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Hydrology of the Claiborne Aquifer and Interconnection
With the Upper Floridan Aquifer in Southwest Georgia

By Debbie W. Gordon and Gerard Gonthier

Abstract

The U.S. Geological Survey conducted a study, in coop-
eration with the Georgia Environmental Protection Division,
to define the hydrologic properties of the Claiborne aquifer
and evaluate its connection with the Upper Floridan aquifer
in southwest Georgia. The effort involved collecting and
compiling hydrologic data from the aquifer in subarea 4 of
southwestern Georgia. Data collected for this study include
borehole geophysical logs in 7 wells, and two 72-hour aquifer
tests to determine aquifer properties.

The top of the Claiborne aquifer extends from an altitude
of about 200 feet above the North American Vertical Datum
of 1988 (NAVD 88) in Terrell County to 402 feet below
NAVD 88 in Decatur County, Georgia. The base of the aquifer
extends from an altitude of about 60 feet above NAVD 88 in
eastern Sumter County to about 750 feet below NAVD 88 in
Decatur County. Aquifer thickness ranges from about 70 feet
in eastern Early County to 400 feet in Decatur County.

The transmissivity of the Claiborne aquifer, determined
from two 72-hour aquifer tests, was estimated to be 1,500
and 700 feet squared per day in Mitchell and Early Counties,
respectively. The storage coefficient was estimated to be
0.0006 and 0.0004 for the same sites, respectively. Aquifer
test data from Mitchell County indicate a small amount of
leakage occurred during the test. Groundwater-flow models
suggest that the source of the leakage was the underlying
Clayton aquifer, which produced about 2.5 feet of drawdown
in response to pumping in the Claiborne aquifer. The vertical
hydraulic conductivity of the confining unit between the
Claiborne and Clayton aquifers was simulated to be about
0.02 foot per day.

Results from the 72-hour aquifer tests run for this study
indicated no interconnection between the Claiborne and
overlying Upper Floridan aquifers at the two test sites. Addi-
tional data are needed to monitor the effects that increased
withdrawals from the Claiborne aquifer may have on future
water resources.

Introduction

Southwestern Georgia is experiencing increased demand
on its limited freshwater resources. During July 2012, the
Georgia Environmental Protection Division (GaEPD) imple-
mented a moratorium on certain new permit applications for
groundwater withdrawals from the Upper Floridan aquifer
in subarea 4 (as reported in Torak and McDowell, 1996) of
southwestern Georgia and on permit applications for surface-
water pumping from the Spring Creek, Ichawaynochaway
Creek, and Muckalee Creek subbasins in the Flint River Basin
(fig. 1). The moratorium also applies to requests to modify
existing permits to increase withdrawals or increase the num-
ber of irrigated acres.

Aquifers that underlie the Upper Floridan—including the
Claiborne, Clayton, and Cretaceous aquifers—may be viable
alternative sources of water. Fewer wells have been completed
in these aquifers than in the shallower Upper Floridan aquifer,
and there is less information about their depths or their thick-
nesses, water quality, and water-bearing characteristics. Since
2012, numerous wells have been constructed in the Claiborne
aquifer. The U.S. Geological Survey (USGS) conducted
a study, in cooperation with the GaEPD, to examine new
information that these new Claiborne wells provide about the
hydrogeology of the Claiborne aquifer and its interconnection
with the overlying Upper Floridan aquifer. This information
will add to ongoing efforts to provide a regional characteriza-
tion of the geology and hydrology of the southeastern United
States. In addition, the data collected will be used by the
GaEPD to update groundwater-flow models to manage the
water resources in southwestern Georgia. Lastly, results from
this study will be useful for water users as they plan for future
water demand.

Purpose and Scope

This report documents the hydrologic properties of the
Claiborne aquifer and the aquifer’s interconnection with the
Upper Floridan aquifer at two aquifer-test sites. Hydrogeologic
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data were compiled and collected for the Claiborne aquifer
during 2015-16.

This report presents data compiled from an existing
USGS database and GaEPD files for wells in the aquifers that
underlie the Upper Floridan aquifer, data collected from exist-
ing and recently constructed wells in the Claiborne aquifer,
and from wells constructed for this project at two sites in
the study area. The existing USGS data are available in the
USGS National Water Information System database (NWIS;
U.S. Geological Survey, 2016). The data compiled from
GaEPD are available in the GaEPD Agricultural Unit permit-
ting files (Edward Rooks, Georgia Environmental Protec-
tion Division, written commun., 2015, 2016). All of the new
data collected during this study are available in Gordon and
Gonthier (2017), including water-quality data collected from
six wells; however, the water-quality data are not discussed
in this report. Data described herein were obtained from the
following activities:

e Borehole geophysical logs were collected and analyzed
in six recently constructed and permitted Claiborne-
aquifer irrigation wells.

e Wells were installed at two sites so that each site had
a Claiborne-aquifer production and monitoring well
and an Upper Floridan aquifer monitoring well.

e A 72-hour aquifer test was performed at each of the
two newly constructed well sites, and the data were
analyzed to determine the hydrologic properties of
the Claiborne aquifer and potential interconnection
between the Upper Floridan and Claiborne aquifers.

Previous Studies

Several studies in southwestern Georgia have char-
acterized the hydrogeology of the Clayton, Claiborne, and
Cretaceous aquifers. Hicks and others (1981) evaluated the
development potential of groundwater resources in the Albany,
Georgia, area and reported transmissivity values that ranged
from 2,400 to 3,500 feet squared per day (ft*/d), estimated
from Tallahatta (Claiborne) aquifer specific capacity data.
The study concluded that concentrations of calcium as high
as 40 milligrams per liter (mg/L) could result from vertical
leakage of water from the Upper Floridan aquifer through the
Lisbon confining unit and into the Claiborne aquifer.

McFadden and Perriello (1983) compiled existing
Clayton and Claiborne well data from State and Federal
agencies, municipal governments, well drillers, consulting
engineers, farmers, industries, and domestic-well owners.
The data were used to construct potentiometric-surface maps
of the Clayton and Claiborne aquifers for December 1979,
October—November 1981, and March 1982. A network of over
100 observation wells was established for the study to moni-
tor water levels. Wells were constructed for the study to test
the aquifers for hydrologic properties such as transmissivity,
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storage coefficient, and specific capacity. Transmissivity
values between 2,800 and 6,000 ft>/d were reported for the
Claiborne aquifer in the Albany area. The study concluded
that declines in the potentiometric surface observed in the
Clayton aquifer around Albany, Ga., since the 1950s would
likely continue, because withdrawals from the Clayton aquifer
exceeded recharge. The study also indicated that the Claiborne
aquifer could sustain the amount of withdrawals occurring at
that time, but that large withdrawals within a small area could
cause large potentiometric declines.

Clarke and others (1984) described the hydrogeology
of the Clayton aquifer in southwestern Georgia and evalu-
ated the effects of water use on the groundwater system. They
presented potentiometric-surface maps of the Clayton aquifer
for 1954 and 1981, in addition to hydrogeologic sections,
structure-contour maps, and thickness maps of the Clayton
aquifer. Long (1989) presented an update of the available
hydrologic data for the Clayton and Claiborne aquifers in
southwestern Georgia. Hydrologic conditions and trends
between 1981 and 1987 are described in the report.

Faye and Mayer (1997) described groundwater flow
systems in five aquifers in the southeastern Coastal Plain of
Georgia, including the Claiborne aquifer (which they refer to
as the Tallahatta aquifer). They simulated substantial water-
level declines for the Tallahatta-Gordon and Providence Sand-
Peedee aquifers in the Albany area.

Kuniansky and Bellino (2012) compiled aquifer-test
data for the entire Floridan aquifer system, which includes
the Claiborne aquifer in southwestern Georgia. According to
Williams and Kuniansky (2015, fig. 8), the Claiborne aquifer
transitions into the Lower Floridan aquifer beneath the Gulf
Trough. Williams and Kuniansky (2015) presented a revised
hydrogeologic framework of the Floridan aquifer system.
Their report includes hydrogeologic cross sections that extend
through southwestern Georgia.

Description of Study Area

The study area is located in the Coastal Plain Physiographic
Province in southwestern Georgia (fig. 1). The study area
includes all or parts of the following southwestern Georgia
counties in the lower Flint and Chattahoochee River Basins
in a region known as subarea 4: Baker, Calhoun, Colquitt,
Crisp, Decatur, Dooly, Dougherty, Early, Grady, Lee,

Miller, Mitchell, Seminole, Sumter, Terrell, Turner and
Worth. The study area also includes all or parts of Calhoun,
Chattahoochee, Clay, Early, Marion, Randolph, Schley,
Stewart, Sumter, Terrell and Webster Counties in the Spring
Creek, Ichawaynochaway Creek, and Muckalee Creek sub-
basins in the Flint River Basin (Hollis, 2013).

The Fall Line Hills and Dougherty Plain compose the
Coastal Plain in the study area. The Fall Line Hills, in the
northern part of the study area, includes the updip limit (and
recharge zone) of many of the major aquifers in the area. The
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Dougherty Plain is a flat to gently rolling karstic region, which
includes internal drainage and limestone dissolution features.

The major stratigraphic units in the study area consist
of Upper Cretaceous to Holocene sediments composed of
sand, limestone, clay, and shale (fig. 2). The sediments dip
and thicken to the southeast and were deposited on older
metamorphic, igneous, and sedimentary rocks. The units, in
ascending order, include the Providence Sand, the Midway
Group (Clayton Formation and the Porters Creek Formation),
the Wilcox Group (the Baker Hill Formation, Tuscahoma
Formation, Hatchetigbee Formation), the Claiborne Group
(the Tallahatta Formation and the Lisbon Formation), the
Clinchfield Sand, the Ocala Limestone, and undifferentiated
overburden (Clarke and others, 1984; Hicks and others, 1987).

