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HYDROGEOLOGY IN THE AREA OF A FRESHWATER LENS
IN THE FLORIDAN AQUIFER SYSTEM, NORTHEAST
SEMINOLE COUNTY, FLORIDA

By G. G. Phelps and K. P, Rohrer

ABSTRACT

Northeast Seminole County, Florida, contains an isolated recharge area of the Floridan aquifer
system that forms a freslwater lens campletely surrounded by saline water. The freslwater lens
covers an area of about 22 square miles surrounding the town of Geneva, and generally is enclosed by
the 25-foot land-surface altitude contour. Thickness of the lens is about 350 feet in the center of
the recharge area. The hydrogeologic units in descending order consist of the post-Miocene sand and
shell of the surficial aquifer; Miocene clay, sandy clay, and shell that fomm a leaky confining bed;
and permeable Eocene limestones of the Floridan aquifer system. The freslwater lens is the result
of local rainfall flushing ancient seawater fram the Floridan aquifer system.

Sufficient quantities of water for damestic and small public-supply systems ave available from
the Floridan aquifer system in the Geneva area., The limiting factor for water supply in the area is
the chemical quality of the water. Chloride concentrations range fram less than 20 milligrams per
liter in the center of the recharge area to about 5,100 milligrams per liter near the St. Johns
River southeast of Geneva. Constituents analyzed included sulfate (range 1 to 800 milligrams per
liter), hardness (range 89 to 2,076 milligrams per liter), and iron (range 34 to 6,600 micrograms
per liter).

Because the freshwater lens results entirely fram local recharge, the long-temm sustained
freshwater yield of the aquifer in the Geneva area depends on the local recharge rate, To estimate
recharge, water budgets were calculated for 1981 and 198, and for a long—term average using data
from 1941 to 1970. It is estimated that recharge was about 5 inches (5.4 million gallons per day)
in 1981, a year with much less than nomal rainfall, In 198, recharge was about 13 inches
(13.8 million gallons per day). Average recharge for 1941 through 1970 was estimated to be about
11 inches (11.3 million gallons per day). Freshwater that recharges the aquifer in the Geneva area
is either pumped out or flows north and northeast to discharge near or in the St. Johns River.
Average anmual outflow fram the lens is about 10 inches per year., No measurable change in the size
or location of the freslwater lens has occurred since studies in the early 1950's, probably because
throughout most of that time, rates of pumpage fram the aquifer have been very low and the disrup-
tion of the equilibrium between freshwater and saltwater has not resulted in detectable deteriora—
tion of water quality in the lens. If the freshwater outflow fram the lens is reduced to less than
10 inches per year over the long temm, deterioration of water quality will eventually occur.



INTRODUCTION

The Floridan aquifer system in northeast Seminole County, Fla., contains an
isolated recharge area that forms a freshwater lens surrounded by brackish water
(chloride concentration greater than 250 mg/L). Freshwater in the aquifer is
derived from local precipitation falling on an area of comparatively high altitude
centered around the town of Geneva, about 20 miles northeast of Orlando. As the
population of Florida has grown, so has the need for freshwater. Some of the most
esthetically desirable locations for development along the coast and the St. Johns
River have no freshwater available. For that reason, the demand for freshwater in
areas such as the Geneva lens has increased, both for local development and for
exportation to areas where the water is not potable.

Because all of the freshwater in the Geneva area comes from local recharge,
estimates of the recharge rate are important to local govermment officials in
planning water use in the area. Previous to this study, hydrologic data avail-
able for the Geneva area were not sufficient to determine accurately the rate
of recharge and to locate precisely the transition between the freshwater and
brackish water.

The U.S. Geological Survey, in cooperation with the St. Johns River Water
Management District {(which has the responsibility of permitting water use in east-
central Florida) performed this study for the following purposes:

1. To describe the geohydrology and ground-water quality in the Geneva area;

2. To delineate the lateral and vertical extent of the freshwater lens; and

3. To estimate the recharge rate to the freshwater lens by evaluating the
hydraulic characteristics of the Floridan aquifer system and overlying
confining beds, and evaluating climatological data.

Purpose and Scope

This report describes the hydrogeology of the area containing the fresh-
water lens, estimates the recharge rate and provides data needed for water
management decisions by the Water Management District and local government
agencies. Information on ground-water recharge in this report may also be
useful to hydrogeologic investigations of other areas of Florida.

