DEPARTMENT OF THE INTERIOR

D STATES GEOLOGICAL SURVEY

INTRODUCTION

The Sulphur Springs area encompasses about 56 mi’ in west-central

Florida and includes a highly urbanized section of the north-central part of
the city of Tampa in west-central Hillsborough County (fig. 1). The area
includes the city of Temple Terrace and the University of South Florida,
several industrial and commercial plant sites, and a large commercial
recreational site. The Hillsborough River flows southwesterly along the
sastern and southern parts of the area. Most of the western half contains
numerous lakes and is partly urbanized. The northesst quarter is largely
swampy, but much of it is proposed for subdivision development. The
northwest quarter is mostly rural, but is gradually becoming urbanized. The
southeast querter includes Temple Terrace and is highly urbanized. The
west-central part has numerous sinkholes, an internally drained area, and
area that is subject to flooding. Storm runoff from two residential uus.ix
Tampa is diverted into sinkholes that connect with the Floridan aquifer in
the southwestern part of the area. Sulphur Springs, a large spring on the
north side of the Hillshorough River near Interstate 275, is used as a
supplemental waler supply for the city of Tampa and is also a recreational
area.
In 1980, the U.S. Geological Survey, In cooperation with the city of
Tampa, began a study to determine the hydrogeology of the Sulphur
Springs area. The purpsse of the study was to provide hydrologic and
geologic information that would assist managers in (1) protecting the water
resources of the area, and (2) developing plans for control of construction
and development where a high-water table and other hydrologic conditions
are a factor. The information could be useful to evaluate the hydrologic
impact of using sinkholes as stormwater retention basins, the design and
construction of storm-runoff detention basins, the d and impr
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of sanitary sewage system, and the location of underground utilities.

Previous and Present Investigations

Information on the hydrology and water quality of the area is included in
a report by Menke and others (1961). Map reports of Lake Magdalene (Hunn
and Reichenbaugh, 1972) and Lake Carroll (S.E. Henderson, U.S. Geelugical
Survey, written commun., 1982) describe the general hydrology and geology
at those lakes. Stewart and Hughes (1974) evaluated the effects on the
Floridan aquifer of using ground water to maintain lake levels in the
northwestern part of the area. Goetz and others (1978} evaluated the
water-supply potential of the lower Hillsborough River. Maps that show the
water tahle of the surficial aquifer and the potentiometric surface of the
Floridan aquifer are prepared twice a year through a cooperative program
with the Southwest Florida Water Management District. Hydrologic
reports that contain data for several hydrologic monitoring stations in the
area are published annually by the Geological Survey.

During this investigation (1981), field work included an inventory of wells
and sinkholes, collection of water samples for coliform bacteria analyses
from Sulphur Springs and three sinks, determination of peak water levels of
the 1979 flood in the west-central part of the area, and measurements of
water levels in wells for use in preparation of water-level and potentiometric-
surface maps

Climate

The climate of the area is characterized by warm, humid summers and
mild, dry winters. An outstanding feature of the climate is the summer
thunderstorms that frequently occur late in the afternoon during June
through September. Based on records for the 40-year period from 1941 to
1880 at the Tampa weather station about 5 miles west of Sulphur Springs,
the mean monthly temperature ranged from 60.9°F in January to 82.0°F in
August (National Oceanic and Atmospheric Administration. 1981). The
mean annual temperature for the period was 72.2°F. The average annual
minimum and maximum temperatures were 63.3°F and 81.1 °F, respectively.
During the 40-year period, the mean monthly precipitation ranged from 1.61
inches in November to 8.01 inches in August. The mean annual precipi-
tation was 48.71 inches, of which about 60 percent occurred during June
through September.

Topography

Land-surface elevations range from less than 5 feet above sea level near
the Hillsborough River in the southwestern part of the area below the
Tampa Dam to 75 feet above sea level at Temple Terrace. The 5-, 25-, 35-,
50-, and 75-foot land conteurs are shown in figure 1. A conspicuous feature
is the 8-mi’ swampy area in the northeastern part of the area (fig. 1). Parts
of the swamp are 25 to 35 feet above sea level, but most are less than 25
feet above sea level Much of this area is poorly drained and remains wet
throughout most years. Land-wurface elevations are less than 25 feet above
sea level in an internally drained sinkhole complex and several lakes in the
west-central part of the area

Streams

The principal stream in the Sulphur Springs area is the Hillsborough
River. The average annual discharge of the river at the Tampa Dam (fig. 1)
was 593 ft'/s for the period 1938 to 1978. The maximum discharge was
16,500 ft¥/s in September 1933. The river did not have any flow for short
periods during several years. Monthly mean discharges of the river at the
Tampa Dam are shown in figure 2. The Hillsborough River is the principal
source of water for the city of Tampa

Other streams in the area include Cypress Creek and its principal
tributary, Thirteenmile Run, in the northeastern part of the area; Sweet-
water Creek in the northwestern part; and Curiosity Creek in the west-
central part. The average daily discharge of Cypress Creek, about 5 miles
northeast of Sulphur Springs, was 91.4 ft'/s from 1964 to 1980. The
maximum discharge was 1,750 ft*/s that occurred in August 1965; periods of
no flow occur during most vears. The headwater of Sweetwater Creek is a
series of interconnected lakes (fig. 1) that include Chapman Lake, Lake
Magdalene, Bay Lake, and Lake Ellen. The creek discharges into Old
Tampa Bay about 8 miles southwest of Lake Ellen. The average daily
discharge of Swestwater Creek at a station about 3.5 miles southwest of
Lake Ellen was 7.3%s from 1951 to 1979. Extremes in discharge ranged
from 438 ft's in March 1960 to periods of no flow during some years.
Curiosity Creek is an intermittent stream that begins in a swampy area on
the east side of Sweetwater Creek near Lake Gass (fig. 1). The creek drains
an area of 3.48 mi’ and flows into a sinkhole in an internally drained area
sbout 3 miles south of the lake. During calendar years 1979-80, the
maximum flow of Curiosity Creek from 1.37 mi’® of its basin was 28 ft¥s, but
there were extended periods of no flow during both years.