The hydrogeologic units in the study area, in descending
order, are the surficial aquifer system, the upper semi-
confining unit (where present), the Upper Floridan aquifer,
the Lisbon confining unit, the Claiborne aquifer (classified
as part of the Lower Floridan aquifer in Williams and Dixon,
2015), the Wilcox confining unit, the Clayton aquifer, and the
Providence aquifer.

In east-central Georgia, the Claiborne and Gordon
aquifers, which are part of the regional Pearl River aquifer
of the Southeastern Coastal Plain aquifer system (Renken,
1996), grade laterally into the lower part of the Floridan
aquifer system. In Georgia, the base is identified as the Wilcox
confining zone, which separates the overlying Lower Floridan
and Claiborne aquifers from the underlying Clayton aquifer
(Clarke and others, 1984).

Well Numbering System

Wells in Georgia are identified using a numbering system
that is based on USGS topographic maps. In Georgia, each
7.5-minute topographic quadrangle map has been given a
number and letter designation beginning at the southwestern
corner of the State. Numbers increase eastward through 39,
and letters increase alphabetically northward through “Z” and
then become double-letter designations “AA” through “PP.”
The letters “I,” “0,” “I,” and “O0” are not used. Wells inven-
toried in each quadrangle are numbered sequentially beginning
with “001.” Thus, the 403rd well inventoried in the Albany
West quadrangle (map 12L) is designated 121.403.

Permitted oil and gas wells were denoted with a “GGS”
prefix, followed by the number assigned by the Georgia
Geologic Survey (GGS3114, for example). A few oil and
gas test wells in Georgia that do not have an assigned GGS
number were denoted with a “DP” prefix followed by the
Georgia Environmental Protection Division permit number.

Hydrologic Conditions 2015-16

Camilla and Arlington, Ga., both receive about 51 inches
(in.) of rainfall during a typical year (University of Georgia
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College of Environmental Sciences, n.d.). During 2015, normal. During the data collection phase of this study, the area
Camilla received about 54 in. of rainfall and Arlington continued to experience normal to above-normal rainfall.
received about 56 in. Rainfall was also above average during A hydrograph for well 12K014 in Baker County shows
the last quarter of 2015. From October 1 to December 31, that water levels in the Upper Floridan aquifer were near the
2015, about 12 in. of rain fell in Camilla, which was about daily median (normal conditions) from June to November
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County shows that water levels in the Claiborne aquifer were
below normal from June to November 2015 and above normal
from December 2015 to May 2016 (fig. 3B). Increases in water
levels in the two aquifers reflect recharge from rainfall during
fall 2015, but also reflect the end of the irrigation pumping
season in southwestern Georgia.

Methods of Investigation

For this investigation, data were compiled from existing
sources, new wells were constructed, borehole geophysical
logs were collected, and aquifer tests were performed and
analyzed. Many different methods were used to compile,
collect, and analyze the data.

Compilation of Existing Data

Existing data were compiled from NWIS and GaEPD
Agricultural Unit permitting files. The NWIS database
(U.S. Geological Survey, 2016) contains numerous well
records from previous studies. Data compiled from NWIS
include geologic logs, borehole geophysical logs, and hydro-
geologic properties. The GaEPD provided well permit records
that contain information about well construction, driller’s logs,
and pumping and drawdown data. The GaEPD well permit
records are from recent permits for irrigation wells utilizing
the Claiborne aquifer (Edward Rooks, Georgia Environmental
Protection Division, written commun., 2015, 2016). The
GaEPD also provided geophysical logs and the core from well
10J011 installed in Elmodel, Ga.

Borehole Geophysical Logging

The USGS collected borehole geophysical logs in seven
wells in the study area (table 1). The wells included five newly
permitted irrigation wells and two wells constructed for this
project. The borehole geophysical logs include caliper, single-
point resistance, spontaneous potential, long and short normal
resistivity, lateral resistivity, fluid temperature, fluid resistivity,
and natural gamma. These borehole geophysical data, along
with borehole geophysical data from NWIS and the GaEPD,
were used to better define the tops and bases of the Upper
Floridan and Claiborne aquifers and develop cross sections
through the study area.

New Well Construction

Wells were constructed by USGS drillers using mud and
air-rotary techniques at two sites in the study area, such that
each site would have a Claiborne aquifer production well, a
Claiborne aquifer monitoring well, and an Upper Floridan
aquifer monitoring well. The sites are located at the University
of Georgia Stripling Irrigation Research Park (Stripling site;

fig. 1) in Mitchell County and at a private farm in Early
County (Newberry site; fig. 1). Data collected at the new well
construction sites were entered into NWIS.

The Stripling site had an existing, 8-in.-diameter,
Claiborne-aquifer production well (11J029), so a 2.5-in.-
diameter Claiborne-aquifer well (11J025) and 2.5-in.-diameter
Upper Floridan aquifer monitoring well (11J030) were
installed 36.3 and 17.8 feet (ft) to the southeast, respectively.
The construction of the Claiborne aquifer monitoring well
is similar to that of the production well, with a total depth of
700 ft, 560 ft of casing, and screened intervals from 460 to
540, 600 to 620, 640 to 660, and 680 to 700 ft below land
surface (table 1).

The Newberry site (fig. 1) had an existing 4-in.-diameter
Upper Floridan aquifer well (08K001), so an 8-in.-diameter
production well (08K026) and a 2.3-in.-diameter monitoring
well (08K025) were installed in the Claiborne-aquifer for this
study. The existing Upper Floridan aquifer monitoring well is
125 ft deep, with blank casing from 0 to 61 ft and open hole
from 61 to 125 ft below land surface. The Claiborne-aquifer
production well is 295 ft deep, with blank casing from 0 to
215 ft, and screened casing from 215 to 295 ft below land
surface. The Claiborne-aquifer monitoring well is 290 ft deep,
with blank casing from 0 to 220 ft and screened casing from
220 to 280 ft below land surface (table 1).

Cuttings were collected at 10-ft intervals during the
drilling process and described by a USGS geologist. The
cutting descriptions were used with the borehole geophysical
logs to determine the depth of the top and base of the aquifers
and confining units, and aid in well construction.

Aquifer Test Design and Analysis

Two 72-hour aquifer tests were performed during this
study, one at the Stripling site and the other at the Newberry
site. Each test utilized a Claiborne aquifer pumping well and
Claiborne and Upper Floridan aquifer monitoring wells, as
shown in figure 4.

Water-Level Measurements

Continuous and intermittent groundwater-level measure-
ments were made at aquifer test wells during the study in
accordance with USGS standard procedures (Stallman, 1971;
Cunningham and Schalk, 2011). Water-level data collected for
the aquifer tests are available in Gordon and Gonthier, (2017),
and the data used to interpret the aquifer tests were entered
into NWIS.

Manual, intermittent water-level measurements were made
for calibration or backup of groundwater-level recorder mea-
surements (continuous records) in monitoring wells. Manual
measurements were made to the nearest 0.01 ft using an electric
tape following procedures described in Cunningham and
Schalk (2011). Nearby existing wells already instrumented with
continuous water-level recorders as part of the USGS statewide



Table 1.

Well construction data for selected wells in the study area, southwestern Georgia.
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[USGS, U.S. Geological Survey. Aquifer test well: MW, aquifer test monitor or observation well; PW, aquifer test pumped well; —, not aquifer test well. ft, foot;
NAVD 88, North American Vertical Datum of 1988. Open interval type: SCR, screen; OH, open hole. n.d., no data]

: : Land- Well _ V\_Iell open :
USGS  Aquifer Aquifer  surface Casing interval Open . Geophysical
well test County Aquifer  thickness altitude (::t::l depth  (ftbelow interval [()I':;‘:;r logs
identifier  well (ft) (ft above (f':) (ft) land typ collected
NAVD 88) surface)
05H007 — Early Claiborne 272 160 455 185 n.d. SCR 8 No
06G018 — Seminole  Claiborne 268 140 700 400 400700 SCR 6 Yes
07F014 — Seminole  Claiborne 320 115 720 400 n.d. SCR 10 No
08F515 — Decatur Claiborne 400 110 800 380 n.d. SCR 12 No
08HO16 — Miller Claiborne 170 155 740 300 n.d. SCR 6 Yes
08K001 MW  Early Upper Floridan 80 224 125 61 61-125 OH 4 No
08K 025 MW  Early Claiborne 70 230 290 220 220-290 SCR 2.3 Yes
08K026 PW Early Claiborne 70 224 310 215 215-295 SCR 8 No
09G020 — Decatur Claiborne 185 135 780 500 n.d. SCR 10 Yes
10J011 — Baker Clayton 147 158 805 660 n.d. SCR 6 Yes
11HO16 — Mitchell Claiborne 256 161 800 520 n.d. SCR 10 Yes
11J011 MW  Mitchell Claiborne nd 165 417 398 n.d. SCR 4 No
11J023 — Baker Claiborne 156 168 560 340 n.d. SCR Yes
11J025 MW Mitchell Claiborne 260 161 710 460 460-540 SCR 6 No
600—620 No
640—-660 No
680700 No
11J029 PW Mitchell Claiborne 260 162 700 460 460-540 SCR 8 Yes
600-620 No
640—660 No
680700 No
11J030 MW  Mitchell ~ Upper Floridan 105 161 236 60 60-236 OH 2.5 No
11P001 — Lee Claiborne 75 330 180 105 n.d. SCR 4 No
121403 — Dougherty Claiborne 214 180 452 227 n.d. SCR 12 Yes
13L016 — Dougherty Claiborne 260 207 560 300 n.d. SCR No
13L017 — Dougherty Claiborne 260 204 550 290 n.d. SCR 4 No
13L021 — Dougherty Claiborne 309 203 560 300 300-470,  SCR 12 Yes
520-550
131022 — Dougherty Claiborne 260 206 550 290 290-460,  SCR 12 Yes
510-540
13L027 — Dougherty Claiborne/ nd 201 942 300 n.d. SCR 4 No
Clayton
14NO16 — Worth Claiborne 216 264.5 460.75 210 n.d. SCR No
14Q209 — Sumpter Claiborne 100 340 280 180 n.d. SCR 16 Yes
15L035 — Worth Upper Floridan 250 410 430 180 n.d. OH 4 No
15N008 — Worth Claiborne 74 270 334 260 n.d. SCR 6.5 Yes
16M057 — Turner Claiborne 142 360 612 470 n.d. SCR 10 No




8 Hydrology of the Claiborne Aquifer and Interconnection With the Upper Floridan Aquifer in Southwest Georgia

A. Well construction
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groundwater-level monitoring network were used where avail-
able. Additional monitoring wells also were equipped with
continuous recorders to obtain background water levels before
and after aquifer testing. Continuous water levels were recorded
once every hour during non-pumping (background) conditions
and as frequently as once every 5 seconds during the start and
stop of pumping during the tests. Water-level recorders were
submerged, vented pressure transducers. Pertinent details about
the test designs are provided below within each aquifer-test
section.

