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Geologic Units

In this report several geologic forma-
tions of the Coastal Plain of Georgia and
adjacent areas 1in South Carolina have
been combined into regional stratigraphic
units based on their similar 1lithology,
stratigraphic position, and geologic age.
Each regional unit has been assigned an
informal name taken from the established
geologic formations of the southeastern
Coastal Plain that best represent the li-
thologic character of the unit. For ex-
ample, the lower Huber-Ellenton unit of
this report includes strata of the lower
part of the Huber Formation of eastern
Georgia and the Ellenton Formation of
South Carolina.

Front Cover: Schematic drawing of cross—-bedded sand and clay in the
kaolin district, east-central Georgila.

Drawing by: Ellie Black
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ABSTRACT

Interlayered sand, silt, and clay of
middle Eocene to late Paleocene age in
east—-central Georgia form the Gordon aq-
uifer system which ranges in thickness
from about 20 to 180 feet. Estimated
transmissivities range from 620 to 13,000
feet squared per day.

During 1980, approximately 24 million
gallons per day was withdrawn from the
Gordon aquifer system, of which about 70
percent was used for irrigation. Water
levels in the aquifer throughout the stu-
dy area generally showed 1little change
during 1934-68; however, during 1969-81,
local declines as great as 33 feet have
occurred in areas of increased irrigation
or large-scale municipal and industrial
pumping.

The Gordon aquifer system is recharged
by precipitation in the outcrop area and

in interstream drainage divides in and
near the outcrop area, and by leakage
through adjacent confining wunits. Dis-

charge from the aquifer occurs predomi-
nantly as flow into streams or as leakage
into underlying and overlying units.

Water from the Gordon aquifer system
1s generally a calcium bicarbonate type
that ranges from soft to hard, and in
most areas has constituent concentrations
that are within the Georgia Environmental
Protection Division recommended drinking
water standards.

INTRODUCTION

Purpose and Scope

Recent increases in agricultural, in-
dustrial, and municipal ground-water use
in the Coastal Plain of Georgia and re-
sulting decreases in water levels of up
to 33 feet since 1969, have caused con-
cern about the availability and manage-
ment of ground-water supplies. Defini-
tion of major aquifer systems and their
characteristics in this area 1s needed to
understand the effects of man's activi-
ties on the ground-water system.

This study, conducted by the U.S. Geo-
logical Survey in cooperation with the
Georgia Department of Natural Resources,
Environmental Protection Division, Geolo-
gic Survey, is one of a seriles that des-
cribes areally extensive aquifer systems
within Upper Cretaceous and lower Terti-
ary sediments of Georgia, being done as
part of the Georgla Accelerated Ground-
Water Program. In this series, two re-
ports describe aquifers 1in southwest
Georgia and this report 1is one of three
that describe aquifer systems in east-
central Georgia (fig. 1).

This report defines the Gordon aqui-
fer system which consists of sediments
of late Paleocene to middle Eocene age.
The purpose of the report is to describe
the geology and the hydrologic character-
istics of the aquifer system. The gen-
eral area of study covers about 9,200 mi2



in 26 counties 1in the east-central part
of the Coastal Plain of Georgia, and is
generally bordered on the west by the
Ocmulgee River, on the east by the Savan-
nah River, and on the north by the inner
margin of the Coastal Plain (fig. 1).

Previous Investigations

The general geology and hydrology of
the Coastal Plain sediments of Georgia
have been discussed in early publications
by Stephenson and Veatch (1915), Cooke
(1943), and Herrick and Vorhis (1963).
Geohydrologic reports primarily concerned
with the study area iInclude LaMoreaux
(1946), LeGrand and Furcron  (1956),
LeGrand (1962), Siple (1967), Marine and
Root (1978), Faye and Prowell (1982), and
Vincent (1982).

Recent detailed geologic 1Investiga-
tions of sediments in the study area are
provided by Cramer and Arden (1980), Gohn
and others (1982), and Prowell and others
(1985), Stratigraphic interpretations
include definition of the Huber Formation
by Buie (1978), the Barnwell Formation by
Huddlestun and Hetrick (1979), and the
Baker Hill Formation by Gibson (1982).
Time-stratigraphic 1Interpretations from
paleontological data are provided by
Tschudy and Patterson (1975), Prowell and
others (1985), and L.E. Edwards and N. O.
Frederickson (U.S. Geological Survey,
written commun., 1982-83). Lithologic
descriptions of selected wells 1in the
Coastal Plain of Georgla are included in
Herrick (1961) and Applin and Applin
(1964). Studies pertinent to faulting or
structural anomalies 1n the Coastal Plain
include a discussion of the Belair Fault
by Prowell and O'Connor (1978). Other
publications which provided useful infor-
mation in the study area include guide-
books by Herrick and Counts (1968),
Pickering (1971), Huddlestun and others
(1974), and Nystrom and Willoughby (1982)
and several consultants' reports.

Methods of Study

During 1980-8l, four test wells were
drilled in the central part of the study
area along a line approximating the
strike of the inner margin of the Coastal
Plain (fig. 2). The Arrowhead test well
(18T1) is in northern Pulaski County, the
Laurens test well 3 (21U4) is southeast
of Dudley in Laurens County, the Wrights-
ville firetower test well 1 (24V1) 1is
gsouthwest of Wrightsville 1in Johnson
County, and the Midville test well 1
(28X1) is northeast of Midville in Burke
County. Each of the wells completely
penetrates Tertiary sediments and all ex-
cept the Arrowhead test well completely
penetrate Upper Cretaceous sediments.
Each well is screened in the lower part
of Upper Cretaceous strata. Drill cut-
tings, cores, samples for paleontologic
analysis, geophysical logs, and water
samples for chemical analysis were col-
lected from each well. After well con-
struction was completed, water—level re-
corders were 1installed, and the test
wells became part of a statewide network
of ground-water monitoring statioms.

Geologlc interpretations were based on
(1) examination of drill cuttings, cores,
and geophysical 1logs collected in the
four test wells and other boreholes in
the study area, (2) 1lithologic descrip-
tions of drill cuttings and cores, (3)
paleontological data, and (4) field ob-
servations of exposures along roadcuts
and in kaolin mines. These data provided
a basis for construction of the hydrogeo-—
logic sections and contour maps showing
the top, base, and thickness of the aqui-
fer system.

Hydrologic investigations utilized
historical and modern water-level data
obtained from wells throughout the stu-
dy area. Historical water-level data for
the period 1944-50 were acquired from re-
ports by LaMoreaux (1946), LeGrand and
Furcron (1956), and LeGrand (1962). Well
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locations in those reports were taken
from original field maps, field checked
where possible, and plotted on 7 .5-minute
topographic maps from which altitudes
were estimated. These data were used to
construct the estimated 1934-68 potentio-
metric surface. Water-level measurements
collected in more than 100 wells ian the
study area during November 1981 (Appendix
A) and data obtained from files of the
U.S. Geological Survey, and from consul-
tants' reports and kaolin companies were
used to define the November 1981 poten-
tiometric surface. Aquifer transmissiv-
ities and specific capacities were calcu-
lated from aquifer-test data in U.S.
Geological Survey files and from data in
Siple (1955) and Marine and Root (1976;
1978) . Water—use data were obtained from
municipal and industrial water-use re-
ports submitted quarterly to the Georgia
Environmental Protection Division, and
agricultural water—-use surveys conducted
by the U.S. Soil Conservation Service
during 1979-80. Water—quality data were
obtained mainly from analyses by the U.S.
Geological Survey Central Laboratory.
(See Appendix B.)

Well Numbering System

In this report, wells located in Geor-
gia are numbered according to a system
based on the U.S. Geological Survey Index
to Topographic Quadrangle Maps (fig. 3).
Each 7.5-minute quadrangle in the State
has been given a number and letter desig-
nation according to its location based on
a Cartesian pattern with the origin at
the southwest corner of the State. Num-
bers Increase eastward and letters in-
crease alphabetically northward, exclud-
ing the letters "I" and "0". Quadrangles
beginning in the northeastern part of the
Coastal Plain are designated by double
letters. Wells inventoried in each quad-
rangle are numbered consecutively begin-
ning with 1. Thus, the third well sched-
uled in the Riddleville quadrangle in
Washington County is designated 24X3.
Additional information regarding these
wells may be obtained from the District
Chief, U.S. Geological Survey, 6481-B
Peachtree Industrial Boulevard, Dora-
ville, GA 30360.

In areas where modern water-level data
were unavallable, wells were used from
reports by the Georgia Geologic Survey
(LaMoreaux, 1946; LeGrand and Furcron,
1956; and LeGrand, 1962). Because these
wells are not included in the modern da-
ta base and, thus, were not assigned grid
numbers, the sequential well numbers from
the reports were retained. Additional
data for these wells may be acquired from
the respective reports.

Wells in South Carolina are numbered
according to a county designation. The
numbers consist of a county name abbre-
viation followed by consecutive numbers
indicating the order in which wells were
inventoried in the county. For example,
well AK-437 was the 437th well invento-
ried in Aiken County. Wells at the Sa-
vannah River Plant are numbered as des-
ignated by the facility (wells MSB-34,
FC-5A, ZW-7, ZW-15, 35-H and VSC-2).
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GEOLOGY

Regional Setting

The Coastal Plain province of Georgia
consists of a southeastward-thickening
wedge of poorly consolidated sand, clay,
and limestone of Late Cretaceous to Holo-
cene age. This sedimentary sequence un-—
conformably overlies Paleozoic crystal-
line rocks or lower Mesozoic sedimentary
and igneous rocks throughout the study
area (Chowns and Williams, 1983). In the
northern part of the study area, the
Coastal Plain sediments crop out 1n nar-
row belts that become progressively
younger seaward.