Lakes

All lakes are in the western half of the study area. Lakes Carroll and
Magdalene, the largest lakes (fig. 1), are in a highly urbanized area. Lake
Carroll has a surface area of about 195 acres and Lake Magdalene about 232
acres. During 1946-80, the maximum daily elevation of Lake Carroll was
40.08 feet above sea level, and the minimum daily elevation was 32.35 fewt.
During the same period. the maximum daily elevation of Lake Magdalene
was 51 00 feet above sea level, and the minimum daily elevation was 41.96
feet. Depths of Lake Carroll and Lake Magdalene are shown in figures 3 and
4. Lakes Charles, Saddleback. Round, and Crenshaw in the extreme
northwest corner of the study area (fig. 1) are augmented with water
pumped from Floridan aquifer wells (Stewart and Hughes, 1974). Depths of
Saddleback Lake and Lake Charles are shown in figures 5 and 6.

GENERAL GEOLOGY

The Sulphur Springs area is overlain by surficial deposits of sand and clay
that range in thickness from less than 30 feet near the Hillsborough River
to more than 90 feet at Temple Terrace (fig. 7). The lower part of the
surficial deposits consists of clay, sandy clay, and clayey sand that confine
the Floridan aquifer thraughout most of the area. The confining layer is
about 10 feet thick near the south-central part of the area, about 40 feet
thick in the northesstern and southwestern parts, and about 20 feet thick
south of the Hillsborough River (fig. 8). Generally. the confining layer is
thicker in the western half than in the ssstern half. Carr and Alverson
(1959) report the occurrence of patches of the Hawthorn Formation
(confining layer) in the southeastern corner of the area, largely at Temple
Terrace. Isolated patches of the Hawthorn Formation also occur along the
south side of the Hillsborough River south of Temple Terrace. In the
Sulphur Springs area, the Tampa Limestone forms the upper part of the
Floridan aquifer The generalized configuration of the top of the Floridan
aquifer- ranges from 60 feet below sea level in the morthwestern part to
about 20 feet above sea level in the western part (fig. 9). Geologic
formations below the Tampa Limestone, in descending order, are the
Suwannee Limestone, Ocala Limestone, Avon Park Limestone, and the
Oldsmar Limestone.

Generalized geologic sections of the study area are shown in figures 10
and 11. Section A-A’ (fig. 11) extends from the lake area in the west to the
large swampy area in the northeast. The confining layer is fairly uniform
along the section and ranges in thickness from about 20 to 30 feet. Section
B-B’ is south of the lake area, and the confining layer is thickest in the
western part {about 40 feet) and is thinnest in the eastern part (about 20
feet).

Extenwive cavity systems have been encountered during test drilling and
during excavating for cc cial and industrial plant sites between Busch
Boulevard and Fletcher Avenue, about 2 miles east of Interstate 275. Large
quantities of cement have been pumped into the cavities to strengthen
structure foundations There i» an extensive cavity system in the Floridan
aquifer from Sulphur Springs northward for about 2 miles or more and a
fairly extensive and well-developed cavernous zone at depths of 120 to 180
feot below land surface in the Temple Terrace area (Stewart and others,
1978).

HYDRAULIC PROPERTIES OF THE FLORIDAN AQUIFER

The quantity of water that an aquifer will yield to wells depends, in part,
upon the hydraulic characteristics of the aquifer and its overlying and
underlying confining beds. The principal characteristics are: transmissivity
{the ability of the aquifer to transmit water), storage coefficient (the ability
of the aquifer to store water), leakance (the ability of the confining beds to
transmit water vertically from an underlying or overlying aquifer into the
pumped aquifer), and hydraulic conductivity (the ability of the aquifer to
transmit water through a unit area of the aquifer).

The transmissivity of the Floridan aquifer in the Sulphur Springs area is
for the most part high, but variable. Stewart and others (1978) reported a
transmissivity of 1.3 10* ft*/d and a storage coefficient of 3.4 10 for the
Temple Terrace area. Ryder and others (1980) derived a transmissivity of
6X%10° ft*/d from model calibration of a well field that included the
northeastern part of the Sulphur Springs area. The leakage coefficient
ranges from 2X10° to 8 X10°* (ft/d)ft. Hutchinson and others (1981) derived
a transmissivity of 2X10* ft*/d from a two-dimensional model that included
part of the area along the Hillsborough River.

A hydraulic conductivity of 1.9X10* ft/d was obtained for a cavernous
area north of Sulphur Springs using the results of two dye tests. It appears
that most ground-water flow in this area is in the upper 100 to 200 feet of
the Floridan aquifer. Because of the highly developed cavity system,
estimated transmissivity for the Floridan aquifer is on the order of 2X10*
ft*/d. The storage coefficient is sstimated to be 1X10*.

The transmissivity of the Floridan aquifer in the northwestern part is
7.3x%10* ft*d, the storage coefficient is 5X10* (Stewart, 1968), and the
leakage coefficient is 2.0X10* (ft/dV/ft. In an area 2-1/2 miles east of the
northeastern part of the study area, Stewart (1977) reported a tramsmissiv-
ity of 1.3X10° ft*/d and a storage coefficient of 210 from test pumping a
large-diameter sinkhole about three-fourths of a mile south of the Hillsbor-
ough River.

Based on the above studies completed in or near the Sulphur Springs
area, transmissivity ranges from 7.3X10¢ ft¥d in the northwestern part to
1.3X10* ft*/d in the northeastern part and to 2X10° ft*/d north of Sulphur
Springs. The transmissivity is generally highest nesr the Hillsborough
River. Values obtained for transmissivity, leakage coefficient, and hydraulic
conductivity indicate that the Floridan aquifer is highly productive in the
study area.

