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The St. Johns River Water Management District (SJRWMD) was created by the Florida
Legislature in 1972 to be one of five water management districts in Florida. It includes
all or parts of nineteen counties in northeast Florida. The mission of SJRWMD is to manage
water resources to insure their continued availability while maximizing environmental and
economic benefits. It accomplishes its mission through regulation; applied research; assistance
to federal, state, and local governments; operation and maintenance of water control works;
and land acquisition and management. Technical reports are published to disseminate
information collected by SJRWMD in pursuit of its mission.
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INTRODUCTION

Rapid population growth, urban sprawl, and increased agricultural and
industrial activities in recent years have resulted in significantly
increased stresses on the water resources throughout the state. In
response to increased awareness of water resource issues, the Florida
legislature has adopted legislation with the intent to improve water
resource management and guide future growth through state, regional,
and local planning programs.

This legislation has created a comprehensive planning process
at the state, regional, and local levels of government. Local
comprehensive plans address the elements set forth in the state
comprehensive plan. One of these elements is conservation—which is
concerned with the conservation, use, and protection of natural
resources, including water and water recharge areas (Section 163.3177,
Florida Statutes).

This legislation has directed the water management districts
to develop a ground water basin resource availability inventory
(GWBRAI) and to disseminate the inventory to local governments and
regional agencies for use in the comprehensive planning process.
(Section 373.0395, F.S., see Appendix A).

This report provides a general inventory of the ground water
resources of the Middle St. Johns (MSJ) ground water basin, including
hydrogeologic features, recharge and discharge areas, ground water
quality characteristics, present and projected water use, potential
for direct water reuse, and areas suitable for future water resource
development. The MSJ ground water basin is one of five ground water
basins in the St. Johns River Water Management District (SJRWMD)
(Figure 1). A ground water basin is a particular ground water flow
system that encompasses recharge areas and the associated discharge
areas. The MSJ ground water basin is located almost entirely within
Lake, Seminole, Marion, and northern Orange counties (Figure 2).
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Figure 1. St. Johns River Water Management District and ground water basins
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Figure 2. The Middle St. Johns ground water basin potentiometric surface for May 1987,
modified from Schiner and Hayes (1981)

-3-



-4-



PHYSIOGRAPHY

The MSJ ground water basin is in the Central Highlands physiographic
province (Cooke 1945). It is characterized by karst topography,
valleys, and ridges (Figure 3).

Karst topography is an irregular, pitted land surface formed
by the dissolution of limestone. This topography is characterized by
high relief, circular lakes, sinkholes, and caves at land surface
(Figure 4). Acting as reservoirs, these ridges can store surface and
ground water until it is recharged into the Floridan aquifer or
evaporates.

The main valley that dissects the MSJ ground water basin is
the Central Valley. This valley separates the Mount Dora Ridge to the
east from the Lake Wales Ridge to the west. It extends across the
Itngth of the basin in a NW to SE direction. It is characterized by
the Oklawaha chain of lakes, flatlands, and high surface runoff
(Knochenmus and Hughes 1976).

Ridges are present in many areas of the basin. Two major
ridges extend across the basin. The ridge areas are characterized by
deep lakes, low water tables, and subsurface drainage. Lake Wales
Ridge, the higher of the two, with elevations of 200-300 ft, is the
most prominent feature in the basin. It is located in Lake County.
The second ridge, Mount Dora Ridge, is predominantly located in
Marion, Lake, and Orange counties. Both ridges parallel the Atlantic
coastline, implying a coastal origin (Cooke 1945). There are two
smaller ridges present in the MSJ ground water basin: the Orlando
Ridge and Geneva Hill in Orange and Seminole counties, respectively.
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Figure 3. Physiographic features of the Middle St. Johns ground water basin, modified
from Puri and Vernon (1964), and from White (1970)
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Figure 4. Generalized karst topography
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HYDROGEOLOGY

Three aquifers have been identified in the MSJ ground water basin.
These are the surficial (unconfined), the intermediate, and the
Floridan aquifer systems (Figure 5).

