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ABBREVIATIONS AND CONVERSION FACTORS

Factors for converting inch-pound units to metric units
and abbreviation of units, are as follows:

Multiply inch-pound unit By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

inch per year (in/yr) 25.4 millimeter per year

(mm/yr)

foot (ft) 0.3048 meter (m)

foot per hour (ft/h) 0.3048 meter per hour (m/h)

mile (mi) 1.609 kilometer (km)

square foot (ftz) 0.09294 square meter (m2)

squarg foot per day 0.09290 squagye meter per day
(ft°/4) (m~/d) 2

square mile (mi®) 2.590 square kilometer (km“)

cubic3foot per second 0.02832 cubis meter per second
(ft™/s) (m”/s)

gallon per minute 0.00006309 cubis meter per second
(gal/min) (m™/s)

gallon per minute 0.0000207 cubic meter per,second
per foot [(gal/min)/ft] per meter [(m™/s)/m]

million gallons per day 0.04381 cubig meter per second

(Mgal/d) (m™/s)
Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius
(°C) as follows:
°F = 1.8 °% + 32

* * * * * * * * * * * * * *

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 "Mean Sea Level of 1929."
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POTENTIAL FOR POLLUTION OF THE UPPER FLORIDAN AQUIFER FROM FIVE SINKHOLES
AND AN INTERNALLY DRAINED BASIN, WEST-CENTRAL FLORIDA

By John T. Trommer

ABSTRACT

Sinkholes are natural and common geologic features in west-central
Florida, which is underlain by water-soluble limestone deposits. Dissolution
of these deposits is the fundamental cause of sinkhole development. Sinkholes
and other karst features are more pronounced in the northern part of the study
area, but sinkhole activity has occurred throughout the area.

Fifty-eight sinkholes with known or suspected connection to the Upper
Floridan aquifer are located in the study area. An internally drained basin
near the city of Brandon and five sinkholes in Hillsborough, Pasco, and
Hernando Counties were selected for detailed investigation. At all sites,
chemical or biological constituents were detected that indicate pollutants had
entered the aquifer.

A generalized classification, based on the potential to pollute, was
applied to the selected sites. Four of the sites have high potential and two
have moderate potential to pollute the Upper Floridan aquifer. All of the
sites investigated are capable of recharging large volumes of water to the
Upper Floridan aquifer in short periods of time. Continued monitoring of the
quality of water entering the sinkholes and of wells downgradient to the sinks
is needed to assess the future impacts on the aquifer.

INTRODUCT ION

Sinkholes are natural and common geologic features in west-central
Florida, which is underlain by soluble limestone deposits. Dissolution of
these soluble deposits is the fundamental cause of all sinkhole development.
Dissolution of near-surface limestone causes slow subsidence activity, whereas
the rapidly developing type of sinkhole is caused by the collapse of near-
surface materials into underlying solution cavities. Both subsidence and
collapse type sinkholes occur throughout west-central Florida but are most
common in the northern part.

Limestone crops out in parts of the area and in other parts it is covered
by surficial deposits that range in thickness from a few feet to several



hundred feet. The study area (fig. 1) is marked by numerous sinkholes, and
the northern part has little surficial drainage. The few streams that are
present generally originate as springs and receive very little direct runoff
or are intermittent and terminate at sinkholes or in closed, internally
drained basins., In the southern part of the study area, the streams receive
substantial quantities of water from runoff and originate in swampy areas.

The increasing demand for water and the dependence on ground water has
led to a growing awareness of the potential for pollution of the Upper
Floridan aquifer from sinkholes and internal drainage. Recognizing this
potential for pollution and the need to effectively manage the ground-water
system, the U.S. Geological Survey and the Southwest Florida Water Management
District began a cooperative study to define and classify these possible
sources of pollution, to identify land uses that may be related to the poten-
tial for pollution, and to estimate drainage areas and quantities and quality
of water discharging into selected sinkholes and closed basins. Information
obtained from this study will be useful to water management and regulatory
agencies in protecting the water supply in rapidly developing areas of west-
central Florida.

Purpose and Scope

The purpose of this report is (1) to estimate drainage and recharge
rates, describe the hydrogeology and land use, and determine the quality of
stormwater runoff at selected sites; and (2) to evaluate and apply a general
classification to selected sites based on their potential to pollute the Upper
Floridan aquifer.

The study area includes Citrus, Hernando, Pasco, Pinellas, and
Hillsborough Counties (fig. 1). The area was selected because it has numerous
sinkholes, relies heavily on ground water for municipal supplies, and is one
of the fastest growing areas in west-central Florida. Although the location
of many sinkholes is known, little specific data are available on their
characteristics.

Fifty-eight sinkholes were identified and visited. Five sinkholes and
the internally drained area were selected for detailed study. The selected
sites include a wide range of physical characteristics and land use. Informa-
tion in this report is based on data collected during the study period
(October 1984-September 1985), historical data from the files of the U.S.
Geological Survey and the Southwest Florida Water Management District, and
from previously published reports. Results should have transfer value to
other similar sites in the area.

Acknowledgmeni:s
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Research Center for their cooperation in collecting and analyzing water sam-
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PREVIOUS INVESTIGATIONS

Little data are available on the quantity and quality of surface-water
and shallow ground-water flow into sinkholes, the capacity of sinkholes to
take water, or the effects of flow into sinkholes on the aquifer system.
Several hydrologic and geologic reports contain general information about
sinkholes and internally drained areas. Vernon (1951) described the geology
of Citrus County. Heath and Smith (1954) investigated the ground-water re-
sources of Pinellas County, and Menke and others (1961) described the water
resources of Hillsborough County. Wetterhall (1964) made a geohydrologic
reconnaissance of Pasco and southern Hernando Counties and a reconnaissance of
springs and sinks in west-central Florida (1965). Cherry and others (1970)
described the general hydrology of the Middle Gulf area of Florida. Stewart
and others (1978) investigated the availability and quality of ground water in
northern Hillsborough County. Sinclair (1982) described sinkhole development
resulting from ground-water withdrawals in Tampa. Ryder (1982) simulated
predevelopment flow in the Floridan aquifer system in west-central Florida.
Fretwell (1983) described the ground-water resources of coastal Citrus,
Hernando, and southwestern Levy Counties and described the water resources and
effects of development in Hernando County (1985). Sinclair and Stewart (1985)
described sinkhole types, development, and distribution in Florida, and
Sinclair and others (1985) discussed sinkholes in the covered karst of west-
central Florida.

DESCRIPTION OF THE STUDY AREA

The study area covers about 3,200 m12 in west-central Florida and in-
cludes all of the five coastal counties of Citrus, Hernando, Pasco, Pinellas,
and Hillsborough. The principal cities and towns are Tampa, Brandon,
St. Petersburg, Clearwater, Dade City, Brooksville, Crystal River, and
Inverness (fig. 1).



Topography and Drainage

Land-surface altitude ranges from sea level at the coast to more than
250 feet above sea level along the Brooksville Ridge. A few hills near
Brooksville in Hernando County and Dade City in Pasco County have altitudes of
about 300 feet above sea level.

The study area is in the Gulf Coastal Lowlands and the Central Highlands
physiographic units described by White (1970) and shown in figure 1. The
lowlands consist of a series of relatively flat plains bounded by erosional
escarpments forming the Pamlico and Wicomico Terraces (Vernon, 1951). The
terraces generally parallel the coast and have apparently been formed by seas
that once stood at higher levels than at present. The Pamlico Terrace rises
gently from the coast, where it is submerged, to an altitude of 25 feet above
sea level. There are two minor escarpments located in the terrace. At an
altitude of approximately 4 feet above sea level, the first escarpment forms
the landward boundary of the coastal swamps (Wetterhall, 1965). The second
escarpment is comprised of a sand dune complex that rises sharply to an alti-
tude of approximately 10 feet above sea level and forms the boundary between
the oak and pine forests to the east and the cypress hammocks to the west.
The Wicomico Terrace overlooks the Pamlico Terrace and rises gently toward the
east where it is bounded by the Brooksville Ridge. The Wicomico Terrace is
absent in nearly all of Citrus County and pinches out in the central part of
Hernando County. In these areas, the Brooksville Ridge forms the eastern
boundary of the Pamlico Terrace.

The Brooksville Ridge constitutes the major part of the Central Highlands
that lies within the study area and consists of a series of eroded ridges that
generally trend in a northwest-southeast direction. The 100-foot topographic
contour generally delineates the base of the Brooksville Ridge. Land-surface
altitude rises sharply from this point. Much of the local relief in the ridge
area is a result of numerous sinkholes and depressions characteristic of karst
topography. The Western Valley and the Polk Uplands lie to the east and south
of the ridge and constitute the remainder of the Central Highlands.

