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CONVERSION FACTORS, ACRONYMS AND DEFINITIONS,

AND VERTICAL DATUM
CONVERSION FACTORS
Length
Multiply Dy {0 obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
acre 0.4047 hectare
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
million gallons (Mgal) 3,785 cubic meter
Elow
cubic foot per second (ft*/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
million gallons per day (Mgal/d) 0.0438 cubic meter per second
T ssivit
foot squared per day (ft2/d)1 0.09290 meter squared per day

ncentrations

tritium units (TU) 32 picocuries per liter

Temperature

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:

°C = 5/9 (°F-32)

IStandard unit for transmissivity is cubic foot per day per square foot times foot of aquifer thickness [(t3/d)/f/ft). In
this report, the mathematically reduced form foot squared per day (f%/d) is used for convenience.



ACRONYMS AND DEFINITIONS OF TERMS
EPD  Georgia Department of Natural Resources, Environmental Protection Division

MCL Maximum contaminant level--maximum permissible level of a contaminant in water which is
delivered to any user of a public water system

SMCL Secondary maximum contaminant level--a contaminant level that affects the aesthetic qﬁélity
of drinking water.

TOC  Total organic carbon

TU Tritium unit--A unit of measurement for tritium concentration. Tritium concentration also is
expressed in picocuries per liter. One TU equals 3.2 picocuries per liter

USGS U.S. Geological Survey

VERTICAL DATUM
Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929--a geodetic datum

derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called *“Sea
Level Datum of 19297,
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HYDROGEOLOGY, WATER QUALITY, AND
WATER-RESOURCES DEVELOPMENT POTENTIAL OF THE
UPPER FLORIDAN AQUIFER IN THE VALDOSTA AREA,
SOUTH-CENTRAL GEORGIA

By
James B. McConnell and Charles M. Hacke

ABSTRACT

The quality of water in the Upper Floridan aquifer in the Valdosta, Georgia, area is affected by direct recharge
from the Withlacoochee River. Water enters the Upper Floridan aquifer along a short reach of the Withlacoochee
River where sinkholes have formed in the streambed. The river water receives little filtration as it recharges the
Upper Floridan aquifer, and naturally occurring organic material in the river provides a readily available source of
energy for the growth of microbiota in the aquifer. The microbiota are catalysts for reactions that produce methane
and hydrogen sulfide as the river water mixes with ground water and moves downgradient in the aquifer. Also,
humic substances associated with the organic material in the water can form trihalomethanes when the ground water
is chlorinated for drinking-water supplies. In addition to water-quality concerns related to natural conditions, ground
water in the Upper Floridan aquifer in the Valdosta area might be vulnerable to contamination from human activities
in the drainage basin upstream of the sinkhole area because the river water receives little filtration as it is recharged
through sinkholes directly to the aquifer.

Recharge at the sinkhole area is a major source of water to the Upper Floridan aquifer in the Valdosta area.
All flow of the Withlacoochee River is lost to the Upper Floridan aquifer through the sinkholes when streamflow is
less than 50 cubic feet per second (ft/s). Flow loss increases as flow in the river increases from 50 to about 300 ft/s,
but the percentage of flow loss compared to total streamflow becomes smaller. At streamflows greater than 300 f/s,
loss to the aquifer is (on average) about 82 ft’/s. Losses to the aquifer for streamflows less than about 50 ft’/s have
not changed appreciably between 1975 and 1989, when this study was completed. However, the average loss during
high streamflow conditions decreased from about 300 ft*/s in 1976, to about 82 f’/s in 1989. Also, the average
streamflow loss was 112 ft/s for the period from 1932-75, compared to about 60 ft*/s for the period from 1933-89
determined in this study. The amount of organic material that enters the aquifer through sinkholes, expressed as the
average total organic carbon load, was about 2.6 tons per day for the period from 1972-89.

Recharge to the Upper Floridan aquifer through the sinkholes during periods of high streamflow forms a
ground-water mound in the vicinity of the sinkhole area. Movement of recharge water is laterally downgradient,
primarily in a south-southeasterly direction from the sinkhole area.

Recharge to the Upper Floridan aquifer occurs regionally north of the study area, and ground-water flow
generally is towards the southeast. However, recharge from this area probably is not a major source of water to the
Upper Floridan in the study area, because regional flow is impeded north of the study area by the Gulf Trough, a
northeast-southwest trending geologic feature. The aquifer can receive recharge from infiltration of precipitation in
the area between the Gulf Trough and the study area, but probably receives little recharge from infiltration in the
study area because recharge is retarded by confining units in the overlying sediments.



Areal distributions of total organic carbon, total sulfide, and methane in water of the Upper Floridan aquifer
were mapped and used to identify areas where ground-water quality is affected by recharge from the Withlacoochee
River. Areas where concentrations of total organic carbon, total sulfide, and methane in ground water are greater
than 2.0 milligrams per liter, 0.5 milligrams per liter, and 100 micrograms per liter, respectively, are considered
affected by recharge from the river. An assessment of mixing using chloride concentrations of river water and ground
water from the Upper Floridan aquifer in a simple mixing mode! indicates that water from wells in the Valdosta area
ranges from 0 to 61 percent river water and averages about 4-percent river water.