WATER LEVELS

Water levels of the surficial aquifer and the potentiometric surface of the
Floridan aquifer for May 1981 are shown by figures 12 and 13. Water levels
in the surficial aquifer ranged from 20 fest above sea level in the southern
part to 60 feet above sea level in the Temple Terrace area (fig. 12). High
water levels in the southeastern part of the area are due largely to the low
hydraulic conductivity of the greenish-gray clayey sands of the Hawthorn
Formation. The material has a low permeability and restricts vertical
movement of water from the surficial aquifer to the Floridan aquifer. Water
levels in the surficial aquifer throughout the area ranged from 5 to 45 fiset
above the potentiometric surface. The highest water levels occur in
topographically high areas, and the lowest water levels occur in topographi-
cally low areas. An area of low water levels, indicated by the 20- and 25-foot
contours near Interstate 275, extends south of Fowler Avenue to the
Hillsborough River and includes several well-developed and prominent
sinkholes north of Sulphur Springs.

During May 1981, water levels in the surficial aquifer below Tampa Dam
were less than 20 feet above sea level near the Hillsborough River and
probably were less than a foot above sea level where the aquifer discharged
into the river. In the tidal reach below the dam, the stage of the
Hillsborough River ranged from less than 2 feet below sea level to less than
3 feet above sea level. Water levels in the surficial aquifer above the dam
were less than 25 feet above sea level near the river and were less than 16
feet above sea level at the river. The stage of the Tampa reservoir was 16
feet above sea level. Thua, the surficial aquifer in the area is a source of
ground-water discharge to the river, both upstream and downstream from
the Tampa Dam.

In May 1981, the potentiometric surface of the Floridan aquifer ranged
from 10 fset above sea level in the southern part of the area to 45 feet above
sea level in the northern part. Figure 13 shows the general direction of
ground-water movemgnt by flow lines drawn normal to the contour lines.
Ground-water movement is southerly from a potentiometric high in the
northwestern part. In the southern part, most ground-water flow lines tend
to converge towards Sulphur Springs and the Hillsborough River.

During May 1981, the potentiometric surface along the Hillsborough
River channel below Tampa Dam was about 10 feet above the stage of the
river. The head difference between the river and the Floridan aquifer
indicates an upward pressure gradient along this part of the channel and
represents potential discharge of water from the Floriden aquifer to the
river. However, a test hole drilled in the riverbed in 1961, about half a mile
southwest of Sulphur Springs, penetrated a green, sandy clay from 8 to 18
feet below sea level. This material forms the confining bed that overlies
parts of the Floridan aquifer in the southeastern part of the area and, if
unbreached. would restrict upward movement of Floriden aquifer water.
Above the dam, the potentiometric surface of the Floridan aquifer under the
reservoir area was 3 to 6 feet lower than the stage of the reservoir. Under
this condition and assuming an absence of a confining layer, a potential
exists for the reservoir to recharge the Floriden aquifer. Conversely, if the
reservoir stage declines below the potentiometric surface, then the aquifer
has the potential to discharge to the reservoir. The Floridan aquifer in the
study area is recharged by leakage from the surficial aquifer and through
sinkholes in internally drained areas that are directly and indirectly
connected with the Floridan aquifer.

Based on the May 1981 potentiometric map, a ground-water gradient of
about 15 feet in 1.8 miles (30- to 15-foot contours, fig. 13) exists west of
Interstate 275 between Fletcher Avenue and Busch Boulevard. Immediately
south, the gradient decreases to 5 feet in 1.5 miles, or a reduction of about
60 percent. The decrease in gradient is due (1) to an increase in transmissiv-
ity of the Floridan aquifer in the southern part of the area, and (2) to a
change from an area of lateral or downward ground-water flow in the
northern part of the area to one of upward ground-water discharge at
Sulphur Springs and the Hillsborough River.

FLOODS

The west-central part of the Sulphur Springs area between Fowler Avenue
and Busch Boulevard and west of Florida Avenue has flooded on numerous
occasions during the past 25 years. Pride (1962) delinwated the September
1960 flood areas along the Hillsborough River; Murphy and others (1982)
prepared a report that delineated areas that were flooded during August-
October 1979; and the city of Tampa Public Works Department (D.J. Terp,
Chief Engineer, written commun., 1981) prepared maps that show areas
flooded during floods occurring between September 1957 and September
1979. The 1960 and 1979 flood areas are shown in figure 1. These dates were
selected to show flooding that occurred along the Hillsborough River and in
the Fowler Avenue-Busch Boulevard area west of Florids Avenue.

WATER USE

In 1980, the city of Tampa pumped an average of 48.5 Mgald from the
Hillsborough River Raservoir above the Tampa Dam (Duerr and Trommer,
1981). An additional 5 Mgal/d was pumped from Sulphur Springs in
October, and 11.5 Mgal/d was pumped in November. The city also pumped
15.2 Mgalid from its Morris Bridge well field located about 9 miles
northeast of Sulphur Springs and about 1 mile east of the northeast corner
of the study area. Sulphur Springs is used as a source of supplemental
water supply during periods of low flow in the river and when water
demands are high. The water from the spring is carried by pipeline and
discharged into the Tampa Reservoir near the dam.

Water use in the area in 1980 (Duerr and Trommer, 1981) included the
following:

Quantity pumped
Ground water (Mgal/d)
Public water supplies:
City of Tampa (Sulphur Springs) 1.38
City of Temple Terrace 2.13
Florids Citrus Water Company
(Carrollwood area) aq
University of South Florids 40
[ndustrial and commercial 1.50
Irrigation 1.00
Air conditioning .02
Total ground water 7.20
Surface water
Public water supply:
City of Tampa (Hillsborough River) 48.5
Total surface water 48.5

SPRINGS

One large spring, Sulphur Springs, and two small springs, Lowry Park
Spring and Temple Terrace Spring, are near the Hillsborough River (fig. 1).
Sulphur Springs is about a quarter of a mile east of Interstate 275; its
discharge ranged from 22 to 39 Mgalid during 1980. Lowry Park Spring
(discharge less than 10 gal/min) is on the west side of the river about
two-thirds of a mile west of Interstate 275. Temple Terrace Spring, on the
north side of the Hillsborough River in Temple Terrace, discharges about 75
gal/min. This spring was the original water supply for the city of Temple

_ Terrace, but its use as a scurce of water was discontinued in the early

1940's.

