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An integrated geologic, hydrologic, and geophysical investigation
was conducted to determine the effect of a storm-water retention pond on
the Floridan aquifer. Surface DC resistivity surveys were used to
delineate the hydrostratigraphy. There are four distinct geoelectric
layers: (1) Layer 1, high resistivity, 3 meters thick, fine to very
fine unsaturated sand; (2) Layer 2, moderate resistivity, 1 to 2.5
meters thick, saturated sands and silts; (3) Layer 3, lower resistivity,
4 to 10 meters thick, silt and clay; (4) Layer 4, moderate resistivity,
argillaceous limestone. Two fracture zones are defined by resistivity
Tows and marked by deep, V-shaped depressions in the limestone which
formed through solution.

Vertical hydraulic conductivities were combined with head
differences between the water table and the Floridan aquifers to
determine recharge per unit area to the Floridan at each well. The
recharge per unit area at each well was weighted according to the
percentage of the total area represented by the well to obtain average
recharge per unit area.

A year-long hydrologic budget for the retention pond shows the
change in storage to be zero. Surface runoff and precipitation provide
1460 m3 per day to the pond; evaporation accounts for 282 m3/day. The
remainder (1178 m3/day) recharges the surficial aquifer. A represen-
tative volume with an area twice that of the pond was chosen to eval-
uate the effect of the retention pond on ground water quality. Multi-

plying the average recharge rate by this area gives 212 m3/day. Under-
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INTRODUCTION

The purpose of this study is to determine the hydrologic
relationship between a large, storm-water-retention pond and the
Floridan aquifer, and to estimate the hydrogeologic and geochemical
significance of recharge to the ground water system from storm-water-
retention ponds in west-central Florida. Data gathered in this study
are used to assess the potential effects of storm-water-retention
ponds on the water quality of the Floridan aquifer.

The surficial aquifer is recognized as the source of the recharge
water for the Floridan aquifer in much of west-central Florida. Local
variations in the stratigraphy of the unconsolidated deposits of the
surficial aquifer lead to localization of recharge to the underlying
limestone aquifer. Hydrogeologic properties of the surficial aquifer
of northwest Hillsborough County have been studied by Menke et al.,
(1961), also described by W. C. Sinclair (1973), with emphasis of the
role of the surficial aquifer in storage of rain water and movement of
water to the Floridan aquifer.

Stewart and Duerr (1973) discuss hydrogeologic factors which
influence solid-waste disposal in the Tampa area. Many of the factors
discussed can be related to storm-water-retention ponds. Hydrogeologic
factors affecting the availability and quality of ground water in the

Temple Terrace area was studied by Stewart et al., (1978).



The source of water for the city of Temple Terrace is the Floridan
aquifer, a thick sequence of Cenozoic limestone and dolomite
consisting of several permeable zones that are generally treated as
one hydrologic unit. The Floridan is overlain by a sequence of sands,
silts and clays of lower permeability. Sinkholes are fairly common
throughout the Temple Terrace area; some are potential sources of
ground-water degradation because of surface inflow. These sinkholes
create zones of preferred recharge from the water table to the
limestone (Stewart et al., 1978).

Storm water from urban areas can be a source of contamination,
containing heavy metals, pesticides, and other priority pollutants.
Recently enacted zoning and building codes encourage or require storm-
water-retention ponds for larger projects. A recently completed
survey of urban storm water quality provides data on storm-water
quality and quantities in the Tampa urban area (Lopes and Giovannelli,

1984).



THE HYDROLOGIC CYCLE

The hydrologic cycle is a continuous process by which water is
transported from the ocean, to the atmosphere, to the land and
ultimately back to the ocean. The phases of the hydrologic cycle are
shown schematically in Figure 1. The difficulty in solving practical
problems involving the hydrologic cycle stems from the inability to
properly measure or estimate the various factors in the hydrologic
budget. Precipitation, wind speed, relative humidity, and other clima-
tological variables are easily measured by placing gauging stations at
various locations. Quantities such as runoff, evapotranspiration, and
infiltration are not easily quantified, thus reliance on
well-known hydrologic equations becomes necessary.

