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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS AND ACRONYMS

Multiply By To obtain
Length
inch (in.) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (%) 0.0929 square meter
square mile (mi?) 2.590 square kilometer
Flow
cubic foot per second (ft?/s) 0.02832 cubic meter per second
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Hydraulic Conductivity

foot per day (ft/d) 0.3048 meter per day
Leakance
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*Transmissivity
foot squared per day (ft?/d) 0.0929 meter squared per day
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Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

Altitude: In this report, altitude refers to distance above or below sea level.
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Hydrogeology, Water Quality, and Simulated Effects of
Ground-Water Withdrawals from the Floridan Aquifer
System, Seminole County and Vicinity, Florida

By Rick M. Spechler and Keith J. Halford

Abstract

The hydrogeology and ground-water quality
of Seminole County in east-central Florida was
evaluated. A ground-water flow model was devel-
oped to simulate the effects of both present day
(September 1996 through August 1997) and pro-
jected 2020 ground-water withdrawals on the
water levels in the surficial aquifer system and the
potentiometric surface of the Upper and Lower
Floridan aquifers in Seminole County and vicinity.

The Floridan aquifer system is the major
source of ground water in the study area. In 1965,
ground-water withdrawals from the Floridan aqui-
fer system in Seminole County were about
11 million gallons per day. In 1995, withdrawals
totaled about 69 million gallons per day. Of the
total ground water used in 1995, 74 percent was
for public supply, 12 percent for domestic self-
supplied, 10 percent for agriculture self-supplied,
and 4 percent for recreational irrigation.

The principal water-bearing units in
Seminole County are the surficial aquifer system
and the Floridan aquifer system. The two
aquifer systems are separated by the intermediate
confining unit, which contains beds of lower per-
meability sediments that confine the water in the
Floridan aquifer system. The Floridan aquifer
system has two major water-bearing zones (the
Upper Floridan aquifer and the Lower Floridan
aquifer), which are separated by a less-permeable
semiconfining unit.

Upper Floridan aquifer water levels and
spring flows have been affected by ground-water

development. Long-term hydrographs of four
wells tapping the Upper Floridan aquifer show
a general downward trend from the early 1950is
until 1990. The declines in water levels are caused
predominantly by increased pumpage and below
average annual rainfall. From 1991 to 1998,
water levels rose slightly, a trend that can be
explained by an increase in average annual rain-
fall. Long-term declines in the potentiometric
surface varied throughout the area, ranging from
about 3 to 12 feet. Decreases in spring discharge
also have been observed in a few springs with
long-term record.

Chloride concentrations in water from the
Upper Floridan aquifer in Seminole County range
areally from 6.2 to 5,300 milligrams per liter.
Chloride concentrations are lowest in the recharge
areas of the Floridan aquifer system in the western
part of Seminole County and near Geneva. The
most highly mineralized water occurs adjacent to
the Wekiva River in northwestern Seminole
County, around the eastern part of Lake Jesup, and
along the St. Johns River in eastern Seminole
County. Analysis of limited long-term water-qual-
ity data indicates that the chloride concentrations
in water for most wells in the Floridan aquifer
system in Seminole County have not changed sig-
nificantly in the 20-year period from 1976 to 1996,
and probably not since the mid 1950is. Analysis
of water samples collected from some Upper
Floridan aquifer springs, however, indicates that
the water has become more mineralized during
recent years. Increases in specific conductance
and concentrations of major cations and anions
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were observed at several of the springs within the
study area where long-term water-quality data
were available. Associated with these increases in
the mineralization of spring water has been an
increase in total nitrate-plus-nitrite as nitrogen
concentration.

A three-dimensional model was developed
to simulate ground-water flow in the surficial and
Floridan aquifer systems. The steady-state
ground-water flow model was calibrated to water-
level data that was averaged over a 1-year period
from September 1996 through August 1997. The
calibrated flow model generally produced simu-
lated water levels in reasonably close agreement
with measured water levels. As a result, the cali-
brated model was used to simulate the effects of
expected increases in ground-water withdrawals
on the water levels in the surficial aquifer system
and on the potentiometric surface of the Upper and
Lower Floridan aquifers in Seminole County.

The calibrated flow model was used to
simulate the possible effects of increased ground-
water withdrawals from the Floridan aquifer
system in the year 2020. Ground-water with-
drawals in the study area have been projected to
increase from 412 million gallons per day
(637 cubic feet per second) in 1996-97 to
591 million gallons per day (915 cubic feet per
second) in 2020. Based on projected 2020 ground-
water withdrawals, the simulated maximum draw-
downs were about 16 feet in the surficial aquifer
system and about 19 feet in the Upper and Lower
Floridan aquifers.

INTRODUCTION

Rapid growth in Seminole County, Fla., and
adjacent areas is creating an ever-increasing demand
for freshwater. In 1965, the population of Seminole
County was about 73,000 and total ground-water with-
drawals were estimated to be about 11 million gallons
per day. By 1995, the population and ground-water
withdrawals were estimated to be about 324,000 and
69 million gallons per day, respectively. The popula-
tion is projected to reach about 509,000 by the year
2020. As population increases, additional water
supplies will be needed.

Ground water, the principal source of water
supply in Seminole County, is obtained from two
aquifers: the surficial aquifer system and the Floridan

aquifer system. The surficial aquifer system has limited
use because of low yields to wells and the potential for
contamination. Water withdrawn from the surficial
aquifer system is used primarily for lawn irrigation.
The Floridan aquifer system is the principal source of
water supply in the study area. Wells open to the Flori-
dan aquifer system yield large quantities of good qual-
ity water; however, dissolved solid and chloride
concentrations exceed secondary limits for potable
water supply in parts of eastern and northwestern
Seminole County. There also is concern that in some
areas heavy withdrawals from the Floridan aquifer
system might cause saltwater intrusion, which could
result in ground water quality degradation. Increased
withdrawals from the Floridan aquifer system also
could lower lake levels and the potentiometric surface
of the Upper Floridan aquifer and decrease the flow
from Upper Floridan aquifer springs.

As the demand for water in Seminole County
increases, additional information about the aquifers is
needed to manage and to develop the water supply
effectively. The U.S. Geological Survey (USGS), in
cooperation with Seminole County and the St. Johns
River Water Management District (SIRWMD),
conducted a study from 1994 to 1999 to describe the
hydrogeology and ground-water quality and evaluate
the effects of increased pumpage on the ground-water
resources of Seminole County.

Purpose and Scope

This report presents a description of the hydroge-
ology of the surficial and Floridan aquifer systems in
Seminole County, characterizes present-day water-
quality conditions in the Upper Floridan aquifer, and
quantifies the effects of future ground-water withdraw-
als. Ground-water level and quality, surface-water
stage and discharge, and water-use data are presented.
A numerical model of the ground-water flow system
was constructed and used to evaluate the effects of
anticipated increases in pumping on water levels in the
surficial and Floridan aquifer systems and on spring
flow from the Upper Floridan aquifer. Although the
primary area of interest was Seminole County, popula-
tion growth and urbanization in adjacent central
Florida counties affect Seminole County, so the study
area was expanded to consider the larger, more regional
system (fig. 1).

2 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Previous Investigations

Numerous reports on the ground-water resources,
hydrology, and geology of the study area are available.
The ground-water resources of Seminole County were
first described by Stringfield (1934). A study of the
water resources of the Florida Peninsula (Stringfield,
1936) included information about Seminole County.
Stubbs (1937) also reported on the ground-water
hydrology of Seminole County, with emphasis on the
water supply for the city of Sanford. Data reports by
Heath and Barraclough (1954), Barraclough (1961),
and an interpretive report by Barraclough (1962) pro-
vided a reconnaissance of the ground-water resources
of Seminole County. Tibbals (1977) studied the avail-
ability and quality of ground water in the county and
delineated recharge and discharge areas. Phelps and
Rohrer (1987) described the hydrogeology and
geochemistry of the Geneva freshwater lens in eastern
Seminole County, and Boniol and others (1993) exam-
ined the recharge features of the lens. Toth and others
(1989) evaluated the water quality in the Wekiva River
Basin of Seminole, Orange, and Lake Counties.

Reports describing the hydrogeology in all or
parts of Orange County include Unklesbay (1944),
Lichtler and others (1968), Lichtler (1972), Knochenmus
(1975), Tibbals and Frazee (1976), Kimrey (1978),
Shaw and Trost (1984), German (1989), and Bradner
(1991); in Brevard County by Brown and others
(1962); in Lake County by Knochenmus (1971),
Knochenmus and Hughes (1976), Grubb (1978), and
Grubb and Rutledge (1979); in Osceola County by
Frazee (1980), Shaw and Trost (1984), and Schiner
(1993); and in Volusia County by Wyrick (1960),
Knochenmus and Beard (1971), Rutledge (1982,
1985), McGurk and others (1989), Kimrey (1990),
and Phelps (1990).

Ground-water flow modeling studies have been
performed for all or parts of the study area by Bush
(1978), Grubb and Rutledge (1979), Planert and Aucott
(1985), Skipp (1988), Tibbals (1981, 1990), GeoTrans,
Inc. (1991), HydroGeoLogic (1992, 1994), and Murray
and Halford (1996).

Reports describing the regional geology, hydrol-
ogy, and geochemistry of the Floridan aquifer system
in the study area include those by Miller (1986), Bush
and Johnston (1988), Johnston and Bush (1988), and
Sprinkle (1989).
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Well-Numbering System

The USGS assigns a unique site identification
number to each inventoried well and surface-water site.
A 15-digit number based on latitude and longitude is
used to identify wells in the USGS data storage and
retrieval systems. The first six digits denote the
degrees, minutes, and seconds of latitude; the next
seven digits denote degrees, minutes, and seconds of
longitude; and the last two digits denote a sequential
number for a site within a one-second grid. For exam-
ple, well 283740081031401 is the first well inventoried
at latitude 28°37'40" N, longitude 081°03'14" W. Once
assigned, a site identification number does not change,
even though the latitude and longitude of the location
may be revised later. Surface-water sites that are part of
the long-term data collection network are assigned an
eight-digit downstream order number, such as
02234600 for Wekiva Springs, which designates the
major river basin (02) and the order in which the tribu-
tary joins the main stream. Surface-water sites that are
not part of the long-term network usually are given a
15-digit number.

