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STREAM-AQUIFER RELATIONS IN THE COASTAL AREA
OF GEORGIA AND ADJACENT PARTS OF
FLORIDA AND SOUTH CAROLINA

By Sherlyn Priest

Abstract

Stream-aquifer relations in the coastal area of Georgia
and adjacent parts of Florida and South Curolina were evalu-
ated as part of the Coastal Georgia Sound Science Initiative,
the Georgia Environmental Protection Division's strategy to
protect the Upper Floridan aquifer {rom saltwater intrusion.
Ground-water discharge to streams was estimated using three
methods: hydrograph separation, drought-strearaflow measure-
ments, and linear-regression analysis of streamflow duration.
Ground-water discharge during the drought years of 1954,
1981, and 2000 was analyzed for minimum ground-water
contribution to streamflow. Hydrograph separation was used to
estimate baseflow at eight streamflow gaging stations during
the 31-year period 1971-2001. Six additional streamtlow gag-
ing stations were evaluated vsing lincar-regression analysis of
flow duration (o determine mean annual baseflow. The study
area centers on three major river systems—the Salkehatchie~
Savannah—Qgecchee, Allamaha—Satilla-St Marys, and Suwan-
nee-—that interact with the underlying ground-water system (o
varying degrees, largely based on the degree of incision of the
river into the aquifer and on the topography. Results presented
in this report are being used to calibrate a regional ground-
water flow model to evaluate ground-water flow and stream-
aquifer relations of the Upper Floridan aquifer.

Hydrograph separation indicated decreased basetlow to
streams during drought periods as water levels declined in the
aquifer. Average mean annual baseflow ranged from 39 to
74 percent of mean annual streamflow, with a mean contribu-
tion of 58 percent for the period 1971-2001. In a wet year
(1997), baseflow composed from 33 to 70 percent of mean
anpual streamflow. Drought-streamflow analysis estimated
baseflow contribution to streamflow ranged from 0 1o 24 per-
cent of mean annual streamflow. Linear-regression analysis
of streamflow duration estimated the Q,; (flow that is equaled
or exceeded 35 percent of the time) as the most reasonable

estimate of baseflow. The Q,,, when compared 1o mean annual
streamtlow, estimated a baseflow contribution ranging from
65 to 102 percent of streamflow. The Q. estimate tends to
overestimate baseflow as evidenced by the baseflow contribu-
tion greater than 100 percent. Ground-water contributions to
streamflow are greatest during winter when evapotranspira-
tion is low, and least doring summer when evapoteanspira-
tion is high. Baseflow accounted for a larger percentage of
streamflow al gaging stations in the Salkehatchie-Savannah--
Ogeechee River Basin than in the other two basing. This dif-
{erence is due largely to the avuilability of data, proximity to
the Piedmont physiographic province where the major rivers
originate and are by supplied ground water, and proximity

to the upper Coastal Plain where there is greater topographic
relief and intérconnection between streams and aquifers.

Introduction

Population growth, increased tourism, and sustained
industrial activities in the coastal area of Georgia have affected
the area’s water resources and limited the availability of
ground water. The principal source of water in the 24-county
coastal Georgia area is the Upper Floridan aquifer, which
underlies most of the Coastal Plain of Georgia, southwest
South Carolina, southeast Alabama, and all of Florida (Miller,
1986). The Upper Floridan aquifer is an extremely permeable,
high-yielding aquifer that was first developed in the [880s and
has been used extensively since. Saltwater contamination of
the Upper Floridan aquifer at Brunswick, Ga., Jacksonville,
Fla., and Hilton Head Island, $.C.. also limit the availability of
ground water in coastal Georgia (Krause and Clarke, 2001).

The Coastal Georgia Sound Science Initiative is 4
program of scientific and feasibility studies to support
development of Georgia Environmental Protection Division’s
(GaEPD) final strategy to protect the Upper Floridan aquifer
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from saltwater contamination, 1n support of the Coastal Geor-
gia Sound Science Iniiative, the U.S. Genlogical Survey
(USGS 3—in cooperation with GaliPD—is conducting studies
to characterize and monitor ground-water flow and saltwater
contamination; evaluate possible alicrnative soyrees of water
to the Upper Floridar aquifer; simulate ground-water {ffow and
movement of saltwater in response 1o various water-manage-
ment approaches; and monitor changes in the hydrologic sys-
tem. The study area includes southeast Georgin and adjacent
paris of northeast Florida and southwest South Cavolina (fig. 1),
As parl of the Coastal Georgia Sound Science Initia-
tve, ground-water discharge to streams was estimated for
selected streams and yivers in a 67-county arca of souiheast
Georgia, northeast Florida, and southwest South Carolina
(55 counties tn Georgig, 5 counties in Florida, and 7 counties
1t South Caroling). Results presented herein are being used
to calibrate a regional ground-water flow maodel to evaluate
ground-water {low and stream-aquifer retations of the Upper
Floridan aquifer,

Purpose and Scope

This report describes stream-aquifer relations in the
coastal area of Georgia and adjacent parts of Florida and South
Carolina by estimating ground-water discharge 10 streamns
under a variety of elimatic conditions. These estimates were
made using hydrograph-separation technigues, drought-
streamflow measurements, and linear-regression analysis of
streamftow duration, The estimated ground-water discharge is
being used to calibrate a regional ground-water flow model to
evaluate ground-water flow and streani-aquifer relations of the
Upper Floridan aquifer.

Continuous-discharge records from eight streamflow
gaging stations {stalions) were used to estimate baseflow
using hydrograph-separation technigues for the 31-year period
from 1971 10 2001; and continuous-discharge records from an
additional six stations were used 10 estimate baseflow using
lincar-regression analysis of streamflow duration for the same
period. Historical streamflow data collecied from 22 stations
during the 1954 drought, 7 stations during the 1981 drought,
and 19 stations during the 2000 drought were used to evaluate
intermediate basin ground-water discharge during dry periods
{table 1), Precipitation data from 11 Nationa! Weather Service
(NWS) stations {National Oceanic and Atmospheric Admin-
istration, 2002) and ground-water Jevels from 9 USGS wells
(table 2) were evaluated for long-tenm trends (1971-2001).

Several tributaries o major rivers— Altamaha, Ogeechee,
Salkehatchie, Satilla, Savannah, St Marys, and Suwannee—
drain the study area. Streamflow records for continuous-record
stations and several partial-record stations along the major riv-
ers and tributaries were used in the investigation. Stream-dis-
charge measurements were taken at 18 continuous-record and
partial-record stations from July 31 through August 2, 2000,
and stream-discharge measurements from 24 continuous-
record stations were used to evaluate surface-water conditions

(fig. 1 and table 1) Measurements from 24 partial record
stations and continuous-record stations were collected fo
1954 and from 12 partial-record stations and continuous-
record stations for 1981, Data were collected {rom 62 continu-
ous-recard and partial-record stations on tributaries including
synoptic measurements. Unless otherwise indicated, the pri-
mary source of duta used in this reportis the USGS National
Water Information System (NWIS) (at dutpe/fwatesdota.nspy.
gonv/gamwis/awis). All data presented are by calendar year,

Description of Study Area

The GalPIy defines the constal aren of Georgia to include
the 6 coustal counties and adjacent 18 counties, an arca of
about 12,240 square miles (ui®) (i, 1. To account for
natural hydrologic boundaries used for model simulation, the
study area has been expanded to 32,661 mi®and includes the
24 coastal counties and outlying 43 counties extending into
northeast Florida and southwest South Caralina.

The study area is located in the northern part of the south-
eastern Coastal Plain of Georgia, South Carolina, and Florida
{fig. 1), Coastal Plain geology consists of layers of sand, ¢lay,
limestone, and dolomite that tange in age from Late Creta-
ceous through Holocene, The northern limit of these strata and
the contuct between Coastal Plain sediments and Piedmont
cerystaliine rocks correspond approximately to the Fall Line
{Clarke and Zisa, 1976), a« physiographic boundary between
the Picdmont and Coastal Plain. The various strata dip and
progressively thicken from the Fall Line to the southeast.

The sedimentary sequence unconformably overlies Palcozoic
to Mesozoic igneous, metamorphic, and sedimentary rocks
(Chowns and Williams, 1983),

Corastal Plain sediments consist of fluvial, deltaic, and
marine coastal and shelf deposits (Prowell and others, 1985).
Numerous marine transgressions and regressions have
deposited, removed, and redistributed sediments in the study
area and the vicinity (Colguhoun, 1981). Carter and Putnam
(1977) divided the Coastal Plain physiographic provinge into
upper and lower Coastal Plain. In the upper Coastal Plain in
Richmond County, Ga., sediments predominantly consist of
nonmarine siliciclastic sediments. Marine sediments are more
abundant iv the lower Coastal Plain and include carbonate-
shelf deposits in some Tertiary strata (Atkins and others, 1996).

The principal source of ground water for all uses in the
coastal area is the Floridan aquifer system, consisting of the
Upper and Lower Floridan aquifers (Miller, 1986; Krause
and Randolph. 1989). Secondary sources of water include
the surficial and Branswick aquifer systems (Clarke, 2003),
consisting of sand of Miocene to Holocene age. A generalized
correlation chart of geologic and hydrologic units is shown in
figure 2.

Land use primarily is urban in industrial areas and cities.
Qutside of these areas, land use is a mix of forest, wetlands,
row crops, and pasture. Altitude ranges from sea level along
the coast to about 400 feet (ft) near the Fall Line.
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Table 1. Selected streamflow gaging and partial-record stations in Salkehatchie~Savannah~Ogeechee, Altamaha-Satilla-
St Marys, and Suwannes River Basins.

[*. purtial-record station; -, data not available: mit. sguare miles: do., ditto]
ﬁ;ﬁ:;’u; Station name

BRI_'?S.‘?U‘.’) .'Q.;llk‘cl.tulchi; RI\_LI' near P\-'Ii!cy:._S.C.—_ F g
102176500 Coosawhatchie River near Hampton, S.C.
02197200%  McBean Creek (Ga. Hwy 56) at McBean, Ga.
021973444*  Beaverdam Creek it River Rd near Girard, Ga.
02197415 Leswer Three Runs at Martin, 8,C.

02197500 Savannab River at Burtons Ferry Bridge, Milthaven, Ga.
02197590%  Brushy Creck at Wrens, Ga.

02197600 Brushy Creck near Wrens, Ga,

02197830%  Brier Creek near Wayneshoro, Ga.

02197980%  Brier Creek (Ga. Hwy 23) near Sardis, Ga.
02198000 Brier Creek at Millhaven, Ga,

02198060*  Brier Creek at US 301 near Sylvania, Ga.
02198100 Beaverdam Creck near Sardis, Ga.

02198120*  Beaverdawm Creck at Hilltonia, Ga.

02198170  Beaverdam Creek near Sylvania, Ga.

02198280*  Beaverdar Creek near Sylvania, Ga,

02198500 Savannah River near Clyo. Ga.

02200410%  Duhart Creck (SR 80) at Stapleton, Ga.
02200440%  Rocky Comfort Creek (US 221) at Louisville, Ga,
02200720*  Big Creek (Penns Bridge Rd) near Wrens, Ga.
02200810%  Big Creek above Louisville, Ga.

02200000%  Big Creek near Louisville, G,

(02201000 Williamson Swamp Creek at Davisboro, Ga.
02201070*  Williamson Swamp Creek al Bartow, Ga,
02201150%  Williamson Swamp Creek at Wadley, Ga.
02201270%  Barkcamp Creek (SR 17) near Midville, Ga.
02201300%  Chow Mill Creek near Herndon, Ga.

02201350*  Buckhead Creek near Waynesboro, Ga,
02201360*  Rocky Creck at SR 24 near Waynesboro, Ga,
02201365*  Rocky Creek near Wayneshoro, Ga,

02201430*  Buckhead Creck at Millen, Ga.

02202210*  Ogeechee Creek near Sylvania, (Ga,

02202240%  Ogeechee Creek near Oliver, Ga.