The Bemiss and Bay Branch areas, located northeast and northwest of the sinkholes and outside the areas
affected by river recharge, were considered to have relatively high potential for additional development of ground-
water resources. Ground-water quality in these areas and the generally excellent water-bearing properties of the
Upper Floridan aquifer (transmissivity about 100,000 feet squared per day), indicate that the aquifer in the Bemiss
and Bay Branch areas could provide large quantities of water suitable for most uses. The relatively low density of
photolincaments and relatively low concentrations of total organic carbon, total sulfide, and methane in ground water
in these areas indicates little movement of river-affected ground water to the areas.

INTRODUCTION

The Upper Floridan aquifer is the sole source of water supply for the city of Valdosta, Ga., and much of the
surrounding area. The aquifer yields an ample supply of water; however, water quality is a concern to users and
developers of ground-water resources in the area. In some areas, the aquifer contains water having high color, high
concentrations of iron and hydrogen sulfide, and undesirable bacteria, protozoa, and fungi (Krause, 1979). The water
also contains relatively high concentrations of organic material in some ateas. Humic substances associated with the
organic material in ground water can react with chlorine during water treatment to form compounds referred to as
trihalomethanes. Total trihalomethanes have been detected in treated water in concentrations that exceed the
maximum contaminant level of 100 micrograms per liter (ug/L) for drinking-water supplies established by the
Georgia Department of Natural Resources, Environmental Protection Division (EPD, 1990).

In the Valdosta area, ground-water-quality concerns generally are related to direct recharge of water from the
Withlacoochee River to the Upper Floridan aquifer through sinkholes in the river channel north of Valdosta.
Furthermore, because the river water receives little filtration as it recharges the aquifer, ground water in the Valdosta
area might be vulnerable to contamination as a result of human activities within the Withlachoochee River basin. To
address these concerns, the U.S. Geological Survey (USGS), in cooperation with the city of Valdosta, Ga., in 1988,
entered into an investigation of water quality and water-supply potential of the Upper Floridan aquifer in Valdosta
and the surrounding area.

Purpose and Scope

The purpose of this report is to present the results of a study of the occurrence and quality of ground water in a
karst terrain in the Valdosta area in south-central Georgia. The specific objectives of the study were to (1) define the
hydrogeologic framework in the Valdosta area and describe ground-water flow paths in the Upper Floridan aquifer,
(2) determine average rates of recharge from the Withlacoochee River to the Upper Floridan aquifer and the effects of
recharge on the ground-water quality in the Valdosta area, and (3) evaluate the development potential of ground-
water resources in the area.

This report describes the hydrogeology of the study area, the water-quality conditions of the Withlacoochee
River, rates of recharge to the Upper Floridan aquifer from the river, and the effects of the recharge on the movement
and quality of ground water. Maps are presented showing areas where the quality of ground water is affected by local
recharge and where the greatest potential exists for future ground-water resources development.

Tables are included that summarize the surface- and ground-water-quality data collected by the USGS since
1963, as well as data collected during 1988-90 as a part of this study. Data collected from wells during this study
provide basis for a more detailed examination of the geologic framework and stream-aquifer relations than was
possible in previous investigations.









DATA COLLECTION

Streamflow, water quality, ground-water level, and borehole geophysical and lithologic data were collected at
numerous sites during this study (plates 1, 2). Site data for wells sampled and for wells having borehole geophysical
and lithologic data are summarized in tables 1 and 2.

Streamflow

Data from gaged and measured sites on the Withlacoochee River, and streamflow records from the Alapaha
River in an adjacent basin (not in the study area) were used to estimate the average long-term streamflow loss
(recharge) to the Upper Floridan aquifer. Gaged sites on the Withlacoochee River include Withlacoochee River near
Bemiss (station number 02317748) and Withlacoochee River at U.S. Highway 41 near Valdosta (station number
02317755) (plate 1). The streamflow gaging stations were established in October 1976; however, the station near
Bemiss was discontinued in December 1981 and the station at U.S. Highway 41 was discontinued in September 1978.
A gaging station, Withlacoochee River at McMillan Road near Bemiss (station number 023177483), was established
June 1988 about half a mile downstream of the discontinued station near Bemiss. The swreamflow gaging station at
U.S. Highway 41 was reactivated in August 1988 as part of this study. In addition, streamflow was measured at
several points along the reach of the river from the gaging station at McMillan Road to the gaging station at U.S.
Highway 41 during selected periods of low flow.

Water Quality

Water samples were collected monthly from the Withlacoochee River above Valdosta (station number
02317749) since November 1974 as part of a data-collection program conducted by the USGS in cooperation with the
EPD. Samples were collected in accordance with techniques described by Ward and Harr (1990), and analyzed by
the EPD water-quality laboratory, Atlanta, Ga. Water-quality data from the cooperative study with EPD that were
used in this study include specific conductance, pH, color, and total organic carbon (TOC). In addition, the USGS
collected water samples from the Withlacoochee River during 1988-90 as part of an investigative study with the city
of Valdosta.