The SJRWMD uses an identification system
similar to the USGS for identifying wells, using lati-
tude and longitude as a primary identifier. They also
use a sequential local number assigned to each well as
it is added to their network files. An abbreviation for
the county where the well is located precedes the well
number and, thus, distinguishes it from a well having
the same number in another county. The prefixes S,
OR, BR, L, OS, PO, and V indicate a well drilled in
Seminole, Orange, Brevard, Lake, Osceola, Polk, and
Volusia Counties, respectively.

4 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Description of the Study Area

The study area encompasses 2,500 square miles
(miz) in east-central Florida and includes all of
Seminole and Orange Counties and parts of Brevard,
Lake, Osceola, Polk, and Volusia Counties. The pri-
mary area of interest, however, is Seminole County,
which covers about 345 mi? of which 298 mi? is
land and about 47 mi? is water (Purdum and others,
1988, p. 118). The location of Seminole County and the
boundaries of the study area for the ground-water flow
model are shown in figure 1.

350 , ,

Rapid population increases over the past
30 years have occurred in Seminole County and in
adjacent Orange County, the most populated county
in east-central Florida. This trend is expected to
continue through the year 2020. From 1965 to 1995,
the population of Seminole County increased from
about 73,000 to 324,000 (fig. 2). During the same
period, the population of Orange County increased
from about 300,000 to 759,000. Total population in
Seminole and Orange Counties is projected to reach
about 509,000 and 1,236,000, respectively, by 2020
(Smith and Nogle, 1999).

(a)

300

250
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Source: 1960, 1970 and 1975 from University of Florida,
1976; 1965 from Thompson, 1975; 1980, 1985, 1990 from
Smith and Mohammed, 1991;1995 from University of Florida,
1996; 2000 through 2020 from Smith and Nogle, 1999.

Figure 2. Historical and projected (a) total ground-water use and (b) population for Seminole

and Orange Counties, Florida.
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The topography of Seminole County can be
divided into two types: level lowlands and hilly
uplands (ridges) (Barraclough, 1962, p. 7). The level
lowlands include the areas adjacent to the St. Johns,
Wekiva, and Econlockhatchee Rivers and Lake Jesup.
Land-surface altitude ranges from about 2-3 feet (ft)
above sea level near the St. Johns River to about 30 ft
above sea level where the lowlands merge into the hilly
uplands. The hilly uplands include the remainder of the
county. Surface features of this area include many hills
and lakes. Land surface altitude ranges from about 30 ft
above sea level to more than 125 ft above sea level in
the vicinity of Altamonte Springs.

Sinkholes in all stages of development are com-
mon throughout the area and range from small depres-
sions and recently collapsed depressions a few feet in
diameter to large lakes. Sinkholes are formed by the
collapse of surface deposits into caverns created by the
dissolution of underlying limestone by infiltrating and
circulating ground water. Many of the natural lakes,
ponds, and topographic depressions in the western part
of the study area were formed this way. Larger lakes
often are formed by the coalescence of several sink-
holes. The sinkholes permit local hydraulic connection
between the surficial aquifer system and the Upper
Floridan aquifer, and are important avenues of natural
recharge to the Floridan aquifer system.

The study area is divided into four major surface-
water drainage basins and numerous minor surface-
water drainage basins. The major drainage basins are
the: St. Johns River basin, Ocklawaha River basin,
Kissimmee River basin, and Coastal basin (fig. 1). The
St. Johns River is the most prominent surface-water
feature in the study area and defines the eastern and
northern boundaries of Seminole County and the east-
ern boundary of Orange County. The St. Johns River
flows north and discharges in the Atlantic Ocean at
Mayport, Florida. Occasionally, combined drought,
wind, and tidal effects can influence river stages and
flow at Lake Monroe, about 161 miles upstream. More
than one-half of the study area is drained by the
St. Johns River, including all of Seminole County, most
of the northern and eastern parts of Orange County, and
parts of Brevard, Lake, Osceola, and Volusia Counties.
Major tributaries within the St. Johns River basin
include the Wekiva and Econlockhatchee Rivers.

In the western part of the St. Johns River basin
(the hilly uplands of western Seminole and northwest-
ern Orange County), much of the drainage is into
closed depressions where the water either seeps into the
ground or evaporates. Many of these depressions prob-
ably are drained through permeable material into the
underlying Floridan aquifer system. The bottom of

some sinkhole lakes, however, may contain relatively
impermeable sediments, and the rate of seepage may be
less than in areas adjacent to the lakes.

The Ocklawaha River basin drains parts of
northwestern Orange and eastern Lake Counties. This
basin contains few surface streams and drainage is
mostly into closed depressions or lakes. The Kissim-
mee River basin drains much of the southwestern parts
of Orange and northwestern Osceola Counties. Drain-
age within this basin also is poorly developed. The
Coastal basin drains a small area of northeastern
Brevard and southeastern Volusia Counties. Water
from the coastal area drains into lagoons that connect to
the Atlantic Ocean.

The climate of Seminole and surrounding coun-
ties is classified as humid subtropical and is character-
ized by warm, relatively wet summers and mild,
relatively dry winters. Temperatures commonly exceed
90 °F from June to September, and may fall below freez-
ing for a few days in the winter months. Mean annual
rainfall for the study area (1970-97) is about 51 inches
(averaged from rainfall data collected at Sanford and the
Orlando International Airport) and from September
1996 through August 1997, about 52 inches per year
(in/yr). Rainfall is unevenly distributed during the year
with about 55 percent of the annual rainfall total derived
from thunderstorms that occur frequently during the
months of June through September. Thunderstorms
usually are localized and distribute rainfall unevenly
across the area. During the summer months and early
fall, tropical storms and hurricanes also can bring heavy
precipitation into the area. During the winter, rainfall is
associated with frontal system activity, which is usually
of a longer duration and areally more uniform than
convectional precipitation.

Data Collection

A review of existing wells and water-level and
water-quality data in the study area was conducted to
determine where additional data were needed. Data
collection generally included monthly or continuous
water-level measurements from 43 surficial aquifer
system and 232 Floridan aquifer system wells,
monthly stage measurements from 100 lakes, monthly
discharge measurements from 21 springs, and contin-
uous discharge measurements from 16 streamflow
sites. Water samples collected from 126 wells and
13 springs in Seminole and adjacent counties were
analyzed for common inorganic constituents. Sampled
wells included public supply, domestic, irrigation,
dedicated monitoring, and free-flowing wells. The
location of wells, springs, lakes and streams used
for data collection are shown in figures 3 and 4.

6 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Figure 4. Location of lake and stream data-collection sites (site information in appendix 2).

The location of surficial aquifer system supplemen-
tary well data-collection sites (water-level data used in
this study but collected prior to 1996) is shown in
figure 5. Well construction data, spring information,
and general information on the lake and stream data-
collection sites are presented in appendixes 1, 2, and 3.

Hydrogeologic maps and sections were gener-
ated by using data from borehole-geophysical, geolo-
gistsi, and drillersi logs. Slug tests were performed on
21 surficial aquifer system monitoring wells to quan-
tify a range of hydraulic conductivity for the surficial
aquifer system. The altitude of the measuring points of
monitoring wells were determined by instrument level-
ing so that accurate potentiometric-surface maps and
hydrographs could be constructed.

Twenty-four surficial aquifer system monitoring
wells also were constructed in areas where ground-
water data were not available. The boreholes were
constructed using a hollow-stem auger. Initially, nominal

2 1/4-inch inner diameter hollow-stem augers were
used to drill a test hole. Split-spoon samples were col-
lected every 5 ft and were used to determine the depth
to water and to provide additional data on surficial
aquifer system lithology. Following split-spoon sam-
pling, the test holes were enlarged by using a 6 1/4-inch
hollow-stem auger. Four-inch diameter monitoring
wells were constructed by installing 10 ft of slot
0.01 schedule 40 PVC screen and an appropriate length
of PVC riser casing. Wells screens were set below the
estimated minimum water table. The screens were
packed with a clean, well sorted sand. Above the
screens, the filter packs were topped with bentonite
seal. The remaining annulus from the bentonite seal to
land surface was grouted with Type I Portland cement.
The monitoring wells were completed with flush-
mounted steel protective casings. Monitoring wells
were developed by pumping. Monitoring well data are
provided in appendix 1.

8 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Figure 5. Location of supplementary well data-collection sites (site information in appendix 3).

Water Use

The Floridan aquifer system is the principal
source of water supply in the study area. The aquifer
supplies nearly all the ground water used for public
supply, domestic self-supplied, agricultural irrigation,
commercial-industrial self-supplied, and recreational
irrigation. In Seminole and Orange Counties, less than
one percent of the total amount of the ground-water
withdrawn is from the surficial aquifer system
(Marella, 1999, p. 11). Withdrawals vary from season
to season and from year to year, primarily as a function
of the amount and distribution of rainfall. As popula-
tion continues to increase, withdrawals for public
supply also will continue to increase.

