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CONVERSION FACTORS

For use of those readers who may prefer to use metric (SI) units
rather than inch-pound units, the conversion factors for the terms used
in this report are listed below:

Multiply inch-pound unit By To obtain metric (SI) unit
Length
inch (in.) 25.40 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 2 0.4047 ﬁectare (ha) 9
square mile (mi”) 2.590 square kilometer (km™)
Volume
gallon (gal) 3.785 -3 liter (L)
3.785 x 10 cubic meter (m))
million gallons (Mgal) 3,785 cubic meter (m~)
inch per acre (in/acre) 62.76 millimeter per hectare
(mm/ha)
Flow
gallon per minute (gal/min) 0.06309 -5 liter per second (L/s)
6.309 x 10 cubis meter per second
(m~/s)
million gallons per day 0.04381 cubis meter per second
(Mgal/d) (m~/s)
inch per year (in/yr) 25.40 -2 millimeter per year (mm/yr)
cubic3foot per second 2.832 x 10 cubis meter per second
(ft™/s) (m/s)
Transmissivity
foot ﬁquared per day 0.09290 meteE squared per day
(ft7/d) (m~/d)

Hydraulic conductivity-

foot per day (ft/d) 0.3048 meter per day (m/d)
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Multiply inch-pound unit

gallon per day per3cubic
foot [(gal/d)/ft”]

foot per day per foot
[(ft/d)/ft]

Mean sea level

By To obtain metric (SI) unit

Leakance

0.1337 meter per day per meter
[(m/d)/m]

1.000 meter per day per meter
[(m/d)/m]

—-—— National Geodetic Vertical
Datum of 1929 (NGVD of

1929)
EXPLANATION OF UNITS

Ground-water term Original form Reduced form
Transmissivity, T = (m3éd)/m = mzéd

= (fe7/d)/ft = ft7/d

= (gal/d)/ft = —
Hydraulic conduc- 3 9

tivity, K (m éd)/m 9 = m/d
= (ft7/d) /£t = ft/d

(gal/d)/ft

ix






SIMULATED EFFECTS OF GROUND-WATER DEVELOPMENT ON POTENTIOMETRIC
SURFACE OF THE FLORIDAN AQUIFER, WEST-CENTRAL FLORIDA

By William E. Wilson and James M. Gerhart

ABSTRACT

A digital model of two-dimensional ground-water flow was used to pre-
dict changes in the potentiometric surface of the Floridan aquifer, 1976-
2000, in a 5,938-square-mile area of west-central Florida.

In 1975, ground water withdrawn from the Floridan aquifer for irri-
gation, phosphate mines, other industries, and municipal supplies averaged
about 649 million gallons per day. Rates are projected to increase to
about 840 million gallons per day by 2000.

The model was calibrated under steady-state and transient conditiomns.
Input parameters included transmissivity and storage coefficient of the
Floridan aquifer; thickness, vertical hydraulic conductivity, and storage
coefficient of the upper confining bed; altitudes of the water table and
potentiometric surface; and ground-water withdrawals.

Simulation of May 1976 to May 2000, using projected combined pumping
rates for municipal supplies, irrigation, and industry (including exist-
ing and proposed phosphate mines), resulted in a rise in the potentiometric
surface of about 10 feet in Polk County, and a decline of about 35 feet
in parts of Manatee and Hardee Counties. The lowest simulated potentio-
metric level was about 30 feet below National Geodetic Vertical Datum of
1929. Simulated declines for November 1976 to October 2000 were generally
5 to 10 feet less than those for May 1976 to May 2000.



INTRODUCTION

Background

Long-range projections of water use in west-central Florida suggest
that substantial increases in ground-water withdrawals will occur for
municipal supplies, irrigation, and phosphate mines. Population growth,
particularly in coastal areas, will require new and expanded public
water-supply systems. Although the area of agricultural land is not ex-
pected to increase, the proportion of agricultural land that is irrigated
will increase. In the mid-1970's, principal interest was focused on the
phosphate industry, whose mines and associated chemical plants each used
millions of gallons of ground water per day for processing. In 1975,
phosphate mining was confined to Polk County, but as the ore became de-
pleted, mining companies, through permit applications to regulatory agen-
cies, were seeking to expand operations into Hardee, Hillsborough, DeSoto,
and Manatee Counties over the next several decades.

Most demands for water will be met by ground water from the Floridan
aquifer. The combined withdrawals could have major effects on the hydro-
logy of the area. One possible effect is saltwater encroachment resulting
from lowered potentiometric levels. In 1975, the U.S. Geological Survey
started a cooperative investigation with the Southwest Florida Water
Management District to determine the regional hydrologic effects of anti-
cipated ground-water withdrawals by major users, including municipalities,
irrigators, and the phosphate industry.

