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EXECUTIVE SUMMARY

Three major fresh water aquifers provide the
majority of ground water in Hendry County: the water
table aquifer, the lower Tamiami aquifer and the
sandstone aquifer. The water table and lower
Tamiami aquifers occur within the Surficial Aquifer
System. These aquifers are separated from each other
by leaky confining layers called the Tamiami
confining zone. In western Hendry County the
confining zone is absent and the sediments that make
up both aquifers are hydraulically connected. In these
areas the Surficial Aquifer System acts as a single
unconfined aquifer. A deeper aquifer, called the
sandstone aquifer, occurs within the Intermediate
Aquifer System and is separated from the overlying
Surficial Aquifer System by the low permeable
sediments of the upper Hawthorn confining zone. The
sandstone aquifer consists of two lithologically
distinct zones: a clastic zone and a deeper carbonate
zone. These two zones exhibit good hydraulic
connection. The sandstone aquifer occurs only in the

" western portion of the study area.

Ground water levels in the Surficial Aquifer
System are highest near the Hendry County - Collier
County border, north of Immokalee. The water flows
away from this area under gentle gradients (less than
one foot per mile) in all directions. Water levels
within the water table and lower Tamiami aquifers
are similar, but water levels in the lower Tamiami
aquifer occur up to ten feet lower than those in the
water table aquifer. Seasonal fluctuations in both
aquifers average approximately five feet. Recharge to
the water table aquifer occurs throughout the county
as direct infiltration from rainfall, and through
seepage from lakes, canals, and rivers. Recharge to
the lower Tamiami Aquifer occurs mainly as
downward leakage through the leaky confining beds of
the Tamiami confining zone. Hydrographs of wells in
the water table aquifer show a rapid response to
precipitatien events and changes in the water levels of
surface water bodies. Water levels in the lower
Tamiami Aquifer do not respond to these events as
rapidly as the water table aquifer.

Ground water levels in the sandstone aquifer are
highest in Collier County northeast of Immokalee.
Water flows mainly to the north and west. Water
levels in this aquifer are lower than those in the
overlying Surficial Aquifer System. Seasonal fluctu-
ations average less than five feet. Recharge to the
sandstone dquifer occurs as downward leakage
through the upper Hawthorn confining zone. A region
of significant recharge oceurs in the Immokalee area

where the confining zone has a low-clay content. The
sandstone aquifer responds slowly to rainfall and
water level changes in the Surficial Aquifer System.

Water quality in the water table aquifer is
generally within potable standards. An exception to
this is found in the LaBelle area where chloride
concentrations exceed 1000 milligrams per liter
(mg/l). This is a result of contamination from
improperly constructed or abandoned Floridan
Aquifer System wells. In addition, the water may be
undesirable for potable use in localized areas due to
high iron concentrations.

Water quality in the lower Tamiami aquifer is
also generally within potable standards except for
localized occurrences of high iron concentrations. In
general, the water in this aquifer is slightly more
mineralized than water in the water table aquifer.

Water quality in the sandstone aquifer is
variable. Generally, water quality in this aquifer is
poorest near the Caloosahatchee River and improves
toward the south. Water in the sandstone aquifer is
within potable standards in portions of southwest
Hendry County and adjacent areas of Collier and Lee
Counties. Water quality in this aquifer is acceptable
for agricultural irrigation, although chloride concen-
trations approach 800 mg/l in an area southwest of
LaBelle. Classification of water quality, based on
trilinear analysis, suggests that there are subtle
differences in water chemistry between the clastic and
carbonate zones of the sandstone aquifer.

Ground water use in Hendry County is
increasing rapidly due to large. scaie development of
citrus and vegetable production combined with limited
sources of surface water to meet the irrigation
demands. Agricultural irrigation accounts for more
than 99 percent of the permitted water use in Hendry
County in 1986. Leach (1983) estimated ground water
withdrawals for agricultural irrigation in 1980 to be
109.59 million gallons per day (MGD). Permitted
ground water use for agricultural irrigation in 1986
was 222.77 MGD. Water use is highest during the
months of January when vegetables are irrigated and
May when citrus irrigation is at its peak.

Development potential for the Surficial Aquifer
System is highest in central and southern Hendry
County. This area is characterized by relatively thick
sequences of the water table and lower Tamiami
aquifers that yield large amounts of good quality



water to wells. Although there are some areas of
intense ground water use for irrigation, much of this
area is pasture and rangeland which represents areas
of low to moderate water use. Most of northern
Hendry County has a moderate potential for ground
water development from the Surficial Aquifer System.
This is a result of thinner aquifers and lower aquifer
transmissivity, which result in lower well yields. The
northwest portion of Hendry County has the lowest
ground water development potential from the
Surficial Aquifer System due to thin or non-existent
water producing units and poor water quality.

The sandstone aquifer has little potential for
large scale development due to low yield and the
amount of existing withdrawals. The northwest
corner of Hendry County has the lowest potential for
development due to high chloride concentrations and

i

low yields. A localized area to the east of LaBelle has
the highest development potential based on a
relatively thick zone of water bearing materials and
good quality water. The rest of the sandstone aquifer
within the county has moderate development
potential. However, existing citrus operations are
already withdrawing large volumes of water from the
sandstone aquifer in this area, and it may be
approaching allocation limits.

The data collected for this report should be
applied in developing a regional multi-layered ground
water flow model for Hendry County. The purpose of
this modelling will be to determine the impacts of all
major ground water users and to determine ground
water availability from each aquifer. The results
could then be used to develop a regional ground water
management plan for Hendry County.
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ABSTRACT

Increasing irrigation demands in Hendry
County, Florida, require water managers to collect
data and integrate information necessary for respon-
sible development of the ground water resources. In
response to this demand, this study was undertaken to
define the areal extent and hydraulic characteristics
of major fresh water aquifers in Hendry County.

Fresh ground water in Hendry County is
obtained from three aquifers: the water table, the
lower Tamiami, and the sandstone. The water table
aquifer is composed mainly of unconsolidated sand
and sheil ranging in thickness from three to 150 feet.
The thickest portions of the aquifer oceur in western
Hendry County where there is hydraulic connection
between the sand and the permeable limestones of the
Tamiami Formation.

In most of the county, up to 75 feet of silt and clay
separate the water table aquifer from the lower
Tamiami aquifer. The lower Tamiami aquifer, with
measured transmissivities of 21,000 to 1,038,000
gallons per day per foot (gpd/ft), is a major source of
groundwater, Wells completed into this sequence of
moderately indurated, sandy limestones range in
depth from 40 to 180 feet. Measured transmissivity
values for the water table aquifer range between
14,000 and 1,070,000 gpd/ft. Wells completed into this
aquifer are generally less than 40 feet deep.

The sandstone aquifer occurs only in western
Hendry County and is the primary aquifer used there.
It is divided inte two zones, the clastic and the
carbonate, which describe its litheologic nature. The
sandstone aquifer is moderately productive with
transmissivities ranging between 1,000 and 299,000
gpd/ft. Northwest of LaBelle, ground water is obtained
from an unnamed white limestone aquifer, which has
an average transmissivity of 15,000 gpd/At. This
aquifer may be part of the sandstone aquifer, but
further study is needed to make that determination.

Water quality in all the aquifers is acceptable for
most irrigation uses. Chloride levels are below 250
milligrams per liter (mg/l} in the water table and
lower Tamiami aquifers. Southwest of LaBelle
chloride levels exceed 800 mg/i due to contamination
from improperly constructed Floridan Aquifer System
wells,

Rainfall directly recharges the' water table
aquifer and also the lower Tamiami aquifer where the
confining bed is absent. Elsewhere, the lower
Tamiami aquifer and the sandstone aquifer receive
recharge by downward leakage through overlying
leaky confining beds. Discharge from the aquifers
occurs through pumping for irrigation, evapotrans-
piration and discharge to the Caloosahatchee River.

Key words: (ground water, aquifer, hydraulic characteristics, water quality, water levels, ground water

management)
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INTRODUCTION

Ground water accounts for approximately half
of the water used for municipal and agricaltural
supply in Hendry County. Lake Okeechobee and the
Caloosahatchee River supply water to much of the
county, and ground water is used in those areas not
readily accessible to surface water. Until recently,
most of the county was undeveloped pasture,
sugarcane, and vegetable fields, and the availability of
fresh water was not a concern. However, recent trends
show a shift in land use to large scale production of
citrus, resulting in increased water demands.

There is limited information on the water
resources of Hendry County. Several localized investi-
gations have been conducted and one regional study
has been performed by the U. S. Geological Survey
{USGS). The USGS maintains a monitor well network
in the county. This network was evaluated and
expanded by the South Florida Water Management
District (SFWMD) in 1986.

This study combines existing and generated
hydrogeologic information to determine the areal
extent and characteristics of the ground water
resources of the county. This information is designed
to facilitate water management decision making.

Purpose and Scope

This study represents the second phase of a mult-
-county, multi-phase project to develop a comprehen-
sive ground water management plan. This plan is
based on quantifying the ground water resources
through the development of numerical flow models.
The models will then be used in determining the
amount of "potentially permittable ground water” in
Hendry County. The first phase of the study was
completed in 1986 and invoived the evaluation of the
ground water monitor network and identification of
areas of data deficiency.

This report presents the results of a compilation
of the existing hydrogeologic data supplemented with
data collected from extensive fleld investigations in
Hendry County. The data were assessed to determine
aquifer characteristics, ground water resource
potential, and water use impacts in the region. The
major tasks identified within this phase of the study
were to:

1. Review existing literature and determine data
gaps.

Complete exploratory driiling and hydraulic
testing of wells to fill in data gaps.

2.

3. Define the areal extent of regionally continuous
ground water sources,

4,  Determine regional flow patterns of major fresh
water aquifers.

5. Determine regional water quality trends.

6. Determine “base line" values for future use in
ground water flow modeling of Hendry County.

7. Present a preliminary assessment of the future

development potential of ground water resources.

The final phase of this project will utilize the data
collected to quantify the available ground water
resources through the development of numerical flow
models.

Location

Hendry County is located in the central portion of
south Florida, south of Lake Okeechobee (Figure 1).
The study area encompasses all of Hendry County and
a one township border of the adjacent counties of
Charlotte, Lee, Collier, Palm Beach, and Glades. It
lies generally within Townships 42 through 49 and
Ranges 27 through 35 and encompasses approximately
2,200 square miles (Figure 2). Two major bodies of
fresh water, Lake Okeechobee and the Caloosahatchee
River, fall within the boundaries of the study area.
Land elevations vary from a maximum of 55 feet
National Geodetic Vertical Datum (NGVD) to a
minimum of 15 feet NGVD; however, most of Hendry
County lies between 20 and 30 feet NGV D (Figure 3).

Several cities, towns, and small residential
developmentis are located in the study area. The cities
of LaBeile, Clewiston, Moore Haven, and the town of
Immokalee are the primary urban centers in the area,
Another growing urban development is Port LaBelle,
located two miles east of LaBelle.

Physiography

Parker and Cooke (1944) defined three
phvsiographic units within Hendry County: the sandy
flatlands, the Everglades, and the Big Cypress Swamp
(Figure 2). The sandy flatlands make up the majority
of Hendry County and includes the Telegraph Swamp
in Charlotte County and the Devil's Garden Wildlife
Management Area in eastern Hendrv County. The
flatlands extend northward inté Giades and
Highlands counties, westward to the Gulf of Mexico
and southward into Collier County. Land eievations
vary from 10 to 50 feet above NGVD within the study
area. The Everglades lie along the eastern edge of
Hendry County and western Palm Beach County,
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extending from the southern portion of Lake
Okeechobee to the south and southeast. The soil of the
Everglades is predominantly organic and is composed
almost entirely of peat to a maximum thickness of
eight feet. The Big Cypress Swamp occupies a large
section of southern Hendry County, ineluding part of
‘the Big Cypress Seminole Indian Reservation. The
unit is characterized by flat swampy regions and
small, pine hammock islands.

The hydrologic divide that separates the two
drainage basins in Hendry County trends northeast-
southwest through the center of the county. The
northern and western portions of the county drain to
the Calogsahatchee River. To the south, the Devil’s
Garden area drains slowly to the west inte the
Okaloacoochee Slough and ultimately to the Big
Cypress Swamp (Klein, 1964). Surface runoff
throughout the county is slow because of the flatness
of the region.

Climate and Rainfall

The climate of Hendry County is subtropical with
a mean annual temperature of 73°F. Summers are
long, warm, and relatively humid; winters are mild
and the temperature rarely falls below freezing. July
and August have the highest average temperatures
(81.3°F) while January and February have the lowest
average temperatures (64.2°F).

Rainfall occurs in south Florida in two distinet
periods; the wet season and the dry season. Usually
more than fifty percent of the annual rainfal occurs
during the four month period from June through
September. Most of the rainfall in the summer occurs
from local showers or thunderstorms, with occasional
frontal systems and tropical depressions (hurricanes)
contributing a significant amount. The average
annual rainfall In Hendry County is about 50 inches.

Oceasionally, the rainy season pattern emerges
late or never materializes. In 1971, and again in 1981,
the lack of rainfall caused Lake Qkeechobee to drop to
a level of approximately 10 feet above NGVD, while
the optimum operating level is 15.5 to 17.5 above
NGVD (Shaw and Trost, 1984). This lowered water
level can have significant impact on water availability
for Hendry County.

Metheods

Data from seventy-four wells were analyzed and
interpreted in order to construct the cross sections,
structure, and isopach maps presented in this report.
All wells have lithologic descriptions and many are

supplemented with geophysical surveys. These wells
are listed in Appendix A.

The lithologic descriptions available in the
Appendix were generated on an IBM PC data base
called the WELL LOG DATA SYSTEM. The PC data
system was adapted by Geologic Information Systems
in Gainesville from a program developed by the
Florida Bureau of Geology and Florida State
University to store geologi¢c data on a mainframe
computer in Tallahassee. STRATALOG, another
program developed on the mainframe and adapted to
the District’s CDC Cyber computer system, generates

‘stratigraphic columns from the stored data.

Lithologies were identified using a binocular
microscope and coded into the program format. The
data input criteria are standardized, making
correlations between different wells more uniform.
The major lithologies identified were limestone,
dolomite, sandstone, shell, clay, dolosilt, sand, and
phosphate. All were analyzed for color (GSA Munsell),
estimated percent and type of porosity, relative
permeability, grain size, degree of induration, cement
or matrix components, sedimentary structures,
accessory minerals, general fossils, and identifiable
guide fossils. Modal grain size and grain size range
were evaluated on most lithologies. Degree of
alteration in dolomites and recrystallization in
limestones were estimated. STRATALOG was then
used to interface the stored data and plot geologic
columns. The computer generated columns depict the
major lithology, secondary minerals, induration, and
accessory minerals. These data are presented In
Appendix A.

Geophysical surveys were run in all of the
Distriet's exploratory wells and were also available
freom many of the other wells used in this report.
Geophysical logs for wells drilled by the SFWMD were
obtained using one of the two Gearhart-Owens loggers
owned and operated by the SFWMD. Each logger
produces logs in anaiog and digital form. At the time
of this study, the logger was unable to store the data in
digital form. Therefore, the analog form of SFWMD
logs, along with logs obtained from USGS files, were
digitized with a summagraphics ID-RS232 digitizer.
The information in digital form was stored on a floppy
disk which was later read into the Cyber computer.
Once on Cyber, the geophysical logs were plotted using
in-house computer programs.

The geophysical logs were used to assist in
evaluating and correlating well cuttings from each
site.  Available logs ineluded Natural Gamma,
Neutron Porosity, Caliper, 16 and 64 inch Normal
Resistivity, 6 foot Lateral Resistivity, and



Spontaneous Potential. Some of these logs are shown
in this report and the remainder are on file at the
Distriet.

The geophysical logs used for evaluation and
correlation of aquifer lithologic and fluid
charaeteristies included Natural Gamma, Neutron, 16
and 84 inch Normal Resistivity, and Caliper. The
Natural Gamma log is a tool used to detect natural
gamma radiation given off by the layers of sediment
and rock present in the wall of a well. Geologic
formations normally exhibit similar "signatures”
within a given area. The Neutron Porosity log shows
variation in the hydrogen content within formation
pore space. The signal characteristically attenuates
with increased hydrogen content, and, therefore,
indicates the presence of water within pore spaces.
Electric logs (16-64 inch, 6 foot Lateral and
Spentaneous Potential) deteet changes in the
composition of the rock matrix and formation fluid.
The Caliper log shows borehole diameter and helps
locate competent and incompetent beds, solution
cavities and possible fracture zones.

