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SURFICIAL AQUIFER SYSTEM IN EASTERN LEE COUNTY, FLORIDA

By D. H. Boggess and F. A, Watkins, Jr.

ABSTRACT

The surficial aquifer system in eastern Lee County consists of an upper
water—bearing unit, which is generally unconfined, and a lower water—bearing
unit, which is confined and is the major source tapped by most wells. The
top of the lower unit, which is of primary interest in this report, ranges
in depth from 40 to 60 feet below land surface in the east-central part
of the county to more than 120 feet in the southern part. In the extreme
southern part of the county, a middle water-bearing unit also contains water
under artesian pressure.

Recharge to the lower unit occurs primarily by leakage from the overlying
saturated section through the confining beds. Water levels in the lower unit
fluctuate similarly to those in the upper (unconfined) unit. Ground water in
the lower unit moves from areas of highest water level in the south part of
Lehigh Acres, northward toward the Caloosahatchee River, and toward the coast.

The lower unit contains freshwater throughout much of its extent and is
the source of public water supply at Lehigh Acres and Green Meadows where an
average of about 3 million gallons per day was withdrawn in 1980. 1In several
areas, the concentrations of chlorides and dissolved solids exceed drinking
water standards.

Yields of wells that tap the lower unit range from 10 to 1,100 gallons
per minute., Transmissivities ranging from about 1,700 to 7,750 feet squared
per day were determined for different areas of the unit, Storage coefficients
range from 0.0001 to 0.0003,

INTRODUCTION

Over the past decade, rapid urbanization of Lee County has resulted
in a major increase in water demands for most purposes, particularly for
municipal and domestic uses. These increased demands have been met by more
intensive use of existing water—supply systems and the development of new
facilities and sources of supply. The most critical problems are local
overdevelopment of sources, declining water levels, and saltwater intrusion.
This report presents information that can help pinpoint these and other
problems of developing water supplies to meet the rapid increase in urban
demands.



Purpose and Scope

The purpose of this report is to present and evaluate hydrologic and
selected geologic information collected in Lee County from 1966 to 1980.
Most hydrologic information relates to the surficial aquifer system in
the central and eastern parts of the county where the shallow water-bearing
zones are thickest and are most productive. The lower unit of the surficial
aquifer system is of primary importance in this group of water-bearing zones.
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DESCRIPTION OF AREA

Lee County, on the southwest coast of Florida, comprises a land area
of 786 mi2 (fig. 1). This investigation covers the central and eastern
three-fourths of the county.

Land altitudes in the area range from a few feet above sea level along
the Caloosahatchee River and the Gulf of Mexico to about 25 feet along the
Lee County-Charlotte County boundary and 35 feet along State Highway 82 near
the Lee County-Hendry County boundary.

The Caloosahatchee River is the principal drainage for the northern part
of the study area. Small south-trending tributaries discharge into the river
on the north side (fig. 2). Primary tributaries on the south are the Orange
River, Hickey Creek, and Bedman Creek. The Orange River connects inland
with several canals in the Lehigh Acres area that are designed to reduce
flooding in that area, and joins the Caloosahatchee River 7 miles downstream
from Franklin Lock. The Orange River is influenced by the tidal fluctuation
in the Caloosahatchee River. Bedman Creek connects with the east termini of
the Lehigh Acres Canal system by way of Dog Canal and joins the Caloosahatchee
River at Alva more than 6 miles upstream of Franklin Lock where a freshwater
head of 2.5 to 3.5 feet above sea level is maintained.

A prime function of the Caloosahatchee River is the regulation of the
water level in Lake Okeechobee several miles upstream. Therefore, the river
receives large volumes of freshwater from the lake seasonally. Another
important function of the river is to supply drinking water to Fort Myers
and parts of Lee County by pipelines whose intakes are upstream of Franklin
Lock. The river is also being considered as a source of municipal supply
for the City of La Belle in Hendry County. Large quantities of water are
withdrawn from the river for irrigation of citrus and other crops (La Rose
and McPherson, 1980).
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Figure 1l.--Lee County showing area
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Most of the area south of Florida Highway 82 drains sluggishly southwest
toward the Gulf Coast and the Caloosahatchee River estuary. The principal
drainage routes near the coast are the Tenmile Canal, the Imperial River, the
Estero River, and Hendry Creek. The Tenmile Canal tends to reduce problems
of high water in the urban area west of the canal.

The climate of Lee County is subtropical. Monthly average temperatures
range from 18°C in January to 28°C in August with an annual average tempera-
ture of 23°C, Rainfall is unevenly distributed throughout the year as shown
in figure 3 and in table 1. For the period of record 1971-80, about 75 per-
cent of the average annual rainfall of 52 inches occurred during May through
September, Thus, a well-defined wet and dry season occurs (fig. 3). This
uneven distribution affects the hydrology of the area and causes problems in
satisfying increasing water demands. Problems are usually during dry seasons
when pumping or water-storage facilities are overtaxed, or canal-water salin-
ity near the the water intake areas in the Caloosahatchee River exceeds State
drinking water standards.,

WELL INVENTORY

The investigation in general consisted of an inventory of selected pri-
vately owned wells and analysis of information on previously drilled test
holes. Concurrently with the investigation, additional test holes were
drilled, and geophysical logs were obtained. Data from the inventory and
information and observations obtained during test drilling were used to
define the overall framework of the body of sediments that potentially can
yield freshwater and to delineate the principal water-yielding units within
those sediments. Many test holes were converted to observation wells by the
installation of casings and well screens at sites where the water-yielding
zones were composed of unconsolidated materials. Therefore, the depth of
the well as completed with casing and screen may not correspound with the
total depth that a specific test hole was drilled. The observation wells
were then pumped to determine the approximate yield of each site, and water
samples were collected for chemical analysis. Wells installed during the
investigation and several privately owned wells were used to obtain mea-
surements of ground-water levels., Selected wells were equipped with water-
level recording gages and others were measured with a steel tape, usually
at monthly intervals.,

The well numbers given in table 2 (at the end of report) are part of
a countywide system. As an example of assigned numbers, well L-345 is also
well 262034081464801; the L refers to Lee County. The identification number
is based on the latitude and longitude grid. The first six digits are the
latitude, the next seven digits are the longitude, and the last two are a
sequence number for wells within the l-second grid.