This report does not attempt to provide a "safe yield" withdrawal rate for
the Geneva area. Since the term "safe yield" was discussed by Todd (1959),
there has been no agreement among hydrogeologists about how to quantify the
concept. Clearly, the entire amount of water recharged to an aquifer is not
available for use without creating adverse effects, but no simple means of
calculating the "safe yield" exists. Mathematical modeling of chemical solutes
such as the chloride ion shows promise in providing the answers, but first an
understanding of the geohydrology of the area, the flow system, and the water
chemistry are needed. The information from this study could provide background
data for such future modeling studies.



Description of Study Area

The study area comprises about 60 mi2 surrounding the town of Geneva
(fig. 1) in northeast Seminole County, Fla. The area is bounded on the north
by the St. Johns River, on the south by the Econlockhatchee River and on the
west and east by Lakes Jessup and Harney, respectively. The active recharge
area is about 15 mi2 in area, but because of regional ground-water flow
patterns, the freshwater lens extend over an area of about 22 miZ,
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Miller, hydrologist, U.S. Geological Survey, Atlanta, Ga. Geophysical logging
was done by R. A. Johnson, St. Johns River Water Management District.

Previous Investigations

A general description of the ground-water resources of Seminole County was
made by Stringfield (1934). In a later publication (Stringfield, 1936), infor—
mation about Seminole County was included in a study of the water resources of
the Florida Peninsula. Stubbs (1937) also reported on the ground-water hydrol-
ogy of Seminole County, with emphasis on the water supply for the city of
Sanford. Data reports by Heath and Barraclough (1954), Barraclough (1962a),
and an interpretive report by Barraclough (1962b) provided a reconnaissance
of the ground-water resources of Seminole County. Tibbals (1977) studied the
availability and quality of ground water in the county and delineated recharge
and discharge areas., He also described the geohydrology of the Floridan aquifer
system in east-central Florida (Tibbals, 1981). The scope of each of those
reports was countywide or larger, restricting the amount of time and detail that
could be devoted to study of the freshwater lens near Geneva.

Well-Numbering System

The U.S. Geological Survey assigns a unique site identification number to
each well inventoried. The first 13 digits of the number denote the latitude
and longitude of the well, and the last two digits denote a sequential number
for wells located in the same l-second latitude by l-second longitude block.
For example, well 284233081045202 is the second well inventoried at latitude
28°42'33" N. and longitude 81°04'52" W. Due to later revisions the site
identification number may not be identical to the actual latitude—longitude
location of the well,
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Methods of Investigation

Field work for the study done by the U.S. Geological Survey and the St.
Johns River Water Management District included a well inventory, quality of
water sampling, and test drilling. Existing geologic and hydrologic data were
compiled and evaluated. Well data collected by Tibbals (1977) in 1973 and 1974
were updated to provide a well inventory for the Geneva area. A water level
recorder was installed on a well tapping the Floridan aquifer system, and a rain
gage was also installed (fig. 1). Water samples from more than 40 wells were
collected and analyzed for major constituents. Test wells were drilled at 9
sites to determine hydraulic properties of the intermediate confining unit and
the Floridan aquifer system, and to determine water—quality changes with depth.
Specific capacity tests and geophysical logs were run in the test wells. Hydro-
logic properties of the soil types in the area were studied and used to estimate
runoff from the recharge area. Rainfall, water level, and runoff data were used
to compute water budgets to estimate the amount of recharge available to the
Floridan aquifer system under existing conditions.




GEOLOGIC FRAMEWORK

Geologic History

The Florida Peninsula is composed of a thick sequence of marine limestone
and dolomite deposited over a period of about 100 million years (m.y.) during
the Cretaceous and Tertiary geologic time periods. Regional submergence of most
of the southeastern United States and deposition of marine sediments occurred
throughout the Cretaceous Period (about 138 to 63 m.y. ago). A regression of
sea level, evidenced in the geologic record by a break in deposition of sedi-
ments (an unconformity) occurred at the end of the Cretaceous Period. Then
throughout most of the Paleocene and Eocene Epochs of the Tertiary Period (from
about 63 to 38 m.y. ago), the Florida Peninsula was a relatively shallow (water
depth about 150 ft) carbonate reef (Chen, 1965, p. 5). Then in the Oligocene
and Miocene Epochs (about 38 to 5 m.y. ago), the deposition across much of the
Florida Peninsula of land-derived clastic sediments, as opposed to marine car-
bonate sediments, indicates gradual marine regression,