The surficial aquifer is composed of sands, shells, and some
clays. The aquifer ranges in thickness from 20 ft near the St. Johns
River to approximately 60 ft in the central part of the basin.
Because there is no overlying confining unit, the aquifer is directly
replenished by rainfall. The top of the aquifer is defined by the
water table, which is free to rise and fall in response to atmospheric
pressure. The water table marks the line below which all pore spaces
are filled with water. Flow in the surficial aquifer usually follows
the topography of the land. The surficial aquifer is an important
source of water supply in areas where the Floridan aquifer contains
water which exceeds the EPA recommended public drinking standards. In
the MSJ ground water basin, the surficial aquifer is an important
source of water for individual domestic wells and small-scale
irrigation.

The intermediate aquifer, which lies between the surficial
and the Floridan aquifer occurs randomly throughout the ground water
basin. Composed of clays, and thin, water-bearing zones of sand,
shell, and limestone, this aquifer is usually found within the
confining unit above the Floridan aquifer. This aquifer occurs at 60-
150 ft below land surface and supplies water to some parts of the
basin (Lichtler, Anderson, and Joyner 1968). This aquifer is an
important source of potable water where the Floridan aquifer contains
water of marginal quality.

The Floridan aquifer is an artesian aquifer composed of
limestone and dolomite. In artesian aquifers the ground water is
under pressure that is greater than atmospheric pressure. This
pressure is demonstrated by the potentiometric surface, which is the
level to which water will rise in tightly cased wells that penetrate
the aquifer. WhenJplotted and contoured on a map this surface can be
interpreted to show the direction of ground water flow (Figure 2).
Ground water moves from areas of higher pressure to areas of lower
pressure. Wells will flow when constructed in areas where the
potentiometric surface of the aquifer is above land surface. Such
flowing wells are common along the St. Johns River.
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Figure 5. Hydrologic cross sections of the Middle St. Johns ground water basin
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GROUND WATER RECHARGE

SURFICIAL AQUIFER SYSTEM

Recharge to the surficial aquifer system is controlled by
local rainfall, land use, vegetation, topography, and local soils. A
generalized soils map for the MSJ ground water basin provides one way
to assess potential recharge to the surficial aquifer system. Areas
of highly permeable, sandy soils are typically good recharge areas for
the surficial aquifer system. These soils transmit fluids easily and
can yield significant quantities of water. Areas characterized by
impermeable soils are areas of little or no recharge to the surficial
aquifers (Figure 6). The surficial aquifers can discharge into
surface streams, lakes, and rivers or to deeper aquifers.

FLORIDAN AQUIFER

The Floridan aquifer is recharged by the surficial aquifer in
areas where the water level in the surficial aquifer is higher than
the elevation of the potentiometric surface of the Floridan aquifer.
The Orlando, Lake Wales, and Mount Dora ridges have high potential for
recharge to the Floridan aquifer in the MSJ ground water basin. Areas
in the MSJ ground water basin have been classified according to the
potential recharge capability from the surficial aquifer to the
Floridan aquifer (Phelps 1984, Stewart 1980, Healy 1975) in a range
from zero recharge to high recharge (Figure 7).

PRIME GROUND WATER RECHARGE AREAS

Section 373.0395, F.S.. provides that the GWBRAI should
include the designation of prime ground water recharge areas for the
Floridan aquifer. A pilot study to delineate areas of prime recharge
to the Floridan aquifer has been performed by SJRWMD (Boniol 1990).
The pilot study area is the Crescent City Ridge area of southeastern
Putnam County. The methodology and knowledge gained from this pilot
study will be used to delineate prime recharge areas in other areas of
the district. Prime ground water recharge areas to the Floridan
aquifer are currently scheduled to be delineated by July 1, 1991.
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Figure 6. Permeability of soils in the
surficial sediments of the Middle
St. Johns ground water basin. Very
permeable soils indicate areas of
potential recharge to the surficial
aquifer system
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Figure 7. Approximate areas of natural recharge and discharge for the Floridan aquifer
in the Middle St. Johns ground water basin, modified from Stewart (1980)
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GROUND WATER QUALITY

The natural quality of ground water in the MSJ ground water basin
varies greatly depending on the location and the depth from which
water is obtained. A major concern in this basin is saltwater
intrusion in Seminole County. The Environmental Protection Agency
(EPA) has set a recommended limit of 250 milligrams per liter (mg/1)
of chloride and sulfate for public water supplies.

