fossils
are less abundant. Limestone near the top of the
section is variably fine to coarse grained, chalky, and
coarsely fossiliferous (P. F. Huddlestun, oral com-
mun., 1980).

The Ocala dips slightly to the southeast at 2 to 5
ft/mi and generally thickens in that direction. The
formation ranges in thickness from about 150 to 200 ft
throughout the report area.

Residuum

Most of the Dougherty Plain part of the report
area is covered by 40 to 70 ft of unconsolidated
residuum developed from weathering of the Ocala
Limestone and Oligocene limestones. This residuum
is generally ared sandy clay that, in the southeast part
of the area, may contain siliceous boulders as large as
3 ft in diameter. The flood plain of the Flint River is
covered by 20 to 70 ft of unconsolidated river-terrace
deposits.

HYDROLOGY

Water in the Albany area is obtained primarily
from four ground-water reservoirs, or aquifers (table
1). From deepest to shallowest, the aquifers are: the
Providence, Clayton, Tallahatta, and Ocala. Although
ground water is present in the underlying Cusseta
Sand, high drilling costs, low yields, and excessive
concentrations of chloride and dissolved solids make
development of this unit undesirable.

Recharge waters enter the aquifers where they
occur near land surface and percolate downgradient
to become confined between relatively impermeable
beds of clay, sandy clay, or shale. Thus, confined
ground water is under a constant pressure known as
hydrostatic, or artesian, pressure. When a well pene-
trates a confined aquifer downdip from the recharge

1

area, artesian pressure causes the water in the aquifer
to rise above the top of the aquifer. An imaginary
surface connecting points to which water would rise
in tightly cased wells is called the potentiometric
surface (Lohman, 1972, p. 8). The altitude of the
potentiometric surface is controlled by the artesian
pressure and is a function of the rate of recharge, the
hydraulic gradient (slope of the imaginary water
surface), and the rate of discharge.

The transmissivity of an aquifer is defined as the
rate at which water will flow through a unit width of
material under a unit hydraulic gradient. It is, thus, a
measure of the aquifer’s ability to transmit water.
Transmissivities used in this report are estimated from
specific capacity data and, because of well losses, are
generally lower than values calculated from aquifer
tests. The hydraulic conductivity is also a term used to
define the water-transmitting ability of an aquifer.
Like the transmissivity, it is influenced primarily by
permeability and hydraulic gradient, but is also influ-
enced by the viscosity of the water.

The ability of many carbonate aquifers to transmit
water is enhanced by the development of secondary
permeability. Circulating ground water containing
carbon dioxide dissolves calcium carbonate along
joints and bedding planes in the aquifer, thus enlarg-
ing the primary flow channels as well as creating new
channels.

Aquifer Properties
Providence Aquifer

The Providence aquifer receives recharge where it
occurs near land surface along a northeast-trending
line about 50 mi north-northwest of Albany. Ground
water is confined in the aquifer from below by the
dense clay of the Ripley Formation, and from above
by the silty upper Providence-lower Clayton sequence
(fig. 2). Ground water is obtained from the Provi-
dence aquifer in the Albany area at depths ranging
from about 640 to 960 ft below land surface.

Artesian pressure in the Providence was sufficient
during 1978 to produce an average water level of
about 110 ft below land surface at well 95-08 at
Albany, near the center of municipal pumpage.
Water levels become higher with increased distance
from the pumping center.

Estimates of transmissivity for the Providence aqui-
fer range from about 250 ft2/d at well 95-01, 3 mi
southeast of Albany, to 1,000 ft2/d at well 95-48,
approximately 12 mi updip to the northwest. The
hydraulic conductivity is lowest in the upper part of
the formation and highest in the coquina bed (fig. 2)
where most of the water is produced. The Providence
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yiclds less than 25 gal/min to wells in the south and
southeast parts of the report area where the trans-
missivity is low; however, updip to the northwest,
yields to wells of about 500 gal/min have been
reported.

The Providence aquifer produces a soft sodium
bicarbonate type water that contains no constituent
concentrations thatexceed the Georgia Environmen-
tal Protection Division standards (1977) for safe drink-
ing water (table 2). The average calcium, magnesium
hardness of 6 mg/L (milligrams per liter) and low
average dissolved iron concentration of 50 ug/L
(micrograms per liter) make water from this aquifer
ideal for domestic use.

Clayton Aquifer

The Clayton aquifer is recharged primarily where
itoccurs near land surface and where the formation is
exposed in steep valley walls along a northeast-
trending line about 35 to 40 mi north-northwest of
Albany. The topography of the Clayton recharge area
is not conducive to the influx of large quantities of
water. Ground water is obtainable from the Clayton
aquifer in the Albany area at depths ranging from
about 550 to 840 ft below land surface. The Clayton is
artesian in the Albany area and water in the aquifer is
confined from below by the silty upper Providence-
lower Clayton sequence and from above by the
clayey Tuscahoma Sand.

During 1978 the Clayton aquifer had an average
water level of 140 ft below land surface at well 95-06
(pl. 1) near the center of pumpage in Albany. This was
the lowest water level recorded in the Albany area.

Figure 7 shows how the transmissivity of the
Clayton aquifer varies laterally, increasing from the
area east of Albany, northwest to Sasser. Estimates of
transmissivity, made from specific-capacity data
(Lohman, 1972, p. 52), range from about 200 ft2/d at
well 95-07, approximately 3 misouthcast of Albany, to
about 11,000 ft2/d at well 273-03, to the northwest at
Sasser. Yields to wells tapping the Clayton aquifer,
like those of the Providence, vary areally. Well 95-09,
approximately 3 mi northeast of Albany, produces
about 250 gal/min, whereas well 273-05 near Sasser
has a reported production of about 2,000 gal/min.
This progressive increase in transmissivity and yield
toward the northwest is due largely to a directional
increase in hydraulic conductivity and the thickening
of the water-bearing part of the Clayton Formation.