Many of the topographic features of Florida are believed to be relict shore-
line features formed when the sea fell, then rose in response to the advances
and retreats of Pleistocene glaciation within the last 2 m.y. (MacNeil, 1950).
Some recent workers (Opdyke and others, 1984) suggest that isostatic uplift of
the Florida Peninsula because of the dissolution of limestone, rather than
changes in sea level, is the mechanism of relict shoreline formation. White
(1970, p. 114) traced a series of beach ridges which includes Geneva Hill
(fig. 2) in northeast Seminole County from the Orange-Seminole County line
northward to Palatka Hill. He believes this ridge was part of the Wicomico
shoreline formed during the Sangamon interglaciation (about 100,000 years ago)
when the sea level was about 100 feet higher than present. The Pamlico shore-—
line, about 25 feet above present sea level, formed during the mid-Wisconsin
glacial recession (about 40,000 years ago). During late Wisconsin glaciation
(which ended about 10,000 years ago) sea level fell again, Areas inundated by
the Wicomico and Pamlico seas were exposed again to erosion, and sediments
which were saturated by seawater at the time of deposition and again by subse-
quent sea transgressions began to be flushed by freshwater from local rainfall.
It is significant that land surfaces less than 25 feet in altitude were the
most recently inundated by the sea; in northeast Seminole County, fresh ground
water is found in both surficial and Floridan aquifer systems where the land
surface altitude is greater than 25 feet, but where altitudes are lower than
25 feet, most ground water is brackish.

The other major influence on the landforms of the study area is the process
of karst formation. Karst results when limestone is dissolved by water. The
limestone usually dissolves more rapidly in some areas than in others, resulting
in an irregular land surface. Features of karst include lack of surface drain-
age, the presence of sinks, springs, and round lakes (caused by the coalesing of
sinkholes), and a wide variation in the altitude of contemporaneous relict
shoreline features such as the Wicomico shoreline (White, 1970, p. 123-124).

As a result of the combined processes of karst development on a limestone
terrain and the deposition of a series of beach ridges, the topography of the
recharge area is characterized by rolling sand hills ranging in altitude from
25 to 80 feet surrounded by a marshy low-lying area with altitudes that range
from 5 to 20 feet.
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Description of Geologic Units

The surficial deposits range in thickness from 10 to 70 feet. They con-
sist of post—Miocene age (undifferentiated Pliocene to Holocene) deposits
composed mostly of sand or sandy clay. In some low-lying areas surrounding
Geneva, the surficial deposits are predominantly silt and clay.

Underlying the surficial deposits are about a 20 to 60 foot thickness of
Miocene deposits——either the middle Miocene Hawthorn Formation or undifferen—
tiated upper Miocene deposits. These deposits are predominantly shell and
clayey sand with some sandy phosphatic limestone.

Limestones of Eocene to Oligocene age underlie the Miocene sediments and
are found at depths ranging from 50 to about 120 feet below land surface. In
descending order they consist of: occasional erosional remnants of the
Suwannee Limestone of Oligocene age; the Ocala Limestone (10 to nearly 200 feet
thick) and the Avon Park Formation, both of Eocene age. The base of the Avon
Park has not been penetrated in the study area, but Chen (1965, fig. 10)
estimated the formation to extend to a depth of about 1,500 feet below sea
level in central Florida.

A more detailed discussion of the geology is given in the "Test Drilling"
section of this report.



HYDROGEOLOGIC FRAMEWORK

Surficial Aquifer

The surficial aquifer, consisting of post—Miocene sediments, contains the
water table. Water levels in the surficial aquifer are generally within 10 feet
of land surface but can be as much as 20 feet below land surface on hilltops.
Water levels usually increase in altitude rapidly in response to rainfall., 1In
places, the surficial aquifer contains shell beds under confined conditiomns
because of less permeable overlying sediments. In the Geneva area, limited use
is made of the surficial aquifer for domestic supply and lawn or garden irrigation.

Intermediate Confining Unit

Miocene sediments form a confining layer between the surficial aquifer and
the underlying Floridan aquifer system. Leakage through the confining layer is
determined by the amount of clay present in the Miocene sediments and their
thickness. On the topographic high area centered around Geneva the sediments
are sandy and the confining beds are thus leaky. In the surrounding areas of
low topography, clay layers as thick as 20 feet form a competent confining
layer.