Construction data, water—level measurements, well yields, and data for
water temperature and chloride concentration for selected wells tapping the
surficial aquifer system are given in table 2 (see fig. 2 for well location).
Most privately owned wells are 2 to 4 inches in diameter and are less than
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200 feet in depth. Few wells are screened, although the permeable sections
may contain loose sand. Major concentrations of wells are along the Caloosa-
hatchee River. Most large diameter wells (6 to 16 inches) are used for pub-
lic supply or for crop and golf course irrigation. These large wells are
concentrated in Lehigh Acres, at several locations along Corkscrew Road, and
at the former U.S. Air Force base near Buckingham, east of Fort Myers. Large
diameter wells furnish the municipal supply for Bonita Springs.

During the investigation, 38 wells were drilled to obtain further geo-
logic and hydrologic data. Because of problems caused by caving sand in the
water—bearing zones, well screens were used in the construction and comple-
tion of 21 of these wells. Most wells were completed with 4-inch diameter
PVC (polyvinyl chloride) casing and PVC screens. Sizes of screen slots
ranged from 0.012 to 0.030 inch. The length of each screen was 10 feet.
Sections of blank casings were used between well screens in some wells to
seal off borehole intervals of low or no yield.

COMPOSITION OF SHALLOW SEDIMENTS

The Hawthorn Formation of middle Miocene age consists of gray-white,
sandy, phosphatic limestone in central and western Lee County and underlies
the Tamiami Formation. The formation dips east and grades laterally from
limestone in the west to marl in the east. In test well L-639, south of
Fort Myers (location in fig. 2), the top of the Hawthorn Formation occurs
at a depth of 133 feet; in well L-615, 20 miles to the southeast, the top of
the Hawthorn Formation probably occurs more than 360 feet below the surface.
The top of the Hawthorn Formation is even deeper in the southern part of Lee
County; in well 1L-2194, 3 miles east of Bonita Springs, the top is 480 feet
below land surface.

According to Peck (1976, p. 82), the Tamiami Formation ranges in age
from middle Pliocene to late Miocene and is unconformable beneath the sur-
ficial Pliocene-Pleistocene deposits. The Tamiami Formation consists of
variable lithologies, resulting from changes in depositional environments.
Selected well logs are given in table 3.

In the central and northern parts of the study area, the upper part of
the Tamiami Formation is predominantly gray or green clay, as shown in logs
for wells L-1973, L-1975, and L-1993 (table 3). The clay is underlain by
quartz sand, gray sandstone and, locally, by tan limestone. The lower part
of the formation commonly consists of gray clay, containing quartz sand and
phosphatic material. Large quantities of black phosphatic material usually
occur in the lowermost part of the formation, apparently derived from the
erosion of sediments of the older Hawthorn Formation,

In the southern part of the study area, the uppermost part of the Tamiami
Formation consists predominantly of gray limestone or calcareous sandstone,
as shown in the logs of wells L-615, L-636, and L-2194 (table 3; locations in
fig. 2). This shallow unit is younger than and overlies most of the sediments
of the Tamiami Formation, as described in wells in the central and northern
parts of the county. For example, in well L-624 in Lehigh Acres (fig. 2), a



Table 3.--Lithologic logs for selected wells and test holes in Lee County

Depth
Description interval Thickness
— — e (ft) (ft)

Well L-615, southeast corner of Lee County

Holocene, Pleistocene, Pliocene sediments, undif-

ferentiated
Sand, medium, brown (iron stained). 0-15 15
Limestone, gray, sandy and sandstone. 15-30 15

Tamiami Formation

Limestone, gray; few shells. 30-45 15
Limestone, gray; abundant shell fragments. 45-75 30
Limestone, gray, sandy; shell fragments. 75-90 15
Limestone, gray-tan. 90-135 45
Limestone, light-gray, sandy, marly. 135-175 40
Clay, green. 175-220 45
Sandstone, gray, calcareous. 220-240 20
Sandstone, gray-tan, calcareous. 240-255 15
Sandstone as above; shell fragments, sand and
quartz gravel. 255-270 15
Sandstone and green clay. 270-285 15
Sand, fine, tan. 285-300 15
Clay, gray; limestone fragments. 300-350 50
Clay, gray. 350-360 10
Surficial aquifer system 0-285
Upper and middle units (undifferentiated) 0-175
Lower unit 220-285

Well L-624, Lehigh Acres

Holocene, Pleistocene, Pliocene sediments, undif-

ferentiated

Sand, dark-brown, clayey. 0-10 10
Limestone, creamy-tan. 10-20 10
Limestoune; clay, gray. 20-30 10

Tamiami Formation

Clay, green. 30-45 15
Clay, green, sandy. 45-60 15
Sandstone, gray, calcareous. 60-75 15
Sandstone as above; large shell fragments. 75-105 30
Limestone, tan; shell casts and molds. 105-120 15
Clay, gray. 120-180 60
Clay, green—gray, sandy. 180-195 19
Clay, dark-gray, sandy, phosphatic. 195-235 490

10



Table 3.--Lithologic logs for selected wells and test holes in Lee County——Continued

Depth
Description interval Thickness
(ft) (ft)

Well L-624, Lehigh Acres——Continued

Hawthorn Formation

Limestone, gray, phosphatic; clay, gray. 235-270 35
Limestone, gray-white, phosphatic, sandy. 270-300 30
Limestone, gray, phosphatic. 300-315 15
Limestone; clay, green. 315-330 15
Limestone, white, phosphatic, marly. 330-345 15
Limestone, gray-white. 345-360 15
Limestone as above; marl, gray-white. 360-390 30
Clay, gray, phosphatic. 390-435 45
Limestone, light-gray-tan. 435-450 15
Clay, gray. 450-480 30
Clay, gray-tan. 480-495 15
Surficial aquifer system 0-120
Upper unit 0-30
Middle unit Missing
Lower unit 60-120