02202500  Ogeechee River near Eden, Ga,

02202600  Black Creck near Blitchton, Ga,

02202969*  Cedar Creek (SR 129) at Claxton, Ga.

02203000 Canoochee River near Claxton, Ga.

Salkehatchie-Savannah-Ogeethee River Basin

Drainage area

(mi’

341.00
203
714
233
109
8,650
9.4
28
473
579
646
669
30.8
85.3
116
143
9,850
3.17

County

Hampton
do.
Burke
do,
Allendale
Allendale/Screven
Jelferson
do.
Burke
do.
Screven
do.
Burke/lenkins
Screven
do.
do.
Effingham
Jefferson
do.
do.
do.
do.
Washington
Jelterson
do.
Burke
Jenkins
Burke
do.
Burke
Jenking
Screven
do,
Effingham/Bryan
Bryan
‘Evans
do.

BRasin

Salkci;:-uchic
do.
Savannah
do.
do.
do.
do.
do.
do.
do.
do.
do.
do,
do.
do,
do.
do.
Ogeechee
do.
do.
do,
do.
do,
do.
do,
do.
do.
do.
do.
Ogeechee
do.
do.
do.
do.
do.
do.
do.
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Table 1. Selected streamflow gaging and partiai-record stations in Salkehatchie-Savannah-Ogeechee, Altamaha--Satilla- St Marys,

and Suwannee River Basins.—Continued

|*. pantial-record station; -, data pol available; mi®, square mile: do., ditto]

:;?'::]:’ Station name Dram(z‘gi?) area County Basin
Altamaha-Satilla-St Marys River Basin
02215100  Tuesawhatchee Creek near Hawkinsville, Ga, - 163.00 Pulaski  Allamaha
02215500 Ocmulgee River at Lumber City, Gu. 5,180 Teltair/lefl Davis do.
02216180 Turnpike Creek near McRae, Ga. 49.2 do. do.
(2223248 Oconee River near Oconee, Ga. 3,770 Wilkins/Washington do.
02223500 Oconee River at Dublin, Ga, 4,300 Laurens do.
02224000 Raocky Creek ncar Dudley, Ga. 62.9 do, do.
02225000 Altamaha River ncar Baxley, Ga. 11,600 Toombs/Appling do.
02225315%  Jacks Creek near Wesley, Ga, §.63 Emanual do.
02225360%  Pendleton Creck near Normantown, Ga, 101 Toombs/Emanual do.
02225395%  Swilt Creek (SR 130) near Vidalia, Ga. 36 Toombs do.
02225405*  Swift Creck (US 1) near Lyons, Ga. 46.3 do. do.
02225420%  Swift Creek (SR 152) near Lyons. Ga. 55.6 do. do,
02225480*  Ohoopee River (LS 280) near Reidsville, Ga. 1,070 Tattnall/Toombs do.
02225500 Ohoopee River near Reidsville, Ga. 1.110 Fattnall do.
02225850*  Beards Creek near Glenaville, Ga. 4.4 Long/Tattnall do.
02226000 Altamaba River at Doctortown, Ga, 13,600 Long/Wayne do.
02226100  Penholoway Creek near Jesup, Ga. 208 Wayne do.
02226500  Satilla River near Waycross, Ga. 1,190 Ware Satilla
02227000 Hurricane Creek near Alma, Ga. 139 Bacon - do.
02227500  Little Satilla River near Offerman; Ga. 646 Wayne/Pierce Satilla
02228000 Satilla River at Atkinson, Ga. 2,790 Brantley do.
02229000 Middle Prong St Marys River al Faylor, Fla. 125 Baker St Marys
02231280 Thomas Creck near Crawford, Fla. B 299 Duval/Nassau ~ do
Suwannee River Basin
02314500 Suwannee River at Fargo, Ga, 1,260 Clinch Suwannee
02317500 Alapaha River at Statenville, Ga. 1,390 Echols _do.
‘For _lhe p:rim% of this stud y,r d-a_t;-fmm station 02716500 in thl-t_B_madel Helen River Basin wemwi;cludt_:& in the Saikﬁhalchinava;Ai\;O-gc(;chéc B
River Basin,
Previous Studies Coastal Plain of Georgia and adjacent South Carolina and

Hydrogeologic investigations of ground water in coastal
Georgia include Miller (1986), who described the hydrogeo-
logic framework of the Floridan aquifer system in Georgia,
Florida, South Carolina, and Alabama; Krause and Randoiph
(1989), who simulated ground-water flow in the Floridan
aquifer system in southeast Georgia and adjacent parts of
South Carolina and Florida; and Clatke and others (1950),
who described the geology and ground-water resources of
13 counties in the present study area.

Reports on stream-aquifer relations in the study area
include Faye and Mayer (1990), who described stream-
aquifer relations and ground-water flow in the northern

Alabama. Atkins and others (1996) estimated ground-water
contribution to streams in the central Savannah River Basin
using hydrograph-separation technigues and a drought-
streamflow analysis. Clarke and West (1997, 1998) simulated
ground-water flow and stream-aquifer relations near the
Savannah River Site in Georgia and South Carolina. Peck
and others (2001) evaluated hydrogeologic conditions and
pond-aquifer relations at two test sites in coastal Georgia.
Abu-Ruman and Clarke (2001) described preliminary simula-
tions of pond-aquifer interaction at a test site near Brunswick,
Georgia. Mosner (2002) described stream-aquifer relations
and the potentiometric surface of the Upper Floridan aquifer i
southwest Georgia.

5
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Table 2. Well construction data for selected wells used in Georgia.

[Tt feot: alfitade in (oot betow Nosth American Vertical Pratum 1988, sereened or opened interval in {eet helow Tand swrlace: © . degree: ' minnke; 7, seeand |

Well
identification .
Weil name County Latitade
number
{fig. 1)
18K04Y (LS. Geologival Survey. Tift LR Jeurs Jo
fest w1
195000 Cily of Valdosti Lowndes 3074951
2000l Danny Hogan Laurens 3202706
20015 Gearpin Gealogiv Survey, Gandi, Wayne Y1325
test weli i
21016 Guorgia Geologic Survey, Gards, Wiyne Armaaer
st well 2
328017 Georgia Gealogie Survey. Garli, Wavne EARKVEV A
test well 3
F2R0O03 Bulloch South. test wefl 2 Bulloch 2u12a0"
35P094d University of Georgia, Bambuoo Farns - Chatham 31°59'50”
Layne-Adantic Company Chatham  32°0530"

360008

Since 1977, the USGS has described ground-water levels
annually in reports for selected wells in Georgia, The most
recent of these reports described ground-water conditions
in Georgia for 2002, including annual and period-of-record
water-level fluctuations and trends for wells in the 67-county
study area (Leeth and others, 2003), Peck and others (1999)
described the potentiometric surface of the Upper Floridan
aquifer in Georgia and adjacent parts of Alabama, Florida,
and South Carolina, and water-level trends in Georgia during
1990-98. Fanning (1999; 2003) described water use in coastal
Georgia during 1980-97 and 1980-2000, respectively.

Streamflow conditions are described annually in Georgia
in the report serics, “Water resources data for Georgia” The
most recent of these teports described streamflow conditions
in Georgia during 2002, including records for 62 stations in
the stady area (Hickey and others, 2002; Coffin and others,
2002). Thomson and Carter (1955) reported effecis of
drought on streamflow for the 1954 drought: Carter (1983)
for the 1980-81 drought; and Hale and others (1989) for the
1986 drought.

Method of Study

This study includes several work elements to estimate the
ground-water discharge to streams under a variety of climatic
conditions. The work includes compiling discharge, precipita-
tion, and water-level data; separation of streamflow hydro-
graphs to estimate mean annual ground-water contribution to
streams; and evaluation of streamflow records and periodic
discharge measurements during drought periods 1954, 1981,

Altitude of

Top of Bottom of
, land surface screened or  screened or :
Lengitude . . Aquifer
datum open interval  open interval

(ft) {f1) ()
82754134 33000 270 620} Upper Floridan
BA"16'5K" 217 200 2 Upper Floridan
8370328 259 39 123 Upper Floridan
145" 36" 74 548 750 Upper Flordin
S174336" 74 320 340 Upper Brunswick
#1743'36" 74 200 218 Surbicial
glea1'1s” 120 134 153 Miocene
81916'12° 187 1% 15 Surhicial

9.91 250 Upper Floridan

81°08'50"

and 2000, 1o estimate minimuon values of ground-water dis-
charge. Comparison of data was made between the upper and
lower Coustal Plain when data were available. When no or few
data were available, comparison was made between the upper
and lower parts of the basins within the study arca. This is an
informal division done solely for comparison in this report.
Literature review provided information necessary to
describe a conceptual model of strean-aquifer relations,
Much of the conceptual model is based on resulis of previous
investigations by Toth (1962; 1963), Freeze and Witherspoon
(1966; 1907; 1968), Faye and Mayer (1990), Atkins and others
(1996), and Clarke and West (1998). These studies show that
large rivers and their tributarics function as hydraulic drains for
ground-water flow; and that during severe droughis, most of
the discharge in these streams is contribuied by ground water.

Baseflow Estimation

During periods of little or no rainfall, streamflow is
assumed to be composed almost entirely of ground water
(baseflow). As a result, the amount of streamflow contributed
by ground water can be estimated. Three methods were used
to estimate ground-water contribution to streamflow: hydro-
graph separation, field measurements during droughis, and lin-
car-regression analysis of streamflow duration, Baseflow was
estimated at eight stations using HYSEP (Sloto and Crouse,
1996), a computer programn that separates the streamflow
hydrographs into baseflow and surface-runoff components.
The method for streamflow hydrograph separation used by this
program was adapted from Pettyjohn and Henning (1979) and
uses streamflow data in standard USGS daily values format.



Series

Geologic unit”

Lower Coastal Piain'

Hydrogeologic unit

Geologic unit

Upper Coastal Plain®

Introduction 7

Hydrogeologic

’ | - o | Savannah Brunswick B I unit
Post-Miccene Undifferentiated Surficial aquifer
1} I-_- 1 - — e —
(]
o Ebenezer Formation
=)
) - . | Confining unit i
- o
Miocene D |Coosawhatchie Formation | — Unditferentiated
= Upper Brunswick
Marks Head Formaltion _ aquiter Upper Thrae
£ | Parachucla Formalion Conlining unit Runs aqutter
2 : H —
- _ . Lower Brunswick
Tiger Leap Formation aquiter
Oligocene Lazaretto Creek Formation | Confining unit
ime Suwannes Linesione 4 Upper Flaridan aquifer E==—=—=C
g , o :
=3 Ocala Limestone Barnwell Group
M) | — — Confining
© uni B T M |
Eocene 8 | Avon Park Formation | — | Santee Limestone | Confining unit
| - L. ———— e S —
< Lower Flaridan '
=T — —— ! aquifer
5 — Congaree Gordon aquifer
2 Oldsmar Formation Confining | Formation
= _unit
| Fernandina Snapp Formation ]
Palencene Cedar Keys Formation | Confining pormeable Eflenton Formation | Confining unit®
unit 5 {undifferentiated)
_ - B _ _Sleel Creek
i i Formation Upper Dublin
Upper Cretaceous Urndifferentiated | -
e Black Creek Group|  aquifer
' - (undifferentiated) ]

YModified from Randolph and others, 1991; Clarke and Krause, 2000,
2IModified from Fandolph and others 1891: Weems ang Edwards, 2001,
FModitied from Falls and others, 1997,

I focal areas includas Millers Pond aquifer.

Figure 2. Geologic and hydrogeologic units of the upper and lower Coastal Plain, Georgia.

HYSEP uses three methods to separate baseflow: fixed inter-
val, sliding imerval, and local minimum (fig. 3). Each method
uses a different algorithm to separate baseflow systemati-
cally from runoff by connecting low points on the streamflow
hydrograph (Sloto and Crouse, 1996). The duration of surface

runoff is calculated from the

where N is the number of days for the cessation of runoff, and
A is the drainage area of the basin (Linsley and others, 1982).
All three methods use an algorithm based on the interval 2N*,

empirical relation:

N:Au.z,

2N (Pettyjohn and Henning, 1979). The three methads as
described by Sloto and Crouse (1996) are:

» The fixed-interval method assigns the lowest discharge
in each 2N* interval 1o all days in that interval starting
with the first day of the period of record.

