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The negative recharge values may also be due, in part,
to uncertainties in the values of other terms in the
water budget.

Clark and others (1964, p. 124) also used a
closed-contour method to estimate recharge as part of
an assessment of the water resources of Alachua,
Bradford, Clay, and Union Counties. They estimated
recharge to be greater than or equal to 5 cm/yr near the
junction of Alachua, Bradford, Clay and Union Coun-
ties, near the dome in the potentiometric surface of the
Upper Floridan aquifer. Clark and others (1964) also
used a water-budget approach to estimate recharge
rates of at least 25 cm/yr in western Alachua County,
where the Upper Floridan aquifer is unconfined.

Stewart (1980) developed a map of recharge to
the Floridan aquifer system in Florida using ground-
water level, intermediate confining unit, and topo-
graphic data. The map was developed by evaluating
potentiometric-surface maps of the Upper Floridan
aquifer, soil drainage characteristics, the thickness and
porosity of surficial sediments, the thickness and
permeability of the intermediate confining unit, and
topographic information. Nearly all of the SRWMD
was described as having one of three categories of
recharge: very low (less than 5 cm/yr), very low to
moderate (less than 5 to 25 cm/yr), and high recharge
(25 to 50 cm/yr). Areas of very low recharge were
coincident with the Highlands area in the eastern and
northeastern area of the SRWMD. Areas of very low
to moderate recharge were delineated west of the
Suwannee and Withlacoochee Rivers, and in coastal
and central Levy County and central Gilchrist County.
Areas of high recharge generally coincided with the
margins of Highland areas and lowland areas adjacent
to the Suwannee, lower Santa Fe, and Withlacoochee
Rivers.

Bush and Johnston (1988, pl. 11) developed a
map of recharge for the entire Upper Floridan aquifer
based on a digital model of the Floridan aquifer
system. The pattern of recharge on this map is similar
to that of Stewart (1980). The highest recharge rates
were approximately 40 to 50 cm/yr and were coinci-
dent with broad areas adjacent to the Suwannee, lower
Santa Fe, and Withlacoochee Rivers. The lowest
recharge rates were 2.5 to 11 cm/yr, and were gener-
ally coincident with Highland areas in the northeastern
and eastern area of the SRWMD and areas of central
Dixie, Taylor, and Jefferson Counties. Recharge rates
generally ranged from 2 to 13 cm/yr in confined areas
of the Upper Floridan aquifer, from 25 to 38 cm/yr in

poorly confined areas, and from 2 to 38 cm/yr in
unconfined areas. The lower recharge values corre-
spond to an unconfined area near the coast, adjacent to
an area of coastal discharge from the Upper Floridan
aquifer. Aucott (1988) also developed a recharge map
for the Floridan aquifer system that modified the map
of Bush and Johnston, to a limited degree, using
Stewart’s (1980) approach.

Col (1994) developed a map of recharge poten-
tial for the Floridan aquifer system in the SRWMD.
The map was developed by evaluating soil infiltration
capacities, hydrologic basin characteristics, depth to
ground water or top of the Upper Floridan aquifer, and
intermediate confining unit thickness, using an
approach similar to that described by Aller and others
(1985). The map is a qualitative assessment of
recharge (estimates of recharge rates are not
presented), in which areas are classified as having a
recharge potential that can range from high to low.
Areas of high, moderate, and low potential are gener-
ally consistent with the maps of Stewart (1980),
Aucott (1988), and Bush and Johnston (1988, pl. 11).

Approach

Four primary methods were used in this study to
estimate recharge rates in the SRWMD: (1) evaluating
a simple water budget for selected drainage basins;
(2) using a chloride mass-balance method, (3) analyz-
ing water-level changes in shallow wells; and
(4) determining the ground-water discharge to springs
or streams through analysis of stream discharge data
(base-flow separation analysis). A technique known as
chemical base-flow separation was also used to con-
firm some of the results of the base-flow separation
analysis.

WATER-BUDGET ANALYSIS OF
SELECTED DRAINAGE BASINS

A water-budget approach was used to estimate
recharge to the Upper Floridan aquifer in two hydro-
logic settings found in the study area: (1) Northern
Highlands areas where the Upper Floridan aquifer is
confined by the intermediate confining unit, and
(2) Gulf Coastal Lowlands areas of the Suwannee
River and lower Santa Fe River Basins where surface
runoft is generally negligible. In both settings, water
budgets were developed from estimates of long-term
averages of hydrologic variables (long-term average
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precipitation, evapotranspiration, and total runoft).
Therefore, the water budgets reflect an assumption of
long-term, dynamic equilibrium in which changes in
surface and subsurface water storage are negligible
when averaged over long time periods.