Aquifer parameters were determined through
speeific eapacity and duration aguifer pumping tests.
A total of 15 aquifer tests were run in this study,
Typical test sites consisted of a pumped well, two
production zone observation wells, and two water table
ogbservation wells. Step drawdown tests were
completed on each production well prior to the
duration aquifer pumping test yielding specific
capacity data. The specific capacity results were used
to estimate transmissivity and for determining an
acceptable discharge rate for the duration test.

Puration pumping tests were scheduled for 72
hours followed by 36 hours of recovery. Many of the
tests, however, did not last more than 36 hours due to
water level stabilization, equipment failure,
meteorological events, or any combination of these.
Constant discharge was measured through a
discharge manometer. Water level data were collected
throughout the test by an In-Situ, Inc. SE 200
Hydrologic Analysis System. The SE 200 is a portable
computerized water level data aguisition system.
Water levels were measured using Druck Lid 160D
transducers, which were corrected for temperature
and barometric pressure fluctuations. Signals from
the transducers were captured and processed by a
portable Hewlett-Packard HP-85F computer. Water
level data are stored on magnetic tape and are
retrievable in a variety of graphical and digital
formats.  Graphical analyses of drawdown and
recovery data for the aquifer tests conducted by
SFWMD are presented in Appendix D.

- (1964), and Peck (1979).

Regional water level data were obtained from the
USGS. These data were contoured for both the end of
the 1986 wet season and 1987 dry season.
Hydrographs were constructed from long term data
available from several USGS wells. Rainfall and
evapotranspiration data were accessed from the
Distriet’s hydrologic data base, and bar graphs were
plotted for each station. These are presented in
Appendix B,

Water quality data are available from most of the
LSGS and District wells in the area, The USGS
network is primarily sampled on a semi-annual basis.
Complete inerganic major parameter analyses are
available for some of the USGS wells, whereas
chloride and conductivity values are measured on all
sampled wells. The District wells, along with selected
private wells, were sampled during October 1986 and
April 1987 with complete inorganic major parameter
water quality analyses performed by the District’s
water chemistry laboratory. Much of this data is
presented in Appendix C, and average chloride and
conductivity trends are discussed in the text.

Previous Investigations

Early investigations into the geology of south
Florida were made by Matson and Clapp (1909),
Matson and Sanford (1913), and Cooke and Mossom
(1929). These studies were summarized by Parker et
al. {1944, 1955). More recent work on the geology of
south Florida was done by Missimer (1984).

The stratigraphy of the area was discussed in
publications by Parker (1955), Puri and Vernon
The stratigraphy and
paleontology along the Caloosahatchee River was
investigated by DuBar (1958). The stratigraphy and
palececology of the Tamiami Formation was
investigated by Slater (1978).

The most comprehensive study of the
hydrogeology of Hendry County was done by Klein et
al. (1964). Fish et al. (1983) expanded on the well
inventory and deseribed additional wells. More
localized work was performed by Stringfield (1933)
around Lake Okeechobee and McCoy (1967) in the
Immokalee area. Investigations of adjacent counties
with some information extending into Hendry County
include two hydrogeologic reconnaissance studies by
the SFWMD, Knapp et al. (1986) in Collier County
and Wedderburn et al. (1982) in Lee County.
Preliminary work by the SFWMD in Hendry County
was summarized by Smith et al. (1988) as part of an
assessment of the ground water monitoring network.



GEOLOGY

BACKGROUND INFORMATION

Hendry County lies at the extreme southern edge
of the Qcala uplift (Vernon, 1951). The surficial
deposits in this area generally conform to the regional
uplift and dip gently to the south (Klein et al., 1964).
Major subsurface structural features in the area are
the South Florida Shelf and the Broward Syncline
(Applin and Applin, 1944). The South Florida Shelf is
described as a shallow flat area, trending northwest to
southeast from Sarascta to Dade County. It includes
all of Hendry County with the exception of the
extreme northeast corner. The Broward Syncline runs
parallel to and north of the South Florida Shelf. It
extends from northeast Hendry County through
Broward County.

The upper stratigraphic sequence in Hendry
County consists primarily of carbonates with clastice
materials present in formations of Miocene age (5.5 to
23.5 million years ago [Mintz, 1977]) or younger. The
formations discussed in this report are limited to those
of Miocene age or younger. They include the upper
portion of the Hawthorn Group, the Tamiami Forma-
tion, and undifferentiated shallow deposits. The
Hawthorn is recognized as a Group in this report based
on work by Scott (1986) and others. The Tamiami
Formation (Hunter and Wise, 1380) overlies the
Hawthorn Group, and the undifferentiated deposits
(Ft. Thompson Formation, Caloosahatchee Marl, Lake
Flirt Marl, Pamlice and Talbeot sands) lie on top of the
Tamiami Formation.

Cuttings from 74 wells in Hendry, Glades, Coilier
and Lee counties were used to describe the geology and
hydrogeology of Hendry County, and cutting descrip-
tions from work done by private consultants were used
to supplement the geoiogic data base. Figure 4 shows
the locations of the geologic control wells. Cutting
deseriptions and available geophysics from the geol-
ogic control wells are presented in Appendix A.
Contiguous rock units are grouped according to their
iithelegic and hydraulic properties. These groups are
assigned to previously defined stratigraphic and
hydrostratigraphic units. Figure 5 is a hydrostrati-
graphic column of well HY124 showing the relative
vertical pasition of the units discussed in this report.

MIOCENE SERIES
Hawthorn Group

Puri and Vernon (1964) describe the Hawthorn
Group as one of the most misunderstood units in the

southeastern United States. It was first defined as the
“Hawthorn Beds” by Dall and Harris (1892) as the
phosphatic sediments being quarried near the town of
Hawthorne in northern Florida. These sediments
were described at the Devil's Mill Hopper by Johnson
(1888), named by Dall and Harris (1892), and
designated as a formation by Matson and Clapp
(1909). The Devil's Mill Hopper and Brooks Sink were
designated as type locations by Puri and Vernon
(1964). Literature available on the Hawthorn is
extensive, and the reader is referred to the publication
list at the end of this report for additional information.

Recently, several authors, including Missimer
(1984), and Scott and Knapp (1988) have recognized
the Hawthorn as a group. Scott and Knapp (1988)
divided it inte two units: an upper zone that is
composed primarily of clastic material, and a lower
zone that is principally carbonate in nature. The
contact between these two zones can often be
recognized as a rubble bed of coarse quartz pebbles and
phosphatic sand and gravel that gives a distinctive
response on natural gamma logs (Knapp et al., 1986).
However, the rubble zone is not found everywhere in
Hendry County. In wells where the rubble zone is not
found the distinction between the upper and lower
zone must be made on the basis of their lithologies. In
some areas of southwest Florida the upper clastic zone
contains a unit of very coarse, well rounded quartz
sand and gravel. This unit, referred to as the "Miocene
coarse clastics” (Knapp et al., 1986), is found at or near
the top of the clastic zone. This unit may be analagous
to the Ortona sand informally referred to by Hunter
{1978). This zone may also contain olive-gray dolosilts
and phosphatic sand and gravel. Both zones of the
Hawthorn Group are found in Hendry County.

The Hawthorn Group is composed primarily of a
heterogenous mixture of silts, clays, calcareous clays,
dolosilts, quartz sands, phosphates, limestones, and
dolomites. In this report the top of the Hawthorn
Group in Hendry County is recognized as the first
appearance of olive-gray dolosilts, sands, sandstones,
or silts below a biogenic, Tamiami type limestone. Itis
also identified as the first appearance of olive-gray or
green clays, or the presence of phosphatic gravel, or
phosphatic sand in quantities in excess of four percent
(+ or - one percent). Klein (1964) estimated that the
Hawthorn Group ranges in thickness from 300 to 500
feet in Hendry County. Only one of the geologic
control welis in Hendry County (HY123) penetrates
the entire thickness of the Hawthorn Group. The
thickness reported in this well is 870 feet.



SNOILD3S SSOHD DIHAVHOILVHLSOHAAH ANV STTIM TOHLNOD D1907039 40 NOILVYOOT

MO ILYANISIN |
x!

R SINYLINSNGD
90029 ILVAIHd AB
G38IHOS3A STIM

o .m__ ﬁmmem 3?:

Z0EAH |

+

..m-..

90ZAH

SZLAM

S m_; ._.”_. : :;Jm:.:._ | 3 0z1AH @

¢ aunbiq

SITNIKW M ITVYOS

1v022 .
Z9022 NOILDIS SSOHD
DiHdYHDILVH1SOHOAH
TIM
A0HLNOD DID0T03ID

o¥0z0

aN3D3T
0Z0

rr?

e " o B -

. x.onuo Ll i
: wmouoo 65020 .
AR (TTretpT P T
b ALNNOD H
>.._.ZODU..n " H ”

2;: ..Nr.:._
: ~un:._._o A

—hsaaans

§ Z0ZAH

, .....zoE_;m._J@Q _.

J38OHI3INO
IAY




ELEVATION COLUNN * ACCESSORY HYDROGEOLOGIC GEOLOGIC
(FT.NGVD) MINERALS UNITS UNITS
25 —_1 Lttt i CALLITE UNDIFFERENTIATED

L CALEITE = WATER
;T;[_‘ o ;T_-T; I E TABLE
-y b4 AQUIFER
’ B e e x
I SILT ry
CEf=zEfg=q sk S TAMIAMI TAMIAMI
SR iy QS | CONFINING ZONE FORMATION
I £ 1 7 SAND -
71 171 SAND <
} 5 /l 7 SAND Q LOWER
- A CALCTTE P
80 —4—7—— CALCITE @ TAMIAMI
. //: L ://' s CALCTTE a AQUIFER
R A MIOCENE
7_7l COARSE CLASTICS
=75 L I BOLOMTTE
C— = - DOLOMTTE
o - DOLOM [ TE UPPER
= e T =T =T DOLOHITE HAWTHORN
-100 e s CONFINING
|- OGLOMITE
A R o DGLOHITE w ZONE
PR 14 2
-125 1 @ SANDSTONE o
e £ Shouren |8 | e
S A 2 5 (CARBONATE z CLASTIC
_ ] SAND
150 _ VA A 2 ZONE) 2 ZONE
| —E===E=-1 SAND w =
I S itretl it SRND ';; E S
el - - <
-175 k== X o D *
T ) ND =
——+ e ot = HAWTHORN
T 5aND = CONFINING
- SANC z
200 ——] / /' SaNs ZONE
[ F 1 SANG
E-———t—-—— 548D
-225 __|

* SEE APPENDIX A FOR EXPLANATION OF SYMBCLS

Figure 5 HYDROSTRATIGRAPHIC COLUMN OF WELL HY124

9.




Figure 6 shows the top of the Hawthorn Group in
the study area. Highest elevations form a ridge-like
feature with elevations near zero feet NGVD. The
ridge trends east-west from Clewiston towards Lehigh
Acres in Lee County. The top of the Hawthorn dips to
the north and south of this feature reaching depths in
excess of -175 feet NGVD in eastern Hendry County.
Two localized depressions in the top of the Hawthorn
oceur in the vieinity of LaBelle.

The upper clastic zone of the Hawthorn Group
averages approximately 225 feet thick in Hendry
County (Figure 7). It is thickest, up to 340 feet, near
Immokalee. It also thickens in the northeastern
portion of the study area near Lake Okeechobee. A
localized area of thinning of the upper clastic zone
occurs between LaBelle and the Townsend Canal,
where it is less than 75 feet thick.

The Miocene coarse clastics were identified in 20
of the 73 geologic control wells. The entire thickness
of the unit was penetrated in 14 wells. The coarse
clastics form a trough on top of the fine sands and silt
of the upper clastic zone. This feature trends
northeast to southwest from Lake Okeechobee towards
Immokalee (Figure 8). In Collier County the coarse
clasties continue to the Gulf coast, gradually thinning
from 150 feet near Immokalee to less than 50 feet at
the coast (Knapp et. al., 1986). This occurrence
suggests that the trough of coarse clastics may have
been deposited as a deltaic lobe on top of the fine sands
and silt of the upper clastic zone.

The top of the lower carbonate unit of the
Hawthorn Group generally occurs at elevations of
approximately -350 feet NGVD (Figure 9). The lower
zone has its shallowest occurrence in a localized area
to the southwest of LaBelle where it occurs at
elevations above -150 feet NGVD. This area
corresponds to a thin area of the upper clastic zone.
Because only one of the geologic control wells
penetrate the entire thickness of the Hawthorn Group,
the thickness of the lower zone in Hendry County is
unknown.

MIOCENE/PLIOCENE SERIES
Tamiami Formation

The "Tamiami Limestone” was first used by
Mansfield (1939) to describe a sandy fossiliferous
limestone exposed in ditches along the Tamiami Trail
(U.S. 41) in Collier and Monroe Counties. Parker and
Cooke (1944) expanded the Tamiami to include “white
to cream-colored calcareous sandstone, sandy limes-
tone, and beds and pockets of quartz sand”. Parker et
al. (1955) redefined the Tamiami Formation to include

Mansfield's limestone and all of the upper Miocene
materials in southern Florida. Hunter and Wise
(1980, 1980a) showed that Parker's definition of the
Tamiami Formation was inconsistent with the
American Commission on Stratigraphic Nomen-
clature (1970). They suggested restricting the
Tamiami Formation to the "original interfingering
limestone members (Ochopee and Buckingham
Limestones) and other equivilent facies such as the
Pinecrest Sand.” The subjacent Miocene clastic
materials were returned to the Hawthorn.

The Tamaimi Formation has a varied lithology in
Hendry County. In southern Hendry County it occurs
as a relatively thick sequence of limestone It
typically occurs as a moderate to well indurated,
biogenic, medium to coarse grained sandy limestone
exhibiting good intergranular and moldic porosity.
Sand content generally increases with depth. In most
locations these limestones are interbedded with thin
layers of moderately indurated calcareous sandstones
or unconsolidated quartz sands. The limestones thin
to the north and the sand and sandstone lavers make
up most of the thickness of the Tamiami Formation in
central Hendry County. These sands, sandstones, and
sandy limestones grade into the underlying thick
sequence of the Miccene coarse clastics that oceur in
this area. The Tamiami Formation is thinner in
central Hendry County due to the underlying
Hawthorn Group occurring at higher elevations and
the inclusion of the coarse sands in the Miocene coarse
clastics. In areas of northern Hendry County
(particularly in the LaBelle area) the Tamiami
Formation is thin and its lithology makes it difficult to
distinguish from the younger biogenic limestones of
the Caloosahatchee Marl and the Fort Thompson

. Formation. These units can be distinguished from

-10-

each other on the basis of biostratigraphy, but a
detailed investigation of fossil assemblages is beyond
the scope of this study. Therefore, in these areas, the
Tamiami Formation was grouped with the undiffer-
entiated deposits.

Figure 10 shows the top of the Tamiami
Formation in Hendry County. Its surface is generally
flat throughout most of the county with elevations
between 0 and 20 feet NGVD. However, in
southeastern Hendry County, it dips rapidly to the
southeast with elevations decreasing to -68 feet
NGVD. This generally corresponds to a similar
feature in the top of the Hawthorn Group (Figure 6).

The thickness of the Tamiami Formation is
shown in Figure 11. The thickness of this unit is
variable throughout Hendry County. The Tamiami
Formation is absent around the LaBelle, Immokalee,
and Clewiston areas; it is thickest in east central
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Hendry County where a thickness of 176 feet is found
in well HY209. Generally, the Tamiami Formation is
thinnest in northern Hendry County and thickens
towards the south.

PLEISTOCENE/HOLOCENE SERIES
Undifferentiated Deposits

Undifferentiated deposits of varying thicknesses
and lithologies occur at land surface throughout
Hendry County. These deposits consist mostly of
quartz sands with varying amounts of silt, clay, shell,
and organic material. In some areas high percentages
of phosphatic sand occur in thin layers among the
undifferentiated deposits. This may be the result of
exposed Hawthorn material to the north of Hendry
County being eroded, transported, and deposited here
during Pleistocene and Holocene time.

17

Various authors have identified several units
within the shallow sediments in Hendry County. The
Fort Thompson Formation {(Sellards, 1919; Cooke and
Mossom, 1929), the Caloosahatchee Marl (Matson and
Clapp, 1909), the Lake Flirt Marl (Sellards, 1919) and
the Pamlico and Talbot sand terraces (Parker and
Cooke, 1944) are names that appear in the literature.
These units are all classified as undifferentiated in
this report due to the limitations of the scope of this
study. Also, deposits in the vicinity of LaBelle that
may belong to the Tamiami Formation are included in
the undifferentiated deposits because the Tamiami is
very thin and difficult to distinguish frem yvounger
biogenic limestones in this area.