Measurement of Pumping Rate

The pumping rate or flow rate (discharge) for aquifer
tests were reported in gallons per minute. At the Stripling site,
discharge was measured using a factory-calibrated Seametric
AG200-600 meter. The discharge for the aquifer test at the
Newberry site was measured using a weir containing a 3-in.-
diameter orifice on a 4-in. pipe and a manometer, as described
by Cunningham and Schalk (2011). Measurements were
collected through the duration of the pumping phase of both
tests to ensure nearly constant pumping rates. Discharge was
assumed to be zero once the pump was shut off.

Drawdown Estimation

Drawdown is defined as the water-level change in a well
in response to pumping from the groundwater system. The
change in water level after the end of the pumping phase of
the test is commonly referred to as residual drawdown (Ferris
and others, 1962). A drawdown time series is the drawdown
as a function of time after the start of pumping (¢) and time
after the end of pumping (¢’). Estimating drawdown involves
quantifying the water-level change resulting from both pump-
ing and non-pumping influences, and removing the water-level
change attributed to non-pumping influences. Details about
drawdown estimation are discussed within the Stripling and
Newberry aquifer-test sections of this report.

Analytical Methods

Analytical solutions provided preliminary assessments
of hydraulic properties using assumptions of a relatively
simple hydrogeologic setting and provided insight into what
factors might be affecting drawdown. The Theis (1935) and
Cooper-Jacob (1946) methods are based on the same analyti-
cal solution for the radial coordinate system partial differential
equation for flow to a well in a confined aquifer and both
assume the following:

e The aquifer has an infinite extent and uniform thick-
ness, and is horizontal, homogenous, and isotropic.

e The aquifer is fully confined.

Methods of Investigation 9

e Discharge is fully derived from storage within the
aquifer.

e The initial potentiometric surface is horizontal.

e The well fully penetrates the confined aquifer, resulting
in horizontal, laminar flow to the pumping well.

e The pumping well is infinitesimally small in diameter,
thus has no wellbore storage.

o Well discharge occurs at a constant rate.

Under these assumed conditions, drawdown with distance
from the pumped well and time is defined using the Theis
(1935) equation:

sr,=£W(u)s e))
T 4xT
where
s is the drawdown or water-level change in
response to a constant pumping rate, in
feet;
r is the distance from the center of the pumping
well, in feet;
t is time since the start of constant pumping, in
days;
0 is the discharge or pumping rate, in cubic feet
per day;
T is the transmissivity of the aquifer, in square
feet per day; and
W(u) s called the Theis function where:
r’S
u=—=
4Tt , and
S is the storage coefficient of the aquifer,
dimensionless.

Cooper and Jacob (1946) found that with a large enough or
ratio, drawdown on a semi-log plot (drawdown on the y-axis,
log[time] on the x-axis) is approximately linear, and the Theis
equation can be approximated by a simplified equation:

sziln( 47} j, 2)
4T e'r'S

where
e is the natural log number 2.718281828, and
7 is Euler’s constant 0.5772156649.

From equation 2:

AT, _2.24584T1, .. o

2 = 2
e’r r

i)

S 3)

n
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where
Ly is the time after the start of pumping when an
extension of the straight line of drawdown
on a semi-log plot is zero, in days;
N is the drawdown at time %, in feet;
S, is the drawdown at time % , in feet; and
t t, are times after the start of pumping, with 7,

greater than time %,

Storage coefficient estimates in single-well tests are
not reliable (Halford and Kuniansky, 2002; Halford and others,
2006). A Microsoft Excel spreadsheet produced by Halford
and Kuniansky (2002) uses the Cooper-Jacob method to deter-
mine the transmissivity. Because storage coefficient estimates
are not reliable for single-well tests, the spreadsheet does not
calculate the storage coefficient. Where some monitoring wells
extend a distance away from the center of pumping, data from
the spreadsheet were used to estimate the storage coefficient.

Papadopulos and Cooper (1946) published type curves
(used to determine drawdown as a function of time) following
some of the same assumptions for a confined aquifer as the
Theis and Cooper-Jacob methods. Unlike the Theis and
Cooper-Jacob methods, however, the Papadopulos-Cooper
type-curve methods consider the effects of wellbore storage,
which is not assumed to be negligible. The Papadopulos-
Cooper method is useful for determining when the well bore
storage effects likely occur during an aquifer test.

Walton (1962) and Hantush (1960) published type-curve
methods that are modifications of the Theis and Cooper-Jacob
methods. Some of the same assumptions made in the Theis
and Cooper-Jacob methods are followed, but the aquifer is not
assumed to be fully confined and leakage is assumed to occur
between the pumped aquifer and an aquifer above or below it.
Walton (1962) assumed that changes in storage in the semi-
confining unit are negligible, and Hantush (1960) assumed that
changes in storage in the semi-confining unit are appreciable
(Kruseman and de Ridder, 1990). These methods are useful
for determining whether a certain type of leakage is occurring
during an aquifer test.

Theis concepts and temporal superposition (Ferris and
others, 1962; Reilly and others, 1984) can be used to simulate
the effects of multiple pumping events. These concepts can be
used to estimate drawdown response to an aquifer test and to
estimate the hydraulic properties of the aquifer being tested.

A Microsoft Excel macro that uses Theis concepts
and temporal superposition was used at the Newberry site
to simulate the effects of multiple pumping events through
time (SUMTheis function; Keith J. Halford, U.S. Geological
Survey, written commun., 2010).

Drawdown time series were inspected on log-log plots
and semi-log plots with drawdown on the y-axis and log(time)
on the x-axis. As described earlier, analytical methods use key
patterns (type curves) on log-log and semi-log plots. In order
to compare minor but important differences between observed
and type-curve drawdown, the semi-log slope of drawdown
(m) is also plotted against log(time) on semi-log plots. The

semi-log slope of drawdown is the change in drawdown
divided by a change in log(time), in feet per log(day):

m = B28) )
lo L
{2

Axisymmetric Modelling

Aquifer-test data at the Stripling site were analyzed by
simulating drawdown response to pumping using an axisym-
metric, groundwater-flow model. An axisymmetric-flow
model uses a two-dimensional rectangular grid that is radially
fanned out into a cylinder with the pumped well at its center.
The model’s two dimensions are depth and distance from the
center of pumping. Depth is represented by rows and hori-
zontal distance from pumping is represented by columns. The
depth and distance make up the one traditional model layer.
Hydraulic properties vary as a function of depth, represented
by the model rows. Values of hydraulic properties (horizontal
hydraulic conductivity, K vertical hydraulic conductivity,
K, and specific storage) are multiplied by 2nr, where r is
the distance between the centroid of the cell representing the
pumping well and the center of the cell representing the right
edge of the rectangular grid. Multiplying the hydraulic proper-
ties by 2nr radially fans the two-dimensional rectangle of the
model out 360 degrees to form the cylinder. Full descriptions
of the derivation of two-dimensional radial models using
a single layer or multiple layers are provided in Rutledge
(1991), Reilly and Harbaugh (1993), Clemo (2002), Langevin
(2008), and Halford (2009).

Model Calibration

The match between simulated and observed drawdown is
determined either by curve fitting on charts or by an objective
function. Matches were objectively quantified using the root
mean square of the difference between simulated and observed
drawdown (RMS):

(6)
where
RMS is the root mean square of the difference

between simulated and observed

~ drawdown, in feet;

S; is the simulated drawdown of the ith time, in
feet;

S; is the observed drawdown of the ith time, in
feet; and

n is the number of observations being

compared.
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Observations are distributed through time. The smaller the
RMS value, the better the fit between simulated and observed
drawdown. To compare wellness-of-fit between wells, the
RMS for each well was normalized (divided) by the well’s
maximum drawdown (MaxDD) in response to the aquifer

test. In the case that the simulation is trying to fit two wells
simultaneously, the MaxDD for both wells is incorporated into
equation 6 as follows:

&)

n _ 2 = 2
(Sl,i _sl,i) Z(SZJ - S2,j)
1

i=1 Jj=

MaxDD;} MaxDD;
RMS'= » (D
n, +n,
where
Sy is the simulated drawdown of the ith time of
the first well, in feet;
S is the observed drawdown of the ith time of
the first well, in feet;
MaxDD, is the maximum drawdown of the first well, in
_ response to the aquifer test, in feet;
52j s the simulated drawdown of the jth time of
the second well, in feet;
52j s the observed drawdown of the jth time of
the second well, in feet;
MaxDD, is the maximum drawdown of the second
well, in response to the aquifer test, in feet;
n is the number of observations of the first well;
and
n, is the number of observations of the second
well.

MaxDD is the drawdown observed at the end of the aquifer
test. The prime for RMS"' denotes that MaxDD for two wells
is incorporated into the RMS equation. The RMS values of
the difference between simulated and observed drawdown for
different model input values of hydraulic parameters are avail-
able in Gordon and Gonthier (2017).