In 1976, the President's Council on Environmental Quality directed
the U.S. Environmental Protection Agency to develop an Areawide Environ-
mental Impact Statement to analyze cumulative interrelated impacts of
present and proposed phosphate development in central Florida. 1In 1977,
the Geological Survey published preliminary findings on the effects of
withdrawals by the phosphate industry (Wilson, 1977a) in order to provide
timely results in support of the Environmental Protection Agency's inves-
tigation.

Purpose and Scope

This report presents the results of the first phase of a planned
two-phase investigation. The objective of the first phase was to deter-
mine the amount of change in the potentiometric surface of the Floridan
aquifer to be expected as a result of proposed or anticipated ground-
water development in west-central Florida. The objective was accomplished
principally through the calibration and application of a regional digital
model of ground-water flow. In the second phase of the investigation,
potential effects of development on the saltwater-freshwater interface
along coastal west-central Florida will be assessed.



This report updates and expands the preliminary report (Wilsonm,
1977a), which considered the effects of withdrawals for phosphate mining
only. This report includes the effects of withdrawals for phosphate
mines, municipal supplies, and irrigation, separately and in combination.
The effects of phosphate mining shown in this report differ from those
in the preliminary one because modifications were made in boundary condi-
tions and input parameters.

The study area covers 3,533 mi2 in west-central Florida, south and
east of Tampa (fig. 1). The area includes all of Hardee, DeSoto, Manatee,
and Sarasota Counties, the southeastern part of Hillsborough County, and
the southwestern part of Polk County. In order to determine effects of
ground-water development in the area, hydrogeologic data were evaluated
and a ground-water flow mode} was calibrated for a larger region. The
modeled area covers 5,938 mi~ and, as shown in figure 1, includes in ad-
dition to the study area parts of Charlotte, Highlands, Lee, and Pinellas
Counties, additional parts of Hillsborough and Polk Counties, and the
eastern part of the Gulf of Mexico.

Hydrogeologic interpretations in this report were based on existing
data, except for field data collected for irrigated acreage and for ground-
water withdrawals in 1975-76. Whenever feasible, results of test drilling
and aquifer tests conducted by others during the course of this investiga-
tion were incorporated into the study. These included detailed tests done
by private consultants for phosphate mining companies.

The report presents input data for the digital model in Supplementary
Data I at the end of this report. The data can serve as a basis for re-
fining the model or for testing effects of alternative schemes of ground-
water development.

Previous Investigations and Acknowledgments

The geology and ground-water resources of the study area and ad-
joining counties have been the subject of many investigations, including
some currently (1979) underway. Most studies cover counties or small
areas. Among the countywide ground-water investigations are those for
Highlands County (Bishop, 1956), Polk County (Stewart, H. G., Jr., 1966),
Hillsborough County (Menke and others, 1961), Manatee County (Peek,
1958), DeSoto and Hardee Counties (Wilson, 1977b), and Charlotte County
(Sutcliffe, 1975; Wolansky, 1978).

Many of the published geologic reports for the area are related to
the phosphate mineral resource. Included are reports by Bergendahl
(1956), Carr and Alverson (1959), Cathcart (1966), and Ketner and
McGreevy (1959).

In a regional appraisal of ground-water resources, Geraghty and

Miller, Inc., and Reynolds, Smith and Hills (1977) evaluated the avail-
ability of ground water in the Southwest Florida Water Management

3
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District, and presented alternative schemes of development. Regional po-
tentiometric maps representing conditions in May and September are pub-
lished each year by the U.S. Geological Survey. Three of these maps were
used in this report: September 1975 (Mills, Laughlin, and Parsomns, 1976),
May 1976 (Stewart, Laughlin, and Mills, 1976), and September 1976 (Ryder,
Laughlin, and Mills, 1977). Changes in potentiometric surface were map-
ped for 1964-69 (Stewart, J. W., and others, 1971), and for 1969-75

(Mills and Laughlin, 1976).

The authors are grateful for information obtained from many sources
during this investigation. The U.S. Envirommental Protection Agency and
their contractors, Texas Instruments Incorporated, Geraghty and Miller,
Inc., and Thomasino and Associates, Inc., provided valuable information.
Many consulting firms, including P. E. LaMoreaux and Associates,

William F. Guyton and Associates, Dames and Moore, Inc., and Richard C.
Fountain and Associates, provided, through their clients, results of de-
tailed site investigations in the study area. The Florida Phosphate
Council provided detailed ground-water pumpage records for the phosphate
industry. The authors are particularly grateful to Peter Schreuder,
Geraghty and Miller, Inc., William L. Guyton, William F. Guyton and
Associates, and Peter MacGill, formerly with the Florida Bureau of
Geology, for insights gained during many discussions concerning the
hydrology and geology of west~central Florida.