In this report, stratigraphic corre-
lations are based mainly on paleontologi-
cal, geophysical, and 1lithologic data
from the four cored test wells and from
other wells in the study area. This in-—
formation helped clarify the stratigra-
phic and 1lithologic relations between
strata of the Coastal Plain 1n Georgia
and South Carolina.

Geologic Units

Changing depositional environments in
the Gulf and the Atlantic Coastal Plains
resulted in a wide range of sediment
types that have been divided into numer-
ous age-equivalent geologic formations.
Because no formal geologic units have
been previously defined in the study
area, in this report several geologic
formations of the Coastal Plain of Geor-
gla and adjacent areas in South Carolina
have been combined into regional strati-
graphic units based on thelr similar
lithology, stratigraphic position, and
geologic age. Each regional unit has
been assigned an informal name taken from
the established geologic formations of
the southeastern Coastal Plain that best

represent the lithologic character of the
unit. For example, the lower Huber-—
Ellenton unit of this report includes
strata of the lower part of the Huber
Formation of eastern Georgia and the
Ellenton Formation of South Carolina.
These informal geologic wunits comprise
the Gordon aquifer system and its confin-
ing wunits. The stratigraphic correla-
tions of the informal units, the units
comprising the Gordon aquifer system, and
the established geologic formations in
the Coastal Plain of Georgla and adja-
cent parts of South Carolina are shown in
table 1.

Upper Cretaceous Strata

Upper Cretaceous sediments of Santon-—
ian through Maestrichtian age overlie
Paleozolc crystalline rocks or lower Mes-—
ozolc sedimentary rocks throughout most
of the study area. The sediments are well
exposed near the inner margin of the
Coastal Plain, but to the south they are
overlain by younger sediments of Tertiary
age. The sediments are of deltalc and
shallow marine origin, and they attain a
known maximum thickness of 1,840 ft
(Clarke and others, 1985) in the southern
part of the study area.

The Cretaceous sediments within the
study area generally consist of poorly
consolidated, kaolin-rich, fine to medium
sand, sandy clay, and gravel (Faye and
Prowell, 1982). In most of the area, the
top of the Upper Cretaceous strata is
characterized by silty, kaolinitic clay
that locally contains deposits of commer-
clal-grade kaolin. For a more detalled
discussion of Upper Cretaceous strata,
see Clarke and others (1985).

Paleocene Strata

Lower Huber-Ellenton Unit

The lower Huber-Ellenton unit of
early and middle Paleocene (Midwayan) age
unconformably overlies Upper Cretaceous
strata throughout most of the study area.
This wunit is the age equivalent of the
Porters Creek and Clayton Formations in
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western Georgia, the lower part of the
Huber Formation (Buie, 1978) and the Pl
lithologic unit of Prowell and others
(1985) 1in central and eastern Georgia,
and the Ellenton Formation (Siple, 1967)
in South Carolina.

The unit includes a basal layer of
fine to coarse, poorly sorted, angular,
silty, quartz sand 1in a kaolin matrix.
The remainder of the unit consists of lo-
cally carbonaceous, kaolinitic clay con-
taining a diverse assemblage of pollen
and marine microfauna of early and middle
Paleocene (Midwayan) age (Prowell and
others, 1985). The lithology and the pre-
sence of marine fauna indicate that the
unit was deposited in a deltaic environ-
ment under marine influence.

In the southern part of the
area (well 25T2, pls. 1, 2), the basal
sand grades into a relatively porous,
medium-gray, very fossiliferous, glaucon-
itic limestone interlayered with fine to
coarse sand. The upper part of the unit
also becomes calcareous, grading into
marl and limestone. This 1lithofacies
formed in a predominantly open marine
shelf environment, largely lacking an in-
flux of clastic sediments. 1In this area,
the unit reaches a maximum thickness of
200 ft (well 25T2, pls. 1, 2).

study

Baker Hill=-Nanafalia Unit

The Baker Hill-Nanafalia unit of late
Paleocene (early Sabinian) age overlies
the lower Huber-Ellenton unit throughout
most of the study area and pinches out
in the subsurface north of well 20V4 in
Wilkinson County (pl. 1), well 24V1 in
Johnson County (pl. 2), and well FC-5A
in Aiken County, S.C. (pl. 2). The unit
is the age equivalent of the Tuscahoma,
Nanafalia, and Baker Hill Formations in
western Georgia, the P2 lithologic unit
of Prowell and others (1985) in central
and eastern Georgia, and the Black Mingo
Formation in South Carolina.

In the northern part of the study
area, the unit consists of thinly lami-
nated, silty clay locally containing lay-

ers of medium to dark—-gray carbonaceous
clay. This lithology 1s indicative of a
marginal marine (lagoonal to shallow
shelf) environment of deposition. 1In
most of the study area, the clayey part
of this unit 1s characterized on geophys-
ical logs as a zone of low electrical re-
sistivity and re-atively high gamma radi-
ation. These geophysical responses are
useful indicators of the top of Paleocene
strata.

In southern areas, the Baker Hill-
Nanafalia unit becomes increasingly cal-
careous and consists mainly of highly
fossiliferous, light-gray, finely crys-—
talline, glauconitic limestone interlay-
ered with very coarse, well-sorted quartz
sand. This lithology indicates a transi-
tion to open marine shelf deposition. At
well 25T2 (pls. 1, 2), the unit reaches a
maximum thickness of about 130 ft.

Eocene Strata

Upper Huber-Tallahatta Unit

The wupper Huber-Tallahatta unit of
early and middle Eocene age uncomformably
overlies the Baker Hill-Nanafalia unit in
most of the study area and crops out in
the northern part of the area near well
19W6 in Wilkinson County (pl. 1) and well
22Y30 in Washington County (pl. 2). In
the northernmost part of the area, where
Paleocene sediments are missing, the up-
per Huber-Tallahatta unit directly over-
lies strata of Late Cretaceous age (pls.
1, 2). The upper Huber-Tallahatta unit
includes sediments equivalent to the
Hatchetigbee, Bashi, and Tallahatta For-
mations and the lower part of the Lisbon
Formation in western Georgia; the upper
part of the Huber Formation (Buie, 1978),
and the El, E2, E3, and E4 lithologic
units of Prowell and others (1985) in
central and eastern Georgia; and the
Congaree Formation (Pooser, 1965) and
Fishburne Formation (Gohn and others,
1983) in western South Carolina.

The upper Huber-Tallahatta unit con-
sists of fine to medium, subangular to



subrounded, well-sorted, <clayey quartz
sand that locally includes thin layers of
carbonaceous clay containing marine mi-
crofossils (Prowell and others, 1985).
Mica, dark heavy minerals, and lignite
are present in some of the sand layers.
Extensive animal burrows and small- and
large-scale cross—bedding characterize
the unit in outcrop and in core samples.
These features and the abundance of ma-
rine microfauna suggest a deltaic envi-
ronment of deposition.

In the northern part of the study
area, the uppermost part of the unit 1is
characterized by beds of relatively pure,
massive kaolin that has a hackly fracture.
In Twiggs, Wilkinson, and Washington
Counties, these kaolin deposits increase
in thickness from 10 ft (well 24V1; pls.
1, 2) to about 60 ft (well 20V4, pl. 1;
well 23X28, pl. 2) and are of commercial
value.

In the southern part of the study
area, the unit has a thickness of about
140 ft and becomes more calcareous, sug-
gesting a transition to a more open ma-
rine depositional environment. For ex-
ample, at well 25T2 in Treutlen County
(pls. 1, 2) the unit consists of light-
gray, slightly glauconitic, fossilifer-
ous, sandy limestone.

Lisbon-McBean Unit

The Lisbon-McBean wunit is comprised
of marine sediments of latest middle Eo-
cene (Claibornian) age. The unit overlies
the sandier phases of the upper Huber-
Tallahatta unit and pinches out in the
subsurface between wells 20V4 and 21U4 in
Wilkinson and Laurens Counties, respec-—
tively (pl. 1), and wells 23X28 and 24X5
in Washington County (pl. 2). The Lisbon-
McBean unit is the age equivalent of the
upper part of the Lisbon Formation in
western and central Georgia, the E5 lith-
ologic unit of Prowell and others (1985)
in eastern and central Georgia, and the
McBean Formation of eastern Georgla and
western South Carolina.
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Throughout most of the study area,
the unit consists of massive, gray-green
glauconitic marl interlayered with cal-
careous, clayey quartz sand and fossilif-
erous limestone. It has a maximum thick-
ness of about 80 ft in well 24Vl in
Johnson County (pls. 1, 2). The lith-
ology and abundance of marine microfos-—
sils (Prowell and others, 1985) in this
unit indicate that the sediments were de-
posited in an open marine, shallow shelf
environment. The Lisbon-McBean unit is
characterized on geophysical logs by low
resistivity and high gamma radiation,
probably because the unit contains more
clay than the overlying and underlying
units. In the southern part of the study
area, the unit becomes more calcareous
and consists of slightly sandy, finely
crystalline fossiliferous limestone. At
the Midville test well (well 28X1, pl.
1), the Lisbon-McBean unit 1is unusually
sandy and consists largely of calcareous
quartz sand and minor amounts of clay and
glauconite.