The term infiltration is used to describe the flow of water
through the land surface to the unconfined aquifer. It is affected by
two factors. The first is whether or not there is any space available
below the Tand surface for the storage of water that may infiltrate.
The second factor affecting infiltration is the ability of the water
to penetrate through the land surface and upper layers of soil.
Certain land uses such as urban development create areas of high
runoff and low infiltration due to factors such as paving, buildings
and storm sewers. Other land uses have distinct infiltration
characteristics. Soil types affect infiltration because of their

different permeabilities, soils with high permeabilities allow large
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amounts of infiltration, with the opposite being true of soils with
low permeabilities.

The term recharge is used to describe the flow of water from the
surficial aquifer through the confining layer to the artesian aquifer
(Figure 2). It may occur whenever the water table elevation is higher
than the potentiometric surface. The rate of recharge is controlled
by two distinct factors. The first is the degree of hydraulic
potential or head difference between the water table and
potentiometric surface, and the second is the vertical permeability of
the confining Tayer. This permeability is directly related to the
percentage of clay in the confining layer and its thickness.

The relative potential for recharge to occur to the aquifer at a

given point can be illustrated with the following equation:

R/A = Kv (HWT-HPOT) /b (1) 5 where:

R/A = Relative recharge per unit area (E%jf

KV = Average vertical hydraulic conductivity of confining
layer (-% )

A = Area represented by conditions at Point (LZ)

HWT = Elevation of water table (L)

HPOT= Elevation of potentiometric surface (L)

b = Thickness of confining layer (L)

This equation is derived from Darcy's Law on the assumption that the
recharge is directly proportional to the hydraulic potential or pressure
difference (HWT-HPOT) which is forcing flow, and is inversely
proportional to the resistance caused by the confining layer (b/KV).

The recharge value (R) may have a positive or negative value depending
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Figure 2. Cross-section of an aquifer system with the parameters
relating to infiltration and recharge.



on the Tevel of the water table and potentiometric surface
(Giovannelli, 1977).

A hydrologic budget is an accounting technique where recharge -
discharge = change in storage is the basic continuity equation.
Applying the continuity equation to the soil surface yields

Precipitation - (evapotranspiration + run off) = infiltration.

The hydrologic term evapotranspiration is a combination of two
hydrologic components, evaporation and transpiration. Evaporation is
based on solar energy input necessary to vaporize water, thus
returning this water to the atmosphere. Transpiration is a
botanical process by which water is taken up by the root system of a
plant, transmitted through the plant, and released through the pores
in the leaf system. The water then evaporates from the Teaves.

Evapo-transpiration is basically controlled by temperature,
solar radiation, wind, and relative humidity as expressed by the

Meyer Equation.

E=2¢C (eO - ea) (1 +%%9 (2) where

E = Evaporation (cm/year)

C = An empirical coefficient = 0.36 for an ordinary lake
(dimensionless)

e, = Saturation vapor pressure at water temperature (mbar)

e = Vapor pressure of air (mbar)

W = Wind speed (m/sec) (from Viessman et al., 1977)



STUDY AREA

Description of the Study Area

The area of investigation in north-central Hillsborough County
(Figures 3 and 4), has undulating topography with elevation ranging
from 9.15 to 15 meters above sea level. This topography is the result
of three landforms: karst, dunes, and beach ridges. Surficial sands
are fine-grained, well-sorted and very permeable, and vary in thickness
from 1.2 to over 6.1 m, indicating wind sorting. Beneath the sand is a
sequence of clayey sand, sandy clay, and silty sand. Beneath the
surficial sand and clay sequence is a dense, plastic clay which is a
weathering product of the underlying limestone (Carr and Alverson,
1959; Sinclair, 1973). This is indicated by the presence of distorted
and crenulated bedding planes in the clay resulting from slumping and
collapse of underlying material, and also by the occurrence of fresh
chert. The clay is the most important unit in retarding movement of water
from the surficial to the Floridan aquifer because of its extremely
Tow permeability. It varies in thickness from 0.5 to over 6 meters.
Beneath the clay is the Tampa Limestone, which has been undergoing
karstic erosion for at least several millions of years.