Detailed water-use data are collected by the
USGS and SJRWMD every 5 years. In 1965, ground-
water withdrawals from the Floridan aquifer system in
Seminole County were about 11 million gallons per
day (Mgal/d) (fig. 2). In 1995, withdrawals totaled

about 69 Mgal/d (107 cubic feet per second (ft3 /s)). Of
the total water used in 1995, 74 percent was for public
supply, 12 percent for domestic self-supplied,

10 percent for agricultural self-supplied, and 4 percent
for recreational irrigation (fig. 6). Ground-water with-
drawals from the Floridan aquifer in adjacent Orange
County, one of the most populated counties in the state,

increased from 82 Mgal/d (127 ft3/s) in 1965 to about

229 Mgal/d (354 ft3/s) in 1995 (fig. 2). About
72 percent of the ground-water withdrawn was used for
public supply, 10 percent for agriculture self-supplied,
8 percent for commercial self-supplied, 6 percent for
domestic self-supplied, and 4 percent for recreational
irrigation (fig. 6).

To estimate water use from September 1996
through August 1997 (the period for which the ground-
water flow model was calibrated), calendar year 1995
water-use data were used as an estimate for agricultural
self-supplied, commercial-industrial, recreational
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irrigation, and power generation. This approach
was used because insufficient data were available
for the model calibration period to determine site
specific discharge rates for these withdrawal cate-
gories. Public supply, which accounted for the larg-
est percentage of the ground water withdrawn, were
updated using 1996-97 data. These data were
obtained by B. Florence (SJRWMD, written com-
mun., 1998), R. L. Marella (USGS, written com-
mun., 1998), Florida Department of Environmental
Protection, and from the public utilities.

Average ground-water withdrawals from
September 1996 through August 1997 within the study
area were approximately 386 Mgal/d (597 ft3/s). Free-
flowing wells, which generally are not included in
water-use statistics, accounted for another 15 Mgal/d
(23 ft3/s). Public supply accounted for 275 Mgal/d
(425 ft3/s), about 71 percent of the water withdrawn
from the Floridan aquifer system. Agricultural self-
supplied accounted for about 21 percent or 80 Mgal/d
(123 ft3/s), and commercial-industrial for about
8 percent or 31 Mgal/d (48 ft3/s). Of the total water
withdrawn from the Floridan aquifer system, about
73 percent or 280 Mgal/d (433 ft3/s) was from the
Upper Floridan aquifer and about 27 percent or
106 Mgal/d (164 ft3/s) was from the Lower Floridan
aquifer. The areal distributions of ground-water with-
drawals from the Upper and Lower Floridan aquifers
are shown in figures 7 and 8, respectively. Little water
is withdrawn from the surficial aquifer system in the
study area, so water use from this aquifer system was
considered zero for this study.

The accuracy of the water-use data varies by
category. For example, public-supply and larger indus-
trial water-use estimates usually are more accurate
because the usage generally is metered, whereas
agricultural water use estimates often are less accurate
because this type of water use generally is not metered.

Water use for public supply is usually reported
by well field, not by individual wells, therefore, pump-
age estimates for each well also had to be determined.
Where data were not available, assumptions were made
to apportion total pumpage between individual wells
and between the Upper and Lower Floridan aquifers.
At well fields containing multiple wells, the average
daily well-field discharge rate was divided by the num-
ber of active wells to obtain an average pumping rate
per well. Discharge from wells that penetrate both the
Upper and Lower aquifers was divided equally
between the two aquifers.

GEOLOGIC FRAMEWORK

The study area is underlain by a thick sequence
of sedimentary rocks that overlie a basement complex
of'igneous and metamorphic strata. The primary water-
bearing sediments are composed of limestone, dolo-
mite, shell, and sand that range in age from late
Paleocene to Holocene. Descriptions of major strati-
graphic units and corresponding hydrogeologic units
are given in figure 9. Stratigraphic units, in ascending
order, are: the Cedar Keys Formation of late Paleocene
age, the Oldsmar Formation of early Eocene age, the
Avon Park Formation of middle Eocene age, the Ocala
Limestone of late Eocene age, the Hawthorn Formation
of Miocene age, and the undifferentiated deposits of
Pliocene to Holocene age.

SEMINOLE COUNTY

69 million gallons per day

AGRICULTURAL RECREATIONAL
SELF-SUPPLIED IRRIGATION
o o,
10 /°\ /4 7% puBLIC SUPPLY
DOMESTIC 74%
SELF-SUPPLIED
12% —

ORANGE COUNTY
229 million gallons per day|

AGRICULTURAL RECREATIONAL
SELF-SUPPLIED IRRIGATION

commeRrciAL- 10% 4%
INDUSTRIAL \ /
SELF-SUPPLIED

8%
DOMESTIC —____

SELF-SUPPLIED
6%

PUBLIC SUPPLY
72%

Figure 6. Total ground-water use in Seminole and Orange Counties, Florida, by category for 1995 (data from Marella, 1999).
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Subsurface structures, such as collapse features
(paleosinkholes) and related fractures, joints, and
faults, can have an effect on the ground-water flow
system. Previous investigators have inferred the pres-
ence of faults in the study area. Wyrick (1960, p. 11)
and Barraclough (1962, p. 18) postulated a general
east-west trending fault along the northern edge of
Seminole County. An east-west trending fault just
south of Lake Monroe in Seminole County was
inferred by Tibbals (1977, sheet 1). Brown and others
(1962, fig. 9) postulated a north-south trending fault
that generally ran along the St. Johns River in western
Brevard County. Displacement in these fault systems
is probably small, but if present, could have some
effect on the ground-water flow system. The faults are
not discernible from well records compiled for this
report, and the faults inferred by previous investiga-
tors are not shown on the hydrogeologic or other
geologic maps.

Numerous circular depressions also are present
on the surface of the Ocala Limestone (top of the Upper
Floridan aquifer). Some of the depressions could be
erosional features formed before the Hawthorn Group
was deposited; however, most were formed by sinkhole
collapse caused by the gradual dissolution of the under-
lying carbonate material. Marine seismic and land-
based seismic reflection have revealed buried collapse
features and other karst features at numerous locations
in east-central and northeastern Florida. Marine seis-
mic-reflection investigations along the St. Johns River
in northeastern Florida by Snyder and others (1989)
and Spechler (1994, 1996) revealed a number of buried
collapse features that originated in the rocks of the
Floridan aquifer system. Marine seismic-reflection
profiles collected off the coast of eastern and northeast-
ern Florida also show the presence of these buried col-
lapse features (Meisburger and Field, 1976; Popenoe
and others, 1984). Using land-based seismic reflection,
these features were also discovered at several locations
in Duval and St. Johns Counties (Odum and others,
1997). Seismic reflection studies (J. Kindinger, USGS,
written commun., 1999) showed the presence of buried
collapse features and other karst features underlying
many lakes in east-central Florida, including Lake
Monroe and the southern part of Lake Harney. Numer-
ous subsidence features also were observed from seis-
mic profiles in Lake Jesup, some of which extended
deep within the subsurface.

HYDROGEOLOGY

The principal water-bearing units in the study
area are the surficial aquifer and the Floridan aquifer
systems (fig. 9). The two aquifer systems are separated
by the intermediate confining unit, which contains
sediments of lower permeability that confine the water
in the Floridan aquifer system. The Floridan aquifer
system has two major water-bearing zones (the Upper
Floridan aquifer and the Lower Floridan aquifer),
which are separated by a less-permeable semiconfining
unit. Underlying the Floridan aquifer system are low
permeability limestone and dolomite that contain con-
siderable gypsum and anhydrites, and that define the
bottom of the freshwater flow system in the study area.
The thickness of the freshwater zone varies consider-
ably and is generally thinnest in the eastern part of the
study area and thickens toward the west. Saline water
underlies the freshwater in all of the study area. Gener-
alized hydrogeologic sections based on geophysical,
geologistsi, and drillersi logs are shown in figure 10.

Surficial Aquifer System

The surficial aquifer system is the uppermost
water-bearing unit in the study area. The system is
unconfined and consists mainly of lenses of fine-to-
medium quartz sand and varying amounts of shell and
clay. The deposits generally are discontinuous and their
lithology and texture can vary considerably over short
distances both vertically and laterally. In some areas,
discontinuous and relatively impermeable beds of red-
dish-brown hardpan are present within a few feet of the
surface (Barraclough, 1962, p. 17). These layers of
hardpan are composed of slightly to well-indurated,
iron-oxide cemented sand and clay.

The upper boundary of the surficial aquifer
system is defined by the water table. In the swampy
lowlands and flatlands, the water table generally is at or
near land surface throughout most of the year. In areas
of higher land-surface elevations, the water table gen-
erally is a subdued reflection of land-surface topogra-
phy but can be tens of feet below land surface. In
addition to the influence of topography, the slope of the
water table varies depending on the hydrologic condi-
tions, such as antecedent rainfall and evapotranspira-
tion rates. During wet periods, when rainfall exceeds
evapotranspiration, the slope steepens as the storage of
water in the surficial aquifer system increases. During
dry periods, the slope flattens as water drains from
storage or is lost to evapotranspiration.

14 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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The base of the surficial aquifer system is
defined by the first persistent beds of Miocene or
Pliocene age containing a significant increase in clay or
silt. The altitude of the base of the surficial aquifer
system ranges from about 75 ft below to more than
75 ft above sea level across the study area (fig. 11).
Thickness of the surficial aquifer system is highly vari-
able. In the low-lying areas around Lake Jesup, and
along the Econlockhatchee, Little Wekiva, Wekiva and
St. Johns Rivers in Seminole County, the surficial aqui-
fer system is about 10-20 ft thick. In western
Seminole County along the sand ridges, thickness
can exceed 60 ft. Along the St. Johns River basin in
eastern Orange County, thickness is generally less
than 10 ft and increases to more than 150 ft along the
high ridge areas of western Orange and eastern Lake
Counties (Murray and Halford, 1996, p. 8).