Hydrogeology

The hydrogeology of the study area was refined based
on new information collected during this study. Borehole
geophysical logs and geologic logs from cuttings descriptions
were used to define the tops and bases of the aquifers and
confining units at these new well sites. Geophysical logs of
natural gamma and resistivity were especially useful in deter-
mining the tops, bases, and water-bearing zones within the
hydrogeologic units. The clay within the confining units typi-
cally has high values of natural gamma radiation, whereas the
limestone within the Upper Floridan aquifer and parts of the
Claiborne aquifer has very low values of natural gamma radia-
tion. Water-bearing zones within the aquifers have relatively

high resistivity values. Final well construction was based on
the data provided by the geophysical logs and geologic logs.

The top of the Upper Floridan aquifer is marked at the
contact between clay, sand, and gravel with a high natural
gamma signature and limestone with a much lower natural
gamma signature. The base of the Upper Floridan aquifer is
marked by the contact between hard, tan limestone and gray or
green soft limestone and clay with a higher gamma signature.
The top of the Claiborne aquifer is marked by sand and (or)
limestone having a low gamma signature. The composition
of the Claiborne aquifer typically alternates between lime-
stone, silty sand, and clay; therefore, not all of the aquifer is
water-bearing. The water-bearing zones typically correspond
to layers with high sand and (or) limestone content. These
zones typically have higher values of resistivity than less
water-bearing clays and silts. For example, wells 11J025 and
08K 025 are screened through water-bearing zones having
relatively high resistivity within the Claiborne aquifer (figs. 5
and 6). The contact between the Claiborne aquifer and the
Wilcox confining unit typically is marked by the presence of
gray, silty clay that has a high natural gamma signature and
low resistivity.

Two cross sections show the thickness and extent of the
hydrogeologic units from land surface through the Claiborne
aquifer (fig. 7; see fig. 1 for section locations). Section 4—4'
extends from well 08K 025 in eastern Early County southeast
to well 11J025 in Mitchell County. Section B—B' extends from
well 06G018 in Seminole County northeast to well 14N016
in northern Worth County. The Upper Floridan and Claiborne
aquifers thicken and deepen toward the east and south.

Maps of the top and base of the Claiborne aquifer were
created to show its extent within the study area. The top of the
Claiborne aquifer extends from an altitude of about 200 ft in
Terrell County to about -402 ft in Decatur County (fig. 84).
The base of the Claiborne aquifer extends from an altitude
of about 60 ft in eastern Sumter County to below -750 ft in
Decatur County (fig. 8B). The thickness of the Claiborne
aquifer in the study area (table 1) ranges from 70 ft in wells
08K 025 and 08K026 in eastern Early County to 400 ft in
Decatur County (fig. 9).

Claiborne Aquifer Hydrology and
Interconnection With the Upper
Floridan Aquifer

The hydrologic properties of the Claiborne aquifer pre-
sented in this report were compiled from the USGS Ground-
water Site Inventory (GWSI) database, GaEPD files, previous
reports, and calculated from data collected during two aquifer
tests. The hydrologic data include transmissivity, hydraulic
conductivity, and storage coefficient values. Transmissivity
values calculated from aquifer test data were used where
available and estimated from reported specific capacity values
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hydraulic conductivity assigned to layers of the axisymmetric model, 72-hour aquifer test, Stripling research site, near Camilla, Georgia,
December 15-18, 2015.
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Figure 6. Hydrogeologic units, borehole geophysical logs in Claiborne aquifer monitoring well 08K025, and values of horizontal
hydraulic conductivity assigned to layers of the axisymmetric model, 72-hour aquifer test, Newberry site, northeast Early County,

southeast of Arlington, Georgia, March 14-17, 2016.

where aquifer-test data were not available. Several sets of
aquifer-test data are available in NWIS (U.S. Geological
Survey, 2016) and in previously published reports, and two
sets of data were collected as part of this study and are avail-
able in Gordon and Gonthier (2017). Data from the two new
aquifer tests conducted at the Stripling and Newberry sites
provide additional information about hydrologic properties of
the Claiborne aquifer and were used to evaluate the intercon-
nection between the Claiborne and Upper Floridan aquifers.

Stripling Aquifer Test

To determine the hydraulic properties of the Claiborne
aquifer and adjacent confining units, Claiborne aquifer well
11J029 was pumped at an average rate of 579 gallons per
minute (gal/min) beginning at 9:00:20 a.m. on December
15, 2015, and continued for 72 hours and 10 seconds until
9:00:30 a.m. on December 18, 2015. Water levels in well

11J029 and three observation wells (11J030, 11J025, and
11J011) were monitored during the aquifer test. Well 11J030
is open (not screened) from 60 to 236 ft below land surface
within the Upper Floridan aquifer and is located about 18 ft
from the pumped well (fig. 4). Wells 11J025 and 11J029 are
screened through the Claiborne aquifer, each having four
screens that extended from 460 to 540, 600 to 620, 640 to
660, and 680 to 700 ft below land surface (fig. 5). Well 11J025
(fig. 4) is located 36 ft from the pumped well. Well 11J011 is
a Claiborne-aquifer monitoring well located about 2-1/4 miles
(mi) northwest of the Stripling site, near Newton, Ga., and is
part of the USGS existing statewide network of groundwater-
level recorders (fig. 1). Well construction information for all
wells used during the Stripling aquifer test is listed in table 2.
Observed drawdown of Claiborne aquifer monitoring
well 11J025 was compared to analytical type curves to gain
insight about how the aquifer responds to pumping. Data that
deviate from the type curves indicate that the aquifer does not
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Figure 9. Thickness of the Claiborne aquifer in southwest Georgia.
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Table 2. Well information for wells used to monitor the 72-hour aquifer test, Stripling site, northwest of Camilla, Georgia,

December 15-18, 2015.

[NAVD 88, North American Vertical Datum of 1988; —, not pumped]

Well information Well 11J029 Well 11J030 Well 11J025 Well 11J011

Land-surface altitude, in feet above NAVD 88 162 161 161 163
Distance from pumping well, in feet 0.33 17.8 36.3 11,780
Well pumped for test? Yes No No No
Top of screen (or open hole), in feet below land surface 1460 60 (open hole) 460 397
Bottom of screen (or open hole), in feet below land surface 700 236 700 417
Aquifer Claiborne Upper Floridan Claiborne Claiborne
Pumping rate (Q, in gallons per minute) 579 — — —
Static water level above NAVD 88, in feet 118.7 118.22 118.71 120.11
Water-level change after 72-hours pumping (from all 166 0.07 47.9 0.04

influences), in feet
Water level after 72-hours pumping in feet below land 284.7 118.29 166.61 120.15

surface, in feet

!Although the screen top is 460 feet below land surface, the outer casing extends to 490 feet below land surface.

meet all of the assumptions of a particular method. Hydraulic
properties of the Claiborne aquifer and adjacent confining
units were estimated with an axisymmetric, groundwater-flow
model using MODFLOW-2005 (Harbaugh, 2005) to simulate
water-level change and by comparing the drawdown curves
of Claiborne aquifer monitoring well 11J025 to analytical
solutions (Theis, 1935; Cooper and Jacob, 1946; Walton,
1962; and Papadopulos and Cooper, 1967).

Water-Level Data

Continuous and intermittent groundwater-level mea-
surements were made at three of the four aquifer-test wells.
Manual, intermittent water-level measurements were made for
calibration of groundwater-level recorder readings in monitor-
ing wells 11J025 and 11J030. A continuous water-level record
was collected in wells 11J025 and 11J030 from November
18 through December 9, 2015, and from about 1 minute prior
to the start of the aquifer test on December 15, 2015, until
December 21, 2015. A continuous water-level record was
collected in wells 11J025 and 11J030 once every hour, except
within 24 hours after the beginning and end of the pumping
phase of the test when water levels were collected once every
minute. Water levels in Claiborne aquifer pumped well 11J029
at the Stripling site were read to the nearest 0.1 ft beginning
just before pumping started until about 6 hours after pumping
stopped. A continuous water-level record was collected hourly
from statewide network well 11J011 and was complete from
at least November 1, 2015, to February 1, 2016; these data
are available in NWIS. The data used to estimate hydraulic
properties of the Claiborne aquifer and its confining units are
available in Gordon and Gonthier (2017).

Water-Level Response to Pumping and
Drawdown

Static hydraulic head (namely, the water level inside
a tightly-cased well prior to pumping) in the Claiborne and
the Upper Floridan aquifers is similar. Prior to pumping on
December 15, 2015, the altitude of the hydraulic head in
well 11J029 was 118.7 ft and in well 11J030 the head was
118.22 ft. This small difference in water level indicates a slight
hydraulic-head gradient upward from the Claiborne aquifer
toward the Upper Floridan aquifer (fig. 4). Pumping from the
Claiborne aquifer reverses the hydraulic head gradient at the
pumping well, potentially causing leakance from the Upper
Floridan into the Claiborne aquifer. A water-level decline in
the Upper Floridan aquifer during Claiborne aquifer pump-
ing would indicate leakance from the Upper Floridan into the
Claiborne aquifer.

Drawdown response to pumping in the Claiborne aquifer
wells (11J029 and 11J025) at the Stripling site were much
greater than nonpumping influences in the aquifer (fig. 10).
Drawdown in these two wells at a given time was calculated
as the measured static water-level altitude in Claiborne aquifer
monitoring well 11J025 just prior to the start of the aquifer
pumping minus the water-level altitude. Drawdown of Upper
Floridan aquifer monitoring well 11J030 and distant Claiborne
aquifer network well 11J011 in response to the 72-hour
aquifer test was estimated using SeriesSEE, a Microsoft Excel
add-in (Halford and others, 2012). SeriesSEE was used to
filter out the effects of precipitation, barometric pressure,
gravity fluctuations (a surrogate for Earth tides), and Flint
River stage. Barometric pressure and precipitation data were
collected from Albany, Ga., weather station KABY (National
Weather Service, 2017); and stage data from the Flint River
were collected from USGS streamgage, Flint River at Newton
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Figure 10. Water-level altitude of Claiborne aquifer wells 11J025 and 11J029 in response to aquifer-test
pumping, Stripling Research site northwest of Camilla, Georgia, December 2015.