Geography

Physiography

The study area lies in the western half of Florida's mid-peninsular
physiographic zone, as defined by White (1970). Land-surface altitudes
range from National Geodetic Vertical Datum of 1929 (NGVD of 1929) at the
coastline to about 245 ft at the eastern border. The land surface is
composed of a series of gently sloping marine terraces, or plains. The
older and higher surfaces have been slightly dissected by erosion, but
large segments of the younger and lower ones remain nearly undissected.
North and east of the study area, in Polk and Highlands Counties, is a
series of subparallel eroded sandy ridges and intervening valleys con-
taining numerous lakes.

The principal rivers in the study area are the Peace and Myakka

Rivers, which flow into Charlotte Harbor; and the Manatee, Little Manatee,
and Alafia Rivers, which flow into Tampa Bay.

Climate

The climate of the study area is subtropical humid and is character-
ized by long, warm, relatively wet summers, and mild, relatively dry win-
ters. Long-term (1915-76) annual rainfall averages at stations in and
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near the study area generally are between 50 and 54 in. Precipitation

is unevenly distributed throughout the year; about 60 percent falls dur-
ing four summer months, June through September. Most of the summer rain-
fall is in the form of afternoon and evening thundershowers, but the
rainfall may be substantially augmented by tropical storms that occasion-
ally affect the peninsula. Spring months are characteristically warm and
dry, and these are the months of heaviest irrigation of crops.

Land Use

Land use for 1975 and -projected land use for the year 2000 for coun-
ties in the study area were tabulated by Texas Instruments Incorporated
(1977b), applying categories of the U.S. Geological Survey Land Use Data
and Analysis (Anderson and others, 1976). Four counties (DeSoto, Hardee,
Manatee, and Sarasota) lie wholly within the study area. 1In the two in-
land counties, DeSoto and Hardee, agricultural land constituted about 44
percent of the total area in 1975 and urban areas covered less than 2 per-
cent. In the two coastal counties, Sarasota and Manatee, agricultural
land covered 23 percent and urban areas about 12 percent. In the four
counties, rangeland covered 32 to 51 percent, and barren land, which in-
cludes mined lands, covered less than 5 percent.

In Polk County, 112,670 acres were in barren land in 1975. Most of
this land was being actively mined for phosphate or being reclaimed from
mining. Nearly all of the barren land in Polk County was in the study
area.

The projected distribution of land uses in 2000 shows an increase
in urban areas and small declines in agricultural and rangeland areas.
In DeSoto and Hardee Counties, urban areas are projected to increase
slightly, to about 5 percent of the total area of the counties. 1In
Sarasota and Manatee Counties, urban areas are projected to increase to
about 16 percent. The projections by Texas Instruments Incorporated
(1977b) do not show increases in barren land for DeSoto, Hardee, and
Manatee Counties, as would be expected with an introduction of phosphate
mining into these counties. Anticipated continued mining and reclamation
activities in Polk County resulted in a projected increase of barren land
in that county to about 146,000 acres by 2000.

Population

The distribution of population directly affects the development of
and competition for the area's water resources. Estimated total popula-
tion of the study area in 1976 was about 420,000; projections indicate
that the population will more than double by 2000 (Texas Instruments
Incorporated, 1977a). As shown in figure 2, almost three-fourths of the
population, or about 309,000 people, are concentrated along a coastal



83°30'

8l1°|8'

: 83°00 82°00'
28°20 T ,-/ = oa T
75 i_,..,f - %‘
HILCSRORDUGH ! 23 Q%
/VLJ 2
' j pl-okeland (‘%7
28°00 - W N 5T
Jﬁmﬁi‘mww{ﬁ}}m"\‘! ; ‘a\
’\/,/g Bortows ’-\L\v
;} ]
/27, OOOKWi}j 00
BOUNDARY OF e ’
u VAN EE  CO -
AREA \?/ o
e
! &j i \ T = '":"(»-{éq‘y-—f
x, &—v A e -
U )
N
e [
SARASOTA CO
8300
27°00'F —
0 EXPLANATION N
~—— Boundary of study area \\
A&
- = Boundary of coastal strip Jf_@\i&lm . 4 .
& JrEe \coumw/ HENDRY €O ]
t ffﬂug \ e h
N \\\ {{a\\} (‘/.r H
O 10 20 MILES YA e -
) ENRTIR v
26.30' g % L g 1 41 ?

Figure 2.--Estimated population of inland areas and coastal strip, July 1976



strip from Tampa Bay to Charlotte Harbor. Potable ground-water resources
along this strip are severely limited or nonexistent. Principal coastal
urban centers are Sarasota (estimated 1976 population, 47,156) and
Bradenton (estimated 1976 population, 26,204).

Inland areas are sparsely populated (fig. 2). The total estimated
1976 population of DeSoto and Hardee Counties, for example, was only
36,200. Principal inland communities are Bartow, Wauchula, and Arcadia.

Population figures for 1976 for Hillsborough and Polk Counties (fig.
2) are from the files of the Hillsborough and Polk County Planning Com-
missions; all other county and city totals are from the University of
Florida (1977).