The water-bearing properties of the surficial
aquifer system vary considerably from place to place
and are dependent largely upon aquifer thickness,
grain-size distribution, sorting, packing, and cementa-
tion of the sediments within the aquifer. Horizontal
hydraulic conductivity values were determined from
slug tests performed on 21 surficial aquifer system
monitoring wells in Seminole County (table 1). Values
ranged from 0.5 to 40 feet per day (ft/d). Hydraulic
conductivity values determined from slug tests per-
formed on 10 surficial aquifer system wells in Lake
County ranged from 0.2 to 35 ft/d (L. Knowles, USGS,
written commun., 1998). A slug test performed at the
Reedy Creek Improvement District rapid-infiltration
basin (RIB) site in southwest Orange County yielded
horizontal hydraulic conductivity values from 25 to
160 ft/d (CH2M Hill, 1989). An additional test con-
ducted just north of the Reedy Creek site yielded values
of'35to 67 ft/d (CH2M Hill, 1993). Camp, Dresser and
McKee, Inc. (1984) reported hydraulic conductivity
values of 20 to 80 ft/d based on laboratory analyses of
numerous cores collected at several RIB sites in south-
western Orange and southeastern Lake Counties.
Halford (1998a) reported an average hydraulic conduc-
tivity of about 30 ft/d at the Orlando Naval Training
Center in central Orange County.

The altitude of the water table in the surficial
aquifer system varies seasonally and responds to
changes in rates of recharge and discharge. Water lev-
els are generally highest in September or October,
which is at or near the end of the rainy season, and
gradually decrease during the dry season to their lowest
levels in April or May (figs. 12 and 13). Rainfall events
cause sharp rises in water level in the surficial aquifer
system, whereas lack of rainfall causes a gradual
decline. Hydrographs of wells in Seminole and

northern Orange Counties completed in the surficial
aquifer system indicate that seasonal fluctuations of

2 to 5 ft are common, and recharge from summer rain-
fall generally is adequate to replenish the aquifer.

Recharge to the surficial aquifer system is
chiefly by the infiltration of rainfall. Most of the rain
that falls in the study area drains into streams or is lost
to evapotranspiration. Some rainfall, however, perco-
lates down through the surficial deposits and enters the
surficial aquifer system. Recharge to the surficial aqui-
fer system also includes septic-tank effluent, irrigation,
land application of reclaimed water, lateral ground-
water inflow from adjacent areas, and upward leakage
in areas where the head in the underlying Upper Flori-
dan aquifer is higher than in the surficial aquifer
system. Water is discharged from the surficial aqui-
fer system by evapotranspiration, by downward leak-
age to the Floridan aquifer system in areas where the
potentiometric surface of the Upper Floridan aquifer is
below the water table, by seepage into lakes and
streams, and by withdrawal from wells.

The surficial aquifer system provides small
amounts of water for lawn irrigation and domestic use.
The water is used for domestic supply primarily in rural
areas where wells tapping the Upper Floridan aquifer
yield water that is too highly mineralized. Well yields
depend on the thickness and permeability of the aquifer
sediments and generally are less than 20 gallons per
minute (gal/min).

Table 1. Horizontal hydraulic conductivity values
for surficial aquifer system test wells in Seminole
County, Florida (locations shown in fig. 3)

USGS Horizontal
Site site hydraulic
number identification conductivity,
number feet per day

126 283719081173601 14

133 283800081154601 6

149 283852081165501 2

152 283858081092001 2

154 283858081221801 40

162 283932081123601 3

166 283933081185701 4

173 283957081270601 6

176 284007081113501 2

184 284049081221501 5

195 284105081154301 5

215 284206081195401 5

217 284216081221801 6

218 284216081250701 10

220 284217081172501 5

235 284255081222201 3

252 284412081071103 18

253 284414081202501 3

289 284630081170101 0.5
302 284728081183101 4

314 284808081213901 18

16 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Figure 12. Water levels at sites 297 and 145 in the surficial aquifer system, 1992-1999 (site locations shown in figure 3).

Intermediate Confining Unit

The intermediate confining unit underlies the
surficial aquifer system and consists primarily of the
Hawthorn Group of late-to-middle Miocene age and,
locally, low permeability beds of early Pliocene age.
Throughout most of the study area, the intermediate
confining unit serves as a confining layer (except
where breached by sinkholes) that restricts the vertical
movement of water between the surficial aquifer
system and the Upper Floridan aquifer. The unit con-
sists of interbedded, locally highly phosphatic clay, silt,
sand, limestone, and dolomite. The basal part of the
intermediate confining unit often contains permeable
zones of limestone and dolomite. These carbonates,
although in direct contact with the limestones of the
Upper Floridan aquifer are, however, still considered to
be part of the intermediate confining unit because their
hydraulic conductivities are at least an order of magni-
tude less than that of the underlying Floridan aquifer
system limestone (Miller, 1986, p. B43).

Thickness of the intermediate confining unit is
highly variable throughout the study area due to past

erosional processes and sinkhole formation. Data from
geophysical, geologistsi, drillersi logs, and from previ-
ous investigations were used to construct a generalized
map of the of the intermediate confining unit thickness
(fig. 14). Thickness of the unit generally ranges from
less than 25 ft in parts of Seminole and southern Volu-
sia Counties to more than 200 ft in southeastern Orange
County. In Seminole County, the intermediate confin-
ing unit thickness ranges from less than 25 ft around
Lake Mary and north of Lake Jesup to greater than
100 ft in the extreme southwestern part of the county.
The unit is locally relatively thin or absent across west-
ern Seminole, western Orange, and eastern Lake Coun-
ties. In these areas, sinkholes are common. These
sinkholes, which often are filled with permeable surfi-
cial sands, provide direct avenues for water from the
surficial aquifer system to recharge the underlying
Floridan aquifer system.

The leakance of the intermediate confining unit
is highly variable across the study area and depends on
the vertical hydraulic conductivity and thickness of the
individual strata of the unit. Leakance of the intermedi-
ate confining unit reported from aquifer tests range

18 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Figure 13. Water levels at site 90 in the surficial aquifer system, 1968-1999 (site location shown in figure 3).

from 1x10™ 1/d in eastern Orange County to about
2x1072 1/d in northeastern Polk County, and from
3x107# 1/d to 1x107% 1/d in Seminole County (Murray
and Halford, 1996, p. 11). Leakance values calibrated
in a regional flow model ranged from 1x107 1/d to
4x1073 1/d (Murray and Halford, 1996, p. 55).

Floridan Aquifer System

The Floridan aquifer system, the principal source
of ground water in east-central Florida, underlies all of
Florida, and parts of Alabama, Georgia, and South
Carolina. Miller (1986, p. B45) defined the Floridan
aquifer system as a vertically continuous sequence of
carbonate rocks of generally high permeability that are
hydraulically connected in varying degrees and whose
permeability is, in general, an order of magnitude to
several orders of magnitude greater than those rocks
that bound the system. The aquifer ranges from about
2,000 to 2,600 ft in thickness in the study area (Miller,
1986, plate 27) and includes the following stratigraphic
units in descending order: the Ocala Limestone, the
Avon Park Formation, the Oldsmar Formation, and the
upper part of the Cedar Keys Formation (fig. 9). The
top of the Floridan aquifer system is defined by the
Ocala Limestone of upper Eocene age. The base of the
system is generally defined by the first occurrence of
relatively impermeable, persistent beds of gypsum or
anhydrite found in the upper part of the Paleocene-age
Cedar Keys Formation.

The Floridan aquifer system is divided into two

aquifers of relatively high permeability, referred to as
the Upper Floridan and the Lower Floridan aquifers.

These aquifers are separated by a less permeable unit,
the middle semiconfining unit, that restricts the vertical
movement of water.

The Upper Floridan aquifer consists of the Ocala
Limestone and the dolomitic limestones of the upper
one-third of the Avon Park Formation. The Ocala
Limestone is fossiliferous, and permeable intervals are
characterized by vuggy and cavernous porosity. The
permeability of the upper Avon Park Formation is due
primarily to fractures. Permeability of both units has
been enhanced by the movement of water along bed-
ding planes, joints, and fractures.

Permeability within the Upper Floridan aquifer
is not uniform with depth. Numerous reports describing
well drilling and testing in the study area have docu-
mented the presence of a zone of hard, fractured dolo-
mite in the upper part of the Avon Park Formation
containing abundant secondary porosity. Several
reports (Ardaman and Associates, Inc. 1993; Boyle
Engineering Corporation, 1995; CH2M-Hill, 1996;
Jamaal and Associates, Inc, 1990; and Yovaish Engi-
neering Sciences, Inc., 1994) describe this zone as a
major source of water within the Upper Floridan aqui-
fer. Flow logs from three wells (fig. 15) show that two
distinct zones of different permeabilities exist in the
Upper Floridan aquifer and are, herein, referred to as
zone A and zone B. Zone A, which consists of about the
top two-thirds of the aquifer, generally corresponds
with the Ocala Limestone. Zone B, which consists of
about the bottom one-third of the Upper Floridan aqui-
fer, has a hydraulic conductivity that can be much
greater than that found in zone A.

Hydrogeology 19
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hole for the pumped well.

Positive flow rates indicate water moving up the hole.
Negative flow rates indicate water moving down the hole.

Figure 15. Generalized schematic diagram showing flow zones in the Floridan aquifer system.

Although a strong contrast in hydraulic conduc-
tivity between zones A and B of the Upper Floridan
aquifer is clearly shown by the flow logs, making accu-
rate estimates of hydraulic conductivity values can be
somewhat subjective. The flow logs can be difficult to
interpret because volumetric flow rates are estimated
from measured spinner revolution and borehole diame-
ter. Spinner revolutions can be affected by variations
in tool speed, as well as by whether or not the tool is
centered in the borehole. The diameter of the bore-
hole also can vary widely. Zone B, however, gener-
ally has hydraulic conductivities that range from
about 3 to more than 10 times greater than the
hydraulic conductivities in zone A (B. McGurk,
SIRWMD, oral commun., 2000).