Sulphur Springs is about 300 feet north of the Hillsborough River (fig. 1).
The spring pool is used for swimming and is about 30 feet deep. The
swimming area consists of a 90-foot circular pool with concrete retaining
walls. The pool level is controlled by two fixed-crest weirs and a hand-
operated gate. The average discharge based on records for 21 years (1960
through 1980) was 27.1 Mgal/d. The extremss in discharge during the 21
years were 91.4 Mgal/d in 1945 and 2.5 Mgal/d in 1971. The monthly mean
discharge of the spring into the Hillsborough River for 1961-80 and the
monthly mean diversion to Tampa Reservoir are shown in figure 14.

The discharge of Sulphur Springs is related to the elevation of the
potentiometric surface of the Floridan aquifer. A linear relation between
spring discharges and water levels at well 66, 1.5 miles northwest of the
springs (fig. 1), has an average multiple correlation coefficient of 0.90 and an
average standard error of estimate of 53 percent. Analyses of spring
discharge and stages of Tampa Reservoir do not show any eignificant
relation.

Rosenau and others (1977) stated that water-quality data collected at
Sulphur Springs from 1946 to 1972 showed a gradual deterioration in
quality. During the 26-year period, specific conductance increased from 260
to 1,240 micromhos per centimeter (umho/cm); dissolved solids concentra-
tions increased from 480 to 680 milligrams per liter (mg/L); sulfate
concentrations increased from 60 to 100 mg/L; and chloride concentrations
increased from 160 to 230 mg/L. Menke and others (1961) stated that a
hydraulic connection may exist between the spring and other aquifers at
depths greater than that penetrated by existing wells in the area. The
source of the mineralized water in the spring probably originates in the deep
zones of the Floridan aquifer at depths below the bottoms of existing wells
in the area.

A pump was installed in Sulphur Springs in May 1964 to provide Tampa
with a supplemental water supply of about 20 Mgal/d during periods when
the stage of the Hillsborough River is low and water demands are high.

According to Menke and others (1961), concentrations of dissolved
materials in Sulphur Springs fluctuate with the stage and discharge of the
spring. Specific conductance and chloride and dissolved solids concentra-
tions showed increases during periods when the water level in the pool was
lowered. Plots of discharges and concentrations of selected constituents for
the period 1946-80 are shown in figure 15. Specific conductance had the
largest change with increased discharge of the spring; chloride and sulfate
concentrations had the smallest changes with increased discharge. The pool
level in Sulphur Springs is controlled by a hand-operated gate on the west
side of the pool. If the spring pool is artificially lowered, discharge of the
spring is increased for any given potentiometric head, and the quality of the
water differs from that during like discharges at high or normal pool levels.
The scattering of points showing chloride and sulfate concentrations and
specific conductance in figure 15 is due to sampling of the spring when the
pool level was artificially lowered below normal operating level. The data
illustrate that the chemical quality of water in Sulphur Springs is related to
the head of water maintained in the spring pool.

TOURIST CLUB WELL

A plot of chloride concentrations versus specific conductance of water
from an unused Floridan aquifer well about 440 feet southeast of Sulphur
Springs and 140 feet north of the Hillsborough River is shown in figure 16.
The well is 318 feet deep and is cased to 80 feet, or about 60 feet into the
upper part of the Floridan aquifer. A linear regression equation of chloride
concentrations as a function of specific conductance, determined for the
well, is as follows: chloride (mg/L) = —336 + 0.334 X specific conductance
(umhoi/cm). The correlation coefficient is 0.97.

Specific conductance and chloride concentrations of water in the well have
increased steadily since about 1971. During the period 1959-81, chloride
concentrations ranged from 200 to 4,800 mg/L (fig. 17). During the same
period, specific conductance ranged from 1,000 to 15,500 umho/cm. The high
values of specific conductance and chloride concentrations indicate that
mineralized water occurs below 80 feet (bottom of well casing) and, in all
probability, at a depth greater than several hundred feet. Menke and others
(1961) indicated that highly mineralized water in the area is derived from
below the Ocala Limestone and is related to connate water in older rocks
that has not been flushed by freshwater.

A plot of the potentiometric head in the Tourist Club well and the
discharge of Sulphur Springs for the period 1963-81 is shown in figure 18.
The data are included to show the relation between the discharge of the
spring to corresponding changes in potentiometric head in the well. Data for
the Tourist Club well were used because minimum pool levels were not
available for Sulphur Springs. For spring discharges of less than 45 ft/s,
the potentiometric head in the well ranged from 7.8 to 10.7 feet above sea
level; for discharges greater than 45 ft/a, the potentiometric head ranged
from 7.2 to 12.0 feet above sea level. The plotted points in figure 20 indicate
that the potentiometric head at the well approached equilibrium during
periods when spring discharge was less than about 45 ft*/s. Large increases
in spring discharge occurred during maximum opening of the gate. The
scattering of points in figure 18 resulted from periodic and erratic opening
of the gate to flush the spring pool.

SINKHOLES

Sinkholes are common surface features in the karst ares of Sulphur
Springs. The Floridan aquifer in the area consists of limestone and dolomite,
rocks that are susceptible to slow dissolution by acidic water that moves
through pore spaces, fractures, and other openings in the rocks. The
enlarged openings develop a network of conduits or cavities through which
increasingly large volumes of sediments are transported by the water
(Sinclair, 1981). As the limestone and dol continue to dissolve, the
overlying material begins to subside and eventually collapses into the rock
openings. A decline in water levels in the area removes part of the support
of the overlying material causing it to lose p and collapse. This
results in the development of a depression or opening at land surface. Water
moves by gravity into the depression. These openings or depressions,
commonly referred to as sinkholes, are avenues by which surface water may
move rapidly into the Floridan aquifer.