02353000 (NWIS; fig. 1). Microgravity time series are pro-
duced within SeriesSEE.

Drawdown observations were minimized from hundreds
of times to a select few that represent the full dataset (on
the order of 20 observations during the pumping phase and
20 observations during the recovery phase). The selected
points are spaced fairly evenly on a semi-log plot (figs. 11 and
12). The subset was used in the axisymmetric model.

The two Claiborne aquifer wells at the Stripling site,
wells 11J029 and 11J025, responded to the 72-hour aquifer
pumping with tens of feet of drawdown (165.8 and 51.1 ft of
maximum drawdown, respectively; figs. 11 and 12). Careful
inspection of Upper Floridan aquifer well 11J030 and distant
Claiborne aquifer monitoring well, 11J023 using SeriesSEE
did not show any drawdown throughout the aquifer pumping
at either well. Water levels in these two wells responded to
barometric-pressure changes.

The drawdown time series of Claiborne aquifer moni-
toring well 11J025 on log-log (log drawdown as a function
of log[time]) and semi-log plots (drawdown as a function
of log[time]) exhibits the effects of wellbore storage and
aquifer leakage. Observed drawdown of well 11J025 showed
minor wellbore storage effects, as indicated by comparison
with Theis (fig. 134) and Papadopulos-Cooper type curves
(fig. 13B and C). As wellbore storage effects abate with time,
the observed drawdown for well 11J025 fits the Theis curve,
and the slope of the observed drawdown curve on the semi-
log plot decreased in time through the duration of the 72-hour
aquifer test. The data deviate once again from the Theis curve,
and the semi-log plot shows a decrease in slope through time,

which is characteristic of reaching a recharge boundary, most
likely aquifer leakage. While this slope was decreasing, it did
not follow the slope of Walton type curves, which decrease
to zero (drawdown levels off) in semi-log time. Observed
drawdown failing to level off with time might indicate that
one or more Walton assumptions have been violated. Unlike
the Walton scenario, the aquifer that is contributing water

to the Claiborne during pumping is probably experiencing
drawdown.

Axisymmetric Model

Because the drawdown response to pumping indicated
aquifer leakage, an axisymmetric model was used to charac-
terize aquifer hydraulic properties. The axisymmetric model
grid for the Stripling site consists of 176 rows and 65 columns
(fig. 14). Each row represents 5 ft of sediment, for a total
thickness of 880 ft. The distal edge of the model is set to
200,000 ft, which is considered beyond the radius of influ-
ence. From left to right, the first four columns represent parts
of Claiborne aquifer pumped well 11J029. The fifth column
from the left is the first column to represent the hydrogeologic
units, and is about 0.03 ft wide. From the sixth column onward
toward the right, each column is about 1.269 times wider than
the column to its left.

The model is subdivided by rows to characterize six
major hydrogeologic units on the basis of lithology (sand, silt,
clay, and carbonate sediments). Major hydrogeologic units are
represented as
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e unit |—sandy sediments near land surface;

e unit 2—the Upper Floridan aquifer, composed of
limestone;

e unit 3—the Lisbon Formation confining unit (herein
referred to as the “Lisbon confining unit”, composed
mostly of nonwater-bearing limestone;

¢ unit 4—the Claiborne aquifer, composed of sand,
shells, silt, clay, and weathered limestone, and
variably permeable with depth;

e unit 5—the Wilcox confining unit between the
Claiborne and Clayton aquifers (herein referred to as
the “Wilcox confining unit”, composed of silty clay;
and

¢ unit 6—the Clayton aquifer, composed of sand.

The top row in unit 1 is considered unconfined and rep-
resents the water table, with a specific storage of 0.15 ft!. All
other rows of the model are assigned the same value of spe-
cific storage. Values of hydraulic conductivity are assigned to
the Upper Floridan aquifer, Lisbon confining unit, Claiborne
aquifer, Wilcox confining unit, and the Clayton aquifer on
the basis of lithology and borehole geophysical logging data
(fig. 5). The Claiborne aquifer was subdivided into subunits
with a value for hydraulic conductivity assigned to each. A
value of 20 feet per day (ft/d) was assigned to the Clayton
aquifer (not shown in fig. 5).

The model was run with two stress periods that represent
(1) drawdown response during the pumping phase of the test
and (2) recovery of groundwater levels after the pumping
phase of the test. The pumping-phase stress period was rep-
resented by 91 time steps totaling 3 days. Time steps ranged
from 0.000098 second to 14 hours, 24 minutes, and 2 seconds;
and each succeeding time step increased from the previous
time step by a multiplier of 1.25. The recovery stress period
is represented by 93 time steps totaling 4 days. Time steps
ranged from 0.000084 second to 19 hours, 11 minutes, and
58 seconds; and each succeeding time step increased from the
previous time step by a multiplier of 1.25.

The model simulated the drawdown in response to the
72-hour aquifer pumping. No other influences were simulated
so that initial heads and flow within the model were zero.
Rather than pumping from the model, water was injected at
the same rate that water was withdrawn at the pumped well
(579 gal/min); therefore, simulated increases in water level
may be interpreted inversely as drawdown in the pumped
well. The water was injected into a cell that represents a
part of the wellbore (column 1, row 26) using the MODFLOW
WEL package (Harbaugh, 2005). High values for horizontal
hydraulic conductivity and specific storage were assigned to
the cells representing the wellbore, and lower values were
assigned to the cells representing the other parts of the well
(table 3).

Simulation of the aquifer pumping using the axisym-
metric model involved matching drawdown response in
Claiborne aquifer monitoring well 11J025 to pumping at
nearby Claiborne aquifer pumped well 11J029. Water levels
and therefore drawdown of well 11J029 could not be verified
with manual measurements, so no attempt was made to match
simulated drawdown to observed drawdown of the pumped
well. Comparisons between simulated and observed draw-
down still were made for Claiborne aquifer pumped well
11J029. Simulated drawdown was also noted in the locations
of Upper Floridan aquifer monitoring well 11J030 and distant
Claiborne aquifer network well 11J011; both wells had no
detectable drawdown.

Hydraulic parameters were manually modified in
the axisymmetric model to match simulated drawdown to
observed drawdown on the graphs. The wellness-of-fit was
objectively assessed by using the RMS of the difference
between simulated and observed drawdown. Graphs compar-
ing simulated and observed drawdown also were inspected.
Root-mean-square of the difference between simulated and
observed drawdown, in feet, for different inputs of hydraulic
parameters into the aquifer-test model are available in Gordon
and Gonthier (2017).

Aquifer Hydraulic Properties

The two-dimensional, axisymmetric, radial, transient,
groundwater-flow model of the 72-hour aquifer test in the
Claiborne aquifer at the Stripling site was calibrated using a
transmissivity for the Claiborne aquifer of 1,545 (1,500) ft?/d,
a specific storage for the entire aquifer system of 2.5 x 10 ft'!,
and a vertical hydraulic conductivity (K for the Wilcox
confining unit of 0.0225 (0.02) ft/d. The 2.5 x 10 ft ! value
for specific storage equates to a storage coefficient for the
Claiborne aquifer of 0.000648 (0.0006; the storage coefficient
equals specific storage multiplied by aquifer thickness). The
values in parentheses are rounded to reflect the accuracy of
the method. Simulated drawdown from the calibrated model
match observed drawdown of Claiborne aquifer monitoring
well 11J025, with only minor discrepancies (table 4, fig. 154).
Even though the model was not calibrated to match observed
drawdown in Claiborne aquifer pumped well 11J029, simu-
lated drawdown fit sufficiently to observed drawdown (table 4,
fig. 15B). Simulated maximum drawdown at Upper Floridan
aquifer monitoring well 11J030 was less than 0.01 ft; simu-
lated maximum drawdown at distant Claiborne aquifer net-
work well 11J011 was about 0.01 ft (table 4). No drawdown
was measured in either of these wells. Model calibration
required that the Lisbon confining unit between the Upper
Floridan aquifer and the Claiborne aquifer had a low perme-
ability, leading to little or no leakage between the aquifers.

As shown in the next section, drawdown in all aquifers was
not sensitive to K _of the Upper Floridan aquifer. As a result,
K of the Upper Floridan could not be estimated. Drawdown
in well 11J025 was sensitive to K of the Wilcox confining
unit between the Claiborne and Clayton aquifers. The Wilcox
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Table 3. Values of hydraulic parameters used to calibrate the model for the 72-hour aquifer test, Stripling

research site, northwest of Camilla, Georgia, December 15-21, 2015.

[ft/d, foot per day; 1/ft, per foot; ft, foot; P, relative permeability number assigned to each subunit of the Claiborne aquifer, based

on drillers and geophysical logs; —, not divided into subunits]
o . Hydraulic conductivity (ft/d) Specific storage

Horizontal Vertical (1/f)

Surficial deposits Water table 10 1 0.15
Confined 10 1 2.5%10°°
Upper Floridan aquifer — 100 15 2.5%10°¢
Lisbon confining unit Shell and limestone 0.05 0.005 2.5x10°
Silt and limestone 0.05 0.005 2.5%10°¢
Claiborne aquifer P=3 5.2667 0.527 2.5x10°
P=5 8.7778 0.878 2.5x10°¢
P=9 15.8 1.58 2.5x10°°
P=6 10.5333 1.05 2.5x10°°¢
P=3 5.2667 0.527 2.5x10°°
P=4 7.0222 0.702 2.5x10°°¢
P=3 5.2667 0.527 2.5x10°°
P=4 7.0222 0.702 2.5x10°°¢
P=2 3.5111 0.351 2.5x10°°
P=3 5.2667 0.527 2.5x10°°¢
P=1 1.7556 0.176 2.5x10°°
P=2 3.5111 0.351 2.5x10°°¢
Clayton confining unit — 0.45 0.0225 2.5x10°°
Clayton aquifer — 20 2.00 2.5%10°¢

Well characteristic Hydraulic conductivity.(ft/d) ST

Horizontal Vertical (1/ft)
Well bore 9.0x10° 9.0x10° 5.5x10*
Casing 1.0x10-3° 1.0x10-3%° 1.0x103°
Screen 50 2.4x10°% 2.5x10°
Annular space 70 2.1x10! 2.5%10°¢
Base at 462.5 ft depth 70 2.4x10°% 2.5%107°
Well base at 702.5 ft depth 0.45 2.4%x10°%8 2.5%10°¢

confining unit K _of 0.0225 ft/d indicates that there may be
leakage between these two aquifers. Simulated drawdown in
the Clayton unit of the model was about 2.5 ft; however, there
are no wells open to the Clayton to verify this drawdown.