Barnwell Unit

The Barnwell unit is generally con-
tinuous throughout the study area and un-
conformably overlies the Lisbon-McBean
unit or, where the Lisbon-McBean unit is
absent, older sediments of Eocene age (pl.
1). The Barnwell unit is the age equiva-
lent of the late Eocene (Jacksonian) to
early Oligocene (?) Barnwell Group of
Huddlestun and Hetrick (1979), and the
E6, E7, and E8 lithologic units of Prow-
ell and others (1985) in central and
eastern Georgia; the Moodys Branch Forma-
tion and Ocala Limestone in western Geor-
gia; aund the 1lower part of the Cooper
Formation in coastal South Carolina (Haz-
el and others, 1977).

The Barnwell unit consists of an as-
cending sequence of calcareous sand,
thinly bedded fossiliferous limestone,
well-laminated clay, and cross—bedded
sand. The sequence represents the cyclic
deposition of sediments during transgres-
sion and regression of a late Eocene to



early Oligocene (?) sea (Prowell and

0'Connor, 1978; Willoughby and others,
1984) . Depositional environments vary
from nearshore marine to open marine

shelf (David C. Prowell, U.S. Geological
Survey, oral commun., 1983). The unit
has a maximum thickness of about 230 ft
in the southern part of the study area
(well 27U4, pl. 2). The calcareous sand
and limestone at the base of the Barnwell
unit is limited to the southern part of
the study area. In northern areas, lami-
nated clay wmarks the base of the unit.

Relation of Lithology
to Depositional Environments

The geologic units defined herein were
deposited either in deltaic or shallow,
open marine environments. Deltaic envi-
ronments occur where sediment-laden ri-
vers or streams empty into larger bodies
of water such as the sea. Sediment car-
ried by the river is deposited along and
between a complex network of small stream

channels, or along the delta front in
shallow marine water. The resulting
deposits form a complexly interbedded

network of sand and clay layers of highly
variable thicknesses that commonly con-
tain organic material. Sands are depos-
ited along the stream channels and at
the delta front; clays are deposited in
interstream or bay areas. In the study
area, most sediments of the upper Huber-—
Tallahatta wunit and the lower Huber-
Ellenton unit were deposited in a lower
delta plain or delta front environment
(Coleman and Prior, 1980; Reineck and
Singh, 1980, p. 324-328), which accounts
for the presence of poorly sorted sand
containing local, laterally discontinuous
clay layers whose vertical boundaries may
be sharp or gradational.

Sediments deposited in marine envi-
ronments, as characterized by the Baker
Hill-Nanafalia, Lisbon-McBean, and Barn-
well wunits, maintain a more wuniform
thickness and lithologic character over a
larger area than do deltaic deposits.
Nearshore or shallow marine sands gener-—
ally are well sorted and form extensive
bar-like or sheet—like beds that can be
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traced for long distances. Beds of silt
and clay are deposited farther offshore
in deeper water. In an open marine envi-
ronment, deposits are typically thicker
and consist largely of limestone and car-
bonate-rich sand and clay, which is char-
acteristic of most of the geologic units
in the southern part of the study area.

The areal extent and lithologic char-
acter (particularly the grain-size dis-
tribution) of the strata, and thus their
water—bearing characteristics, are large-
ly determined by the depositional envi-
ronments in which they accumulated. 1In
the study area, the most permeable rocks
in the Gordon aquifer system generally
are the stream channel and delta-front
sands of the upper Huber-Tallahatta unit.
The confining units consist mainly of the
interstream or shallow marine clays of
the Lisbon-McBean wunit and the Baker
Hill-Nanafalia unit.

Structure

The study area is generally part of a
southeastward-sloping homocline that has
an average dip of about 15 ft/mi. A ma-
jor structural feature occurring in the
northeastern part of the area (fig. 4) is
the Belair fault zone (Prowell and O'Con-
nor, 1978), a northeast-trending, high-
angle reverse fault, upthrown on the
southeast side. Maximum vertical dis-—
placement in upper Eocene sediments is
about 40 ft.

HYDROLOGY

Aquifer Nomenclature

Aquifers in the Georgia Coastal Plain
are generally named for stratigraphic
units or given letter and number designa-

tions. For example, the Clayton aquifer
(Hicks and others, 1981) was named for
sediments belonging primarily to the

Clayton Formation, although other sedi-

ments are included. The Al aquifer of
Faye and Prowell (1982) represents an
aquifer of Late Cretaceous age. In the

present study, formation names were con-
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sidered inappropriate for aquifer units,

because facies changes are common
throughout the study area and aquifer
units do not everywhere coincide with

formation boundaries. Letter and number
designations are not utilized because the
same symbols have been wused by several
authors for different aquifer units (Pol-
lard and Vorhis, 1980; Faye and Prowell,
1982) . Therefore, to avoid confusion,
the Gordon aquifer system described in
this report, was named for the city of
Gordon, in Wilkinson County, where the
sediments that typify the aquifer system
are well exposed.

Definition of the
Gordon Aquifer System

An aquifer system is herein defined as
a body of material of varying permeabili-
ty that acts as a water-yielding hydrau-
lic unit of regional extent. Throughout
most of the study area, the upper Huber-
Tallahatta unit meets the definition of
an aquifer system, and hereafter it 1is
referred to as the Gordon aquifer system.

Although the Gordon aquifer system
can generally be treated as a single wa-
ter-bearing unit throughout the study ar-
ea, it contains discontinuous clay layers
that locally separate it into two or more
aquifer units. These clay layers are not
considered to be hydrologically signifi-
cant in a regional evaluation, but they
increase the complexity of the hydrologic
framework.

Geophysical and 1lithologic logs show
that the base and top of the Gordon aqui-
fer system are distinguished by regional-
ly extensive clay units. These clay units
form the upper and lower boundaries of
the aquifer system. The base of the Gor-
don aquifer system generally is marked by
silty, kaolinitic clay of the Baker Hill-
Nanafalia unit. In southern areas, the
Baker Hill-Nanafalia unit 1loses its
effectiveness as a confining unit because
of a lithologic transition to more perme-
able, calcareous, clastic sediments and
limestone (well 25T2, pls. 1, 2). In
these areas, the basal confining unit of
the Gordon aquifer system is comprised of
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kaolinitic clay in the upper part of the
lower Huber-Ellenton unit. In the north-
ern part of the study area, the Baker
Hill-Nanafalia wunit pinches out (wells
24X5 and AK-457, pl. 2), and the Gordon
aquifer system may be hydraulically con-
nected with sediments of the underlying
Dublin aquifer system of Clarke and
others (1985).

The clay unit overlying the aquifer
system generally consists of massive,
glauconitic marl of the Lisbon-McBean
unit and in most areas it forms the upper
confining wunit. locally, the Lisbon-
McBean unit is a clayey sand and does not
confine the aquifer. For example, at the
Midville test well (well 28X1, pl. 1),
the Lisbon-McBean unit consists of glau-
conltiec sand and is an ineffective con-
fining unit. In this area, laminated
clays of the Barnwell unit form the upper
confining unit of the Gordon aquifer sys-—
tem. In the northern part of the study
area, between wells 23X28 and 24X5 1in
Washington County (pl. 2), and in the
central part between wells 20V4 and 21U4
in Wilkinson and Laurens Counties, re-
spectively (pl. 1), the Lisbon-McBean
unit pinches out. Here, the kaolin in
the uppermost part of the upper Huber-
Tallahatta unit increases in thickness
and forms the upper confinement for the
Gordon aquifer system.

Aquifer System Geometry

Altitude of
Aquifer System Boundaries

Geophysical and lithologic logs of 42
wells were used to determine the approxi-
mate altitudes of the base and top of the
Gordon aquifer system (figs. 4, 5). In
the southeastern part of the study area,
in Screven and Bulloch Counties, it was
not possible to determine the altitude of
the base of the aquifer system because of
sparse geologic control. 1In this area,
contours shown In figure 5 are dashed and
represent an approximation of the base of
the Gordon aquifer system. Depths to the

top of the aquifer system may be esti-
mated by subtracting the altitude of the
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top (fig. 4) from the altitude of land
surface (available on U.S. Geologlcal
Survey 7 .5—-minute topographic quadrangle
maps) .

Thickness

The thickness of the Gordon
system was estimated by comparing
titudes of the base (fig. 5) with the al-
titudes of the top (fig. 4). The aquifer
system ranges in thickness from about 20
ft in northern Wilkinson County in the
western part of the study area, to more
than 180 ft in Pulaski County 1in the
southwest, and to more than 190 ft in
southern Burke and Jefferson Counties in
the central part of the area (fig. 6).

aquifer
the al-

Aquifer and Well Properties

Transmissivity
and Specific Capacity

The transmissivity and specific ca-
pacity of an aquifer system are two prop—
erties that help define the hydraulic as-
pects of ground-water flow. Transmissiv—
ity is a measure of an aquifer's ability
to transmit water and is derived from
analysis of time-drawdown data obtained
during aquifer tests or from calculations
using specific-capacity data. In this
study, time-drawdown data were available
for only two wells tapping the Gordon
aquifer system: well 18512 in Pulaski
County and well 33X37 in Screven County
(fige 7). The transmissivity of the
Gordon aguifer system was calculated as
9,800 ft4/d at the Pulaski County well
and as 3,500 ft2/d at the Screven County
well.

Specific-capacity values for wells
tapping the Gordon aquifer system range
from 2.5 (gal/min)/ft at well 25Z3 in
Glascock County to 50.4 (gal/min)/ft at
well 32U18 in Screven County (fig. 7).