Well L-636, Corkscrew Road

Holocene, Pleistocene, Pliocene sediments, undif-

ferentiated

Sand, fine, brown (iron stained). 0-10 10
Tamiami Formation

Limestone, creamy-tan. 10-35 25

Clay, gray; shells. 35-40 15

Clay, green. 40-100 60

Sandstone, gray, calcareous. 100-140 40

Clay, gray, sandy. 140-160 20

Clay, gray-white. 160-180 20

Clay, gray, phosphatic; shells and phosphate

gravel. 180-220 40

Clay, dark gray, sandy, phosphatic. 220-240 20
Hawthorn Formation

Limestone, gray-white, phosphatic. 240-260 20
Surficial aquifer system 0-140

Upper unit 0-35

Middle unit Missing

Lower unit 100-~140

11



Table 3.~-Lithologic logs for selected wells and test holes in Lee County—Continued

Depth
Description interval Thickness
(ft) (ft)
Well L-639, south of Fort Myers
Holocene, Pleistocene, Pliocene sediments, undif-
ferentiated
Sand, fine, tan. 0-7 7
Limestone, gray. 7-15 8
Marl, creamy-tan; shell fragments and phosphate. 15-30 15
Tamiami Formation
Clay, gray. 30-45 15
Clay, green. 45-75 30
Sandstone, gray, calcareous; shell fragments. 75-110 35
Clay, gray, sandy, phosphatic; phosphate gravel. 110-125 15
Clay, dark-gray, sandy, very phosphatic. 125-133 8
Hawthorn Formation
Limestone, gray-white, phosphatic; shell
fragments. 133-165 32
Limestone as above; marl. 165-180 15
Limestone, gray-white, phosphatic. 180-210 30
Surficial aquifer system 0-110
Upper unit 0-15
Middle unit Missing
Lower unit 75-110

Well L-1965, southeast of Lehigh Acres, near county boundary

Holocene, Pleistocene, Pliocene sediments, undif-

ferentiated
Sand, fine, brown (iron stained). 0-6 6
Limestone, creamy-tan. 6-17 11
Marl, creamy-tan, sandy. ' 17-33 16
Tamiami Formation

Clay, gray, phosphatic. 33-43 10
Clay, green, phosphatic. 43-48 5
Sandstone, light-gray, calcareous. 48-63 15
Sandstone and interbedded sand, phosphatic. 63-73 10
Sand, medium, gray; gravel and shell fragments. 73-81 8
Clay, green. 81-83 2
Sand, fine to medium, gray-green, clayey. 83-103 20
Sand, fine to medium, gray-green, clayey;

frosted quartz gravel and phosphate gravel. 103-123 20

12



Table 3.--Lithologic logs for selected wells and test holes in Lee County-—Continued

Depth
Description interval Thickness
(ft) (ft)

Well L-1965, southeast of Lehigh Acres, near county boundary--Continued

Tamiami Formation——Continued

Clay, green. 123-125 2

Sandstone, gray, calcareous. 125-137 12

Clay, green. 137-143 6

Sand, fine, gray-green, clayey. 143-153 10

Limestone, tan; shell casts and molds. 153-183 30

Limestone, light-gray. 183-186 3

Clay, gray. 186-203 17
Surficial aquifer system 0-186

Upper unit 0-17

Middle unit 48-81

Lower unit 125-186

Well L-1973, east of Fort Myers

Holocene, Pleistocene, Pliocene sediments, undif-

ferentiated
Sand, quartz, shelly. 0-12 12
Limestone, marly, phosphatic; shell fragments. 12-31 19

Tamiami Formation

Clay, gray, sandy, shelly. 31-45 14
Clay, gray-green, sandy. 45-50 5
Clay, green, sandy. 50-82 32
Sandstone, gray, calcareous, phosphatic. 82-95 13
Sandstone, gray, clayey. 95-100 5
Sand, fine, gray, clayey. 100-113 13
Sandstone, gray; sand, fine; phosphatic. 113-125 12
Limestone, gray, marly. 125-139 14
Clay, dark-gray, very phosphatic, sandy. 139-145 6
Clay, dark-gray, very phosphatic. 145-168 23
Hawthorn Formation
Limestone, gray-white, phosphatic. 168-175 7
Limestone, shelly, sandy, phosphatic. 175-185 10
Limestone, shelly, phosphatic; clay, yellow. ©185-195 10
Marl and limestone, phosphatic, shelly. 195-205 10
Marl, shelly, phosphatic, sandy. 205-225 20
Surficial aquifer system 0-125
Upper unit 0-31
Middle unit Missing
Lower unit 82-125

13



Table 3.--Lithologic logs for selected wells and test holes in Lee County——Continued

—ﬁépth
Description interval Thickness
(ft) (ft)
Well L-1975, north of Olga
Holocene, Pleistocene, Pliocene sediments, undif-
ferentiated
Sand, quartz. 0-10 10
Limestone, white, shelly; limestone, tan. 10-17 7
Limestone, white, slightly clayey. 17-20 3
Tamiami Formation
Clay, gray. 20-32 12
Clay, dark—green, highly phosphatic. 32-41 9
Clay, green, shelly, 41-57 16
Limestone, gray, phosphatic. 57-60 3
Clay, green. 60-100 40
Sandstone, gray, calcareous. 100-106 6
Sandstone, gray; sand; frosted quartz and
phosphate pebbles; clayey. 106-113 7
Limestone, tan; shell casts and molds. 113-122 9
Limestone, light—-tan, slightly phosphatic. 122-141 19
Clay, light-gray. 141-158 17
Limestone, light-gray, marly. 158-188 30
Clay, gray, phosphatic, sandy. 188-198 10
Clay, dark—gray, phosphatic, sandy. 198-250 52
Hawthorn Formation
Marl, light-gray, phosphatic, sandy; shell
fragments. 250-265 15
Surficial aquifer system 0-141
Upper unit 0-20
Middle unit Missing
Lower unit 100-141
L-1993, north of Green Meadows
Holocene, Pleistocene, Pliocene sediments, undif-
ferentiated
Sand, fine, light-tan. 0-13 13
Sand, fine, brown (iron stained). 13-17 4
Limestone, creamy-tan. 17-23 6
Marl, creamy-—tan. 23-34 11
Tamiami Formation
Clay, gray, shelly, 34-37 3
Clay, green. 37-43 6
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Table 3.--Lithologic logs for selected wells and test holes in Lee County——Continued

Depth
Description interval Thickness
(£t) (£t)