Numerous sinkholes have developed in the Sulphur Springs area. Most
are located between Fletcher Avenue and the Hillsborough River (fig. 1) in
the southwestern part of the area. The sinkholes generally average less than
15 feet in diameter and range in depth from about 10 to 15 feet. The most
active area of sinkhole development is a 1-mile-wide strip along both sides of
Interstate 275 that extends from the Hillsborough River northward about 4
miles.

Curiosity Sink

Curiosity Sink is 2.2 miles north-northwest of Sulphur Springs (fig. 1) and
is the terminus of Curiosity Creek. The sink is reported to be about 25 feet
dewp and 40 feet in diameter. The overall sink area is about 500 feet in
length and 100 feet in width. The Curiosity Sink area is internally drained,
and under normal conditions, water that discharges into the sink area flows
downward to the Floridan aquifer. However, overflow from the sink area
occurs on the west side when water levels exceed an elevation of 29 feet
above sea level

The depth of the southern part of the Curiosity Sink area was sounded in
1980, shortly after it was cleaned and deepened by the city of Tampa.
Depths averaged 6 to 8 feet below the water surface in the northern part, 4
feet in the central part, and 12 feet in the southern part. A pumping station
with an 18-inch discharge pipe was installed in the southern part of the sink
area in 1980 to reduce flooding. During high-water levels in the sink, water
is pumped into a shallow basin east of the sink and is then discharged into
the Hillsborough River by a pipeline. Water levels in the sink area averaged
about 19 feet above sea level during nonpumping periods and 17 feet during
periods of pumping at an average rate of about 5,000 ga/min. Based on a
pumping rate of 5,000 gal/min and a drawdown of 2 feet in the sink, the
specific capacity of the sink is about 2,500 gal/min per foot of drawdown.

Blue Sinks

Blue Sinks refers to an area of numerous small sinks 1,000 to 1,800 feet
south of Curiosity Sink. A cluster of five of the more prominent sinkholes is
shown in figure 1. The area has no surface streams snd is drained entirely
by sinkholes. A low area on the west side of the sink cluster near the 25-foot
land-surface contour appears to be the former streambed of Curiosity Creek
(fig. 1).

The site was visited several times by the senior author in 1963-64; at that
time, the sinks were 20 to 30 feet deep, and water was observed to be
flowing at the bottoms of two of the sinkholes. The sinkholes have since
been filled with refuse and in 1981 were less than 6 feet deep and dry.

Orchid Street Sink

Orchid Street Sink (also known as Linebaugh Sink), which is about 6,600
feet north of Sulphur Springs (fig. 1), receives runoff from a residential area.
The sink is 60 feet long, 50 feet wide, and bottoms at 24 feet below a general
land surface of 26 feet above sea level. When the sink was sounded in March
1981, the water level in a 20-foot circular pool on the south side was 13 fest
above sea level. The deepest sounding was 11 feet.

Poinsettia Street Sink

Poinsettia Street Sink (Trinity Springs), which is about 1,100 feet north of
Orchid Street Sink (fig. 1), receives urban runoff from a residential area. The
sink is 75 feet long, 50 feet wide, and bottoms st sbout 35 feet below a
general land surface of 28 feet above sea level. A 30-foot circular pool of
water on the west side of the sink was sounded in March 1981 and found to
have a maximum depth of 20 fieet when the water level in the sink was
about 13 feet above sea level

Tenth Street Sink

Tenth Street Sink is 1,900 feet north-northeast of Sulphur Springs and
about 700 feet east of Nebraska Avenue (fig. 1). The sink is 25 feet in
diameter and 27 feet deep below a general land surface of about 10 feet
above sea level. Land-surface elevation is the lowest observed at a sink in
the area. The sink was sounded in March 1981 when its water level was
about 5 feet above sea level.

Greco Sink

Greco sink is in the southeastern part of Temple Terrace, about half a
mile west of the Hillsborough River (fig. 1). The sink is 110 feet in diameter
and bottoms at 32 feet below a general land surface of 45 feet above sea
level. The deepest hole sounded was 18 feet below the water level in the
sink, or 7 feet above sea level. Quality of a water ssmple collected at the
bottom of the hole suggests a hydraulic connection betwsen the sinkhole
and the Floridan aquifer (Stewart and others, 1978).

Hilisborough River Sinks

A profile of the Hillshorough River from Tampa Dam to Fletcher Avenue
(Goetz and others, 1978) shows several holes in the bed of the river about
0.7 to 6.9 miles upstream from the dam (fig. 1). The holes range in depth
from about 5 to 18 feet below the riverbed and bottom at elevations that
range from 6 feet above sea level to 12 feet below sea level. The bottom of a
hole 0.7 mile upstream from Tampa Dam is about 6 feet below the riverbed.
The deepest hole is 4.4 miles upstream of Tampa Dam or about 0.3 mile east
of 56th Street. The hole is 18 feet below the riverbed and bottoms at about
1 foot below sea level.

A deep hole (locally known as Hannah's Swirl) is in a sharp bend of the
river about a mile downstream from Tampa Dam snd about 0.8 mile
southeast of Sulphur Springs (fig. 1). Although the hole may be due to
scouring of the river bottom, local residents report the hole to be about 20
foet deeper than the river bed.

A weismic reflection survey of the Hillsborough River in 1981 did not
indicate any unreported sinkholes in the river in the Sulphur Springs area
(R.M. Wolansky, U.S. Geological Survey, oral commun., 1981).