Several sinkholes have occurred within the area since record
keeping began in 1960. These result from local subsidence of the land
surface due to the sapping of the surficial material into solution

openings in the underlying limestone. The sinkholes permit local



hydraulic connection between the surficial water-table aquifer and the
Floridan aquifer and are an important avenue of natural recharge to the
Floridan aquifer (Sinclair, 1973).
Location
Hillsborough County is located midway down the west coast of

2 of land and 39 km® of inland

water area for a total area of approximately 1699 km2. It is bounded

Florida. The County encompasses 1660 km

by Pasco, Polk, and Manatee Counties to the north, east, and south,
respectively (Figure 3).

The study area is located in the north-central portion of the
County and includes the western side of the University of South
Florida campus and the retention ponds for USF and the University
Square Mall (Figure 4). The latitude of the study area is 28°03'35" and
longitude is 82°25'14".

Climate

The climate of the Tampa Bay area is characterized‘by warm, humid
summers and mild winters. Temperatures during the summer range from
about 21 C° to 32 C° and winter temperatures range from about 0 C° to
21 C°. The mean annual temperature is 22 C°. The normal annual
precipitation is about 125 centimeters (Bradley, 1972; Fernald and
Donaldson, 1984). Most rainfall occurs from June through September as
a result of short duration and high intensity thunderstorms (Lopez and
Giovannelli, 1984). August is the wettest month, with about 17% of the
annual rainfall. November is the driest month, accounting for slightly

less than 4% of the annual total.
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Geology
The geology of Hillsborough County is described by Menke et al.,

(1961). The county is underlain by sedimentary rocks ranging

in thickness from about 2440 m in the northeast to about 3963 m

in the southwest (Applin, 1951). These sedimentary rocks,

which rest on Mesozoic crystalline rocks, consist of sandstone,
anhydrite and dolomite of Mesozoic age, overlain by limestone and
dolomite of Cenozoic age. The regional dip of the Cenozoic rocks is
toward the southwest.

Because the beds thicken and dip to the socuthwest, wells of
similar depth will penetrate older formations in the northeast more
than in the southwest. Most of the deep wells in the southwestern
part of the county produce water principally from the Tampa and
Suwannee Limestone, whereas those in the central, east, and northeast
parts of the county commonly produce from the Avon Park Limestone
(Table 1).

Limestone and dolomite in the county constitute the following
Tertiary formations in ascending order: Lake City Limestone, Avon
Park Limestone, Ocala Limestone, Suwannee Limestone, Tampa Limestone,

and Hawthorn Formation.

Hydrostratigraphic Units

Part of the rain that falls on the earth moves downward through
the ground to the zone of saturation to become ground water. The
ground water then moves laterally to discharge points such as
springs, wells, or the sea. The saturated permeable geologic unit

that can transmit significant quentities of water under ordinary

12



Table 1.

Generalized stratigraphy and description of Hillsborough County, Florida
et al., 1961).

(from Menke

SYSTIM SERIES FTORMATION THICKNESS LITHOLOGY AQUIFER
(meters)
Holocene
(uaternary Undiffer- _ water
) v?lelstocene enl:atea 0-45 Sand, clay and marl table
Pliocepe aquifer
Nowthorn Fm. 0-70 clay, sand and limestone. shallow
Miocene Limestone white to gray artesian
Tampa .
Limes tone 25_120 ;;Tzz:gggé sandy, white and cream,
01 igocene Suwannee Limestone, white, yellow, dense,
Limestone chert lenses
Tertiary Crystal River Limes tone, yellow-gray and brown
Formation soft, almost pure limestone. Mostly
o foramini feral coquinas in pasty
E, Wi ist limestone matrix Princival
ston
'i Formation 27-90 Artestan
‘@
(3]
o
Inglis
Formation
Eocene PE— Limestone, cream to brown, chalky,
Limest 60+ soft, crystalline dolomite
eRianE limestone. Locally contains some
gypsum.
Lake City
L imestone 150
0ldsmar Limestone, dolomitic with lenses
L imes tone 270 of chert, some gypsum
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hydraulic gradients is known as an aquifer (Freeze and Cherry, 197G,
p. 47).