Sensitivity Analysis

To assess the viability of model results, a sensitivity
analysis of water-level response (drawdown) to changes in
Claiborne aquifer transmissivity, Wilcox confining unit verti-
cal hydraulic conductivity (K), specific storage, Upper Flori-
dan aquifer horizontal hydraulic conductivity (K ), and Lisbon

confining unit K was completed (figs. 16-19). Sensitivity of
Claiborne aquifer transmissivity, Wilcox confining unit K,
and specific storage of all hydrogeologic units to simulated
drawdown was determined at Claiborne aquifer monitor-

ing well 11J025. No drawdown was detected in the Upper
Floridan monitoring well 11J030, so the observed drawdown
is assumed to be zero for this well. Sensitivity of the Upper
Floridan aquifer K _and Lisbon confining unit K to simulated
drawdown was determined at Upper Floridan aquifer moni-
toring well 11J030 and Claiborne aquifer monitoring well
11J025. Although simulated drawdown was not calibrated to
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Table 4. Summary of 72-hour aquifer test results, Stripling research site, northwest of Camilla,

Georgia, December 15-18, 2015.

[ft, foot; ft*/d, foot squared per day; n.d., not detected]

USGS Distance from Maximum drawdown (ft)
well Hydrogeologic unit center of pumping Simulated
identifier (ft) W calibrated model
11J029 Claiborne aquifer 0.33 165.8 162.0
11J030 Upper Floridan aquifer 17.75 n.d. 0.007
11J025 Claiborne aquifer 36.30 S1.1 51.5
11J011 Claiborne aquifer 11,780.00 n.d. 0.01

Calibrated transmissivity: 1,500 ft*/d
Calibrated storage coefficient: 0.0006

observed drawdown of Claiborne aquifer pumped well 11J029,
results for this well are included in the sensitivity analysis.

The sensitivity analysis consisted of 43 model runs,
whereby one or two tested parameters were adjusted during a
specific run while all other parameter values were assigned the
values used in the calibrated model (tables 3 and 4). The RMS
value of each model run was compared to the RMS value of
the calibrated model run.

Simulated drawdown at Claiborne aquifer monitoring
well 11J025 is sensitive to both changes in Claiborne aquifer
transmissivity and Wilcox confining unit K (fig. 16).
Claiborne aquifer transmissivity was modified to determine
the best fit of simulated to observed drawdown in Claiborne
aquifer monitoring well 11J025 for values of Claiborne con-
fining unit K of 0.0025, 0.015, 0.0225, 0.03, and 0.075 ft/d
(fig. 16). The larger the value of Claiborne confining unit K ,
the lower the Claiborne aquifer transmissivity that creates the
best fit for that value of Wilcox confining unit K . Best fit val-
ues of Claiborne aquifer transmissivity ranged from 1,418 ft*/d
for a Wilcox confining unit K value of 0.075 ft/d to 1,662 ft*/d
for a Claiborne confining unit K value of 0.0025 ft/d. The
best fit for both Claiborne aquifer transmissivity and Claiborne
confining unit K is 1,545 ft*/d and 0.0225 ft/d, respectively
(fig. 16).

Simulated drawdown was sensitive to changes in a single
value of specific storage assigned to all hydrogeologic units
(fig. 17). The best fit to observed drawdown at Claiborne
aquifer monitoring well 11J025 was with a specific storage
value of 2.5 x 10 ft”'(fig. 17). Higher values of specific
storage are associated with depressed values of simulated
drawdown at Upper Floridan aquifer well 11J030.

Simulated drawdown in the Claiborne aquifer was not
sensitive to changes in Upper Floridan aquifer K _values
from 17 to 100 ft/d. Almost no change in RMS is apparent
in Claiborne aquifer wells 11J029 and 11J025. Higher values
of Upper Floridan K  are associated with depressed values of
simulated drawdown (and therefore depressed values of RMS')
at Upper Floridan monitoring well 11J030 (fig. 18).

Simulated drawdown was sensitive to changes in Lisbon
confining unit K values that range from 0.007 to 0.192 ft/d
(fig. 19). The best fit for all three wells was with the minimum
Lisbon confining unit K value tested (0.007 ft/d). Simulated
drawdown in Upper Floridan monitoring well 11J030 more
closely matched the observed drawdown (no detected draw-
down) with an Upper Floridan aquifer K_value of 100 ft/d
than with 41 ft/d, for all values of Lisbon confining unit K ,
because the values are closer to zero.

Newberry Aquifer Test

To determine the hydraulic properties of the Claiborne
aquifer at the Newberry site, Claiborne aquifer well 08K026
was pumped at an average rate of 291 gal/min beginning at
1:30:00 p.m. on March 14, 2016, for 72 hours and 5 seconds
until 1:30:05 p.m. on March 17, 2016. Water levels in well
08K 026 and two other wells (08K025 and 08K001) were
monitored during the aquifer test (fig. 20). Wells 08K 025 and
08K 026 are screened in the Claiborne aquifer from 215 to
about 290 ft below land surface. Claiborne monitoring well
08K 025 is located 201 ft from the pumped well. Well 08K001
is a statewide network well located 84 ft from the pumped
well and is open from 61 to 125 ft below land surface within
the Upper Floridan aquifer. Well construction information for
all wells used during the aquifer test at the Newberry site is
listed in table 5.

The Claiborne aquifer at this site demonstrated slow
recovery after pumping rates were tested prior to the ultimate
72-hour aquifer test. These prior tests were conducted to deter-
mine the optimal pumping rate for the 72-hour aquifer test.
Prior tests included a preliminary evaluation of the pump rate
conducted on January 28, 2016, when the well was pumped
for 2 hours at 460 gal/min, which was too high a rate for the
well to sustain for 72 hours without water levels falling below
the pump and below the top of the aquifer; a second evalu-
ation of the pump rate occurred on March 10, 2016, 4 days
prior to the 72-hour aquifer test. On March 10, the well was
pumped from 12:42 to 1:12 p.m. and from 2:21 to 5:57 p.m.
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Figure 15. Comparison of simulated and observed drawdown for calibrated two-dimensional, axisymmetric, radial,
transient, groundwater-flow model of 72-hour aquifer test at two Claiborne aquifer wells, Stripling Research site,
northwest of Camilla, Georgia, December 15-21, 2015. A, monitoring well 11J025, B, pumped well 11J029.
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Figure 16. Root mean square of the difference between simulated and observed drawdown in Claiborne
aquifer monitoring well 11J025, for different values of Claiborne aquifer transmissivity and vertical hydraulic
conductivity of the confining unit between the Clayton and Claiborne aquifers, Stripling Research site

aquifer test, December 15-21, 2015.

at 300 gal/min, which resulted in a sustainable drawdown.
The aquifer test began at 1:30 p.m. on March 14, 2016, with
the pump running for 72 hours at a rate of 290 gal/min.
Hydraulic properties of the Claiborne aquifer were estimated
using traditional, analytical solutions and temporal superposi-
tion (Theis, 1935; Ferris and others, 1962; Reilly and others,
1984; and Keith J. Halford, U.S. Geological Survey, written
commun., 2010).

Continuous and intermittent groundwater-level mea-
surements were made at the three aquifer-test wells. A
continuous water-level record was collected from Claiborne
aquifer pumped well 08K026 during January 25-27, 2016,

and 43 days later, from March 10 to April 4, 2016. Frequent
manual water-level measurements allowed the water-level
record at the pumped well to extend from January 27 to the
morning of January 29, 2016, shortening the data gap to

41 days. A continuous water-level record was collected from
Claiborne aquifer monitoring well 08K 025 and Upper Floridan
aquifer statewide network well 08K001 from December

30, 2015, to April 4, 2016. During the 72-hour aquifer test,

a continuous water-level record was collected in the three
wells used for the test, 08K001, 08K 025, and 08K 026, every
5 seconds just after the start and end of pumping and with
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Table 5. Well construction information for wells used to monitor the 72-hour aquifer test, Newberry site,
northeast Early County, southeast of Arlington, Georgia, December 15-18, 2015.

[NAVD 88, North American Vertical Datum of 1988]

Well information Well 08K026 Well 08K025 Well 08K001
Land-surface altitude, in feet above NAVD 88 222.2 223.19 221.26
Distance from aquifer test pumping, in feet 0.3333 201 84
Well pumped for aquifer test? Yes No No
Top of opening, in feet below land surface 215 215 61
Bottom of opening, in feet below land surface 295 290 125
Type of opening Screen Screen Open hole
Aquifer Claiborne Claiborne Upper Floridan

decreasing frequency thereafter until measurements were
recorded once every minute until the end of each phase of
the test. The data used to estimate hydraulic properties of
the Claiborne aquifer and its confining units are available in
Gordon and Gonthier (2017).

Water-Level Response to Pumping and
Drawdown

Water-level data from Claiborne monitoring (08K 025,
fig. 21) and production (08K 026, fig. 22) wells indicate a
consistent, long-term, second-order trend through the period
of record, from December 30, 2015, to April 4, 2016. Super-
imposed on this long-term trend is a slow water-level recovery
from the pumping events. Continuous water-level data for
well 08K025, prior to the first attempted aquifer test (from
December 30, 2015, to January 27, 2016) and just prior to
pump rate tests before the aquifer test (from about March 2 to
9,2016) were used to create a “background line” that repre-
sents the approximate water-level altitude with no pumping
influence. The background line was specified by the following
equation:

BL,, =(-0.00042[1=1,]')+(0.067[t~1,])+0,. ()
where
BL,, is the “background line,” the altitude above
the North American Vertical Datum of
1988 (NAVD 88) that represents the
water level of well W with no pumping
influence, at time ¢, in feet; and
0, is the offset for well w that is used to fit the

baseline to the well water-level altitude
when pumping influence is minimal, in
feet.