Geology

The study area lies in the Florida peninsular sedimentary province,
a part of the eastern Gulf of Mexico sedimentary basin (Puri and Vernon,
1964). Rock units of interest in this investigation are principally ma-
rine sedimentary rocks of Eocene and younger ages. Beneath the surficial
sands, the formations include, from youngest to oldest, a section of un-
differentiated deposits, including the Caloosahatchee Marl, Bone Valley
Formation, and Tamiami Formation; Hawthorn Formation; Tampa Limestone;
Suwannee Limestone; Ocala Limestone; Avon Park Limestone; and Lake City
Limestone. Formation ages and descriptions are shown in table 1.

The formations can be grouped lithologically into four major sequen-
ces of hydrologic significance. From youngest to oldest these include
the following:

(1) Surficial sand deposits, generally less than 100 ft thick;

(2) A heterogeneous clastic and carbonate section of interbedded
limestone, dolomite, sand, clay, and marl, generally a few
tens of feet to several hundred feet thick;

(3) A carbonate section of limestone and dolomite, generally more
than 1,000 ft thick;

(4) Carbonate rocks containing intergranular anhydrite and gypsum.

The Bone Valley Formation is one of the world's most important
sources of phosphate, and hundreds of millions of gallons of ground water
are used each day in the extraction gnd processing of phosphate ore. The
ore deposit underlies about 2,000 mi” in central Florida and is a shallow-
water, marine and estuarine phosphorite of Pliocene age (Altschuler,
Cathcart, and Young, 1964). The phosphate occurs in the form of grains
of fluorapatite in a deposit of pebbly and clayey sands.

As described by Fountain and others (1971), the most widely held
theory on the origin of phosphate ore is that the Bone Valley Formation



Table 1l.--Hydrogeologic framework

Major
System Series Stratigraphic General lithology lithologic Hydrogeologic
unit unit
unit
Quaternary | Holocene, Surficial sand,| Predominantly fine Sand Surficial
Pleistocene, terrace sand, sand; interbedded aquifer
Pliocene phosphorite clay, marl, shell,
limestone, phos-
phorite
—————— Undifferentiat~- Clayey and pebbly Carbonate Upper confining
ed deposits— sand; clay, marl, and clas- bed of Floridan
shell, phosphatic tic aquifer
Tertiary Miocene Hawthorn Dolomite, sand,
Formation clay, and limestone;
silty, phosphatic
Tampa Forma~ Limestone, sandy,
tion phosphatic, fossil-
iferous; sand and
clay in lower part
in some areas
L
Oligocene Suwannee Limestone, sandy
Limestone limestone, fossili-
ferous
Eocene, Ocala Limestone| Limestone, chalky, Carbonate Floridan aquifer
Paleocene foraminiferal,
dolomitic near bot-
tom
Avon Park Limestone and hard
Limestone brown dolomite
Lake City, Dolomite and chalky Carbonate Lower confining
Oldsmar, and limestone, with with inter- bed of Floridan
Cedar Keys intergranular gyp- granular aquifer
Limestones sum and anhydrite evaporites

1/ Includes all or parts of Caloosahatchee Marl, Bone Valley Formation, and Tamiami Formation.



was derived principally from the reworking of the underlying weathered
Hawthorn Formation. Phosphate in the Hawthorn Formation is probably the
result of precipitation from upwelling phosphorus—~rich water along the
continental shelf during Miocene time.

The ore generally occurs 10 to 60 ft below the land surface and is
5 to 50 ft thick (Fountain and others, 1971). The ore is mined from open
pits. Water is used to transport a matrix slurry to beneficiation plants,
to separate the phosphate from the matrix, and to convert the phosphate
into useful products.

HYDROGEOLOGY

Generalized Framework

Ground water in the study area occurs in two principal aquifers, the
surficial aquifer and the Floridan aquifer. The two aquifers are separa-
ted by a confining bed, and the Floridan aquifer is underlain by a lower
confining bed. Stratigraphic and lithologic equivalents of these hydro-
geologic units are summarized in table 1,

Ground water in the surficial aquifer is generally unconfined, and
that in the Floridan aquifer is confined. The water table of the surfi-
cial aquifer and the potentiometric surface of the Floridan aquifer fluc-
tuate continuously in response to changes in recharge and discharge.
Gradients of these surfaces indicate generalized directions of ground-
water flow. Recharge to and discharge from the Floridan aquifer are
principally by leakage through the upper confining bed of the aquifer.
The direction of vertical leakage is determined by the relative posi-
tions of the water table and potentiometric surface. Vertical flow be-
tween the Floridan aquifer and its lower confining bed is assumed to be
negligible. The freshwater flow system is bounded along the Gulf Coast
by a saltwater-freshwater interface.