Water-table conditions exist where the upper surface of an aquifer
is subject to atmospheric pressure. The water level in a well that
taps a water-table aquifer generally coincides with the upper surface
of the zone of saturation. Artesian conditions (for example, the
Floridan aquifer) exist where water in an aquifer is confined by
distinctly less permeable rock and is under hydrostatic pressure
greater than atmospheric. Based on the above criteria, two aquifers
exist in Hillsborough County - water-table and Floridan aquifers
(Menke et al., 1961; Figure 5).

Water-Table Aquifer

The water-table aquifer consists of fine sand, sandy clay, clayey
24 meters. The water in the aquifer is derived from local rainfall,
and the water table is only a few meters below the ground surface. The
water-table aquifer is thickest in the northwest part of Temple Terrace
and is thinnest near the Hillsborough River. The bulk porosity of the
surficial aquifer materials ranges from 29 to 46%; the effective
porosity averages 28% (Stewart et al., 1978). The horizontal hydraulic
conductivity of materials constituting the water-table aquifer was
estimated to be about 3.96 m/day (Stewart et al., 1978). Reported
transmissivities ranged from about 19 to 622 mz/day and storage
coefficients range from .05 to .30 (Wilson and Gerhart, 1980). The
water table is only a few meters below land surface even in dry periods,
and areas that are not well drained are likely to become saturated and

have water standing on the surface after a heavy rain. Generally,

water is not available in desirable quality or quantity from the



Figure 5. Generalized hydrologic relationship between surficial sand and clay and the upper part
of the Floridan aquifer (from Cooper et al., 1953).
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water-table aquifer, and it is not a very important source of supply in
the county (Menke et al., 1961).
Floridan Aquifer

The Floridan aquifer, one of the most productive aquifers in the
world, is the principal artesian aquifer in Hillsborough County, as
well as in most of west-central Florida. Water in the aquifer is
replenished chiefly by infiltration of rainfall in areas of recharge
in Hillsborough and adjoining counties (Stewart, 1980).

The Floridan aquifer is a thick sequence of Timestone and
dolomite Tayers which includes several permeable zones that are
generally treated as one hydrologic unit. Several of these zones are:
the limestones of the Tampa Limestone and the upper part of the
Suwannee Limestone, the lower part of the Suwannee Limestone,
the upper part of the Ocala Limestone, the upper part of the Avon Park
Limestone and, in places, the Tower part of the Ocala Limestone and
the lower part of the Avon Park Limestone (Hickey, 1982).

The most transmissive zone of the Floridan aquifer generally
occurs within the upper 100 m of the dolostone section of the Avon Park
Limestone, which may also include the lower part of the Ocala Limestone.

4 mz/day. Wells in the

Transmissivity is estimated to be about 1.2 x 10
Floridan aquifer in Temple Terrace, ranging from about 45 to 150
meters in depth, yield as much as 94.6 liters/second. The most
productive water-yielding part of the aquifer is the cavernous zone 36
to 54 meters below land surface (Stewart et al., 1978).

Recharge to the Floridan aquifer is through sinkholes that

penetrate the overlying confining beds, by streams and ponds, and by

the downward leakage of water from the overlying surficial aquifer in



areas where the water table is above the potentiometric surface of the
Floridan aquifer. Water is discharged by pumpage and by upward
leakage to the surficial aquifer in areas where the potentiometric
surface of the Floridan aquifer is above the water table. The most
prominent feature of the potentiometric surface is a large depression
in the vicinity of 01d Tampa Bay during May, 1979 (Figure 6). The
depression in the potentiometric surface is probably caused by the
natural discharge of water from the Floridan aquifer to the Bay.

The zero contour delineates the approximate boundary of the

area of natural, fresh-water discharge from the Floridan aquifer.
Bayward from the zero contour Tine, the aquifer contains saline
water. The depression decreased in area by September (Figure 7),
suggesting that its development was related to seasonal stresses on
the aquifer.