Floridan Aquifer System

The main source of water in the Geneva area is the Floridan aquifer
system, which consists of permeable limestone and dolomite beds of Eocene to
Oligocene age. Regional flow of water in the aquifer is generally northeast-—
ward from recharge areas in western Orange and Seminole Counties to discharge
areas along the St. Johns River (fig. 3).

In the Geneva area, a local flow system that overlies the regional flow
system has resulted in a freshwater lens surrounded by brackish water. A
downward hydraulic gradient from the surficial aquifer to the Floridan aquifer
system and the absence of thick clay layers have allowed local freshwater
recharge to flush saltwater out of the sediments. The Geneva freshwater lens
was first noted im the literature by Stringfield (1936, plate 16). The areal
extent of the freshwater lens was first mapped by Barraclough in 1952-54
(1962b, fig. 36) and is shown in figure 4. In 1973-74, Tibbals (1977) refined
the delineation of the lens and found little change from Barraclough's measure-—
ments (fig. 5).

Transmissivity estimates for the upper part of the Floridan aquifer system
in the study area range from 1,700 to 17,000 ft2/d (Tibbals, 1977, fig. 14)
based on aquifer test analyses, and from 35,000 to 100,000 £t2/d based on
computer model simulation (Tibbals, 1981, fig. 6). The higher values derived
from model simulation are thought to reflect the transmissivity of the full
thickness of the upper part of the aquifer. The study area is located in a
region of relatively low transmissivity that extends from the east coast of
Florida to about the St. Johns River (Tibbals, 1981, fig. 6). Because of the
relatively low transmissivity, flow through the Floridan in the region is
generally slow-moving.
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It is estimated that as many as 100 wells tap the Floridan aquifer system
in the study area. The population of the area is growing and new wells are
being drilled literally every day. Most of the wells are used for domestic
supply for one or two families. Also, there are two municipal supply wells and
six or seven irrigation wells. The well inventory prepared for this study
concentrated mainly on wells in the transition zone between freshwater and
brackish water. Wells inventoried for this study are shown in figure 6 and
described in table 1.
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Table 1.--Well inventory

Land
Site Well Casing surface Aquifer

Site identification Name depth Depth Diameter Use of water altitude or
No No. (ft) (ft) (in.) (ft) unit

1 284043081054401 Yarborough Hunt 78 - 2 Unused 26 Floridan
2 284111081063401 Yarborough Sect 3 90 - 2 Stock 25 Do.

3 284127081090501 Patterson - - 3 Domestic 28 Do.

4 284133081085501 McNair 230 - 4 do. 28 Do.

5 284146081092201 Norman 90 - 2 do. 25 Do.

6 284150081084601 Coleman Deep 160 124 4 Unused 29 Do.

7 284152081084801 Coleman Shallow 55 - 4 Domestic 30 Surficial
8 284207081111601 Soistman 205 76 4 Test 8.40 Floridan

9 284208081061301 Yarborough Sod 200 - 10 Irrigation 25 Do.

10 284210081065601 Snow Hill - - 2 Domestic 42 Do.

11 284217081023001 Killbee #3 154 58 4 Test 11.76 Do.
12 284219081074001 Ladd 101 - 2 Domestic 32 Floridan?
13 284233081045201 Killbee #1 100 77 4 Test 16.95 Floridan
13 284233081045202 Killbee #2 140 107 4 do. 16.95 Confining bed
14 284243081053301 Killbee Ranch 110 - 2 Stock 27 Surficial?
15 284244081073501 Farmer 200 - 4 Domestic 29.10 Floridan
16 284247081070601 Pellarin 188 - 4 do. 52 Do.

17 284247081070801 Pellarin Test 204 95 4 Test 49.07 Do.

17 284247081070802 do. 50 50 2 do. 49,07 Surficial
18 284300081045801 Conley 71 65 3 Domestic 16.27 Floridan?
19 284312081045101 Jepson Store 70 -— 2 do. 19 Floridan
20 284312081084401 Fagan 126 - 4 do. 45 Do.

21 284319081044301 Cammack 94 58 3 Stock 17 Do.

22 284320081051201 Wilson - - 2 Domestic 22 Do.