HYDROGEOLOGY

BACKGROUND INFORMATION

The geologic formations underlying Hendry
County can be divided into aquifers and confining
zones based on their hydraulic properties. An aquifer
is defined as a formation, group of formations, or a part
of a formation that contains sufficient saturated
permeable material to vield economical amounts of
water to wells and springs (Driscoll, 1988). Driscoll
also defines a confining zone (aquiclude) as a
saturated but poorly permeable bed, formation, or
group of formations that does not freely vield water to
wells or springs, but may transmit appreciable
quantities of water to or from adjacent aquifers. Fora
formation to be included in an aquifer or confining
zone it must exhibit the appropriate hydraulic
properties and show significant horizontal and
vertical continuity.

Kruseman and DeRidder (1970) define four basic
types of aquifers that occur in nature: unconfined,
semi-unconfined, semi-confined, and confined. Uncon-
fined aquifers are composed of permeable materials
that may be partially or completely saturated. Water
levels are in equilibrium with atmospheric pressure.
The upper boundary is called the water table or
phreatic surface. The lower boundary is formed by a
confining zone. A confined aquifer is completely
saturated and bounded on both the top and bottom by
impermeable beds. Hydrostatic pressure exceeds
atmospheric pressure causing the potentiometrie
surface (the level which water rises in a tightly cased
well open only to the confined aquifer) to occur above
the top of the confined aquifer. Completely impervious
beds rarely occur in nature and confined aquifers are
less common than recognized. A semi-confined or
leaky aquifer is completely saturated and is bounded
on the top and bottom by low permeable or leaky
confining zones. Water can move vertically through
these confining zones at a rate dependent on the head
differentials between the semi-confined aquifer and
the source beds, and the permeabilities of the
confining zones. Semi-unconfined aquifers are similar
to semi-confined aquifers; however, the horizontal
flow component within the adjacent confining zones is
great enough that it cannot be ignored. Unconfined,
semi-confined, and semi-unconfined aquifers occur in
Hendry County.

Three major regional aquifer systems occur in
Hendry County: The Surficial Aquifer System, the
Intermediate Aquifer System, and the Floridan
Aquifer System. The Surficial Aquifer System
contains two aquifers, the water table aquifer and the
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lower Tamiami aquifer, separated by the Tamiami
confining zone (Figure 5). The Intermediate Aquifer
System underlies the Surficial Aquifer System and
acts as a confining zone for the deeper Floridan
Aquifer System. The sandstone and mid-Hawthorn
aquifers are contained within the Intermediate
Aquifer System. In addition, an unnamed white iime-
stone aquifer is also found in this aquifer system
northwest of LaBelle. Although similarity of water
levels between the sandstone aquifer and the Surficial
Aquifer System suggest that the sandstone aquifer
may belong in the Surficial Aquifer System, it is
included in the Intermediate Aquifer System because
it occurs below the first regionally continuous
confining zone (Southeastern Geological Society
Committee on Florida Hydrostratigraphy 1986). The
sandstone aquifer is separated from the Surficial
Aquifer System by the upper Hawthorn confining zone
and from the mid-Hawthorn aquifer by the
mid-Hawthorn confining zone. The Floridan Aquifer
System contains highly mineralized water in Hendry
County (Klein et al., 1964) and is not discussed in this
report.

Locations of five hydrogeologie cross sections are
shown in Figure 4. Cross section A-A' (Figure 12) runs
north-south from well G401 (north of LaBelle) parallel
to State Road 29 to well C2046 (approximately 12
miles south of Immokalee}. The Surficial Aquifer
System is thickest in well HY115 near LaBelle and
well C2040 near Immokalee. The lower Tamiami
Aquifer is not present in wells HY106, HY116,

.HY115, HY119, HY127, and C2054. The absence of

the Tamiami confining zone in these wells indicates
that the entire thickness of the Surficial Aquifer
System behaves as a single unconfined aquifer at
these locations.

The thickness of the sandstone aquifer in cross
section A-A' is variable, ranging from zero feet in
wells HY 108, HY115, G401, and C2046 to 150 feet in
well C2054 where both the clastic and carbonate zones
are present and separated by 40 feet of confining
material. The top of the sandstone aquifer occurs from
-56 to -153 NGVD in Hendry County. Towards the
gouth into Collier County, the top of the sandstone
aquifer dips to elevations of -270 NGVD in well C2040.
The Surficial Aquifer System is also thickest at this
location,

Cross section B-B' (Figure 13) extends
north-south from well HY208 (southwest of Clewiston)
to well HY311 on the Big Cypress Indian Reservation.
In this cross section the Surficial Aquifer System
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ranges in thickness from 100 feet in well HY308 to 150
feet in well HY201. The lower Tamiami aquifer is
between 30 and 105 feet thick, and is found at depths
ranging from -16 to -52 feet NGVD. The sandstone
aquifer does not occur in eastern Hendry County. |

Cross section C-C' (Figure 14) extends west to
east from well L0O02 near Alva to well HY208
(southwest of Clewiston). The Surficial Agquifer
System is thickest in well HY208 where it consists
mainly of a thick sequence of the lower Tamiami
aquifer. The lower Tamiami aquifer thins toward the
west and pinches out between wells HY210 and
HY104. The Surficial Aquifer System continues to
thin to the west, reaching its minimum thickness of
four feet in well HY102 (approximately five miles
southwest of LaBelle).

The sandstone agquifer occurs primarily as a
carbonate facies in well L002. It is found at elevations
between -46 feet and -158 feet NGVD. It thins and
dips to the east, pinching out in the vieinity of well
HY127 (just east of State Road 29). The clastic zone of
the sandstone aquifer occurs in wells HY102, HY103,
and HY127 at elevations between -77 and -103 feet
NGVD. This zone also disappears to the east of well
HY127. The clastic zone of the sandstone aquifer also
pinches out to the west of well HY102.

Cross section D-D' (Figure 15) runs west to east
from well L001 to well HY209. The Surficial Aquifer
System is quite variable in thickness ranging from 40
feet in wetl HY110 (near State Road 29) to 185 feet in
well HY125. The variable thickness of the Surficial
Aquifer System is controlled by the ocecurrence and
thickness of the lower Tamiami aquifer. The extent of
the sandstone aquifer is similar to cross seetion C-C',
where it occurs as a thick sequence of the carbonate
zone in Lee County. The aquifer thins toward the east
and pinches out east of State Road 29. However, it
does not dip to the east in this cross section as it does in
C-C'. The top of the carbonate zone is relatively flat.
The thinning to the east is a resuit of changes in the
elevation of the bottom of this zene from -300 feet
NGVDin well LO0O1 to -133 feet NGVD in well HY110.
The clastic zone of the sandstone aquifer in this cross
section is similar to that in C-C', although in D-D"it is
thinner and shallower.

Cross section E-E' (Figure 16) extends west to
east from well L027 (southeastern Lee County) to well
HY302. The thickness of the Surficial Aquifer System
ranges between 50 feet in well C2055 and 195 feet in
weil HY306. Again, the thickness of the Surficial
Aquifer System is composed mostly of the lower
Tamiami aquifer. However, in wells C2054 and C2055
the absence of the Tamiami confining zone causes the
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entire thickness of the Surficial Aquifer System to act
as a single unconfined aquifer. The lower Tamiami
aquifer is 205 feet thick in well HY 306, thins to the
west, and appears to pinch out west of well C2066. It
appears again as a 10 foot section in well C2058 and
thickens to the west. The clastic zone of the sandstone
aquifer oceurs at elevations between -70 feet NGVD in
well C2058 and -135 feet NGVD in well C2055. This
zone is thickest in the west and thins to the east,
pinching out east of well C2055. The carbonate zone of
the sandstone aquifer occurs at depths from -110 feet
NGVD in well L027 to -195 NGVD in well C2055. The
carbonate zone is in contact with the clastic zone in
well C2055 and pinches out to the east. The
hydrostratigraphic  relationship  between  the
sandstone aquifer and the lower Tamiami Aquifer
between wells C2055 and C2066 is unclear. Since the
lower Tamiami aquifer appears to dip to the west and
the sandstone aquifer appears to be rising to the east,
it is possible that the two aquifers come in contact with
each other in this area. However, there are no data to
support this at present. Future investigations in the
area should include test drilling between wells C2055
and C2066 to determine the hydrostratigraphic
relationship between the two aquifers.

SURFICIAL AQUIFER SYSTEM

The Surficial Aquifer System consists of the
water table aquifer and hydraulically connected units
above the top of the first occurrence of laterally
extensive and vertically persistent beds of much lower-
permeability (SGCFH, 1986). The Surficial Aquifer
System was called the shallow aquifer by Klein et al.
(1964) and the surficial aquifer by Fish et al. (1983).

In Hendry County, the Surficial Aquifer System
occurs mainly within the sediments of the Tamiami
Formation and the undifferentiated deposits.
However, in many areas throughout the county, the
Miocene coarse clastics exhibit high permeability and
are in direct contact with permeable zones of the
Tamiami Formation or the undifferentiated deposits.
In these areas, the Miocene coarse clastics are
included in the Surficial Aquifer System.

The Surficial Aquifer System is divided into two
aquifers: the water table aquifer and the lower
Tamiami aquifer, separated by a leaky confining zone
called the Tamiami confining zone. The Surficial
Aquifer is bounded on the top by the water table and
on the bottom by the low permeable beds of the upper
Hawthorn confining zone. Figure 17 shows the
thickness of the Surficial Aquifer System in the study
area. It varies in thickness between four feet in well
HY102 (southwest of LaBelle) to 208 feet in well
C2040 (southwest of Immokalee). The Surficial
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Aquifer System is thinnest in western Hendry County
and thickens to the east and south.

The Surficial Aquifer System does not have a
characteristic geophysieal signature due to the wide
variability in lithologies present. However,
examination of the geophysical logs available in the
study area reveals some trends. Natural gamma logs
show relatively low levels of radioactivity in the
aquifer system. Exceptions occur toward the base of
the lower Tamiami aquifer where higher percentages
of phosphatic sand (up to 4%) are sometimes present.
This results in higher gamma activities in the lower
portions of the aquifer system. Some wells, such as
HY125, show high gamma activities near land surface
due to the presence of thin layers of phosphatic sand.
This may be reworked and redeposited Hawthorn
material as discussed in the geology section. Electric
logs {16 and 64 inch, 6 foot lateral) show relatively
high resistivities throughout the surficial aquifer
system. This is an indication of well indurated
materials and/or low mineralized formation water
(Driscoll, 1986). In some wells the resistivities
gradually decrease with depth in the Surficial Aquifer
System. This suggests that the sediments become less
lithified with depth and/or that the water increases in
salinity with depth.

Water Table Aquifer

In Hendry County the water table aquifer
consists of fine to medium grained well sorted quartz
sands with varying amounts of shell and minor
amounts of organic material. In some areas a dense
sandy limestone forms a cap rock at land surface.
However, these rocks are highly fractured and
solutioned and do not have a significant effect on
recharge. In areas where the water table aquifer is
over 40 feet thick the sandy, biogenic limestones of the
Tamiami Formation form the deeper portions of the
water table aquifer,

The thickness of the water table aquifer is shown
in Figure 18. It is generally 20 to 40 feet thick with
localized areas of thicker sections near LaBelle and
south of Immokalee. The thickest section of water
table aquifer was encountered near Immokalee in well
C2054. This corresponds to an area where the
Tamiami confining zone is absent and the water table
aquifer accounts for the entire thickness of the
Surficial Aquifer System.

Tamiami Confining Zone
The Tamiami confining zone is composed of low

permeable silts, dolosilts, silty sands, sandy clays, and
poorly indurated micritic limestones. This zone
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retards the vertical flow of water between the water
table aquifer and the lower Tamiami aquifer. Leakage
coefficient values (K'b") for the unit have been
estimated between 1 X 10-° to 1 gallon per day per
cubic foot (gpd/ft3). The wide range of leakage values
is a result of the variable thickness of the confining
zone and the very high degree of lateral heterogeneity.

Figure 19 shows the thickness of the Tamiami
confining zone in Hendry County. It is absent over a
large portion of the western study area. In these
areas, the water table aquifer is in direct hydraulic
connection with the permeable zones of the Tamiami
Formation; both units act as a single unconfined
aquifer and both have been included in the water table
aquifer. The Tamiami confining zone is thickest in
central and southern Hendry County and thins in ail
directions. As the confining zone thins to the north
and east it also undergoes a gradational change to a
meore sandy, less silty and clayey unit, thereby
becoming more leaky to the north and east.

Lower Tamiami Aquifer

The lower Tamiami aquifer is the major source of
ground water in most of Hendry County. It consists
mainly of sandy biogenic limestones and calcareous
sandstones found in the lower portions of the Tamiami
Formation. In some areas the quartz sands found in
the Tamiami Formation and the Miocene coarse
clastics exhibit sufficient permeability to be included
in this aquifer as well. Generally, the highest yields
are associated with biogenic limestones exhibiting
secondary porosity, and well sorted coarse grained
sands. Well HY125 provides an example of this
situation. The lower Tamiami aquifer penetrated by
this well consists of five feet of sandy biogenic
limestone underlain by 97 feet of well sorted, medium
to coarse grained sands loosely cemented into a poorly
indurated sandstone, which in turn is underlain by 63
feet of medium to very coarse unconsolidated quartz
sand for a total thickness of 165 feet. The productivity
of the aquifer in this situation is generally dependent
on the amount of silt and fine sand present in the
aquifer. In southern Hendry County, the lower
Tamiami Aquifer consists entirely of the sandy
biogenic limestone and calcareous sands and
sandstones of the Tamiami Formation. In this area
the productivity of the aquifer generally is dependent
on the thickness of the aquifer and the amount of
secondary permeability present. Well yields from the
lower Tamiami aquifer are highest in the southern
portion of the county.

The top of the lower Tamiami aquifer is shown in
Figure 20. The surface of the aquifer is relatively flat
with elevations averaging approximately -30 feet
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NGVD. The aquifer displays its highest elevation
along State Road 29 north of Immokalee. Figure 21
shows the thickness of the lower Tamiami aquifer.
The aquifer is absent in large areas of western Hendry
County and in the vicinity of Immokalee due to both
the absence of the Tamiami confining zone and
structural highs in the underlying upper Hawthorn
confining zone. The aquifer generally thickens
towards southeastern Hendry County where the thick
sequences of Tamiami limestones occur.

INTERMEDIATE AQUIFER SYSTEM

The Intermediate Aquifer System acts as a
confining unit to the deeper Floridan Aquifer System.
This system is composed primarily of a heterogeneous
mixture of low permeable clays, sandy clays, silts, and
dolosilts. However, zones of relatively permeable
limestones, dolostones, sands, and gravels occur in
this aquifer system in portions of western Hendry
County. These zones contain water under artesian
pressure and act as semi-confined aquifers. The two
primary aquifers that occur in the Intermediate
Aquifer System in Hendry County are the sandstone
aquifer and the mid-Hawthorn aquifer. An unnamed
white limestone aquifer of unknown extent also occurs
in this aquifer system northwest of LaBelle. The
sandstone aquifer is separated from the Surficial
Aquifer System by the upper Hawthorn confining zone
and from the deeper mid-Hawthorn aquifer by the
mid-Hawthorn confining zone. The mid-Hawthorn
aquifer yields small amounts of poor quality water to
wells in Hendry County and therefore is not discussed
in depth.

The Intermediate Aquifer System is seen on
natural gamma logs as a zone of generally higher
gamma activity than the Surficial Aquifer System.
This is due to the presence of phosphatic materials in
the sediments of the Hawthorn Group that make up
the Intermediate Aquifer System. Gamma activity is
very strong adjacent to a rubble zone that marks the
top of the mid-Hawthorn aquifer. Electric logs (16 and
64 inch, 6 foot lateral)} show generally low resistivity
associated with the clays and silts of the upper and
mid-Hawthorn confining zones. Higher resistivities
are seen to correspond to the limestones and
dolostones of the sandstone aquifer. These higher
resistivities are not apparent in areas where the
aquifers contain brackish or saline water.

Upper Hawthorn Confining Zone

The upper Hawthorn confining zone is a term
used by Wedderburn et. al. (1982) to designate a bed of
low permeability in the uppermost part of the
Hawthorn in Lee County. In this study the term upper
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Hawthorn confining zone is applied to the zone of low
permeability that separates the Surficial Aquifer
System from the aquifers of the Intermediate Aquifer
System where they exist. The upper Hawthorn
confining zone in Hendry County consists of low
permeable sandy clays, silty sands and dolosilts.
Phosphatie sand is usually present in amounts of five
percent or more. The top of the upper Hawthorn
confining zone is shown in Figure 22. It occurs. at
elevations between 20 feet NGVD about ten miles
southeast of LaBelle to -275 feet NGVD near
[mmokalee. Generally, the top of the confining zone is
highest in the area south of LaBelle and dips to the
east and south. A localized depression in this surface
occurs near LaBelle. This area corresponds to thick
sequences of the Surficial Aquifer System in this area.