» The sliding-interval method finds the lowest discharge
in one-half the interval minus 1 day [0.5(2N*-1) days]

which is the odd integer between 3 and 11 that is nearest to

prior to and after the day being considered and assigns
the discharge value to that day; overlapping of intervals
is atowed.
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» The docal-minimum nethod cheeks cach day to deter-
mine whether the discharze is the fowest discharge in
one-hall the interval minus 1 day [(L5(2N*-1) days];
averlapping of intervals is not allowed.

Mosner (2002 compured the results of the three methods
using four basins in southwest Georgia and found that the
fixed-interval and sliding-interval methods are biased toward
buseflow; und thus, overpredict ground-water contribution to
streumflow. A plot of the three methods of hydrograph separa-
ton for Beaverdam Creek (statlon 02198100) near Sardis. Ga.,
is shown in figure 3. The plot shows the overestimation of the
fixed-mterval and sliding-interval imethods; Tor this reason, the
jocal-nnnimunn method was used to estimate baseflow in the
siudy arca

Surface-water discharge measurements collected dur-
mg the three drought periods— 1934, 1981, and 2000 were
psed to estimate baseflow for selected tributaries of the
Salkehatchie-Savannah-Ogeechee (S5O River, Allamaha~
Satilla-St Murys (SAS) River and Suwannee River Basing.
The minimum ground-water discharge to tributaties between
two adjacent reaches during the 1954 (22 stations), 1981
(7 stations), and 2000 (19 stations) drought years were col-
tected from continuous-record stations and pertodic discharge
measurements. Unil-area ground-water discharge was mea-
sured for 24 stations during 1954, 12 stations during 1981, and
24 stations during 2000 within the three major basing. Drought
year 1986 was not used in this evaluation hecause the drought
effect on steeamflow in this region was minor compared to
other droughts,

Linear-regression analysis was used to determine the
flow duration that most closely estimates baseflow in the study
area. Flow duration is a cumulative frequency curve that shows
the percentage of time a specific discharge was equated or
cxeeeded during a given period of time. Flow-duration curves
integrate the effects of topography, geology, and climate of the
basin, For example, baseflow of streams in the glacial till/
autwash of Long Istand was estimated from 35-percent tflow
duration (Reynolds, 1982); whercus in the southeastern sand
aquifer, baseflow was estimated to range between 60—-65 per-
cent of mean annual streamflow (Stricker, 19833, Mean annual
baseflow for 14 stations in the study area was compared (o
flow durations ranging from Q, t0 Q,, (streamflow equaled or
exceeded 1 percent to 99 percent of the time) to derive flow
duration that is representative of baseflow. This flow duration
can be applied to steeams in the study area to estimate base-
flow for a given period.

Precipitation Trends

National Weather Service stations within the upper and
lower parts of the 880, SAS, and Suwannee River Basins
wete sefected to estimate how Jong-term variations in pre-
cipitation affect fluctuations in streamflow and ground-water
levels. The cumulative departure from normal precipitation for

1.000 f DUE— — . . R
I Fixed-interval — Moasurod ]
' flow 1
{ Estimamnd

100 baselio

i L. L} i 1 1

e 1
1.00C ¥ T N | { | T ]

Sliding-interval 1

1,000 = T 1 T T ] 1 T I T

DISCHARGE. I CUBIC ¢
T

Local-minimum

HOG

10

1 1 /| | L i ] 1 | i L i
N S~ N, SN C I N AN S
¥ < SO A %5\’ P2 ST O F

3,

1999

Figure 3. Differences in separating baseflow using fixed-
interval, sliding-interval, and local-minimum methods of
HYSEP at Beaverdam Creek {station 02198100) near Sardis,
Georgia, 1999,

the period 1971-2001 was used to evaluate any trends in the
precipitation, Cumulative departure deseribes the long-term
surplus or deficit of precipitation during a designated period,
and is derived by adding successive monthly values of
deparuiees from normal precipitation. Normal precipitation
for a given month is defined as the average of total monthly
precipitation during a specified 30-year period (National
Oceanic and Atmospheric Administration, 2002); for this
report, the period 19712000 was used 1o determine nor-
mal precipitation for computation of cumulative departure.
Average precipitation is the arithmetic mean of total monthly
precipitation for the period of study 1971-2001.



Well and Streamflow Gaging Station
Identification Systems

Wells in Georgia are identified by a system based on
USGS topographic maps, Each 7%-minute (opographic quad-
rangle map in Georgia has been assigned a number and letter
designation beginning at the southwest corner of the State.
Numbers increase sequentially eastward through 39, letters
advance northward through “Z.) then dounble-letter designa-
tions “AA” through “PP" are used, The letters “1" <0 1"
and “O0O™ are not used, Wells inventoried in cach quadrangle
are numbered sequentially beginning with <1.” Thus, the
sceond well inventoried i Lthe Folkston quadrangle (29F) 1s
designated 291002

Stations are ussigned an 8- (o 14-digit station identifica-
tion number according to downstream arder along the main

streant. The first two digits of the station identification number

represent the “PacC” number with the remaining digits repre-
senting the downstream order number. All stations on a tribu-
tary entering upstream front a matastrean station are listed
before that station. A station on a tributary that enters between
two mainstream stations is listed between thent, A similar
order is followed m listing stations on first rank, second rank,
and other ranks of ributaries, Guaps are leftin the series of
nuinbers to allow Tor new stations that may be established;
hence, the numbers are not consecutive.

Upper Coastal Plain—
High reliel and thin confining
urit resull in deep penetra-
tion of recharge into confined
aquiter systems {intermediate
and rizgional flow systems)

penetration of aguiler recharge

Little :
Ocrmutlgee '|
River

Oemulgee

River z.—-"'""‘“'x

[

Confined aquifers
(Confined surficial aquifer,
Upper and Lower Brunswick aquifers

| Lower Coastal Plain—Low relief resulls in more local flow system, with shallow

Unsaturated zone

\surficial aguifer
Altamaha

——

Stream-aquifer relations 9

Stream-Aquifer Relations

Water 1 streams and aquifers interact within a dynamic
hydrologic system that includes aquifers, streams, reservolrs,
and floodplains. These systems are interconneeted and form g
stngle hydrologic entity that is stressed by natural hydrologic,
climatic, and anthropogenic fuctors.

Stream-Aquifer Flow Systems

Under steady-state conditions, most ground-water sys-
teims can be divided into three subsystems: local, intermediate,
and regional (Toth, 1962 1963). Relatively shaltow and short
flowpaths that extend from a topographic high {recharge area)
to an adjacent topographic low (discharge area) characterize a
{oeal flow system. Intermediate flowpaths include at least one
local flow system between their respective points of recharge
and discharge, and are longer and deeper than tacal flowpaths.
Regional flowpaths begin at or near a major ground-water
divide and terminate al 4 regional drain (fig. 4),

The number, distribution, and depth of influence of local
flow regimes are largely a function of water-table configura-
tion and aquifer thickness relative to watershed relief (Faye
and Mayer, 1990). Where aquiter sediments are thin, local
flow syslems may dominate. Local flow systems are atfected
mostly by climatic variations. The net recharge and amount

Uncontined

Water table

Riuer

Wetlands

A i
W sy

Figure 4. Schematic diagram of the conceptual hydrologic flow system in the upper and lower Coastal Plain of Georgia.
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of around-water flow are distributed aceording to the flow
system, with flow and net recharge being greatest in local
flow systems and Jeast in regional low systems (Toth, 1963).
Local flow systems are most dynamic in areas of high relief
such as the upper Coastal Plain (fig. 4).

In the study arca, recharge to the hydrologic system is
provided try rainfall thal ranges spatially from an average of
about 47 1o 53 inches per year (infyr), based on mean annual
precipitation for the 30-year period 19712000 (fig. 5). Most
of the recharge is discharged from the shallow, local Jow
systems into small streams or is lost as evapotranspiration. In
the intermediate flow system. some of the water is discharged
to major tributaries. A smaller percentage of recharge infil-
trates through clayey confining units and enters the deeper
regional flow system {Clarke and West, 1997). In the regional
flow system, some of the water discharges to the Savannah and
Altamaha River valleys and some flows southward discharg-
ing intw the Atlantic Ocean. Faye and Mayer (1990) estimated
mean annual ground-water discharge 1o the Savannah River
by computing the gain in stream discharge between Augusta
{station 02197000) and Millhaven (station 02197500). This
estimate includes contribution from surface runoff and should
be considered to represent the maximum aquiter discharge
for that reach. Faye and Mayer (1990) estimated a gain of
660 cubic feet per second (753 from combined intermedi-
ate and regional flow systems and a gain of 360 ft*/s tfrom
the local flow system, Baseflow was estimated by a modified
hydrograph-separation technique to be 1,220 ft%s. Thus, in
the Savannah River Basin about 54 percent of ground-water
recharge enlered the intermediate and regional flow systems,
and the remaining 46 percent entered the local {low system
(Fayc and Mayer, 1990). The local and intermediate flow
systems affect much of the stream discharge in the northern
part of the study area, and the intermediate and regional fiow
systems affect stream discharge in the southern part of the
study area,

In the upper Coastal Plain, where relief is refatively high.
local flow systerus dominate. In upland areas, the altitude of
the water table in the vicinity of a stream generally is higher
than the altitude of the siream-water surface making possible
the discharge of ground water into the stream. Small streams
may have very little runoff because pervious sandy soi
drains water rapidly and the channels of streams do not cut
deep enough to intercept ground water (Thomson and Carter,
1935). Large streams in the upper Coastal Plain generaily have
uniform flow because of small runoff and high yields due to
ground-water discharge {Thomson and Carter, 1955).

In the lower Coastal Plain, the relatively flat topography
is dominated by estuaries and marshes. Locat flow systems
have less affect on stream conditions because of low relief
and shatlow ground-water hydraulic gradients from aquifers
toward streams. Thomson and Carter (1955) described the
lower Coastal Plain as having the least streamflow within
Georgia because of high air temperatures and low flow-pro-
ducing land characteristics, and because of high consump-
tive demands for water by the dense growth in the swamps.

The terrain consists of wide and flac ridges separated by
wide, swumpy, and heavily wooded valleys (Thomson und
Carter, 1955). Tidal effects and differences in runolf, due to
soil type and vegetative cover, account for the variation in
bascflow between upper snd lower Coastal Plain (Carter and
Putnam, 1977,

Climate

The study area has a mild climate with warm. humid
summers and mild wintees. Mean annual temperature ranges
from about 63 degrees Fahrenheit (°F) {0 Burke County, Ga,,
to about 70°F in Glynn County. Ga., for the period 1971-2000
(National Oceanic and Atmospheric Administration. 20025,

Precipitation data were evaluated from {0 NWS sta-
tions in Georgia and 1 in South Carolina. Of these stations, six
were selected to determine long-term trends that conld affect
ground-water rechacge and associated water-level fluctuations.
The Georgia stations are located at Alma, Brooklet, Bruns-
wick, Dublin, Folkston, Homerville, Jesup, Savannuh, Tifion,
and Waynesboro; the South Carolina station is located at
Bamberg (figs. I and 5). Mean annual precipitation, based on
the period 19712000 ranges from about 47 infyr in Waynes-
boro, Ga., to about 53 infyr in Folkston, Ga, (fig. 5). Rainfall
is not evenly distributed throughout the year. The maximum
rainfall peneratly occurs daring the summer months of June,
July, and August (fig. 6). Estimated evapotranspiration ranges
from 31 in/yr in the northern part of the study area (o more
than 40 in/yr in Charlton and Ware Counties, Ga., near the
Okefenokee Swamp (Krause and Randolph, 19893, Rainfall as
a source of recharge 1o agaifers is most important during the
nongrowing season, generally October through March, when
cvapotranspiration is lowest.