Water-quality data from the Withlacoochee River were used to characterize the chemical quality and physical
properties of the river water where it enters the Upper Floridan aquifer through sinkholes. Organic-carbon data
collected since 1974, and long-term streamflow records were used to estimate the amount of organic carbon
introduced into the Upper Floridan aquifer by recharge through these sinkholes.

Tritium data were collected periodically from December 1988 to February 1990 at Withlacoochee River
above Valdosta and during 1988 at ground-water sampling sites. These data provided information for tracing
ground-water movement in the Upper Floridan aquifer. Tritium is a radioactive isotope of hydrogen that occurs
naturally in the environment. Concentrations in the atmosphere, and consequently in surface water, were elevated
above natural background concentrations in the late 1950's and early 1960's due to nuclear-weapons testing. Thus,
elevated tritium concentrations in ground water indicate the presence of water that has entered the Upper Floridan
aquifer since the late 1950's.

The Upper Floridan aquifer was sampled adjacent to, and within, areas that were delineated by Krause (1979)
as yielding water high in color and hydrogen sulfide concentrations. Water samples were collected periodically from
June to December 1988 from 59 privately owned and public water-supply wells open to the Upper Floridan aquifer.
In June 1989, samples were collected from a test well (19F100) at the city of Valdosta well-field development site.

Wells from which water samples were collected, generally, were cased to the top of the Upper Floridan
aquifer and left uncased in the aquifer. Well depths ranged from 109 to 450 ft, and casing depths ranged from 48.5 to
220 ft below land surface (table 1). Because of the variation in well depth, casing depth, and pumping rate of the
wells sampled, water samples from the wells represented a mixture of water from several permeable zones in the
open-hole interval; these zones might have contained water dissimilar in chemical character. Thus, the analysis of a
water sample from a well is only a general representation of the chemical character of the ground water at that well.
The analyses of water from 59 wells provide a general representation of water-quality conditions in the Upper
Floridan aquifer in the study area.



Table 1.-- Site data for wells having water-quality data in the Upper Floridan aquifer

[PW, public or business water supply; OBS-REC, observation well equipped with a recorder; D, domestic supply; S, steel;

P, polyvinyl chloride (PVC); altitude, in feet, refers to distance above sea level; --, no data}

Land Well Casing Number
Well Well surface depth depth  Casing of Well Years
number name Latitude  Longitude  (feet) (feet) (fcet)  material samples use sampled
19E005 Valdosta well 3 30°51°41"  83°1702" 226 348 168 S 6 PW 1982-84
19E010 Valdosta well 4 30°49°39"  83°16'S8" 200 400 178 N 11 PW 1974, 1979,
1982-85, 1988
19E017 Lloyd Jackson 30°4823"  83°17'57" 223 251 216 S 2 n 1985, 1988
19E041 Valdosta well 7 30°50’56"  83°19°19" 215 346 187 S 13 W 1970, 1974,
1979, 1982-85,
1988
19E055 Lowdnes Glass Co. 30°49°52"  83°18'39%" 197 230 189 S 1 PW 1985
19E061 WGOV Radio 30°48'14”  83°21°21" 228 215 165 S 1 Pw 1988
Station
19E063 J. Henley 30°46°02"  83°16'05" 193 220 155 S 1 D 1985
19E067 Process Engineers 30°4735" 83°1647" 185 250 190 P 1 PwW 1985
19E068 Howard Dasher 30°51°39"  83°18728" 192 225 199 S 1 D 1985
19E069 Valdosta State 30°51°02"  83°17°20" 208 290 190 S 2 PW 1985, 1988
College
19E070 Jack Neece 30°48'12"  83°15°02" 169 200 160 S 2 D 1985, 1988
19E071 Russell Simpson 30°51°11"  83°2123" 142 109 48.5 S 2 D 1988
19E072 Valdosta Saaitary 30°49°27"  83°21'38" 200 -- - S 1 | 4 1988
Landfill
19E073 Greg Small 30°48'46"  83°20°30" 230 240 135 S 1 D 1988
19E074 Valdosta Sewage 30°50°00"  83°21°37" 144 256 - S 2 PW 1988
Treatment Plant
19E081 Airport Beacon 30°4701" 83°16’06" 196 - -- S 3 PW 1985, 1988
19F011 Dan Johnson 30°54’07" 83°19'00" 138 112 82 S 1 D 1985
19F018 Valdosta Vocational 30°53'24" 83°21°14" 194 230 144 S 4 Pw 1963, 1974,
School 1988
19F031 Shell Service Station 30°53'38" 83°21'15" 230 180 158 S 2 Pw 1985, 1988
19F038 M.E. Thompson, 30°53'16" 83°16’45" 215 300 180 S 7 PW 1974,
Oak Street well 2 1982-84
19F049 Big D Building 30°52’46" 83°18°02" 204 188 153 S 1 PwW 1988
Materials
19F055 Valdosta well 11 30°54°09"  83°15°53" 220 400 200 S 5 PW 1984, 1985,
1988, 1989
19F057 Charles Woodall 30°53'52" 83°15'08" 225 220 190 P 1 D 1985
19F058 Mineola Motor 30°54’16”  83°20"24" 195 195 60 S 1 PW 1985
Home Park
Y/19F061 Scott Holton 30°55’'42"  83°20°15" 193 207 130 S 2 D 1988
19F062 J.R. Zicgler 30°5645"  83°16’21" 156 160 130 S 2 D 1988
1/19F063 Lucas (original 30°56’11"  83°19'34° 144 180 140 S 2 D 1988
owner)
1/19F064 Ronnie Gray 30°55°23"  83°20°06" 195 200 165 P 1 D 1988
1/19F065 Pendleton 30°56’00" 83°18'50" 171 160 130 P 1 D 1988
19F066 Edwin Turner 30°54’33" 83°1848" 147 130 120 S I D 1988