Sandstone Aquifer

Boggess and Missimer (1975) used the term
"Sandstone aquifer” to describe the sand, sandstone,
and limestone members of the Tamiami Formation
that are hydraulically interconnected in the LeHigh
Acres area of Lee County. Wedderburn et. al. (1982)
mapped this unit in Lee County and included it in the
Hawthorn. Knapp et. al. (1986) also mapped this unit
in Collier County. In Hendry County, the sandstone
aquifer occurs only in the western portion of the
county. It is an important source of water in this area
due to the absence of the lower Tamiami aquifer.

Lithologically, the sandstone aquifer is composed
of two distinet zones: a clastic zone and a carbonate
zone. The shallower clastic zone is composed of a
mixture of sands, phosphatic sands, sandstones, and

- sandy limestones, with minor shell beds present at

some locations. The productivity of this zone is related
to the amount of silt, clay, dolosilt, and fine sand
present. Examination of well cuttings suggest that
these lower permeable materials exist as thin layers
interbedded with the more permeable materials,
separating the clastic zone into several producing
zones. The top of the clastic zone of the sandstone
aquifer is shown in Figure 23. The zone displays its
highest elevation {above -50 feet NGVD) along the
Townsend Canal and dips in all directions. The
deepest occurrence of this zone (-288 feet NGVD) is
southeast of Immokalee. Figure 24 shows the
thickness of the clastic zone of the sandstone aquifer.
It is generally between 20 and 40 feet thick, however,
it appears to thin locally south of LaBellie.

The carbonate zone of the sandstone aquifer is
composed of moderately to well indurated dolostones
and limestones with minor occurrences of silty sands
and dolosilts. This zone can be locally productive
where secondary porosity exists. The carbonate zone
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occurs at greater depths than the clastic zone (Figure
25). It is shallowest in an area south of Alva in Lee
County and dips rapidly to the north, east, and south.
This zone has its deepest occurrence (-335 feet NGVD)
in well C2040, south of Immokalee. Figure 25 also
shows that the carbonate zone does not occur as far to
the east as the shallower c¢lastic zone does. In areas
where both zones occur, the relationship between the
two zones varies. In some areas, the two zones are in
contact with each other and act as a single,
semi-confined aquifer, although the two zones possess
different water bearing characteristics. In other areas
the two zones are separated by as much as 70 feet of
low permeable silty and clayey sands. This zone may
act as a semi-confining layer and cause the clastic and
carbonate zones to act as distinet aquifers where it is
present., However, due to the extremely discontinuous
nature of this zone of low permeability, it is not
possible to predict its effect on the hydraulic properties
of the sandstone aquifer, Figure 26 shows the
thickness of the carbonate zone of the sandstone
aquifer. It is over 125 feet thick in eastern Lee County
and thins in an eastward direction until it pinches out
several miles to the east of State Road 29.

Unnamed White Limestone Aquifer

An unnamed white limestone aquifer occurs
principally in Glades County in an area northwest of
LaBelle. Description of this unit is based on several
unpublished consultant repeorts. [t is included in the
Intermediate Aquifer System because of its occurrence
below the upper Hawthorn confining zone. It is com-
posed of a sandy, white to pale orange limestone of
unknown lateral extent. It occurs at elevations
between -28 feet NGVD (section 14, township 42
south, range 28 east) to -130 feet NGVD (section 14,
township 43 south, range 27 east). The top of this unit
dips to the southwest. The aquifer varies in thickness
between 17 and 40 feet. In northeastern Lee County

-35.

the carbonate zone of the sandstone aquifer occurs at
similar depths. It is not known at this time if the
unnamed white limestone aquifer is a continuation of
the sandstone aquifer or a separate unit. Further
studies in (Glades and Charlotte Counties are needed
to resolve this issue.

Mid-Hawthorn Confining Zone

The mid-Hawthern confining zone consists of
thick sequences of sandy clays, clays, and dolosilts. It
acts as a confining zone for the underlying
mid-Hawthorn aquifer. A bed of very coarse sand,

phosphatie sand, and phosphatic gravel is often found

at the base of this unit. This rubbie zone is evident on
natural gamma logs as a zone of very high
radioactivity. Because few wells in Hendry County
penetrate the entire thickness of the mid-Hawthorn
confining zone and the mid-Hawthorn aquifer is not
used as a source of water in the county, neither of
these units was investigated for this report.

Mid-Hawthorn Aquifer

The term “mid-Hawthorn aquifer” was used by
Wedderburn et al. (1982) to refer to the phosphatie
limestones and dolostones that occur below a regional
disconformity (Missimer 1978) in Lee County. This
unit is present through the lower west coast and
produces significant quantities of water in some areas
of Lee and Collier Counties. In Hendry County, the
mid-Hawthorn aquifer consists of sandy and
phoesphatic limestones and dolostones interbedded
with dolosilt and clay. It was found in 28 of the
geologic control wells and appears te underlie the
entire study area at elevations between -215 feet
NGVD and -470 NGVD. The mid-Hawthorn aquifer is
not used as a source of water in Hendry County
because it yields small amounts of highly saline water.
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WATER LEVELS

BACKGROUND INFORMATION

Water level data are collected by the USGS from
46 wells throughout Hendry County. Data collection
for 27 of the wells began in the mid-70's. Wells HE-3
and HE-5 have data beginning in 1950. In 1985, with
an increased knowledge of regional aquifer systems in
the area, the SFWMD undertook a quantitative
evaluation of the groundwater monitoring network
(Smith et al., 1988). In this study, the USGS wells
were grouped by aquifer system and statistically
evaluated to determine areas of monitor well
deficiency and redundancy. Recommendations to add
wells in areas of data deficiency resulted in a revised
network which added 17 new wells and was
implemented by October 1987, All water level data
used in this report are presented in Appendix B and
are on file at the Ft. Myers USGS office.

SURFICIAL AQUIFER SYSTEM
Water Table Aquifer

Data from 28 wells monitored by the USGS along
with data from 12 SFWMD surface water stage
recorders (Figure 27) were used to create contour
maps. Figures 28 and 29 show the configuration of
the water table aquifer in April and September of
1986. :

The equipetential lines tend to follow the land
surface contours (Figure 3). The highest water table
elevations in the study area, approximately 36 feet in
the wet season, occur slightly northwest of Immokalee
where land elevations exceed forty feet NGVD.
Ground water flows radially from this area; north to
the Caloosahatchee River, east to the Everglades
Agricultural Area and south into the Big Cypress
Swamp.

The gradient of the water table aquifer varies
from five feet per mile just north of Immokalee to 1/4
foot per mile in the center of Hendry County. Ground
water gradients are primarily controlled by land
surface elevation, aquifer lithology, permeability, and
proximity to discharge and recharge areas.

Water Level Fluetuations

Hydrographs were made of all 28 wells used in
the water level analysis (Appendix B). Highest water
levels occur from August to October tend of the wet
season) and the lowest levels in April and May (end of
the dry season). The water table responds quickly to

_38-

changes in rainfall. The decrease in rainfall during
the drought of 1980-1981 and corresponding decline in
water levels can be seen in all of the water table
hydrographs.

The configuration of the water table shows a
relatively small variation from wet to dry season of
approximately two feet. The water level maps were
constructed using data from a single day each month
and therefore are strongly influenced by short term
weather patterns.

All the wells were statistically analyzed for the
period of record (Appendix B). Results of the
statistical analysis are discussed in a technical
memorandum by Smith et al. (1988). They found that
water level fluctuations were consistentiy small,
suggesting that surficial monitor wells in Hendry
County reflect ambient water level conditions. Water
levels fluctuated most during the later part of the dry
season {March, April, May and June).

Recharge

Recharge to the water table aquifer comes from
four principal sources: 1) direct infiltration from
precipitation, 2) inflow from surface water bodies, 3)
upward leakage from semi-confined aquifers, and 4)
infiltration from free-flowing artesian wells at the
surface.

Direct infiltration from rainfall is the main
source of recharge to the water table aquifer. Figure
30 shows the location of rainfall recording stations and
average annual rainfall for a ten year period, which
ranges from 43 to 56 inches. Hydrographs comparing
ground water levels with rainfall at a nearby
recording station can be seen in Figure 31, Smith et
al. (1988), through statistical analysis, found a two
day lag time between rainfall events and
corresponding water level changes in the Surficial
Aquifer System.

Surface water bodies such as canals and lakes
recharge the water table aquifer in some areas.
Generally, recharge from these sources is minimal and
occurs after rainfall events when surface runoff into
canals and lakes causes a positive vertical head
gradient downward toward the aquifer.

Upward leakage from the semi-confined lower
Tamiami aquifer occurs locally in eastern Hendry
County and western Palm Beach County, where water
table elevations are maintained at low levels to
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facilitate drainage. In some areas, water levels in the
water table aquifer were up to four feet lower than the
underlying lower Tamiami aquifer. However, under
natural conditions, the water levels in both aquifers
would be nearly equal. There is also potential for
upward leakance from the lower Tamiami aquifer in
areas where withdrawals from the water table aquifer
resuit in a negative head difference between the two
aquifers.

Discharge

Discharge from the water table aquifer occurs
through: 1) evapotranspiration, 2) ground water flow
to surface water bodies, 3) subsurface outflow to
adjacent areas, 4) downward movement through leaky
confining beds, and 5) withdrawal through pumped
wells.

Evapotranspiration dominates the water balance
and controls soil moisture content, ground water
recharge, and stream flow. Evapetranspiration rates
are controlled primarily by rainfall, wind and
temperature, depth to the water table and type and
density of vegetation (Dunne and Leopold, 1978).

Estimates of evapotranspiration are derived
empirically from pan evaporation rates. Because
evaporation pans receive large quantities of energy
from radiation and conduction through its base and
sides, evaporation from the pan is larger than for
natural systems. Therefore, measurements of pan
evaporation are multiplied by a pan coefficient
(usually 0.7 for Florida conditions, but variable
throughout the year) in order to estimate
evapotranspiration (Jones et al., 1984). Using this
value results in an average annual evapotranspiration
rate of 44 inches at Clewiston, 56 inches at Moore
Haven, 38 inches at the Miles City Forestry Tower in
Collier county and 46 inches at Lehigh Acres in Lee
County. Comparison of these rates to annual rainfall
totals at the same locations indicates rainfall losses to
evapotranspiration of 89% at Clewiston, 113% at
Moore Haven, 67% at the Miles City Tower and 81% at
Lehigh. Figure 32 shows the monthly pan evaporation
at Clewiston from 1983 through 1988,

Ground water loss to surface water bodies is
significant in the dry season when withdrawals from
canals for irrigation are necessary. Normally, water
table levels are higher than surface water levels in the
dry season and surface water bodies gain from ground
water base flow during this time. Where there are no
structures controlling water elevation in the canals,
the levels reflect water table elevations. This
relationship can be seen in Figure 33 which compares
stage data with ground water levels. The levels are

similar and in some cases identical (see Figure 27 for
the location of the stage data recorders).

.The hydraulic gradient caused by the Immokalee
Rise {an area of high elevations around [mmokalee)
results in continuous subsurface outflow of ground
water to the east, west, and south. Subsurface flow to
the north is restricted by the Caloosahatchee River.
Quantification of subsurface outflow can be estimated
through the use of flow net analysis. It is calculated
that 47% of basin inflow to the Caloosahatchee River
is comprised of ground water seepage (Fan and
Burgess, 1983).

Discharge by downward leakage to the lower
Tamiami and sandstone aquifers occurs through semi-
confining beds. The rate of leakage is a function of the
hydraulic gradient between aquifers, the vertical
hydraulic conductivity of the confining bed, and the
thickness of the confining bed. In general, water levels
in the lower Tamiami aquifer are similar to those in
the water table aquifer. However, in areas where
wellfields withdraw from the lower Tamiami aquifer,
its water levels drop below those of the water table
aquifer, resulting in downward flow of water from the
water table aquifer into the lower Tamiami aquifer.
Under ambient conditions, water levels in the
sandstone aquifer are generally 2 feet lower than
those in the water table aquifer. However, in the
Immokalee area they are up to 10 feet lower due to
pumpage from the sandstone aquifer.

Withdrawals from wells constitute a large
portion of discharge from the water table aquifer. The
majority of the withdrawals are for agricultural
purposes, A portion of the pumped water returns to
the aquifer through seepage.

Lower Tamiami Aquifer

Data from 11 monitor wells (Figure 34) were used
to generate potentiometric surface maps of the lower
Tamiami aquifer. Figures 35 and 36 depict the
potentiometric surface of the aquifer in the 1986 dry
and wet seasons, respectively. Because of the small
number of data points in the northern portion of the
county, contours could not be drawn here with any
certainty. In the western and southern portions of the
county, contours were drawn using data from
adjoining counties.

[n the western portion of the study area where
the lower Tamiami aquifer is unconfined, water levels
correspond to those in the water table aquifer. The
two aquifers are indistinguishable in these areas. In
eastern Hendrv County, water levels are siightly
lower than the water table and generally conform with



(£861-£861) NOLSIMITO 1V NOILVHOAVAT NVd

¢¢ 2anbiy

1861 9861 G861 1211 £86¢
DZOmd-.-.E(Eu-.DZOm(-.—.!d!u—._QZOw<—._..-_qd_ﬁu..DzOmd-...!u.!u.—.DZOmd_._.:.n!n_.-. N
| Ik
l!.w m
- <
| L - | -
i Y LE :
1 L | | | | |® 0
| — || B =
L] . O
| - . i , - |
L - —
| | -8 5
B ()
- =
D
-
—01




68-D NOILVLS H31l\ * ADVIHNS

AGNV 298-3H 773M H3HINOV I378VL H3LVM 1. ST3IAIT HILVM 40 NOSIHVYdWOOD

g€ ainbi4

¢98-3dH

69-0 —

aN3IDIAT

1861 - 9861

S v . r r W v W 4 ¢ ad N O w 4 r r Wy & i r
_ i _ | |

L1+ | |

........................................................................................................

..........................................................................................................

501

0L

—S'Ll

—0¢clL

— G2l

—0'tl

—Stl

m'ad

—S'vl

—0'GL

1334

-46-



»a

SNOILVYIOT T13M HOLINOW H34INOV INVIWVL HIMO1 ve aanbig

SOSaMi1

¥ SEraml Te S3IUN N ITYIS

6|

R P P e

o . ' . ' . ]“l“\ll”u
2 ——

w. - T R I :

- s P

ST £ NG Ll D e b N

LI N e 1LY W e A
w fue m-q._-)..” L8 oo .
:

T1EIMHOLINOW
J3AzIHALYM sOSn  GoPaH @

.
ZF0L3H

'
(L
Ll
1 a- :
o= s pee s b
R ) ! T
o Vlf L
-k i A =" . Iy
. L ALNNOD YIS e
v

ALNAOD

» AHONIH

ST
L o

in

AT

0d AHONIHE

=k
e

33

SeramL
TV Lrn SCroMl g fec

T e € ae e weegee

o N T U D USRS ST S L
NOLSIMI T R ALNNOD 6 frumi o 31138 Y1

3380H23IIN0 o T
3NV it WS N EMSY

47-




(9861 11HdVY) HIJINOV INVIWVL HIMOT IHL 40 3DV4AHNS JIHLINOILNILOd

G¢ ainbid4

INIOd ¥1vwd [ ]

: D

@
LL i _: £l e SEh ML
_.n_.-_ - -~ pme e . d - L
w R B s : R
. [ e e c e g ..I..-ﬁ.-.,r..,,...-..
M w [ o + P R .
* g SR T gl B i
I VI . winoo;r | p, see
f A% SR 7AR Y R e O IN3SEY 3NO
‘ \ Nvigmi T | ATpAmIs, : ONINIANOD IWVINY
- TADN WNLYa
1334 2 I¥AYIINI HNOLNOD

HNOLNOD NOILLYATT

J e 02—

ST NI 3TWIS

y 4

gty

U

' \331‘

(v ]
S

Al

'
;

-
'
i

Y e
RN

Ao _i

ECET)

e

I [
o ]
[ e |
O 18mMaToHERe— 71— i
1t hI..ﬁ.\n...J.l. a«a‘% A
e Lo v 043 LA i
- L BTSN
| S |
F380HTIATINO0O n:.\,n_ 1 a1
MY panl e TN soen s
Eibadidy . /ﬂ A_

18-



(9861 HIGWIALAIS) HIJINOV INVIWVL HAMOT IHL 40 FOVAHNS JIHLIWOILNILOd

9¢ inbiy

v S R

NQ I LYANISIY

QAADN WNLYQ

ANIOd ¥1¥Q3

LNISEY INOZ
DONINIANCD IWYINY L

1334 2 TYAHILNI HNOLNOD

SINAW NI IS

e 08

R B S AT TR : HNOLNOD NOILYADTE
L A

2 B &

A EM AN3931

L4 2 o

4

i)
Jo..
+

Bis€

NOL

1 L o]
1M TN

| DO o N T T
: B 308 3 R e Teag Tt
SN | A L - ; ‘e
. Lo Y S TR &
SN | DY N T o Ly . ! h
' T -

- i L : Lo

2380HI3IN0 NI 4 . Lo .. E
eVl s et Wl KRRV DN I

49-



the water table, which is the prime source of recharge
to the lower Tamiami aquifer. In localized areas,
where the water table is depressed due to drainage,
water levels in the lower Tamiami aquifer may be
several feet higher than those of the water table
aquifer. The regional flow pattern radiates outward
from the [mmokalee Rise. The hydraulic gradient of
the lower Tamiami aquifer varies from two feet per
mile near Immokalee to one-half foot per mile in the
eastern portion of Hendry County. These gradients
are affected locally by pumpage from the aquifer.