L-1993, north of Green Meadows——Continued

Tamiami Formation—-—Continued

Clay, dark-green. 43-63 20
Clay, green. 63-71 8
Sand, fine to medium, clayey. 71-79 8
Sandstone, gray, calcareous. 79-93 14
Sand, fine to medium, gray; sandstone, gray. 93-114 21
Clay, gray, sandy. 114-130 16
Limestone, light-tan, marly. 130-134 4
Limestone, light-gray, slightly porous. 134-150 16
Clay, gray, phosphatic, sandy. 150-163 13
Clay, dark-gray, very phosphatic, sandy; shark

teeth, 163-190 27

Hawthorn Formation
Limestone, gray-white, phosphatic; shell

fragments. 190-199 9
Clay, light-gray; shell fragments. 199-203 4
Limestone, light-gray, sandy, phosphatic; clay,

light-gray. 203243 40

Surficial aquifer system 0-150
Upper unit 0-23
Middle unit Missing
Lower unit 71-150
Well Lj?194, east of Bonita Springs
Holocene, Pleistocene, Pliocene sediments, undif-
ferentiated
Sand, fine, light-gray. 0-3 3
Sand, fine, brown. 3-7 4
Sand, fine, light-browm. 7-9 2
Limestone, gray, sandy. 9-12 3
Limestone, gray; l.5-foot cavity at 13 feet, 12-20 8
Limestone, gray; shell fragments. 20-32 12
Tamiami Formation
Clay, light-green to dark-green toward base. 32-50 18
Limestone, light-gray, slightly sandy. 50-70 20
Limestone, light-gray; marly near base. 70-100 30
Limestone, light-gray and tan, phosphatic. 100-110 10
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Table 3.--Lithologic logs for selected wells and test holes in Lee County-—Continued

Depth
Description interval Thickness
(ft) (fv)

Well L-2194, east of Bonita Springs—-Continued

Tamiami Formation—-Continued

Sandstone, gray, calcareous. 110-130 20
Clay, olive, sandy; shell fragments. 130-145 15
Sandstone, light-gray, shelly. 145-180 35
Clay, gray, very sandy; shell fragments. 180-230 50
Limestone, tan; shell casts and molds. 230-300 70
Clay, gray, sandy. 300-305 5
Clay, gray, mixed with clay, light-green,

slightly sandy. 305-355 50
Clay, light- to dark-green, phosphatic. 355-370 15
Clay, dark-gray-green, phosphatic, sandy. 370-380 10
Clay, dark-gray-green, phosphatic, sandy. 380-400 20
Clay, gray, slightly phosphatic; less sand than

above, 400-450 50
Clay, dark-gray, sandy, phosphatic, 450-480 30

Hawthorn Formation
Limestone, gray-white, phosphatic; limestone,

marly at 515 to 520 feet. 480-535 55
Surficial aquifer system 0-300
Upper unit 0-32
Middle unit 50-130
Lower unit 145-300
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gray sandstone in the Tamiami Formation occurs from 60 to 105 feet below land
surface. About 15 miles to the southeast, in well L-615 near the Collier
County boundary, this sandstone occurs 220 to 270 feet below land surface.

The surficial deposits consist predominantly of fine- to medium—-grained quartz
sand and shell and variable quantities of clay and marl. These sandy terrace
deposits—-primarily Pamlico Sand of Pleistocene age—-locally contain thin
layers of sandstone. The underlying Fort Thompson Formation (Pleistocene)

and the Caloosahatchee Marl (Pleistocene-Pliocene) contain mixed lithologies
that include limestone, shell, marl, and quartz sand.

DESCRIPTION OF THE SURFICIAL AQUIFER SYSTEME/

The area of investigation in Lee County and adjoining areas of Collier
and Hendry Counties are underlain by a surficial aquifer system (fig. 4),
which occurs within the upper 300 to 350 feet of sediments. The base of the
surficial aquifer system is marked by a widespread, relatively thick, confin-
ing unit of clay, marl, and sandy clay that constitutes the upper part of the
intermediate aquifer system. The surficial aquifer system extends from land
surface to a depth of about 150 feet in the northern part of Lee County to
as much as 350 feet in the southern part. It is thickest in the eastern and
southern parts of the county and thins to the west where it contains increas-
ing quantities of silt and fine-grained sand of low permeability.

The surficial aquifer system generally comprises two, but in places
three, distinct water—-yielding units which are separated by sediments of low
permeability. The sediments of low permeability do not prevent, but rather
they retard the circulation of ground water between the permeable units. The
water producing zones within the surficial aquifer system are herein referred
to as: (1) the upper unit; (2) the middle unit, which is only local in ex-
tent; and (3) the lower unit.

Below the thick confining unit, the Hawthorn Formation contains a water—
yielding limestone at the top of the formation, and within the intermediate
aquifer system. Little is known of the hydraulic characteristics of the lime-
stone of the intermediate aquifer system or the water that.-it might yield in
the area of investigation.

Upper Unit

The upper unit of the surficial aquifer system, which covers most of the
study area, generally ranges in thickness from 10 to 40 feet. 1In the north-
eastern part of the county, between Alva and Lehigh Acres, the unit contains
increasing quantities of clay and fine—grained sand and loses its identity.
In much of the southeastern part of the county, the upper unit generally forms
a continuous vertical section of permeable material to blend with the middle
unit. Fine and medium—grained quartz sand is the main component, but thick
discontinuous layers or lenses of hard permeable limestone occur locally.

The permeable surface materials permit rapid infiltration of rainfall to the
water table. The unit is tapped by a few shallow sandpoint or screened wells
for small residential supplies.

l/Deliberati.cms among hydrogeologists active in southwest Florida that have occurred since this report
was prepared and approved by the Director of the Geological Survey have resulted in placement of the re-
gional base of the surficial aquifer system higher in the hydrogeologic section than shown in this report.
Regionally, the base of the surficial aquifer system in southwest Florida is considered to be at the first
areally persistent clay layer, which is commonly green and similar in lithology to the deeper lying clays
of the Hawthorn Formation. In the Lee County area, the first clay is thin and affords seeming hydrologic
continuity between the water table and the "sandstone aquifer,” as evidenced by the similar configuration
of the potentiometric surface of the "sandstone aquifer" with that of the water table. Therefore, on the
basis of local data, this report regards the "sandstone aquifer" as part of the surficial aquifer system
rather than as part of the intermediate aquifer system, which is the consensus recently arrived at based on
regional considerations. 17
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Middle Unit

Throughout much of the southern part of the study area, a relatively
widespread limestone member forms the uppermost permeable zone in the Tamiami
Formation; that limestone is referred to as the middle unit of the surficial
aquifer system. The unit ranges in thickness from about 10 to 100 feet and
is thickest at the eastern end of Corkscrew Road (fig. 2). Farther south,
in the area east of Bonita Springs, the middle unit is about 80 feet thick.