Table 1.--Site data for wells having water-quality data in the Upper Floridan aquifer--Continued

[PW, public or business water supply; OBS-REC, observation well equipped with a recorder; D, domestic supply; S, steel;
P, polyvinyl chloride (PVC); altitude, in feet, refers to distance above sea level; --, no data]

Land Well Casing Number
Well Well surface depth depth  Casing of Well Years
number name Latitude  Longitude  (feet) (feet) (feet) material samples use sampled
19F069 Cherry Creek 30°54'56"  83°15°46" 179 277 172 S 1 Pw 1988
Baptist Church
19F070 Fenis Miller 30°55°48"  83°15°51" 205 175 127 S 2 D 1988
19F073 J.R. Ziegler 30°56’'15"  83°15°51" 221 - - - 1 D 1988
19F075 Mrs. Charles Ray 30°52'50"  83°16°24" 234 240 185 S 2 D 1988
19F080 S. Burson and K. 30°54'14"  83°20'17" 193 165 135 S 1 D 1988
Doty (Mini-K)
1/19F081 James Miley, Jr. 30°57°35"  83°21°22" 232 180 17 S 1 D 1988
19F082 Jim Fisher 30°53'51"  83°17°59" 175 161 138 S 1 D 1988
1/19F083 Andy Bonner 30°5746" 83°17°30" 193 132 124 S 1 D 1988
V19F090 Hubert Parrish 30°57°19"  83°17's8" 188 240 220 P 1 D 1988
19F096 United Pentacostal ~ 30°54°20"  83°15°54" 198 190 160 o« P 1 PW 1988
Church
19F097 J.C. Cowart 30°5421"  83°15°30" 223 330 210 S 1 OBS-REC 1988
19F100 Valdosta Production 30°54’50" 83°15°03" 203 450 195 S 1 Pw, 1989
test well unused
19F108 Pineridge 30°5321"  83°16’18" 239 300 190 S 1 PWw 1985
Subdivision
20E013 Sidney Dasher 30°49°'50"  83°11°32" 192 240 155 S 2 D 1985, 1988
20E016 R.C. Prine 30°45°08"  83°13'30" 180 164 120 S 2 D 1985, 1988
20E017 Bobby Stracener 30°51'36"  83°13'12" 220 250 190 - 2 D 1985, 1988
20E018 Ronnie Fender 30°46'40"  83°13'52" 185 190 - S 2 D 1985, 1988
20E019 Mud Creek Sewage  30°48'31" 83°13'34" 180 280 169 S 2 PW 1985, 1988
Treatment Plant
20F007 Moody U.S. Air 30°5723"  83°1159" 210 195 182 S 2 PW 1974, 1988
Force well 7
20F024 Glenn Orton 30°53°53"  83°11°52" 212 210 172 S 1 D 1988
20F028 John Morris 30°52°31*  83°1314” 212 208 177 S 1 D 1988
20F029 Donald Summers 30°53°43"  83°13’56" 200 290 - S 1 D 1985
20F030 David Ulrich 30°54°25"  83°1212" 209 185 177 S 2 D 1988
20F031 Charles Ray 30°54°53"  83°14°23" 204 240 180 S 2 D 1988
20F037 Bemiss Methodist 30°56’15"  83°14°30" 245 270 200 S 2 PW 1988
Church
20F038 Frank Creasy 30°56’47"  83°13'54" 232 280 190 P D 1988
20F043 William Prince 30°54’51"  83°12727" 219 250 195 P D 1988
20F046 J. Gartman 30°58’12"  83°12°59" 230 250 200 P 1 PwW 1988
(GTS Auto Service)
20F048 Academy Acres 30°53'42"  83°15°00" 226 350 200 S 1 PWwW 1988
Subdivision

1/Wells that are not affected by recharge from the Withlacoochee River and represent background water-quality conditions of the Upper
Floridan aquifer in the study area.