A large part of the water that falls on the study area as rainfall is
returned to the atmosphere by evaporation and vegetative transpiration (evapo-
transpiration). Evapotranspiration losses are least in the barren, sandy
areas and greatest in the dense swamps and forests located throughout the
study area. Dohrenwend (1977) calculated that evapotranspiration averages
37 in/yr throughout Florida. Therefore, an average of about 18 to 20 in/yr of
precipitation (Fretwell, 1983, p. 11) drains from the area through surface
streams or percolates downward.

In the southern part of the study area, 90 percent of the drainage is
direct surface runoff (Cherry and others, 1970, p. 17) through well-defined
stream channels that usually originate in swampy areas and flow to the Gulf of
Mexico. A small amount of surface runoff can be attributed to seepage from
the ground-water system (Cherry and others, 1970, p. 17). This seepage occurs
in areas where water levels are near land surface. In general, the surficial
deposits in this part of the study area are relatively thick and continuous
(fig. 2) and are sufficiently low in permeability to retard downward movement.
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The northern part of the study area is nearly devoid of well-defined
surface-water streams, and direct runoff is rare. Streams that do occur are
usually near the coast and originate as springs or seeps, or they are inter-
mittent and terminate in sinkholes or closed basins. The Withlacoochee River,
and its tributaries, is the exception. It is the only perennial stream inland
from the coast. It drains the area east of the Brooksville Ridge. In the
upper reaches of the Withlacoochee River, part of the flow is derived from the
Upper Floridan aquifer through numerous springs and seeps (Fretwell, 1983,
p. 7). Downstream, the river recharges the Upper Floridan aquifer by downward
percolation through exposed limestone along the river bed.

Materials that overlie the limestone in the northern part of the study
area are generally thinner (fig. 2) and more discontinuous than in the south-
ern part. In some areas, the limestone outcrops at the surface or is covered
by highly permeable surficial deposits. Throughout most of the northern part
of the study area, the Upper Floridan aquifer is unconfined, and ground-water
levels are lower than land surface. Downward percolation, and subsequent
movement through the aquifer toward the coast and coastal spring complexes, is
the predominant form of drainage.

Figure 3 shows the location of 58 sinkholes inventoried during this study
that have a known or suspected connection to the Upper Floridan aquifer
(table 1). Where the sinkholes are open to the underlying limestone, large
quantities of water can drain quickly into the aquifer.

Climate

West—central Florida is characterized by short mild winters and long
humid summers. During the winter months, temperatures range from 55 "F to
75 °F. Temperatures occasionally drop into the 20's and 30's as cold fronts
move through the area. Summer temperatures range between 72 and 90 °F. The
average annual temperature is 72 'F,

Average annual rainfall ranges from 47 inches at Tampa to 56 inches at
Brooksville. About 60 percent of the rainfall occurs from June to September
as thundershowers or infrequent tropical storms (fig. 4). In the study area,
rainfall for 1985 was below average for the period of January to mid-June.
The 1985 rainy season started in mid-June and lasted to mid-September. Most
of the rain occurred as thundershowers, but about 5 inches of rain can be
attributed to Hurricane Elena, which moved through the study area in late
August. Rainfall during the rainy season was above average in 1985 and helped
compensate for below average rainfall experienced earlier in the year.
Throughout the study area, rainfall was below average for 1984.

Population, Development, and Land Use

Florida has experienced rapid population growth during the last decade,
increasing from 6.8 million in 1970 to 9.7 million in 1980 (University of



83°|5' 83°00' 45' 30' 15 82°00'
Ll 1 T | 1

EXPLANATION

29000 L.THICKNESS, IN FEET /
/4 o-28

25-50

50-100
'L I anEATER

45 THAN 100

(o]

WELLS FOR WHICH
LITHOLOGIC LOGS
30 | ARE AVALIABLE

BOUNDARY OF
STUDY AREA

\%\\

15 .
o HiLLs80ROUGH
c
T O
28°00'F ™ -
O O 3
™ \. .
, =z
45 |- ™ -1
>
o g -
o v _ o) 10 20 MILES
,‘/ : l ] . )
27°30' |- O 10 20 KILOMETERS =

| ] ] ] ]

Figure 2.--Generalized thickness of the sand and clay unit that
overlies the Upper Floridan aquifer in the study area. (Based
on lithologic logs from the files of the Southwest Florida
Water Management District and the Florida Bureau of Geology.)



83°1s' 83°00' 45' 30 1s' 82°00'

| 1
29°00' |- -
EXPLANATION - -
o 37
CITRUS
SINKHOLE AND
i SITE NUMBER !
45 57 58 -
SOUNDARY OF - 2,
[,
STUDY AREA HERNANDO |
30 |-
E
/\_}—
15 +- -
28°00 |- -
45' |- .
—
? l? 2]0 MILES
, I T
27°30 |- (0] I0 20 KILOMETERS =
1 1 1 1 1

Figure 3.--Location of sinkholes with known or suspected
connection to the Upper Floridan aquifer. (Site iden-
tification number and name are given in table 1.)



Table 1.--Sinkholes with known or suspected connection to the

Upper Floridan aquifer

Section-
Latitude, Name township- County
longitude range
1 2757510821840 Limona Park Sinks 1/ 16-29-20 Hillsborough
2 2800350822453 Hillsborough River Sinkl 33-28-19 Hillsborough
3 2800370822515 Hillsborough River SinkI/ 32-28-19 Hillsborough
4 2800410822450 Hillsborough Ri er Sin 28-28-19 Hillsborough
5 2800480822629 Hannah's Swirl 30-28-19 Hillsborough
6 2800550822225 Harney Sink 1 26-28-19 Hillsborough
7 2801020822235 Hillsborough River Sin 1/ 26-28-19 Hillsborough
8 2801020822437 Hillsborough River Sinkl/ 28-28-19 Hillsborough
9 2801140822323 Hillsborough River Sink1 27-28-19 Hillsborough
10 2801150822426 Hillsborough River Sin 28-28-19 Hillsborough
11 2801250822513 Hillsborough River Sinkl/ 29-28-19 Hillsborough
12 2801310822658 Tenth Street Sink 1/ 19-28-19 Hillsborough
13 2801520822249 Hillsborough River Sink 23-28-19 Hillsborough
14 2802200822740 Orchid Street Sink 19-28-19 Hillsborough
15 2802320822700 Poinsettia Street Sink 18-28-19 Hillsborough
16 2802460822236 Greco Sink 14-28-19 Hillsborough
17 2803000822740 Blue Sink Complex 13-28-18 Hillsborough
18 2803120822742 Curiosity Sink 13-28-18 Hillsborough
19 2804150822114 Weatherington Sink 01-28-19 Hillsborough
20 2804320822002 Nursery Sink 06-28-20 Hillsborough
21 2804400822009 Morris Bridge Sink 06-28-20 Hillsborough
22 2805200824604 Blue Sink 35-27-15 Pinellas
23 2807350824415 Tarpon Lake Sink 19-27-16 Pinellas
24 2807350824418 Knights Sink 19-27-16 Pinellas
25 2816440823959 Rocky Sink 26-25-16 Pasco
26 2819380824021 Bear Sink complex 11-25-16 Pasco
27 2820020824059 Round Sink 03-25-16 Pasco
28 2820100824107 Nexus Sink 03-25-16 Pasco
29 2820250824119 Stratomax Sink 03-25-16 Pasco
30 2820350824120 Briar Sink 03-25-16 Pasco
31 2820410824205 Hazel Sink 04~25-16 Pasco
32 2820420824122 Golf Ball Sink 03-25-16 Pasco
33 2820500824125 Smokehouse Pond 34-24-16 Pasco
34 2823250823437 Coffee Sink 14-24-17 Pasco
35 2824010823028 Unnamed sink near Crews Lake 16-24-20 Pasco



Table 1.--Sinkholes with known or suspected connection to_ the
Upper Floridan aquifer--Continued

Section-

Latitude, Name township- County

longitude range
36 2824040823013 Hernasco Sinmk 16-24-20 Pasco
37 2824050823440 Rock Sink 14-24-17 Pasco
38 2825590821940 Lake Hancock Sink 05-24-20 Pasco
39 2826000823301 Unnamed sink 06-24~18 Pasco
40 2826010822324 TUnnamed sink 34~23-29 Hernando
41 2826190822311 Rock Sink 35-23-29 Hernando
42 2827250822416 Squirrel Prairie Sinks 28-23-29 Hernando
43 2828380820408 Clay Sink 24-23-22 Pasco
44 2828440821914 Neff Lake Sink 20-23-20 Hernando
45 2829300823342 Cresent Lake Sink 12-23-17 Hernando
46 2829550823303 Wolf Sink 07-23-18 Hernando
47 2830280823542 Section 3 Lake 03-22-17 Hernando
48 2830400823610 Weeki Wachee Woodlands Lake 11-22-17 Hernando
49 2831040823144 Diepolder 3 05-23-18 Hernando
50 2831200823143 Diepolder 2 05-23-18 Hernando
51 2831400823223 Diepolder 1 31-22-18 Hernando
52 2831460823255 Joes Double Sink 36~22-17 Hernando
53 2832120822559 Pecks Sink Complex 29-22-19 Hernando
54 2832180823634 Eagles Nest Sink 21-22-17 Hernando
55 2832200823300 Lost 50 25-22-17 Hernando
56 2837380822027 Blue Sink 31-21-19 Hernando
57 2842090822633 Lizzie Hart Sink 31-20-18 Citrus
58 2842150822603 Brush Sink 32-20-18 Citrus

1/

Located in the Hillsborough River and are 5 to 28 feet deeper than the
river bottom (Stewart and Mills, 1984).