DYE TESTS

In January and March 1958, the city of Tampa injected fluorescein dye
into Curiosity Sink and Blue Sink 5 (fig. 1), about 2 miles north of Sulphur
Springs, to determine the rate and direction of ground-water movement. For
the January test, 8 pounds of dye were injected into Curiosity Sink, and for
the March test, 3.5 pounds of dye were injected into Blue Sink 5. Blue Sink
5 is 1,800 feet south-southeast of Curiosity Sink. During the tests, dye
followed a general course toward Sulphur Springs, corresponding to the
regional flow patterns shown in figure 13, but its course from Blue Sink 5 to
Orchid and Poinsettia Street Sinks was altered somewhat by local struc-
tural controls in the aquifer system (Menke and others, 1961). The alteration
in course probably was due to an extensive and well-developed cavity
system that connects Sulphur Springs with seversl sinkholes as much as 2
miles north of Sulphur Springs. The time observed for dye to arrive at
Sulphur Springs, Poinsettia Street Sink, and Orchid Street Sink after
injection and the rates of ground-water movement are given in table 1.
During the Curiosity Sink test, ground-water velocities ranged from 5,100
to 7,600 ft/d; for the Bilue Sink 5 test, velocities ranged from 4,200 to 9,20¢
ft/d. Dye was not detected in Tenth Street Sink during the tests.

SULPHUR SPRINGS COLIFORM INDICATOR BACTERIA

The Sulphur Springs swimming pool has been closed temporarily in May
or June of most years during the past decade because of high bacteria
counts. The pool was closed to swimming on May 19, 1981, when the total
coliform bacteria count exceeded the accepted contact level of 1,000 colonies
per 100 milliliters (col/100 mL) of water. Usually, the pool is closed shortly
after the spring is pumped to augment the city's water supply during the
high water-demand period in May and June. The usual pumping rate is
estimated to be 20 Mgal/d. Coliform bacteria counts of 1,000 col/100 mL or
greater may occur throughout the year. Data collected by the city of Tampa
Water Department (Ernie Wilder, Technical Services Supervisor, city of
Tampa, written commun., 1981) for the period 1974-81 show that the annual
period of heaviest concentration of bacteria in Sulphur Springs is January
through August, and the lowest concentration is September through
December. The lowest bacteria counts in Sulphur Springs for 1974-81 were
observed during November, the driest month, and the highest counts were
observed during April and May, moderately wet months. The bacteria count
of water in Sulphur Springs probably is related to rainfall and the quality of
runoff into sinkholes.

Water from Sulphur Springs and the Orchid Street and Tenth Street
Sinks to the north (fig. 1) was sampled twice in May 1981 and once in July
1981. The Sulphur Springs pool is about 30 feet deep, end water samples
were collected near the top, middle, and bottom of the pool; Orchid Street
Sink is about 11 feet deep, and water samples were collected at middepth in
the pool; Tenth Street Sink is 22 feet deep, and samples were collected near
the top, middle, and bottom of the pool.

The ratio of fecal coliform to fecal streptococci (FC/FS) for samples from
Sulphur Springs, Orchid Street Sink, and Tenth Street Sink are listed below.

FCIFS at
Date Sulphur Orchid Tenth Remarks
(1981) Springs Street Street
Sink Sink
May 26 17:1-33:1 29:1 0.9:1-1.6:1 After dry period.
May 28 10:1-22:1 2.8:1 3.5:1-5.4:1 After heavy zain.
July 23 1:1 14:1 0.2:1-6:1 After moderate wet period.

Ratios of FC/FS higher than 4:1 are good indicators that pollution is derived
from domestic wastes, which are largely composed of man’'s body wastes,
laundry wastes, and food refuse (Geldreich, 1966). Wet and dry conditions at
Orchid Street and Tenth Street Sinks were probably the same as that
observed at Sulphur Springs.

Ground-water velocities north of Sulphur Springs renge from approxi-
mately 4,000 to 9,000 ft'd. These high velocities probably are adequate for
most bacteria to survive the 28 to 40 hours required to travel approximately
1 to 2 miles from the sinkholes to Sulphur Springs.

A 36-inch sewer line parallels the Hillsborough River from Sulphur
Springs westward. Major sewer junctions are about 200 and 500 feet north
of Sulphur Springs. The junctions are reported to have been installed at
depths of about 2.0 and 2.5 feet above sea level, well below the water table
of the surficial aquifer (fig. 12). The top of rock in the srea is about 10 feet
below sea level (fig. 9), or about 12 feet below the sewer lines. Data were not
available to determine if the sewer line leaks. However, it would be expected
that the bacteria count in the spring pool would not vary appreciably if the
major source of bacteria was the sanitary sewer.

ESTIMATED RUNOFF LOADS

Orchid Street and Poinsettia Street Sinks are used as retention basins for
urban runoff from areas around the sinks. Estimated loads of selected
constituents that drain into the sinkholes were computed using average
base flow and storm-runoff concentrations and runoff volumes based on
data collected at nine urban watersheds in the Tampa Bay area (R.F.
Giovannelli and M.A. Lopez, written commun., 1981).

Orchid Street Sink receives drainage from a 77-acre residential area
through a 3-foot diameter concrete pipe on the eastern side, a 4-foot
diameter concrete pipe on the northern side. and a 1-foot diameter
aluminum corrugated pipe on the western side. The sink, when visited in
March 1981, contained scattered refuse in the bottom. Estimated loads of
selected constituents that drained into the sinkhole in 1979 are listed in
table 2. .

Poinsettia Street Sink receives drainage from a 64-acre residential area
through a 4-foot diameter concrete pipe on the eastern side. Estimated loads
of selected constituents that drained into the sink in 1979 are listed in table 2.

SUMMARY AND CONCLUSIONS

The Sulphur Springs area is highly urbanized in the southern part and
largely rural in the northwestern part. The University of South Florida, part
of the city of Tampa, and all of the city of Temple Terrace are in the area.