Surface Water

The study area is drained by several major river systems:
580 River Basin, SAS River Basin, and Suwannee River
Basin (fig. 1; table 1). The largest river basins are the SAK,
with a drainage area of about 14,142 mi*; and the 880, with
adrainage area of about 10,734 mi®, The Suwannee River hag
a drainage area of about 6,400 mi%, With the exception of the
Suwannee River, which drains to the Gulf of Mexico, each of
the rivers discharges into the Adantic Ocean.

Surface-water discharge in the study area primarily is
affected by precipitation, baseflow, evapotranspiration, and
pumpage. Four power plants use surface water within the SSO
River Basin, and one power plant within the SAS River Basin,
Surface water accounts for about 75 percent of total water
usage in the Georgia Coastal Plain (Fanning, 1999). In the
Coastal Plain, mean annual runoff ranges between 24 and
31 percent of total rainfall (Carter and Stiles, 1983). In the
study area, runoff during the pesiod 1941-70 was about
14 infyr in the upper Coastal Plain, and about 12 infyr in the
Jower Coastal Plain (Carter and Stiles, 1983) (fig. 7).
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MEAN MONTHLY PRECIPITATION, IN INCHES
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Figure 6. Mean monthly precipitation at selected National Weather Service stations in the
Coastal Plain area of Georgia and South Cerolina, 1671-2001.
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Figure 7. Mean annual runoff for the Coastal Plain of Georgia, 1941-70.
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Streamflow claracteristics are summinized 10 boxplots
showing streamflow duration for cach year during the period
of record Tor sclected stations in the study area (fig. 8). Vor
three comparably sized basins, boxplots of daily stream-
tlows were prepared for each year of the period of record,

The boxplots depict the minimum, maxinuin, mean, and
median daily discharge; and the 28 und 75 percentiles for cach
calendar year. The mean annual discharge was compulted (or
the period of record and used as a relerence for the drought-
year stream{Tow, Brier Creek (station 02198000) in the S50
River Basin shows climatically driven rise and fall (cychical)
in streamflow throughout the pertod of record (fig. 8). The
mean annual discharges indicate that the 2000 drought was the
most severe (ollowed by the 1954 and 1981 droughts, respec-
tively. The Canoochee River (station 02203000) in the S5O
River Basin also shoaws a climalically driven cyclical wend in
discharge thraughaut the period of record. At this stauon, the
1YR 1 drought was the most severe fullowed by the 1954 and
2000 droughts, respectively (fig. 8). The Little Satlla River
(station 02227500) is less cyclical than the previows two sta-
fions, with the 1981 drought Lthe most severe followed by the
2000 and 1954 droughts, respectively (fig. 8). Pronounced dry
years are evident al cach site during 1954, 2000, and 2001, and
wet periods are evident during 1964 and 1998, In any given
year, streamiflow penerally is highest during the winter-spring
and lowest daring the sumimer-fall when evapotranspiration is
highest (fig. 9).

Ground Water

Sediments und rock form a series of aquifers and confin-
ing units that have variabie geologic and hydrologic properties
in the upper and lower Coastal Plain (fig. 2). The following
sections describe the various hydrogeologic units and water-
level fluctuations and trends——-long-term incline or decline in
overall water Jevels—in major aquifer units in the upper and
lower Coastal Plain.

Hydrogeologic Units

Principal water-bearing units in the upper Coastal Plain
are, in order of increasing depth, the Upper Three Runs
aquifer, Gordon aguifer, and Upper Dublin aquifer (fig. 2).

In the fower Coastal Plain, the principal water-bearing units
are in descending order, the surficial aquifer system, Brons-
wick aquifer system, and Floridan aquifer system (fig. 2).
Low-permeability clayey confining units separale these water-
bearing units.

Upper Coastal Plain

The Upper Three Runs aquifer, formerly referred to as
the Jacksonian aquifer (Vincent, 1982), consists of quartz,
calcareous sand, and linestone of the Barnwell Group and
undifferentiated post-Miocene deposits (fig. 2) (Falls and
others, 1997; Huddlestan and Hetrick, 1980). The sands are
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Figure 9. Mean monthly streamflow at a selected streamflow
gaging station within the Salkehatchie-Savannah-

Ogeechee, Altamaha-Satilla-St Marys, and Suwannee River
Basins for the periods of recard.

highly permeable; however, low-permeability clay beds and
lenses are present at the top of the aquifer (Huddlestun and
Suramerour, 1996). The Upper Three Runs aquifer is hydro-
ceologically equivalent to the Upper Floridan aquifer in the
lower Coastal Plain.

The Gordon aguifer, underlying the Upper Three Runs
aquifer, consists of sand and calcareons sand of the Conga-
ree Formation (fig, 2) (Falls and others, 1997), The Gordon
aquifer is the updip equivalent of the Lower Floridan aquifer
m the lower Coastal Plain. The Gordon aguifer is underlain
by @ confining unit that consists of black laminated clay of the
Ellenton Formation and moderately to poorly sorted, fine to
very coarse sand of the Snapp Formation,

The Upper Dublin aquifer underlies the Gordon aquifer.
The Upper Dublin aquifer consists of poorly to moderately
sorted fine quartz sand with thin beds of clay of the Steel
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Creek Formation and Black Creek Group, undifferentiated
{fig. 2). The Upper Dublin aguifer is hydrogeologically
equivalent o the Fernundina permcable zone of the Lower
Foridan aquifer in the lower Coastal Plain.

Lower Coastal Plain

In the Tower Coastal Plain, the surficial aquifer system
consists of interlayered sand, clay, and thin limestong beds
of post-Miocene age (Clarke and others, 1990: Lecth, 1999),
Generally, the surficial aquifer is under water-table conditions
throughoat the study area. Localty, however, the aquifer may
be confined or semicont{ined by dense phosphatic limestone
or dolomite, and phosphatic silty clay of undifferentiated
Miocene sediments (Leeth, 1999 Clarke, 2003). A confining
unit that consists of clay, silt. phosphatic Innestone or dolo-
mite, and sand of Miocene age underlies the surficial aquifer
(fig. 23, Sand and limestone within this unit have been identi-
fied as u source of water int parts of the coastal area. Clarke
and others (1990} designated this unit as the upper and fower
Brunswick aquifers.

The upper Brunswick aquifer consisis of poorly sorted,
fine 1o coarse, slightly phosphatic and dolomitic quartz sand
of the Coosawhatchic and Marks Head Formations (fig. 2)
{Randolph and others, 1991; Weems and Edwards, 2001). This
aquifer is confined by upper and fower confining upits of the
Miocene Parachucla Formation, The upper Brunswick aquifer
is present in the Brunswick area and generally is absent in the
Savannah area.

The lower Brunswick aquifer consists of quartzose calea-
renite to caleareous quartz sand of the Tiger Leap Formation
{fig. 2) (Weems and Edwards, 2001). The Parachucla Forma-
tion in most of coastul Georgin overlies the Tiger Leap Forma-
tion. In the lower Coastal Plain, the lower Brunswick aquifer
mostly is absent in the Savannah area and in Bulloch County
because the permeable upper sand in Miocene sediments either
has been eroded away or was never deposited (Clarke and
others, 1990), At the base of the lower Brunswick aguifer is a
confining unit consisting of Oligocene fossiferous limestone
of the Lazaretto Creck Formation (Huddlestun, 1993). The
surficial and Brunswick aquifer systems and Upper Floridan
aquifer are hydrogeologically equivalent to the Upper Three
Runs aguifer in the upper Coastal Plain.

The Upper Floridan aquifer supplies most of the drinking
water obtained from ground water for coastal Georgia, In the
lower Coastal Plain, this aguifer is larpely carbonate, consist-
ing of Eocene 10 Oligocene limestone and dolomite. The
Oligocene Lazaretto Creek Formation overlies the Upper
Floridan aquifer (Huddlestun, 1993). Units composing the
Upper Floridan aguifer crop out at or near land surface in the
upper Coastat Plain, where the aquifer is under confined to
semiconfined conditions. The Upper Floridan aguifer is sepa-
rated from the underlying Lower Floridan aquifer by a confin-
ing unit of densc, low-permeability, recrystallized Eocene
limestone and dolomite. The confining unit has very low
primary hydraolic conductivity; however, in the Brunswick

area, joints and fractures produce zonex of high sccondary
hydraulic conductivity (Krause and Randolph, 1989).

The T.ower Floridan aquifer mostly consists of Eacene
dolamitic imestone but locally may include Paleocence o
Upper Cretaceous dolomitized limestone. This aquifer 1s
confined throughout the coastal area and is subdivided into at
least three permeable units in the Brunswick arca—the brack-
ish-water zone, deep freshwater zone (Gregg and Zimmeraian,
1974), and Femandina permeable zone (Krause and Randolph,
1989). The Fernandina permeuble zone is highly penmeable
and cavernous, and contains high saliaity water that may be
the source of saltwater contamination in the Brunswick aren.
The Fernandina permeable zone consists of Paleocene to
Upper Cretaceous pelietal, recerystatlized hmestone and finely
crystallized dolomite.

Ground-Water Levals

Ground-water level fluctuations reflect changes in
recharge to and discharge from an aquitfer. Recharpe varies
in response (o precipitation, and discharge varies in sesponse
to leakage to adjacent aquifers, withdrawal from wells, and
evapotranspiration from shallow unconfined aquiters.

In the surficial aguifer, water levels show a pronounced
response to climatic effects throughout the study area. Where
climatic effects dominate, water levels generally are highest
in the winter and early spring when precipitation is greatest
and evapotranspiration is least; water levels are lowest during
the summer and fall when precipitation is least and evapotran-
spiration is highest, These fluctuations are illustrated on the
hydrograph for well 35P094 near Savannah (fig. 10), The
15-ft-deep well is completed in the surficial aquifer and shows
progounced water-level tise in response to precipitation, fol-
lowed by a gradual decline that corresponds to discharge from
the aquifer.

in the lower Coastal Plain, with the exception of the
unconfined part of the surficial aquifer system, aquifers are
decply buried and confined. In these areas, climatic effects
are greatly diminished, and fluctuations largely are because
of changes in ground-water pumping. These fluctuations are
illustrated for well 36QQ008 near Savannah (fig. 10), The
406-ft-deep well is completed in the Upper Floridan aguifer
and shows a pronounced response t0 changes in local and
regional pumping, but little response to changes in precipita-
tion. Water-level response to pumping in adjacent aquifers
may be similar due 1o interaquifer leakage. This response in
adjacent aguifers is most proncunced in the upper Coastal
Pain and results from greater aquifer interconnection because
of the thin, sandy, and discontinuous pature of the confining
units in this area. In addition, ground-water puroping in the
tower Coastal Plain may have produced hydraulic gradients
that resulted in increased aguifer leakage and similar water-
level responses. Such similarities are indicated on the hydro-
graphs for wells completed in the surficial, upper Brunswick,
and Upper Floridan aquifers (32L.017, 321016, and 321015,
respectively) at Gardi, Wayne County, Georgia (fig. 11).
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Figure 10. Daily water-level measurements in wells 35P034
and 360008, Chatham County; and daily rainfall at National
Weather Service station, Savannah Municipal Airport,
Chatham County, Georgia, 2007,

Long-Term Fluctuations and Trends

Long-term fluctuations in precipitation, ground-water
levels, and streantlow show the effects of natural and anthro-
pogenic stresses on the stream-aquifer flow system. Precipita-
tion changes are reflected in streamflow and in ground-water
levels ol aquifers that are unconfined or semiconfined. When
ground-water levels are high from natural recharge (precipita-
tion), ground-water contribution to streamtlow is correspond-
ingly high, Conversely, when ground-water levels are low
because of lack of recharge or increased pumping, ground-
water contribution to strearmnflow s correspondingly low.
Fluctuations and trends are shown on selected graphs of
cumulative departure from norimal precipitation, ground-
water levels, and streamtlow in the SSO, SAS, and Suwannee
River Basins (figs. 12-14, respectively). Normal precipitation
for a given monih is defined as the average of total monthly
precipitation during a specified 30-year period; for this report,
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the period 1971-2000 was used to determine normal precipita-
tion for computation ol cumulative departure.