Surficial Aquifer

Description

The surficial aquifer underlies most of the study area and consists
predominantly of fine to very fine sand and clayey sand (table 1). Lith-
ology is highly variable, and the aquifer may include beds of limestone,
gravel, marl, and shell deposits. Clay content commonly increases with
depth, and the contact between the aquifer and the underlying confining
bed is in many places indistinct. The aquifer includes deposits referred
to as surficial sand, terrace sand, and phosphorite.
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Aquifer thickness is generally a few tens of feet, but it ranges
from a few feet or less, where limestone or clay crops out or is near the
surface, to several hundred feet, beneath some ridges along the eastern
boundary of the study area (Stewart, H. G., Jr., 1966, p. 79).

Hydraulic properties of the surficial aquifer vary widely because of
large differences in lithology and thickness. Geraghty and Miller, Inc.,
and Reynolds, Smith and Hills (1977) reported a range 05 transmissivity
for the water-table (surficial) aquifer of about 200 ft~/d to about 6,700
ft®/d in the Southwest Florida Water Management District. Transmissivity
approaches zero where aquifer thickness is a few feet or less. Average
transmisiivity in DeSoto and Hardee Counties was reported to be about
1,100 ft~/d (Wilson, 1977b). Storage coefficients are probably within
the range common for unconfined sand aquifers, about 0.05 to 0.3.

Water Table

A generalized map of the altitude of the water table in the surfi-
cial aquifer is shown in figure 3. Water-table altitudes in the modeled
area range from near zero NGVD of 1929 at the coast to more than 150 ft
in the northeastern part of the area. The water table is generally a sub-
dued reflection of topography. Relatively steep water-table gradients ad-
join the major stream courses, and relatively gentle gradients exist in
the broad interstream areas. In poorly drained areas of little topogra-
phic relief, the water table is commonly at or within a few feet of the
land surface. Elsewhere the water table is generally 5 to 50 ft below
land surface., Figure 3 is based on a water-table contour map prepared
by Texas Instruments Incorporated (William Underwood, written commun.,
1977). The contour map was based on interpretation of topographic maps
and represents generalized conditions and not a particular year or
season.

Most ground-water flow in the surficial aquifer is toward local
points of discharge, including lakes, streams and ditches, and wells.
Flow is also vertical, as leakage from or into underlying confining beds.

The water table fluctuates seasonally, as illustrated by two hydro-
graphs in figure 4. Peak altitudes occur during rainy seasons, commonly
in late winter and mid-summer. Minimum altitudes occur during dry sea-
sons, commonly in May. The seasonal range is generally from 2 to 5 ft.
No significant trends in the peaks of the hydrographs are noted for the
1965-76 period, indicating that recharge from summer rains was generally
adequate to replenish the aquifer. Altitudes of the troughs in the hy-
drographs show more variability, primarily because they reflect variabil-
ity in the timing of the onset of summer rains.
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Floridan Aquifer

Definition

The principal sources of ground water are highly transmissive zones
in the Floridan aquifer. The Floridan aquifer was originally defined by
Parker (Parker and others, 1955, p. 189) to include all or parts of the
Lake City Limestone, Avon Park Limestone, Ocala Group, Suwannee Limestone,
Tampa Limestone, and '"permeable parts of the Hawthorn Formation that are
in hydrologic contact with the rest of the aquifer." This definition is
closely followed in this report, except for differences in the identity
of the top and base of the aquifer.

In this report, the top of the Floridan aquifer is the horizon below
which carbonate rocks persistently occur. In the study area, this surface
generally coincides with the top of either the Tampa Limestone or the
Suwannee Limestone. As shown on the contour map of figure 5, the top of
the Floridan aquifer ranges in altitude from about 0 to about ~700 ft.

The surface generally slopes to the south, but because it crosses forma-
tional boundaries and in many areas is erosional, the surface is highly
irregular.

For this investigation, the base of the Floridan aquifer is consid-
ered to be at the top of the persistently occurring intergranular evapo-
rites in the carbonate rocks. Permeability and porosity of the section
of carbonates containing intergranular evaporites is significantly lower
than where evaporites are absent. The stratigraphic position of the aqui-
fer base varies, probably because of variations in the depth of evaporite
deposition originally or because of removal and subsequent redeposition
by circulating ground water. In the study area, the aquifer base gene-
rally occurs in the lower part of the Avon Park Limestone or at the con-
tact of the Avon Park Limestone with the underlying Lake City Limestone.
For convenience, and because from a practical standpoint the position of
the base is difficult to ascertain, the base of the Floridan aquifer is
considered to correspond to the top of the Lake City Limestone. As shown
on the contour map (fig. 6), the base of the aquifer ranges in altitude
from about -900 ft to about -2,400 ft. Because of sparse control, the
map is highly generalized.