Curiosity Sink is in a flood-prone area near the northwestern limit of the
city of Tampa; it has flooded on numerous occasions. Much of the Curiosity
Sink area drains through sinkholes to the Floriden aquifer. Most sinkholes
are located between Fletcher Avenue and the Hilisborough River in the
southern part of the study area. The city of Tampa uses Orchid Street and
Poinsettia Street Sinks as retention basins for storm runoff.

The surficial aquifer is the principal source of recharge to the Floridan
aquifer, but recharge also occurs through sinkholes and through the Tampa
Dam Reservoir on the Hillsborough River.

The transmissivity of the Floridan aquifer in the Sulphur Springs area is
high, but variable, and ranges from 7.3x10* ft*/d in the northwestern part
to 1.3x10° ft*/d in the northesstern and southeastern parts. The transmissiv-
ity is generally highest nesr the Hillsborough River. The leakage coefficient
ranges from 2X 10 to 810 (ft/d)/ft.

in 1980, Tampa pumped an average of 48.5 Mgal/d from the Hillshorough
River. Total ground-water pumpage was 7.2 Mgal/d, of which 4.68 Mgal/d
was for public supplies, 1.5 Mgal/d was for industrial and commercial uses, 1
Mgal/d was for irrigation, and 0.02 Mgal/d was for air conditioning.

A fairly extensive and well-developed cavity system occurs in the Floridan
aquifer in the Temple Terrace area and the area north of Sulphur Springs
between the Hillshorough River and Fowler Avenue. Ground-water veloci-
ties of 1 to 2 miles per day were determined from two dye tests conducted in
the Hillsborough River-Fowler Avenue area. Sulphur Springs is a supple-
mental water-supply source for the city of Tampa and a public recreation
area. The spring pool has been temporarily closed to swimming in the spring
of most years because coliform bacteria counts exceeded the contact limit of
1,000 col/100 mL. Bacteria counts greater than 1,000 col/160 mL occur

most months.

Although the source of the coliform bacteria entering Sulphur Springs
was not fully established, indications are that sinkholes north of the spring
are the principal sources. The high ratio of fecal coliform and fecal
streptococci for Sulphur Springs and two sinkholes north of the spring
indicate that the high bacteria count is due to domestic waste. The
exceptionally high ground-water velocities obtained for the area probably
are adequate for most bacteria to survive the 1 to 2-day underground
traveltime needed to reach Sulphur Springs.
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ABBREVIATIONS AND CONVERSION FACTORS

Factors for converting inch-pound units to International System (SI)
of Units and abbreviations of units

Multiply

inch (in)

foot (ft)

mile (mi)

square mile (mi?)

acre

foot per hour (ft/h)

foot per day (ft/d)

foot squared pér day (ft"/d)

cubic foot (ft?)

gallon (gal)

million gallons per day
(Mgal/d)

gallon per minute (gal/min)

pound (Ib)

micromho per centimeter at

25°C (zmho/cm at 25°C)

as follows:

By

25.4
0.3048
1.609
2.590
0.4047
0.3048
0.3048
0.08290

0.2832
0.003785
0.04381

0.6309
0.00006309

453.6
1.000

(°F—32)0.556 = °C

To obtain

millimeter (mm)

meter (m)

kilometer (km)

square kilometer (km*)

hectare (ha)

meter per hour (m/h)

meter per day (m/d)

meter squared per day
(m?d)

cubic meter (m?

cubic meter (m?

cubic meter per second
(m?'s)

liter per second (L/s)

cubic meter per second
(m?¥s)

gram (g)

microsiemen per centimeter

at 25°C (uS/cm at 25°C)
Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius

National Geodetic Vertical Datum of 1929 (NGVD of 1929).—A geodetic
datum derived from a general adjustment of the first-order levek nets of
both the United States and Canada, formerly called mean sea level. NGVD
of 1929 is referred to as sea level in the text of this report.

EXPLANATION

— 4~—— Line of equal depth to bottom below
mean lake stage of 35.46 feet,
January 1981. Contour interval 4 feet.
National Geodetic Vertical Datum of 1929.

x17-6 Isolated depth measurement, in feet.

OUTFLOW
o

Figure 3.— Depth of Lake Carroll, January 1981 (modified from Henderson

[} 500 FEET
o 150 METERS

Figure 5.—Depth of Saddleback Lake, April 1966 (from Stewart and Hughes, 1974).