Upward or positive slopes on the graph indicale perjods
of above-normal precipitation; downward or negative slopes
on the graph indicate periods of below-normal precipitation;
no slope indicates petiods of normal precipitation. Trend is the
overall slope over a period of time. A short-term trend covers
a period of 5 years or less: a long-term trend covers a period
greater than 5 years. An above-normal trend means that the
slopes over a period of thne are positive or upward; whereas
a below-normal trend means that the slopes over a period
ol time are negative or downward, Fluctaations and trends
in the major river basin groupings are plotied for the period
1971-2001.

Salkehatchie-Savannah-0geechee River Basin

In the upper part of the SSO River Basin, precipita-
tion trends are illustrated on the cumutative departure graph
for the Wayneshoro, Ga., station (fig. 12). In general, there
were several short-term trends of above- and below-normal
precipitation during 1971-84 followed by a tong-term trend
ol below-normal precipitation during 1984-91, A Tong-
term trend of above-normal precipitation is ohserved during
1992.-98 with intermitient short-term trends of below-normal
precipitation. During 1999-2001, there was a short-tenm trend
of below-normat precipitation in Waynesboro, Ga., reflecting
the 2000 drought. By the end of the study period, the averall
cumulative departure was +19.47 inches at Wayneshoro.

Streamflow in the upper part of the SSO River Basin
is shown on bar graphs of mean annual discharge for Brier
Creek {station 02198000y (fig, 12). Generally, about half of the
streamflow was at or above the 31-year mean for this station,
Changes in streamflow correspond (o above- and below-
normal periods of precipitation for the area, Two of the three
severe drought periods—1981 and 2000—are more than
200 /s below the 3 1-year mean of about 598 {t'/s.

Ground-water levels in the upper part of the SSO River
basin are shown for well 32R003, Bulfoch County (fig, 12),
completed in the surficial aquifer to a depth of 155 ft. Data
are insufficient to recognize atrend in the water level; how-
ever, well 32R003 tups a deeper part of the surficial aquifer
where semiconiined conditions oceur as a result of a clay
confining unit,

In the lower part of the SSO River Basin, precipitation
trerds are illustrated on the cumulative departure from normal
precipitation graph for the Savannah, Ga., station (fig. 12).

In general, there was a long-tenn trend of below-nornmal
precipitation during 1973-90 with intermittent shori-term
trends of above-normal precipitation. There was a long-term
trend of generally above-normal precipitation during 1990-95,
followed by a long-term trend of generally below-normal pre-
cipitation during 19962001, Effects of drought are evidenced
by a short-term frend of below-normal precipitation during
1999-2001. By the end of the stady period, the overall cumu-
lative departure was -13.26 inches at Savannabh.
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Wayne County, Georgia, 1983-2001,

Streamflow in the lower part of the SSO River basin is
shown on bar graphs for Canocochee River (station 02203000)
(fig. 12). Generally, about half of the streamilow was at or
above the 3 I-year mean for this station. Changes in stream-
flow correspond to above- and betow-normal periods of
precipitation for the area. Two of the three severe drought
periods-—1981 and 2000—are more than 350 {t'/s below the
31-year mean of about 484 /5. Drought conditions had a
greater effect on streamflow in the lower part of the basin than
1n the upper part of the basin, probably because of intercon-
nectivity with the aquifer.

Ground-water levels in the Tower part of the 80O
River Basin are shown for well 359094, Chatham County,
completed in the surficial aquifer to a depth of 15 f1 (fig. 12).
No long-term trend is evideni, and water levels show a pro-
nounced response to climatic effects. Recharge by precipits-
tion is reflected by a sharp rise in the water level followed
by a gradual decline that represents evapotranspiration and
recharge of water into the aquifer.

Altamaha-Satilla~St Marys River Basin

In the upper part of the SAS River Basin, precipitation
trends are illustrated on the cumulative departure graph for
the Dublin station {fig. 13). There was a long-term trend of
at- or below-normal precipitation during 1975-91, followed
by a long-term trend of above-normal precipitation during
1992-98, followed by another short-term trend of below-
normal precipitation during 1999-2001, reflecting effects of
drought, By the end of the study period, the overall cumulative
departure was —17.14 inches at Dublin.

Streamflow in the upper part of the SAS River Basin is
shown on bar graphs for the Oconee River {station (02223500)
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Daily mean water levels in the surficial, upper Brunswick, and Upper Floridan aquifers at the Gardi site,

{fig. 13). Streamflow appears to fluctuate in a similar manner
as precipitation, with low streamflow oceurring during
below-normal precipitation years and high streamflow
occurring during above-normal precipitation years. During
two-thirds of the study period, streamflow was at or above

the 31-year mean. During the drought yvears of 1981 and 2000,
streamflow was about 2,000 ft*/s below the 31 -year mean of
about 4,393 ft*/s.

Ground-water levels in the upper part of the SAS River
Basin are shown for well 21TQ01 (fig. 13) Laurens County,
completed in the Upper Floridan aquifer to a depth of 123 ft.
The hydrograph shows seasonal fluctuations of the water
level in response to precipitation. Starting in 1999, the
hydrograph slopes downward slightly, indicating the effects
of the 2000 drought.

In the lower part of the SAS River Basin, precipitation
trends are illustrated on the cumulative deparfure graph for
the Jesup site (fig. 13). Generally, there were two long-term
trends of at- ar above-normal precipitation during 1976-87,
and 198993, Following these trends was a short-term trend
of generally below-normal precipitation during 19982001,
By the end of the study period, the overall cumulative depar-
ture was —[2.39 inches,

Streamflow in the lower part of the SAS River Basin
is shown on bar graphs for the Little Satilla River (station
02227500) (fig. 13). Swreamflow appears to fluctuate in a
similar manner as precipitation, with low streamflow oceur-
ring during below-normal precipitation years and high stream-
flow occurring during above-normal precipitation years, More
than half of the mean annual streamflow was at or above the
31-year mean for the station. During the drought years of 1981
and 2000, streamflow was about 500 {*/s below the 31-year
mean of about 542 ft¥/s,
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Stream-aquifer relations

Upper Salkehatchie- Savannah-Ogeachee River Basin
Station 02198000 {Brier Creek) Millhaven, Georgia i
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Figure 12.  Mean annual stream discharge, daily mean ground-water level, and cumulative
departure from normal precipitation for the upper and lower parts of Salkehatchie-
Savannah-0Ogeechee River Basin, Georgia and South Carolina, 1971-2001.

19



20 Stream-aquifer relations in the coastal area of Georgia and adjacent parts of Florida and Scuth Carolina
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Figure 13. Mean annual stream discharge, daily mean ground-water level, and cumulative
departure from normal precipitation for the upper and lower parts of the Altsmaha—-Satitla—
St Marys River Basin, Georgia, 18712001,



Ground-water levels o the lower part of the SAS River
Basin arc shown for well 321017, Wayne County, completed
in the surficial aquiter o a depth of 215 11, In this arca, the
water level of the surficial aquiler is influenced largely by
eround-water pumping and, to o fesser extent, changes in
recharge because of the depth of the aquiler. Water lev-
cels in the well declined about 6 ft during 1983-2001, with
the most rapid decline beginning in 1999 as w result of the
2000 drought.

Suwannee River Basin

[nn the upper part of the Suwannee River Basin, precipita-
tion trends are itlustrated on the cumulative departure graph
for the Tifton station (fig. 14), In general, there was a long-
term trend of above-normuid precipitation during 197188,
followed by a long-term trend of below-normal preciprtation
during 1989-2001. By the end of the study period, the averall
cumulative departure was —1.9 inches of Tifton.

Steeamflow in the upper part of the Suwannee River
Basin 1s shown on bar graphs for Alapaha River (station
023175003 (fig. 14y, Streamtlow generally responds to
changes in precipitation, with low flow oceurring during -
below-normal periods, such as 1999-2001, and high flow
oceurring during above-normal periods, such as 198384,
Less than hall of the mean annual streamflows are at or above
the 31-year mean for the period, During the drought years of
1981 and 2000, streamitow was more than 700 ft*/s below the
31-year mean.

Ground-water levels ta the upper part of the Suwan-
nee River Basin are shown for well 18K049, Tift County,
campleted in the Upper Floridan aguifer to a depth of 620 f1
(fig. [4). Water levels in this well are influenced mostly by
changes in pumping. The general water-level trend in this
well is an approximate decline of 35 ft from 1978, when
data collection began, to 2001,

In the fower part of the Suwannee River Basin, pre-
cipitation trends ace tlustrated on the cumulative departure
graphs for the Homerville station (fig. 14). Generally, there
were long-term trends of above-normal preeipitation during
197177 and 199198, with a long-term trend of below-nor-
mal precipitation during 1978-83, and a short-term trend of
below-normal precipitation during 1999-2001. By the ead
of the study period, the overall cumulalive departure was
-9.44 inches at Homerville,

Streamtlow in the lower part of the Suwannece River
Basin is shown on bar graphs for Suwannee River (station
02314500) (fig. 14, Swreamflow gencrally follows precipita-
tion patterns, with prenoanced declines in streamflow during
below-normal precipitation periods. About half of the mean
annual streamflow was at or above the 3 1-year meun for the
period [971-2001. During the drought years of 1981 and
2000, streamflow was more than 800 ft'/s below the 31-year
mean ol about Y41 fi¥/s.
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Ground-water levels in the lower part of the Suwannee
Raver Basin are shown [or well 191009, Lowndes County
{(ig. ), completed 1 the Upper Floridan aquifer to a depth
of 342 ft. Both pumping and recharge influence waler Tev-
els in this well. Although the well 1s deep. it is Toeated in
an arca ol karst topography where there is interconnection
between streams and the Upper Floridan aquifer, Walter levels
in the well generally followed precipitation wends during
19712001

Ground-Water Contribution to Streamflow

The degree of aquiter interconnection with streams vir
wes in the upper and lower Coastal Plain, b general, relicf is
greater and local {low occurs more in the upper Coastal Plain.
In this drea, the Upper Floridan and equivalent aguiders are
unconfimed or semiconined and are incised by streams Tow-
ing through the area, In the lower Coastal Plain, the Upper
Floridan aquiter is deeply buried and confined.

The interconnection between ground water and stieams
18 Hlustrated on & map showing the potentiometric surtuce
of the Upper Floridan aquifer tor May 1998 (fig. 15). In the
upper Coastal Plain, aquifer interconnection with streams is
indicaled by steep hydraulic gradients toward streams and
potentiometric contours that cross in a V™ pattern upstream,
indicating ground-water flow toward the stream, In the Tower
Coastal Plain, the aquifer is more deeply buried and is not
mcised. Here, patentiometric contours indicate little connec-
tion between the aquifer and overfying streams. An exeeption
is in the karstic Valdosta arca, where the aquifer 1s intercon-
nected with streams.

Streamilow composes two major components—surface
runoft and baseflow, On a typical hydrograph, peaks indicate
rapid response {0 precipitation and represent the ranoff com-
ponent of a hydrograph. The slope of the streamflow recession
indicates ground-water discharge to sfreams and represents the
baseflow component of a hydrograph.

In relation to the conceptual model (fig. 4), baseflow in
stremns comprises contributions from the focal, intermedi-
ate, and regional ground-water flow systems. Because tocal
flow systems arc most affected by rainfall doring periods
of extended drought, streamflow is assumed to be sustained
entirely by basctlow.