A generalized contour map of the altitude of the
top of the Upper Floridan aquifer is shown in figure 16.
The altitude of the top of the Upper Floridan aquifer

ranges from about 50 ft above sea level in the western
part of the study area to more than 250 ft below sea
level in southeastern Orange County. In Seminole
County, the altitude of the top of the Upper Floridan
aquifer ranges from more than 100 ft below sea level in
the northwestern part of the county near Lake Monroe
to less than 50 ft below sea level in much of the eastern,
western, and southern parts of the county. The Ocala
Limestone is absent in some areas as a result of past
erosional processes (Tibbals, 1990, p. E11). The top of
the Upper Floridan aquifer in these areas is defined by
the dolomitic limestones of the Avon Park Formation.
The surface of the Upper Floridan aquifer is irregular
and paleokarstic. Sinkhole-type depressions on the sur-
face are common, however, many of these features are
small and are not shown in figure 16. The Upper Flori-
dan aquifer averages about 300 ft in thickness through-
out most of the study area (Miller, 1986, plate 28).
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The middle semiconfining unit separates the
Upper and Lower Floridan aquifers, and is composed
of beds of relatively less permeable limestone and
dolomitic limestone. The middle semiconfining unit
(middle confining unit [ of Miller, 1986, p. B56) gener-
ally occurs in the middle one-third of the Avon Park
Formation and ranges in thickness from about 300 ft in
eastern Lake County to about 700 ft in northern
Osceola County (Miller, 1986, p. B57). In Seminole
County, the unit ranges in thickness from about 400 to
550 ft. In the extreme southwestern part of the study
area there is a separate and distinct second confining
unit (middle confining unit II of Miller, 1986, p. B56)
that underlies the middle semiconfining unit. The unit
is composed primarily of gypsiferous dolomite and
dolomitic limestone, which forms a non-leaky confin-
ing unit that separates freshwater from more mineral-
ized water in the underlying rocks.

The middle semiconfining unit, like aquifers,
can store and transmit water, but at much lower rates.
Water from zones of higher hydraulic head can leak
through the semiconfining unit to water-bearing zones
of lower head. The rate of flow or leakage depends on
the thickness, vertical hydraulic conductivity, and the
hydraulic gradient across the middle semiconfining
unit. Although locally the middle semiconfining unit
may yield moderate amounts of water, it seldom is used
as a source of water supply.

The Lower Floridan aquifer, which lies beneath
the middle semiconfining unit, includes about the
lower one-third of the Avon Park Formation and all of
the Oldsmar Formation. The aquifer is highly produc-
tive and is composed of alternating beds of limestone
and fractured dolomite. Permeability within this zone is
primarily related to secondary porosity developed
along bedding planes, joints, and fractures. The top of
the Lower Floridan aquifer dips from the northwest to
southeast across the study area, with altitudes ranging
from about 600 ft to more than 1,200 ft below sea level
(Miller, 1986, plate 31). Thickness of the aquifer
ranges about 1,300 to 1,600 ft across the study area
(Miller, 1986, plate 32). In Seminole County, the unit
ranges in thickness from about 1,300 to 1,500 ft.

The sub-Floridan confining unit underlies the
Lower Floridan aquifer. This unit is composed of low-
permeability rocks and serves as the hydraulic base of
the Floridan aquifer system. The sub-Floridan confin-
ing unit consists of dolomite and limestone deposits
that contain abundant evaporite minerals. The upper-
most stratigraphic occurrence of persistent evaporite
deposits in the upper part of the Cedar Keys Formation

generally is recognized as the top of the sub-Floridan
confining unit (Miller, 1986, p. B74).

More recent data collected from wells in Orange
County, however, indicates that the top of the sub-
Floridan confining unit may be considerably higher
than as mapped by Miller (1986, plate 33). At one well,
located in southern Orange County (site 34), a
gypsiferous dolomite was first found at about
2,240 ft below land surface (McGurk and Sego,
1999, p. 6). Flowmeter and video logs of the test hole
indicated little flow of water entering or leaving the
borehole below 2,000 ft (McGurk and Sego, 1999,
p- 14). Another well, located at the Southern
Regional well field in southern Orange County
(site 19), was drilled to a depth of 2,467 ft. Gypsifer-
ous dolomite was found at about 2,250 ft below land
surface (Boyle Engineering Corp., 1995); however,
decreasing permeability was reported in the dolomites
and limestones below 2,050 ft.

Overview of Hydraulic Characteristics

Transmissivity estimates of the Upper and
Lower Floridan aquifers vary widely across the study
area. Variations from one aquifer test to another can be
attributed to differences in well-penetration intervals
and depths and to the heterogeneity of the aquifer
system. Bush and Johnston (1988) observed that the
carbonate rocks of the Floridan aquifer system are
nearly always characterized by an uneven distribution
of permeability. Variations in the hydraulic characteris-
tics of the rock strata within the Floridan aquifer
system are complex and closely related to the geologic
framework of the system. The porosity and permeabil-
ity of the strata result from a combination of (1) the
original texture of the rock; (2) processes that have
acted on the rock, such as dolomization and recrystal-
ization; (3) joints, fractures, and other structural defor-
mities; and (4) mineral dissolution and precipitation
(Schiner, 1993). Movement of water through the
Floridan aquifer system is mostly through the porous
limestone, and is enhanced by networks of small
fractures or solution openings that occur along joints or
bedding planes. In some places, flow may be through
large cavernous features of paleokarst, resulting in a
dual-porosity flow system.

Transmissivity estimates for the Upper Floridan
aquifer, as determined from aquifer and specific capac-
ity tests, ranged from about 1,200 feet squared per day
(ftz/d) in Seminole County to greater than 500,000 ft/d
in Orange County (fig. 17). Aquifer test analysis is based
on the assumptions that the Upper Floridan aquifer is
homogeneous and the wells fully penetrate the aquifer.
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As discussed previously, flow logs from wells in the
study area indicate that the bottom one-third of the
Upper Floridan aquifer generally is much more perme-
able than the top two-thirds (fig. 15). As a result,
transmissivity estimates for the Upper Floridan aquifer
cannot be treated equally because results from a
partially penetrating well can be much different than
results from a test that penetrates the entire thickness
of the aquifer.

Few data are available describing the hydraulic
properties of the middle semiconfining unit in the
study area. Reported leakance values ranged from
1.2x107 1/d to 1x107 1/d (Szell, 1993; Murray and
Halford, 1996; and Barnes, Ferland and Associates,
Inc., 1997). The vertical hydraulic conductivity of the
middle semiconfining unit ranges from 0.004 to
0.6 ft/d, based on thickness values that range from
300 to 600 ft. The horizontal hydraulic conductivity
calculated for the middle semiconfining unit in the
Cocoa well field (fig. 1) in eastern Orange County is
about 20 ft/d (Phelps and Schiffer, 1996).

Only a few values of transmissivity have been
calculated for the Lower Floridan aquifer (fig. 18).
A transmissivity of about 200,000 ft?/d was reported
in western Orange County (Yovaish Engineering
Sciences Inc., 1996). Lichtler and others (1968, p. 136)
reported a transmissivity of 575,000 ft?/d from an
aquifer test near Orlando. Another test conducted near
Orlando yielded a value of 668,000 ft2/d (Szell, 1993,
p. 193). Transmissivity estimates exceeding
500,000 ft>/d were reported from several aquifer tests
conducted south of Orlando. Murray and Halford
(1996, p. 56) determined that model-derived transmis-
sivity values in the Lower Floridan aquifer for the
study area ranged from about 5,000 to more than
600,000 ft*/d.

The storage coefficient of most confined aquifers
ranges from about 1.0x107 to 1.0x10™> (Lohman,
1972). In the study area, storage coefficient values
calculated from aquifer tests conducted in both the
Upper and Lower Floridan aquifers range from 1x107
to 1x1073 (Murray and Halford, 1996, p. 17).

Effects of Geohydrologic Interpretation on
Estimates of Hydraulic Characteristics

The hydraulic properties of an aquifer usually
are estimated by conducting an aquifer test, which
consists of applying a known stress to an aquifer and
measuring changes in water level, drawdown or

recovery. The hydraulic properties of the aquifer are
then estimated by fitting an analytical or numerical
model to the measured water levels. The assumptions
and boundary conditions of the model should be
consistent with the hydrogeology of the site and the
configuration of observation wells. The geohydrologic
interpretation of a test site can greatly affect model
selection, which in turn affects hydraulic property
estimates.

The transmissivity of the Upper and Lower
Floridan aquifers has been estimated at many locations
within the study area (figs. 17 and 18) by fitting
observed drawdown data to the Hantush-Jacob (1955)
solution, which also is known as the leaky aquifer
solution. The Hantush-Jacob solution assumes that the
stressed aquifer is homogeneous and isotropic, and is
bounded vertically by an impermeable unit above or
below the aquifer and a leaky confining unit opposite
of the impermeable confining unit. While the analysis
of a Lower Floridan aquifer test is reasonably consis-
tent with a Hantush-Jacob solution, the analysis of
an Upper Floridan aquifer test is not.

Previous investigators (Frazee, 1980; Knochenmus
and Hughes, 1976; Lichtler, 1972; Lichtler and others,
1968; Szell, 1993; and Tibbals, 1977) have analyzed
Upper Floridan aquifer tests with the Hantush-Jacob
solution by conceptualizing either the entire Floridan
aquifer system or the Upper Floridan aquifer as a
homogeneous, isotropic unit. Either the sub-Floridan
confining unit or middle semiconfining unit has been
assumed to be an impermeable boundary. In both con-
ceptualizations, leakage originates in the surficial aqui-
fer system and the rate of leakage is controlled by the
vertical leakance of the intermediate confining unit.