Transmissivity values from the Gordon
aquifer system, as computed from specif-
ic—-capacity data using Jacob's modified
nonequilibrium formula (Ferris and oth-
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ers, 1962), are bhown on figure 7, and
range from 620 ft2/d in Glascock County
(well 2523) to 13,000 ft2/d 1in Screven
County (well 32U18) Transmissivity val-
ues computed from specific—capacity data
were 10 percent lower at well 18S12 and
30 percent lower at well 33X37 than val-
ues computed from the time-drawdown da-
ta. Accordingly, transmissivity values
computed from specific-capacity data may
be low throughout the study area.

The transmissivity of the Gordon aq-
uifer system is generally greatest in the
southern part of the area where the aqui-
fer system 1is thickest (figs. 6, 7).
Transmissivity values obtained from spe-
cific—capacity data in multiaquifer wells
that tap both the Gordon aquifer system
and the overlying Jacksonian aquifer
(Vincent, 1982) are higher than those of
nearby wells that tap only the Gordon.
In these wells the transmissivity ranges
from 2,400 ft2/d at well 23X34 in Wash-
ington County to 14,900 £t2/d at well 19T6
in Bleckley County.

Well Yields

Wells tapping the Gordon aquifer sys-
tem have yields ranging from 87 gal/min
(well 26AA3) in Glascock County to 1,815
gal/min (well 32U18) in Screven County
(fig. 7). VYields exceeding 1,000 gal/min
are obtained from well 26Wl near Wadley
and wells 26Y2 and 26X2 near Louisville
in Jefferson County, and well 32U18,
north of Dover in Screven County. Yields
of multiaquifer wells tapping the Gordon
aquifer system and the overlying Jack-
sonian aquifer (Vincent, 1982) exceed 500
gal/min at Cochran, Bleckley County (well
19T6), and southwest of Waynesboro, 1in
Burke County (well 29Y2). Some wells in
the study area do not penetrate the full
thickness of the Gordon aquifer system
and therefore probably yield less water
than a fully penetrating well.

Recharge

The Gordon aquifer system is re-
charged directly by precipitation in the
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outcrop area (fig. 2) and in interstream
drainage divides in and near the outcrop
area. Most recharge by precipitation oc-
curs during January through May when
rainfall is abundant and evapotranspi-
ration is minimal. During the summer
months, although rainfall is heavy, evap-
otranspiration is high. Therefore, most
rainfall is evaporated or retained in the
unsaturated =zone as soil moisture and
little water is available for recharge.
Direct recharge to the Gordon aquifer
system also occurs where it crops out
near well 22Y30 (pl. 2), and between well
20V4 and the Ruby Quarry (pl. 1).

South of the outcrop area, the Gordon
aquifer system is recharged by leakage
from overlying and underlying aquifers.
Downward leakage occurs in the area be-
tween the Midville test well (well 28X1)
and well VSC-2 (pl. 1) where the upper
confining unit of the Gordon aquifer sys-
tem is sandy and where the hydraulic head
in the Gordon aquifer system is lower
than the head in the Jacksonian aquifer.
Recharge also may occur where water under
greater hydraulic head leaks upward into
the Gordon aquifer system from the under-
lying Dublin and Midville aquifer systems
of Clarke and others (1985). Water-level
data in Burke and Laurens Counties (fig.
8) show that the hydraulic heads in the
Dublin and Midville aquifer systems are
higher than the head in the Gordon aqui-
fer system.

Head differences between the Gordon
aquifer system and overlying and under-
lying aquifers are shown in figure 8.
During 1980-82, head differences of 6.3
ft were observed between the Gordon aqui-
fer system and the overlying Jacksonian
aquifer in Jefferson County, 18.8 ft be-
tween the Gordon aquifer system and the
Dublin aquifer system in Laurens County,
and 11.7 ft and 16.5 ft between the Gor-
don aquifer system and the Midville aqui-
fer system in Burke and Laurens Counties,
respectively.

In Laurens County, well 21U2 taps the
Jacksonian aquifer, the Gordon aquifer
system, and the Dublin aquifer system. A
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comparison of water levels in this well
and nunearby well 2105, which taps the
Dublin aquifer system, showed a head dif-
ference of about 18 ft (fig. 8). This
difference suggests that the water level
in well 21U2 is more representative of
the Gordon aquifer system and Jacksonian
aquifer than the Dublin aquifer system.
Also, well 28W4, in Burke County, taps
both the Gordon aquifer system and the
Jacksonian aquifer, and exact head dif-
ferences between the two may be more
representative of composite head values.

Discharge

Discharge from the Gordon aquifer
system occurs mainly as flow into major
streams. Ground-water discharge to these
streams was estimated from streamflow
measurements made during the drought of
October-November 1954 (Thomson and
Carter, 1955) (fig. 9). During this
drought, streams in the northeastern and
northwestern parts of the study area con-
tinued to flow. In other parts of the
area, possibly because the drought was
more severe, no discharge occurred and
streams ceased flowing, 1ndicating that
the water level 1in the aquifer had de-
clined below the altitudes of the stream
beds .

Discharge from the Gordon aquifer sys-
tem possibly may occur as leakage to the
underlying Dublin aquifer system (Clarke
and others, 1985)., This leakage is most
likely to occur where the basal confining
unit is sandy or absent and where water-—
level declines 1in the underlying Dublin
and Midville aquifer systems have changed
the head relations between the aquifer
systems and increased the possibility for
downward flow. A comparison of water—
level data (fig. 10) from observation and
pumping wells near Four Mile Branch Creek
in western South Carolina (Siple, 1967,
p. 79) (fig. 2) indicates that water
levels in strata herein assigned to the
Gordon aquifer system (wells ZW-15 and
Zw-7, fig. 10) responded to nearby pump—
ing from wells tapping Cretaceous aqui-
fers (well 35-H, fig. 10). This shows
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that there is hydraulic connection be—
tween the Gordon aquifer system and un-
derlying aquifers and that discharge from
the Gordon aquifer system occurs in this
area.
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Figure 10.— Relation of water-level
fluctuations in wells herein assigned
to the Gordon aquifer system (wells
ZW-15 and ZW-7) to pumping from a
Cretaceous well (well 35-H) and to
precipitation, Aiken and Barnwell
Counties, South Carolina, November
1952 to January 1953. (Modified
from Siple, 1967)
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Ground-Water Levels

Water-Level Fluctuations

Water~level fluctuations in the Gordon
aquifer system are the result of ground-
water recharge to or discharge from the
aquifer system. 1In and near the outcrop
area, water—level fluctuations reflect
seasonal changes in recharge from precip-
itation, discharge to streams, and evap-
otranspiration. 1In this area, water lev-
els generally are highest from March
through May, a period of abundant rain-
fall and minimum evapotranspiration, and
lowest from August through November, a
period of decreasing rainfall and signif-
icant evapotranspiration. Periodic wa-
ter-level measurements from July 1971 to
July 1972 in well 31Z13 (Appendix A) at
Vogtle Nuclear Plant south of the outcrop
area in Burke County showed no response
to precipitation in September 1971 but
nearly a direct response to rainfall dur-
ing January 1972 (fig. 11). The compara-
tively heavy rainfall in June had no ef-
fect on the July water 1level, possibly
owing to the high rate of evapotranspira-
tion during the summer months and to the
effects of pumping.

South of the outcrop area, the Gordon
aquifer system is confined by overlying
clay units, and water-level fluctuations
result mainly from regional and local
pumping . For example, water-level fluctu-
ations in strata herein assigned to the
Gordon aquifer system at the Savannah Ri-
ver Plant at the Georgia-South Carolina
State line (wells 2ZW-15 and 2ZW-7, fig.
10) are more directly related to pumping
from wells tapping the Cretaceous aquifer
(well 35-H, fig. 10) than to recharge by
precipitation (Siple, 1967). (See section
on Discharge.)

Potentiometric Surface

The potentiometric surface of an aqui-
fer 1s an imaginary surface representing
the altitude to which water would rise in
tightly cased wells that penetrate the
aquifer (Lohman, 1972, p. 8). Two poten-
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Figure 11.— Relation of water-level
fluctuations at observation well
312183 at Vogtle Nuclear Plant,
Burke County, to monthly
precipitation at National Weather
Service station 9194 (Waynesboro
2 NE), July 1971 to July 1972.

tiometric surfaces are mapped in this re-
port: an estimated 1934-68 potentiometric
surface intended to portray the approxi-
mate predevelopment surface (fig. 12),
and a November 1981 surface that shows
the effects of pumping stress (fig. 13).
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Potentiometric levels are highest in
areas of recharge and lowest iu areas of
discharge. Thus, the general direction
of ground-water flow is southward from
recharge areas to discharge areas. Lo-
cally, pumping can lower the potentiomet-—
ric surface and form a cone of depression.

The potentiometric maps show that
within the study area there are three ma-

jor ground-water divides: (1) a western
divide ©bordered by the Ocmulgee and
Oconee Rivers, (2) a central divide

bounded by the Oconee and Ogeechee Ri-
vers, and (3) an eastern divide bordered
by the Ogeechee and Savannah Rivers.
These three ground-water divides general-
ly correspond to interstream drainage
divides and in and near the outcrop area
are regions of greatest recharge. The
major rivers bordering the ground-water
divides are areas of regional aquifer
discharge and form boundaries to the
ground-water flow system. Naturally oc-
curring discharge into the rivers is in-
dicated by potentiometric coatours that
bend upstream in an inverted "V" pattern
where they cross the rivers.