Water from the Clayton aquifer generally is a soft
sodium bicarbonate type that contains no constituent
concentrations that exceed the State standards (1977)
for drinking water (table 2). Although the average
dissolved iron concentration of 152 ug/L is higher

13

than that in the Providence aquifer, the level is not
excessive and has not been reported to cause staining
or encrustation problems.

The sodium bicarbonate water in the Clayton
aquifer is nontypical of carbonate aquifers, which
generally yield water of a calcium bicarbonate type.
The uncharacteristically high concentration of sodium
(average 44 mg/L) in water from the Clayton in Albany
could result from the leakage of sodium bicarbonate
water from the underlying Providence aquifer.

Tallahatta Aquifer

The Tallahatta aquifer is recharged primarily by
rainfall where the sediments occur near land surface
along a northeast-trending line 20 to 30 mi north-
northwest of Albany. The Tallahatta aquifer is com-
prised of several hydraulically interconnected water-
bearing zones in the Hatchetigbee-Tallahatta-Lisbon
sequence. Ground water can be obtained from this
aquifer in the Albany area at depths ranging from
about 125 to 350 ft below land surface. The aquifer is
confined from below by the clayey Tuscahoma Sand
and from above by the upper part of the Lisbon
Formation. During 1978, artesian pressure in the
Tallahatta aquifer was sufficientto produce an average
water level at well 95-05, near the center of pumpage
in Albany, of about 90 ft below land surface.

Limited areal testing indicates that the transmissiv-
ity and yield of the Tallahatta aquifer does not vary
significantly in the Albany area. Estimates of transmis-
sivity, made from specific-capacity data, range from
about 2,400 to 3,500 ft2/d. The water-bearing potential
of the Tallahatta aquifer is good where tested and
yields to wells of 1,000 to 1,400 gal/min have been
reported. However, the relatively low transmissivity
of the aquifer results in large drawdowns when
pumpage exceeds about 750 gal/min.

The Tallahatta aquifer produces a hard calcium
bicarbonate type water that contains no constituent
concentrations that exceed the State 1977 drinking
water standards (table 2). The dissolved calcium
concentration ranges from 18 to 52 mg/L and is
uncharacteristically high for a predominantly sand
aquifer. Although dissolution of calcite could account
for part of the dissolved calcium, the relatively high
calcium levels observed in water samples from the
Tallahatta aquifer in the Albany area could result from
the vertical leakage of calcium bicarbonate water
from the overlying Ocala aquifer.