As defined herein for modeling purposes, the Floridan aquifer consti-
tutes a single hydrologic unit. In reality, the system is complex. For
example, in the southern part of the study area, two or more distinct ar-
tesian water-bearing zones have been described within the aquifer (Sproul
and others, 1972; Sutcliffe, 1975; and Wilson, 1977b). In addition, in
this area many wells tap secondary artesian aquifers that overlie the
Floridan, in order to obtain water of suitable quality. Nonetheless, on
a regional scale and over long periods of time, the ground-water flow
system in the Floridan aquifer probably functions as a single unit.
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Properties

The Floridan aquifer consists of limestone and dolomite containing
solution-enlarged fractures and bedding planes that commonly yield abun-
dant supplies of water to wells. The aquifer ranges in thickness from
about 900 to about 1,900 ft (fig. 7). The map in figure 7 is highly gen-
eralized and is based on contour maps of the top and base of the aquifer
(figs. 5 and 6). The most transmissive part of the aquifer generally
occurs in a widespread dolomite section within the Avon Park Limestone.
The dolomites in this section are the principal sources of water to
large-capacity wells, except along the coast, where those rocks contain
mineralized water.

Mode}ed transmissivit§ of the Floridan aquifer ranges from about
80,000 ft“/d to 500,000 ft"/d (fig. 8). The map is highly generalized
and does not reflect differences in transmissivity that occur locally.

Transmissivities were based in part on the results of 12 aquifer
tests, shown in figure 8. Test data are from publications and the files
of the U.S. Geological Survey. The tests were conducted under a wide
variety of conditions, including various durations, open-hole sections,
number and spacing of observation wells, pumping rates, and organizations
conducting the tests. All data were analyzed by the Geological Survey
to provide consistency and uniformity to interpretations.

Site data shown in figure 8 were regionalized, using as guides vari-
ations in the gradient of the potentiometric surface of the Floridan
aquifer and adjustments resulting from model calibration. No test sites
occur in the southwesteﬁn part of the modeled area, where transmissivity
was mapped as 80,000 ft“/d (fig. 8). The relatively low transmissivity
was based primarily on calibration results and was required to simulate
the relatively steep gradient of the potentiometric surface in that area.
The mapped potentiometric surface in this area is based largely on wells
that tap only the upper part of the Floridan aquifer. Thus the trans-
missivity values required to match this surface probably reflect charac-~
teristics of the upper part of the aquifer and not the full thickness.

_, Storage coefficiegg of the Floridan aquifer ranges from about 8.8 x
10 to about 1.9 x 10 in the modeled area, as detgrmined by multig%y-
ing.an estimated average specific storage of the aquifer of 1.0 x 10
ft timgg aqg}fer thickness (fig. 7). According to Lohman (1972, p. 8),
1.0 x 10 ft is an approximate value of specific storage for most con-
fined aquifers. Use of this value for the Floridan aquifer is supported
by compressibility data from cores taken from the aquifer in Pinellas
County, northwest of the study area.

Laboratory compressibility results from six core samples of dolomite
and five core samples of limestone were reported by Hickey (1977 and 1978).
The samples were taken from the depth interval 629 to 1,043 ft. Using an
estimated porosity of 20 percent for the dolomite and 30 percent for the
limestone, specific storage was computed to be as follows: dolomite
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ranged from 3.3 x 10--7 ft-l to 1.2 x ]_O_6 ft—lland averaged_g.Z 5110
a

ft ; and limestogg rag§ed from 5.6 x 10 ' ft = to 6.0 x 10 ft
averaged 3.1 x 10 ft ~.

For regional mapping, storage coefficients determined from the above
specific storage estimate and aquifer thickness were considered to be more
reliable than the highly variable results of aquifer tests. Storage coef-
ficients of the Floridan aquifer, determined ﬁzom 11 of the_aquifer—test
sites shown in figure 8, ranged from 3.2 x 10 to 1.8 x 10 ©, In gene-~
ral, the coefficients obtained by multiplying aquifer thickness by speci-
fic storage are probably higher than a practical field coefficient. As
discussed later in this report, reducing storage coefficient by 80 per-
cent made little difference in computed heads during transient calibra-
tion.

Potentiometric Surface

General features

Figure 9 shows the 1949 regional configuration of the potentiometric
surface of the Floridan aquifer in peninsular Florida. This surface rep-
resents nearly-unstressed conditions for the aquifer. Although man's ac-
tivities have since altered the configuration of the surface, the major
feature, a centrally located dome or ridge, has remained unchanged. Fig-
ure 9 shows that the study area lies along the southwestern flank of this
potentiometric dome and that the eastern boundary is approximately along
its crest.

Since 1975 the potentiometric surface in Southwest Florida Water
Management District has been mapped semiannually by the U.S. Geological
Survey at times of normally highest water levels (September) and lowest
water levels (May). The maps are based on nearly synchronous measure-
ments of water levels in hundreds of wells open to the Floridan aquifer.
However, observation wells in Sarasota and Charlotte Counties are scarce,
and the maps are less accurate in these counties than elsewhere.