The O. for wells 08K025 and 08K 026 was 200.45 and

199.37 ft, respectively. The “long-term drawdown” in response

to multiple pumping events is the altitude of the background
line, minus the water-level altitude in well 08K 025 (fig. 23)

and 08K 026 (fig. 24). Water-level fluctuations caused by
nonpumping influences were as great as 0.25 ft.

At the beginning of the 72-hour aquifer test on March 14,
water levels in Claiborne aquifer wells 08K 025 and 08K 026
still had not fully recovered from pumping on March 10
and were 0.3 and 0.4 ft, below static levels, respectively.

The drawdown in response to the 72-hour test during March
14-17 was estimated for each of the two Claiborne aquifer
wells using Theis concepts and superposition. The draw-
down between the March 10 pump rate tests and the 72-hour
aquifer test was simulated using SUMTheis (Keith J. Halford,
U.S. Geological Survey, written commun., 2010). Parameters
that were adjusted to simulate the long-term drawdown for
each of the two wells were transmissivity, the storage coef-
ficient, the time of the pump shutoff at the end of the last
pumping event on March 10, and an offset. The simulated
long-term drawdown was then extended past the start of the
aquifer test without the test pumping. The extended curve led
to a continued recovery curve that can be taken as the baseline
reference for drawdown. Drawdown specific to the 72-hour
pumping was then equal to the long-term drawdown minus the
continued simulated recovery curve (fig. 25).

Water levels in Upper Floridan aquifer monitoring well
08K001 did not indicate a detected drawdown response to
pump rate tests (fig. 26). The main nonpumping influence on
the water level in well 08K001 was rainfall. The water-level
altitude was simulated by adding recharge from rainfall on an
hourly basis, thereby increasing the water level. The rainfall’s
influence on simulated water level exponentially decays with
time, similar to the precipitation index by Kosugi and others
(2008). The water-level altitude in well 08K001 does appear
to spike about 0.04 ft during the pump rate tests on March 10
and at the start of the pumping phase of the aquifer test (close-
up of March 10 spikes are shown on fig. 26B). These spikes
most likely are caused by the direct recharge of pumped water
from 08K026.

Drawdown observations were minimized from hundreds
to approximately 35 that represent the full dataset during the
pumping and recovery phases for wells 08K026 and 08K025
(figs. 27 and 28). The selected points are spaced fairly evenly
on the semi-log plots. The time between each succeeding
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Figure 21. Water-level altitude and background line, Claiborne aquifer monitoring well 08K025, Newberry site,

northeast Early County, southeast of Arlington, Georgia, December 30, 2015 — April 4, 2016 (A has a broad vertical

scale, Bhas a close-up vertical scale).

interval for selected drawdown observations increased by
a factor of about 1.45 for each of the two Claiborne wells
08K 026 and 08K025. The drawdown data were culled to
expedite the simulation process using SUMTheis and to avoid
using spurious data during the recovery phase of pumped well
08K026 (fig. 27B).

Water levels in the two Claiborne aquifer wells at the
Newberry site, wells 08K026 and 08K025, responded to the

72-hour aquifer test with tens of feet of drawdown (105.0 and
37.1 ft, respectively; figs. 29 and 30). The drawdown time
series of Claiborne aquifer wells 08K026 and 08K025 exhibit
the effects of the aquifer-test withdrawal reaching a restricted-
flow or no-flow boundary. The drawdown in pumped well
08K 026 closely follows Papadopulos-Cooper curves during
the first 2 minutes, suggesting wellbore storage. As wellbore
storage effects abate, drawdown in well 08K026 continues
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Figure 22. Water-level altitude and background line, Claiborne aquifer pumped well 08K026, Newberry site, northeast
Early County, southeast of Arlington, Georgia, December 30, 2015 — April 4, 2016 (A has a broad vertical scale, Bhas a
close-up vertical scale).

to closely follow the part of the curve with a semi-log slope to roughly 15 ft per log(day) by the end of the test (fig. 29B).
of drawdown of roughly 8 ft per log(day) (fig. 294). In well The semi-log slope of drawdown in monitoring well 08K 025

08K 025, where well-bore storage is not a factor, the draw- exhibits a distinct trend, increasing with log(time). By the end
down data during the first 100 minutes (about 0.07 day) of of the test, the semi-log slope of the drawdown for monitoring
the pumping phase of the test closely follow the Theis-type well 08K 025 is slightly more than 16 ft per log(day) (fig. 30B).
curve (fig. 304). By about 3 hours (about 0.13 day) into the The continued increase in semi-log slope with log(time) indi-
test, drawdown in each of the two wells diverges from its cates that there is a nearby boundary of restricted flow or no

respective type curve, with increased drawdown per time. The ~ flow (Kruseman and de Ridder, 1990).
semi-log slope of drawdown in pumped well 08K026 increases
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Aquifer Hydraulic Properties

The transmissivity and storage coefficient of the
Claiborne aquifer were estimated by simulating the draw-
down response of both Claiborne wells 08K026 and 08K 025
to the 72-hour aquifer test using the SUMTheis macro. The
drawdown was estimated based only on 72-hours of pumping
during the test, from March 14—17, 2016. A separate value for
the storage coefficient was applied to each well and a single
transmissivity was applied to both wells. Observed drawdown

values thought to be affected by wellbore storage in pumped
well 08K026 during the first 2 minutes of pumping were not
simulated for either well. The RMS' between the simulated
and observed drawdown for both wells with consideration of
maximum drawdown ( MaxDD, and MaxDD, in equation 7)
was used to objectively determine a best fit of simulated draw-
down to observed drawdown simultaneously for both wells.
Abroad range of K and S, values and therefore trans-
missivity and storage coefficient values were input into the
spreadsheet. The minimum RMS" value or best fit was with
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Figure 24. Long-term drawdown response in Claiborne pumped well 08K026 to multiple pumping events, Newberry
site, northeast Early County, southeast of Arlington, Georgia, December 30, 2015 — April 4, 2016 (A has a broad vertical
scale, Bhas a close-up vertical scale).

a transmissivity for the Claiborne aquifer of 721 (700) ft*/d, The same transmissivity and storage coefficient values
a storage coefficient of 0.0017 for pumped well 08K026, and used to match the pumping and recovery during the 72-hour
a storage coefficient of 0.00036 (0.0004) for monitoring well aquifer test (721 ft*/d and 0.00036, respectively) were used to

08K 025 (fig. 314, B). Although the storage coefficient for simulate the long-term drawdown in response to all pump-
pumped well 08K026 was useful for calibration purposes, the  ing events, the two pump rate tests on March 10, 2016, and
value does not reflect the storage coefficient of the aquifer the 72-hour aquifer test on March 14—17, 2016. The simula-
(Halford and Kuniansky, 2002). Curve matching of the early- tion closely matched observed drawdown in response to all

and intermediate-time drawdown (first 150 minutes or 0.1 day) pumping events (figs. 32 and 33).
provides a transmissivity of 700 ft*/d and storage coefficient of
roughly 0.0004 (table 6).
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Sensitivity Analysis

To assess the viability of the SUMTheis simulation, a
sensitivity analysis of water-level response (drawdown) to
changes in input parameters was completed. The input param-
eters included the transmissivity of the Claiborne aquifer and
the specific storage used at each of the Claiborne wells. Values
of each parameter were adjusted while the other two param-
eters were kept constant at the calibrated value. Adjusted
values ranged from 0.20 to 5 times that of the calibrated value.
The wellness-of-fit for each value adjustment was measured
using the RMS' (equation 7), the lower the RMS" | the better
the fit between simulated and observed drawdown. The RMS'
values for the three parameters were plotted as a function of
the ratio adjusted to calibrated parameter values (fig. 34)

Drawdown was most sensitive to Claiborne aquifer trans-
missivity and least sensitive to the storage coefficient used for
pumped well 08K026. The RMS" has a pronounced minimum
for the calibrated value of transmissivity (fig. 34B). Transmis-
sivity values between 705 and 734 ft*/d yield resulting RMS'
values that are within 5 percent of minimum RMS" (less than
1.05 times the RMS' for the calibrated SUMTheis model).
Being within 5 percent of minimum RMS' as a criteria for a
confidence interval, the estimate of transmissivity is approxi-
mately £2 percent. Using the 5-percent criteria, the storage
coefficient for monitoring well 08K025 has a range of 0.00031
to 0.00042, or roughly +15 percent. The storage coefficient for

pumped well 08K026 is relatively insensitive, ranging from
about 0.0012 to 0.0024, or roughly +40 percent.

Aquifer Connectivity

The aquifer tests at the Stripling and Newberry sites
involved pumping a well in the Claiborne aquifer while
monitoring water-level response in the adjacent Claiborne and
Upper Floridan aquifer monitoring wells in order to detect
any connection between the two aquifers. As discussed in
the aquifer test sections above, no measureable drawdown
caused by Claiborne aquifer pumping was detected in the
Upper Floridan aquifer at either site. The time-drawdown
data for the Claiborne aquifer during the Stripling aquifer
test suggest, however, that the aquifer did receive some water
from another aquifer. Because the models predict that there
was aquifer leakage in the Claiborne yet no response in the
Upper Floridan, there appears to be a connection between
the Claiborne and Clayton aquifers at the Stripling site. The
models predict a vertical hydraulic conductivity through the
overlying Lisbon confining unit of 0.007 ft/d and through the
underlying Wilcox confining unit of 0.022 ft/d. These data
suggest that a small amount of leakage from the underlying
Clayton aquifer is likely at the Stripling site, whereas there
does not seem to be a connection between the Claiborne
aquifer and the overlying Upper Floridan aquifer at either the
Stripling or Newberry sites.
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Figure 28. Drawdown observations (total and selected) in Claiborne aquifer monitoring well 08K025 in response to

the 72-hour aquifer test, Newberry site, northeast Early County, southeast of Arlington, Georgia, March 14-30, 2016.