As mentioned earlier, the middle unit is hydraulically connected to
the upper unit throughout much of southern Lee County, forming a virtual
continuous unconfined permeable section with the upper unit. In the extreme
southern part of the county, the middle unit is separated from the upper and
lower units by thin beds of green clay of low permeability, as shown in the
subsurface section in figure 4. The thin layers of clay cause the water in
the middle unit to be under artesian pressure. However, when wells tapping
the confined middle unit are pumped, water is contributed to the aquifer by
leakage from above and below the unit through the thin confining clays.

Lower Unit

The lower unit of the surficial aquifer system is an areally persistent,
artesian, water-bearing unit. It consists of poorly cemented sandstone in
the vicinity of Lehigh Acres where it is known locally as the sandstone
aquifer. The unit includes not only the sandstone but also comprises all
other permeable hydraulically connected deposits. As shown in the log for
well L-624 in Lehigh Acres (table 3; location shown in fig. 2), this includes
the tan limestone at depths of 105 to 120 feet which directly underlies the
sandstone at depths between 60 and 105 feet. 1In other parts of the area,
the sandstone and tan limestone may be separated by thin clay layers, as
indicated in the log for well L-1965 (east county boundary). The sandstomne
zones at depths between 48 and 81 feet and 125 and 137 feet are separated
from the tan and gray limestone by clay and clayey sand at depths between
153 and 186 feet. Although separated in some places, the sandstone and lime-
stone apparently are hydraulically connected throughout most of the area.

The lower unit is confined by laterally extensive clayey, fine-grained
sand and green clay of variable thickness. The top of the unit is 40 to
60 feet below land surface in Lehigh Acres (fig. 5). From the Lehigh Acres
area, the top of the lower unit slopes south to 150 feet or more where it
is overlain by the middle unit. The base of the lower unit is the base of
the surficial aquifer system.

The lower unit ranges in thickness from 20 feet to greater than 150 feet.
The maximum thickness is in the south-central part of the area, and the min-
imum thickness is in the western part in the vicinity of Fort Myers; it vir-
tually wedges out at Cape Coral near the coast. The westward thinning is
accompanied by an increase in clay that reduces the permeability of the unit.
The permeability of the components differs vertically and, thus, thickness
alone does not necessarily imply a high potential water yield. Nevertheless,
thickness of water-bearing materials can be important for water-supply
development. Only small yields can be obtained from the lower unit in the
western part of the study area.
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Water-Level Fluctuations

Water levels in wells that tap the different units of the surficial
aquifer system rise seasonally in response to rainfall. Levels decline
as a result of pumping from wells and natural losses by evapotranspiration,
vertical leakage into other units, and discharge into streams, lakes,
canals, and the ocean.

The water table fluctuates within the upper unit of the surficial
aquifer system. Observation wells tapping the upper unit range in depth
from 8 to 33 feet. The average range of water-table fluctuations was
4.8 feet between 1976 and 1980, as determined by water-level measurements
in 22 wells. This represents the average difference between the highest
and lowest levels in each of these wells during that period. The average
annual range in fluctuation of water levels for the same period in those
wells was 3.3 feet.

Well L-1984, along Corkscrew Road, taps the lower unit at a casing
depth of 206 feet, and adjacent companion well L-1984A taps the upper
unit at a depth of 41 feet. The annual range of water-level fluctuations
in well 1-1984 is nearly twice that of the water table in the upper unit
in well L-1984A (fig. 6). The water table of the upper unit in that
area ranges from about 2 feet higher during the wet season to as much as
6 feet higher than the water level in the lower unit during the dry
season. The upper unit receives recharge by direct infiltration of
rainfall, and the resulting rise in the water table indicates a specific
increase in volume of ground-water storage in that unit. The rise of
the potentiometric surface in well 1L-1984, however, indicates an increase
in artesian pressure and an equivalent increase in storage. Part of the
increase in pressure is attributed to compression caused by the added
weight of the water in the unconfined upper unit. Data obtained from
dual companion deep and shallow observation wells provide a comparison
of water levels, direction of interunit water movement, and differences
in water quality.

Recharge to the lower unit occurs where the water table in the
upper unit or the potentiometric surface of the middle unit is higher
than the potentiometric surface of the lower unit. This relation
prevails not only in the Corkscrew Road area, as shown in figure 6, but
also throughout much of the study area, as shown in figures 7 and 8 and
other field observations. Figure 7 shows a constant and relatively
large downward gradient from the upper unit to the lower unit. During
the dry season of 1976, head difference was as much as 7 feet in part of
the area north of the Caloosahatchee River near the county bhoundary.
Comparison of water levels in well L-2215 (lower unit) with those in
companion well L-2215A (upper unit) shows similar head differences
(fig. 8) in the area south of Lehigh Acres.

In topographically low areas, particularly adjacent to the
Caloosahatchee River, the potentiometric surface of the lower unit
in general is consistently higher than the water table in the upper
unit. This relation is shown in the hydrographs of wells L-1975 and
L-1975A on the north side of the river at Olga during 1976-80 (fig. 9).
Thus, leakage was upward under head differences, ranging from 2 to 5
feet. Wells L-1975 and L-1975A at Olga are downstream of Franklin Lock
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in the Caloosahatchee River and, therefore, are within the uncontrolled
(tidal) reach of the basin. Ground-water levels there are affected by con-
tinuous drainage by the river. Drainage has lowered the water table in that
area, but the potentiometric surface of the lower unit has not been equally
affected; thus, the potentiometric surface is still consistently higher than
the water table.