Ground-water coniribution to streamilow (baseflow)
was estimated by using threg methods. Hydrograph-separa-
tion analysis was used to estimate baseflow based on data
from eight continuous-record stations. Field measurements of
drought discharge from headwater to an adjacent streamllow
gaging station and between two adjacent stations were used to
estimate the minimum ground-water contribution to stream-
flow. Linear-regression analysis of streamiflow duration and
mean annual baseflow was performed to estimate the percen-
tile of streamflow that most closely represents baseflow,
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Upper Suwannge River Basin
Station 02317500 {Alapaha River) Statenvilie, Georgia
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Figure 14. Mean annual stream discharge, daily mean ground-water level, and cumuiative departure from
normal precipitation for the upper and lower parts of the Suwannee Rivar Basin, Georgia, 1971-2001.
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Hydrograph Separation

Hydrograph scpuration was completed on streamflow
data using HYSEP, a computer program thal uses mathemati-
cal leehniques to separate streamflow into baseflow and runof!
components (Stote and Crouse, 1996). The mathematical
formulation of HYSEP does not consider the geology of the
basin: therefore, it can be used on a site-by-site basis in any
hydrologic setting. There are limitations on its use, however,
because HYSER bases hydrograph separation only on basin
ared and streamflow hydrograph characteristics.

Estimates of basctlow Trom HYSEP were used to
determine changes in baseflow contribution during a varicty
of climatic conditions. Baseftow estimates are affected by
regudation of flows amd physical properties of the basin such
as vegeration cover, slope, area, shape, land use, soil thick-
ness, and infiltration capacity (Horton, 1933; Riggs, 1963;
Bevans, 1986; Sloto and Crouse, 1996), as well as antecedent
soil moisture and depth to ground water, The river or tributary
at each station seiected for HYSEP analysis had negligible
diversion or regulation upstream, a drainage arca less than
1,400 mi®, and at least 31 vears of continuous record (table 3).
The accuracy of the estimates depends on the period of record
used (Sloto and Crouse, 1996) and the size of the drainage
basin (Pettyjohn and Henning, 1979). A long-term record with
representative long-term climatological conditions provides a
more reliable baseflow estimate because periods of extreme
dry or extreme wet climates would have less influence (Sloto
and Crouse, 1990). In addition, the river or tributary at cach
station was not dominated by losing reaches, interaction with
deeper aquifers, evapotranspiration ¢ffects, or prolonged
periads of surface runoff.

During 19712001, baseflow represented a greaier por-
ton of sireamTow during years of lower rainfall, and @ lower
pottion during years of higher rainfall. Atthe eight stations
selected for MY SEPR, mean annual baseflow was {rom 39 to
74 pereent of streamflow, with a mean contribution of 58 per-
cent (table 3). Fizure 16 shows the amount of streamflow at
the Canoachee River {station 02203000) in the lower Coastal
Plain near Claxton, Gia., ariginating from basclow for aver-
age, wet, and dry years {based on the Brooklet NWS station).
During a high-precipitation year, baseflow accountex! for
48 percent of total streamflow: during an average-precipitation
year, aboul 63 percent; and during a low-precipitation year,
about 60 percent. During dry periods, there is a reduction in
runolf, and basellow beeames the major contributor to stream-
flow. During drought conditions, there is less water available
to recharge the aquifer, ay indicated by ground-water level
declines. As ground-water levels drop, the hydraulic gradient
between the stream and aquifer decreases, reducing ground-
water discharge to streams. In some instances, the gradient
between the stream and aquifer reverses and sireams-water
discharges into the aquiler, but this usually is of short duration
hecause the streambed eventually dries up.

Baseflow estimaes vary within the upper and lower parts
of a bagin. Mean annual baseflow for the pertod 1971-2001 in
the upper 8SO River Basin ranges from 66 o 74 percent and
1n the fower basin is 54 percent (table 3). In the upper SAS
River Basin, baseflow is about 37 percent of 1otal streamflow
at station 02225500 (Ohoopee River). In the lower SAS River
Basin, baseflow ranges from about 39 to 43 percent of total
streamflow. In the lower part of the Suwannee River Basin,
baseflow is about 56 percent of total streamflow. Mean annual
baseflow was estimated for 1981 and 2000 (drought condi-

Table 3. Summary of mean annual baseflow estimated using HYSEP at selected streamfiow gaging stations in the upper and lower
parts of the basins in coastal Georgia and South Carelinag, 19712001,
[infyr, inch per year; ft¥s, cabic oot per sceond; mi?, sguare mile; part of basine U, spper: L, lower; do, ditto]

Mean annual baseflow o

s, D Tttt Sun Ot i Gyt si o
S o 1971-2001 1381 2000 1397

) Salkehatchie~3avanna_hw{lgeechee River Basin N a
02175500 341 U 1951-01 02175500  UpperThree Runs  9.79 2460 69 77 65 64
02197600 28 U 1958-01 02197600 do. 802 165 66 74 81 68
02198000 646 u 1936-01 02198000 do. 929 442 74 72 80 70
02203000 555 L 1937-01 02203000 Surficial 629 257 54 5151 48

Altamaha--Satilla~St Marys River Basin

02225500 1,110 U 1903-07,37-01 02225500 Surficial 7.6 S8 57 53 62 56
02226500 1,190 L 1937-01 02226500 do. 541 478 4 47 34 47
02227500 646 L 1951-01 (02227500 do. 446 212 39 27 34 33

) S Suwannee River Basin o - -

02317500 1,390 L 193101 02317500 Surficial 636 656 56 56 S0 56

Meun of stations for each period 58 57 57 55




tions) and 1997 (year most representative of mean annual
precipitation for the period 197 1-2001). Mcan annual base-
flow was greater w the upper part ol the SSO and SAS River
Basins than in the Tower parts (table 3). The average mean
annual basceflow for the 3 -year pertod was 38 percent: for
1981 und 2000, 57 percent cach: and for 1997, 55 percent. The
difference in baseflow is atiributed to variations in lopography,
geology, and vegetation in the upper and lower Coastal Plam,
The upper Coastal Plain is characterized by steep slopes and
porous sand and gravel soils that have high infiltration rates
and support little vegetation. In this area, aquifers ave shal-
lower than in the lower Coastal Plain because the topogruphic
relief is greater in the upper Coastal Plain. The steeper topog-
raphy results in deeper incision ol streams it the agutlers,
thereby increasing baseflow to streams. Gentle slopes that
{acilitate Tow runolf and more abundant vegetation. which
detive water from soil moisture, characterize the lower Coastal
Plain. 16 these arcas, the streams do not incise into the more
deeply buried aquifers, resulting in lower buseflow, Hydraulic
conductivity of an aquiler, which also can have an effect on
ground-water discharge, was not studied for this report.
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Figure 16. Baseflow separation using the local-minimum

method for the wet, average, and dry years at Canoochee River
{station 02203000} near Claxton, Georgia, 1871--2001.
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Drought Streamflow

Drought streamflow represents a quantitative estimate of
minimum pround-water discharge to streams because during
drought periods, streamflow s composed mostly of baseflow.
Drought bascflow is a mininum estimate because ground-
waler levels are Towered during droughts; and as a result, less
water s available 1o the streams than would be available dur-
myg average precipitation conditions. During droughts, streamis
receive baseflow mostly from the inlermecliate and regional
flow systems beeause the water level in the Tocal flow svstem
is substantially decrensed (JFaye and Mayer, 1990). Stream{low
at selected stations was compiled for the 1954 (Thomson and
Carter, 1955), 1981 (Carter, 1983; Faye and Mayer, 1990, and
2000 drought years (tuble 4), Sueamflow was normalized to
unit-area discharge o separate out effects of basin size on dis-
charge rates. The computed unit-arca discharge was estimated
for selected stations in the SSO, SAS and Suwannee River
Basins, The minmmum streamflow during each calendar year
wus used in the caleulations.

A comparison of the onit-area discharge in the upper
and lower Coastal Plain was made in the SSO River Basin,
using data from the 1954, 1981, and 2000 drought years.
Streamflow data were collected on the samwe date tram (wo
adjacent stationg (02197830 and 02198000) along Brier
Creek near Waynesboro, Ga., and Milthaven, Ga. (fig. 17).
During the 1954 and 2000 droughts, streamilow along that
reach decregased in response to the droughts, During 1954,
unit-area discharge decreased from 0.23 to 0.16 (10/s)/mi?
from Waynesboro, Ga., to Millhaven, Ga., a distance of about
20 mi. Duting 2000, unit-area discharge decreased from
0.32 10 0,25 (ft*/s)/mi” rom Waynesboro 1o Millhaven. There
was no significant change in unit-area discharge between the
two stations during 1981, For this comparison, these dis-
charge measurements were made on the same date at each
site (fig. 17). A comparison of the lowest discharge measured
between the two stations for the calendar years 1954, 1981,
and 2000 shows a decrease in unit-area discharge from 0.23 to
0.10 (ft*/s)mi* from Waynesboro to Milthaven for 1954, no
change for 1981; and a decrease from 0.32 to 0.18 (f1¥/s)/mi?
for 2000, Similar comparisons were not made in the SAS or
Suwannee River Basins because of insufficient data (table 4).

Drrought unit-area discharge shows little variation among

the three basins, with a few exceptions. In the SSO River
Basin, the median unit-area discharge was 0.11 cubic feet per
second per square mile (ft%/$)/mi? for the 1954 drought,
0.11-0,14 {(£3/5)/mi*for the 1981 drought, and 0,18 (ft'/s)/mi®
for the 2000 drought. During each drought period, unit-

area discharge generally was higher for the stations in the
upper Coastal Plain than for stations in the lower Coastal
Plain. During the 1954 drought, seven stations in the upper
Coastal Plain had unit-area discharges ranging from 0.08 (o
0.63 (f*/s)/mi? (table 4). The unit-area discharge ranged from
0 to 0.56 (tt3/9)/mi* at 13 stations in the lower Coastal Plain
during 1954. During 1981, two stations in the upper Coastal
Plain had unit-arca discharge of 0. 14 and 0,18 (Ff*/s)/mi%;
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Upper Coastal Plain
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Figure 17. Comparison of drought streamflow between two
adjacent streamflow gaging stations in the Salkehatchie—
Savannah-0gaechee River Basin.

whereas, four stations in the lower Coastal Plain had unit-area
discharge ranging from (0 to 018 (fYs)/mi (table 4). During
2000, two stations in the upper Coastal Plain had unit-area
discharge of 0.10 and 0.32 (f¥/sy/mi?, und five stations in the
lower Coastal Plain had unit-arca discharge ranging from 0.04 to
17.5 {ft'fsy/mi* (table 4). The relatively higher contribution of
baseflow in the upper Coastal Plain compared to the lower
Coastal Plain reflects the greater relief, higher interconnection
between aquifers and streams, greater soil permeability, and
different vepetation.

In the SAS and Suwannee River Basins, all stations are
located in the lower Coastal Plain, In the SAS River Basin,
the unit-area discharge was 0 (F*/s¥mi” for two stations during
19534; ranged from 0 to 0.14 (ft%/5)/mi? for four stations during
1981; and ranged from 0 to 0.17 (fY4s)ymi? for 15 stations
during 2000 (table 4). In the Suwannee River Basin, the
unit-area discharge for two stations was 0 and 0.02 (ft*/s)fmi*
during 1981; O (F¢/s)/mi? during 2000, no data were available
for 1954 {table 4).

Observed differences in steamflow between upstream
and downstream stations give an indication of the gain or loss
of water from or to the ground-water flow system. In the SSO
and SAS River Basins, near-concurrent discharge measure-
ments taken at partal-record stations and daily mean flow at
continuous-record stations during the three drought periods
were used to estimate ground-water discharge to selected
reaches. Observed gaing or losses along selected stream

reaches were determined in the 88O and SAS River Busins
during the 1954, 1981, and 2000 droughts (table 3). Gain or
loss determinations were nol made in the Suwannee River
Basin because of insufficient data.