Ocala Aquifer

The Ocala aquifer isrecharged, in the Albany area
and throughout much of the Dougherty Plain, chiefly
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Table 2. Chemical analysis of well and river water, Albany area.
(Analyses by U.S. Geological Survey. <, less than)
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95-12 |Sealy, J. Ry, 2 Cusseta 10-15-57 | 15 5.2|l|2:3 | 586 5.6 820 [ 689 | 0.0 | 435 2.6 - -1 1,500 1,470 22 |0|2,490| 8.4 22,0 22| 5.2| -| =-}=|-|- = =] - -] - =] -
95-12 Do, do. 06-27-78 | 11 6.9 | 2.2 (620 5.7 850 | 700 | 7.8 | 420 4.0 |0.09 | 0.00| 1,510 1,500 27 |0 |2,100( 7.5 25.0| 20 | 43 30| 2|0|0|0 20 | 3(30|<0.5[0]430] 10
95-01 |USGS TW 1, 4lbaay do. 06-17-77 | 13 4.3 .8 | 660 .2 | 1,040 | 850 | 4.3 | 410 3.2 = = ~-| 1,610 14|0|2,575| 8.2 21.0| 60 | 10 10 1fojofo 00| 0 0|0|360| O
95-08 | USGS TW IO, Albany Providence 11-21-78 | 12 1.7 A4 85 1.6 200 (190 | 7.6 2.4 .6 .09 .00 214 223 6|0 358 | 9.2 | 24.0| O 240 [ 0]3f1|0 50 (10| 0 6|0 -1 0
95-06 |USGS TW &, Albany Clayton 03-07-78 | 20 12 6.0 | 33 2.8 140 | 110 [13 1.5] .2 .04 .00 160 158 | 55| 0 231 | 7.2 | 22.8| 10 | 14 2 0(0|0]|0 180 (11 10| <.5| 0| 360 O
95-07 |USGS T« 7, Albany do. 05-31-78 | 25 8.6 [ 2.4 | 80 3.1 230 [190 | 4.2 4.5 .7 .00 .00 241 243 32|0 284 | 8.0 | 21.7 | 10 -|(40 | 20|07 110 | 010 <.5|0(380| O
177-02 | USGS ™™ 9, Albany do. 09-28-78 | 19 15 6.0 | 30 2.9 140 | 110 |14 1.9] 2| .00 .00 157 159 | 630 252 | 7.7 | 21.9| 5|45 o|ofLfofoO 120 |13 [ 10| <.5|0|410| O
95-09 | Turner City, Ga,, 2 do. 08-16-55 | 21 11 5.7 | 40 2.8 = - |12 2:5 1| 2| «40 = 162 169| 50 |0 256 | 7.6 | 22.7| 8 =|| =] sf=]=]= 80 [ =ij = = ||= =l =
95-09 Do, do. 04-28-76 | 18 11 5.1 39 3.3 146 | 120 (12 2] 3] <00 .03 170 164 | 49 (0 263 | 6.7 | 24.0| O |47 ojojofofo 170 | o| © .1|0)270| 0O
95-09 Do. do. 06-21-78 | 18 10 4.9 | 34 2.8 140 [ 110 | 9.4 L.7] 2| .09 .00 163 156 | 450 259 | 6.6 | 24.0| 5 =(20| Lf-|0o]0O 250 | 8|10| <.5/0|260]| 10
95-02 | USGS T™W Z, Albany Tallahatta 06-17-77 | 40 30 10 13 4.3 177 | 150 | 6.3 450 .1 - o 188 196 | 120 | O 288 | 7.6[22.5| 5 =l | 1|o]oj|oO 60 | 010 0lofs20| O
95-04 |USGS TW &, Albany do. 10-20-77 | 32 50 2.6 4.0 | 1.4 170 | 140 | 5.1 2,5 1| .04 .00 190 182 | 140 |0 276 | 7.1 | 21.0| 222 o| 1f{ofL|oO 190 | 3| 0| <.5|0]|410]| 10
95-05 | USGS Tw 5, Albany do. 02-09-78 | 33 52 8.3 9.0 | 3.2 210 (170 | 6.0 4.1 .1 .00 .00 212 220|160 | O 350| 7.6 (21,010 | B.4(40 | 4|OfO]|1L 230 | 0| 0| <.5/0(320] 10
177-01 |USGS TW &, Albany do. 09-25-78 | 34 37 6.9 | 16 2.5 170 | 140 |10 3.0 .2| .00 .00 187 194 (120 | O 289 |7.6|22.0| 0| 6.8 O 0O|0O|O]|O 70| 1]|10| <.5[0(f420] O
95-10 | UBGS ™ 11, Albany do. 05-09-79 | 32 18 7.4 8.6 | 3.6 180 (150 | 7.6 3l 2 - = 183 191 [ 130 | O 296 | 7.7 (22.8| 5|18 50| 2|1]2(0 2640 | 2|10 <.5|0(350] 10
273-10 | Sasser, Ga,, 2 do. 05-04-78 | 9 43 4 17| «1 133 (109 .8 3.0 .0|1.60 = = 125|109 |0 218 | 7.5 -] 0 sl =l == == =jloml)l = =1 = -1 -
95-14 | FW 2, Miller Brewing Co. do. 04-11-79 | 36 49 4.5 7.1 ]2 180 [150 | 3.9 3.6| .1| .00 .00 199 195 | 140 | O 304 |7.7)|23.5| 0 =20 t Lo 2|2 30| 5] 1] <.5[0]2%0]10
95-22 | Albany-Dougherty Co., USMC Ocala 06-21-78 | 12 50 1.3 2.2| .5 150 | 120 o2 3.5 .1]4.20 .00 158 148 | 130 | 7 239 7.1|32.0| 5(19 201 01(2]2 1| 3|10| <.5(0| 80|10
95-23 | Merck and Co., Ing., 1 do. 08-01-61( 8 50 7 2.0 .1 154 | 126 o4 2.0| 6| .70 - 139 141|128 |2 244 | 7.7 |[210)] o f 4.8 = =V==1~= o (R [ = = &l -
95-24 |Harty Nursery, & do. 08-09-57 | 10 45 L 2,7 | 3 140 | 115 | 1.0 3.5 3 |6.10 = 145 139 | 117 |0 233 7.7 24,0 4] 45) = | =[=]|—|~- ) R |, = b [
95-03 | USGS T™™ 3, Albany do. 06-17-77 | 8 45 9 1.8 .2 147 | 120 .5 2.6 .0 - = 131 132|120 | 0 234 | 7.4 (21,5 S5 -l10] 1|O0|O]|O 10| 3|10 0|0 50|10
95-43 | Albany, Gs., 21 Multxaquiferz 06-18-70 | 34 40 6.1 | 17 2.7 182 | 149 | 5.6 4.0 .4 | .00 .00 227 200 | 126 | O 308|8.0]23.0( 5| 2.9| -|10(-|OfO 0| 0| O = —|320] -
95-37 | Albany, Gs., 15 do. 06-23-76 | 24 16 6.0 42 5.7 178 | 146 (10 6.0 7 .00 = 197 =| 65]|~= 256 | 8.4 -1 0 w1 o= === w0 | -| 0 =1 = = =
- Flint River at Albany Surface water | 04-16-69 | 8 7.3 <9 3.7 (1.8 -| 40 | 2.0 3.7 =] =10 - - -| 21 |- 66 | 7.5 | 21.0 | 40 =| = =|=f={~-] ¥.100 | =50 =y = =) =
CSS'l‘i Cusseta 13 5.2 | 1.6 |622 3.8 903 | 746 | 4.0 | 422 3.3 .10 «00 | 1,505 | 1,527 | 210 (2,522 = 1122.7°| 34/ [ 19 20| 2/0f0]0 15 |11 115 ) <<5i] ©)'395:) 5
PVDC Average values Providence 12 1.7 4| 85 1.6 200 (190 | 7.6 2.4 .6 .10 .00 214 223 6|0 358 =l24.0( 0 2040 013110 50|10 0] <.5]0 =" o
CLIN for each Clayton 20 12 5.0 | 44 3.0 159 (128 |12 2.5l 3| .10 | 00 175 174 | 49 |0 258 —122.9| 6|26 26| 1|1(0]0 152 | 6|10 <.5/0]336| O
TLLT aquifer Tallahat taél 34 40 6.6 9.6 2.8 181 | 165 | 6.5 3.9 .1]| .30 .00 193 196 | 135 |0 300 =122.1| 3|14 20| 2/0(2]2 137 | 2| S| <5 o] 368 7
OCAL Ocala 9.5 43 10 22 3 148 | 120 <5 2.9| .3|3.70 .00 143 140 | 124 | 2 238 —122.1) 4] 9.0f15) 1113 10| 3| 7| <.5(0]| 65|10