Farther upstream at Alva, water levels in companion wells L-1977 (tapping
the lower unit) and L-1977A (tapping the upper unit) show reversals of head
for relatively short intervals but, primarily, the water table is higher than
the potentiometric surface of the lower unit. Wells L-1977 and L-1977A are
located within the upstream controlled part of the basin where the river level
is maintained at 3 feet above sea level for long periods. Drainage to the
river is minimal during dry seasons and, as a result, the adjacent water ta-
ble is maintained at higher altitudes than the water table in the downstream
part of the basin. When the locks are open for extended periods, the water
table declines to levels below the potentiometric surface, and temporary
upward leakage to the upper unit occurs.

Discharge from the units within the surficial aquifer system occurs as
pumping and by natural losses from evapotranspiraton, leakage to other units,
and runoff to surface-water bodies. The water-level drawdown effects of
pumping are superimposed on the effects of natural losses and gains. Water-
level fluctuations in the lower unit (well L-1418) and pumpage at Lehigh
Acres for 1971-80 are shown in figure 10. Well L-1418 and all of the munici-
pal supply wells in the Lehigh Acres well field tap the lower unit. Although
pumpage has progressively increased between 1971 and 1980 (fig. 10), water
levels in the lower unit at well L-1418 have not been greatly affected be-
cause the supply wells that were added to the water system have been located
at sites remote from this observation well.

Water-level fluctuations in the lower unit (well L-1998) and pumpage
from the Green Meadows well field, southwest of Lehigh Acres, are shown in
figure 11. Although early records of pumpage from this field are not avail-
able, water—level records indicate that sustained pumping did not occur until
the end of 1975. Water levels prior to that time are indicative of the pre-
pumping conditions. Some increase in pumpage has occurred since 1975 and is
reflected by progressively lower water levels in the lower unit.

The only public supply system tapping the middle unit of the surficial
aquifer system is at Bonita Springs. A comparison of fluctuations in water
levels in well L-1691 with pumpage at Bonita Springs (fig. 12) indicates that
water levels have not been greatly affected, although pumpage has more than
doubled since 1974. A comparison of the rates of pumping at the three well
fields with the differences in the magnitude of water-level fluctuations sug-
gests that the relative permeability of the water-producing units is greatest
at the Bonita Springs well field and lowest at the Green Meadows well field.

Potentiometric and Water-Table Surfaces

Maps of the potentiometric surface of the lower unit of the surficial
aquifer system in April 1977 and in September 1979 represent low and high
water conditions. The general direction of water movement in the lower unit
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is from areas of high head, along the east county boundary, toward areas of
low head along the Gulf of Mexico and the Caloosahatchee River. Flow direc—
tions are perpendicular to the contours in figures 13 and 14, On the north
side of the Caloosahatchee River, the contours indicate movement of ground
water from Charlotte County southward toward the river. The closed contours
in the south-central area show that part of the ground water that moves
southwest toward the Gulf of Mexico was being diverted to the wells pumping
in the Green Meadows well field and in the vicinity of Corkscrew Road. The
reentrant in the contours in the northeastern area is due to withdrawals in
the Lehigh Acres area. Comparison of data notes that dry-season water levels
are 5 to 10 feet below wet—season levels, and that the greatest differences
are in the eastern part of the county, the Green Meadows well-field area and
the vicinity of Bonita Springs.

The blanketing upper unit of the surficial aquifer system is a secondary
source of freshwater for shallow wells but is a primary source of recharge by
downward leakage to underlying units in most of the area. Water—table con-
tour maps for April 1977 (dry season) and September 1979 (wet season) are
shown in figures 15 and 16 for comparison with the potentiometric maps of the
lower unit. The contour configurations of the dry—-season maps are similar,
indicating comparable lateral flow direction in both units. Of importance
is that the altitude of the water table was higher than that of the poten-
tiometric surface, the largest vertical hydraulic gradients occurring in the
vicinity of the Green Meadows and Bonita Springs areas. The distorted water-
table contours adjacent to the Orange River confirm the effects of local
drainage of the upper unit by the river. Neither water—-table contour map
reflects the effects of the municipal pumping in the well-field areas.

The water-table contour map in figure 15 indicates that the water table
was maintained relatively high in the Fort Myers well field area, adjacent
to State Road 82 and east of Fort Myers, during the dry season. Maintenance
of the high ground water is the result of the diversion of water by pipeline
from an intake site upstream of Franklin Lock on the Caloosahatchee River to
the well-field area, where it is distributed to shallow ditches that dissect
the area for artificially recharging the upper unit in that area.

The wet-season water—-table map (fig. 16) is similar to the dry-season
map but at a higher altitude by about 5 feet through most of the area. Dur-
ing the wet season, much of the area within the 25-foot contour was flooded
or swampy as was the area to the south toward Bonita Springs.

Hydraulic Properties

Hydraulic properties include transmissivity (the rate of movement of
water through the aquifer), storage (the volume of water stored in the aqui-
fer), and leakance coefficient (the vertical movement of water through leaky
confining beds). Although rate of leakage through confining beds is usually
small, the collective effect over a large area may be important in moderating
drawdown of water levels in areas of heavy withdrawals. Another characteris—
tic related to hydraulic properties is the specific capacity of a well. Spe-
cific capacity is the rate of discharge from a well divided by the drawdown
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Figure 16.--Eastern part ot Lee County showing contours on the water table of
the upper unit of the surficial aquifer system, September 1979.
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of water level in the well. The specific capacity varies with time, but it
is generally proportional to the transmissivity of the aquifer (Lohman and
others, 1972, p. 11), assuming drawdown from well loss factors is minimal,
Extensive testing, such as that required for determining most of the proper-
ties, is not needed to obtain specific capacity; therefore, specific capacity
data are usually available.

Aquifer tests on public supply wells L-1888 to L-1893 (fig. 2) in
Lehigh Acres in 1970 by Gee and Jensen Consultants (Dao Duy, written commun.,
1977) 1nd1cated that the transmissivity of the lower unit ranges from 1,700
to 7,750 fr2 /d, and the storage coefficient ranges from 0.0001 to O. 0003
The analyses were based upon the straight- 11ne method developed by Cooper and
Jacob (1946). A transmissivity of 4,000 ft /d and a storage coefficient of
0.0003 were considered representative of the lower unit in the Lehigh Acres
area. Values of leakance were not estimated from these tests.