Table 2.--Site data for wells having borehole geophysical and lithologic data in the study area

[PW, public or business water supply; OBS, observation; OBS-REC, observation well equipped with a recorder;
DES, well destroyed; D, domestic supply; I, irrigation supply; S, steel; P, polyvinyl chioride (PVC);
altitude, in feet, refers to distance above sea level; --, no data]

Land Well Casing  Casing
Well Well surface depth depth  diameter Casing
number name Latitude Longitude  (feet) (feet) (feet)  (inches) material Well use
19E001 Valdosta well 1 30°49’44" 83°16’54" 215 408 152 15 S PW
19E004  Valdosta well 2 30°49'44" 83°16'57" 210 367 168 - S PW
19E005 Valdosta well 3 30°51°41" 83°1702" 226 348 168 16 S PW, unused
19E006 Valdosta test well 2 30°51°35" 83°1709" 214 334 157 12 S PW, DES
19E007 Valdosta test well 3 30°5144" 83°17'19" 195 230 74 8 S PW
19E008  Sunset Cemetery 30°50725" 83°17'32" 191 126 120 18 S PW, unused
19E009  Valdosta 30°49’51" 83°16’58" 213 342 200 20 S OBS-REC
observation well
19E011 Valdosta well 5 30°49°30" 83°16’50" 197 400 190 20 S PW
19E014  Lowndes County 30°4729" 83°15'44" 197 200 170 4 S PW
Middle School
19E017 Lloyd Jackson 30°48’23" 83°1757 223 251 216 4 S D
19E018 K.B. Cowart 30°50°27" 83°1757 195 220 220 4 S D
19E026 Ed Hightower 30°50°04" 83°18'55" 192 213 158 4 S D
19E043  USGS, Lowndes 30°51°49" 83°1728" 178 965 195 8 S OBS
County test well
19E079 Bob Hooker 30°51°02" 83°21’32" 142 115 104 4 S D, unused
19E082  H. Stephenson 30°50°22" 83°19'16" 203 193 152 4 S D, unused
19E083 Lowndes County 30°45°24" 83°16'45” 195 - - - - test hole
well 12
19E08S  Jimmy Winters 30°48'42" 83°17°31" 222 179 169 4 S D
19F020  Hahira, Ga. 30°58’58" 83°22'12" 221 360 126 12 S PW
19F024  Frank Lindsey 30°59°38" 83°21'07" 212 292 230 4 S D, unused
19F039  Valdosta well 8 30°52'41" 83°15°46" 222 450 350 16 S OBS-REC
19F047  Robert Troutman 30°57'18" 83°1732" 170 162 159 4 S PW
19F072  Weldon irrigation 30°59'50" 83°19'41" 230 385 200 - S I, unused
well
19F076  Mineola Church 30°54'04" 83°20'08" 190 133 132 4 PS PW
of God
19F077 R. Steveson 30°59'33" 83°19°09" 188 121 116 4 S P, unused
19F078  Mineola Church 30°54'04" 83°20°08" ;M 65 58 2 P P, unused
of God
19F084 T.R. Smith 30°54°20" 83°20°13" 193 154 122 4 S D
19F085  Hubert Parrish 30°5719" 83°1758" 188 96 86 4 S D, unused
19F086  Hubert Parrish 30°5720" 83°1758" 188 154 147 4 S D, unused
well 1
19F087  Northlake Golf 30°53°49" 83°21°23" 225 296 12 6 S,p I
Course well 1
19F088  Beltmeade North 30°53"12" 83°18'10" 177 261 116 4 P D
well 2 137 4 S



Table 2.--Site data for wells having borehole geophysical and lithologic data in the study area--Continued

[PW, public or business water supply; OBS, observation; OBS-REC, observation well equipped with a recorder;

DES, well destroyed; D, domestic supply; I, irrigation supply; S, steel; P, polyvinyl chloride (PVC);
altitude, in feet, refers to distance above sea level; --, no data]

Land Well Casing  Casing
Well Well surface depth depth  diameter Casing

number name Latitude Longitude  (feet) (feet) (feet)  (inches) material Well use

19F089  Billy Harnage 30°5720" 83°19°54" 200 236 141 4 P D

19F091  Lowndes County 30°55°02" 83°19'28" 143 104 -- - - test hole
well 2

19F092  Lowndes County 30°57'14" 83°19'46" 195 100 - - - test hole
well 3

19F093  Lowndes County 30°59°34" 83°20°57" 215 100 - - - test hole
well 4

19F095  J.T. Stalvey/ 30°59°25" 83°15°08" 157 8,550 147 13 S oil test
Hunt Petroleum

19F097 J.C. Cowart 30°54'21" 83°15°30" 223 330 210 8 S OBS-REC

19F098  Hunt/Murray well 1 30°54°21" 83°16’52" 191 240 180 - -- D

19F099 Hunt well 1 30°5421" 83°16°52" 191 5,000 154 134 S oil test

19F100  Valdosta production 30°54°50" 83°15°03" 203 450 195 24 N PW, unused
test well

19F101  Valdosta deep 30°54°51" 83°15°05" 206 450 180 6 S OBS-REC
observation well

19F102  Valdosta shallow 30°54’50" 83°15°05" 205 154 60 12 S OBS-REC
observation well 60-102 6 S

19F103  City of Valdosta 30°54'51" 83°15’10" 206 50 30 4 P D, unused

19F107 Wendy Cornelius 30°5753" 83°19°09" 212 227 154 4 P D

20E010 Norfolk and 30°46°17" 83°13'15" 192 218 169 4 S I, unused
Southern Railroad
well 2