Figure 10 shows the potentiometric surface for September 1975 for
west—-central Florida. This potentiometric surfaee represents conditions
near the end of the summer rainy season, at a time when the aquifer was
practically unstressed by irrigation pumping. Altitudes in the modeled
area ranged from less than 5 ft near Tampa Bay and offshore in the Gulf
to more than 120 ft in the northeastern part of the area. Positions of
contour lines in the Gulf of Mexico were extrapolated, based on mapped
onshore gradients. Around Tampa Bay, the map was modified slightly from
that of Mills, Laughlin, and Parsons (1976) in order to represent Tampa
Bay as a ground-water discharge area.

Major features of the potentiometric surface in figure 10 are the

ridge with relatively steep gradients in the eastern and northeastern
parts of the modeled area, the closed depression in southwestern Polk
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County, the relatively gentle gradient in DeSoto County, and the overall
coastward slope. Marked areal changes in gradient are believed to repre-
sent, in part, changes in aquifer transmissivity, and these changes were
used as guides in selecting boundaries for transmissivity map units showmn
in figure 8. The closed depression in Polk County is in an area of ground-
water withdrawals for phosphate mining, other industries, municipalities,
and, seasonally, agricultural use.

Figure 11 shows the potentiometric surface in May 1976. The surface
represents conditions near the end of a long dry season during which ex-
tensive irrigation pumpage occurred. Altitudes ranged from about 10 ft
below NGVD of 1929 to about 120 ft above. Like the September 1975 map,
figure 11 was modified slightly in the Tampa Bay area from the published
May 1976 map (Stewart, Laughlin, and Mills, 1976).

Major changes from September to May include a general decline in po-
tentiometric surface, except along the crest of the eastern ridge; the
development of a large closed depression, centered in Manatee County; and
a shift in the divide along the eastern boundary. A comparison of fig-
ures 10 and 11 shows that the potentiometric surface declined as much as
35 ft between September,1975 and May 1976. In May, the potentiometric
surface in about 700 mi~ in Hillsborough, Manatee, and Sarasota Counties
was below NGVD of 1929. These seasonally low levels may have first oc-
curred in the late 1960's, but the depression was not mapped until May
1975 (Mills and Laughlin, 1976), when data control was adequate to define
it. The depression nearly disappears by September, suggesting that its
development is principally related to seasonal stresses on the aquifer,
namely, ground-water withdrawals for irrigation.

In May 1976, a trough in the potentiometric surface extended east-
ward from the depression through Hardee and DeSoto Counties. Development
of this trough shifted the lower part of the axis of the major ground-
water divide eastward, and reoriented it in a northwest-southeast direc-
tion.

Figure 12 shows the potentiometric surface in September 1976. The
map is similar to that of September 1975, except that in 1976 the depres-
sion in southwestern Polk County is gone, and a small residual of the May
depression in Manatee County remains. These differences probably reflect
differences in pumping patterns during the 2 years. All four potentio-
metric maps (figs. 9-12) were used in calibrating the model, as described
in later sections of this report.

Seasonal fluctuations and long-term trends

Seasonal fluctuations and long-term trends of the potentiometric
surface are illustrated by three well hydrographs in figure 13. The
graphs show that during. any year, the potentiometric surface may undergo
several cycles of decline and rise, but that generally the surface is
highest in autumn and lowest in late spring. The steep downward trend in
spring is reversed, often abruptly, by the onset of summer rains in May
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or June and the consequent cessation of irrigation pumping. At this time,
water levels rise rapidly, often several feet in one or two weeks,

The hydrographs in figure 13 also show a slight downward trend in
the annual peaks, and an increase in range between the seasonal lows and
highs, especially since the early 1960's., Wilson (1977b, p. 50) conclud-
ed that the potentiometric surface in DeSoto and Hardee Counties showed
little or no net decline from 1934 to 1949, but from 1949 to 1973 declines
ranged from a few feet in much of DeSoto County to about 20 ft in north-
eastern Hardee County. Most of this change occurred during 1962-73. Com~
parison of figures 9 and 10 indicates a decline of at least 50 ft in parts
of southwestern Polk County between 1949 and 1975.

As suggested by the hydrographs of figure 13, September-to-September
declines were of lesser magnitude than May-to-May declines. The declines
in the September peaks do indicate, however, that discharge from the
Floridan aquifer exceeded recharge during the period of decline. In-
creases in seasonal range probably reflect long-term increases in ground-
water withdrawals for irrigation and widespread substitution of deep tur-
bine pumps for centrifugal pumps in irrigation wells in the 1960's.