2/Located in the Hillsborough River and reported to be 20 feet deeper than
the river bottom. May be a deep scour rather than a sinkhole (Stewart and
Mills, 1984).
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Florida, 1981). The population of west-central Florida has experienced simi-
lar growth, increasing from 1.6 million in 1980 to 1.9 million in 1985
(Southwest Florida Water Management District, 1984). Over 50 percent of the
current population of the study area lives in incorporated areas. Population
projections by the University of Florida (1981) and the Southwest Florida
Water Management District (1984) indicate that rapid growth will continue. By
the year 2000, the population of Hillsborough and Pinellas Counties is pro-
jected to increase by 78 percent over 1980 levels. Pasco County population
will increase by 62 percent, Citrus County by 58 percent, and Hernando County
by 53 percent (Southwest Florida Water Management District, 1984).

Growth has generally been from the high density, urbanized centers of
Tampa and St. Petersburg northward along the coast. As expansion continues,
relatively undeveloped land is becoming moderate to high density urban and
suburban areas that consist of housing subdivisions, shopping centers, res-
taurants, and other related industries.

About 72 percent of the land in the study area is presently (1985) unde-
veloped and can accommodate future development. The area consists of wet-
lands, agricultural land, forests, and barren lands primarily in the northern
and eastern parts of the study area. Pinellas County has the highest degree
of development, about 80 percent. Forty percent of Hillsborough County is
developed. Most of the undeveloped areas are in the eastern and southeastern
parts of the county. About 20 percent of Pasco County is developed. Hernando
and Citrus Counties are the least developed counties with about 85 percent of
the counties remaining undeveloped. Projections by the Southwest Florida
Water Management District for the year 2035 indicate continued land-use change
as a result of population growth. Residential and related commercial activi-
ties will account for most of the changing land use. These projected changes
will occur northward along the coast, inland toward Brooksville, and along the
Withlacoochee River to the north and east.

Water Use

Freshwater use in the study area totaled 551 Mgal/d in 1984. Of this,
about 89 percent, or 492 Mgal/d, was from ground-water sources. Public supply
and rural water use accounted for more than 50 percent, or 278 Mgal/d, in 1984
and was used to supply the domestic and other related needs of 1.8 million
people (Stieglitz, 1985). Therefore, average per capita use was 154 gal/d.
Based on projections of the Southwest Florida Water Management District
(1984), by the year 2000, population in this area will have grown to 2.6 mil-
lion people. This will create a demand for more than 401 Mgal/d of freshwater
for public supply and rural water use, most of it from ground-water sources.

HYDROGEOLOGY

The hydrogeologic system in the study area consists principally of thick
carbonate rock sequences overlain by thin clastic deposits (table 2). The
system generally consists of an unconfined surficial aquifer system and an

12



Table 2.--Hydrogeologic framework

Approximate
Series Stratigraphic Hydrogeg ogic | thickness Hydrogeologic
unit unit (feet) characteristics
Holocene Undifferen- Surficial 0-100 Marine and nommarine
Pleistocene | tiated sand aquifer unconsolidated quartz
Pliocene and clay system sand, clay, and
shells. Wells yield
less than 20 gal/min.
Excellent water qual-
ity.
Miocene Hawthorn Upper confin- 0-100 Clay with traces of
Formation ing unit limestone, sand, and
silt. Retards
movement of water
between the surficial
Tampa aquifer system and
Limestone the Upper Floridan
aquifer.
Upper 900 Limestone and dolo-
Floridan mite. Production
Oligocene Suwannee aquifer wells yield up to
Limestone 3,000 gal/min. Water
quality is good.
Eocene Ocala
Limestone
Avon Park
Formatio
Middle 300 Limestone and dolo-
confining mite with intergranu-
unit lar gypsum and anhy-
drite. Extremely low
permeability. Water
quality is poor.
1/

13

Based on nomenclature defined by Miller (1986).



underlying mostly carbonate rock aquifer, which in the past was termed the
Floridan aquifer. Miller (1986) redefined the Floridan aquifer to be the
Floridan aquifer system, comprising the Upper Floridan aquifer, the middle
confining unit, and the Lower Floridan aquifer. In the study area, freshwater
occurs only in the surficial aquifer system and the Upper Floridanm aquifer.
Further discussion will be limited to these aquifers.

Surficial Aquifer System

Where present, the surficial aquifer system is unconfined. It consists
of undifferentiated soil, sands, and clays of Pliocene and Holocemne age.
Water levels in this aquifer are usually less than 10 feet below land surface
and reflect a subdued replica of the surface topography. The aquifer is
recharged almost entirely from local precipitation, and water levels usually
respond rapidly to rainfall.

In many areas, water moves downward from the surficial aquifer system and
recharges the Upper Floridan aquifer. In some areas, the surficial aquifer
system contains water only during the wet season. In these areas, the rapid
change in water levels and temporary nature of the aquifer suggest a good
hydraulic connection to the underlying limestone and leakage through clay
layers if present. A continuous surficial aquifer system does not exist in
the northern part of the study area because confining Miocene age deposits
that separate the surficial aquifer system from the Upper Floridamn aquifer
become thin and discontinuous, or they pinch out completely. To the south,
the Miocene thickens and is continuous (figs. 5, 6, and 7).

Because the Upper Floridan aquifer is confined in the southern part of
the study area, water-level fluctuations in the surficial aquifer system do
not closely parallel those in the Upper Floridan aquifer and the surficial
aquifer system contains water perennially. In some low-lying areas and along
the coast, the potentiometric surface of the Upper Floridan aquifer is equal
to or higher than the water table in the surficial aquifer system. This
results in upward flow from the Upper Floridan aquifer into the surficial
aquifer system and keeps water levels relatively stable. The surficial aqui-
fer system does not yield enough water to supply large industrial or municipal
users. The most extensive use of this aquifer system is for lawn irrigation
and livestock watering.

Upper Floridan Aquifer

In the study area, most ground water used is from the Upper Floridan
aquifer. This highly transmissive aquifer is one of the most productive in
the world and underlies the entire study area. It is composed of a continuous
carbonate sequence of permeable limestone and dolomite of Tertiary age that
more or less acts as a single hydrologic unit. The stratigraphic units that
constitute the Upper Floridan aquifer, in ascending order, are the Avon Park
Formation, the Ocala Limestone, and where present, the Suwannee and Tampa
Limestones (table 2).

14
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Recharge to the Upper Floridan aquifer is from lakes, streams, and
through the overlying permeable and semipermeable material of the surficial
aquifer system. Recharge rates are low to moderate. In areas where sands are
in contact with the permeable limestone, where limestone outcrops at the sur-
face, or where sinkholes penetrate directly to the limestone, recharge rates
to the Upper Floridan aquifer can be very high.

Some discharge occurs where the potentiometric surface of the Upper
Floridan aquifer is above that of the surficial aquifer system, resulting in
upward leakage of water. When the potentiometric surface is at or above land
surface, discharge can occur as stream base flow, as springs, as seeps, or
from flowing wells, usually in coastal or low-lying areas. Most discharge
from the Upper Floridan aquifer is well pumpage.

Water moves through the Upper Floridan aquifer from points of high head
to low head. Flow is generally at right angles to potentiometric contours
(fig. 8). The potentiometric surface is defined by the levels to which water
will rise in tightly cased wells open to the aquifer. In the study area, the
direction of flow generally is from east to west in the northern part and from
northeast to southwest in the southern part.