In the SSO River Basin, ground water provided base-
flow 1o most stream reaches evalvated during the 1954, 1981,
and 2000 droughts. In some reaches, streams were either
dry or lost water to the ground-water system. For example,
in the Brier Creek Basin, during the 1954 drought, a Joss of
0,25 (fiYs)/mi* was measured between stations 02 197830
and 02198000 (fig. 18: table 5). In this same reach during the
981 dronght, a gain of 0.17 (f1/s)” was measured (fig. 19:
table 5). During the 2000 drought, g loss of 0.45 (ft'/symi?
was measured (fig. 20z table 3) 1n the same reach. Losses
were observed in the S50 River Basin at Rocky Creek
between stations 02201360 and 02201365 in 1954 (fig. 18;
table 5) and in the SAS River Basin along the Aliamaha
River between stations 02223000 and 02226000 ducing 2000
ffig. 201 table 5). Losses miost likely are due to stream-witer
seepage into the surficial aquifer along the reach. Gains most
likely are due o baseflow.

Linear-Regression Analysis of
Streamflow Duration

A linear-regression analysis was used to develop a relation
between mean anmual baseflow and flow duration for streams
in the study arca. A flow-daration curve is a curmuative fre-
quency curve that shows the percentage of time that specified
discharges are equalted or exceeded during a given period at
stations where continuous records of daily flow are collected,
Flow-duration curves integrate the effects of climate, topog-
raphy, and geology. Visual inspection of the slopes of curves
gives some indication of flow from ground water. Ground
water dominates streamflow at the inflection point on a curve,
where the curve begins to flatten. Generally, steep slopes are
mndicative of limited basin storage and dominant contribution
from runoff, whercas flat slopes are indicative of equal contri-
bution of ground water and ranofl (Stricker, 1983) (fig. 21).

Muny studies have compared ground-water discharge to
streams using the flow-duration characteristies of a stream,
Stricker (1983) estimated baseflow using streamflow-dura-
tion curves for 35 stations in the southeastern Coastal Plain of
South Carolina, Georgia, Alabama, and Mississippi. Stricker
(1983) found that the 60- and 65-percent flow-duration points
on the flow-duration curves were representative of mean
annual baseflow for streams having mean discharges greater
than 10 {t%/s. Stricker (1983) found that the shape of stream-
flow-duration curves is affected by the lithology of the Coastal
Plain sediments. Steep curves are associated with basins
underlain by low-permeability clay or chalk with high runoff
and low baseflow, whereas flaiter curves are associated with
basins underlain by high-permeability sand and gravel where
a high percentage of the discharge is baseflow (Stricker, 1983).
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The shape of a flow-duration curve can he deseribed
by a streamflow index, modified by Pettyjohn and Heaning
(19797 as:

[Qas

\| qu

where Q. (75" percentile) is the stmamf‘]ow equaled or
exceeded 25 percent of the time and less than or equal to

75 percent of the time; and Q, (25" percentite) is the stream-
flow equaled or exceeded 75 percent of the time and less than
or equal to 25 percent of the time. Stricker (1983) found thal
the lower the ratio, the greater the portion of basefiow from
ground water,

Discharge data from 14 stations for the period 1971-2001
were analyzed o determine the streamflow index (1able 6).
Streamflow indices ranged from a low of 1,48 at the Brushy
Creek {station (2107600} in the $SO River Basin o a high
to 731 at Little Saulla River (station 022275003 in the SAS
River Basin.

The lowest tndex in the SSO River Basin is for the
station on Brushy Creek near Wrens, Ga. (station 02197600}
(fig. 227 table 6). where the lithology is mostly sand interlay-
ered with clay, aguifers are more deeply incised by steams,
and ground water contributes a large pereentage of baseflow,
The flaw-duration curve has a gentle slope. Brushy Creek
15 the only station in the upper Coastal Plain area of the
SS8O River Basin, The highest index in the SSO River Basin
ix Canoochee River near Claxton. Ga, (station 02203000)
(fig. 23 where the lithology is mostly sand. The curve is
steep, indicating high ranoff. In this arca, aquifers are deeply
buried and ground water contributes onty a small percentage
to buseflow. There appears to be little difference between the
flow duration of mean daily streamflows in the upper and
lower Coastal Plain in the SSO River Basin, Brushy Creek
in the upper Coastal Plain has an index of 1,48, and Brier
Creek in the lower Coastal Plain has on index of 1.74
(fig. 22; able 6),
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Figure 21. Comparison of two flow-duration curve types:
gentle curve along Brier Creek (station 02198000) and a steep
curve along the Alapaha River (station 02317500).
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Figure 22. Duration of mean daily streamflow for Brushy Creek
{station 02197600} near Wrens, Georgia, and Brier Creek (station
02198000) at Milihaven, Georgia, 1971-2001.

Table 6. Flow-duration curve index ((0,,/Q,)*] and curve shape for selected streams in the Salkehatchie-Savannah~Qgeechee,
Altamaha—Satilla—St Marys, and Suwannee River Basins, 1971-2001.

[mi?, square mile: fi'/s, cubic foot per second; part of basin: U, upper: L, lower)

e o Do b L e S
Salkehatchie-Savannah—0Ogeechee River Basin
02175500 Salkehatchic River near Miley, $.C. v 341 444 157 168  Gentle
(2197600 Brushy Creck near Wrens, Ga. U 28 24 11 1.48 do.
02198000 Bricr Creek at Millhaven, Ga. U 646 755 250 1.74 do.
02202500 Ogeechee River near Eden, Ga. L 2,650 2.940 557 2.3 Steep
02203000 Canoochee River near Claxmn;ga._ T L__ - 555 _67_4 23 541 e do,
Altamaha--Satilla-St Marys River Basin
02215500 ‘Ocumui gee River at Lumber City, Ga. U ' 5,180 6,920 - _2,060 1.83 Gentie
02223500 Oconee River at Dublin, Ga. U 4,390 5.480 1,120 2.21 Stecp
02225000 Altamaha River ncar Baxley, Ga. u 11,600 15,300 3.680 2.04 do.
02225500 Ohoopec River near Reidsville, Ga, U 1110 1,410 105 3.66 do.
02226000 Altamaha River at Doctortown, Ga. L 13,600 18,700 4,140 213 do.
02226500 Satilla River near Waycross, Ga. L 1,190 1.260 66 4,37 do.
02227500 Listle Satilla River near Offerman, Ga. L 646 642 12 7.31 do.
(12228000 Saiilla River at Atkinson, Ga. L 2,790 2,995 218 371 do.
Suwannee River Basin

02317500 Alapaha River at Statenville, Ga. ~ I 1390 1450 9 389  Step
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Figore 23. Durstion of mean daily streamflow for Canoochee
River {station 02203000} near Claxton, Georgia, in the upper
Salkehatehie~-Savannah-0geechee River Basin, 1971-2001.

In the SAS River Basin, all measured discharges have
indices greater than 2, except the Ocmulgee River, which
has an index of 1.83. An index greater than 2 corresponds
to a steep slope. The lowest ratio in the SAS River Basin
is Cemulgee River at Lumber City, Ga. (station 02215500)
(fig. 24y, where the lithology is a heterogeneous mix of sand,
sift, and clay. This stanon is located in the upper part of the
basin where baseflow dominates streamflow. The highest
index (7.31) in the SAS River Basin is the station on the Little
Satilla River at Offerman, Ga. (station 02227500) (fig. 24),
where the lithology 1s mostly clay, sand, and silt beds contain-
ing phosphate. This station 1s Jocated in the lower pirt of the
basin, where runoff dominates streamflow and the aguifer is
deeply buried.

In the Suwannee River Basin. the only discharge that
was analyzed was at the Alapaha River at Statenville, Ga,
{slation 023173500} (fig. 25). where the lithology is mostly
sand, silt, clay, imestone, and dolomite. The shape of the
curve indicates there is a large contribution of runoff to
streamflow, which corresponds to a higher index (3.89) than
observed in the upper Coastal Plain.

Linear-regression analysis was used to determine the
flow duration that best estimates baseflow for streams in
the area. Mean annual baseflow caleulated by HYSEP for
the 14 stations for the period 1971-2001 were compared to
flow durations at the stations ranging from Q, 10 Q,,; the best
fit between HYSEP estimates and flow duration was at the
Q. flow duration (flow is equaled or exceeded 35 percent
of the time). The best regression model had anr-squared (r%)
value of 0.9970 and a p-value of less than 0.0001 (table 7).
Linear-regression analysis was used on the eight stations
selected for HYSEP to compare results. Both sets of data show
the Q, as the best estimate of baseflow. The linear regression
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Figure 24.  Duration of mean daily streamflow for Little Satilla
River (02227500) near Offerman, Georgia, and Oemulgee River
{02215500) at Lumber City, Georgia, in the Altamaha—Satilla—
St Marys River Basin, 1971-2001.

of flow duration 13 probably more representative of avernge
climatic conditions rather than drought conditions because

the analysis compares mean annual baseflow and flow dura-
tion for several stations with differing drainage areas for the
31-year period. Lincar-regression analysis of flow doration
shows drought conditions most likely occur above the Q, flow
duration. Figure 26 illustrates the regression of Q,, with mean
annual busceflow from HYSEP,

Comparison of Results

Major variation exists between baseflow estimation using
drought-streamflow analysis and both HY SEP and linear-
regression analysis of flow duration. Slight variation exists
between HYSEP and flow-duration methods. The same
14 stations were selected to make a comparison of the three
methods, Using the drought-streamflow analysis. the mini-
rmum contribution to streamflow from baseflow was observed.
During drought conditions, the following observations were
made: (1) total streamflow was equivalent to baseflow;

(2) surface-water runoff to streamflow and ground-water con-
tribution wag reduced; (3) ground-water levels decreased; and
{(4) some streams reaches went dry. Under average precipita-
tion conditions during 1971-2001, baseflow ranged from

33 10 70 percent of total streamflow during 1997 (average
conditions are best represented by 1997 data) and increased to
27 w 81 percent in drought years 1981 and 2000, respectively
(table 3). For the study area, mean annual baseflow during
drought conditions (1981 and 2000) ranged from 0 10

24 percent of mean annual streamflow for 19712001

{table B). These values are far below the 39-74 percent
estimated using HYSEP and 65-102 percent estimated using
linear-regression analysis of flow duration (fig. §).
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Table 7. Coefficient of determination (r}) and residual standard
of error for flow durations evaluated as indicators of baseflow
for 8 and 14 streamflow gaging stations selected in the
Salkehatchie—Savannah-0geechee, Altamaha-Satilla—St Marys,
and Suwannee River Basins, 1971-2001.

[Povaluc = less than .5 for the 8 stations: less than 0.0001 for the 14 stationsj
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Figure 25. Duration of mean daily streamflow for Alapaha

River (station 02317500) at Statenville, Georgia, in the
Suwannee River Basin, 1971--2001.
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Figure 26. Regression of O, versus mean annual baseflow
for the (A) 8 and (8) 14 streamflow gaging stations selected for
hydrograph-separation technique, Georgia and South Carolina,
1971-2001.

Flow

r-squared

Residual standard errar

14 stations

8 stations 14 stations

Q. 0.69 .98 128.40 463.7
Qn 0,75 0.98 H6.40 3463
Q, 0.77 0.9% 10,10 345
Q.. 0.82 0.9% 97.04 3L
Q, 0.8% 0.99 £0.82 238.7
Q.. 0.92 0.99 66,41 228
Q. 0.95 0.99 52.09 179.8
Q. 0.98 1.00 29.71 168.8
Q. 0.9% 0.99 36,56 169.4
Q.. 0.92 0.99 63.81 2057
Q, 0.81 0.99 100.60 224.7
Q.. 0.65 0.99 136.60 257.1
Q. 0.46 0.99 170.20 266.1
Q, 0.33 0.99 189.60 275.4
Qy 0.24 0.98 202.50 3074
Q. 0.18 0,98 209.30 7.5
Q,, 0.15 0.98 213,90 377.8
Q, 0.12 0.98 217.80 4126
Qu 0.1 0.97 219.30 456.4
Qy 0.10 0.97 219.50 4816

. Q, 013 097 216.70 5182

The flow-duration method of estimating baseflow gives
an overestimation of baseflow for a particular stream. Regres-
sion analyses of streamflow data indicate that the flow-dura-
tion point that most closely estimates baseflow is the 35-pet-
cent flow-duration point (Q, /) (flow is greater than or equaled
to 35 percent of the time and less than or equaled to 65 percent
of the time). Stricker (1983) estimated baseflow as the
65-percent flow-duration point (Q,,). The difference could
merely be a matter of interpretation. Q,, is the flow that is
equaled or exceeded 35 percent of the time or less than or
equal 65 percent of the time, corresponding o a Q. Never-
theless, the linear regression of streamflow duration isnota
reliable estimator of baseflow, particularly in the upper part of
the basin area where streams intersect the aquifer as indicated
by the 102-percent baseflow estimation of the Salkehatchie
River, nor in the lower part of the study area where the aquifer
is deeply buried. The variability in basin size, the lithology,
and ground-water levels affect the reliability of using the flow-
duration method as a good estimator of baseflow.