Water Level Fluctuations

Hydrographs of all the lower Tamiami aquifer
wells are presented in Appendix B along with a
statistical analysis of the data. Both the hydrographs
and accompanying statistics are provided using end of
the month water level measurements,

The hydrographs and contour maps show a
seasonal water level fluctuation of one to four feet.
The greatest fluctuations are in areas where water
levels are affected not only by climactic conditions but
also by pumpage. This can be seen in wells in the
Immokalee area.

Recharge

The lower Tamiami aquifer receives recharge
from three possible sources: 1) leakance from
overlying or underlying aquifers, 2) direct recharge by
rainfall in areas where the aquifer is unconfined, and
3) inflow from interconnecting surface water bodies.

The primary source of recharge to the aquifer is
leakage from the water table aquifer. Water level
configuratioris of these two units are essentially the
same. However, after rainfall events, levels in the
water table exceed those of the lower Tamiami aquifer
and downward leakage occurs. Water levels within
this aquifer and rainfall are compared and presented
in Appendix B.

In the LaBelle and Immokalee areas, the
overlying confining bed is discontinuous and there is
direct recharge to the aquifer. This recharge comes
from rainfall and inflow from interconnecting surface
water bodies.

Because of the thick and clayey nature of the
confining bed between the lower Tamiami aquifer and
the Intermediate Aquifer System throughout most of
the study area, there is no evidence of recharge from
this underlying aquifer system. In the western
portion of the study area where the sandstone aquifer
exists, the potentiometric surface in the sandstone
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aquifer is considerably lower which also prevents
upward recharge into the lower Tamiami aquifer.

Discharge

Discharge from the lower Tamiami aquifer
occurs through three principal modes: 1) leakage to
adjacent aquifers, 2) withdrawal from wells, and 3)
subsurface outflow to adjacent areas.

In general, leakage to other aquifers occurs
downward in the western portion of the study area and
upward in the eastern portion and in localized areas.
Because the potentiometric head of the lower Tamiami
aquifer is higher than the water table in the
Everglades Agricultural Area, upward leakage occurs
to recharge the water table aquifer. This situation
also occurs locally in areas where the water table
aquifer is pumped. Comparison of data from C-131
{water table aquifer} and C-1074 (lower Tamiami
aquifer) shows the water levels in C-1074 are
generally higher than those in C-131. The area
around this paired monitor well site is agricultural
and the daily data from C-131 clearly indicates the
influence of pumpage on the water table aquifer
(Figure 37).

In the southwestern portion of the study area, the
lower Tamiami aquifer overlies the sandstone aquifer.
Cuttings descriptions of wells in the area indicate
minimal confining between the aquifers and that
water levels are higher in the lower Tamiami aquifer.
Therefore, it is probable that there is leakage to the
sandstone aquifer. '

The lower Tamiami aquifer is the major ground
water source in Hendry County. Extensive
withdrawals from this aquifer occur throughout the
county. Withdrawals from wells affect flow patterns
in areas of intensive use.

Subsurface flow occurs radially from the
potentiometric high that corresponds to the
Immokalee Rise. From there, it flows east into Palm
Beach County, west into Lee County and south into
Collier County. Flow is restricted to the north by the
Caloosahatchee River.

INTERMEDIATE AQUIFER SYSTEM
Sandstone Aquifer

The sandstone aquifer is a semi-confined aquifer
with a potentiometric head that is 60 to 200 feet above
the top of the aquifer. Throughout Hendry County,
the water levels in the sandstone aquifer are lower
than ground elevation so wells in this aquifer do not
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flow at land surface. However, some sandstone aquifer
wells flow at land surface along the Caloosahatchee
River in Lee County. For the water leval analysis, the
sandstone aquifer wells were designated as completed
in either the clastic or carbonate zones and mapped
separately (see Figure 38 for location and
designation). From analysis of the data, it appears
that water levels are very similar in both zones with
differences of one foot or less in most areas. Some of
the monitor wells are open to both zones and therefore
the water levels from these wells were not included on
the potentiometric maps. However, these wells are
located on the monitor network map and hydrographs
and statistical analyses are presented in Appendix B.

Potentiometric surface maps of the sandstone
aquifer were generated using water level data from
eleven clastic zone and nine carbonate zone wells for
the wet and dry seasons (Figures 39, 40, 41, and 42).
The configuration of both the clastic and carbonate
units resembles that of the water table aquifer. The
hydraulic gradient in beth zones of the sandstone
aquifer ranges from one-half foot per mile to four feet
per mile throughout the study area. The highest
water levels in the carbonate zone of the sandstone
aquifer, approximately 28 feet NGVD in the wet
season, occur just north of the Hendry-Collier border
and west of SR29. Although there are no monitor
wells in the clastic zone in this area, it is probable that
water levels in the clastic zone are also highest here.
There is minimal confinement between the sandstone

aquifer and overlying sands of the Surficial Aquifer -

System in this area. Analysis of daily water level
readings between a well in the water table aquifer
(HE-554) and one in the carbonate zone of the
sandstone aquifer (HE-529) reveals that the two
aquifers exhibit significant hydraulie connection. In
fact, as pumping causes water levels in the sandstone
aquifer to decline, the water table aquifer responds
with a corresponding decline. The one foot difference
in head between the aquifers can probably be
attributed to variations in hydraulic conductivity
between the clastic material of the water table aquifer
and the limestone of the carbonate zone of the
sandstone aquifer.

Water Level Fluctuations

Hydrographs of all the sandstone aquifer wells
can be found in Appendix B along with statistical data
on each well. An analysis of the statistics was
presented by Smith et al. (1988). Results showed that
seasonal variations in water levels were higher in the
sandstone aquifer than in the Surficial Aquifer
System. They concluded that this was due to greater
development of the sandstone aquifer accompanied by
low transmissivity and storage.

The potentiometric surface maps for the clastic
zone (Figures 39 and 40) show that in areas where the
aquifer is not pumped, water levels vary by two feet or
less from wet to dry season. However, in the developed
southwestern portion of the study area, water levels
fluctuate as much as ten feet seasonally.

Water levels in the carbonate zone of the
sandstone aquifer (Figures 41 and 42) show similar
trends. In the vieinity of the Townsend Canal, where
surface water is used instead of the sandstone aquifer,
water levels vary two feet between the wet and dry
seasons. This probably reflects ambient conditions.
From LaBelle to the Hendry-Collier border and in the
Lee County portion of the study area, water levels
vary four to six feet seasonaily. In the Collier County
portion of the study area, where sandstone aquifer
usage is greatest, water levels fluctuate from eight to
twelve feet seasonally.

Recharge

Recharge to the sandstone aquifer occurs
principally through vertical leakage from adjacent
aquifers and rainfall. Hydrographs comparing
rainfall with water levels in each zone of the
sandstone aquifer can be found in Appendix B. As
previously discussed, northeast of Immokalee, the
sandstone and the Surficial Aquifer System are in
direct contact. Water level changes from rainfall
occur almost simultaneously in paired monitor wells
HE-554 (water table aquifer) and HE-529 (sandstone
aquifer-carbonate zone). The monitor well pair, HE-
554 AND HE-529, were also cross-correlated and
results attributed 94% of water level changes in the
carbonate zone of the sandstone aquifer to changes in
the overlying water table aquifer (Figure 43).
Examining lag times between water level changes in
the water table aquifer and corresponding changes in
the sandstone aquifer showed the largest correlation
at zero days. This supports the belief that there is
significant hydraulic connection between the two
aquifers in this area.

" In most areas the source of recharge is vertical
leakage from overlying aquifers through
semi-confining beds rather than direct rainfall.
Throughout Hendry County, water levels in the
Surficial Aquifer System are higher than those in the
sandstone aquifer. This, along with the similarities in
water level configuration between the sandstone,
water table, and lower Tamiami aquifers, indicate
that the primary recharge source is the Surficial
Aquifer System. Results of cross-correlating water
levels in the the Surficial Aquifer System (HE-851)
and the carbonate zone of the sandstoné aquifer
(HE-558), attributed 73% of water level changes in the
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sandstone aquifer in central western Hendry County
to changes in the overlying Surficial Aquifer System.
Examining lag times between water level changes in
the Surficial Aquifer System and corresponding
changes in the sandstone aquifer showed the largest
correlation occurred after 2 days. There is 75 feet of
sandy (up to 50%) elay separating the two aquifers at
this location. Only one monitor well pair, L-1137
(water table aquifer) and L-727 (sandstone aquifer-
clastic zone), has the daily water level data needed to
cross-correlate the water table aquifer with the clastic
zone of the sandstone aquifer (Figure 44). Results of
cross-correlation attribute 90% of water level changes
in the clastic zone of the sandstone aquifer to changes
in the water table aquifer with a lag time of three
days. There is a corresponding increase in lag time
with the increase in clay content of the upper
Hawthorn confining zone. Review of lithologic
descriptions shows that in this confining zone sand
content decreases and clay content increases from the
area around well HE-529 northwest to the
Caloosahatchee River. There is no daily water level
data currently available to determine the
interrelationship of the two zones of the sandstone
aquifer. However, sandstone monitor well pairs are
currently in the USGS network and data could easily
be gathered by installing recorders at these sites. The
underlying mid-Hawthorn aquifer also displays
higher potentiometric levels than the sandstone
aquifer, but there is insufficient paired, daily data to
determine correlation at this time.

In summary, the lithologic characteristics of the
confining zone in the area northeast of Immokalee
indicate that it is an area where significant downward
recharge to the sandstone aquifer takes place. In
addition, the highest potentiometric levels in the
sandstone aquifer occur in this area, and water levels
in the sandstone aquifer respond very rapidly to
changes in the overlying water table aquifer which
further indicates that this is a principal recharge area
for the sandstone aquifer. The areal extent of this
recharge area is not fully defined at this time.

Discharge

Discharge from the sandstone aquifer occurs
prineipally by: 1) subsurface outflow to adjacent areas
and 2) withdrawals from wells.

Outflow occurs radially from the area northeast
of Immokalee where potentiometric levels are highest.
Water flows northward toward LaBelle, westward into
Lee County, and southward into Collier County.
Because of large withdrawals in Collier County, the
flow gradient is steepest toward this area.

Withdrawal from wells is the major source of
discharge from the sandstone aquifer, Permitted
annual withdrawals in Hendry County in 1986, for
example, were approximately 5.5 billion gallons. The
effects of the withdrawals are more noticeable in the
dry season when citrus irrigation is most intense.
However, in most portions of the study area wellfield
withdrawals have only a localized effect.
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WATER QUALITY

BACKGROUND INFORMATION

~ All naturally occurring water contains varying
amounts of dissolved material. The amounts and
distribution of the dissolved constituents in ground
water are primarily dependent on the source of the
water, the lithology of the aquifer in which it resides,
and the amount of time the water has been in the
aquifer. Another factor that can have an effect on the
quality of ground water is the mixing of waters with
differing chemical properties. Inter-aquifer mixing
can occur as a result of improper well construction, or
the encroachment of salt water. Ground water quality
can also be impacted by surface activities.
Agricultural activities such as the use of fertilizers,
herbicides and pesticides can result in the
contamination of ground water. Disposal of solid
wastes in landfills, industrial discharges, sewage
disposal and animal wastes can ailso result in the
contamination of ground water.

The types and concentrations of the chemical
constituents present in ground water determine
whether it is suitable for particular purposes. Water
of acceptable quality for some uses may not be suitable
for other uses. The Department of Environmental
Regulation has adopted standards for a variety of
chemical constituents for many different types of uses.
A current list of primary and secondary drinking
water quality standards is shown in Table 1.

Piper trilinear diagrams (Piper, 1944) are
particularly useful for studying water quality changes
with respect to space and time. Frazee (1982) used
trilinear diagrams to group similar waters into
patterns which represent characteristic water types
that indicate the origin and the degree of
mineralization. Frazee developed these patterns for
environments common to northeastern Florida.
Originally, it was not clear if these patterns would
need to be modified for environments found in Hendry
County and the lower west coast. A detailed analysis
aimed at developing geochemical patterns for the
study area is beyond the scope of this report. However,
general lithologies and their corresponding
depositional environments are similar throughout
peninsular Florida. Therefore, it was determined
Frazee's patterns may be used throughout this area te
approximate water types. Figure 45 illustrates
Frazee's classification diagram for waters in the
southeastern limestone regional aquifer system. Five
general classes of water are shown on this diagram:
fresh water, fresh recharge water, transitional water,
connate water and laterally intruded water. Fresh
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recharge water is characterized by low percentages of
chloride, sulfate, sodium, and potassium, and higher
percentages of caleium, magnesium, and biearbonate

(Frazee, 1982). Connate water is water that was not

-TABLE 1. DER WATER QUALITY
i CLASSIFICATIONS AND STANDARDS
| FOR GROUND WATER
- Parameter DER Standard
Arsenic 0.05 mg/l
Barium 1 mg/l
Cadmium 0.010 mg/l
Chlorides 250 mg/l
Chromium 6.05 mg/
Color 15 color units
Copper 1 mg/l
Corrosivity Noncorrosive
Dissolved Solid 500 mg/]
Foaming Agents 0.5 mg/l
Iron 0.3 mg/l
Lead 0.5 mgfl
Manganese 0.05 mg/l
Mercury 0.002 mg/l
! Nitrate (as N) 10 mg/l
Odor Threshold Odor 3
Pesticides:
2,4-D 100 ug/l
2,4,5-TP 10 ug/l
Endrin 0.2 ug/l
Lindane 4 ug/l
Methoxy-Chlor 100 ug/l
Toxaphene 5ug/l
pH >86.5
Radioactive Subs. Ra:5pCV/L
Selenium (.01 mg/1
Silver 0.05 mg/l
Sodium 160 mg/l
Sulfates 250 mg/
i Trihalomethanes 0.01 mg/l
t Zine 5 mg/l

present in the aquifer materials when they were
deposited, but has been out of contact with the
atmosphere for an appreciable amount of a geologic
period {Fetter, 1980). Contrary to some definitions,
connate water is not restricted to water which has
been virtually static since the burial of the rocks.
Some connate water undoubtedly has migrated many
miles since burial (Davis and DeWiest, 19686).
Because of the large amount of time this water has
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resided in the aquifer, it has had sufficient time to
reach geochemical equilibrium with the aquifer
materials. Therefore, the chemical characteristics of
connate water are a good indicator of the lithology of
the parent aquifer. Laterally intruded water is
similar in composition te sea water. It has high
concentrations of sodium and chloride. Transitional
water has the characteristics of both fresh recharge
water and either laterally intruded water or connate
water, depending on the source of water being mixed.

For this study, a computer program modified
from a code developed by Morris and others (1983) was
used for the trilinear analysis. The program requires
input for concentrations of the required parameters
and converts them to milliequivalents per liter,
calculates the cation and anion percentages,
calculates the ion-balance error, and plots the points
on the trilinear diagram. The program also has an
output option that shows the total ionic concentration
of each sample as a circle centered on the plotted point.
Readers desiring more information on the
construction and use of trilinear diagrams are directed
to the references cited in this section.

Water samples were collected from 51 USGS
wells, 34 private wells, and 20 wells constructed by
SFWMD. These samples were analyzed in the
SFWMD chemistry laboratory. Measured parameters
include sodium (Na), potassium (K), calcium (Ca),
magnesium (Mg), chlorides (Cl), sulfates (504),
bicarbonate alkalinity (HCQj), fluoride(F), silicon
dioxide (Si09), total dissolved strontium (Sr), total iron
(Fe), total dissolved iron, total disselved solids {TDS),
color, conductivity, and pH. Historical data from the
USGS was aiso reviewed. All of the data used in the
analyses discussed in this section are included in
Appendix C.