Two aquifer tests conducted at the Green Meadows well field (wells
L-1961, L-1966, L-2231, fig. 2) in 1974, by the Layne-Western Company, Inc.
(Nuzman, 1979, p. 9- 10), 1ndicated that the transmissivity of the lower unit
ranges from 4,920 to 5,750 ft2 /d. The smaller value was selected by Nuzman
as representative of the area. The Cooper and Jacob straight-line method
was used to analyze these tests. In the first test, the pumping rate was
780 gal/min, and the specific capacity was 21 (gal/min)/ft of drawdown. In
the second test, the pumping rate was 950 gal/min, and the specific capacity
was 23.7 (gal/min)/ft of drawdown.

Missimer and Associates, Inc. (1978, p. 5-20 to 5-30), conducted tests on
the lower unit at wells L-1984 and L-2193, about 4 miles southeast of Green
Meadows along Corkscrew Road (fig. 2). Because the straight-line method of
analysis does not account for leakage from the confining beds, a method
described by Hantush and Jacob (1955) was used. The average values obtained
by this method included transmissivity of 2,670 ftz/d, storage coefficient of
0.0003, and leakance coefficient of 0.000063 (ft/d)/ft. This represents a
leakage rate of about 40,000 (gal/d)/m.i2 for an average head difference
of 3 feet across the confining bed. These values were considered
representative for the lower unit and were used by Missimer and
Associates, Inc., in predicting aquifer response to imposed stresses.

Specific capacity tests conducted on wells that tap the lower unit of
the surficial aquifer system ranged from 0.2 to 22.1 (gal/min)/ft of draw-
down. The efficiency of the wells tested is unknown inasmuch as they were
constructed primarily for measurement of water levels and were not developed
for maximum yield. The specific capacity values are, therefore, considered
to be low.

Yields of wells that tap the the surficial aquifer system in eastern Lee
County vary widely, ranging from about 10 to 1,100 gal/min. Yield primarily
depends upon the permeability of the water-bearing unit penetrated by the
well. Other factors that affect yield are the well diameter, length of open
hole (uncased section) within the wellbore, and extent of development of the
well--particularly where screens are used in completion, size of openings
in well screens, and type of pumping equipment. Large diameter wells (6 to
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16 inches) usually produce 150 gal/min or greater throughout the area. Wells
usually are more productive in the southern part where yields range from 200
to 400 gal/min. The maximum yield of 1,100 gal/min was obtained from well
L-1966 in the Green Meadows well field. Well L-1966 has a 16—-inch casing and
taps the lower unit.

Yields from small diameter wells (2 to 4 inches) range from 5 to
100 gal/min. Wells used for domestic and lawn-watering purposes are mostly
2 inches in diameter. Near the Caloosahatchee River, many of these wells
flow naturally at rates of 5 to 20 gal/min. Many 4-inch wells listed in
table 2 are observation wells finished with well screens. Yields greater
than those observed could probably be obtained from these 4-inch wells after
additional development.

Ground-Water Quality

The chemical characteristics of ground water in the study area are
related to the proximity of the Gulf of Mexico and to the type of geologic
material through which the water moves. Because saltwater occurs along the
coast, in the Caloosahatchee River and other tidal creeks and canals, and in
deep formations, it is a potential source of contamination to the surficial
aquifer system. The geologic materials within the surficial aquifer system,
predominantly limestone, dolomite, and other carbonate materials, contribute
to dissolved solids in the ground water. The quality of water in the middle
and lower units is indicated by chemical analyses of samples in tables 4 and
5. Trace elements in water from the middle and lower units are listed in
table 6.

The State of Florida has established maximum contaminant levels for
constituents in drinking water through primary and secondary drinking water
regulations (Florida Department of Environmental Regulation, 1982). The
following tables compare the primary and secondary drinking water regulations
with constituents contained in ground water in the middle and lower units:

Florida Primary Drinking Water Regulations
[Concentrations are in milligrams per liter]

Range in surficial Maximum

Contaminant aquifer system contaminint

Middle unit Lower unit level+/
Arsenic (As) 0 - 0.001 0 - 0.001 0.05
Barium (Ba) 1.0
Cadmium (Cd) 0 - 0.002 0 - 0.002 0.010
Chromium (Cr) 0 0 - 0.001 0.05
Lead (Pb) 0.003 - 0.016 0 - 0.022 0.05
Mercury (Hg) 0 0 - 0.005 0.002
Nitrate (as N) 10
Selenium (Se) 0.01
Silver (Ag) 0.05
Sodium (Na) 20 - 100 26 - 520 160

1/ mg/L (milligrams per liter) is converted to ug/L (micrograms per liter)
by multiplying by 1,000.
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Florida Secondary Drinking Water Regulations
|Concentrations are in milligrams per liter, except for color and pH]

Range in surficial Maximum

Contaminant aquifer system contaminant

Middle unit Lower unit levell/
Chloride (C1) 26 - 120 45 - 1,000 250
Copper (Cu) 0 - 0.001 0 - 0.002 1
Iron (Fe) 0.01 - 0.21 0.01 - 0.74 0.03
Manganese (Mn) 0 0 - 0.017 0.04
Sulfate (S04) 5-71 2.0 - 410 250
Zinc (Zn) 0.006 - 0.010 0 - 0.020 5
Color (Pt—Co units) 10 - 100 0 - 80 15
pH (units) 7.0 - 8.4 6.9 - 8.6 6.5 min
Total dissolved solids 137 - 570 328 - 2,360 500

Dissolved Solids

Dissolved solids concentrations in water from the lower unit of the
surficial aquifer system (table 5) range from 236 to 2,360 mg/L (milligrams
per liter) (fig. 17). Dissolved solids concentrations that exceed 800 mg/L
are locally considered to be an indicator of saltwater contamination. High-
est concentrations of dissolved solids exceeded 2,000 mg/L in the vicinity
of Alva in wells L-1977 and L-2200 (table 5). Comparison of the chemical
analyses for these wells with analyses from wells in the general area that
tap artesian zones below the surficial aquifer system (Boggess, 1974; table
5) indicates that upward leakage from the deep wells may have caused the con-
tamination of the lower unit near Alva. Other parts of the study area may
be similarly affected by upward leakage of saltwater as indicated by the many
deep wells in the area and the dissolved solids analyses in table 5 that ex~
ceed 500 mg/L. Well L-1963, southeast of Lehigh Acres, produced water with
1,340 mg/L of dissolved solids when the well was open to a depth of 274 feet.
After the well was plugged back to 155 feet, the dissolved solids concentra-
tion decreased to about 550 mg/L.