1/ Georgia Environmental Protectiom Division standards for safe drinking water, 1977.
2/ Analysis represents a composite of water from the Providence, Clayton, and Tallahatta aquifers.
3/ Averages do not include analysis from site 273-03 because of the proximity of well to recharge area,

4/

CSST - Cusseta Sand

PVDC - Providence Sand
CLTN - Claycron Formation
TLLT - Tallahatta Formation
OCAL - Ocala Limestone
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by the infiltration of rainfall. The Ocala is generally
covered inthe Dougherty Plain area by a thin layer of
unconsolidated residuum ranging in thickness from
about 40 to 70 ft. Where the residuum is present, the
aquifer is confined and is artesian; where the resi-
duum has been removed by stream erosion or through
sinkhole collapse, the aquifer is unconfined. Because
of the varying conditions of confinement and pres-
sure, average water levels in the Ocala during 1978
ranged areally from about 2 ft above land surface to 45
ft below.

Aquifer tests show that in areas near the Flint River
where the Ocala Limestone is very cavernous, the
transmissivity may exceed 100,000 ft2/d (L. R. Hayes,
oral commun., 1980). This high transmissivity allows
the movement of large quantities of ground water,
and yields to wells of 2,000 gal/min have been
reported. However, away from the river in areas
where solution openings are not well developed and
to the northwest where the aquifer is thinner, the
transmissivity of the Ocala can be as low as 2,000 ft/d
andwells are reported to produce about 500 gal/min.

Water from the Ocala aquifer is moderately hard
and is classified as a calcium bicarbonate type (table
2). Water samples from wells 95-22, near the Worth-
Dougherty County line, and 95-24, at the Herty
Nursery in Albany, had higher concentrations of
nitrate than samples from the underlying aquifers.
Well 95-24 produced water having a nitrate con-
centration of 6.10 mg/L, the highest level detected in
thereport area. These anomously high nitrate concen-
trations probably are due to the leaching of soil which
has been treated with nitrogen-base fertilizer.

Water from the Ocala generally is of good chemi-
cal quality and contains no constituent concentra-
tions that exceed 1977 State drinking water standards.
However, the quality of the water could change
rapidly in areas where the aquifer is unconfined or is
in direct contact with surface water.

Influence of the Flint River

During periods of normal streamflow, the Ocala
aquifer discharges into the Flint River through caver-
nous zones in the limestone that have been exposed
by stream erosion. Figures 8 and 9 are graphs showing
precipitation and the stage of the Flint River at Albany
during 1978. Comparison of these figures shows the
effect of heavy rainfall on the Flint River. When the
river stage is increased, ground water that normally
discharges into the river backs up into the aquifer,
causing the water level to rise in Ocala wells near the
river. Extended periods of heavy rainfall cause the
river stage to rise above the altitude of the potentio-
metricsurface in the Ocala aquifer. When this occurs,
normal ground-water discharge points become re-
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charge points and river water rapidly enters the
cavernous zonesin the aquifer. Comparison of figure
10 with figure 9 shows that the water level in well
95-03, 4 mi southeast of Albany and about 1.7 mi east
of the FlintRiver, isvery “flashy” and responds almost
instantaneously to significant changes in river stage.
By contrast at well 95-22, near the Worth-Dougherty
County line and about 5.1 mi from the river, the
altitude of the potentiometric surface of the Ocala
aquifer is higher than the maximum river stage, and
the water level in this well (fig. 11) is less affected by
the increased stage of the river.

Leakage

Although rainfall entering the aquifers where they
occur near land surface is the primary source of
recharge, another source of recharge exists in the
Albany area. Pumpage that reduces the head, or
artesian pressure, in an aquifer may promote in-
creased vertical flow through the confining beds
separating the pumped aquifer from aquifers of
higher artesian pressure. The amount of leakage per
unit area depends on three factors: (1) the vertical
hydraulic conductivity of the confining layer; (2) the
thickness of the confining layer; and (3) the head
difference between the aquifers. In and near the city
of Albany, heavy pumpage from the Providence,
Clayton, and Tallahatta aquifers has produced head
differences that could enhance leakage. Water-quality
analyses indicate that water may be leaking from the
Providence aquifer into the Clayton and from the
Ocala aquifer into the Tallahatta. Additional test
drilling and monitoring would be necessary to esti-
mate the amount and areal extent of the leakage.

MULTIAQUIFER HYDROLOGY

When developed individually, the Providence,
Clayton, and Tallahatta aquifers in the Albany area
yield water to production wells ininsufficient quanti-
ties to be cost efficient, For this reason, the city of
Albany uses wells that tap two or more aquifers
simultaneously. Multiaquifer wells maximize yield,
and minimize drawdown and drilling costs. Through-
out much of the Albany area, properly constructed
multiaquifer wells can produce a sustained yicld
greater than 1,500 gal/min and generate smaller
drawdowns than wells tapping a single aquifer.

| ructi

The telescoping construction design of two typical
multiaquifer wells is shown in figure 12. Construction
of each well is begun by drilling and driving a large-
diameter surface casing through the residuum. Drill-
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Figure 12. Typical multiaquifer well construction.

ing is then continued and another section of casing is
installed through the Ocala to prevent subsidence
and to seal out water from the Ocala.