Areal distribution of water guality trends are
discussed using chloride and conductivity data. These
parameters were chosen because they are easily
measured and commonly used to identify areas of
potential sea water intrusion or intrusion (upconing)
of mineralized reliet waters. Maps of chloride
concentrations and conductivity values for each
aquifer in May 1987 are presented in this section,

Chloride in Florida ground water is usually a
result of incomplete flushing of sea water present in
the aquifer materials as they were deposited or recent
intrusion of saline water. High concentrations of
chlorides in water become apparent as a salty taste.
The DER drinking water standard for chlorides is 250
milligrams per liter img/l). While different crops have
varying tolerances with respect to chiorides, 800 mg/l
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is the approximate limit for most citrus crops in
Florida (USDA, 1982).

Conductivity is the ability of water to conduct
electricity. Generally, as more solids are dissolved in
water, its ability to conduct electricity increases.
Therefore, conductivity is a good indicator of the
degree of mineralization of water. However, the type
of ions present in solution and the temperature at
which the measurement is made affect the
conductivity value.

RESULTS
Water Table Aquifer

Water samples were collected from 31 water
table aquifer wells throughout Hendry County in
October 1986 and May 1987. Conductivity values and
chloride concentrations from these wells were used to
construct the water table quality maps presented in
this section. In addition, historical chloride and
conductivity data on selected USGS wells is available.
All the chloride and conductivity data, as well as maps
showing well locations, are presented in Appendix C.

Chloride concentrations in the water table
aquifer range from 4 mg/l to 1118 mg/l. Figure 46
depicts the distribution of chloride concentrations in
the water table aquifer in May 1987. This map shows
a localized area of high chlorides near LaBelle, This
may be due to upward leakage of saline water through
some of the many Floridan Aquifer System or oil test
wells in the area. Chloride concentrations in the
water table aquifer throughout the rest of Hendry
County are within potable water standards. The data
displays little seasonal fluctuation in the chloride
concentrations within the water table aquifer.

Conductivity values in the water table aquifer
range from 251 umhos/em to 4750 umhos/cm. Figure
47 shows the conductivity values in the water table
aquifer in May 1987. This map shows the same
localized area of poor quality water near LaBelle.
Conductivity values in the water table aquifer in the
remainder of Hendry County are generally below 1000
umhos/cm.  There little seasonal fluetuation
displaved by the conductivity values within the water
table aquifer.

is

A detailed study of water quality in the LaBelle
area was condueted in the 1960 by the USGS. Kiein
et al. (1964) noted that chloride concentrations in the
water table aquifer in LaBelle were as high as 488
mg/ as far back as 1952. Figure 48 is a map of
chloride concentrations around LaBelle in 1952-1953.
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Klein attributed the high chlorides to seven
improperly constructed Floridan Aquifer System
wells. These wells, which were drilled before 1930,
range in depth from 600 to 800 feet with only B0 feet of
casing (Klein et al, 1964). The potentiometric surface
of the Floridan Aquifer System in this area is more
than 25 feet above water levels within the water table,
so upward leakage of Floridan water into the water
table aquifer through these well bores has been
occurring continuocusly since before 1930. Analysis of
water samples from adjacent water table and Floridan
wells shows the water chemistry to be nearly
identical.

Fish et al. (1983) also found areas of high
chlorides near LaBelle. Figure 49 is a map of chloride
concentrations around LaBelle using data collected
between 1975 and 1977. It can be seen that the
chloride levels in the water table aquifer at this time
were much the same as they were in 1952-1953.

Figure 50 is a trilinear diagram of selected water
table wells sampled in May 1987. Most of the samples
plotted in this figure can be classified as fresh
recharge water. Wells HE569 (Plot No. 9) and L1992
(Plot No. 10) fall into the classification of transitional
water. The chemical characteristics of samples
obtained from these wells indicate that they are a
mixture of fresh recharge water and Floridan Aquifer
System water. Well HE558 (Plot No. 11) is located
near a flowing Floridan well, and its location on the
trilinear diagram demonstrates that the water present
in the water table aquifer at this location is almost
pure Floridan Aquifer System water. HES569 and
L1992 are located in the western part of Hendry
County where there is a large number of old Floridan
Aquifer System wells. Upward leakage of water
through these wells as a result of improper
construction (short casing), rusted or corroded casing,
or allowing the well to free flow for long periods, is a
probable source of the connate water found at these
locations.

Water from the water table aquifer is generally
suitable for all uses. Exceptions occur in the area of
poor quality water near LaBelle and localized areas
throughout the countv where high levels of iron may
require treatment prior to use.

Lower Tamiami Aquifer

Water samples were collected from 33 wells in
the lower Tamiami aquifer in October 1986 and May
1987, This data and historical chloride and
conductivity data from selected USGS  wells
monitoring the lower Tamiami aquifer is presented in
Appendix C. Since the lower Tamiami aquifer is

hydraulically connected to and receives most of its
recharge from the overlying water table aquifer, the
chemical characteristics of the water contained in
these two aquifers are similar.

Figure 51 is a map of the chloride concentrations
within the lower Tamiami aquifer in May 1987,
Chloride concentrations in this aquifer are generally
higher than in the water table aquifer, but still within
the DER safe drinking water standards. Chloride
concentrations in the lower Tamiami aquifer range
from 6 mg/l to 194 mg/l. Two anomolous values (606
and 593 mg/l) were measured in well HY311 located

‘on the Big Cypress Seminole Indian Reservation.

These values proved to be the result of improper well
development. After further development of the well, a
chloride concentration of 194 mg/l was measured
which is considered to be more representative of the
chloride concentrations of this area.

Conductivity values in the lower Tamiami
aquifer range from 130 umhos/cm to 2160 umhos/cm.
Figure 52 shows the conductivity values within the
lower Tamiami aquifer in May 1987. Conductivity
values in the western portion of Hendry County range
between 500 and 1000 umhos/em. The values tend to
gradually increase toward the east and south, until
values in excess of 2000 umhos/cm are encountered on
the Big Cypress Seminole Indian Reservation. This
high value may not be representative of conductivity
values in the area. The range of conductivity in this
well (HY311) varied between 1450 umhos/cm in
March 1987 and 2760 umhos/cm in October 1986. This
fluctuation may be related to a similar well
development problem as discussed earlier.

Figure 53 is a trilinear diagram of selected lower
Tamiami wells sampied in May 1987. The samples
fall into two categories: fresh recharge water and
transitional water. The samples that are classified as
fresh recharge water are stmilar in chemical
composition to samples obtained from the water tabie
aquifer (see Figure 30) except they have slightly
higher relative concentrations of sodium-potassium
and chiorides. The total ionic coneentrations of the
samples from the lower Tamiami aquifer are also
generally slightly higher than the water table aquifer
as seen by the larger concentration circles., This
indicates that the water in the lower Tamiami aquifer
is more mineralized than the water in the water table
aquifer. The samples that are classified as
transitional water are also siightly higher in sodium-
potassium and chlorides than the samples that were
classifled as transitional from the water table aguifer.
This suggests that the transitional water in the lower
Tamiami aquifer may be a result of incomplete
flushing of the sea water present at the time of
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deposition and not connate water which is found in the
water table aquifer.

Water from the lower Tamiami aquifer is
generally suitable for all uses. Exceptions occur in
localized areas throughout the county where high iron
levels may require treatment prior to use.

Sandstone Aquifer

Water samples were collected from 23 wells in
the sandstone aquifer in October 1986 and May 1987.
Conduetivity values and chloride concentrations from
these wells were used to construct the sandstone
aquifer water quality maps presented here. This data
and historical chloride and conductivity data from
selected USGS wells monitoring the sandstone aquifer
are presented in Appendix C.

As mentioned previously, the sandstone aquifer
is divided into two zones in the study area: a clastic
zone and a carbonate zone. Twelve wells monitor the
clastic zone and seven wells monitor the carbonate
zone. Data existing from four wells that are open to
both zones are not included in the water quality maps.

Chloride concentrations in the clastic zone of the
sandstone aquifer range from 21 mg/l to 1131 mg/L
Figure 54 shows the areal distribution of chloride
concentrations in this unit in May 1987. Conductivity
values in the clastic zone range from 567 umhos/em to
4870 umhos/em (Figure 55). An area of poor quality
water near LaBelle can be seen on both maps. There is
little seasonal fluctuation seen in the water quality
data from this unit. An exception to this is well
HES557 which is in an area contaminated with
Floridan Aquifer System water. Water in the clastic
zone of the sandstene aquifer is suitable for most
irrigation purposes.

Chloride concentrations in the carbonate zone of
the sandstone aquifer range from 22 mg/l to 835 mg/l.
Figure 56 is a map of the areal distribution of chloride
concentrations in this wunit during May 1987.
Conductivity values in the carbonate zone range from
624 umhos/cm to 4600 umhosfem (Figure 57). The
area of poor quality water near LaBelle appears in
both maps. As with the clastic zone, there is little
seasonal fluctuation in water quality in this zone
except for the wells located in the area contaminated
with water from the Floridan Aquifer System (HE559
and HEB20), Water from the carbonate zone of the
sandstone aquifer is also suitable for most irrigation
purposes.

Chlorides and conductivities are generally
slightly higher in the upper clastic portion than the

13-

lower carbonate portion of the sandstone aquifer.
Trilinear analysis suggests subtle differences in water
chemistry between the two zones (Figures 58 and 59).
Wells CPI20 and HE559 (Plot Nos. 3 and 6, Figure 59)
and HE 557 (Plot No. 8, Figure 58) all show
substantial contamination by Floridan aquifer water.
All of these wells are located near old Floridan aquifer
wells or in areas that were once irrigated with water
from the Floridan aquifer. When these samples are
discounted some general trends become apparent.
Water in the clastic zone tends to have higher
percentages of caleium and sodium-potassium, while
water in the carbonate zone tends to have higher

‘percentages of magnesium and alkalinity. This is

probably due to solutioning of the dolomitic materials
found in the carbonate zone, Water in the clastic zone
also tends to be slightly more mineralized the water in
the carbonate zone. Although there are subtle differ-
ences in water chemistry between the two zones of the
sandstone aquifer, the overall water quality of both
zones are similar which suggests that the water origi-
nated from the same source. Water samples obtained
from wells completed in both zones of the sandstone
aquifer do not show significant differences in chemis-
try from water samples obtained from either the
carbonate or clastic zones. This is an indication that
wells completed in both zones will not adversely
impact the water quality of either zone.

Unnamed White Limestone Aquifer

Water samples were collected from two wells in
the unnamed white limestone aquifer. While the
sample size is too small to discuss trends, the samples
indicate that the water in these two wells is acceptable
for most irrigation uses.

Mid-Hawthorn Aquifer

Samples were collected from four wells in the
mid-Hawthorn aquifer, Figure 60 is a trilinear
diagram of these samples. There is not enough data
available to discuss water quality trends in this
aquifer in Hendry County. Water from this aquifer is
not used for any purpose in Hendry County.

Analysis of Multiple Aquifer Sites

There are ten sites in Hendry County where
wells are completed in two or more aquifers (Figure
61). This allows for comparisen of water quality
between aquifers without seeing variation caused by
differing well locations. Comparison of the water
quality of different aquifers at the same site may
indicate if exchange of water between aquifers
(recharge) is occurring. Table 2 describes each
multiple aquifer site used in this analysis,
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Figure 62 is a trilinear diagram of water samples
obtained in October 1986 from each of the multiple
well sites. The arrows between plotted points are
drawn from the shallowest well to the deepest well at
each site. Therefore these lines are an indication of
the water quality trends with increasing depth at each
location. Most of the trends plot generally in a
horizontali orientation with the data peint
representing the deeper wells located to the right and
slightly higher than the shallower weils. This may be
an indication that the shallower aquifers are
recharging the deeper aquifers at these locations. As
the water moves slowly down through the aquifers and
confining beds, it dissolves more of the material
through which it passes and becomes more
mineralized with depth. If the water remains in the
cycle long enough, it completes the transition from
fresh recharge water in the shallower aquifers to
transitional water to connate water in the deeper
aquifers where the water has been out of contact with
the atmosphere for the longest time.

There are several multiple well sites that do not
follow the generalized trends discussed above. Wells
L1977, L1965, and L731 (Plots No. 14, 18 and 20) are

open to both zones of the sandstone aquifer. Therefore,
the water samples obtained from these wells are a mix
of water which may affect the analysis at sites 6, 8 and
9 (Figure 61). The trend between wells HE851,
HE556, and HE555 (Plots No. 6, 7, and 8) is toward a
sodium chloride water with increasing depth.
Normally, this trend would indicate intrusion of sea
water. However, since this site (No. 3, Figure 61) is
located more than thirty miles from the sea, it is more
likely that this trend is a result of incomplete flushing
of sea water present in the sediments at the time of
deposition. The variation between wells HE558 and
HES57 (Plots No. 1 and 2) is very small as a result of
both wells being contaminated by the same flowing
Floridan Aquifer System well. The trend between
wells HE554 and HE529 (Plots No. 9 and 10) is teo
water with increased alkalinity and decreasing
relative concentrations of chlorides and sulfates with
depth, indicating a tendency towards fresher water
with depth. This could be a result of contamination of
the water table aquifer through infiltration of poor
quality water obtained from deeper aquifers for
irrigation. The presence of many old Floridan aquifer
irrigation wells throughout western Hendry County
supports this hypothesis.

TABLE 2. DATA ON MULTIPLE AQUIFER SITES WATER QUALITY ANALYSIS
Site Well Classification
Number Numbers Aquifers of Water*
1 HE-558 Water Table Connate
1 HE-557 Sandstone (Clastic) Connate
2 HE-569 Water Table Fresh Recharge
2 HE-560 Sandstone (Clastic) Transitional Connate
2 HE-559 Sandstone (Carbonate) Connate
3 HE-851 Water Table Fresh Recharge
3 HE-556 Sandstene (Carbonate) Transitional
3 HE-555 Mid-Hawthorn Transitional/Lateral
4 HE-554 Water Table Fresh Recharge
4 HE-529 Sandstone (Carbonate) Fresh Recharge
5 L-1137 Water Table Fresh Recharge
5 L-2187 Sandstone (Carbonate) Transitional Connate
6 L-1978 Water Table Fresh/Transitional
6 L-1977 Sandstone (Both) Connate
7 L-1964 Water Table Fresh Recharge
T L-1963 Sandstone (Clastic) Transitional Connate
8 £-1992 Water Table Transitional
8 L-1965 Sandstone (Both Zones) Fresh Recharge
9 L-1138 Water Table Transitional/Fresh
9 1-731 Sandstone (Both Zones) Transitional/Fresh
10 HY-30885 Water Table Fresh Recharge
10 HY-308D Lower Tamiami Fresh Recharge
*After Frazee, 1982 '
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- WATER USE

BACKGROUND INFORMATION

All water uses, with the exception of use by
single family homes and duplexes, and water used
strictly for fire-fighting purposes, require a water use
permit from the SFWMD. There are two types of
water use permits: individual and general. Individual
permits are required if the average daily water use
equals or exceeds 100,000 gallons. In addition,
individual water use permits are required in Reduced
Threshold Areas (RTA) if the average daily water use
exceeds 10,000 gallons, or if the maximum daily water
use exceeds 20,000 gallons. Figure 63 illustrates
designated RTA’s, which include an area of
approximately 140 square miles in the northwest
corner of Hendry County and the southwest corner of
Glades County. All of Lee County is also designated as
an RTA. General water use permits are required for
all non-exempt uses with average daily uses less than
10,000 gallons per day in an RTA, or less than 100,000
gallons per day in the remainder of the District.

The duration of water use permits for agricul-
tural irrigation, livestock use, and landscape irriga-
tion are based on the expiration date of the hvdrologic
basin where the permit is located. Hendry County is
located within two basins, and therefore permits have
two expiration dates (see Figure.83). Permits in most
of northern, western, and extreme eastern areas of the
county expired on July 15, 1987. Permits reissued in
this area have been given short term renewals (to
QOctober 15, 1991) in anticipation of the revision of the
District’s Basis of Review and development of Water
Use Management Plans. Agricultural water use

permits in the remainder of the county will expire on
October 15, 1989. Public supply water use permits
have durations of up to ten years. Permits for golf
course irrigation can have durations of up to three
years, not to exceed a basin expiration date.

Permitted water uses in Hendry County are
grouped under six types. They are, in order of
magnitude of total permitted allocation: agricuttural
irrigation, public supply, mining/dewatering,
livestock, industrial, and landscape. Table 3 is a
summary of the permitted water use in Hendry
County in July 1986.