SINKHOLE DEVELOPMENT AND TYPES

Many of the geomorphic features of the west-central Florida landscape are
due to dissolution of the underlying limestone, forming karst topography.
Dissolution of limestone occurs when slightly acidic freshwater moves through
porous rock, or along bedding planes, joints, or faults that provide avenues
for rapid ground-water circulation. Dissolution activity tends to concentrate
in areas of rapid circulation, forming conduits and cavities. Precipitation
throughout west-central Florida exceeds evapotranspiration and provides the
freshwater recharge necessary for dissolution activity.

Where clastic sediments have been removed by erosion and the limestone is
near land surface, ground-water recharge and subsequent dissolution activity
can be rapid. In these areas, the unconnected hollows or closed depressions,
sinkholes, and internal drainage, which are dominant features of karst ter-
rain, become obvious. These features are common along the Brooksville Ridge
in the northern part of the study area. Most of the study area, however, is
covered by sand and clay of varying thickness, generally thickening to the
south. The karst is mantled and is less apparent at land surface, except when
the overburden collapses or subsides into a solution cavity.

Sinclair and others (1985, p. 43) classified sinkholes into four major
types based on their mode of formation. These are: (1) limestone-solution
sinkholes, (2) limestone-collapse sinkholes, (3) cover-subsidence sinkholes,
and (4) cover-collapse sinkholes. The type of sinkhole that develops is
largely controlled by the geology and hydrology of an area. Four generalized
sinkhole development type areas have been delineated across the State of
Florida (Sinclair and Stewart, 1985) and are referred to as areas I, II, III,
and IV, Area I consists of bare to thinly covered limestone. Solution type
sinkholes and land subsidence occur in these areas. Area II consists of an
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incohesive, permeable cover that is 30 to 200 feet thick. Subsidence is the
dominant activity in these areas. Area III consists of a cohesive, relatively
impermeable cover that is 30 to 200 feet thick. Cover-collapse sinkholes
dominate the karst activity in these areas. Area IV consists of a cohesive,
relatively impermeable cover over 200 feet thick. Sinkhole occurrence is rare
in these areas, but when they do occur, they are large and deep and are cover-
collapse type sinkholes. The study area contains all four types of sinkhole
development.

POTENTIAL FOR POLLUTION

Sinkholes and closed, internally drained basins provide natural drainage
of surface runoff and shallow ground water from the land, much the same as
streams provide runoff from areas not internally drained. Sinkholes and
closed basins act as depositories and sometimes retention areas for large
quantities of water. Where sinkholes and closed basins are open to or in
direct hydraulic connection with the underlying limestone, large quantities of
water can recharge the Upper Floridan aquifer in a relatively short time.
Recharge to the aquifer occurs before natural purification, sorption, and
filtration through sands and soils can occur.

The potential for pollution of the Upper Floridan aquifer from sinkholes
and internally drained basins exists throughout most of west-central Florida.
The degree to which this potential for pollution exists is influenced by many
factors. The size of the drainage basin influences the amount of water avail-
able for recharge. The presence or absence, continuity, and thickness of
overlying sediments influence infiltration or runoff to points of recharge,
such as sinkholes and lakes that are connected to the aquifer. The hydraulic
characteristics of the underlying limestone will control the rate water will
move away from the point of recharge. The degree of pollution is related to
the quality of the recharge water, which, in turn, is related to the land use
within each drainage basin.

Classification

Drainage area, hydrogeology, land use, water quality, and volume of water
recharging each sinkhole or closed basin will have to be evaluated individu-
ally to accurately assess its potential to pollute the Upper Floridan aquifer.
However, a generalized classification based on their potential to pollute can
be applied. Sinkholes and internally drained basins can be divided into those
having a high, moderate, or low potential hazard.

Sinkholes that have a high potential for pollution of the Upper Floridan
aquifer are those that are open directly to the aquifer and that receive large
quantities of recharge water. Recharge may be introduced to the aquifer from
large, intermittent storm surges that are relatively short in duration, or as
steady, almost continuous streamflows. Some closed, internally drained basins
that do not have sinkholes as recharge points may also have a high potential
hazard if the limestone were covered with thin, permeable deposits that would
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allow large volumes of water to percolate directly into the aquifer. The
potential hazard of closed basins, even though they may be hydraulically
connected to the aquifer and capable of introducing large volumes of water,
may not be as great as sinkholes with comparable recharge rates. The downward
percolation through sediments may allow some purification through filtration
of suspended solids and sorption of ionic constituents before the recharge
water reaches the aquifer.

A moderate potential hazard exists at sinkholes with poor or restricted
connection to the Upper Floridan aquifer. They may slow the infiltrationm of
water and act as retention areas or lakes. Some degree of purification
through settling and biological or chemical activity could occur before the
water enters the aquifer. Sinkholes that are directly connected to the aqui-
fer, but that have small drainage areas or no direct surface runoff to them,
may also have a moderate potential hazard. Although these types of sinkholes
may be virtually windows to the aquifer and not major points of recharge, they
are susceptible to direct introduction of effluents, either intentionally or
unintentionally (fig. 9). Most internally drained basins that do not have a
direct recharge point (such as a sinkhole) would probably also have a moderate
potential to pollute the aquifer if the surficial sediments are well drained
and there is at least a semiconfining bed separating the surficial aquifer
system from the Upper Floridan aquifer.

Sinkholes and very small internally drained basins that are not directly
connected to the aquifer and that collect and pond rainfall rather than infil-
trate water quickly would probably have a low potential hazard. These areas
may reflect a perched or a temporary body of ground water that slowly perco-
lates down to the Upper Floridan aquifer or depressions that intersect the
surficial aquifer system that is separated from the Upper Floridan aquifer by
a confining layer.

METHOD OF STUDY

Site Selection

Five sinkholes and one internally drained area in Pasco, Hernando, and
Hillsborough Counties were selected for detailed investigation on the basis of
physical characteristics and the availability of historical data (fig. 10).
Although many small sinkhole-like depressions occur in Pinellas County, only a
few are directly connected to the underlying limestone. These sinkholes were
not selected for investigation because they are located near the coast where
the Upper Floridan aquifer contains saline water, and any effects on the
aquifer would be minimal. Sinkholes in Citrus County were not selected for
study because the large expanse of generally inaccessible rural and forested
lands made it difficult to locate sinkholes directly connected to the Upper
Floridan aquifer.
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Data Collection

Stage, discharge, and water—level data, as well as water—quality samples,
were collected periodically at selected sites. Data obtained from drillers'
logs were used to construct maps of the thickness of the confining unit, top
of the confining unit, and top of the Upper Floridan aquifer for selected
sites. The maps are generalized and some deviation can be expected.

Water—-quality samples were collected from five sinkholes, six wells, and
one lake. The water samples were analyzed for herbicides, pesticides, includ-
ing ethylene dibromide (EDB), metals, nutrients, and other common constitu-
ents, including chlorides, sulfates, dissolved solids, and coliform bacteria.
Bacteria samples were analyzed for total and fecal coliform and fecal strep-
tococci bacteria. Coliform counts are used primarily as an indicator of
sanitary pollution.

The ratio of fecal coliform to fecal streptococci (fc:fs) is used to
suggest a source of pollution. Fc:fs ratios greater than 4.4 suggest the
source is human domestic waste, whereas ratios less than 0.6 suggest the
source is livestock, poultry, and storm runoff (Geldriech, 1966). Because of
the natural variability and different survival rates for these two bacteria
types (Elder, 1986, p. 15), the fc:fs ratio is used only to suggest the
pollution source.

Water from the selected sites was also sampled for enterovirus content.
These viruses enter and travel through the alimentary tract of man (Flora Mae
Wellings, Epidemiology Research Center, written commun., 1985) and are also
used to suggest the pollution source. The State of Florida Epidemiology
Research Center, a division of the Florida Department of Health and
Rehabilitative Services, collected and analyzed the viral samples.

BEAR SINK COMPLEX

The Bear Sink complex is in northwest Pasco County, approximately 1,500
feet south of State Highway 52, 1.7 miles east of U.S. Highway 19, and 10.3
miles west of U.S. Highway 41 at Gowers Corner (fig. 11). The complex con-
sists of 2 major sinkholes and at least 11 smaller sinkholes that lie on the
northeast side of a small northwest trending, sandy ridge. The ridge is
nearly 50 feet above sea level at its highest point (fig. 12) and is surround-
ed on all sides by a low-lying area with altitudes that average about 20 feet
above sea level. This complex forgs the terminus of Bear Creek, which has a
total drainage area of about 27 mi”.