23 284322081084301 Cockran For. East 203 90 4 Test 44,52 Do.
24 284322081084401 Davidson - - 4 Domestic 45 Surficial
25 284325081052401 Hillside #1 120 - 4 Irrigation 33 Floridan
26 284325081061201 Jepson Home 128 - 2 Domestic 30 Do.

27 284325081092701 Cockran For. West 165 56 4 Test 18.26 Do.

27 284233081045201 Cockran For. W. Shal. 37 37 2 do. 18.26 Surficial
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Table 1.--Well inventory--Continued

Land

Site Well Casing surface Aquifer
Site didentification Name depth Depth Diameter Use of water altitude or
No. No. (ft) (ft) (in.) (ft) unit
28 284329081054701 Lk Harney Water Asso - - 6 Public supply 38 Floridan
29 284331081052401 Hillside #2 250 59 6 Irrigation 30 Do.
30 284341081072601 Seminole Woods 210 145 8 Public supply 50 Do.
31 284411081065801 Yarborough Home 150 - 4 Domestic 68 Do.
32 284409081070901 Braddy 149 136 2 do. 72 Do.
33 284410081065201 Fire Station - - 4 Fire protection 68 Do.
34 284420081065201 Geneva School 250 105 8 Public supply 65 Do.
35 284423081052001 Jordan 136 - 4 Domestic 16 Do.
36 284428081072501 Ave C 60 60 2 Test 75.21 Surficial
36 284428081072603 Ave C Test well 393 117 6 do. 75.21 Floridan
37 284431081084501 Cochran 90 -- 4 Domestic 35 Do.
38 284434081050101 Well nr Lk Harney 60 - 2 Unused 9.37 Do.
39 284435081052001 Fry 89 - 4 Domestic 12 Do.
40 284438081062201 Prevatt 110 80 2 do. 34 Do.
41 284438081084701 Johnson Deep 160 - 4 do. 43 Do.
42 284439081085501 Johnson Shallow 40 - 4 Irrigation 27 Surficial
43 284442081052401 Winona Dr 200 51 6 Test 13.33 Floridan
44 284447081070601 Ensor 255 - 4 Domestic 68 Do.
45 284456081073301 Hodges - - 4 do. 70 Do.
46 284519081081801 Rotundo 100 65 2 do. 27 Do.
47 284520081051001 Haddix 100 - 4 do. 7 Do.
48 284526081065401 Hisaw 170 - 4 do. 43 Do.
49 284531081051601 Vaughn 70 —-— 2 do. 9 Surficial?
50 284538081082001 Mockingbird Ln - - 2 do. 21 Do.
51 284550081071501 Cameron 126 77 4 Unused 23.38 Floridan
52 284553081085501 Blackard 80 - 2 Irrigation 19 Surficial
53 284604081063401 Moreau 79 -= 2 Domestic 27 Surficial?
54 284619081053201 Steele 110 90 2 do. 18 Floridan
55 284626081051801 Kay Rd 200 83 4 Test 17.04 Do.
55 284626081052002 do. 50 50 2 do. 17.04 Surficial
56 284706081070801 Thrasher Pasture 178 99 6 Unused 15.61 Floridan
57 284706081073801 Thrasher Home 157 99 2 Domestic 24 Do.
58 284712081044301 County Landfill 141 70 4 Unused 21.20 Do.
58 284712081044303 do. 30 30 2 Test 21.20 Surficial
58 284712081044304 do. 47 47 2 do. 21.20 Do.
59 284909081052101 McCall 94 - 2 Unused 11.30 Floridan
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HYDROLOGIC CONDITIONS
Rainfall

During the study, a drier than average year (198l1) was followed by a
wetter than average year (1982), which allowed data collection during both
types of conditions and an evaluation of the response of the hydrologic system
to a range of climatic conditions. The 30-year average rainfall computed by
the National Oceanic and Atmospheric Administration for 1941 to 1970 at Sanford
(12 miles northwest of Geneva) is 53.32 inches (fig. 7). The average rainfall
at Sanford for the entire period of record (1913-82) is 51.33 inches., Rainfall
in Sanford in 1981 was 41.67 inches and in 1982, 59.91 inches.