Areal Distribution of Claiborne Aquifer
Hydrologic Properties

Claiborne aquifer hydrologic properties vary across the
study area. Data collected during this study show that the
thickness and lithology of the aquifer changes areally, and
data from the two 72-hour aquifer tests indicate the hydrologic
properties calculated from the data also vary areally across the
study areca

The transmissivity of the Claiborne aquifer calculated
from aquifer tests is 1,500 ft*/d at the Stripling site and 700
ft*/d at the Newberry site. These values are lower than values
obtained from aquifer tests in northern Dougherty County to
the northeast and in southern Early and northern Seminole
Counties to the southwest. These values are also lower than
the calibrated transmissivity reported in a regional ground-
water-flow model by Faye and Mayer (1997). The differences
between estimates of transmissivity determined by Faye and
Mayer (1997) and those calculated in this report result from
the availability of additional data collected for study. These
additional data include transmissivity values calculated from
the two aquifer tests conducted for this study and five wells
where estimates of specific capacity were made. The new
data indicate that there is more variability in the hydrologic
properties of the Claiborne aquifer than previously determined
by Faye and Mayer, allowing for more detailed mapping of
the distribution of transmissivity than before. Using the data

available at the time, Faye and Mayer calibrated their model
with transmissivities of the Claiborne aquifer that ranged from
1,000 to 5,000 ft?/d in the area of this study. The authors also
used leakance values of about 2 x 10-%/d for the confining
unit above the Claiborne aquifer and about 4 x 10-7/d for the
confining unit below the Claiborne aquifer. These values are
much lower than those used for the axisymmetric model at the
Stripling site for the purposes of the current study. The values
of leakance that Faye and Mayer used in their model were
derived from more limited field data than are available for the
current axisymmetric model and consequently resulted in the
observed differences between the two models. It is likely that
Faye and Mayer would have produced results for transmissiv-
ity similar to those calculated for this study if the current data
set had been available at the time. In this context, the current
modeling results are not considered to contradict those of Faye
and Mayer, but rather enhance the overall understanding of the
hydrology of the area.

Additional transmissivity values were estimated from
specific capacity values provided to the GaEPD as part of
a well permit application. Specific capacity, which is the
constant well pumping rate divided by the total drawdown
measured in the pumping well, was used to estimate trans-
missivity as described in Driscoll (1986, appendix 16D).
Transmissivity values estimated from specific capacity are
typically less reliable than those calculated from aquifer
test data because of the assumptions made for the simplified
Cooper and Jacob (1946) nonequilibrium equation. As with an
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Table 6. Summary of 72-hour aquifer-test results, Claiborne aquifer, Newberry site, northeast Early County, southeast of Arlington,

Georgia, March 14-17, 2016.

[Well: PW, pumped well, the well that was pumped for the 72-hour aquifer test; MW, monitor well. ft, foot; ft*/d, foot squared per day]

Maximum drawdown (ft)

USGS Distance from the center .
well Hydrogeologic unit of pumping Simulated,
e (ft) Observed calibrated
SUMTheis
08K026 (PW) Claiborne aquifer 0.33333 105.0 105.0
08K001 (MW) Upper Floridan aquifer 84 None detected None simulated
08K 025 (MW) Claiborne aquifer 201 37.1 35.8

Calibrated transmissivity: 700 ft*/d
Calibrated storage coefficient: 0.0004

aquifer test, estimating transmissivity from specific capacity
data requires that the well is pumped at a constant rate and that
drawdown stabilizes.

A simple linear regression analysis of the transmissiv-
ity values obtained from aquifer test data and transmissivity
estimated from specific capacity was performed to determine
how well specific capacity predicts transmissivity of the
Claiborne aquifer in the study area (fig. 35, table 7). Only five
wells presented in this report have both transmissivity values
from aquifer tests and specific capacity data and thus could be
used to compare the two methods of estimating transmissivity.
The resulting relation is

y=1.1648x + 80.116 (R* = 0.96), )

where
y is the transmissivity, in feet squared per day; and
X is the specific capacity, in gallons per minute, per

foot of drawdown.

An R? of 0.96 suggests that 96 percent of the variation
in transmissivity can be explained by the variation in
specific capacity.

The distribution of transmissivity in the study area was
compiled from aquifer test data, specific capacity data, well
records, and data from a USGS database and GaEPD files. The
most reliable values of transmissivity, calculated using aquifer
test data, are shown for wells shaded in blue in figure 36. The
transmissivity of the Claiborne aquifer in the study area ranges
from about 700 ft*/d in eastern Early County where the aquifer
is thin (70 ft thick) to 4,000 ft?/d and greater where the aquifer
is more than 300 ft thick. These values compare well with
those reported in McFadden and Perriello (1983).

The storage coefficient was estimated for the Claiborne
aquifer using the analytical methods and models to estimate
data from the two aquifer tests. The best estimate of the
storage coefficient is 0.0006 at the Stripling site and 0.0004 at
the Newberry site.

Summary and Conclusions

Since 2012, numerous wells have been installed in
the Claiborne aquifer in subarea 4 of southwestern Geor-
gia. Information from some of these new Claiborne wells
was used to refine the thickness and extent of the Claiborne
aquifer. Borehole geophysical logs were used to refine the
top and base of the Claiborne and overlying Upper Floridan
aquifers and to identify water-bearing zones. Two aquifer tests
were performed to determine the hydrologic properties of
the Claiborne aquifer and its interconnection with the Upper
Floridan aquifer.

Borehole geophysical logs and lithologic descriptions
based on drill cuttings from newly constructed wells were
used to help define the extent of the Claiborne aquifer in those
locations. The top of the aquifer extends from an altitude of
about 150 feet (ft) above the North American Vertical Datum
of 1988 (NAVD 88) in eastern Sumter County to about 402 ft
below NAVD 88 in Decatur County. The base of the aquifer
extends from an altitude of about 60 ft above NAVD 88 in
eastern Sumter County to about 690 ft below NAVD 88 in
Decatur County.

Two 72-hour aquifer tests were conducted and the data
obtained were analyzed to determine the transmissivity and
storage coefficient of the Claiborne aquifer, and the vertical
hydraulic conductivity of the Wilcox confining unit. Both
tests had a production well open to the Claiborne aquifer and
a monitoring well open to each of the Claiborne and Upper
Floridan aquifers.

The first test was conducted at the Stripling site in
Mitchell County near Camilla, Georgia. Analyses of the data
indicate that the Claiborne aquifer has a transmissivity of
1,500 feet squared per day (ft*/d) and a storage coefficient of
0.0006. The data also indicate that a small amount of leakage
occurred during the test. Because no drawdown was measured
in the overlying Upper Floridan aquifer during the pumping
phase of the test, the source of leakage is assumed to be the
underlying Clayton aquifer. Model simulation predicts a
drawdown of about 2.5 ft in the Clayton aquifer in response
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Figure 32. Simulated and observed drawdown using Theis drawdown and superposition during three pumping
events at Claiborne aquifer pumped well 08K026 (A, March 10-21, 2016; and B, March 10-12, 2016), Newberry site,

northeast Early County, southeast Arlington, Georgia.

to pumping in the Claiborne aquifer; the vertical hydraulic
conductivity of the confining unit separating the Claiborne and
Clayton aquifers was simulated to be about 0.02 foot per day.

The second aquifer test was conducted at the Newberry
site in eastern Early County outside of Arlington, Georgia.
Analyses of the data from this test indicate a transmissivity
of about 700 ft>/d and a storage coefficient of about 0.0004
for the Claiborne aquifer. No leakage was detected during
pumping, indicating that the Claiborne aquifer is not hydrauli-
cally connected to the overlying Upper Floridan aquifer or the
underlying Clayton aquifer at this site.

The transmissivity of the Claiborne aquifer ranges from
about 700 to over 4,000 ft?/d across the study area. Specific

capacity data were used to estimate transmissivity where aqui-
fer test data were not available. Although regression analyses
indicated that the estimates are reasonable (R? = 0.96), only
five sites were used, and the estimates rely on more assump-
tions than transmissivity calculated from aquifer tests.
Additional data are needed to monitor the effects that
the increased withdrawals from the Claiborne aquifer will
have on future water resources. Long-term monitoring and
potentiometric surfaces of the Upper Floridan, Claiborne,
and Clayton aquifers during different hydrologic conditions
will better show responses to changes in withdrawals from
the different aquifers and indicate linkages among or between
them. Analysis of water-level data collected from monitoring
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Table 7. Values of transmissivity estimated from specific capacity and transmissivity calculated from aquifer test data in the Claiborne

aquifer in southwestern, Georgia.

[USGS, U.S. Geological Survey; gal/min, gallon per minute; ft, foot; gal/d, gallon per day; ft*/d, foot squared per day]

USGS . 24-h 24'_"_ Transmissivity from Transmissivity .
well Discharge, drawdown, specific specific capacity from aquifer test  Transmissivity
. g in gal/min . capacity, in method
identifier in ft .
(gal/min)/ft (gal/d)/it ftz/d ft/d
11J029 590 161.7 3.65 7,297.46 976 1,500 Axisymmetric
model
08K 026 292 97.8 2.99 5,971.37 798 700 Sum Theis
13L021 1,500 155.29 9.66 19,318.69 4,000 4,700 Cooper-Jacob
13L022 1,660 193 8.60 17,202.07 2,300 2,500 Cooper-Jacob

06G018 550 66 8.33 16,666.67 2,228 3,900 Cooper-Jacob
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wells in the Clayton aquifer during periods of pumping from
the Claiborne aquifer would provide empirical data needed to
validate model predictions that the two aquifers are connected.
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