Chloride

The middle and lower units of the surficial aquifer system contain water
with chloride concentrations ranging from 26 to 1,000 mg/L as shown in tables
4 and 5. Analyses of samples from many other wells (table 2) in the study
area indicate chloride concentrations ranging from 30 to 7,300 mg/L. Water
from the lower unit usually contains chloride concentrations less than
250 mg/L, except in areas along the Caloosahatchee River where concentrations

1/ mg/L (milligrams per liter) is converted to ug/L (micrograms per liter)
by multiplying by 1,000.
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Figure 17.--Eastern part of Lee County showing distribution of dissolved solids
and chlorides in the lower unit of the surficial aquifer system, 1974-77.
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are higher (fig. 17). The high chloride concentrations (500 to 1,100 mg/L)
in water from some wells near the river may be the result of upward leakage
from deep saline-water aquifers through open well bores or wells with cor—
roded casings (Boggess and others 1977, p. 11-13). Unflushed remnants of
ancient seawater invasions may account for the high concentrations in some
areas. The highest chloride concentration, 7,300 mg/L, was determined for
water from well L-1948 (table 2) in east Fort Myers near the Caloosahatchee
River. Most likely, saltwater from the Caloosahatchee River has leaked
through corroded sections of the well casing to cause heavy contamination.

The middle unit contains water with relatively low concentrations of
chloride ranging from 26 to 120 mg/L. These concentrations indicate that
contamination from the deep artesian sources has not occurred.

Water Use

Water use in Lee County will probably continue to increase. In 1970,
8.3 Mgal/d were withdrawn in the county for public supply (Pride, 1973,
p. 7). By 1975, public supply pumpage had doubled to 16.8 Mgal/d (Leach,
1978, p. 12). Pumpage at Lehigh Acres increased from 0.10 Mgal/d in 1961,
to 0.38 Mgal/d in 1970, and to 0.84 Mgal/d in 1980. At Bonita Springs,
pumpage increased from 0,31 Mgal/d in 1974 to 0.84 Mgal/d in 1980.

Pumpage from the three principal public supply systems is given in
table 7. Well fields in Lehigh Acres and Green Meadows tap the lower unit,
and municipal wells at Bonita Springs tap the middle unit. A series of new
wells that tap both the upper and lower units has been installed to supply
the Corkscrew Road area.

Leach (1978, p. 25) reported that in 1975 about 42,200 acres of crop-
land were irrigated in Lee County. This included 7,000 acres of citrus,
5,700 acres of truck crops, 25,000 acres of pasture, and 4,500 acres of
other crops. About 65 Mgal/d were withdrawn for crop irrigation, of which
50 Mgal/d were from ground-water sources,

Ground water for irrigation is obtained from the surficial aquifer sys-—
tem or from deeper artesian aquifers. An estimated 15 Mgal/d are withdrawn
from the middle and lower units. Irrigation of lawns and golf courses may
add an additional 2 Mgal/d for an estimated total of 17 Mgal/d for irrigation
use,

Most of the urbanized areas are served by public supply systems. In
remote areas, individual residential wells provide the domestic supplies.
In 1980, about 10,000 people were served by domestic wells tapping the sur-
ficial aquifer system. At an estimated per capita consumption of 150 gal/d,
domestic use would average about 1.5 Mgal/d. Self-supplied industrial and
commercial use adds about 0.25 Mgal/d. Other users are institutions such
as the Sunniland Training Center, which has its own well field and treatment
facility, and livestock ranches, which total an estimated 0.25 Mgal/d. Es—
timated total use of water from the surficial aquifer system averaged about
23 Mgal/d in 1980,
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Table 7.--Pumpage of the surficial aquifer system by public
supply systems, 1975-80

[Pumpage in million gallons]

Yearly totals combined

Middle unit, Lower unit, Lower unit, Yearly Daily

Year Bonita Lehigh Green totals average
Springs Acres Meadows

1975 112.3 213.6 - - -
1976 114.2 236.7 - | - -
1977 161.4 260.5 504.9 - -
1978 197.0 272.7 506.3 956.0 2.6
1979 240.0 287.3 622.3 1,149.6 3.2
1980 306.2 305.0 698.2 1,309.4 3.6
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SUMMARY AND CONCLUSIONS

The surficial aquifer system in central and eastern Lee County contains
upper, middle, and lower water—bearing units that yield freshwater to wells.
The upper unit is unconfined and occurs throughout most of the study area,
ranging in thickness from about 10 to 40 feet. Separated from the upper unit
by laterally extensive clay and marl is the lower unit containing water under
artesian pressure. Permeable materials in the lower unit range in thickness
from 20 to greater than 150 feet and counsist of quartz sand, sandstone, and
limestone, In the southern part of the study area, a permeable artesian
middle unit consisting of limestone occurs between the upper and lower units.

Recharge to the lower unit, the main source, occurs as downward leakage
from the overlying units. The potentiometric surface of the lower unit fluc-
tuates similarly to the fluctuations of the water table in the upper unit,
although at lower altitudes. In low-lying areas along the Caloosahatchee
River, the potentiometric surface of the lower unit is consistently higher
than the water table, indicating upward leakage from the surficial aquifer
system to the river.

Water movement in the lower unit is from the high head in the southern
part of Lehigh Acres, north toward the Calooshatchee River, and west and
south toward the Gulf of Mexico. 1In north Lee County, ground water moves
south from Charlotte County toward the Caloosahatchee River.

Yields of wells tapping the middle and lower units range from 10 to
1,100 gal/min. Large diameter wells generally produce 150 gal/min. Yields
of 200 to 400 gal/min can be obtained from some wells in the southern part
of Lee .County.

Water from the surficial aquifer system is used for most purposes
without extensive treatment. Dissolved solids concentrations frequently
exceed 500 mg/L, and in some areas the chloride concentration exceeds
250 mg/L. Concentrations of trace elements, including arsenic, cadmium,
chromium, lead, and mercury, were generally less than recommended maximum
levels for drinking water in water samples tested. Estimated water use
from the surficial aquifer system was about 23 Mgal/d in 1980; about
17 Mgal/d were used for irrigation and 5 Mgal/d for public supply and
domestic use.
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