Rainfall at a gage on Lake Harney (about 3 miles east of Geneva) for 1981
and 1982 (fig. 8) was 41.84 and 73.06 inches, respectively. The difference
between 1982 rainfall at Sanford and Lake Harney is due to the widely scattered
nature of convection thunderstorms that commonly occur in Florida.

A recording tipping bucket rain gage was established at Buck Lake in July

1981 and data were collected until June 1982, Data from the Buck Lake rain
gage are shown in figure 8.

Lakes and Surficial Aquifer

Several shallow lakes in the Geneva area store rainfall that then perco-
lates downward through the surficial aquifer to the Floridan aquifer system.
Some lakes, such as Lake Cochran (fig. 1), contain water only during the
wettest months of wet years and at other times are swamps or are dry beds. The
two halves of Lake Proctor (fig. 1) once formed a single lake, but the lake
stage has been lowered through time and the lake is now bisected by State
Road 46.

Lake Geneva had the largest stage fluctuation of the five lakes in Seminole
County monitored by Barraclough during 1953-56 (1962b, p. 40). The lake's stage
ranged about 7 feet (21.5 to 28.2 feet in altitude). During 1953-56, the lake
level was 2 to 6 feet higher than water levels in nearby wells in the Floridan
aquifer system. Periodic measurements of the stage levels in Lake Geneva were
discontinued in 1979, In March 1981, a staff gage on the lake was out of the
water (stage was less than 20.86 feet above sea level). The lake became two
shallow ponds because the center of the lake was dry. By May 1981, the eastern
part of the lake (where the staff gage is located) was completely dry. It
remained dry until the end of the summer of 1982 when above average rainfall
refilled the lake. On October 14, 1982, the lake stage was 23.05 feet above sea
level,

A staff gage was installed on Buck Lake (fig. 1), a major lake in the Geneva
area, in April 1981, Within a month, the lake level had dropped so that the gage
was out of the water. Stage levels of Buck Lake are shown in table 2. Although
the minimum stage reached during the drought of 1981 is not known, the fluctua-
tion from 1981 to 1982 was at least 3 feet. From September 1981 to September 1982
the potentiometric surface of the Floridan aquifer system in the area fluctuated
about 3 feet and was lower than the lake level. None of the lakes in the Geneva
area appear to be directly connected to the Floridan.
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Figure 7.——Rainfall at Sanford, Florida, 1941-82 (data from National Oceanic
and Atmospheric Administration climatological station at Sanford).

1970

Water levels in several existing wells and five test wells in the surficial
aquifer were measured during the study. Water-level data are shown in table 3.
The maximum fluctuation was about 2-1/2 feet. Because most of the test wells were
drilled after the drought period the minimum levels that occurred during the dry
year (1981) were not documented. Depth to water in the surficial aquifer wells
ranged from 1-1/2 feet at site 27 (land surface altitude 18.26 feet) to 20-1/2 to
24 feet at site 36 (land surface altitude 74.21 feet).

Floridan Aquifer System

Potentiometric surface maps of the Floridan aquifer system in Seminole
County were compiled by Barraclough (1962b, figs. 7 and 8) for January 1954
(following a wet year in 1953) and January 1956 (following a dry year in 1955)
and are shown in figure 9. Figure 10 shows potentiometric surface maps for
September 1981 (dry year) and September 1982 (wet year) compiled by Schiner and
Hayes (1981 and 1982). A comparison between these maps shows almost identical
potentiometric surfaces, suggesting no long-term decline in the potentiometric
surface in the Geneva area.
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Figure 8.--Monthly rainfall at Lake Harney and Buck Lake, 1981-82.
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Table 2.--Elevation of Buck Lake near Geneva, 1981-83

Elevation
Date (ft above sea level)
04-14-81 23.52
05-19-81 22.80
C6-04-81 22.62
06-17-81 less than 22.60 (gage out of water)
09-14-81 do.
04-12-82 do.
05-12-82 do.
06-15-82 22.90
07-06-82 23.45
08-12-82 23.64
10-14-82 25.46
12-07-82 25.32
01-12-83 25.30
03-03-83 26.50

Table 3 shows water levels during 1982-83 for several wells tapping the
Floridan aquifer system. A water—level recorder was installed on the test well
at site 17. The minimum water level measured was 16.86 feet above sea level in
January 1982, and the maximum was 20.17 feet above sea level in September 1982,
a range of 3.31 feet.