After drilling is completed to the desired depth in
the type 1 well, the screen line is assembled above
ground by welding alternating sections of blank
casing and well screen at intervals corresponding to
the water-bearing zones in the well. The assembled
screen line is then positioned in the well and the
space between the screen line and borehole wall is
packed with coarse sand or gravel.

The second construction method (type 2 in fig. 12)
is used in areas where the Clayton aquifer consists of
competent limestone that does not require screening.
In these wells, similar telescoping construction is
used, except that in the Clayton Limestone the well
bore is left as an open hole. A screen line, where
utilized, is continued through the Providence aquifer.
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The U.S. Geological Survey test wells drilled for
this study (pl. 1) were constructed as single-aquifer
wells, using either screened or open-hole construc-
tion. Wells tapping the Cusseta, Providence, and
Tallahatta aquifers were screened to prevent the
entry of sand. Because the Clayton and Ocala aquifers
are composed of limestone, wells tapping these
aquifers were not screened.

After completion, each well was developed to
remove drillingmud and fine sand from the well bore
and adjacent aquifer material. Drillers emphasize this
phase of well construction because well yield and
aquifer response can be greatly increased if wells are
properly developed.

Flow Through Idle Multiaquifer Wells

Brine-trace studies made in eight nonpumping
production wells in and near the city of Albany




indicate that due to head differentials, a significant
amount of ground water is transferred from the
Providence and Tallahatta aquifers into the Clayton
aquifer through idle multiaquifer wells. The brine-
trace studies were done by injecting a concentrated
sodium chloride solution into the boreholes at speci-
fied depths. Special geophysical sensors monitored
the brine’s velocity and direction of movementin the
boreholes. Figure 13 shows the approximate velocity
and the direction of flow measured in the boreholes
of wells 95-33 and 95-34.

Recharge to the Clayton aquifer through well 95-
33 was calculated to be about 12 gal/min, or 17,000
gal/d, from the Providence aquifer and about 46
gal/min, or 66,000 gal/d, from the Tallahatta aquifer.
Thus, about 83,000 gal/d recharges the Clayton aquifer
through this multiaquifer well. To approximate the

total recharge to the Clayton aquifer through idle
wells, borehole velocities, based on brine-trace stud-
ies and well-construction data, were estimated for
each multiaquifer city well. These velocities, together
with pumping-frequency data, indicate that the 25
multiaquifer wells in the Albany water system recharge
the Clayton aquifer at the rate of about 1.1 Mgal/d.

Areal Trends in Aquifer Yields

Flowmeter tests were conducted in six city supply
wells to determine the relative percentage of water
contributed by the Providence, Clayton, and Talla-
hatta aquifers to each multiaquifer well. The tests
were done by first removing the turbine pump and
pump column from the well and lowering a flow-
meter, suspended by a thin steel cable, into the well.

95-3¢
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15 84in
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L5 Jin
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Figure 13.

Direction and velocity of flow in city of Albany wells 95-33 and 95-34
when wells were not pumping.




The pump assembly was then reinstalled and the well
pumped at a constant rate until the water level in the
well stabilized. The flowmeter was then traversed up
the well to record the velocity of flow in the well bore
at specified depths. By knowing the rate of discharge
(gallons per minute), the diameter of the well bore
(inches), the depth of each water-bearing zone (feet),
and the measured velocity (feet per minute), the
relative percentage of total discharge from the Provi-
dence, Clayton, and Tallahatta aquifers was calcu-
lated using the following equations:

Point discharge = Point velocity X diameter of well
bore X 0.0408 (well constant),

then

Point discharge X 100.

Aquifer yield (percent) =
Total discharge

The flowmeter tests revealed that the percentage
of total yield that each aquifer contributes to multi-
aquifer wells depends not only on the well construc-
tion and development but, more importantly, on the
well location. Figures 14 and 15, constructed using
flowmeter test data, show lines of equal yield for the
Clayton and Tallahatta aquifers, respectively. In the
east and southeast parts of the Albany area, the
Providence and Clayton aquifers combined contribute
less than 10 percent of the total yield of multiaquifer
wells. In these areas the Tallahatta aquifer supplies the

remaining 90 percent of the well yield. However, in
the west and northwest parts of the Albany area, the
Providence and Clayton aquifers are more productive
and at well 95-46, 2 mi west of Albany, each of the
three aquifers contributes about one-third of the
yield (figs. 14 and 15).

GROUND-WATER USE

According to Wait (1963), ground-water use in the
Dougherty County area in 1957 was estimated to be
about 8.94 Mgal/d. Since that time ground-water use
has increased about 440 percent and is presently
(1978) estimated to average about 39.4 Mgal/d (table
3).

Industrial

Due to the large number of new industries that
have moved into the Albany area and to increased
production at existing industries, water withdrawn
from industrial wells has increased from about 1
Mgal/d in 1957 (Wait, 1963, p. 75) to the current (1978)
pumpage of about 15.5 Mgal/d. Additionally, the city
of Albany sells water to many industries that do not
own wells. The latter pumpage is included in the
municipal figures on table 3.

Ground water used for industrial purposes within
the study area is obtained primarily from the Ocala
aquifer (table 3).