Predevelopment flow directions within
the Gordon aquifer system were generally

southward from the outcrop area, toward
major rivers and streams. Therefore,
corresponding potentiometric gradients

were consistently toward the larger ri-
vers and streams and generally were
greatest within the outcrop area and near
streams. Thus, the regional potentiomet-—
ric surface in and near the outcrop area
of the Gordon aquifer system generally
was symmetrical to the major rivers and
was, in effect, a subdued replica of sur-
face topography (Faye and Prowell, 1982,
pe 37 )

Estimated 1934-68 Potentiometric Surface

The estimated 1934-68 potentiometric
surface of the Gordon aquifer system was
contoured from water—level data collected
during this period (fig. 12), most of the
data being collected in 1946 and 1963.
This surface is thought to resemble the
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approximate predevelopment surface before
local pumping stresses were applied. Un-
published water-level data indicate that,
except in major pumping centers, potenti-
ometric heads in the Gordon aquifer sys-
tem have changed little since 1935 when
man-induced stresses (pumping) were ap-
plied. This statement 1s supported by
Siple (1967) and Root and Marine (1978)
who published hydrographs for 1951-60 and
1973~77 showing seasonal fluctuations of
only about 10 ft in sediments that are
part of the Gordon aquifer system at the
Savannah River Plant.

In the western part of the study
area, potentiometric heads range in alti-
tude from about 300 ft near the outcrop
area in western and central Houston and
southern Twiggs and Wilkinson Counties to
about 200 ft in southern Laurens County
(fig. 12). Heads in the eastern part of
the area range in altitude from about 400
ft in southern Glascock County and north-
ern Washington and Jefferson Counties to
about 100 ft 1in eastern Burke, Screven,
and Bulloch Counties.,

November 1981 Potentiometric Surface

The November 1981 potentiometric sur-
face of the Gordon aquifer system was
constructed from water-level data col-
lected from 1976 to 1982, most of the
data being «collected ir. November 1981
(fig. 13). This surface is similar to
the estimated 1934-68 potentiometric sur-
face except in local areas affected by
increased ground-water withdrawals. De-
clines in the ©potentiometric surface
based on water levels measured at differ-
ent times of the year may be partly at-
tributed to seasonal fluctuations.

Water-level data indicate that local-
ized declines, which formed small cones
of depression, occurred near Hartford in
Pulaski County, Eastman in Dodge County,
Sandersville in Washington County, Wrens
in Jefferson County, and in central
Laurens County and western Burke County.
Other declines that changed the configu-
ration of the potentiometric surface oc-—
curred at Louisville in Jefferson County,
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at and near Sylvania in Screven County,
and at Midville and northwest of Waynes-
boro in Burke County (fig. 14).

Long—-Term Water—Level Declines

Water levels in the Gordon aquifer
system generally remained constant during
the period 1934-81, as recharge and dis-
charge maintained equilibrium. The only
exceptions were local areas that had sig-
nificant increases in ground-water with-
drawals. 1In these areas, increased pump-
ing caused reductions in compressive
aquifer storage and corresponding de-
clines in the water level (Lohman, 1972,
ps 8)e Water—level records for eastern
Georgia show that localized declines as
great as 33 ft occurred in the potentio-
metric surface during 1939-81 in downdip
areas (fig. 14; Appendix A). Declines
in water levels in or near the outcrop
area may partly be attributed to seasonal
fluctuations.

Water—-level declines ranging from
about 10 to 33 ft have formed small, lo-
calized cones of depression near cities
where increased municipal or industrial
pumping has occurred. (See section on
November 1981 Potentiometric Surface.)
For example, the decline in Sandersville
in Washington County is probably due to
increased pumping for kaolin processing
in that area (fig. 13). Siple (1967) re-
ported that at the Savannah River Plant,
local pumping and long-term stress from
1952 to 1960 resulted in total water-
level declines ranging from about 10 to
18 ft in sediments herein assigned to the
Gordon aquifer system. Other localized
cones of depression developed in central
Laurens County and western Burke County
mainly because of large withdrawals for
irrigation. In Louisville, Jefferson
County, the water level in well 26X1 re-
mained steady from 1958 to 1975 when it
began to decline (fig. 15). Because
ground-water withdrawals by the city of
Louisville increased only slightly during
1975-80, 1t is 1likely that the decline
was due to increased pumping for
irrigation.
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WATER QUALITY

Chemical analyses of water from the
Gordon aquifer system show that constitu-
ent concentrations iIn most of the study
area are within the Georgia Environmental
Protection Division (1977) standards and
recommended limits for drinking water.
An exception occurs 1in Jefferson County
where iron concentrations exceed the 300
ug/L standard and range from 600 ug/L at
well 26X1 in Louisville to 1,900 ug/L at
well 26Wl in Wadley. (See Appendix B.)

Generally, concentrations of dis-
solved solids and most other constituents
increase from the outcrop area southward
(fig. 16). This increase is due to mate-—
rial belng dissolved as the ground water
flows through the aquifer. Concentrations
of dissolved solids range from 32 mg/L at
well 28AAl in Richmond County near the
outcrop area, to 193 mg/L at well 34W4 in
Screven County.

Variations in hardness as CaCO3 1in
the Gordon aquifer system are related to
changes 1in the lithology of aquifer sedi-

ments. (See section on Definition of the
Gordon Aquifer System). In the north-
eastern part of the study area, water

generally has a CaCO3 hardness of less
than 60 mg/L and is classified as "soft”
(fig. 17; Appendix B). In this area, aq-
uifer sediments consist primarily of sand
and contain low conceuntrations of carbon-
ate and bicarbonate, Although water-
quality analyses are unavailable for the
Gordon aquifer system in the northwestern
part of the study area, the aquifer lith-
ology is similar and it 1is 1likely that
water in that area also is "soft." 1In
the central part of the study area, water
has a CaC03 hardness greater than 100 mg/L
and is classified as "moderately hard" to
"hard."” This increase in hardness proba-
bly results from higher percentages of
carbonate in the aquifer material. Water
having a CaCO3 hardness greater than 100
mg/L may result in reduced lathering of
soap and the formation of scale on cook-
ing utensils and in boillers and hot water
lines (Hem, 1970, p. 225). Hard water
can be softened by 1on exchange and
through chemical treatment using lime and
soda ash.
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In this report, water—quality data
are from wells tapping the Gordon aquifer
system and from multiaquifer wells tap-
ping the Gordon aquifer system and the
Jacksonian aquifer. Comparison of these
data may be misleading in that some of
the analyses for multiaquifer wells may
not be representative of the Gordon aqui-
fer system,

WATER USE

The Gordon aquifer system supplied an
estimated 24 Mgal/d during 1980, of which
about 70 percent was used by agriculture,
16 percent by municipalities, and 14 per-—
cent by industries (table 2). Agricul-
ture utilized 17,0 Mgal/d with major
withdrawals occurring in Burke (7.7
Mgal/d), Pulaski (2.2 Mgal/d), Houston
(1.6 Mgal/d), and Jefferson (l.5 Mgal/d)
Counties. Agricultural water—use values
represent estimated growlng—season with-
drawals averaged over a 365-day period.
In recent years, agricultural use has in-
creased dramatically and in 1980 it was
almost eight times greater than in 1975
(Robert R, Pierce, U.S. Geological Sur-
vey, written commun., 1982)., This in-
crease 1In use 1s supported by water-level
declines at Loulsville, Jefferson County,
that can be attributed to pumping for
irrigation. (See section on Long-Term
Water-Level Declines.)

Overall municipal and industrial water
use 1n the Coastal Plain of Georgla grad-
ually increased from 1960 to 1980 (Pierce
and others, 1982). During 1980, munici-
pal water use from the Gordon aquifer
system totaled 4.0 Mgal/d and industrial
water use was 3.4 Mgal/d. Major munici-
pal users were Louisville in Jefferson
County (1.1 Mgal/d) and Midville in Burke
County (0.8 Mgal/d). The major industri-
al users were kaolin companies in Wash-
ington County (0.9 Mgal/d) and industries
in Screven County (1.0 Mgal/d).

WELL CONSTRUCTION

Wells tapping the Gordon aquifer sys-—
tem use open-hole or screenline construc-
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Table 2.--Estimated water use for the Gordon aquifer system,
{<, less than]

1980

Ground—-water use

(Mgal/d)
County
Count
Agriculturall Industrial Municipal total
Bibb - == = e
Bleckley 0.4 e 0.1 0.5
Bulloch o4 == == o4
Burke 7.7 <0.1 .8 8.6
Columbia —t == e e
Dodge s i = -
Emanuel ~= — .1 .1
Glascock s .1 o1 o2
Houston 1.6 i .3 1.9
Jefferson T .7 1.1 3.3
Jeunkins 1.0 o1 «2 1.3
Johnson o4 = o1 e5
Jones - - - <
Laurens .6 vl o2 <9
Pulaski 2.2 .3 oD 3.0
Richmond —ce = <.1 <.1
Screven .9 1.0 <3 2.2
Twiggs - - = =
Washington 3 9 ol 1.3
Wilkinson == o1 - .1
Total 17.0 3.4 4.0 24.4

'Values are estimated growing—-season withdrawals
" averaged over a 365-day period.
Totals do not include domestic use.
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tion (Appendix A). Open-hole construc-—
tion is used where the aquifer system
consists of consolidated materials, such
as limestone (well 28W3, Burke County;
Appendix A). Screenline construction is
generally used where the Gordon aquifer
system consists of unconsolidated sedi-
ments such as sand or sandy units (well
28W5, Burke County; Appendix A). Figure
18 shows an example of screenline con-
struction and the relation of geophysical

and 1lithologic properties to water-
bearing zones at well 28W4 1in Burke
County.