The conceptual and analytical models used in the
past to interpret many of the Upper Floridan aquifer
tests are not completely consistent with the geohydro-
logic structure within the study area. The Upper
Floridan aquifer is not a single homogeneous unit, and
the middle semiconfining unit is more similar to an
aquifer than an impervious unit. These inconsistencies
make comparisons between aquifer-test estimates of
transmissivity for the Upper Floridan and estimates
from model calibration difficult. The magnitude of
these difficulties can be illustrated by simulating the
response of the surficial and Floridan aquifer systems
to a typical partially penetrating aquifer test in the
Upper Floridan aquifer.
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Table 2. Model-input hydraulic properties of the surficial and Floridan aquifer systems assumed for a hypothetical

aquifer test

[Specific yield was 0.1; a wellbore diameter of 12 inches was simulated]

Lateral

Vertical

unit feet conductivity, conductivity, 108 per foot per day coefficient
feet per day feet per day
Surficial aquifer system 50 5 0.05 3 250 0.0002
Intermediate confining unit 50 0.6 .006 5 30 .0003
Zone A of Upper Floridan aquifer 210 200 2 1.5 42,000 .0003
Zone B of Upper Floridan aquifer 110 2,000 20 1.5 220,000 .0002
Middle semiconfining unit 580 50 5 1.5 29,000 .0009
Lower Floridan aquifer 300 2,000 20 1.5 600,000 .0005

Drawdowns from pumping a 12-inch well at
600 gallons per minute were simulated for 2 days to
generate i measuredi drawdowns from a system with
known hydraulic properties. A radially symmetric
model of the surficial and Floridan aquifer systems was
constructed in which lateral hydraulic conductivity val-
ues were proportional to the results from flow logs
(fig. 15). The wellbore was simulated as a zone of high
hydraulic conductivity having a specific yield of 1.0.
The hydraulic properties that were used to simulate the
surficial and Floridan aquifer systems are summarized
in table 2. The production well was open to the top
140 ft of the Upper Floridan aquifer, and drawdowns
were observed 42 ft from the production well and 30 ft

below the top of the Upper Floridan aquifer. The aqui-
fer-test model was discretized radially into 99 columns
that ranged in width from 0.05 ft near the well to about
70,000 ft at a distance more than 400,000 ft from the
well. Vertically, the aquifer-test model was discretized
uniformly into 130 rows, each 10 ft thick.

Transmissivity, vertical leakance, and storage
coefficient values were estimated by matching a
Hantush-Jacob solution to the i measuredi drawdown
at the observation well (fig. 19). Drawdowns from the
first 10 minutes of the test were not analyzed because
wellbore storage affected the i measuredi drawdown
during this period.

10 T T T T T T T T T T T T T T T TTITH
— T =39,000 ft%d PERIOD MATCHED ]
. K,/5 = 0.0008 1/d 1 N
E - S=4x10" _
Lu A\ AW AN AW AW AW W O
L | _
Z
=
S q1— ]
O | |
o -
s L N
o — o ]
e 5 EXPLANATION u
— @) “MEASURED” ]
B @) — HANTUSH-JACOB B
@) 10 MINUTES
o v
oq Lol vl el sl vl
0.00001  0.0001 0.001 0.01 0.1 1 10
TIME, IN DAYS

Figure 19. Estimates of transmissivity (T), vertical leakance (Kz/b'), and storage coefficient (S) from match of
Hantush-Jacob solution to imeasuredi drawdown after wellbore storage effects have dissipated.
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The analytically derived transmissivity estimate
0f 39,000 ft*/d is a good estimate of the model-simu-
lated transmissivity of zone A of the Upper Floridan
aquifer (42,000 ftz/d), but not of the entire Upper
Floridan aquifer (262,000 ftz/d). This discrepancy
between transmissivity estimates is a natural conse-
quence of the irregular distribution of water-producing
zones that form the Upper Floridan aquifer. The analyt-
ically derived vertical leakance (0.0008 1/d) and storage
(4 x 10'5) estimates could not be related easily to any
individual geohydrologic unit or combination of units.

Estimates of hydraulic properties, especially
vertical leakance and storage coefficient, from an
aquifer test cannot be improved unless an analytical
model is used that more closely approximates the

Time (t) = 3 hours

hydrogeology of the site and the flow patterns induced
in the aquifer systems. Flow patterns in the radial aqui-
fer-test model of the surficial and Floridan aquifer
systems could not be approximated by a Hantush-Jacob
solution during much of the simulated test. Fifty-eight
percent of the pumpage originated below zone A of the
Upper Floridan aquifer and 76 percent passed through
zone B of the Upper Floridan aquifer after 3 hours of
pumping (fig. 20). Near the end of the 2-day test,
68 percent of the pumpage originated below zone A of
the Upper Floridan aquifer and 83 percent passed
through zone B of the Upper Floridan aquifer. After

2 days, 48 percent of the water that originated in and
above zone A of the Upper Floridan aquifer passed
through zone B of the Upper Floridan aquifer.

Time (t) = 2 days

SURFICIAL _ _
AQUIFER S=1 S=T71
SYSTEM i 1 1 1

INTERMEDIATE 0 S =56 0 S=38
CONFINING UNIT 57 109
7 b
ZONE A OF UPPER 0 P ° P
FLORIDAN AQUIFER S =195 600+ S=85 600+
107 96
1 —1
348 455 1 406 502
ZONE B OF UPPER
FLORIDAN AQUIFER S =100 S =45
0 2
MIDDLE 213 248 3161 363
SEMICONFINING
UNIT 0 S =233 93 S =238
1 f 15 l f 216
LOWER FLORIDAN 15 123
AQUIFER S=15 S =123
EXPLANATION

= FLOW ACROSS BOUNDARY

-

NET FLOW ACROSS BOUNDARY

P = FLOW FROM PUMPAGE, IN GALLONS PER MINUTE
S = FLOW FROM STORAGE, IN GALLONS PER MINUTE
348 FLOW RATE, IN GALLONS PER MINUTE

Figure 20. Simulated volumetric flow budget of the surficial and Floridan aquifer
systems for 3 hours and for 2 days after pumping commenced from the top of the
Upper Floridan aquifer at 600 gallons per minute.
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Ground-Water Flow System

The Upper Floridan aquifer is recharged by
downward leakage from the surficial aquifer system,
through breaches in the intermediate confining unit
caused by sinkholes or where the confining unit is thin
or missing, by lateral inflow across the study area
boundaries, and through drainage wells. Water is
discharged from the Upper Floridan aquifer by
pumping, springs, free-flowing wells, diffuse upward
leakage of water to the surficial aquifer system where
the potentiometric surface of the Upper Floridan
aquifer is above the water table, and lateral outflow.

Estimated rates of recharge from the surficial
aquifer system to the Upper Floridan aquifer range
from nearly 0 in/yr to greater than 10 in/yr in Seminole
County and across the study area (Murray and Halford,
1996, p. 14). Highest rates of recharge occur in the
western parts of Seminole and Orange Counties, south-
eastern Lake County, and in the area around Geneva.
These areas are characterized by karstic sand ridges
with relatively deep water tables or an intermediate
confining unit that is relatively thin. These areas also
include numerous closed basins where the intermediate
confining unit has been breached by sinkholes and the
infiltration rate of ground water is high.

Significant amounts of recharge also occur
through numerous drainage wells in the greater
Orlando area and parts of southwestern Seminole
County. Drainage wells primarily are used for control
of lake levels and for the disposal of storm water by
emplacing surface water directly into the Upper Flori-
dan aquifer. From about 1910 to as late as 1960 drain-
age wells also were used to drain wetlands, dispose of
surplus effluent from industrial sites, and to receive
effluent from septic tanks. By the late 1970is, more
than 400 drainage wells had been drilled. By this
time, however, the State of Florida stopped granting
permits for the construction or replacement of any
drainage wells.

The quantity of water that recharges the Floridan
aquifer system by drainage wells can only be esti-
mated. Two methods were used to estimate recharge,
based on whether the drainage wells were used to
provide street and urban drainage or lake-level control.
Recharge values were estimated from September 1996
through August 1997. Street and urban recharge esti-
mates were based on methods used by CH2M HILL
(1997), with some minor modifications. For 124 street
and urban wells that could be verified as active,
recharge for the 1-year period was estimated to be
14.44 Mgal/d (22.3 cubic feet per second (ft3/s)). Lake

recharge estimates were based on methods used by
Bradner (1996). For 118 lake-level control wells that
could be verified as active, recharge for the 1-year
period was estimated to be 31.16 Mgal/d (48.2 ft3/s).
The total amount of surface runoff estimated to be
recharging the Floridan aquifer system by drainage
wells, therefore, was 45.6 Mgal/d (70.6 ft3/s).

Several municipalities in Seminole County
dispose of reclaimed water from municipal treatment
facilities by processes that recharge the ground water.
Treated effluent from wastewater treatment plants is
applied to RIBs or distributed for irrigation to lawns,
golf courses, landscapes, and agricultural areas. From
September 1996 through August 1997, about 15 Mgal/d
(23 ft3/ s) of treated wastewater was applied to RIB
sites or as irrigation in Seminole County. Reclaimed
water application rates at various RIB sites in Seminole
County accounted for about 4 of the 15 Mgal/d; the
remainder was applied as irrigation to lawns, golf
courses, landscapes, and agricultural areas. Much of
the reclaimed water at RIB sites eventually recharges
the Upper Floridan aquifer (OiReilly, 1998). The
effects of the RIB sites on the Upper Floridan aquifer
primarily is a function of the reclaimed water applica-
tion rate and the hydraulic properties of the surficial
aquifer system and the intermediate confining unit.

Natural discharge from the Upper Floridan
aquifer occurs primarily by spring flow. From Septem-
ber 1996 through August 1997, 21 springs in the study
area (fig. 1) collectively discharged about 278 ft3/s of
water from the aquifer (table 3). These springs, which
augment surface-water flow, include eight second-
magnitude springs (average discharge of 10 to 100 ft3/s),
five third-magnitude springs (average discharge of 1 to
10 ft3/s), and eight fourth-magnitude springs (average
discharge of less than 1 ft/ s) (table 3). Wekiva Springs,
the largest spring in the study area, discharged an aver-
age of about 69 ft3/s based on 12 measurements during
the study period. The spring feeds the upper reaches of
the Wekiva River.