20E022 Elmer Warren 30°49°21" 83°14°33" 195 201 162 4 P D
(new home) - 183 4 S

20E023 Lowndes County 30°4727" 83°12°49" 185 -- - - - test hole
well 1

20E025 L.P. Shelton 30°50°54" 83°11'16” 200 5,000 185 16 N oil test

185-1,385 9.6 S

20F004 Moody U.S. Air 30°58'39" 83°12'15" 224 342 220 6 - PW
Force well 4

20F006  Moody U.S. Air 30°58'38" 83°12'32" 228 440 225 10 S PW
Force well 3

20F041 Lowndes County 30°54'46" 83°09°05" 215 - -- - - test hole
well 6

20F042  Lowndes County 30°55'57" 83°14727" 243 -- - - - test hole
well 9

20F049  Holiday Markets 30°56°22" 83°14’16" 223 240 213 4 P PW

20F0S0  T.L. Webb 30°54°45" 83°14°09" 192 142 103 4 P I

20F057  Nathaniel Burgman 30°57°01" 83°14°49" 224 276 186 4 P D
well 2




Water was sampled from a spigot at the well head after each well was purged by pumping. Specific
conductance, pH, temperature, and dissolved oxygen were monitored to determine when the water chemistry
stabilized. Water samples were collected after about 20 to 30 minutes of purging, which generally was sufficient time
for the water-quality properties and constituent concentrations to stabilize. The water samples were subsequently
analyzed for a variety of physical properties and chemical constituents. Concentrations of major ions, trace ¢lements,
and tritium were determined by L.N. Plummer and E. Busenburg (unpublished data on file at U.S. Geological Survey,
Eastern Region Branch of Regional Research, Reston, Va., 1988).

Water-quality data collected by the USGS from 1963 to 1989 characterizes the physical and chemical
properties of ground water in south-central Georgia. Data collected in 1988 were used to construct maps that depict
the areal distribution of constituent concentrations in the Upper Floridan aquifer and to delineate areas where ground-
water quality in the aquifer is affected by recharge from the Withlacoochee River.

Ground-Water Levels

Water-level data were collected in July and September 1988 in about 70 wells and used to construct
potentiometric surface maps of the Upper Floridan aquifer. A potentiometric surface is the altitude at which the water
level would have stood in tightly cased wells that penetrate an aquifer. Potentiometric-surface maps show the effect
of recharge and discharge on water levels in the study area and were used to estimate the general direction of ground-
water flow in the Upper Floridan aquifer.

Physical Properties of Geologic Materials

Borehole geophysical data were collected in 24 wells during this study. These data consisted of caliper,
focused resistivity, point resistance, neutron porosity, and natural gamma radiation logs. These data, and geophysical
logs collected in 30 additional wells prior to this study, and borehole cuttings were used to describe the hydrogeologic
framework in the study area. Sediment cores and cuttings collected from wells 19F100 and 19F101 (plate 2), drilled
during this study, were used to determine stratigraphic contacts and correlate changes in stratigraphy with changes on
the geophysical logs. Transmissivity of the Upper Floridan aquifer at well 19F100 north of Valdosta near Bemiss
(plate 2) was determined by the USGS from aquifer-test data collected by a consulting firm under contract with the
city of Valdosta.
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GEOLOGIC SETTING

The study area is underlain by sedimentary rocks of pre-Cretaceous through Quaternary age that consist of
limestone, dolostone, clay, and sand of varying degrees of lithification and mixtures that extend to a depth of at least
5,000 ft (Miller, 1986). Sediments of late Eocene age and younger are discussed in this section of the report. From
oldest to youngest, thes¢ geologic units in the area are the Ocala Limestone of late Eocene age, the Suwannee
Limestone of Oligocene age, the Hawthorne Group of Miocene age, the Miccosukee Formation of Pliocene age, and
undifferentiated sediments of Quaternary age (fig. 2). The geologic names used in this report for the strata of
Miocene and Pliocene age are those of the Georgia Department of Natural Resources, Georgia Geologic Survey, and
do not conform to current use of the USGS. The sediments are depicted in two hydrogeologic sections in the study
area (plate 3). A description of the core and cuttings from borehold 19F101 is summarized in Appendix I at the back
of this report.

Ocala Limestone

The Ocala Limestone unconformably overlies carbonate rocks of the Avon Park Formation (fig. 2), and
generally consists of bioclastic, fossiliferous limestone containing layers of dolostone in the upper part of the
formation. The Ocala ranges in thickness from about 350 ft in the northeastern part to about 500 ft in the northwestern
part of the study area (Miller, 1986). The top of the Ocala ranges in altitude from about 200 ft below sea level in the
southern part to about 265 ft below sea level in the eastern part of the study arca, and generally slopes to the
northeast.

Suwannee Limestone

The Suwannee Limestone unconformably overlies the Ocala Limestone (plate 3). The lithology of both
formations near the contact consists of brown dolostone interlayered with fossiliferous limestone; however, the
presence of the Eocene-age index fossil, Asterocyclina sp., helps to distinguish the contact within the similar
lithologies. Overlying the basal dolostone is soft, porous, bioclastic, and ubiquitously phosphatic limestone. Layers
of brown dolostone, not associated with the basal dolostone, are present within the lower half of the Suwannee
Limestone in the northemn part of the study area (well 20F006, plate 3). The Suwannee Limestone ranges in thickness
from about 200 ft in the northern part to about 250 ft in the central part of the study area. The top of the Suwannee
Limestone ranges in altitude from about 40 ft above sea level in the southern part to about 40 ft below sea level in the
eastern part of the study area (fig. 3). The formation dips to the northeast.