Consistent with other parts of the study area, development in the Bear
Sink drainage basin has been rapid in recent years. Low density rural and
agricultural land use has been replaced with high density residential and
related commercial land use. Development in the drainage basin started along
the western edge and proceeded rapidly eastward. Almost the entire westerm
half of the basin has undergone some form of urbanization. The eastern half
of the basin remains mostly agricultural and has a small rural population.
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Bear Creek originates and flows mostly through the lightly developed
parts of the drainage basin. This probably accounts for the relatively good
quality of the water flowing to Bear Sink 1. State Highway 52 extends through
the entire drainage basin and provides a link between Interstate Highway 75
and the coastal communities along U.S. Highway 19. As a result, it is heavily
traveled by both passenger and commercial vehicles. Any spills along this
road could allow potentially hazardous pollutants to enter Bear Creek and
eventually the Upper Floridan aquifer. Numerous outfalls and surface-water
impoundment sites in the drainage basin that are used for storage, disposal,
or treatment of raw or partially treated sewage or stormwater (Moore and
others, 1985) also represent a potential pollution hazard to both the surfi-
cial aquifer system and the Upper Floridan aquifer in the basin.

Most of the water withdrawn in the drainage basin is from the Upper
Floridan aquifer. Rural water use, including livestock watering and lawn
irrigation, accounts for most of the water withdrawn in the basin. Most of
the water used for public supply is from outside the basin. As a result, less
than 0.2 Mgal/d was withdrawn in the basin for public supply (Stieglitz,
1985).

Hydrogeologic Setting

The two major sinkholes in the Bear Sink complex are both open to the
Upper Floridan aquifer. Drillers' logs show that, in nearby wells, the top of
the Upper Floridan aquifer is located about 10 feet below sea level. One
major sink is at the southeastern end of the complex and is the terminus for
Bear Creek. In this report, this sink will be referred to as Bear Sink 1.
The second major sinkhole is at the northwestern end of the complex and will
be referred to as Bear Sink 2. The remaining 1l or more smaller sinks are
located in a line between the 2 major sinkholes. These sinks apparently are
not open to the Upper Floridan aquifer, but field observations indicate they
have a good hydraulic connection to it.

Bear Sink 1 contains an elongated pool about 100 feet wide and 150 feet
long and averages 15 feet in depth. A maximum depth of 30 feet (27.5 feet
below sea level) was measured about 40 feet south of the point were Bear Creek
enters the sink. Another area, which is about 15 feet from the south wall, is
26 feet deep (23.5 feet below sea level).

Bear Sink 1 is surrounded on three sides by sandy, very steep walls that
rise to altitudes of 15 feet above sea level on the north side and over 35
feet above sea level on the south side (fig. 12). Bear Creek enters the sink
from the north side through a cypress hammock in a well-defined stream channel
that averages less than 5 feet in altitude. The sink is the terminus for Bear
Creek under normal and low-flow conditions. During periods of high flow, the
discharge of the creek exceeds the recharge capacity of the sink and overflows
to another series of sinkholes to the northwest.

Bear Sink 2 is approximately 600 feet northwest of Bear Sink 1. The sink

is circular (about 50 feet in diameter) and is surrounded on all sides by land
surfaces between 20 and 25 feet above the surface of the water. The sink
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walls drop nearly vertically to the water surface. A maximum depth of 19.5
feet (16.9 feet below sea level) was measured on the south side of the sink.
During the study period, water levels ranged from 2.5 feet to 6.7 feet above
sea level.

Two small sinkholes immediately west of Bear Sink 2 showed very active
side wall slumping and subsidence. The floor of one subsided over 3 feet
between February and September 1985. Bear Sink 2 and the two small sinks are
enclosed by higher ground and do not have a creek or other external source of
recharge except limited local runoff.

The sinkholes in the Bear Sink complex are aligned in a northwesterly
direction. This alignment may indicate a fault or joint along which solution
activities have concentrated to produce an underground conduit system that
possibly is a subsurface continuation of Bear Creek. Scuba divers have found
that a conduit system exists between a series of sinkholes about 1 mile to the
northwest of Bear Sink 1. They have observed a dark, tannin-colored layer of
water at 60 feet below land surface that is similar to the water flowing into
Bear Sink 1.

Bear Creek and the many cypress hammocks and lakes in this drainage basin
are maintained by runoff and base flow from the surficial aquifer system over-
lying a fairly continuous clay layer. The average depth to the clay layer is
30 feet below land surface and is less than 25 feet thick throughout most of
the basin (fig. 13). The clay layer in the immediate Bear Sink area is less
than 10 feet thick. Drillers' logs for the area indicate that this confining
layer is breached in places by sand-filled depressions that may be relict
sinkholes. These depressions are probably hydraulically connected to the
Upper Floridan aquifer.

Drainage, Stage, and Streamflow

Most of the surface drainage in this drainage basin is to Bear Creek.
The creek originates in a swampy area in the northeastern part of the basin
and flows through numerous small swamps and cypress hammocks for about 7 miles
before it empties into Bear Sink l. For most of its length, the stream chan-
nel is poorly defined and flows between cypress hammocks. In the lower
reaches of Bear Creek, the stream channel is well defined, except during
periods of high water.

Streamfaow in Bear Creek during the study period ranged from no flow to
over 230 ft”/s. No flow was observed for a 6-week period in May and early
June 1985 during an abnormally dry period. During low and normal stages, Bear
Creek flows through a cypress hammock and empties into Bear Sink 1. During
periods of high stage, the recharge capacity of Bear Sink 1 is exceeded.
Water backs up into the cypress hammock, eventually overflowing this natural
retention basin, and travels northwesterly to Round Sink (fig. 11). Round
Sink is the first sink in the series of sinks about 1 mile northwest of Bear
Sink 1.
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To determine the capacity of Bear Sink 1, two sets of flow measurements
were made during overflow conditions. On August 27, 1985, a flow of 85 ft™ /s
was measured at a bridge about 1,600 feet upstream from the sinkhole. A flow
of 41 ft” /s was measured in the overflow channel abqut 1,500 feet downstream
from the sinkhole. Most of the difference, 44 ft™ /s, was probably recharged
to the Upper Floridan aquifer. The second measurement was made on
September 2, 1985, fol}owing the passage of Hurricane Elena. Flow jupstream
from the sink was 227 ft,/s. Flow in the overflow channel was 191 £t /s. At
this time, about 36 ft /s recharged the Upper Floridan aquifer. The second
measurement was made on a rising stage. The upstream measurement was com-
pleted approximately 1 hour before the completion of the downstream measure-
ment. As a result, the actual recharge was probably slightly higher than was
indicated by the measurement.

From Dgcember 27, 1984, to September 18, 1985, about 1,450 Mgal (194.0
million ft~) of water recharged the Upper Floridan aquifer through Bear Sink
1. For the 24-day period between August 10 and Septgmber 18, 1985, approxi-
mately 25.8 Mgal/d, or 1,030 Mgal (138.2 million £t~ ), recharged the aquifer.
This accounts for more than 70 percent of the total recharge to the Upper
Floridan aquifer during the study period.

Ground Water

Water levels in the surficial aquifer system generally reflect the
topography in the basin and average about 10 feet below land surface. The
surficial aquifer system extends throughout the basin and overlies a rela-
tively continuous clay layer that separates this aquifer from the underlying
Upper Floridan aquifer. However, relict sinkholes probably breach the clay
layer in places and provide some degree of hydraulic connection to the Upper
Floridan aquifer. The head difference between the surficial aquifer system
and the Upper Floridan aquifer is less than 1 foot, and the heads appear to
respond similarly during the year. This suggests that these two aquifers are
also hydraulically connected through a leaky confining bed.

In most of the Bear Sink drainage basin, the top of the Upper Floridan
aquifer ranges about 30 to 70 feet below land surface. The Upper Floridan
aquifer apparently has a highly developed secondary porosity in the vicinity
of the Bear Sink complex. Dissolution of the limestone has produced conduits
that allow large volumes of water to move very rapidly through the aquifer.

During the study period, the potentiometric surface of the Upper Floridan
aquifer in the Bear Creek drainage basin showed an average fluctuation of 4
feet and averaged about 50 feet above sea level at the eastern edge of the
basin and about sea level at the western edge. Ground-water flow is generally
from east to west (fig. 14). Water-level fluctuations in the two major sink-
holes correspond to fluctuations in nearby wells open to the Upper Floridan
aquifer. These sinkholes also show tidal fluctuatioms.

Transmissivity is the measure of an aquifer's ability to transmit water.

Using a digital model, Ryder (1?82)2estimated transmissivity of the Upper
Floridan aquifer to be 1.3x10” ft“/d for the study area. Because of the
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highly developed secondary porosity in the sink complex, local transmissivity
values may be slightly higher. However, Ryder's estimate of transmissivity
should be representative of the total drainage area.