The HYSEP method of estimating baseflow most likely
relates to actual baseflow of the three methods used. HYSEP
systematically separates baseflow from runoft by connect-
ing low points of the streamflow hydrograph. HYSEP is most
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Tabte 8. Comparison of three methods used to calculate baseflow for selected straamfiow gaging stations in the Salkehatchie—
Savannah-0geechee, Altamaha-Satilla—St Marys and Suwannee River Basing, 1971--2001.

[buld. sttions selected for HYSEP: i’ square mile: 175 cubic foat pec seeands infys, inch per year: %, pereent of tolid steeimllow]

Estimatad baseflow

Mean annual

Station Drainage 31-year mean 1981 and 2000 average : s‘"’““‘?!“‘_‘?’__ =
identification ~ area  annual streamflow Flow duration {Q,,) HYSEP of lowest flow 15381 2000

- {mi?} {ft/s) {infyr} {to/s)  dindyr) (%) ifefs) oty (%) {fts)  dinfyn (%) {ft'/s) {tefs)

Salkehalchie-Savannah-Dgeechee River Rasin
02175500 W10 3570 1423 3650 1450 mf‘, 24f 980 G 280 141 1 - 18903 1740
02197600 28 25 1187 ] 9.21 78 17 324 &0 13 162 0 13.8 12,1
02198000 146 508 12.58 588 12.4 D8 442 9.29 Tak us5 2 21 383 297
02202500 2,654 2.330 11.94 2,160 110 93 1,529 783 66 136 ay 9 833 8033
02203000 555 484 11.84 401 9.82 83 257 629 84 2.5 HUCHEN| 116 169
Altamaha-Satilla-5t Marys River Basin
02215500 5180 3.510 14,44 5210 137 95 3,811 10 69 Y28 243 24 2,870 2,460
02223500 4,390 4,390 13,54 3,950 122 901 2238 6.9 51 399 123 18 2,230 1780
(2225000 11,600 15,700 13.49 F3,800 12.6 92 7,704 Q02 66 1,870 184 20 5,330 4,850
(122253500 1110 1,040 12,72 863 10.6 83 585 715 57 28 A4 5 K1 476
(2226000 13,600 13,900 13.87 12,900 13 93 9,330 9.31 67 1.5390 1.6 17 6,050 5640
2226500 1,190 1,110 1256 725 K2 [ 478 541 43 8.75 4 2 118 282
02227566 646 542 138 353 7.42 65 212 445 29 {0 0 0 754 85.2
02228000 27190 2390 11.63 1.860 9.05 TR 1,171 57 49 33 A6 3 326 438
Suwannes River Basin

H2317500 1,390 E 170 11.34 8§76 8.49 73 556 6.36 56 31.0 .30 5 138 437

reliable far estimating drainage areas of less than 100 mi® with
at {east 20 years of continuous streamflow data. Because of
the limited availability of data, the drainage-area size criterion
was increased and the period-of-record criterion was increased
1o include extremes in precipitation conditions. Table §
compares mean annual baseflow of selected streams using

the hydrograph-separation and linear-regression analysis of
flow duration, and drought-streamflow analysis methods. An
example of the variability in bascflow estimation is observed
at station 02175500 (Saikehatchic River) (fig. 1). Part of the
river is in the upper Coastal Plain where there is a high degree
of interconnection between the stream and the aquifer result-

ing in a substantial contribution of ground water to streamflow,

According to the methods used, linear-regression analysis
estimates that baseflow is equivalent to the flow at Q,,, which
in this case is 102 percent of the mean annual streamflow.
The drought-streamflow analysis estimates that baseffow is
11 percent of total streamflow. Again, this is an unreasonable
estimation because the stream is in the upper Coastal Plain
where there is a greater interconnectivity with the aguifer.
The HYSEP method estimates baseflow as 69 percent of total
streamflow, which seems most reasonable of the three meth-
ods, considering the size and location of the basin,

Summary

Stream-aguifer refations were evaluated in the
67-county area of southeast Georgia, southwest South Caro-
lima, and northeast Florida (35 counties in Geeorgia, 5 coun-
ties in Florida, and 7 counties in South Carolina) during a
varicty of climatic conditions for the period from 1971-2001.
Ground-water discharge to streams was estimated using three
methads: (1) HYSEP, an automated hydrograph-separation
program; {2) drought measurement of baseflow: and (3) a

comparison of mean annual basefiow and flow-duration data

using a simple linear-regression analysis. The hydrograph-
separation method provides the best estimate of mean annual
ground-water discharge to streams ino the study area. The
analysis of drought streamilow provides an estimate of the
minimum ground-water discharge to streamflow, whereas
linear-regression analysis overestimates an average value

for a given basin. Analyses were conducted using 8 continu-
ous-record streamflow gaging stations for hydrograph sepa-
ration, 14 continuous-record streamflow gaging stations for

streamflow duration, and 62 continuous-record and partial-

record streamflow gaging stations for drought streamflow;
9U.8. Geological Survey wells; and 11 National Weather



Service stalions. Streams and (ributaries were grouped into the
Salkehatchie—-Savannah--Ogecchee River, Altamahia-Satitia-
St Marys River, and Suwannee River Basins for (his study.

Waler 1o streams and aquilers interacl through a dynanie
Iydrologic system meluding aquifers, streams, reservoirs,
and floodplains. These systems are interconnected and form a
hydrologic environment that s stressed by natoral hydrologic,
climalic, and anthropogenic factors. Under steady-stale
conditions, most ground-water systems can be divided imto
three subsystems: Tocul (low, characterized by relatively shal-
low und short Towpaths that extend from a topographic high
1o an adjacent pographic low: intermediate flow, which
inctudes at least one local flow system belween respective
points ol rechurge and discharge; and regional flow, which
Degins at or near a mujor ground-water divide and terminates
at a regional drain.

Rechurge 1o the hydrologic system is provided by rainfall
that ranges [rom an average of ubout 47 to 53 inches per year
based on the 30-year period 1971-2000. Most of the recharge
(s cither discharged from the gshaltow, local flow systems
into small streams, or s 1lost as evapotranspiration, In the
intermediate tlow system, some water is discharged to major
tribotaries. Climatic effeets dominate in the surficial aquifer.
Water levels pencerally are hughest in the winter and carly
spring when precipitation is greatest and evapotranspiration
is least; water fevels are lowest during the summer and fall
when precipitation is least and evapotranspiration is highest.
In the lower Coastal Plain, with the exeeption of the uncon-
fined section of the surficial aquifer system, the aquifers are
deeply buried and conlined. In this area, climatic effects are
ereatly diminished, and fluctuations are due to changes in
ground-water pumping.

Three methods (o estimate basetlow were compared
because a number of variables can affect baseflow including
regulation of flows: physical properties of the basin such as
vegetative cover, slope, arca, shape, land use, soil thickness;
and infiltration capacity as well as antecedent soil moisture
and depth 1o ground water. The river or tributary at cach
streamilow gaging station selected for HY SEP analysis had
negligible diversion or regulation, drainage area less than
1,400 squarc miles, and at least 31 years of continuous record.
For the & streamilow gaging stations selected for HYSEP,
baseflow contributed from 39 to 74 percent of streamilow
with a mean coatribution of 58 percent.

During a high-precipitation year, baseflow accounted
for 48 percent of total streamtlow, 63 percent during an aver-
age-precipitation year, and 60 percent during a low-precipita-
tion vear. During dry periods, there is a reduction in runoft,
and baseflow is the major contributor to streamtlow. During
drought conditions, there is less water available to recharge
the aquifer and ground-water levels decline,

Baseflow estimaltes vary from the upper and lower parts
of a basin, Mcan annual basctlow in the upper Salkehatchie—
Savannah-Ogeechee River Busin during 1971-2001 ranges
from 66 to 74 percent and is 54 percent in the lower basin,

In the upper Altamaha-Satilla-St Marys River Basin, baseflow
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is about 57 pereent ol total streans{low: in the lower part of
the basin, basetflow ranges from about 39 1o 43 percent of total
stecamflow, In (he lower part of Uie Suwannee River Basin,
basctlow 1s about 56 pereent of total streamilow.

Drought streantf{low represents a quantitative estimate of
minimum ground-water discharge to streams beeause during
drought periods, streamflow is composed mostly of baseflow
as estimated by HYSEP. During droughts, pround-wiler
contribution to streamlow mostly 1s from the intermediate and
regional {low systems. During the 1981 and 2000 droughts,
baseflow contribution ranged from 0 1o 24 percent of stream-
[Tow. This low contribution most likely is due (o a lower
ground-water levels during drought.

Lincar-regression analysis was used to determine the
{low duration that best estimates baseflow for streams in the
arca. Mean annual baseflow at 14 streamflow gaging stations
in the study area for 1971-2001 were compared to the Q| to
Q,, flow durations at those stations using a statistical computer
prograny; the best fit between HY SEP estimates and tlow
duration was at the Q. flow duration. Discharge data during
1971-2001 for 14 streamflow gaging stations were analyzed
to determing the streamflow index. Indices ranged from a low
of 1.48 at the Brushy Creek station in the Salkchatchie~Savan-
nah-QOgecchee River Basin to a high of 7.3 1 at Little Satilla
River in the Altamaha—Satilla—St Marys River Basin. Gener-
atly, high indices are associated with steep slopes that are
indicative of limited basin storage and dominant contribution
trom runofl. Low indices are associated with flat slopes thul
are indicative of equal contribution of ground water and runoff.

Comparison of the three methods used 10 estimate
baseflow shows that droughi-streamtlow conditions are a
miniinum estimate of mean-annnal baseflow contributions.
Because ground-water levels may decline during droughts,
the amount of baseflow to streamflow correspondingly
declines. The linear-regression analysis of streamflow dura-
tion overestimates baseflow when generalizing across a large
basin because of variability in size and geology of basios. The
HYSEP method of baseflow estimation most likely provides
a reasonable estimate because of the stringent requirements
placed on basin selection, which heips to reduce the number
of errors in estimation. This comparison is illustrated in the
baseflow estimation at Salkehatehic River (station 02175500).
Part of the Salkehatchie River is i the upper Coastal Plamn
where there is a high degree of interconnection between the
stream and the aguifer, resulting in a substantial contribution
of ground water to streamflow. According 1o the methods
used, linear-regression analysis estimates that buseflow s
equivalent (o the flow at Q,, which in this casc is 102 per-
cent of the mean annual streamflow, The drought-streamflow
anudysis estimates baseflow as 11 percent of total streamflow,
This is an unreasonable estimation because part of the stream
is in the upper Coastal Plaip where there is a high degree of
interconnectivity with the aquifer. The HY SEP method esti-
mates baseflow as 69 percent of total streamflow, The same
14 stations were used 1o make a comparison among the three
methods used to estimate baseflow.
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Overall, for the study area, mean annnal baseflow during
the 1981 and 2000 droughts ranged from O to 24 percent of
mean annual total streamilow for the pertod 19712001 using
dronght-streamflow analysis, During 197 1-2001, basellow
was estimated as ranging from 39-74 percent of streamfiow
using HY SEP and 65-102 pereent using linear-regression
analysis of flow duration.
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