Hawthorne Group

The Hawthorne Group in the study area consists of the Chattahoochee, Parachucla, Marks Head, and
Coosawatchie Formations (P.F. Huddlestun, Georgia Geologic Survey, oral commun., 1989). Previous studies
(Herrick, 1961; Herrick and Vorhis, 1963; Krause, 1979; and Miller, 1986) referred to Miocene-age sediments in the
study area as Miocene undifferentiated or Hawthorn Formation.

The Chattahoochee Formation (Huddlestun, 1988) paraconformably overlies the Suwannee Limestone (fig.
2). Core samples from well 19F101 in the north-central part of the study area (near Bemiss) indicate that the
Chattahoochee Formation consists of a thin, basal bed of fine to medium quartz sand, overlain by a 15-ft thick section
of sparsely sandy, argillaceous, slightly phosphatic dolostone. Small, blue clasts of clay are common in the formation.
The Chattahoochee Formation increases in thickness from about 10 ft in the southern part to about 40 ft in the
northern part of the study area (plate 3). The top of the Chattahoochee ranges in altitude from about 42 ft above sea
level in the southern part to about 25 ft below sea level in the eastern part of the study area. The formation dips to the
northeast.

The Parachucla Formation (Huddlestun, 1988) conformably overlies the Chattahoochee Formation (fig. 2) and
consists of phosphatic, sandy, macrofossiliferous limestone overlain by a sandy clay bed. The Parachucla Formation
has a higher percentage of sand, phosphate, and macrofossils than the Chattahoochee Formation. The Parachucla
Formation has a uniform thickness of about 15 to 20 ft in the study area (plate 3). The altitude of the top of the
Parachucla ranges from about 65 ft above sea level in the south-southwestern part of the study arca to about 5 ft
below sea level in the eastern part (not shown on plate 3). The formation dips to the northeast.
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2 Originally defined by Huddlestun (1988) to include only the Parachucla, Marks Head, and Coosawatchie Formations;
Chattahoochee Formation included later (P.F. Huddleston, Georgia Geologic Survey, oral commun., 1989).

3pF. Huddleston, Georgia G§010gic Survey, written commun., 1991.

Figure 2.-Generalized stratigraphy, water-bearing properties, and water-quality characteristics of formations
underlying the Valdosta area.
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Water-bearing properties of the Upper Floridan aquifer in the Bemiss and Bay Branch arcas probably are
similar to the generally excellent water-bearing propertics of the Upper Floridan aquifer throughout the Valdosta
area. During the course of this study, the city of Valdosta installed test wells at a 268-acre site near Bemiss that is
being considered for development as a well field (fig. 18). Data collected at these wells indicated that water-
production and water-quality characteristics were suitable for potential water-supply development. Aquifer-test and
water-quality data from test well 19F100 near Bemiss indicate that the Upper Floridan aquifer will yield large
quantities of water suitable for drinking. The capacity of the aquifer to transmit water is high, as indicated by a
transmissivity of 94,000 fi%/d. Water collected during the aquifer test had TOC concentrations that ranged from 1.0 to
1.3 mg/L, and averaged 1.1 mg/L. Total sulfide ranged from 0.3 to 0.7 mg/L, and averaged 0.5 mg/L. Although
aquifer tests were not conducted northwest of the sinkholes, the generally excellent water-bearing properties of the
aquifer throughout the area indicate that the Upper Floridan in the Bay Branch area also may provide an adequate
water supply.

SUMMARY AND CONCLUSIONS

The Upper Flonidan aquifer is the sole source of water supply for the city of Valdosta, Ga., and much of the
surrounding area. The aquifer yields an ample supply of water; however, water quality is a concern to users and
developers of ground-water resources in the area. The Upper Floridan aquifer is recharged regionally where the
rocks of the Ocala and Suwannee Limestones crop out in south-central Georgia. However, recharge from this area
probably is not a major source of water to the Upper Floridan aquifer in the study area because regional flow could be
impeded north of the study area by the Gulf Trough. The aquifer probably receives the most recharge regionally from
infiltration of precipitation in the area between the Gulf Trough and the study area.

The Upper Floridan aquifer is recharged locally north of Valdosta where sinkholes in the channel bed of the
Withlacoochee River have breached the confining sediments that overlie sediments of the Hawthorne Group and
Suwannee Limestone. The Upper Floridan aquifer in the Valdosta aera probably receives little recharge by direct
infiltration of rainfall because overlying confining layers of clay and clayey sand inhibit downward movement of
water.