In areas where the Gordon aquifer

system does not provide sufficient
ylelds, multiaquifer wells are used (fig.
18) . These wells tap the Gordon aquifer
system and either the overlying Jack-
sonian aquifer of Vincent (1982) or the
underlying Dublin and Midville aquifer
systems of Clarke and others (1985).

SUMMARY

Interlayered sand, silt, and clay of
late Paleocene to middle Eocene age in
the Coastal Plain physlographic province
of east-central Georgia form the Gordon
aquifer system. The aquifer system ranges
in thickness from about 20 ft in Wilkin-
son County 1in the central part of the
study area to more than 180 ft in Pulaski
and Burke Counties in the western and
eastern parts of the area, respectively.
Estimated transmissivities range from 620
ft2/d at well 252Z3 in Glascock County to
13,000 ft2/d at well 32018 in Screven
County. Transmissivity values obtained
from multiaquifer wells tapping both the
Gordon aquifer system and the Jacksonian
aquifer range from 2,400 ft2/d at well
23%X34 in Washington County to 14,900 ft2/d
at well 19T6 in Bleckley County.

During 1980, approximately 24 Mgal/d
was withdrawn from the Gordon aquifer
system, about 70 percent of which was
used by agriculture. Water levels in the
study area generally showed little change
during 1934-68. Small cones of depres-
sion on the November 1981 potentiometric
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surface resulted from localized declines
ranging from about 10 to 33 ft in areas
of large-scale municipal, industrial, and
irrigation pumping.

The Gordon aquifer system 1s recharged
mainly by precipitation in the outcrop
area and in interstream drainage divides
in and near the outcrop area, and by
leakage where  potentiometric heads in
overlying or underlying aquifers are
higher. Discharge from the Gordon aqui-
fer system occurs predominantly as flow
into streams or as leakage where poten-
tiometric heads in overlying and under-
lying aquifer systems are lower.

Water from the Gordon aquifer system
is generally a calcium bicarbonate type
that ranges from soft to hard, and in
most areas has constituent concentrations
that are within the Georgia Environmental
Protection Division (1977) standards for
driaking water.
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APPENDICES

Appendix A.—Record of selected wells

|Aquifer: G, Gordon aquifer system; J, Jacksonian aquifer; U, Dublin squifer system. Use: A, agriculcural;
D, domestic; I, indusrrial; P, public supply; O, observation. Warer level: reported levels are given in
feec, measured levels are given in feer and tenchs; Yield: F, flowing. Depth of well: >, greater thaa]

Georgia Date Depth Depth Diameter Alcicude Water level
Geologic drilled of of of of land Specific
Well Survey Lacitude— or well casing well surface | Above (+) or below (-) Date of Yield capacity
County numbers number longltude Neme or owner modified (ft) (fr) (in.) (£r) Aquifer(s) lend surface (Et) mesburensnt | (gal/min) | (gal/min/ft) | Use Remarks
Bleckley 19T4 — 322544~ Theo
0832044 Williams, Jr. - 300 — ) 372 6,J -148.0 11-06-81 170 - A
19716 1015 322340 -118.0 06-02-62 Screen 220-235, 345-370, 380-385, 395-
0832108 Cochrau, 2 (new) — 417 220 - 353 G,J -120.0 11-06-81 510 51.0 | 400 ft. Transmissivity = 14,900 £r2/d.
Bulloch 3314 - 322834-
0813513 Cardell Dyches 1977 BOO 600 L} 147 G -67.6 11-03-81 400 == A
Open hole 200-482 fr. Well 67 in GGS
Burke 28W3 - 324859- +20 06-24-46 Bullerin 64. Water—quality analysis,
0821401 Midville, 1 06-24-46 482 200 = 185 6,J +3.5 11-17-81 400 - F | 08-20-81.
28W4 — 325227- Midville Expmt.
0821301 sta., 2 (Va. Sup— Screen 292-302, 395-415, 434-444, 455-
ply and Well, 2) = 500 292 - 269 G,J -60.7 05-23-80 = — A 465, 4B4-494 fc.
2623 - 321128- +5.9 06-28-46
0821127 Oliver Clure — 175 -— 3 251 G +2.6 11-12-81 = — o Well 30 in GGS Bulletin 64.
2821 -_— 331328~ +6.6 05-26-46 Well 7 in GGS Bulletin 64, Water—quali-
0821127 C. F. Morris - 95 — 2.5 241 6 +eoh 11-12-81 37 - o | ty analysis, 08-0B-46.
2923 - 330951- F. P. Saxon {old +8 07-03-46
0820210 J. C. Stockman) - 170 - 3 207 G +1.3 11-11-81 - - P | Well 23 in GGS Bullerin 64.
3026 - 331305~ +14.9 Q7-01-46
0815234 Miller's Pond - 92 42 4 17 G +8.7 10-23-80 — — — | Well 16 in GGS Bullecin 64.
28W5 - 325227- SE Ca.Exprut.Sta. Screen 454-464, 474-524 fr. Transmis—
0821311 (Layne-Atlautic 1) | 1968(7) 535 454 8 268 G -59.4 09-19-68 720 12.9 A | sivity = 8,200 fr2/d. Well destroyed.
3129 — 330821- Ga. Power Plant Screen 220-240 fr. Transmissivity =
0814535 Vogtle constr., 8 1976 251 220 - 255 6 =107 10-16-76 100 25.0 1 | 6,900 frZ/d.
%) 29v2 — 330310~ Open hole 181-422 ft. Transmissivity =
o 0820354 Irby Cochranm, 1 1979 422 181 13.5 290 G,J -93 01-08-79 800 22.9 A 5,600 fr?/d.
2974 - 320715- Open hole 244-364 ft. Transmissivity =
0820432 Paul Dye, 1 1979 364 244 13.5 305 G -106 01-10-79 800 25.0 A 6,200 fr4/d.
28W4 — 325227- SE Ga.Exprmt.Sta. Screen 292-302, 395-416, 43444k, 454=
0821301 Va. Supply and - 500 292 — 269 G,J ~60.7 05-23-80 == - A | 465, 4B4-494 fr.
Well, 2
3214 — 330417 -85 06- -79
0814305 Willism Cox, 2 06~ -79 415 360 ] 221 G -90.5 04-26-82 - = A | Sereen 365-415 ft.
31213 - 330837- Ga. Power Plant -106.3 07-06-71
0814527 Vogtle obsrv., 31 | 04-03-71 -_— 200 5 211 G -106.0 07-07-72 - -_— b 4 Perforated casing 200-210 fc.
31212 — 330848- Ga. Power Plant -113.6 07-06-71
0814548 Vogtle obsrv., 32 | 04-01-71 —_ 200 — 214 G -111.0 07-07-72 — L 8 Perforaced casing 200-210 fc.
2924 - 330853- W. T. Stove (old -80 07-03-46
0820209 D. 0. Smith) - 225 127 3 251 G =55.5 11-11-81 =5 . b
Dodge 20R4 - 321209- 125407, -138.6 03-16-43
0831047 Eastmau, 2 1927 705 705 8 360 ¢ -171.6 11-05-81 - - :
Emscgel 2701 = 323513 Water-qualicy analyses, 04-11-67,
0821915 Swadnsboro, 5 11- =63 725 — -— 320 G, J =121 1- -63 895 = ¥ | 09-28-71.
Glascock 2524 - 331350- -31 04-16-73 Screen 75-85, 95-100, 110-115, 145-150
0823538 Kent Canning Co. 06~ —60 150 75 18 355 G -32.8 10-20~80 60 =5 b 4 Ete.
26A43 —_ 331546~ Thiele ~66 06-10-71 Screen 145-150 ft. Transmissivicy =
0822711 Kaoltu, W-1 - 153 145 v 440 G =-68.3 10-20-80 a7 6.2 4 1,500 £c2/d.
30 ft of sereen—spacing unknown. Trans-
2523 —_ 331335~ missivity = 620 fr?/d. Wacer—quality
0823604 Gibson, 3 1970(2) 203 - - 435 6 =115 1970 157 2.5 ¥ enalysis, 09-04-81.
Houston 1711 - 322259~ Houston Co. Brd.
0833718 of Commissioners, 11,10 -155 10~ -64 Screen 278-289, 334-344 fr. Transmis-
Baynesville - 347 278 S 425 G -155 02-14-79 300 7.5 : sivity = 2,100 £ré/d.
Jefferaon 26W3 - 325148-
0822357 Vadley, 2 g 280 203 9 230 J -18.8 11-15-82 150 - ? | Screen 203-213, 222-242 ft.
26%1 554 325947- -14 05-11-58 Water-quality amalyses, 03-11-63,
0822442 Louisville, 1 04- =58 367 70 L] 257 G -28.1 10-20-80 860 - 7| 12-01-75.
26X7 i 325242~ =63 12-02-75 Sereen 233-253, 411-431, 461-481 fr.
0822408 Wadley, 3 — 491 233 '] 278 G,J =51.6 10-20-80 703 13.5 Transmissivity = 5,700 ft2/d.
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[Aquifer:

Appendix A.—Record of selected wells—Continued

G, Gordon squifer system, J, Jacksonian aquifer; D, Dublin squifer system. Use: A, agricultural;
D, domestic; I, imdustrial; P, public eupply; O, observation. Water level: reported levels are given in
feet, measured levels are given in feet and teuths; Yield: F, flowlog. Depth of well: >, greater thaa]