The first hydrologic setting to be considered was
the Northern Highlands area where the Upper Floridan
aquifer is generally confined by the intermediate con-
fining unit and the surficial aquifer is present. In this
setting, recharge to the Upper Floridan aquifer occurs
as downward leakage from the surficial aquifer and
through the intermediate confining unit (left part of
fig. 3). The long-term leakage or recharge rate is equal
to precipitation minus evapotranspiration, storm
(direct) runoff from the land surface, and ground-
water runoff from the surficial aquifer system. The
sum of long-term average direct runoff and ground-
water runoff equals total runoff (streamflow) from
highland streams draining the surficial aquifer system.
Thus, long-term recharge can be estimated as follows:

R =P-ET- (QD+QSAS)= P-ET- QTOTAL,(l)

where R is the long-term, average recharge rate to the
Upper Floridan aquifer, P and ET are the
average precipitation and evapotranspira-
tion rates occurring in confined areas of
highland basins, respectively; Q,, is aver-
age direct runoff from the basin from over-
land flow and subsurface stormflow; Q, ¢
is average ground-water runoff from the
surficial aquifer system; and Q74 is the
average total runoff (9, + Q ;) from the
basin.

Equation 1 was used to estimate recharge to the
Upper Floridan aquifer in six drainage basins in the
Northern Highlands where the aquifer is confined by
the intermediate confining unit (table 1): Rocky Creek
near Belmont (station 2, fig. 4), Deep Creek near
Suwannee Valley (station 4), Robinson Creek near
Suwannee Valley (station 5), Santa Fe River near
Graham (station 11), New River near Lake Butler
(station 12), and the Santa Fe River at Worthington
Springs (station 13). Values of Q. ,7,, inthese
basins were estimated with streamflow data from
gaging stations operated by the USGS. Regression
techniques similar to those described by Rumenik and
Grubbs (1996, p. 11) were used to improve the long-
term runoff estimates at stations with short-term

records by developing relations with long-term
stations. Precipitation and evapotranspiration values
were estimated by Bush and Johnston (1988, pls. 7 and
9). Average rates of net precipitation (P — E') ranged
from 46 to 59 cm/yr in these basins and total runoff
ranged from 17 to 31 cm/yr (table 1). The resulting
estimates of recharge to the Upper Floridan aquifer
ranged from 15 to 32 cm/yr (table 1).

The second hydrologic setting that was consid-
ered is found in areas of the Gulf Coastal Lowlands
where surface runoff is negligible. This setting occurs
in nearly all of the Suwannee River Basin downstream
from the Withlacoochee River and in the lower Santa
Fe Basin (downstream from O’leno State Park) where
nearly all of the basin drainage occurs through the sub-
surface and runoff from the surficial aquifer system is
negligible. In these areas, runoff is generally negligi-
ble because very little channelized surface drainage is
present, the soils are generally permeable and the
slope of the land surface is generally very gradual to
flat in these areas. The lowland areas also generally
coincide with unconfined areas of the Upper Floridan
aquifer. In this setting, long-term recharge is approxi-
mately equal to long-term net precipitation, and
recharge can be estimated as follows:

R =P-ET. (2)

Rates of net precipitation generally range from 43 to
58 cm/yr over the SRWMD, which indicates that
recharge over areas with negligible direct runoff and
runoff from the surficial aquifer system is probably
within the same range.

Recharge is probably less than the above range
in lowland areas near the coast of the Gulf of Mexico,
because the channelized drainage network is better
developed and the water table is at or near the surface
over much of the area. The latter condition favors
direct runoff of rainfall through the many streams,
swamps, and marshes that drain the coastal area.
Additionally, recharge does not occur in much of this
area where ground-water from the surficial aquifer
system and Upper Floridan aquifer discharges to
coastal swamps, marshes, and streams. Recharge is
also probably less than the 43 to 58 cm/yr range in the
floodplain areas of the lowlands because of direct
runoff occurring in these areas.
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