The Geneva freshwater lens is a result of local recharge that percolates
downward from the surficial aquifer to the Floridan. Recharge occurs when water
levels in the surficial aquifer are higher than the water levels in the Floridan
(a downward gradient exists). The area enclosed by the 25-foot altitude contour
(fig. 1) is where most of the recharge occurs. For example, water levels of
wells in the surficial aquifer and Floridan aquifer system (table 2) indicate a
downward gradient at sites 17 and 36. The gradient is also downward at sites 20,
23, and 24, based on measured water levels and pump types at those sites. In
some areas of lower topography the gradient is upward (discharge areas) whereas
in other areas the gradient is downward, but the head difference between the
surficial aquifer and Floridan aquifer system is slight and little recharge takes
place. At site 55, the vertical hydraulic gradient changes direction seasonally--
upward during the dry season and downward during the wet season.

The water level or head difference between the two aquifers is not the only
factor controlling recharge. Other important factors are hydraulic conductivity
and thickness of the intermediate confining unit. The confining unit must be

thin and permeable enough to allow appreciable recharge to the upper part of the
Floridan.
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TEST DRILLING

Purposes

Several test wells were drilled to obtain geologic and hydrologic data for
this study. Specific data of interest included information on: (1) the thick-
ness and lithology of material overlying the Floridan aquifer system, (2) the
water-bearing properties of the Floridan aquifer system, and (3) the changes in
water quality with location and depth.

Site Selection and Techniques

Eight 200-foot deep wells and one 400-foot deep well were drilled at loca-
tions shown in figure 11. Sites were selected to obtain the most information
as stated above, with the additional considerations of accessibility of the
site to the drill rig and permission from the property owners to drill, The
200-foot deep wells were drilled by air rotary and the 400-foot deep well by
cable tool. The drilling techniques were selected to facilitate collection of
water—quality samples and to obtain as much geologic information as possible
while still allowing more rapid drilling than, for example, continuous split-
spoon sampling or coring would provide. The 400-foot deep well at site 36 was
drilled in conjunction with the Floridan Aquifer Regional Aquifer Systems
Analysis study. Also, one auger hole and three shallow wells from which split-
spoon samples were collected, were drilled to depths of less than 60 feet. A
core of limestone from the Floridan aquifer system was obtained at site 23.

Geologic and geophysical logs for the test holes are shown in figure 12

and geologic sections are shown in figures 13, 14, and 15. In the following
sections, the strata are discussed in the order penetrated.

Holocene to Miocene Deposits

Deposits of Holocene to Miocene age range in thickness from less than 50
feet at site 27 to as much as 137 feet at site 13 (fig. 12). The post-Miocene
deposits were sampled by auger cuttings and split-spoon cores at sites 17, 27,
36, 55, and 58. These deposits are predominantly sand and clayey sand. The
thickest clay was at site 8, a topographically low area where ground water has
high chloride concentrations, The thick deposits of clay there have probably
prevented saline water from being flushed out of the aquifer by recharge water.

The upper Miocene deposits are mostly shell, sand, and clayey sand. These
deposits range in thickness from about 20 feet at sites 11 and 23 to 70 feet at
site 55. Shell beds in the upper Miocene deposits yield as much as 50 gal/min
to 2-inch diameter wells at some sites (for example at sites 7, 24, and 27).

Laboratory hydraulic conductivities of samples of clay from site 58 and
sand from site 36 were 1.7 x 1072 ft/d for the clay and 9.33 ft/d for the sand.
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ALTITUDE ABOVE OR DEPTH BELOW LAND SURFACE, IN FEET

Well 284207081111601
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Figure 12.--Geologic and geophysical logs of test wells.
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DEPTH BELOW LAND SURFACE, IN FEET

SITE 11 KILBEE RANCH #3

Land surface altitude is 11.76 feet

Well 284217081023001
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Figure 12.,--Geologic and geophysical logs of test wells--Continued.
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SITE 13 KILBEE RANCH #1 AND #2
Wells 284233081045201 and 02 Land surface altitude is 16.95 feet