Ground-Water Flow

Generalized directions of ground-water flow in the Floridan aquifer
are shown in the potentiometric maps for September 1975 (fig. 10) and May
1976 (fig. 11). As indicated by the arrows, regional flow is from areas
of high altitude of the potentiometric surface to areas of low altitude.
Although flow is generally coastward, flow in areas of closed depressions
occurs radially from all directions. The arrows indicate that the sea-
sonal development of the depression and trough in May substantially alters
the directions of ground-water flow,

Saltwater-Freshwater Relations

The freshwater flow system in the study area is bounded coastward by
a saltwater flow system. The two systems are separated by a zone of tran-
sition, in which the chloride concentration is highly variable. In much
of the inland area, chloride concentration is 10 to 25 mg/L. Values in
this range can be considered '"background" values for fresh ground water
unmixed with saltwater in the modeled area. Along the coast, at least
part of the Floridan aquifer contains saltwater, with a chloride concen-
tration commonly about 19,000 mg/L. This concentration is approximately
the same as the chloride concentration of Gulf seawater, and the 19,000-
mg/L isochlor can be considered to delineate the saltwater front.

The saltwater front and zone of transition have not been mapped in
detail in the study area. The trace of the intersection of the front
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with the top of the aquifer probably occurs offshore. The front dips in-
land as the potentiometric surface rises. The intersection of the toe of
the front and the base of the Floridan aquifer probably ranges from a few
miles to about 20 mi inland from the coastline, based on unpublished
water-quality data. Beneath most of Sarasota, DeSoto, and Charlotte
Counties, the lower part of the Floridan aquifer contains either salt-
water or water in the zone of transitiom.

Confining Beds

Definitions

Confining beds occur above and below the Floridan aquifer. As used
in this report the upper confining bed of the Floridan aquifer is the full
clastic and carbonate sequence between the surficial aquifer and Floridan
aquifer. This sequence may include all or part of the Bone Valley Forma-
tion, Tamiami Formation, Hawthorn Formation, Tampa Limestone, and other
undifferentiated predominantly clastic deposits of late Miocene to
Pleistocene age. Although in places these formations contain permeable
beds of limestone and dolomite, well yields are generally substantially
less than those from the underlying carbonate section of the Floridan
aquifer, Furthermore, the carbonates in the upper confining bed are gen-
erally underlain by clastic deposits of low permeability, and thus are
hydraulically separated from the Floridan aquifer. For modeling purposes
the clastic and carbonate sequence is considered to be a single confining
unit overlying the Floridan aquifer.

The lower confining bed of the Floridan aquifer is the section of
relatively impermeable rocks that underlie the Floridan aquifer. As used
in this report, these rocks include the Lake City Limestone, Oldsmar Lime-
stone, and Cedar Keys Limestone. These formations are predominantly car-
bonate rocks that contain thin beds and nodules and pore fillings of anhy-
drite, gypsum, and selenite. The Cedar Keys Limestone also contains
thick massive beds of anhydrite. Also present are zones of relatively
evaporite-free carbonate rocks that probably could yield water to wells.,
Nonetheless, in the overall flow system, this section functions predomi-
nantly as a confining bed to the Floridan aquifer.

The top of the lower confining bed is equivalent to the base of the
Floridan aquifer (fig. 6). The top of the confining bed, like the top of
the Floridan aquifer, generally slopes to the south.

Upper Confining Bed

The upper confining bed of the Floridan aquifer is a heterogeneous
section consisting of clay, sand, marl, limestone, and dolomite. In much
of the eastern part of the study area, the basal part of the upper con-
fining bed is the sand and clay unit of the Tampa Limestone, which over-

28



lies the Suwannee Limestone. The sand and clay unit was recognized by
the author to occur in the eastern two thirds of DeSoto County and most
of Hardee County (Wilson, 1977b). Similar clay beds in the lower part of
the Tampa Limestone occur in Polk County (Stewart, H. G., Jr., 1966), and
the unit probably extends westward into Manatee and Hillsborough Counties
and southward into Charlotte County. In these areas, the upper part of
the upper confining bed includes clay, marl, limestone, and dolomite.

In coastal parts of the study area, including much of Sarasota,
Manatee, and southeastern Hillsborough Counties, the sand and clay unit
of the Tampa Limestone is commonly replaced by sandy limestone and lime-
stone, which are included in the Floridan aquifer. 1In this area, the
upper confining bed generally corresponds to the Hawthorn Formation, con-
sisting predominantly of sand and clay, with minor limestone and dolomite.

A preliminary map of the thickness of the upper confining bed was
prepared for the model. The map was later revised for separate publica-
tion (R. M. Wolansky, written commun., 1979). Thickness ranged from 20
ft in the northern part of the modeled area to 780 ft in the southern
part (see Supplementary Data I at the end of this report).

Vertical hydraulic conductivity of the upper confining bed, as used
in the model, is shown in figure 14, Preliminary values of vertical hy-
draulic conductivity (K') were determined by multiplying leakance coeffi-
cients (K'/b'), determined from aquifer tests, by confining-bed thickness
(b') at each aquifer-test site. An initial map of vertical hydraulic
conductivity, based on these results, was modified during calibration of
the steady-state and transient models. The resulting map of vertical hy-
draulic conductivity (fig. 14) is primarily a calibration map, but values
are within the probable range of error of original aquifer-test estimates.

Leakance co<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>