Land Use

Land use in Hendry County was investigated to
determine present and future trends in water use.
Currently, agriculture is the dominant land use in the
county. Since most of the agricultural land is not
located near surface water sources, growth in
agriculture is expected to have a substantial effect on
the ground water resources of the county. General
assumptions regarding potential for agricultural
development were applied to 1984 areal survey data to
approximate future land use changes. This was
undertaken to provide an estimate of future water use
needs with respect to areal distribution. This
information will be quantitatively evaluated in a later
study to determine if growth of this magnitude would
adversely impact the water resources of the county.
The proposed land use changes are conceptual and do

- not represent any plans or commitments of the county

or private landowners,

TABLE3. SUMMARY OF PERMITTED WATER USE IN HENDRY COUNTY* (July 1986)
Ground Water Use Surface Water Use Total Use

Type of Use MGM (%) MGM (%) MGM (%)
Agricultural Irrigation 31,018.25 (99.2) 32,992.70 (99.9) 64,010.95 (99.5)
Public Supply 95.09 (0.3) 48.60 (0.1) 143.69 (0.2)
Mining/Dewatering 125.26 (0.4) 0 {0 125.26  (0.2)
Livestock 12,81 (>0.1) 0 1(0)] 12.81 {=>0.1)
Industrial 8.6 (>0.1) 0 (0) 8.6 (>0.1)
Landscape 0 {0 7.3 (>0.1) 7.3 (>0
Totals 31,260.01 (100) 33,048.60 (100) 64,308.61 (100)
MGM = Million Gallons Per Month
*Data assembled from SFWMD permit files.

-84-



SYIHY dTOHSIYHL dIDNATH 30 NOILYIOT ANV S31va NOILVHIdX3 NISVE £9 aunbi4

. S3 N NI ITVOS

- NOLLYAMIS N

6961 'SL H3ACLD0 m_

1661 'S1 HIE0LI0 D

v3dy QI0HS3HHL G30oNa3s8 E

AHYONNOS NiSYH

y 4

de-d

anN3aob3an

A HoY38 WV,

1

+

-4
1
i
B
R R

[
R
'
.

-
I
e
|
v

'
R

U JRS O VY

ALWROD, n..~_t=
w . AINNOD b

BT [,

3IFOHIIIAN0
Eb LA




Land use classifications for this study were
determined by examination of aerial photographs
taken in 1984 at a scale of 1:24000. Each aerial
photograph was divided into parcels, each
corresponding to a section of land (approximately one
square mile each). Each section was assigned one of
the following land use types according to the dominant
land use in the section: agriculture, wetlands, forest
and range, and urban.

The examination of aerial photographs show that
in 1984 50.8% of the land in the study area was used
for agriculture. Approximately 47% of this agri-
cultural land is in citrus production or currently being
converted to citrus. Undeveloped wetlands make up
30.2% of the study area, while isolated areas of forest
and range account for 14.1% of the study area. Urban
lands comprise only 4.9% of the study area. The
majority of the urban areas are concentrated near
Lake Okeechobee and along the Caloosahatchee River.

The large amounts of forest and rangeland,
combined with the temperate climate, make Hendry
County very attractive for citrus development. It is
estimated that since 1977 approximately 25% of the
pasture, range, and forested uplands in the study area
have been or are in the process of being converted into
citrus groves (Ray Burgess, personal communication).

Figure 64 shows the potential for conversion of
existing land uses to citrus production. This map was
constructed using the same aerial photographs that
were used to determine the land use in the study area.
Every section of land in the study area was examined
and assigned a conversion potential of high, low, or
existing, based on the dominant land use in that
section. Sections that consist mostly of rangeland,
forested uplands, or pasture were assigned a high
potential for conversion to citrus production. The
sections designated as having a low potential for
conversion to citrus consist mostly of wetlands, urban
land, and developed agriculture such as sugar cane
and vegetables. The areas designated as existing are
citrus groves that appear on the aerial photographs,
and those areas with a water use permit or permit
application for citrus irrigation as of July 1986.
Figure 84 shows that approximately 24% of the study
area (47% of the developed agricultural land) is
already in citrus production or planned for conversion
in the near future. Thirty-seven percent of the study
area has been assigned a high potential for conversion
to citrus production, and 39% has been assigned a low
potential for conversion. This does not mean that an
area with a high potential for conversion will become
citrus groves. If future economie, environmental and
political conditions are such that Hendry County
becomes (more) attractive to citrus production, the
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areas of high potential are more likely to be converted
to citrus production than the areas of low potential.

Most of the land that would be converted to citrus
production is currently rangeland, forested uplands,
and pasture. Since none of this land is irrigated,
conversion to citrus production would cause a
substantial increase in water use. Much of the
improved pasture in Hendry County has beén
allocated water in Consumptive Use Permits,
although pasture irrigation seldom occurs. Therefore,
permitted water use may not increase as much as
actual water use, as a result of conversion to citrus
production. If the growth of the citrus industry in
Hendry County continues to increase at the current
rate, by 1990 25 to 30% (approximately 71,000 acres)
of the pasture, range, and forested uplands may be
converted to citrus production. Using the modified
Blaney-Criddle formula (USDA, 1970} to calculate the
supplemental irrigation requirement for citrus, an
increase of 46.8 billion gallons in the county’s annual
water use would result, This represents a 42.1%
increase over the 1986 permitted water use. Since
much of the land that has a high potential for eitrus
development is not located near surface water, the
calculated increase in water use may put the ground
water system under stress in localized areas. As
previously discussed, some of the ground water in
southeastern Hendry County flows into Lee and
Collier Counties. Therefore, stress in the recharge
areas in Hendry County may affect water levels in Lee
and Collier Counties.

Agricultural Irrigation

Agricultural water use accounts for 99.5% of the
total permitted water use in Hendry County in 1986.
The water use is divided almost evenly between
surface water withdrawals (51.5%) and ground water
withdrawals (48.5%). The ground water withdrawals
are dispersed throughout the county. Surface water
withdrawals are concentrated in three areas: the
Everglades Agricultural Area, which includes the
extreme eastern portion of Hendry County; the area
adjacent to the Caloosahatchee River in northern
Hendry County, and the area adjacent to the
Townsend and Roberts canals in western Hendry
County. Ground water use is addressed in this section.

In July 1986 there were 92 agricultural ground
water use permits. These permits represented 81,799
acres of pasture, 42,388 acres of citrus, and 33,027
acres of vegetables and other crops, for a total of
157,214 acres under cultivation or planned for
cultivation during the duration of the permits. This
translates to permitted agricultural ground water use
of 81.311 billion gailons per year. Table 4 shows all
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TABLE 4.
GALLONS PER YEAR (July 1986)*
Annual
Allocation (mg) Source
7042 Tamiami
G888 Tamiami
6118 Tamiami
5051 Tamiami/Water Table
3780 Tamiami/Water Table
3780 Tamiami/Water Table
27173 Tamiami
2499 Tamiami
2412 Sandstone
1114 Tamiami
1000 Tamiami
mg= million gallons
*Data assembled from SFWMD permit files.

AGRICULTURAL GROUND WATER PERMITS OVER ONE BILLION

Permittee Permit Number
Zipperer Farms, Inc. 26-000143
R. McDaniels, Sr. 26-00087
U. S. Sugar, Corp. 26-00094
Alico, Ine. 26-00108
RIMB 26-00107
Barron Collier III Trust 26-00112
Joe M. Hilliard 26-00020
Evelyn Jackson & Sons 26-00115
CPI, Inc. 26-00159
Joe M. Hilliard 26-00072
Reynolds & Thomas, Inc. 26-00023

agricultural users of ground water with allocations in
excess of one billion gallons per year. The eleven
permits included in Table 4 account for 57.6% of the
total agricultural ground water use in the county.
Several of these permits have undergone revisions
since July 1986, so current permitted water use may
differ from the values presented in the table.

Estimates of monthly water use in 1986 were
made using the modified Blaney-Criddle formula.
Peak menthly withdrawals occur in January (3.1
billion gallons) when vegetables are irrigated and
May (5.25 billion gallons) when citrus irrigation is at
its peak. These figures are less than the permitted
monthly amounts because irrigation of pasture was
not included. Pasture in Hendry County is generally
not irrigated, although it is included in many water
use permit allocations.

Leach (1983) estimated water use throughout
Florida by selectively metering different water uses.
Estimated average ground water withdrawals for
irrigation in Hendry County was 109.59 million
gallons per day {MGD). Monthly withdrawals for
agricultural use of ground water and surface water are
shown in Table 5. This data shows that 66% of the
agricultural water use occurs during the months of
March, April, and May. Most of the ground water use
occurs in south central Hendry County and is obtained
from the lower Tamiami Aquifer, or in the western
areas of the county from the Sandstone aquifer.
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It is important to note that permitted water use
differs from actual water use. The major reason for the
difference is that in most cases the allocation of water
is based on the maximum monthly irrigation
requirement based on the driest month of a drought
that occurs statistically twice in a given ten year
period. Because of the seasonal nature of rainfall in
Florida, actual use approaches the amount allocated
only during the driest months of the year. In addition,
many crops are not planted in a given year, which also
causes the actual water use to be lower. Many water
use permits are issued for projects which are proposed
or under construction, so the actual water use may not
begin until several years after the permit was issued.
Finally, different methods of calculating water use
have been employed over the years resulting in
different allocations.

Public Water Supply

- While public water supply is the second largest
use category in Hendry County, it represents only
0.2% of the total water use and 0.3% of the ground
water use (see Table 3). There are five permitted
public water supply users in the county, and their uses
are summarized in Table 6. In addition, Lee County
South, the city of Immokalee, Florida Cities, Green
Meadows, Lehigh Acres, and the city of Moore Haven
operate public supply wellfields within the study area.
Figure 65 shows the locations of all the public water
supply wellfields within the study area.



TABLE 5. ESTIMATED IRRIGATION
WATER USE IN HENDRY COUNTY, 1980
(LEACH 1983)

Ground Surface

Water Water

(MGD) (MGI)
January 40.143 49.579
February 89.838 109.801
March 286.246 349.856
April 296,956 362.946
May 286.352 349.986
June 55.860 68.274
July 30.004 36.671
August 19.530 23.870
September 17.497 21.265
October 98.850 120.817
November 46.727 57.111
December 46.751 57.140
Total (MGD) 1314.78 1607.32
MGD =Million Gallons Per Day

Permitted allocations for public water supply in
Hendry County totaled 4.7 MGD in July 1986. Of this
total, 1.62 MGD was allocated from ground water
sources, and 3.08 MGD was allocated from surface
water. Leach estimated the 1980 public water usage
in Hendry County to be 2.0 MGD or 152 gallons per

capita per day. Ground water use accounted for 0.38
MGD, the rest is withdrawn from Lake Okeechobee by
Clewiston and U. S. Sugar Corporation. The
discrepancy between permitted allocations and actual
use is due to the fact that the public water supply
allocation is based on projections of future populations,
so the allocation may exceed the actual use in the
early years of the permit.

In addition to public water supply, many homes
in rural areas obtain their potable water from
individual wells completed in the water table or lower
Tamiami aquifers. Leach estimated water withdrawn
for this rural self-supplied use to be 0.84 MGD in 1980.
This figure includes water used for watering hvestock
as well.

Leach (1984) projected public water use and rural
self-supplied water use for Florida through the year
2020. Projections for Hendry County are summarized
in Table 7. Projected public water supply and rural
self-supplied water use in 2020 represent a 115%
increase from 1980,

Other Water Uses -

There are several other types of water uses
scattered throughout the county that taken together
account for approximately 0.3% of the total water use
in Hendry County. For example, there are several
small sand and gravel operations that dewater their
pits to facilitate removal of material. In addition, U. S.
Sugar Corporation has a back-up wellfleld in

TABLE 6. PUBLIC WATER SUPPLY PERMITS IN HENDRY COUNTY* (JULY 1986)
Annual
Allocation (mg) Source Permittee Permit
Number
1180.00 Lake Okeechobee/ U. S. Sugar Corp./ 26-00024
Water Table Clewiston
280.00 Water Table La Belle 26-000105
158.00 Sandstone Port La Belle 26-00096
123.81 Tamiami Hendry Co. Dept. 26-000164
of Corrections
6.32 Water Table M. J. Borgess, Jr. 26-00167
mg=million gallons
*Data assembled from SFWMD permit f'iles
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TABLE 7. PROQJECTED PUBLIC WATER
SUPPLY AND RURAL SELF-SUPPLIED
WATER USE IN HENDRY COUNTY
(from Leach 1984)

1980 2000 2020

Population , 18,600 31,500 40,000

Public Water Supply 2.00 3.39 4.30
(MGD)

Rural Self-Supplied 2.50 4,23 5.38
(MGD)*
Total (MGD) 4.50 7.62 9.68

MGD=Million Gallens Per Day
*Includes livestock use
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Clewiston to supply water for emergency use. Finally,
there are several small plant nurseries that withdraw
surface water for irrigation.

Seminole Indian Compact

An agreement between the SEWMD, the State of
Florida, and the Seminole Indians was approved by
the District’s Governing Board on May 15, 1987, The
purpose of this agreement is to settle issues that have
been disputed for the last 100 years and to bring the
Big Cypress, Brighton, and Hollywood reservations
into the State’s water management system. It also
addresses the tribe’s water needs in order to sustain:
development on the three reservations. Since the Big
Cypress Reservation is located in an area of rapid
agricultural development in southern Hendry County,
this agreement is critical to the management of the
water resources of the area.



FUTURE GROUND WATER POTENTIAL

BACKGROUND INFORMATION

The results obtained from exploratory drilling
and aquifer testing were analyzed to determine future
ground water potential under specified criteria. Water
quality, aquifer characteristics, and aquifer thickness
(in areas where no pump test data were available)
were used to determine future ground water develop-
ment potential in Hendry County. Permitted water
use was then added to indicate areas where the
resource is partially or highly developed. With the
development of a three-dimensional flow model
planned for the next phase of this study, water
managers can more accurately assess the amount of
available ground water resources in Hendry County.
This discussion is presented as a preliminary assess-
ment of the ground water development potential.

There are very few localized areas where water
quality is a limiting factor to ground water potential.
Recommended water quality standards for irrigation
water were used to determine potential use, since
irrigation accounts for 99% of the permitted ground
water use in Hendry County. Development potential
based on chloride concentrations was classified as
follows: less than 250 mg/l (good), between 250 mg/1 to
800 mg/] (moderate), and greater than 800 mg/1 (poor).
The recommended maximum chloride concentration
in waters applied for citrus irrigation is 800 mg/l
(USDA, 1982), High chloride water in Hendry County
is the result of upward migration of highly saline
water from the Floridan Aquifer System through
improperly constructed wells or from localized areas of
relict seawater. High iron concentrations inhibit the
use of drip irrigation systems because iron bacteria
clogs the emitters. Calcium hardness also clogs
emitters when fertilizer added to the water causes the
calcium to precipitate. There are many water quality
parameters to check when determining the ground
water potential for a public water supply site and some
are listed in Table 1 in the water quality section.

Transmissivity, aquifer storage, and leakance
were evaluated to determine relative aquifer yield.
The SFWMD conducted 15 aquifer performance tests
in the study area. Data was also collected from
previous reports by the United States Geological
Survey and private consultants. Regionalization of
aquifer parameters is beyond the scope of this study.
However, this process will be incorporated during the
development of a three-dimensional flow model which
is planned as the next phase of the study.
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Transmissivity values were categorized as
follows: ranges of values over 100,000 gpd/ft were
considered as good yield potential; 20,000 to 100,000
gpd/ft were considered moderate; and less than 20,000
gpd/ft were considered poor development potential. In
areas lacking data on aquifer characteristics,
potential was evaluated as follows: if the aquifer was
less than 20 feet thick or contained more than 10
percent silt or clay, it was considered to have poor
yield potential.

The Surficial Aquifer System in the northwest
portion of the study area has not been tested because of
the prevailing use of the sandstone aquifer throughout
this region. Therefore, in this area, ground water
development potential for the Surficial Agquifer
System is only predicted by variations in aquifer
lithology and thickness.

AVAILABILITY OF WATER FROM THE
SURFICIAL AQUIFER SYSTEM

Aquifer Characteristics

Hydraulic characteristics of the Surficial Aquifer
System are presented in Table 8. Locations of the
aquifer test sites are shown in Figure 66. Tests of the
lower Tamiami aquifer comprise the majority of
available information. Transmissivity values range
from 50,000 gallons per day/ft (gpd/ft) southwest of
Clewiston to 1,000,000 gpd/ft near the Hendry-Collier
county line, east of Immokalee. Transmissivity

.decreases to the north as the aquifer becomes more

clastic with increasing clay content. Site #2 on
County Highway 832 is in a thick sequence of clean,
coarse sand which vielded a transmissivity of 850,000
gpd/ft. This cannot be considered indicative of
regional values because the areal extent of this clean
sand unit is not known.

While transmissivity values indicate the rate at
which water can be transmitted through an aquifer,
storage values are an indication of the amount of
water stored in an aquifer (Fetter, 1980). Storage
values in the Surficial Aquifer System in Hendry
County range from 10-5 to 10-3, while the majority of
the values are 10-4,

Leakance indicates how much water moves into
the pumped aquifer from adjoining beds. Values of
leakance for the Surficial Aquifer System in Hendry
County range from 10-6 to 10-1 gallons per day per foot
(gpd/ft3). In southern Hendry County, leakance is
high (10-3 to 10-2 gpd/ft3), indicating a lesser degree of
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confinement between the lower Tamiami aquifer and
the overlying water table aquifer. Leakance values
are lower in central Hendry County where the
confining unit contains more clay.