Table 3. Estimated ground-water use in the Albany area, 1978,
Ground-water use
(Mgal/d)
Aquifer

Agricul tural—l—/ Industrial Municipal Total
Providence = —= 0.9 0.9
Clayton Us5 0.5 6.8 7.8
Tallahatta 4D — 7.3 7.8
Ocala 19 15.0 e 229
TOTAL 8.9 15,5 15,0 39.4

1/ Values are estimated growing—season withdrawals averaged over a 365-day

period,
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Agricultural

Total irrigated cropland in the study area reported
in the 1954 agricultural census was 200 acres. By 1978
the irrigated cropland had increased to about 8,650
acres. Accordingto Pollard and others (1978), ground
water represented about 92 percent of the water used
for irrigation in 1977 and it is assumed that this
percentage did not change appreciably for the 1978
crop season. Thus, during 1978 about 8,000 acres were
irrigated by ground water,

The availability of sufficient ground water and the
suitability of center-pivot systems has greatly en-
hanced the use of irrigation in the Albany area. The
gentle slopes and large fields permit the use of self-
propelled center-pivot irrigation systems. Many
center-pivot systems used in the study area are
designed to distribute water at rates of 1,000 to 1,500
gal/min and are capable of irrigating several hundred
acres.

Ground water forirrigation in the Dougherty Plain
province is obtained primarily from the Ocala aquifer.
However, the Ocala is not productive to the north-
west of Albany in parts of Dougherty, Terrell, and
Calhoun Counties, and use of the Clayton aquifer for
irrigation is rapidly increasing. Agricultural use of
ground water is presently (1978) not regulated by the
State of Georgia. Because permitting is not required,
agricultural use of the Clayton is limited only by the
productivity of the aquifer. Heavy withdrawals from
the Clayton in this area could limit the availability of
water from this aquifer.

Municipal

In 1898 the city of Albany’s water system pumped
an estimated 25,000 gal/d from 14 wells (McCallie,
1898, p. 179-181). As municipal and industrial demands
increased, more wells were drilled, and the city has
used at least 30 wells since initiation of the Albany
water system. The city of Albany was the largest single
ground-water user in the study area during 1978,
withdrawing a total of about 5.4 billion gallons per
year, from 23 multiaquifer wells (fig. 16).

The increase in population and industry in the
Albany area is reflected in the water requirements.
Figure 16 shows that the annual ground-water demand
hasincreased from about4.2 billion gallons in 1969 to
more than 5.4 billion gallons in 1978. On August 28,
1978, the ground-water withdrawal peaked at over 22
Mgal/d, the highest single day of pumpage recorded
by the city of Albany (fig. 17).

The rate of ground-water withdrawal by the city
varies seasonally and is greatest during the summer
and fall. Figure 17 shows an increase in ground water
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Figure 16. Yearly ground-water withdrawal by
' Albany supply wells, 1969-78.

withdrawals from April through October 1978. The
duration of peak withdrawal periods and the amounts
of withdrawal are influenced by climatic conditions;
thus, increases in precipitation decrease the demand
for city water.

Municipal Pumpage from the Providence,
Clayton, and Tallahatta Aquifers

The total amount of water withdrawn from the
Providence, Clayton, and Tallahatta aquifers was
estimated for the Albany supply wells based on
flowmeter tests and well construction data. Figure 18
shows that an average of about 0.9 Mgal/d was
withdrawn from the Providence aquifer during 1978,
or about 6 percent of the Albany municipal supply.
The Clayton aquifer contributed about 45 percent of
the city supply, or an average of about 6.8 Mgal/d.
Approximately 7.3 Mgal/d was withdrawn from the
Tallahatta aquifer during 1978, representing about 49
percent of the total Albany municipal pumpage.
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GROUND-WATER LEVELS

Potentiometric Surface Characteristics

The altitude of the potentiometric surface of an
aquifer is highest in recharge areas. Ground water
flows laterally downgradient from the recharge areas,
in a direction perpendicular to the potentiometric
coutour lines, to discharge areas where the potenti-
ometric surface is lower. When discharge exceeds
recharge, the potentiometric surface will be depressed.

Clayton Aquifer

During the period of September 4-6,1979, 21 wells
tapping the Clayton aquifer were measured to obtain
data for constructing a potentiometric map (pl. 1).
The closed contours on the Clayton potentiometic
surface in the Albany area define a pumpage cone
resulting from many years of heavy ground-water
withdrawal. Increased agricultural pumpage in the
northwest part of the study area has also depressed
the potentiometric surface of the Clayton there, and
has caused the pumpage cone at Albany to elongate
about 14 mi in that direction. The potentiometric
contour lines indicate that the primary direction of
ground-water flow in the Clayton aquifer is toward
the area of greatest withdrawal, which at present is
the city of Albany.

Tallahatta Aquifer

Water-level measurements were made in 14 wells
tapping the Tallahatta aquifer, concurrently with
measurements in the Clayton wells. From plate 1 it
can be seen that the potentiometric surface of the
Tallahatta aquifer is not depressed as deeply as that of
the Clayton; however, the broad areal extent of the
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pumpage cone reflects the stress placed on the
aquifer. The southwest elongation of the pumpage
cone probably is a function of the water-bearing
characteristics of the Tallahatta aquifer rather than of
stress. Additional hydrologic testing in the southwest
part of the report area could better define the pum-
page cone. The indicated direction of ground-water
flow in the Tallahatta aquifer is toward the city of
Albany.

Ocala Aquifer

A potentiometric map of the Ocala aquifer was
constructed from measurements made in November
1979 (fig. 19). The potentiometric contours indicate
that the aquifer receives recharge throughout much
of thereport area and discharges through springs and
into streams where erosion has removed the confin-
ing layer. Abundant local recharge has prevented the
development of widespread pumpage cones in the
Ocala potentiometric surface.

Long-Term Water-Level Declines

Records indicate that ground-water levels in the
Providence, Clayton, and Tallahatta aquifers have
been declining in the Albany area since 1898 and
probably before (McCallie, 1898, p. 180). During the
1800's, ground-water withdrawals were small and
natural recharge probably maintained a state of
water-level equilibrium in the aquifers. As ground-
water demand increased, recharge no longer kept
pace with withdrawals and ground water began to be
mined from aquifer storage, resulting in declining
water levels.