Water Quality

Water—quality samples were collected from both Bear Sinks 1 and 2 and
from a nearby well that penetrates the Upper Floridan aquifer. Bear Sink 1
was sampled three times during the study period at the point where Bear Creek
enters the sink. Bear Sink 2 and the Balicki well, a 70-foot deep well about
20 feet east of Bear Sink 2, were sampled once at the beginning of the study
period. Specific conductance and pH were determined for all samples, and all
samples were analyzed for trace elements, nutrients, and coliform bacteria.
Additional analyses for organic substances, including EDB, and viruses were
run on samples from Bear Sink 1.

Results of the chemical analyses are given in table 3. All parameters
sampled for were within the ranges expected for natural waters in Florida
(Hem, 1970). The herbicides, pesticides (including EDB), and trace elements
were all below allowable (Florida Department of Environmental Regulation,
1985) or detectable levels. Coliform counts showed increases proportiona13to
the inflow at Bear Sink 1. A sample collected when inflow was 3.1 ft /s
showed total coliform,counts about three times higher than a sample collected
when inflow was 0.8 ft™/s. Nutrient content also increased with corresponding
increased inflow to the sink. These increases are small and do not suggest
pollution problems.

The sample collected from Bear Sink 1 on March 21, 1985, during a rain-
storm, contained coliform bacteria counts in excess of the Florida Department
of Environmental Regulation (1985) limits. All other samples were within
prescribed limits.

At Bear Sink 1, the fecal coliform to fecal streptococci ratios (fc:fs)
ranged from 0.34 to 0.95. The low ratio suggests that warm-blooded animal
wastes, other than man, are the source of the bacteria. This sample was col-
1ectgd when rainfall was below normal and inflow to Bear Sink 1 was less than
1 ft°/s. The 0.95 ratio was in a §amp1e that was collected when inflow to the
sink was slightly higher than 3 ft7/s.

Bear Creek originates and flows through an area that depends on septic
tanks to dispose of domestic wastes. Septic tanks are more apt to release
effluents to Bear Creek when water levels in the surficial aquifer system are
high and the water in Bear Creek is mostly base flow from the surficial aqui-
fer system rather than from surface runoff. Both samples analyzed for bac-
teria were collected when little base flow contributed to Bear Creek, so most
flow was surface runoff.

Three samples collected from Bear Sink 1 were analyzed for viral contami-
nation. Evidence of viral contamination was not detected; however, this does
not indicate that contamination had not occurred. Two of the samples were
collected during March 1985 when extremely low levels of viral activity were
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being monitored (Flora Mae Wellings, Epidemiology Research Center, written
commun., 1985). The third sample was collected in September 1985 following
the passage of Hurricane Elena when water levels in Bear Creek and the surfi-
cial aquifer system were rising. Viruses, unlike bacteria, tend to adsorb to
80il particles and do not wash off during periods of heavy rains and high
water levels. However, changes in water to soil ratios and pH caused by high
water levels cause these viruses to mobilize and travel as a plume entrained
in the ground water as levels recede. Therefore, a continuous sampling pro-
gram after heavy rains is necessary to detect a plume.

A sample collected from Bear Sink 2 had a fc:fs ratio of 2.99, suggesting
a mixing of pollution sources, some of which may be human waste. Because no
septic tanks are in this part of the drainage basin and surface water does not
flow into this sinkhole, the source of the pollution is unknown.

The Balicki well was sampled at the same time as Bear Sink 2 because of
its proximity to the sinkhole and because the well was reported to pump brown
colored water during periods of high flow to Bear Sink 1. Coliform bacteria
were not detected in this sample. During the study period, brown water was
not observed coming from the well. A nitrogen concentration of 1.6 mg/L
(milligrams per liter) was detected in the Balicki well. The highest nitrogen
concentrations from Bear Sinks 1 and 2 were 0.11 and 0.01 mg/L, respectively.

CURIOSITY SINK

Curiosity Sink is in northwestern Hillsborough County. It is 400 feet
south of Country Club Boulevard (Fowler Avenue), 0.5 mile west of Interstate
Highway 275, and 1.9 miles north of the Hillsborough River, within the Tampa
city limits (fig. 15). Curiosity Sink is the terminus for Curiosity Creek,
which drains an area of 3.48 mi™.

The Curiosity Sink drainage basin is highly developed, having high
density residential and related commercial development. Although recent de-
velopment in the basin has been centered in the northermmost part, the entire
basin has undergone development. The population density of the entire basin
has increased and can be attributed to the building of many new multifamily
housing units. Commercial land use also has increased to accommodate the in-
creased population density. There is no industrial development in the basin.
Florida Avenue, Nebraska Avenue, and Interstate Highway 275 extend through the
basin east of Curiosity Creek. Traffic, including commercial trucking that
carries industrial products, is very heavy on these major north-south routes.
Stormwater runoff from these routes is to Curiosity Creek. In the event of a
major spill, potentially hazardous pollutants could be discharged to Curiosity
Creek and, subsequently, reach the Upper Floridan aquifer.

A few domestic supply wells are found in the northermmost part of the
basin. Most of the water used in the basin, however, is for public supply and
is pumped from sources outside the basin. Some relatively shallow wells are
located in the basin and are used for lawn irrigation.
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Hydrogeologic Setting

The ponded area of Curiosity Sink is about 500 feet long and 100 feet
wide. The actual sinkhole is reported to be about 40 feet in diameter and 25
feet deep (Stewart and Mills, 1984). The depth of the sinkhole below the
water surface averages 6 to 8 feet in the northern part and 12 feet in the
southern part. The water level in the sink averages 20 feet above sea level.
Curiosity Creek enters the sink from the north through a shallow, fairly well-
developed stream channel. Land-surface altitudes range from 30 feet above sea
level in the immediate sink area to slightly more than 50 feet above sea level
in the north and northwest part of the drainage basin.

Curiosity Sink is one of a number of sinkholes located in a line that
parallels Interstate Highway 275, This line of sinks extends northward from
the Hillsborough River for about 4 miles (fig. 16). Dye studies conducted by
the city of Tampa established a connection between Curiosity Sink and Blue
Sink, Poinsettia Street Sink, Orchid Street Sink, and Sulphur Springs to the
south. The connection appears to be through a well-developed cavity system
(Stewart and Mills, 1984). Sulphur Springs provides a supplemental source of
drinking water for the city of Tampa.

Dye injected into Curiosity Sink took 25.4 hours to travel the 5,400-foot
distance to the Poinsettia Street Sink. The velocity of the water was
210 ft/h. The dye reached the Orchid Street Sink 2.5 hours later (27.9 hours
after being injected into Curiosity Sink). The Orchid Street Sink is 900 feet
from the Poinsettia Street Sink. Velocity between these two sinks was
360 ft/h. The dye reached Sulphur Springs 40 hours after the start of the
test (12.1 hours after reaching the Orchid Street Sink). The dye traveled the
7,300 feet between the Orchid Street Sink and Sulphur Springs at a velocity of
603 ft/h. The average velocity of the water moving from (riosity Sink to
Sulphur Springs was 320 ft/h (Stewart and Mills, 1984).

In the Curiosity Sink drainage basin, the Upper Floridan aquifer is
overlain by a fairly uniform confining layer that is generally less than 25
feet thick (fig. 17). The top of this clay layer is about 20 feet below land
surface in the southern part of the basin and about 70 feet below land surface
in the northern part. An extensive cavity system occurs at the top of the
Upper Floridan aquifer inside the basin and in areas just south and east of
the drainage basin (Stewart and Mills, 1984). The Tampa Limestone forms the
top of the Upper Floridan aquifer in the Curiosity Sink drainage basin and
ranges from sea level to 20 feet above sea level.

Drainage, Stage, and Streamflow

Curiosity Creek is an intermittent stream that originates in a swampy
area southwest of Lake Gass. It travels through a well-defined stream channel
for approximately 3 miles before terminating at Curiosity Sink. The creek has
no flow for extended periods of time., Streamflow occurs only during wet
periods and, for the most part, representg stormwater runoff. Stewart and
Mills (1984) reported a maximum flow of 28 ft /s for calendar years 1979-80.
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Periodic stregmflow measurements were made from 1981 to 1984 and ranged from
0.1 to 6.6 ft*/s. From January to September 1985, flow was observed on
August 9 during a major thunderstorm and on September 2 following the passage
of Hurrjcane Elena. Measured streamflow near the peak runoff on August 9 was
8.6 ft*/s. Less than 30.minutes after the end of this storm, streamflow had
declined to less than 2 ft™/s.