Potential for Water Supply

Because of the limited data on the water table
aquifer alone, the ground water potential was
determined for the entire Surficial Aquifer System.
Figure 67 displays the assessment of the development
potential for the Surficial Aquifer System.

Water quality is generally good throughout the
Surficial Aquifer System. Chloride concentrations are
less than the drinking water standard of 250 mg/l,
except for an isolated area west of LaBelle. Chloride
concentrations in that area approach 1000 mg/l, due to
saltwater contamination from upward migration of
poor quality water through improperly constructed
wells drilled inte the Floridan Aquifer System. The
concentrations of most other dissolved ions also meet
drinking water standards, except for a few isolated
spots with high iron concentrations. Color exceeds
standards in almost all of Hendry County, which is a
consideration for locating future potable supplies. The
possibility of pesticides and fertilizers entering the
aquifer exists in the vicinity of agricultural properties
and landfills.

Southern Hendry County (designated as Region
I, Figure 67) has the best potential for development.
Transmissivity values are high and water quality is
good. Large portions of this area are currently being
developed for citrus. There are several areas where
current allocations exceed one billion gallons per year
per nine square mile area. These are indicated by
dark shading. No quantitative attempt was made in
this phase of the study to determine the potential of
further development in these agricultural areas.

Region II is considered a zone of moderate devel-
opment potential (Figure 67). This region includes
transmissivity values in the 20,000 to 100,000 gpd/At
range. This range is considered adequate for small to
moderate agricultural development and small public
water supplies.

The northeast portion of Hendry County
currently uses surface water supplied by the Caloosa-
hatchee River for irrigation needs. However, Fan and
Burgess (1983), in their study of surface water availa-
bility in the Caloosahatchee Basin, concluded that
“with the present structural configuration, the
surface water resource... has been developed to it's
maxi-mum capacity.” This area was given low
priority when deciding the location of pump tests to be
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performed by the SFWMD due to current surface
water usage. This resulted in a lack of aquifer
characteristics in the area. Consequently, inclusion of
this area into Region II is subjective and is based on
the fact that there are limited ground water
withdrawals in this area for agriculture. Recognizing
limitations of the Caloosahatchee River for future
supply, additional development may place greater
demands on ground water as an alternative source.
Prior to allocating large volumes of ground water in
this area, it would be advisable to require pumping
tests to determine aquifer characteristies.

Region 1II denotes an area of poor development
potential (see Figure 67). This is mainly due to poor
water quality and thin or non-existent water
produeing units which oceur within the Surficial
Aquifer System. The ground water in the area around
the Caloosahatchee River contains chloride
concentrations of 1000 mg/l. The lower Tamiami
aquifer pinches out in this area and the water table
aquifer consists of silty and clayey sand and shell beds
yielding low volumes of water. Water for large scale
uses is supplied mainly by the Caloosahatchee River
and associated tributaries. While Region III is
denoted as an area of poor potential, small scale
withdrawals (less than 160 gallons per minute) in
most areas should yield acceptable water quality and
quantity to meet demands. However, each withdrawal
in Region III should be evaluated on a case by case
basis to determine impacts on adjacent users.

AVAILABILITY OF WATER FROM THE
INTERMEDIATE AQUIFER SYSTEM

Aquifer Characteristics

Hydraulic characteristics of the Intermediate
Aquifer System are presented in Table 9 and the
aquifer test locations are shown in Figure 68. Within
the study area there are three aquifers in the
Intermediate Aquifer System. They are the sandstone
aquifer, containing both clastic and carbonate facies,
an unnamed white limestone aquifer in the northwest
corner of the study area and the mid-Hawthorn
aquifer.

As previously discussed, it is unknown at this
time if the unnamed aquifer is a continuation of the
sandstone aquifer or a separate localized unit within
the Intermediate Aquifer System. Further studies in
Glades and Charlotte counties are needed to resolve
this issue.

Transmissivities determined from seven aquifer
tests within the clastic zone of the sandstone aquifer
range from less than 10,000 to 30,000 gpd/ft,
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depending on the amount of silt and/or clay present in
the sequence. The highest transmissivities were found
in a 60 foot thick sequence of carbonates in the Port
LaBelle area west of LaBelle. Calculated transmis-
sivity values ranged from 118,000 to 298,000 gpd/ft.
However, the areal extent of this thick sequence is
thought to be limited. Large scale withdrawals from
an aquifer with low transmissivities produces deep
cones of influence of small areal extent. The carbonate
zone is composed of moderately to well indurated dolo-
mites and limestones. Transmissivities determined
from four aquifer tests range from 14,000 gpd/ft to
70,000 gpd/ft. As this zone thins to the south near
Immokalee, transmissivity decreases.

In Figure 68, the aquifer tests conducted at
locations 1 and 13 are in areas where the clastic and
carbonate zones are in direet contact with each other.
Aquifer tests conducted at locations 10 and 11 occeur in
areas where the two zones are separated by a confining
layer of silty and sandy clays. In these areas individ-
ual tests of each zone were performed. At location 11,
the transmissivity value from the clastic zone was
caleulated to be approximately half of the value from
the carbonate zone. At all sandstone aquifer test
locations, results indicate that transmissivity values
obtained from the clastic zone are lower than those
obtained from the carbonate zone,

The unnamed white limestone aquifer north of
LaBelle consists of a 20 to 40 foot thick sequence of
white sandy limestone overlain by coarse sands and
clays. Transmissivity values obtained from data
collected in seven tests (Figure 68) range from 1,200
gpd/ft to 90,000 gpd/ft, with the majority of values
near 15,000 gpd/ft.

The majority of the storage values for the
Intermediate Aquifer System are 10-4 while five sites
(two carbonate zone sites, three unnamed aquifer
sites) were determined to have storage values in the
10-5 range. Leakance values range from 10-5 to 10-1
gpd/ft3. Northwest of LaBelle, tests of the unnamed
white limestone aquifer have calculated leakance
values of 10-4 gpd/ft3. ILeakance values in both the
clastic and carbonate zones of the sandstone aquifer
range from 10-5 to 10-3 gpd/ft3.

The mid-Hawthorn aquifer occurs at depths
ranging from -250 feet NGVD to -450 feet NGVD
throughout Hendry County. However, because the
mid-Hawthorn aquifer yields small amounts of poor
quality water throughout the study area, it was not
considered when assessing ground water potential of
the Intermediate Aquifer System.

Potential for Water Supply

Future ground water potential in the Inter-
mediate Aquifer System is shown in Figure 69. Due to
low vield, both the sandstone and unnamed aquifers
have little potential for widespread large scale
development. However, the carbonate zone of the
sandstone aquifer, in areas where the water quality is
sufficient, can yield sufficient water for moderate
development, Development in the sandstone aquifer
requires the use of turbine or submersible pumps due
to the large drawdowns associated with low well
yields. The thick sequence of the clastic zone east of
LaBelle has the greatest potential for ground water
development. However, because surface water from
the Caloosahatchee River is readily available, there
has been no drilling or aquifer testing in the area
other than at Port LaBelle. Consequently, the overall
extent of Region I indicating high ground water
development potential is not known at this time (see
Figure 69}. Water quality is generally moderate in the
Intermediate Aquifer System. In general, chloride
concentrations in the sandstone aquifer range between
250 mg/l to 800 mg/l with values exceeding 800 mg/lin
localized areas of northwestern Hendry County.
Chloride concentrations decrease to the southeast. In
isolated areas, sulfate and iron concentrations exceed
USDA recommended levels for agricultural use.

Most of the western portion of Hendry County
(sandstone aquifer) is considered to have moderate
development potential and is designated as Region II
in Figure 69. Transmissivities in the 20-to 100,000
gpd/ft range are considered adequate for small to
medium sized developments. Extensive citrus devel-
opment in the area uses the sandstone aquifer as its
principal water source, and it may be approaching its
allecation limits. Figure 69 contains shaded areas .
indicating 1986 allocations assigned to the Intermed-
iate Aquifer System. As with the Surficial Aquifer
System, a determination of safe allocation limits is not
within the scope of this study but will be determined
in the next phase of development,.

Region IIl is considered to have the least
potential for ground water development (see Figure
69). Within this region, transmissivities are typically
below 20,000 gpd/ft, adequate only for small scale
development and individual use. The ground water
chloride concentrations exceed 800 mg/l south of the
Caloosahatchee River, which also limits its potential:
Because the sandstone aquifer disappears to the east
and the mid-Hawthorn aquifer displays poor water
quality and low transmissivities, there is little
potential for ground water development from the
Intermediate Aquifer System in eastern Hendry
County.
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CONCLUSIONS

The Surficial Aquifer System occurs throughout
Hendry County. It is composed of two aquifers:
the water table and the lower Tamiami. The
two aquifers are separated by beds of low
perme-ability called the Tamiami confining
zone. This.gystem can produce large quantities
of good quality water throughout most of
Hendry County.

The water table aquifer is the only aquifer that
occurs everywhere in Hendry County. It varies
in thickness from 3 to 150 feet. In areas where
the aquifer consists of thick sequences of perme-
able limestones or well sorted sands, it can
display transmissivities in excess of 1,000,000
gpd/ft. However, transmissivity values between
50,000 and 100,000 gpd/ft are more represent-
ative of this aquifer on a regional basis. Storage
values range between 1.3 x 10-4 and 1.6 x 101
in the water table aquifer.

The lower Tamiami aquifer is the major source
of ground water in Hendry County. In the
western portions of the county it is in direct
contact with the water table aquifer, and both
units behave as a single unconfined aquifer. In
the rest of the county, the lower Tamiami
aquifer is separated from the overlying water
table aquifer by low permeable sediments, and
varies in thickness between 10 and 165 feet. In
some areas of central Hendry County the lower
Tamiami aquifer is hydraulically connected to
the highly permeable sands of the Miocene
coarse clastics. Transmissivities displayed by
this aquifer range between 21,000 gpd/ft and
1,036,000 gpd/ft. Leakance values obtained
from this aquifer vary between 1 X 10-2 gpd/ft3
and 1 X 10-7 gpd/ft3. Storage values obtained
from the lower Tamiami aquifer range between
2x10-6and 5.5 x 10-3.

The Intermediate Aquifer System consists of
the sandstone, the mid-Hawthorn, and an
unnamed white limestone aquifer northwest of
LaBelle. The mid-Hawthorn aquifer yields
small amounts of poor quality water and is not
used as a source of water in Hendry County.
Little is known about the areal extent and the
water bearing characteristics of the unnamed
white limestone aquifer. However, existing
data suggests that it might be a zone of the
sandstone aquifer.
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The sandstone aquifer is the primary aquifer
composing the Intermediate Aquifer System in
Hendry County. It consists of a clastic zone and
a deeper carbonate zone, and varies in thickness
up to 160 feet. Occurrence of the sandstone
aquifer is limited to western Hendry County.
Both zones are capable of producing moderate
amounts of water with transmissivities ranging
between 11,000 gpd/ft and 299,000 gpd/ft.
Storage values found in this aquifer range from
4 x 105 to 7 x 10-3. Leakance values obtained
range from 2 x 10-6 to 1 x 10-1 gpd/ft3. Aquifer
parameters, water quality, and water level data
generated in this project indicate that the two
zones of the Sandstone aquifer exhibit sufficient
similarity to be considered a single aquifer in
Hendry County.

The water table aquifer receives recharge by
direct infiltration of rainfall. Annual
precipitation throughout the county averages
50 inches. Evapotranspiration accounts for a
majority of the discharge from this aquifer.
Highest water levels in the water table aquifer
eccur north of Immokalee. Ground water flows
away from this area in all directions under
gentle gradients (less than one foot per mile).
Flow patterns in the lower Tamiami aquifer are
similar to those in the water table aquifer. The
lower Tamiami aquifer receives direct recharge
in the areas of western Hendry County where
the Tamiami confining zone is absent. In the
remainder of the county, the lower Tamiami
aquifer receives recharge by downward leakage
from the water table aquifer through the
Tamiami confining zone.

The sandstone aquifer receives recharge by
downward leakage through the upper
Hawthorn confining zone. Calculated lag times
between the Surficial Aquifer and the
sandstone aquifer ranged from zero to three
days, indicating minimal confinement. The
lowest lag times occurred near Immokalee, and
the highest lag times occured near the
Caloosahatchee River. This reflects the vari-
ability of the clay content in the confining zone,
which is highest near LaBelle and decreases to
the south. The highest recharge potential to the
sandstone aquifer is in the Immokalee area.
The potentiometric surface of the sandstone
aquifer is highest north of Immokalee. In
Hendry County the water in this aquifer flows



in an asymmetrical radial pattern outward from
this high area, much of it toward the Caloosa-
hatchee River. Most of the discharge from the
lower Tamiami aquifer and the Sandstone
aquifer occurs through well pumpage.

Water quality in the water table, lower
Tamiami, and sandstone aquifers is generally
acceptable for most irrigation uses. Exceptions
occur southwest of Labelle where the aquifers
have been contaminated with Floridan Aquifer
System water through improperly constructed
wells. Water in the lower Tamiami and water
table agquifers generally meets the Florida DER
drinking water standards for potable supply.
However, localized areas of high iron concen-
trations may require treatment prior to use.

Agricultural irrigation accounts for more than
99 percent of the permitted ground water use in
Hendry County. Extensive withdrawals occur
throughout the county, except for those areas
near the Caloosahatchee River and major
canals. Peak monthly withdrawals occur in
January (3.4 billien gallons) when small
vegetables are irrigated and in May (5.25
billion gallons) when citrus irrigation is at its
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peak., Withdrawal of ground water for
irrigation is expected to increase as more of the
county becomes developed and surface water
sources reach their allocation limits.

The potential for ground water development
from the Surficial Aquifer System is greatest in
central and southern Hendry County. Areas of
intensive water use from the aquifer system
exist in the southern area of the county,
however, and may limit additional development
in this area. Lowest development potential for
this aquifer system occurs in northwest Hendry
County in an area of poor quality water
combined with thin sequences of the water table
and lower Tamiami aquifers,

A localized area of good development potential
in the sandstone aquifer exists east of LaBelle.
in this area, Port LaBelle obtains its water
supply from the clastic zone of the sandstone
aquifer. The extent of this area is not known,
but available information suggests it is very
limited. The lowest development potential in
the sandstone aquifer occurs in an area south-
west of LaBelle which has poor quality water
and low yields,



RECOMMENDATIONS

Using information presented in this report a
regional, multi-layered ground water flow model
should be developed for Hendry County. The
results of this modelling effort could form the
basis for a future water management plan for the
area,

The areal extent and water bearing character-
istics of the unnamed white limestone aquifer
should be investigated. Specifically, it should be
determined if this unit is part of the sandstone
aquifer or a separate aquifer,

A test well should be construci:.ed in southwestern
Hendry County between wells C2055 and C2066

to determine the relationship between the lower -

Tamiami and the sandstone aquifers in the area.
This area already has significant ground water
withdrawals and has a high potential for
conversion to citrus production.

The ground water development potential in north
central Hendry County should be investigated
further, While the water use demands in this
area are currently met by withdrawals from the
Caloosahatchee River, increasing demands could
cause the allocation limit of the river to be
reached. If this happens, the inereased demands
would have to be met by ground water supply.
This area alse has a high potential for conversion
to eitrus production.

Floridan Aquifer System wells in the LaBelle
area should be located and logged to determine if

they are improperly constructed, thereby
allowing Floridan Aquifer System water to leak
into the aquifers of the Surficial and
Intermediate Aquifer Systems. If such wells are
found, they should be plugged and abandoned.

Apgricultural water use in the county should be
quantified. Current data, based on the maximum
monthly or maximum annual irrigation
requirements, do not accurately reflect actual
water use. Quantification of the water use is
necessary in the development of ground water
flow models and water management plans.

Wells completed into both zones of the Sandstone
aquifer in Hendry County should be allowed as
long as they meet the construction standards set
forth in Chapter 40E-3, F.A.C. Data indicates
that the carbonate zone and the clastic zone,
while different on a lithologic basis, act as a
single semi-confined aquifer.

Water levels in the water table, lower Tamiami,
sandstone, and mid-Hawthorn aquifers need to
be cross-correlated to determine their hydraulic

- interrelationships. To provide the data required

for this analvsis, water level recorders should be
placed on the following wells: HE-529, HE-554,
HE-851, HE-556, HE-560, HE-569, and HE-559.
Since these wells are paired with wells in
different aquifers at the same Iocations,
correlation can be investigated without
variations due to spatial differences.
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