S S Series and
- —  Lithology Formation Natural Gamma Caliper
ve] e}
- =™
0 - T 1 T
e Post-~
10 |k s Clayey Mlocene §
—I sand deposits
20 | e ]
ol
prityralages Clayey
30+ E~=— sand 4
G i et Upper
40 - oo Mlocene 1
v deposlts
rafrgreiar
50 _‘_—-:_AL ShoI:’ho-h ;
----- on
- o clayey sand
L - <
z 70 | BEE ]
- T F -1-
w v
2 U Sandy, ‘
2 80 - Iy ho-p‘eflc
Py Imestone
[0 4
D 90 - . e e » -
m . 1 . ole
L Mliocene
% 100 N G B Hawthorn
< —y s‘"dk Formatien
- Ay A 4 hosphatic
z 10 I ﬁmcz"cno
S S an
O 120} Ay AP dolomite.
'} ) WP SO A Lost elreu—-
LJ 2 N R B lation ot
@ iyt 110 f.
E ™ AR AP
o
g 1‘0 = ) 1 T 1 T 1 -
T 1
I rl T I S:n, goctno
- white cala §
150 L1 limestone Limestone
I - -
160 |- e n
170 a
180 b
190 | h
200 4 J [ S U W B
o 100 200 4 8 12 16 20
COUNTS PER SECOND INCHES

Figure 12.--Geologic and geophysical logs of test wells——Continued.

28



SITE 17 OLD MIMS ROAD
Wells 284247081070801 and 02 Land surface altitude is 49.84 feet
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Figure 12.--Geologic and geophysical logs of test wells--Continued.
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DEPTH BELOW LAND SURFACE, IN FEET

SITE 23 COCKRAN FOREST EAST

Well 284322081084 301 Land surface altitude is 44.50 feet
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Figure 12.-—-Geologic and geophysical logs of test wells--Continued.
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DEPTH BELOW LAND SURFACE, IN FEET
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Figure 12.--Geologic and geophysical logs of test wells——Continued.
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SITE 36 AVENUE C
Wells 284428081072603 and Land surface altitude is 75.21 feet
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Figure 12.-—Geologic and geophysical logs of test wells—-Continued.
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AVENUE C (confinued?

DEPTH BELOW LAND SURFACE, IN FEET

Well 284428081072603 Land surface altitude is 75.21 feet
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Figure 12.--Geologic and geophysical logs of test wells——Continued.
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DEPTH BELOW LAND SURFACE, IN FEET

SITE 43 WINONA DRIVE
Well 284442081052401

Land surface dltitude is 13.33 feet

Figure 12.--Geologic and geophysical logs of test wells--Continued.
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SITE 55 KAY ROAD
Wells 284626081051801 and 02 Land surface altitude is 17.04 feet

DEPTH BELOW LAND SURFACE, IN FEET
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Figure 12.-——Geologic and geophysical logs of test wells——Continued.
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The upper Miocene deposits in part of the study area are underlain by the
middle Miocene Hawthorn Formation. The Hawthorn is thin to absent in part of
the study area (sites 11, 23, 27, 43, 55) but is more than 70 feet thick at
site 13 (figs. 12, 13, 14, 15). It contains no thick clay sequences but is
mostly clayey sand and sandy phosphatic limestone and dolomite. The clayey
sand of the Hawthorn, along with clay deposits of the upper Miocene, act as a
confining layer for the underlying Floridan aquifer system. The Hawthorn
limestone and dolomite are hydraulically connected with the Floridan.

Oligocene and Eocene Limestones

Description.——Underlying the Miocene deposits are soft, permeable limestones
of Oligocene and Eocene age which comprise the Floridan aquifer system. Through-
out most of the area, the Eocene Ocala Limestone is the uppermost limestone of
the Floridan although at site 23 the Oligocene Suwannee Limestone is tentatively
identified. The top of the aquifer ranges from about 20 feet below sea level
(58 feet below land surface) at site 23 to 120 feet below sea level (137 feet
below land surface) at site 13. The limestone surface is very weathered,
eroded, and pockmarked with depressions as evidenced by the presence of cavi-
ties, the weathered limestone drill cuttings recovered, and the areal variation
in altitude of the top of the Floridan. Cavity fill material recovered during
drilling contained many well-rounded fragments of hard, gray, Hawthorn limestone.
The Suwannee and Ocala Limestones are soft, white- to— light gray, fossiliferous,
and very porous. The thickness of the Ocala Limestone ranges from about 200 feet
at site 36 to about 5 feet at site 55 where the Ocala is almost entirely eroded
(figs. 12, 13, 14, and 15).

Underlying the Ocala is the Avon Park Formation that consists of alternati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>