On occasion, the inflow from Curiosity Creek has exceeded the capacity of
the sink to recharge water to the Upper Floridan aquifer, resulting in water
overflowing the sink into the surrounding residential area. In 1980, the city
of Tampa installed a pumping station on the southern end of the sink to keep
water levels below flood stage. The water is pumped to the Hillsborough
River. As a result of the pumping, the capacity of the sink to conduct water
to the aquifer could not be measured directly. Based on pump tests conducted
at the sink, however, a specific capacity of 2,500 (gal/min)/ft of drawdown
was found (Stewart and Mills, 1984). Therefore, the sink should be able to
recharge similar quantities of water to the aquifer.

Ground Water

The water—table in the surficial aquifer system ranges from 25 feet above
sea level in the southern part of the drainage basin to 50 feet above sea
level in the northern part. The average depth to water is less than 10 feet
below land surface throughout most of the basin, and water—level fluctuations
are generally less than 3 feet. Water levels are generally more than 10 feet
below land surface in the southern part of the basin, along the stream chan-
nel, and around the sink area, indicating recharge to the Upper Floridan
aquifer in those areas.

Between May and September 1985, the potentiometric surface of the Upper
Floridan aquifer in the Curiosity Sink drainage basin fluctuated more than 10
feet. The potentiometric surface ranged from 20 to 30 feet above sea level in
the southern part and 30 to 40 feet above sea level in the northern part. The
general direction of ground-water movement in the basin is from north to south
(fig. 18).

A hydraulic conductivity (the ability of ansaquifer to transmit water
through a unit area of the aquifer) of 1.9x10 £t/d was obtained from dye
tests conducted between Curiosity Sink and Sulphur Springs. Transmissivity
for the Upper Floridan aquifer is generally high but variable in this area
(Stewart and Mills, 1984). Stewart (1968) reported tramsmissivity valmes ,for
the areas north and west of the sinks to be on the order of 7.3x10 ft"/d.
Because of the highly developed cavity system, Stewart and Mills (1984)
reported transmissivity galuﬁs for the area just south of the drainage basin
to be on the ordgr of 2x105 ft./d. Ryder (1982) estimated transmissivity to
be between 5x10° and 1x10” £t“/d in this area. Transmissivity values of this
order are probably representative of the Upper Floridan aquifer throughout
most of the basin except in the immediate vicinity of conduits associated with
the sinkhole.
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Water Quality

A water—quality sample was collected from Curiosity Sink during a storm
on August 9, 1985. Field determinations were made for pH, temperature, and
specific conductance, and the sample was analyzed for trace elements, nutri-
ents, coliform bacteria, viruses, and organic substances, including EDB. The
results of these analyses and historical data are given in table 4.

Most parameters sampled for were within the ranges expected for natural
waters (Hem, 1970). Trace elements, herbicides, pesticides, and EDB were
below allowable or detectable levels, with the exception of small amounts of
the herbicide, 2,4~D. Samples collected in June and December 1981 and in June
1983 showed 2,4-D present in quantities slightly higher than detection levels
(table 4). These small amounts probably originated from home and garden use
in this predominantly residential community. Some samples indicated that
levels of mercury and zinc were at the maximum allowable limits set for drink-
ing water (Florida Department of Envirommental Regulation, 1985). Nutrient
content generally showed fluctuations that corresponded to flow rates in
Curiosity Creek. The nutrient concentrations were small and did not indicate
pollution problems. Evidence of viral contamination was not observed in
Curiosity Sinok.

The ratio of fecal coliform to fecal streptococci (fc:£fs) ranged from
0.16 to 1.30 in samples collected from October 1980 to August 1985. The
sample collected August 9, 1985, had a ratio of 0.22. The low ratios suggest
that the coliform bacteria is from nonhuman sources. Most samples collected
from the basin contained coliform bacteria counts in excess of the limits for
drinking water (Florida Department of Envirommental Regulation, 1985).

BRANDON INTERNALLY DRAINED BASIN

The internally drained area near Brandon is in the central part of
Hillsborough County, about 6 miles east of the city of Tampa and about 8 miles
west of Plant City (fig. 15). Approximately one-~third of the basin lies south
of State Highway 60, the main east-west road in the study area, and the re-
maining two-thirds lie between StQte Highway 60 and Interstate Highway 4. The
drainage basin covers about 35 mi”.

In recent years, the Brandon area has undergone intense development.
With the exception of small areas in the northern and eastern part of the
basin, most of the land has been developed for moderate to high density resi-
dential and commercial purposes. Most, but not all, commercial development
has been along State Highway 60. Major shopping centers and commercial build-
ings are being developed throughout the basin. A few major citrus groves
remain in the central part of the drainage basin, but most of the basin is
being urbanized. Little industrial development is present in the basin, but
there are industrial areas nearby, and a large quantity of material that is
potentially hazardous to ground-water moves through the area along the rail-
road lines and major roads (fig. 19).
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Figure 19.--Topography of the Brandon basin and locations of sampling
sites, sinkholes, documented pollution sites, and geologic sections
A-A' and B-B'.
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In 1984, about 7.8 Mgal/d of water was withdrawn for public supply from
the Upper Floridan aquifer in the Brandon area (Stieglitz, 1985). This
accounted for most of the water withdrawn in the basin. Many areas in the
basin are self-supplied. Based on the Brandon Chamber of Commerce 1985 popu-
lation estimates, total water use in the basin was approximately 11.9 Mgal/d.
Residential self-supplied water use accounts for slightly more than 4 Mgal/d.
Due to the small amount of agricultural land remaining in the drainage basin,
agricultural irrigation was probably very small. Many small diameter wells
throughout the basin are used for lawn irrigation.

Hydrogeologic Setting

Land-surface altitude in the basin ranges from 35 to 125 feet above sea
level. Generally, the lower altitudes are in the west-central part of the
basin. The land rises through a series of rolling hills to higher altitudes
along the southeastern edge of the basin (fig. 19). A number of sinkholes and
small, shallow depressions typical of karst terrain occur throughout the
basin.

Surficial deposits consisting of sands, sandy clay, and clay 40 to 140
feet thick overlie the Upper Floridan aquifer in the Brandon area. General-
ized geologic sections through the drainage basin are shown in figure 20, and
locations of the sections are shown in figure 19. A fairly continuous clay
layer apparently extends throughout the drainage basin. The thickness of the
clay layer varies widely over short distances, ranging from 15 to 125 feet in
thickness (fig. 21). The top of the clay is between 1 foot and 70 feet below
land surface, or between 10 feet below and 80 feet above sea level (fig. 22).

A persistent limestone at or near the top of the Tampa Limestone marks
the top of the Upper Floridan aquifer in the area. Generally, the top of the
limestone in the Brandon drainage basin is between 60 feet below and 60 feet
above sea level (fig. 23). Drillers' logs indicate the presence of solution
cavities at depths of about 100 feet below land surface in the eastern part of
the basin.

Drainage and Recharge

In the Brandon area, surface drainage is poorly developed, and the basin
is devoid of streams. Drainage is internal through sinkholes and small de-
pressions, or by direct percolation through surficial deposits. The many
small depressions in the basin collect and retain any surface runoff and
release it to the ground-water system. Subsurface drainage is adequate during
periods of normal rainfall, but during very wet periods, some closed depres-
sions overflow and flood surrounding areas.

Recharge to the surficial aquifer system and the Upper Floridan aquifer
in the Brandon basin is almost entirely from local precipitation. A small
amount of recharge is from irrigation water and effluents from septic tanks
and outfalls. In 1985, approximately 45 inches of rain fell in the basin.
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Figure 21.--Generalized thickness of the upper confining unit
overlying the Upper Floridan aquifer in the Brandon basin.
(Based on drillers' completion reports from the files of the
Southwest Florida Water Management District.)
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aquifer in the Brandon basin. (Based on drillers' completion reports from
the files of the Southwest Florida Water Management District.)
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Based on Dohrenwend's (1977) average for evapotranspiration, a total of 8
inches of rainfall was available,for recharge throughout the basin in 1985
(about 4,900 Mgal or 650 million ft~ of water). :

Ground Water

The water table in the surficial aquifer system generally parallels the
topography in the basin, except for two small areas in the southeast and
north. Test drilling was conducted in 1979 in these areas. In the southeast-
ern area, water was not found within 75 feet of land surface., Seismic surveys
conducted in May and October 1985 also indicated no water in the surficial
deposits in this area. However, a seismic survey conducted in January 1986
detected water at depths ranging from 21 to 40 feet above sea level. The
survey was conducted approximately 1 week after a rainfall. Previous surveys
were conducted during relatively dry periods when rainfall was 0.5 inch or
less in the previous 30 days. In the northern area, investigations conducted
by Hillsborough County indicated that a permanent water table is absent in the
vicinity of the Taylor Road landfill (Hall and Metcalfe, 1979).