\ with the

C 'YOFT A, FLORIDA WATER-RESOURCES INVESTIGATIONS
o, i REPORT 83-4085
82’30‘ 27. 30" 82° 22. 50” 82°30 77 30 25 00" 82°22'%0° 82°30 27 30" 82°22° 30"
28°07'30" ' 20°07'30" wrorsd - i PO Y
LAXE o
: \&
‘ - @c‘:mnts
& l fAu /
l"g % ho
3
a LAKE
o y y
- g
“°a
&
=
/ o
5 mns ﬁ°i¥
b / i
2
‘ n S p L ©
5' 00 z 5 00 . @ N N
9 > = P L
7 30" =3 2 0 -d 4 2 ]
L 2 % 5
Blk= wHiTE TR :‘ 50. E i BI H \0 ‘»0 o (l
Q) > l'”V - R ik Z90 - v . vemmace
FLETGNER A e\ 80 ' o
?( ol - S : L 2.
NORE AST 4 %0 ” \ 7z N
LARE § ; UNIVERSITY OF 20 £ever 3 ,9
LAKE 2% 5 SOUTH_ELOMDA -, : (. &ﬂ? A -
S 7 X ./
ol Y 3 ML 20 upn\_/
LIMITS . WL ey LE { % : 3 ""-z
o b p— ] X 3 KILOMETERS 28506 L & Y — I
7 BLIS SIN AR EXPLANATION EXPLANATION
; BLUE SINK & 2 ——30—Line of equal thickness of surficial deposits. Interval 10 feet. —20 Line of equal thickness of the clay, sandy clay, and clayey
3 Geologic sections A-A’' and B-B' shown on figures 10 and 11. sand confining layer. Interval 10 feet.
2' 30" 2 30" Figure 7.—Thickness of surficial deposits (includes confining layer). Figure 8. —Generalized thickness of the clay, sandy clay, and clayey sand
confining layer.
82°30 27 30 29 00" 82° 22 30 g
28°07 30" g & X W o =
- ol § §28 8 8
L ane : & g =]
| ~ CHARLES - E 8 « o <
~20 \ %o 5 < :E_ 8 = 2
Eas & P 538? -
7 - W c E [ & =
*7’0 ::,‘ 3 A ; § 3 ; = l! A'
0 a o) & ~ = »
ot 4 LI X § /
a CJ
LOWRY PAR o 235 ! % dJ °
o0 »r
s 00 e 7 H 1
’ [8 |PPE R )
'z i o = <o il
TAMPA 2 MILES . FLETCHER ave \ \ ‘
: 1 - 0'03‘ VERTICAL SCALE GREATLY EXAGGERATED
— " 3 wioMeTERs [ 26°00 waE w—— N\ NATIONAL GEODETIC VERTICAL DATUM OF 1929
82°30 27 30" 25' 00" s2° 22' 30" g L ¥l S |
LAKE (<) vt OL 2 MILES
EXPLANATION o 0 © 3 KILOMETERS
——— 5 —— LAND-SURFACE CONTOUR — Shows altitude of land surface. @ Sinkhole o e 3 © J Figure 10.—Generalized geologic section of the northern part of the study area
Contour interval variable, National Geodetic Vertical Datum IR (location of section is shown in figure 7). &
of 1929. - Swamp & g
1T 5 g 2
Z W 0 T
A\ Staff gage £55) Area flooded in 1960 1 Tuwl < g 3
4 ©
< < & (<] L3
atinu o g oaidie ! - X & o
4 Continuous-record gaging station [ Area flooded in 1979 egrer ° / é g g w w ]
® Public water-supply well 5@/ - -t L ® - 222 & 5 8’
‘ water-su wel z
- Open water / /..,. [ - ELT FEET
O Observation well 28000 0 o $ xiLbmevens
— EXPLANATION
(? Spring ——0——STRUCTURE CONTOUR—Shows altitude of top of Floridan
aquifer. Contour interval 10 feet. Hachures indicate i
depressions. National Geodetic Vertical Datum of 1929 OF 1929
Figure 1.—Sulphur Springs area showing physiographic features and locations of observation and public water-supply wells. Figure 9.—Generalized configuration of the top of the Floridan aquifer. w0 B e e
VERTICAL SCALE GREATLY EXAGGERATED
NATIONAL GEODETIC VERTICAL DATUM OF 1929
? ? MILES
© 3 KILOMETERS
£ WPt T T T T . el
o Figure 11.—Generalized geologic section of the southern part of the study area
& (location of section is shown in figure 7).
2 - z.-or‘sa!r’o "?oﬁ 25"00‘ pEEE T | 8230 27 30" 28 00 82°22' 30"
g e " 9 55 oy PNy g BT T T T F T T T
= 100 Laxe 35 K’ cang
= CHARLES T CH, @
E f Lan g LA 6 TEE E
g 10 C";.% - Y Fry :uu g
8 L"n's”o o0 3 b 3 8
z T Ay Gt 3 ’ ) 3 w o .
2 LaxE - m‘g S 30— pa i % (/7]
4 QL Pl AQH Vs z
- o s o n-
P - & H L A
(6] 5 < H = _—
@ owla 4 o u a4 o o 4 4 i 4 b 4 A b b 4 aw‘ aiou eme sugrlh m i 28 - o =
- - i - o a 6O o 'd'_‘, Bodle g i i gie N b e e B fh il i i i gy
Figure 2.—Monthly mean discharge of the Hillsborough River ] ¥ & - i\ N DISCHARGE
at ’Ihm. Damn 1961'80- 5 LETcRes p—— 35\ = a ) FLETCHE / 9 MONTHLY MEA S
@
\ e \ L as7 R S oo I e e e S B B S R i B B S i e
o URIVERSITY OF £ .
A (5% / : - 4 L Oest ] s Ao ©
/ 0 LES x Z
/ 16 N\ LAKE - 2k rowLen) =
\ cam cakifoLe ¢ —1 w
/ 20 \) v.% g
LZLS) / 230" § - F | %7 g % © 5 © ; 10
H § = 2 30 \$ i i 5
7 g . ware TROUT & z o
S — SUREN D a
Q
0
v o0l 4
@/— P 25 ps o \ " l T T ; " - - ~
N : oA \ ' : e P / 8 2 @ = &
30 ave C i Lan . -l
i MONTHLY MEAN DIVERSION
T TAmPA L s } s ¥ O\/\ TAMPA ol it ’ s
2800 i 3 aLomeTeRs — 0 - 3 KILOMETERS Figure 14. —Monthly mean discharge and monthly mean diversion
EXPLANATION EXPLANATION e of Sulphur Springs, 1961-80.

—— 40——WATER-TABLE CONTOUR —Shows altitude of water table
in surficial aquifer, May 1981. Contour interval 5 feet.
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May 1981 (modified from Yobbi and Woodham, 1981).
* Figure 13. — Potentiometric surface of the Floridan aquifer, May 1981
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Figure 6.—Depth of Lake Charles, January 1972 (from Stewart

and Hughes, 1974).

'Drainage area 66 acres.
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——10——POTENTIOMETRIC CONTOUR—Shows altitude at which water level
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Figure 15.—Relation of specific conductance (top), chloride concentration (middle),
and sulfate concentration (bottom) to discharge of Sulphur Springs, 1946-80.
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Figure 18.— Relation of potentiometric head in the Tourist
Club well to the discharge of Sulphur Springs, 1963-81.
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