According to records maintained by drilling con-
tractors, wells tapping the Providence aquifer flowed
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during the early 1900’s. Heavy municipal and indus-
trial pumpage have lowered ground-water levels, and
wells in this aquifer no longer flow. Since 1940,
ground-water levels in the Providence aquifer have
declined as much as 100 ft in the Albany area (R.E.
Faye, oral commun., 1980).

Before 1940, artesian pressure in the Clayton
aquifer was sufficient to produce many flowing wells.
However, heavy municipal and agricultural pumpage
has lowered water levels in the Clayton aquifer, near
the center of pumpage at Albany, more than 135 ft
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and wells no longer flow. Figure 20 shows how
increased city pumpage since 1975 has resulted in a
declining trend in the water level in well 95-09 near
Albany. The water level in this well has declined about
25 ft since 1975.

Few single-aquifer wells penetrated the Tallahatta
prior to 1960 and historical water-level data are min-
imal. However, water levels in the Tallahatta aquifer
probably have declined significantly since 1940 in the
Albany area. Water levels in the Tallahatta aquifer at
well 177-07, about 10 mi north of Albany at Leesburg,
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Figure 20. Average daily pumpage from Albany supply wells, 1974-78, and average water-level
fluctuations in the Clayton aquifer at well 95-Q9 near Albany, 1970-78.

have declined about 15 ft since 1940. Therefore,
because ground-water withdrawals in Albany are sig-
nificantly larger than at Leesburg, it can be assumed
that water-level declines in the Tallahatta at Albany
have been greater.

Seasonal Fluctuations In
Ground-Water Levels

Ground-water levels in the study area fluctuate in
response to seasonal variations in precipitation, stream-
flow, evapotranspiration, and pumpage. Figure 8, 9,
and 10 compare precipitation data collected at the
Albany-Dougherty County airport with streamflow
recorded at the U.S. Geological Survey gage on the
Flint River at Albany and water levels in the Ocala
aquifer at wells 95-03, 4 mi southeast of Albany, and
95-22, near the Worth-Dougherty County line. Abund-
antwinter rainfall increases the potential for recharge
of the Ocala aquifer throughout the area. During the
winter months, when vegetation growth and solar
radiation are at a minimum, evapotranspiration is low
and the aquifer receives the maximum annual re-
charge. Accordingly, water levels in the Ocala aquifer
recover from the previous year’s minimum by early
spring. Although precipitation is generally heavy
from April through September, water lost to evapo-
transpiration is greatest during the growing season
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and the amount of water available for recharge is
reduced. Thus, reduced recharge and increased agri-
cultural pumpage during the spring and summer sea-
sons cause ground-water levels in the Ocala to
decline to a minimum by late fall.

Because the Clayton and Tallahatta aquifers are
recharged 20 to 40 mi north and northeast of the
Albany area, water levels in these aquifers are affected
primarily by changes in local pumpage. During
November through March, a 3.3 Mgal/d decrease in
municipal pumpage (fig. 17), and a substantial decrease
in agricultural pumpage during this period, results in
areduction in total ground-water withdrawal. Due to
this reduced pumpage, and a slight increase in
recharge, ground-water levels in the Clayton and Tal-
lahatta aquifers attain a maximum by late winter (figs.
21 and 22). During the spring and summer, increased
municipal and agricultural pumpage causes water
levels to decline to a minimum by late fall.

CONCLUSIONS AND SUGGESTIONS

Ground water in the Albany area is obtained from
four aquifers. From deepest to shallowest the aquifers
are: the Providence, the Clayton, the Tallahatta, and
the Ocala. Although ground water is available from
the underlying Cusseta, high drilling costs, low yields,
and excessive concentrations of chloride and dis-
solvedsolids make development of this unit undesirable.
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Providence Aquifer

Water from the Providence coquina and sand
aquifer is obtained at depths ranging from about 640
to 960 ft below land surface. The Providence dips to
the southeast at about 23 ft/mi and progressively
thickens in that direction.

The aquifer is confined from below by the clayey
Ripley Formation and from above by the silty upper
Providence-lower Clayton sequence. Water levels in
the Providence during 1978 averaged about 110 ft
below land surface near the center of pumpage in
Albany.
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Daily water-level fluctuations in the Tallahatta aquifer at well 95-05 at Albany, 1978.

Transmissivity estimates for the Providence aquifer
range from about 250 ft2/d in the southeast part of the
area to about 1,000 ft2/d updip in the northwest. In
the south and southeast, wells produce less than 25
gal/min; however, updip to the northwest, yields to
wells of about 500 gal/min have been reported.
Throughout the report area pumpage from the Provi-
dence generates large drawdowns due to the low
transmissivity of the aquifer, especially in the southeast.

The Providence yields a soft sodium bicarbonate
type water that contains no concentrations of constit-




uents that exceed the State standards (1977) for drink-
ing water.

Water from the Providence is used chiefly for
municipal supplies in the Albany area, where an aver-
age of 0.9 Mgal/d was withdrawn during 1978. With-
drawals from the aquifer have caused water levels to
decline about 100 ft since 1940.

Clavton Aquifer

Water is obtained from the limestone part of the
Clayton Formation at depths ranging from 550 to 840
ft below land surface. The limestone part of the Clay-
ton ranges in thickness from about 70 ft downdip to
the southeast to about 125 ft to the northwest.