Figures 6 and 7 show the general configuration of the
potentiometric surface on the Floridan aquifer for May and September,
1979, respectively. Figure 6 represents conditions near the end of
the dry season, when potentials are generally at their lowest
(Wolansky et al., 1979). Figure 7 represents conditions near the end
of the rainy season when potentials are at their highest (Yobbi

et al., 1980).
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METHODOLOGY

A study of the water table configuration and the hydrologic
budget of the retention pond over a period of time should reveal
patterns of infiltration, movement, and storage of water within the
surficial aquifer. Recharge to the Floridan Aquifer and the

hydrogeology of the retention pond were studied in several ways.

Geologic Methods

Geologic methods were used primarily to determine the hydro-
stratigraphy of the shallow aquifer. The stratigraphy of the study
area was examined using bucket auger and split-spoon sampling methods.
Twenty-three auger borings were completed from August through
December, 1984. Two of the augered holes extended to depths greater
than 7 meters. Sampling unconsolidated material with a bucket auger
is superior to sampling by other methods because uncontaminated
samples can be obtained at any desired depth in a relatively
undisturbed condition. Samples were taken at varying intervals,
depending on changes in lithology. However, lithologic variation
was recorded for the full depth of the boring. Eleven samples
representing different lithologic units recognized from 23 test holes
were analyzed in the laboratory using grain size analysis (hydrometer

and sieve methods).
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The samples were wet-sieved through a 4-phi sieve. The sand-size
fraction was sieved using U.S. standard sieves of 6, 40, 60, 100 and 200

mesh. The silt and clay fraction was analyzed using hydrometer analysis.

Geophysical Methods

Most gecphysical methods require a contrast between the object of
investigation and the surrounding material if the object is to be
detected. Since the resistivity of earth materials varies over
many orders of magnitude, resistivity measurements provide a potential
means for determining subsurface lithologies and structures.
Resistivity is defined as the ratio of electrical field to current
density. In ohmic terms, resistivity is the resistance to electrical
current per unit length, proportional to length and inversely
proportional to current and cross-sectional area (Sears et al., 1982;
(Figure 8).

The acquisition of field data involved the use of a soil test
model R-50 stratameter direct current resistivity unit and a Geonics
EM-16R VLF instrument. A1l field data were collected from September,

1984 through February, 1985.

Vertical Electric Soundings (VES)

Fourteen VES were completed. The apparent resistivities
calculated in the field were reduced using an automatic inversion
computer program devised by Zohdy and Bisdorf (1975), which provided
depth, thickness, and bulk resistivity values for layers in the

geoelectric sections.
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Horizontal Electrical Profiling (HEP)

Nineteen HEP were completed. HEP 1-13 are perpendicular to
fracture traces, and 14-19 parallel to fracture traces. The calculated
apparent resistivity values are plotted on a map at their respective
station location and a contour map is drawn connecting points of equal
resistivity. Generally, profiling methods determine the lateral
variations of apparent resistivity for a given depth of investigation,
and detect a vertical (or diagonal) boundary between units if the units

vary significantly in resistivity.

EM-16R

A Geonics EM-16R VLF instrument was used to delineate a plume of
conductive water migrating from an open drainage ditch to a sinkhole
within the study area (personal communication; Parker and McCain,
1984). With the EM-16R instrument, apparent resistivity and phase
angle measurements were made at 10 meter intervals along transects
parallel to the station direction, extending to the boundaries of the
survey area. Transects were spaced at 10 meter intervals measured
along the baseline. This field method allows accurate grid coverage of
the survey area with a minimum of surveying, provided the base Tine

position is determined accurately.