Undocumented spring flow or upward diffuse
flow also could be a source of discharge from the
Upper Floridan aquifer. Tibbals (1990, p. 28) indicated
that the vicinity of the St. Johns River, especially
around Lake Jesup and Lake Harney, was a likely area
of ground-water discharge.

Abandoned flowing wells also discharge water
from the Upper Floridan aquifer. As of 1995, about 250
abandoned flowing wells were in the study area (from
the files of the SIRWMD). About 200 of these wells
were in Seminole County, primarily south of Lake
Monroe and near Lake Jesup. Total discharge from
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Table 3. Average measured and simulated discharge from Upper Floridan aquifer springs, September 1996 through
August 1997, and simulated discharge, 2020

Simulated Simulated
discharge, discharge at

USGS Stage, Spring Measured cubic feet Perce'nt the en.d of Perce.nt

) site feet conductance, discharge, per second redtfctlon transient reduction

Spring . e above . in 180-day at end of

identification feet squared cubic feet .

mean sea simulated drought drought

number per day per second . . .
level 1996-97 2020 discharge period, period
cubic feet
per second
Apopka Spring 283400081405100  66.68 2,600,000 31.00 31 17.7 43 0 100
Blueberry Spring 285102081263900 8 240 0.07 0.1 0.1 0 0.1 0
Clifton Springs 284156081141401 9 7,400 1.45 1.5 1 33 4 60
Droty Spring 284940081303800 18 2,700 .65 7 .6 14 S 17
Gemini Spring 285144081183900 2.14 59,000 10.16 10.2 7.6 25 6.7 12
Island Spring 284922081250300 7 26,000 6.45 6.5 5.7 12 4.7 18
Lake Jesup Spring 284236081160500 2 2,500 a72 7 .6 14 4 33
Messant Spring 02235255 25 124,000 b14.83 148 13.2 11 11.3 14
Miami Springs 02234650 14.63 27,000 5.70 5.7 4.5 21 2.6 42
Moccasin Spring 285105081263800 12 1,200 29 3 3 0 2 33
Palm Springs 02234996 22.82 52,000 4.96 5 2.9 42 0 100
(Seminole County)
Palm Spring 285038081270100 12 2,100 53 S 5 0 4 20
(Lake County)

Rock Springs 02234610 25.85 566,00 58.83 58.8 44.6 24 23.9 46
Sanlando Springs 02234991 26.82 496,000 21.08 21.1 6.7 68 0 100
Seminole Springs 02235250 30 555,000 b35.17 352 29.8 15 22.6 24
Shark Tooth Spring ~ 285224081262400 12 500 13 .1 .1 0 .1 0
Starbuck Spring 02234997 22.41 165,000 14.91 14.9 8.7 42 0 100
Sulphur Spring 284612081303400 25 2,600 40 4 3 25 2 33
Wekiva Branch Spring 284903081250800 7 2,200 .60 .6 .5 17 4 20
Wekiva Springs 02234600 13.17 347,000 68.67 68.7 564 18 37.9 33
Witherington Spring 02234620 28 16,000 21.73 1.7 1.1 35 2 82
Study area 278.5 202.9 27 112.6 45
Seminole County 48.9 244 50 34 86

#Discharge estimated from previous measurements.
bDischarge estimated from historical measurements.

abandoned flowing wells is estimated to be 15 Mgal/d
(23 ft¥/s) in the study area, of which, about 12 Mgal/d
(19 ft/ s) was in Seminole County, based on data from
the files of the SIRWMD.

The potentiometric surface of the Upper Floridan
aquifer in east-central Florida is mapped semiannually
by the USGS and SIRWMD during periods when water
levels are generally at their highest (September) and
lowest (May). These maps are based on water levels
measured in several hundred wells tapping the Upper
Floridan aquifer.

The regional configuration of the potentiometric
surface of the Upper Floridan aquifer for May 1997 for
Seminole County and adjacent counties is shown in
figure 21. Ground water moves from areas of high
potential to areas of low potential, along flow lines per-
pendicular to the lines of equal head. The May 1997
potentiometric surface represents conditions near the
end of the dry season when withdrawals from the aqui-
fer are near maximum and water levels generally are at

their lowest. Ground water in the Upper Floridan
aquifer moves from southwest to northeast across the
study area. The potentiometric surface ranges from
about 120 ft above sea level in extreme northeastern
Polk County to about 8 ft above sea level in southern
Volusia County, northeast of Lake Harney. During Sep-
tember 1996, which represents conditions when water
levels were near seasonal highs, the potentiometric sur-
face ranges from 125 ft above sea level to about 10 ft
above sea level (German, 1997). The most prominent
features on the May 1997 potentiometric-surface map
are the depressions in eastern and western Seminole
County and in southern Orange County. In western
Seminole County, most of the depressions are related to
spring discharge. The depressions in the potentiometric
surface near Lake Harney in eastern Seminole County
are likely the result of undocumented spring discharge
or upward diffuse leakage. Depressions in the potentio-
metric surface in southern Orange County indicate
ground-water withdrawal sites.

30 Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,

Seminole County and Vicinity, Florida



(2661 ‘epanndag woly) 2661 Aep ‘Jaiinbe ueplo|4 Jaddn a8y Jo 8oeUNS JL}BWONRUSI0d *LZ 9InbBi4

|oAB] BOS BAOQR 188} Ul |[9A8] JOJeM JO SpNile SI Joquiny -- T13M o

SH3I13INOTM Ot g 0 |9A8] BaS S| Wnyeq 199} G [eAIS}UI IN0JUOY "suoissaldap ayeolpul saiNyoeH “s|jom paseo Ajybi
T 1 T 1 | Ul pOO}s @AY PINOM [9AS] Jatem YOIym je spnjije Smoys--4NOLNOD JIHLINOILNILOd 09
/| 8U0z ‘uoljoafoid J0}eOIB|\ 9SIOASUEI] |BSIBAIU
S3TIN O} S 0 NOLLYNV1dX3 G861 ‘000°0014: 1 ‘eep [eybip Aoning eaibojoen ._m_.: wouj uw_.h_w_se wmmm
| | or® o Q._ 6ih, | 5t [

0T8T

0€

AdYaNNogd
ALNNOD FTONINTS

\ov

10808C

105,08

01 0T 0€ 0F 0S.18

31

Hydrogeology



Detailed potentiometric-surface maps of the
Lower Floridan aquifer were not constructed
because few wells within the study area penetrate
this aquifer. However, data available from about
35 wells located primarily in central and western
Orange County (A. OiReilly, U. S. Geological
Survey, written commun., 1998) indicate that the
potentiometric surface of the Lower Floridan aquifer
is similar to the Upper Florida aquifer. Potentiometric
surfaces of the Upper and Lower Floridan aquifers in
May 1997 indicate that in recharge areas, the Upper
Floridan aquifer heads are about 0 to 6 ft higher than
the heads in the Lower Floridan aquifer. In discharge
areas, where only a few wells are available for observa-
tion, the Lower Floridan aquifer heads are about 0 to
6 ft higher than the heads in the Upper Floridan aquifer.

The potentiometric surface of the Upper Flori-
dan aquifer is constantly fluctuating, mainly in
response to seasonal variations in rainfall and ground-
water withdrawals. Seasonal and year-to-year fluctua-
tions of water levels in four wells open to the Upper
Floridan aquifer in Seminole and northern Orange
County are shown in figure 22. Seasonal fluctuations
typically range from 2 to 5 ft. The range of fluctuation
of the potentiometric surface of the Floridan aquifer
also varies to some extent with topography. In general,
the fluctuations are largest in the ridge areas, which are
the principal areas of recharge for the Floridan aquifer
in Seminole County, and smallest in discharge areas.

Population growth in east-central Florida since
the 1950is has resulted in increased water withdrawals
from the Floridan aquifer system, which subsequently
have caused some declines in the potentiometric sur-
face of the Upper Floridan aquifer. Declines in the
potentiometric surface for long periods of time, result-
ing from increased water use and decreased rainfall, are
important because declines indicate change in the long-
term balance between recharge and discharge. Over
time, these changes could shift the natural position of
the saltwater-freshwater interface, causing more miner-
alized water to intrude into the freshwater aquifers.

Long-term hydrographs of four Upper Floridan
aquifer observation wells (fig. 22) indicate a general
downward trend of water levels from the early 1950is
to about 1990. Some of the decline in water levels can
be attributed to an increase in pumpage, but part of the
decline may be due to long-term below-average rainfall
(fig. 23). From 1940 to 1960, rainfall was abundant and
for many of those years rainfall was above average,
producing a cumulative surplus of rainfall of about
18 inches at Sanford. The next 30 years, however, were
drier. From 1961 to 1990 rainfall was below average
for many of the years, and by 1990 there was a

cumulative deficit in rainfall of about 58 inches.
During this time, the four hydrographs showed declines
in water levels ranging from 7 to 27 ft. From 1991 to
1998, water levels began to rise, a trend that can be
explained by a period of above average rainfall. The
lowest water levels generally occurred during the
summers of 1981 and 1990 because of drought
conditions that affected much of Florida.

Decreases in discharge also have been observed
in some springs with long-term record (fig. 24). At
Palm Springs, discharge decreased from about 12 ft3/s
in 1960 to about 5 ft3/s in 1997. A decrease in ground-
water discharge also appears to have occurred at
Wekiva Springs since 1959. At other springs, including
Sanlando and Starbuck Springs, however, decreases in
spring discharge are not discernible.