The aquifer is confined from below by the silty
upper Providence-lower Clayton sequence and from
above by the clayey Tuscahoma Sand. Measurements
made during 1978 revealed that water levels in the
Clayton were the lowestin the Albany area, averaging
about 140 ft below land surface in well 95-06 at
Albany, near the center of pumpage.

At well 95-09, 3 mi east of Albany, the transmissiv-
ity of the Clayton aquifer is about 400 ft2/d and well
yields average about 250 gal/min. However, to the
northwest near Sasser, the transmissivity of the Clay-
ton aquifer is about 11,000 ft2/d and yields to wells of
about 2,000 gal/min have been reported. The pro-
gressive increase in transmissivity and yield to the
northwest is due largely to thickening of the aquifer
and a directional increase in hydraulic conductivity.

The Clayton aquifer produces a soft sodium bicar-
bonate water that is suitable for most uses and con-
tains no constituent concentrations that exceed State
standards (1977) for drinking water. The average
sodium concentration of 44 mg/L is uncharacteristi-
cally high for a carbonate aquifer and could result
from leakage of sodium bicarbonate water from the
Providence aquifer through anintervening confining
layer into the Clayton.

Brine-trace studiesindicate thatin the Albany area
about 1.1 Mgal/d is being artificially recharged to the
Clayton, through idle multiaquifer wells, from the
Providence and Tallahatta aquifers of higher head.

An average of about 7.8 Mgal/d was withdrawn
from the Clayton aquifer during 1978 for municipal,
industrial, and agricultural supplies in the Albany
area. Heavy withdrawals have resulted in a water-
level decline near the Albany pumping center of
about 135 ftsince 1940. Increased municipal pumpage
of about 3.0 Mgal/d since 1975 has lowered water
levels in the Clayton aquifer about 25 ft at well 95-09
near Albany. Accelerated agricultural use of the Clay-
ton to the west and northwest in parts of Dougherty,
Terrell, and Calhoun Counties has produced signifi-
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cant water-level declines in that area and could limit
the availability of water from this aquifer.

Tallahatta Aquifer

The Tallahatta aquifer underlies the report area at
depths of 125 to 350 ft below land surface. The aquifer
dips to the southeast at about 12 ft/mi and thickens in
that direction.

The Tallahatta is confined from below by the
clayey Tuscahoma Sand and from above by part of the
Lisbon Formation. Water levels during 1978 at well
95-05 in Albany averaged about 90 ft below land
surface.

Estimates of transmissivity range from 2,400 to
3,500 ft2/d and reported yields to wells range from
about 1,000 to 1,400 gal/min. However, withdrawal
rates greater than about 750 gal/min produce large
drawdowns,

Water from the Tallahatta is a hard calcium bicar-
bonate type and contains no concentrations of con-
stituents that exceed the Georgia Environmental Pro-
tection Division standards (1977) for safe drinking
water. The average dissolved calcium concentration
of 40 mg/L is uncharacteristically high for a predomi-
nantly sand aquifer and could result from vertical
leakage of water from the Ocala through the inter-
vening Lisbon Formation.

During 1978 an average of 7.8 Mgal/d was with-
drawn from the Tallahatta aquifer for agricultural,
municipal, and industrial supplies in the Albany area.
Long-term withdrawal in the Albany area has caused
water levels in the Tallahatta to decline, probably as
much as 40 ft near the center of pumpage.

Oicala Aquii

Water can be obtained from the Ocala aquifer
throughout the Dougherty Plain part of the report
area at depths ranging from about 40 to 70 ft below
land surface.

The Ocala aquifer is unconfined where stream
erosion has exposed the limestone and in areas of
sinkhole development. Elsewhere, the aquifer is
confined from below by the Lisbon Formation and
from above by 40 to 70 ft of residuum. Because of the
varying conditions of confinement, average water
levels in the Ocala during 1978 ranged areally from
about 2 ft above to 45 ft below land surface.

In areas near the Flint River where the Ocala is
cavernous, transmissivities exceed 100,000 ft2/d and
wells tapping the aquifer are reported to produce as
much as 2,000 gal/min with minimal drawdowns. In
other areas the transmissivities are as low as 2,000 ft2/d
and yields to wells may be as low as 500 gal/min.



Water from the Ocala generally is of good quality
and contains no concentrations of constituents that
exceed State drinking water standards; however, in
areas where the aquifer is poorly confined and in
direct contact with surface water, the quality could
rapidly change.

An average of 22.9 Mgal/d was withdrawn from
the Ocala aquifer in 1978 for industrial and agricultu-
ral supply in the Albany area. Because of abundant
local recharge, no long-term water-level declines
have been observed.

Suggestions

A supply of good quality ground water is presently
available in the report area. The following considera-
tions could help evaluate the effects of future ground-
water development in the area, prolong the produc-
tivity of the aquifers, and protect the quality of the
ground water.

1. Duetothelow productivity of the Providence
and Clayton aquifersin the east and southeast
parts of the report area, the development of
supply wells tapping only the Tallahatta aquifer
could produce yields comparable to multi-
aquifer wells and cut construction costs.

2. Toreducelocal drawdown, supply wells could
be spaced overalarger area. Testing indicates
that multiaquifer wells developed in the north-
west part of the report area produce good
yields with relatively small drawdowns.

3. Thedevelopmentpotential of the Ocala aqui-
fer could be considered in areas where the
aquiferis confined and is not in direct contact
with surface water. The high yield and normal
good quality of water from the Ocala make it
a viable water source in many areas.

4.  Because artesian pressure is lower in the
Providence aquifer than in the underlying
water-bearing units, wells that penetrate the
confining Ripley Formation should be sealed
subsequent to testing and sampling to prohibit
the upward movement of poor-quality water.
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