Hydrogeologic Methods

With the increased awareness of ground-water contamination
problems, the need arises for alternative methodologies to determine
the hydrologic properties of the aquifer. A high density of data

points is necessary to resolve details of the water table configura-

tion. To accomplish this small diameter, steel, driven ground water
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samplers were used. The steel samplers were replaced with 1.25 cm PVC
wells which fit an 1.8 cm opening left upon removal of the driven
sampler. Clusters of monitor wells open to various depths were also
also emplaced by the same technique for determination of vertical
hydraulic gradients. Samples from the small diameter samplers and
wells were collected with a vacuum flask. This technique a]]oWs rapid
and economical emplacement of wells. Head, specific conductance,

and temperature were monitored weekly in the 1.25 cm PVC wells.
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RESULTS

Geophysics

Fourteen geoelectric sections were compiled from the reduced
data. The location of these sections are shown in Figure 9. Each
sounding was plotted with a-spacing on the X-axis and apparent
resistivity, o, on the Y-axis (Figures 10, 11, and Appendix B).

The smoothed sounding curves were used for inversion. From the
inverted data fourteen geoelectric sections were constructed with
apparent resistivity, py , on the X-axis and depth, Zm, on the
Y-axis (Figure 12 and Appendix C).

Boundaries between layers were determined by a graphical procedure
referred to here as the midpoint method (Stodghill, 1983). The boundary
separating the shallow, high resistivity zone from the shallow,

Tow resistivity zone was determined by finding the midpoint between the
maximum value of the first peak and the minimum value of the trough.
Except for the lTower Timit of the deep layer, all other boundaries were
determined similarly (Figure 13 and Appendix D).

A1l of the geoelectric sections exhibit the same general profile
As illustrated in Figure 12, these sections are composed of two
principal peaks separated by a trough, representing four major
geoelectric Tayers as shown in the two geoelectric cross sections.

One is a north-south traverse (Figure 14) and one is an east-west

traverse (Figure 15). The resistivity data of the cross-sections
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are divided into five classes of values ranging from 15 ohm-m to
23,000 ohm-meters.

The results of the VES data inversion by the Zohdy-Bisdorf
program indicates the presence of four distinct geoelectric layers.
(GEL). These are labeled GEL 1, 2, 3, and 4, counting from the
surface downward. Geoelectric layer 1, the uppermost layer,
correlates with the first peak. This layer has very high resis-
tivity values, is 3 m thick, and is at or near the surface. It
represents the resistive, fine to very fine-grained, unconsolidated
and unsaturated sand with clay, silt, and organics grading downward
into clean dry sand with trace of fines.

Geoelectric Tayer 2 is reflected in the profile by the slope of
high resistivity. The corresponding geoelectric layer is 1-2.5m
thick. It is interpreted as the top of the shallow water table in the
Tower part of the dune sand. Elevation of the water ranges from 5.9 m
above mean sea level in the dry season and to 9.79 m above mean sea
level in the wet season. This fluid contact can be recognized by
the much lower resistivities compared to the overlying dry sand.

The third geoelectric layer correlates with the low resistivity
trough of the profile (Figure 12). The corresponding geoelectric layer
is 4-10 meters thick. The dune sand grades into semi-confining silty
and clayey sands and clays. This layer has the lowest resistivity values
of all the geoelectric layers. A fourth geoelectric layer is reflected
in the profile by the second peak (Figure 12). This peak lies
immediately below the trough. This is interpreted as an argillaceous

limestone. The resistivity values for the top of the limestone show
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an increase when compared with the minimum values of the overlying
clay. Depth to the Timestone ranges from 7-14 meters.

In all of the resistivity cross-sections, three sets of
distinctive features appear. The first set of features is the
occurrence of sites of very high-resistivity response near the surface,
approximately delineated by the 10,700-23,000 ohm-m range (GEL 1).
These areas of very high-resistivity response are discontinuous at
VES 1, 2, 4, and 6. However the very high-resistivity response is
more continuous and generally thicker in the south-east and west
portions of the study area (Figures 14 and 15). The second set of
features in the cross sections are sites of high-resistivity response,
or GEL 2 (1990-3870 ohm-meters, Figures 14 and 15). These sites of
high-resistivity response are continuous, occurring between 3 and 5 m
deep.

The third distinctive feature is the occurrence of the lowest
resistivity response (15-890 ohm-m) below a depth of 5 meters in
both cross sections (GEL 3). GEL 4 gradually increases in thickness
toward the north and northwest portions of the cross sections
(Figures 14 and 15).

In addition to the two DC resistivity geoelectric cross-sections,
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