Georgia Date Depth Depth Diameter Altitude Water level
Geologic drilled of of of of land Spectfic
Well Survey Latitude— ar well casing well surface Above (+) ot below (=) Date of Yield capacity
County numbers number | longitude Name or owner modified (£c) (ft) (in.) (£r) Aquifer(s) | land surface (ft) megsurement | (gal/min) | (gel/min/fr) | Use Remarks
Jefferson | 26K10 532 325354~ Mrs. W. B.
0822322 Smich, 1 06~ -57 410 165 8 265 | e -40 06- =57 535 - o
26X9 — 325323
0822754 Wally Evans - 425 266 13.5 270 QI -68 08- -79 1251 - D | Screen 266-322, 322-425 ft.
Screen 220-300 ft. Transmlssivity =
26x2 — 325945— 5,700 frZ/d. Water—quality analysis,
0822643 Loutsville, & - 308 220 — 238 G -30 09-09-77 1000 20.0 ¢ | 05-03-78.
Screen 214-219, 242-247, 290-295. 318—
2672 - 330015~ 328, 370-375 ft. Transsissivity =
0822730 J. P. Stevens, 2 oo 375 214 - 285 G -40 1962 1200 20.0 1 | 5,800 £c2/d.
2635 - 330024~ Screen 254-275, 315-325, 367-372, 395-
0822729 J. P. Stevems, 1 1962(¢?) 450 254 - 310 G -55 1962 1200 - 1 | 400, 445-450 ft.
2629 - 331133~ Wrens, Ga., 3 -112.7 11-13-78
0822359 (o1d 4) 1978 185 135 - 411 G, J -122.0 11-15-82 105 — B | Screen 135-145, 165-185 ft.
Screen 370-380, 440-450, 460-465 ft.
Transmiseivicy = 5,900 ft2/d. Water—
261 — 325134~ Wadley, 1 r 1951 qualicy analyses, 10-19-63, 10-06-70,
0822419 (Ruby St. well) 1981 473 370 8 227 G -13.6 10-20-80 75F 21.3 F | 08-20-81.
Jenkins 30%4 — 325434~ -54 07-24-79
0815734 Perking - 446 400 6 250 G -68 11-13-81 200 — P | Screen 400-440 ft.
30W5 — 324510- John Cleve
0815948 Newton - 460 200 12 195 G,J ~44.7 11-17-81 - — D | Screen 200-360, 360-460 ft.
3006 — 324536~
0815956 Carl Mons 1938 385 220 4 205 6,J _35 1938 = — b
J0N2 — 325226~ Magnolia -50 0s- -39
0815707 State Park, 1 05— -39 357 — [ 218 G,J -57.2 11-13-81 30 - [
3J0W8 — 324822- Millen, 2 (Wal- -32 07-06-77
0815608 nut St. well) - 400 230 B 182 G,J -36.9 11-11-81 — - 3 Screen 230-352, 352-400 ft.
30W9 — 324923 Jockey Inter-
0815700 narional, 1 07- -74 401 155 10 169 c,J -13.5 02-04-80 580 — 1
Johnson 244 - 324351~ Wrightsville,
0824314 Ga., 3(2) 1970(?) 525 250 10 355 G,J -130 04-15-70 400 - P | Screen 50 ft. Intervals unknowm.
Laurens 2101 317 323215 -85.4 05-29-75
0830431 Dudley, 1 1952 369 — = 325 G -87.4 11-10-78 - - P | Screen 339-369 fr.
2102 — 323030~ Ga. D.0.T. 87 -48 09-03-68
0830246 Rest stop well 09- -68 509 229 — 282 D,G,J -52.7 01-28-82 160 — P | Screen 229-234, 335-346, 495-500 ft.
2105 - 323030~
0830240 USGS TW-1 11-05-80 800 800 6,4 282 D -33.9 01-28-82 - — 0 | Broken drill stem in well.
2001 — 323342— Montrose, Ga., -75 10- -46
0830915 2 - 353 116 ] 391 G,J -121.4 11-06-81 40 - F | Wacer-quality analysis, 02-18-66.
2213 — 322647- Albert S.
0825955 Mercer - 420 300 10 220 c -44.7 11-06-81 700 — A | Open hole 300-420 fr.
Pulaski 1855 339 321702~ +2.1 07-17-53 “
0832749 Opelika Mfg. Co. - 319 150 - 227 6,7 -25.3 11-03-81 500 — 1 | Screen 150-170, 285-315 fr.
18R6 — 320941~ +17 1910
0832529 N. J. Bozman 1910 367 350 — 215 G +3.8 07-20-50 17.5 | — D
|
1887 — 320827~
0832409 Elmer Trist - 397 - - 220 G +6 08-23-51 - | — b
18513 — 321605- 01d Pulaski Co. -11 1934
0832438 High School - 385 150 — 252 G, J —44.5 06-29-50 75-100 — ¥ | Screen 150-302, 302-385 fr
18512 — 321652- Opelika Mfg. Screen 306-367 ft. Transmlssiviry =
0832757 COny: 2 — 390 306 - 245 G -12.6 07-29-71 636 29.0 1 | 9,800 fr2/d.
18515 — 321652 Screen 374-414 fr. Trensmissivity =
0832624 Hartford, 2 1973(2) 420 374 ] 230 9 -3 1973 ‘ 349 5.6 ? | 2,100 fc2/d.
|
Richmond 27A43 — 331647~ Fort Gordon |
0821747 test well 3 — 41.5 - - ‘ 265 G -2.6 02-26-57 - - o
268AA1 — 331730- | Screen 120-140 ft. Water—quality
0821209 Blythe, 1 1966(7) 140 120 - | 450 [ -108.87 | 10-21-80 174 - ¢ | analysis, 06-17-68.
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[Aquifer:

D, domestic; I, industrial; P, public supply; O, observatiom.
feet, messured levels are given iu feer and tenths; Yield:

G, Gordon aquifer system, J, Jacksonian aquifer; D, Dublin aquifer system. Use: A, agricultural;
reported levels are given in
P, flowing. Depth of well: >, greater tham]

Appendix A.—Record of selected wells—Continued

Water level:

Georgla Date Depth Depth Dismeter Alcicude Water level
Geologic drilled of of of of land Specific
Well Survey Latitude— or well casing well surface Above (+) or below (=) Date of Yield capacity
County numbers number longitude Name or owner modified (fe) (£t) (1n.) €33} Aquifer(s) land surface (ft) measurement | (gal/min) | (gal/min/ft) | Use Remarks
Screven 32x19 ] 325422- +5.6 07-16-63
0813746 Millhaven Co. = 361 124 4 109 G,J +5.8 11-09-81 -_ - I Screen 124-209, 209-361 ft.
3325 - 325009 +9.8 08-13-63
0813245 Louis Pfelffer e 400 St 5 74 G +i.l 11-10-81 -— = D
33v1 = 324442 Mrs. Cassie -12.8 04-09-43
0813108 Bazemote = 480 — 6,3 107 G -19.2 11-03-81 - == D
32x23 - 325723-
0813758 Millhaven Co. - 375 — 4 180 G -54.2 11-09-81 =» = I
33%5 - 325236~ F 07-12-63
0813600 Ralph Dixon 1942 300 - 4 102 G +8.5 11-10-81 - g D
33518 638 325724- W. S. Morris, III
0813218 (old Wade F 06-06-63
Plantarion) 1959 326 201 8 110 G,J +20.7 11-10-81 = s D
34W4 - 324839~ Ga. Dept. of +2.6 08-15-63 Screen 220-374, 374-434 fr. Wacer—
0812904 Transportatiou — 434 220 4 70 G,J +l.1 11-09-81 - = — qualirty analysis, 03-16-70.
33w19 - 325232- +6.6 08-14-63
0813612 Ralph Dixon 1- -62 368 220 4 98 G,J +7.4 11-10-81 — = D
33W23 - 325041- +12.7 08-13-63
0813405 S. A. Jenkins - 411 200 4 84 G,J +6.2 11-09-81 = - D Screen 200-254, 254-411 ft.
32w13 — 324500~ -109.9 06-08-39
0813822 Sylvania, 1 06-08-39 490 — 10,8 225 G -127.2 11-04-81 — - P Water—quality analysis, 05-21-45.
A}
32x14 295 7 324510-
0813838 Sylvaaia, 3 — 490 125 12 199 G,J -99.5 11-04-81 od = P Screen 125-151, 151-490 ft.
33x27 ad 325504— +H2.4 08-13-63
0813005 R. H. Taylor - 400 200 4 73 G,J +11 11-10-81 - -— D
32x15 1047 325555~
0814008 Millhaven Co. - 310 260 6 169 G,J —45 09- =-58 70 — T
33x37 - 325726~ Millhaven Planta-
0813722 tion Buena Vista Screen 370-460, 477-502, 550-565 ft.
well - | 565 370 10 188 G -68 05-02-79 1000 9.6 D | Transmtesivity = 3,500 £t2/d.
Open hole 253-670. Transmissivity =
32018 — 323612~ King Finishing 13,000 £ft2/d. Wacer-quality analysis|
0814425 Co., o 670 253 == 149 G,J =34 08- =65 1815 50.4 I 08-19-81.
33w24 - 325137-
0813409 A, S. Mills Co. 1963(?) 535 == & 95 G +9.2 08-13-63 - - p 4
33x20 -— 325619-
0813149 Wade Plantation 1963(?) 369 205 9 9 < +.3 08-13-63 = == A
Washington | 25X13 - 335845~ -50.6 04-20-66
0823635 Davisboro, 1 1966(?) 400 200 *e 302 G,J -52.2 10-23-80 175 e P Well no longer used.
23X26 - 325858 Sandersville, -222 10-23-80
0824814 7 = 467 140 — 455 G,J -220.1 11-16-82 165 - ) 4 Screen 140-150, 282-287, 307-317 fc.
23X34 - 325624- Rolmes -140 08-06-73 Screen 182-187, 250-255, 325-330 ft.
0824502 Canning Co., 2 —_ 335 182 -— 385 G,J ~141.9 11-04-81 183 19.8 1 | Transmissivity = 2,400 ££2/d.
24x2 - 325428- -84 12-01-66
0823954 Riddleville - 408 = -_ 411 G =146.1 11-06-81 316 _— P
2329 — 330942~
0824717 Herman Snider L— 131 - -— 350 G =20.5 10-22-80 - - D
Wilkinson 1919 - 324954~ Yara Englueering,
0831743 G-13 -— 40 — 4 440 G -17.8 05-27-79 — — 0
20046 ad 324823
0831316 Hollingsworth = 23 —_ 24 390 G -3.6 05~14-79 -— -— )]
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Appendix B.—Chemical snalyses of water from the Gordon aquifer system