UPPER FLORIDAN AQUIFER WATER QUALITY

The chemical and physical characteristics of
ground water in the Floridan aquifer system are
affected by many factors, such as, the initial chemical
composition of water entering the aquifer, the compo-
sition and solubility of rocks with which it comes in
contact, and the length of time the water remains in
contact with these rocks. Additionally, the quality of
the ground water can be affected by the mixing of
freshwater with relict or connate seawater.

The chemical characteristics of water also can
determine its suitability for various uses. The Florida
Department of Environmental Protection has estab-
lished primary regulations and secondary standards for
drinking-water distributed by public water-supply
systems (Florida Department of State, 1989). Second-
ary drinking-water standards, pertaining to the
aesthetic qualities of water, set maximum recom-
mended limits for dissolved solids at 500 milligrams
per liter (mg/L) and chloride and sulfate concentrations
at 250 mg/L.

During this investigation, water samples from
86 wells tapping and 13 springs discharging from the
Upper Floridan aquifer were analyzed by the USGS for
major chemical constituents from 1995 to 1997
(apps. 4 and 5). In addition, water-quality data col-
lected by SIRWMD (38 wells) and the City of Sanford
(1 well) during 1991-1995 were used and are included
in Appendix 4. Water-quality data collected in 1986 by
SJRWMD for one additional well also were used.
Although most of the samples collected were in
Seminole County, a few samples also were collected in
adjacent Brevard, Lake, Orange, and Volusia Counties.
The locations of wells and springs sampled are shown
in figure 3.
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Figure 22. Water levels in selected wells open to the Upper Floridan aquifer (well locations shown in figure 3).
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Figure 23. Cumulative departure from average rainfall at Sanford, Florida, 1914-1997.

The wells sampled range in depth from 38 to
595 ft and tap only the Upper Floridan aquifer. Wells
were cased to the top of the Ocala Limestone (top of the
Floridan aquifer system) and completed as open holes.
Because most water samples were collected at the well-
head, the samples represent a composite from the
open-hole section of the borehole.

Purging methods varied depending upon the type
of well. Some of the wells sampled were monitoring
wells, but many were used for private or public water
supply. For monitoring wells, samples were collected
after at least three casing volumes of water were purged
and when temperature and specific conductance became
stable. Depending on the depth to water, either a centrif-
ugal or submersible pump was used to sample monitoring
wells. Public supply wells have high-yielding pumps
that were used routinely. For those wells, sampling
commenced after field-measured parameters stabilized.

Water samples for springs were collected near
the spring vent. At sites where a spring pool was
present, the sample was collected in a weighted bottle
lowered into the spring vent.

Water samples were processed at the time of
collection using standard USGS procedures (Wood,
1976). Samples collected to determine dissolved-con-
stituent concentrations were filtered through a
0.45-micron membrane filter. All water samples
collected by the USGS were analyzed at a USGS
laboratory using analytical procedures described in
Fishman and Friedman (1989).

Major Constituents

The principal chemical constituents of ground
water in Seminole County that affect potability are
chloride and sulfate. Maps of specific conductance,
chloride, and sulfate in water from the Upper Floridan
aquifer were constructed to delineate areas of poorer
water-quality (figs. 25-27).

The extent of mineralization of water in the Upper
Floridan aquifer is indicated by the specific conduc-
tance. In Seminole County, specific conductance ranges
from 210 to 14,700 microsiemens per centimeter
(US/cm) (fig. 25, apps. 4 and 5). Water having the lowest
specific conductance generally occurs in the southwest-
ern part of Seminole County, near Lake Mary, and
around Geneva. In these areas, land surface altitude gen-
erally exceeds 30 ft, and recharge to the aquifer from
rainfall occurs at a relatively high rate through a more
permeable or breached intermediate confining unit.
Highest specific conductance values occur in discharge
areas near the St. Johns and Wekiva Rivers. Most of the
mineralized water in the Upper Floridan aquifer in east-
ern Seminole County and near the St. Johns and Wekiva
Rivers probably is a mixture of freshwater and relict
seawater that entered the aquifer system during a higher
stand of sea level in the geologic past. Movement of this
mineralized water is relatively slow, particularly beneath
the St. Johns River from Lake Harney northward.
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Figure 25. Generalized distribution of specific conductance of water from the Upper Floridan aquifer.

The relatively small amount of water discharged from
the Upper Floridan aquifer to the St. Johns and Wekiva
Rivers by diffuse upward leakage and undocumented
spring flow is replenished by the upward movement of
more saline water from deeper in the aquifer (Murray
and Halford, 1996, p. 28).

Although specific conductance values cannot be
used to determine precisely the dissolved solids con-
centrations in natural waters, they can provide a practi-
cal estimate. For the range of specific conductance
values found in Seminole County, multiplication of the
specific conductance by 0.6 to 0.7 gives a reasonable
approximation of the dissolved solids concentration.
Thus, specific conductance values in figure 25 indicate
that water in much of the eastern part of the county
exceeds the 500 mg/L recommended standard for
dissolved solids (Florida Department of State, 1989).
Water in the remainder of the county probably is below
the standard for dissolved solids concentrations.

36
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Chloride in ground water can be derived from
several sources, including the dissolution of chloride
minerals, contamination from septic tank effluent,
agricultural activities, industrial waste, small amounts
contributed by rainfall, and by the mixing of connate or
relict seawater with fresh ground water. Chloride is the
major anion of seawater and is an important indicator
of saltwater intrusion.

In Seminole County, chloride concentrations of
water in the Upper Floridan aquifer range from 6.2 to
5,300 mg/L (fig. 26, apps. 4 and 5). The lowest con-
centrations, generally less than 25 mg/L, occur in areas
of high recharge in southwestern Seminole County,
near Lake Mary, and around Geneva. Chloride concen-
trations ranging from 25 to 250 mg/L are found prima-
rily in a northwesterly trending area that extends from
Chuluota to Lake Monroe and in a narrow strip along
the Wekiva River. Chloride concentrations ranging

Hydrogeology, Water Quality, and Simulated Effects of Ground-Water Withdrawals from the Floridan Aquifer System,
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Figure 26. Generalized distribution of chloride concentrations of water from the Upper Floridan aquifer.

from 250 to 1,000 mg/L are found primarily in a small
area of the Wekiva River, the area around Lake Monroe
extending south to the north side of Lake Jesup, and in
the area around Geneva. Chloride concentrations
exceed 1,000 mg/L in the discharge areas adjacent to
the Wekiva and St. Johns Rivers in northwestern
Seminole County, around the eastern part of Lake
Jesup, and along the Econlockhatchee and St. Johns
Rivers in eastern Seminole County. The highest
chloride concentration (5,300 mg/L) occurs south of
Lake Harney. Ground water having a chloride concen-
tration exceeding 1,000 mg/L is unsuitable for drink-
ing, for many industrial uses, and for the irrigation of
most crops.

The most abrupt changes in chloride concentra-
tions of water in the Upper Floridan aquifer occur
around the i Geneva Freshwater Lens.i This isolated
lens of freshwater contains water with a chloride

concentration less than 25 mg/L and is surrounded by
brackish water. Chloride concentrations around most of
the edge of the lens increase from about 25 mg/L to
about 1,000 mg/L in less than 1 mile. At the eastern
edge of the lens, chloride concentrations increase from
25 mg/L to more than 4,000 mg/L in less than 3 miles.
Abrupt changes in chloride concentrations also occur
in parts of the Upper Floridan aquifer in northwestern
Seminole County. In this area, chloride concentrations
also increase from 25 mg/L to more than 1,000 mg/L
over a distance of about 1 mile.

In Seminole County, sulfate concentrations of
water in the Upper Floridan aquifer range from 0 to
760 mg/L (fig. 27, apps. 4 and 5). Sulfate concentra-
tions of less than 50 mg/L are found across much of
the study area, with concentrations of less than
10 mg/L found primarily in southwestern Seminole
County, near Lake Mary, and around Geneva.
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Figure 27. Generalized distribution of sulfate concentrations of water from the Upper Floridan aquifer.

Sulfate concentrations of 50 to 250 mg/L are found
primarily in a northwesterly trending band extending
from Chuluota, across Lake Jesup to Lake Monroe,
and in an area west of the Wekiva River. Sulfate con-
centrations generally exceed the 250 mg/L recom-
mended standard for drinking water along the St. Johns
River in eastern Seminole County and near parts of the
Wekiva River. The highest sulfate concentration of
760 mg/L is found south of Lake Harney.

Probable sources of sulfate in the Upper Floridan
aquifer include the mixing of relict seawater with fresh-
water, and to a lesser extent, from the dissolution of sul-
fate-bearing minerals, such as gypsum or anhydrite. In
the eastern part of the county, high sulfate concentra-
tions typically are present in water that also has high
chloride concentrations. This indicates that the source
of sulfate probably is due, in part, to the mixing of
ancient seawater with freshwater.

Thirteen springs discharging from the Upper
Floridan (fig. 3) also were sampled for major cations
and anions. The quality of water discharging from
Upper Floridan aquifer springs, like those from the
numerous wells sampled, varied considerably (app. 5).
Water sampled at Droty, Miami, Palm, Rock, Sanlando,
Starbuck, and Wekiva Springs contained low concen-
trations of chloride (less than 25 mg/L) and sulfate (less
than 35 mg/L). Water sampled from Seminole and
Messant Springs contained somewhat higher sulfate
concentrations (64 and 240 mg/L, respectively), but
low concentrations of chloride (less than 10 mg/L).
At Clifton, Gemini, Island, and Wekiva Branch
Springs, water sampled was more mineralized, contain-
ing chloride concentrations ranging from 130 to
1,900 mg/L, and sulfate concentrations ranging from
37 to 510 mg/L.
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Water-quality analyses of ground water from
wells and springs in the study area indicate differences
in the ionic composition of water in the Upper Floridan
aquifer. One method of graphically displaying the ionic
compositions of va