Water is apparently present only temporarily in the surficial deposits in
these areas (fig. 24), indicating a good hydraulic connection to and a possi-
ble recharge point for the Upper Floridan aquifer. Water levels in the surfi-
cial aquifer system in the remainder of the basin ranged from 6 to 52 feet
below land surface in May 1985 and from 3 to 33 feet below land surface in
September 1985, Fluctuations in surficial water levels between May and
September varied throughout the basin and ranged from 2 feet to nearly 30
feet. The largest fluctuations occurred in the northern part of the drainage
basin.

The potentiometric surface of the Upper Floridan aquifer ranged from 20
to 30 feet above sea level in the northwestern part of the Brandon basin and
from 9 to 15 feet in the southern part. Fluctuations of 6 to 10 feet occurred
between May and September 1985, Ground-water flow in the Upper Floridan aqui-
fer in the basin is generally from northeast to southwest (fig. 25).

Transmissivity of the Upper Floridan aquifer at a site just outside the
western boundary of jhe frainage basin was determined in 1972. A transmis-
sivity value of 8.6x10 ft /d was determined for the Tampa Limestone (Wolansky
and Corral, 1985, p. 33). In 1982, Ryder, using a digital model, simulated
transmissivity values between 5x10 and 1x10~ ft"/d for an area that includes
the drainage basin.

Water Quality

Water-quality samples were collected from two wells and from Valrico Lake
on September 5, 1985, following the passage of Hurricane Elena. The Lakewood
well, a public-supply well owned by Hillsborough County, is 360 feet deep and
cased to 134 feet. Most of the water from this well comes from the Suwannee
Limestone. The Partridge well, a privately owned domestic well, is 125 feet
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deep and cased to 60 feet. The water supplied by this well is from the Tampa
Limestone.

The results of recent chemical analyses and some historical data are
given in table 5. Most constituents were within the ranges expected. Trace
elements, herbicides, and pesticides, including EDB, were below allowable or
detectable levels, with the exception of zinc and 2,4~D. Viral contamination
was not observed in any sample collected during the study period.

Concentrations of zinc were higher in samples from the Lakewood and
Partridge wells than from Valrico Lake and may be attributed to galvanized
pipes and storage tanks. The concentration of zinc in the sample collected
from Valrico Lake on September 5, 1985, was 30 pg/L (micrograms per liter) and
is at the maximum permissible level set by the Florida Department of
Environmental Regulation (1985) for class III (recreational use) surface
water. High zinc levels have been associated with stormwater runoff (Lopez
and Giovannelli, 1984, p. 38).

Samples collected from Valrico Lake showed 2,4-D to be present in small
quantities. The small amounts probably originated from home and garden use
and can be expected in predominantly residential areas such as Brandon.

Samples collected from the Lakewood and Partridge wells contained no
coliform bacteria, but the sample from Valrico Lake was positive. Coliform
counts for the sample from the lake were below maximum limits set by the
Florida Department of Envirommental Regulation (1985) for class III (recrea-
tional) surface water; however, the fecal coliform to fecal streptococci
(fc:fs) ratio for this sample was 11.85. The high ratio suggests a source of
pollution associated with domestic wastes of man. There are no known septic
tanks in the immediate area of Valrico Lake. The lake, however, is a local
depression and receives surface runoff and discharge from the surficial aqui-
fer system (fig. 19).

The September 1985 samples showed higher nitrogen concentrations than
samples collected in 1979 (table 5); however, they are within normal ranges
(Hem, 1970). These concentrations may reflect effects of fertilizers used in
the basin when agricultural activities were more widespread than at present,
or they may indicate the presence of effluents from septic tanks or sewage
outfalls. Further monitoring would be necessary to determine the source of
these nutrients.

Water quality in the northern part of the Brandon basin has been affected
by the Hillsborough Heights (Taylor Road) and the Mango Clay Pit landfills
(fig. 19); both landfills are presently inactive. The Taylor Road landfill is
at the extreme north end of the drainage basin in an area of documented karst
activity. Test borings indicate that, in some parts of the landfill site, the
surficial deposits are hydraulically connected to the Upper Floridan aquifer
through solution sinkholes (Hall and Metcalfe, 1979). Geraghty and Miller,
Inc. (1981), observed no persistent water table at the landfill site, further
indication of good hydraulic connection to the Upper Floridan aquifer. Con-
tamination from volatile organics and oil and grease in some nearby wells has
been linked to the landfill. A plume of contaminants from the landfill site
has spread to the south (Geraghty and Miller, Inc., 1981), causing one county
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supply well to be abandoned and necessitated the installation of a county
water system in an area previously supplied by private domestic wells. The
Taylor Road landfill is included on the U.S. Envirommental Protection Agency's
priority pollution list and is targeted as a Superfund site.

The Mango Clay Pit landfill is about 2 miles southeast of the Taylor Road
landfill. The landfill has been inactive since 1959 and has since been con-
verted to a county park. Recent water-quality samples collected by the
Florida Department of Envirommental Regulation have shown low levels of vola-
tile organic contaminants in two private wells to the south of the site
(Dia?ne Trommer, Florida Department of Envirommental Regulation, oral commun.,
1986).

In 1983, the Bates well, a county public-supply well in the west-central
part of the basin (fig. 19), was observed to contain EDB. The well is near a
large citrus grove in an area dominated by sinkholes and small depressions.
EDB was found in other private wells in the immediate area. Recent testing
indicated that the well still contains a low concentration of EDB and is not
being used by the county (R. Schnaare, Hillsborough County Utilities, oral
commun., 1986).

HERNASCO SINK

Hernasco Sink is in the Crews Lake drainage basin and lies on the north-
west shore of Crews Lake about 3.9 miles southwest of Masaryktown and 5.4
miles north of Gowers Corner in Pasco County (fig. 26).

Development in the Crews Lake drainage basin has not been as rapid as in
other parts of the study area. Agricultural and forested land, with a low
density rural population, is still predominant. Some residential and commer-
cial development has occurred in the western part of the basin along U.S.
Highway 41. There are surface-water impoundments, a land-application site,
and outfalls used in the storage, treatment, and disposal of raw or partially
treated sewage throughout the basin. The primary method of sewage disposal is
through domestic septic tanks. A landfill at the Hernando County airport is
also within the drainage basin. U.S. Highway 41 passes through the basin and
is heavily traveled by commercial trucks. Mishaps along this major transpor-
tation route could cause spills of potentially hazardous materials. An
undeveloped, heavily wooded area immediately to the west of Crews Lake is
being used as a dumping site for refuse. Some small sinks are being filled
with old tires, construction rubble, and a variety of trash (fig. 9). All of
these represent potential sources for pollution.

Water used in the drainage basin is from the Upper Floridan aquifer and
is primarily self-supplied by private wells. The Cross Bar Ranch well field
lies within the basin and withdrew 12.9 Mgal/d from the Upper Floridan aquifer
in 1984 (Stieglitz, 1985). Water withdrawn from the well field is distributed
by the West Coast Regional Water Supply Authority for public supply outside
the basin. Any water withdrawn from tke surficial aquifer system, including
lakes and ponds, is used for livestock watering and lawn and garden
irrigation.

57



82°40' 30' 20' 82°10'
T T T T T T T T T
01234 MILES
o O 2 4 KILOMETERS
28°40' |- o .
A X
GULF * 03] o8
OF a
MEXICO «
BROOKSVILLE }7/l2
‘ //[ )
30 “(/AWEEKI WACHEE
N s \-\""- HERNANDO _CO.
. J r PASCO  CoO.
/( 77 MASARYKTOWN [ _,
- - - - X
g CROSS BAR . -
3 WELL FIELD

HERNASCO
SINK e
DADE CITY

r-. 0
CREWS LAKE

,M .
SAN ANTO)!O

20 5 l ~
CREWS LAKE ST. LEO
GOWERS DRAINAGE
; CORNER BASIN
7
B 7/ O ZEPHYRHILLS ‘I N
@3 U
1308
i9 &9
28°10'|- —~
l 1 1 1L 1 ! ] ] ]
Figure 26.--Location of Crews Lake drainage basin, Hernando and Pasco Counties.
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Hydrogeologic Setting

Land—~surface altitudes in the basin range from 50 feet above sea level in
the vicinity of Crews Lake, in the southwestern part, to more than 250 feet
above sea level in the eastern part of the basin. The drainage basin is
poorly drained and contains many sinkholes, sinkhole lakes, and closed depres-—
sions typical of karst terrain. Streams are generally small and flow is
intermittent, usually during the wet season. Several streams terminate at
sinkholes. Jumping Gully, a major stream in the basin, terminates at Crews
Lake <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>