Recharge at the sinkhole area is a major source of water to the Upper Floridan aquifer in the Valdosta area.
The long-term average streamflow loss (recharge) from the Withlacoochee River to the Upper Floridan aquifer is
about 60 cubic feet per second (f3/s). All streamflow in the river is lost to the aquifer through sinkholes when
streamflow is less than about 50 ft3/s and the rate of loss at low-flow conditions has not changed appreciably from
1975 to 1989. However, the average maximum loss (loss during periods of high flow) from the river has decreased
from about 300 ft*/s in 1976 to 82 ft3/s during 1989. The long-term average streamflow loss was 112 ft%/s (1932-75)
reported by Krause (1976) compared to 60 /s (1933-89) reported in this study. The differences in long-term
average streamflow loss determined in this study and by Krause (1979) are attributed to better estimates of loss at
higher streamflows and possibly partial plugging of the sinkholes since 1975.

The movement of recharge water downgradient along connected bedding planes or fractures and the
subsequent enlargement of the openings by partial dissolution of the limestone has formed a complex ground-water-
flow system. During periods of high streamflow, recharge through the sinkholes forms a ground-water mound in the
vicinity of the sinkhole area and movement of the recharge water is laterally downgradient primarily south and
southeast from the sinkholes. Water-quality data also indicate that water movement is primarily in a south-
southeasterly direction from the sinkhole area.

Water from the Withlacoochee River that enters the Upper Floridan aquifer through the sinkholes contains
large quantities of organic carbon. During the period from 1972 to 1989, an average total organic carbon (TOC) load
of about 2.6 tons per day or 950 tons annually was transported to the Upper Floridan aquifer. The organic material
provides a readily available source of energy for the growth of microbiota in the aquifer. Microbially mediated
chemical reactions involving the oxidation of organic material, the reduction of sulfate ions to form hydrogen sulfide,
and reduction of carbon dioxide to form methane result in relatively high concentrations of sulfide and methane in the
aquifer downgradient of the sinkhole area.
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The distribution of TOC, total sulfide, and methane in the Upper Floridan aquifer that result from river
recharge provides a means to evaluate areas where ground-water quality is affected by recharge and to identify flow
paths of the recharge water. Maps showing concentrations of TOC, total sulfide, and methane in the Upper Floridan
aquifer indicate that recharge from the Withlacoochee River affects the quality of ground water in a large area of the
aquifer south-southeast of the sinkholes. Relatively high concentrations of chloride and tritium in ground water from
several wells south and southwest of the sinkholes also indicate that the ground water in these areas contains
relatively high percentages of post-1950°s river water. A simple two-component mixing model analysis of chloride
concentrations in water from the Withlacoochee River and the Upper Floridan aquifer indicates that the percentages
of river water in ground water ranged from O to 61 percent with a median value of 4 percent. The proportion of river
water in ground water generally was highest in wells near the sinkhole area and in some more distant wells thought to
penetrate solution openings connected to the sinkholes.

Areas northeast and northwest of the sinkholes in the Bemiss and Bay Branch areas, respectively, probably
have the greatest potential for ground-water-supply development. The quality of ground water and the generally
excellent water-bearing properties of the Upper Floridan aquifer throughout the area indicate that the aquifer in these
areas may provide an adequate supply of water suitable for large withdrawal uses. The low density of
photolincaments and relatively low concentrations of TOC, total sulfide, and methane in these areas indicates that the
potential for movement of river-affected ground water to the areas probably is low. However, the area of the aquifer
affected by river recharge can vary as flow paths and rates of flow are altered by seasonal fluctuations of streamflow
in the Withlacoochee River. Flow paths in the Upper Floridan aquifer also can be altered and rates of flow increased
by large ground-water withdrawal in the vicinity of the sinkhole area, thereby increasing the potential for drawing
river water toward the pumping centers. The potential for movement of recharge water in the Upper Floridan aquifer
toward areas of heavy pumping is beyond the scope of this study, but can be evaluated by using chemical tracers and
conducting aquifer tests to analyze the directional components of flow. Knowledge of the direction and rate of
ground-water flow under natural and pumping conditions would be useful in developing strategies to protect
drinking-water supplies from ground water degraded by natural or human-related activities.
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APPENDIX 1

Description of Core and Cuttings from Well 19F101

o [Core and cuttings from city of Valdosta deep monitoring well;
latitude 30°54°51”, longitude 83°15°05”; land-surface altitude, 206 ft above sea level
from Hahira East U.S. Geological Survey topographic map, 1:24,000, 1961, photo revised 1971)]

Depth below Hydrologic

-land surface characteristics
(feet) Material of interval

00 - 35 clay confining to leaky

35 - 52 sand water bearing (aquifer)

52 - 65 clay confining

65 - 70 sand leaky

70 - 100 ‘ clay confining
100 - 117 sand water bearing (aquifer)
117 - 124 clay leaky
124 - 136 - sand water bearing (aquifer)
136 - 1545 clay confining
1545 - 158 dolostone leaky
158 - 161 clay | confining

16 - 170 limestone water bearing (aquifer)
170 - 177 sandstone water bearing (aquifer)
177 - 192~ . dolostone water bearing (aquifer)
192 - 1925 * sand water bearing (aquifer)
1925 - 418 limestone water bearing (aquifer)
418 - 4501 dolostone, limestone leaky