[Aquifer: G, Gordon aquifer system; J, Jacksonian aquifer. <, less than]
Milligrams per liter Dissolved Micrograms per liter
solids |Hardness!| .
=
- o
=~ |8 o BT g |5
ge o8|z 2w 2|2 |~
~ ] @ = o T 9w = |- -
2 = ¥ s =Nl lalgshadasll =21 2 E IEM R ~ ~ S ~| &
ol e =lzlz 1glsrslclzla |e]ls|2|2]2]| 5% Fadl o 23|38 -~ Z AR RS
a2 e 2| e q | 3 Z Z |2 T Ee|oalE8 S| 2|8 ° 3 P I 21215 -
~ g 2 =13 5| o 5| 2 o 0 g | @ - 2| =8 = | de|aZl= 8 e < A 201 e| 5 =
@ 3 @ g @ a | = = = = o o 3 w £ s e | &% o| 2 ol gf = = a | d ~| 2| g 5
° =1 @ 5 @ Cri 1 @ B D ] per) =l ] 3 u| &g s® sules & 212 % u (=2 Sl Elalz
Well Datg 3|3 & | 2|2 S| 2 pet B S |88 e| 22|38 I | E3|EF 22| R | 5| E| B & g 3|2 slals g
=
numbe  Owner or name |Aquifer(s)| ssmpled | 3 | & 2| |& ||| & |8|& |2 |2 |2|2|=|2|&d| 2 |5=/30is88| 2 |%5[3|5 sllE |8 |3 Sl sl =
Georgia Enviroumental Prorection Division
standards for safe drinking water, 1977 500 50|10 | 50 |1,000 300 | 50 | 50| 2.0]10 5,000
2893 | Midville, Ga., 1 & 08-20-81 43 |47 2.7 [13.5]2.3 |140 |115 | 8.9 | 2.1|0.1 [ 1.9 |— | 183 (181 |130 |15 | 248 | 7.7 |20.6| — |43 | <10 | —[ 3[ =] <w 39 | <10 | 16 | <0.L <L |240 <4
28442 | S.T. Corley G 08-08-46 | — | = | — | —| = | 20| 16| 2.0 |20| 043 |—| —| —| 215 - —|wBs|—| = —| == - - = == =|=] = -
2821 | C.F. Morris g 080846 —| — | — | —| — 8| 7(3.0 20| a| wo|l—| —| —| 9|2 — — 195 = | = | =] === = - — =] =] =|=]| = —
29z) | J. Thompson G 08-08-46 | —| — | — | —| — |176 |144 | 9.0 | 3.0 0| w0|— | —| — |10 | 0 — — || — | —| —| —=|—=| = - - = =] =] = -
31221 | Vogtle Observa- "
tion well 135 G "10-14-71 | 9.2 | 28.8 | 8.3 l16.3 2.8 [115 {106 [17.4 | 40| .0 | L6 |— | —|106 [106 |— | 180 | 82| —|— lo —| == - —| 12| —| —=| —=|—| = -
2701 | Swainsboro,
Ga., 5 G,d 04-11-67 [ 26 | 46 4.0 | 3.8 2.4 |152 (125 | 4.0 | 3.0 2| .10|— [ 172|165 (132 8 | 272 | 7.8(23 0 |3.9 ol —|—| = 0| 160 10| 0| —|—|[350 0
09-28-711 | —| — | — | —| — [ —| —| 40| —| .2 — | —| —| 96|— | 260 | 7.9]22 |— | — | s0o| of of o o 0 0| of —|—| — -
2523 | Gibsoa, Ga., 3 c 09-04-81 | 9.6 .6 1.2 | 2.8 .2 1, 1| —| = = = |- a7| —| 6|5 60 | 4.6|19.3| — |60 100 | —| 3|<10 0| 130 10|19 — | — 26
2525 | Gibson, Ga., 2 G Soz-27-19 | —| — | — | —| — 7= = = =] = |=] =] =| s|— - —| == Is& —| == = — | 10| — | —=| —|-| — -
26X1 | Louisville,
Ga., G 03-11-63 [ 37 |18 1.2 | L3| .5 [ s2| 43| 8.8 (28| .2| 00— |118| 9| 50| 8 | 11z | 6.7[20.0] 3 17 el e Il - = = ||= == = =
fla—01-15| —| — | —| —| — | = | —| =] —-| —|=| —=| = 40 |— — —| == j%0| —|=—|~]| = = Il o == =i~ — -
26Y4 | I. P. Scevens, & 6,J 08-20-81 [ 41 |16 1.2 (1.6 57| — 46| — | —| —| — |—| 98| —| 45— | 110 | 6.3|20.4|— |39 400 | —|<1| — | <10 [1,200 <10 | 37| <.1 |<1 61 7
2681 | Wadley, Ga., 1 G 10-19-63 [ — |60 |10 |20 — | = 6|22 4.0 —| — |—=| —| =190 6 — =l == 1= =l==Il= — -~ =1 =] =] -
08-20-81 [ 46 |33 2.0 2.3 1.8 |105| 86| — | —| —| — |—|ws8| — | 91| 5 | %74 |%.9|21.0]— |18 200 | — [« | — | <10 |1,900 <10 130‘ <.1‘<1 150 <
291 | J. M. Johnson, 1 6,7 04-11-67 | 39 |40 2.1 | 2.5| 2.1 |128 [105 |11 2,0 1| 00|— |165| 162 |110| 4 | 245 | 7.9|20.0] 0 |26 | —| —|—| — - — —| = —=|—=|150 -
30W1 | Millen, Ga. 6,J 1-17-59 | 39 |44 2.7 | 3.6[2.8 [146 (120 | 9.6 | 3.5| .2 | .20(— | 191|178 121 | 2 | 254 | B.0f2L.5| 2 |23 | — | —|~]| — - - == == - -
20Ul | Montrose, Ga., 2 G,J 02-18-66 | 20 |47 2.1 | L8| .8 [144 |18 |11 3.0 | wo|— | —|u57 |126| B | 238 | 7.8] —| 5 |37 | —| ~|—| — — - = = == = -
268441 | Blythe, Ga., L G 06-17-68 | 11 1.0 | .6 |36 .2 1] 1| 0|30 1|54 |— | 320 29| 5/ 4 a1 | s.8| —| 0 25| —|—|—| — — —| = =] == o -
32W13| Sylvania, Ga., 1 G 05-21-45 - — —_ — | — |[158 [130 | 8.0 | 3.0 & e —~] —|123] o — —_ —_ - —_ —_] == - — | = - i ben | 1— =
34W4 | Ga. D.0.T. Rosd-
side Park [ 03-16-70 | 34 | 30 7.7 13 | 3.6 |168 [121 | 9.6 | 3.0 .2 | .oo|.or| 193|174 [107 | 0 | 252 | 7.8|19.5| 5 | 3.8 [%300 |S10|—| — 0 90| 20| o —|—|240| 300
32X34 | Hilltonia, Ga. G,J 05-04-64 | 34 | 46 S.1 [ 4.9]2.5 152 |125| 8.0 | 5.0| .3 | .oo|— | 182|181 |136 |12 | 250 | 7.8| 2000 O [ —| —| —|—]| — - —_ = —=|=] - -
32018 | King Fiaishing
Couz 6,J 08-19-81 | 16 |13 2.5 [27 |45 |07 | —| — | —| —| — |—=|127| —| s2|— | 182 | s.1|264|— |23 |0 | —| 2| —| <10 30 | <10 | 16| <ot |<n|270 <b
18V14| J. M. Gettys G,J 12-20-44 | —| — | — [ —| — l230 |88 | — |3.0] 2| .a0[—= | —| —|176] 0 —_ — 185 = = —=| == - - - = =] =|[=] = -

1Water having a CaCO3 hardness of 0 to 60 mg/L is classiffed “soft™; 61

2 Carbon dioxide concentration calculated from measured values of pH and

180 mg/L, “"hard™; and more than 181 mg/L, "very hard.”

3 State standards for fluoride are set according to temperature.

4 Analysis by Bechtel Corporation, San Francisco, California.

5Total recoverable solids.
& Aualysis by Georgla Euvirosmental Protection Division.

bicarbonace ion.

to 120 mg/L, “moderately hard™; 121 to
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