Based on these standards, the potable water in the Floridan
aquifer can be mapped. Although the MSJ ground water basin is inland
from the sea and bordered on the west by the peninsular divide, there
are some patches of connate salt water in the Floridan aquifer.
Figure 8 shows the contour lines of the depth to the base of potable
water and those patches of salt water. The depth to the base of
potable water increases from northeast to southwest in the basin. Its
magnitude is influenced by the freshwater-saltwater equilibrium
described by the Glyben-Herzberg formula (Kashef 1986).

The reports and data used to compile this map of the potable
water zone span a period from about 1950 to 1969, and no consideration
was given to seasonal or long-term changes in thickness or local
variations due to pumpage. Therefore, this map cannot be used to
determine the exact thickness of potable water in the Floridan aquifer
at any specific location or at any specific time. In areas where the
potentiometric surface has declined since 1950, both the thickness and
depth to the base of potable water will be less.

The quantity of potable water within the Floridan aquifer
varies with fluctuations in the potentiometric surface. These
fluctuations result from seasonal climatic changes (changes in
recharge) and from changes in the magnitude of ground water
withdrawal. The potable water in the aquifer is underlain by denser
saline water. The potential exists for this saline water to move
upward within the aquifer system in response to declines in the
potentiometric surface (Figure 9).

In the MSJ ground water basin, chloride concentrations
measured in water samples withdrawn from wells that penetrate the
Floridan aquifer generally decrease from east to west and increase
with depth within the aquifer. These concentrations can be nearly
zero in recharge areas, but tend to be higher in discharge areas along
the St. Johns River, where lenses of relict brackish water exist in
the Floridan aquifer, and concentrations of chloride can exceed 1000
mg/1 (Figure 10).
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In addition to chloride concentrations, sulfate concentra-
tions in the Floridan aquifer vary from nearly zero in recharge areas
to greater than 250 mg/1 in discharge areas (Figure 11).
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Figure 8. Depth to the base of the potable water
in the Floridan aquifer in the Middle
St. Johns ground water basin, from Klein
1971
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Figure 9. The movement of relict brackish water at the freshwater/saltwater
interface caused by pumping
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Figure 10. Chloride concentration in the Floridan aquifer in the
Middle St. Johns ground water basin
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Figure 11. Sulfate concentration in the Floridan aquifer in the
Middle St. Johns ground water basin
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AREAS PRONE TO SALTWATER INTRUSION

The potential for saltwater intrusion exists in the MSJ ground water
basin. The sources for this potential intrusion are lateral and
vertical saltwater migrations that depend on changes in the
potentiometric surface and in the magnitude of ground water
withdrawals and climatic changes. As the potentiometric surface
declines, the potential for the upward and horizontal movement of
saline water is increased.

The MSJ ground water basin is underlain by several thousand
feet of marine sedimentary deposits. There are three aquifer systems
in it: the surficial, the intermediate, and the Floridan. The
surficial aquifer system is not used as a primary water supply source
because of its low yield. The two aquifers commonly penetrated by
water supply wells in the MSJ ground water basin are the intermediate
and Floridan aquifers. The intermediate aquifer, consisting of
permeable limestone lenses within the Hawthorn Group, provides a
source of water for domestic wells.

The Floridan aquifer usually has two permeable zones
containing potable water in the MSJ ground water basin. The upper
permeable zone consists of cavernous Ocala and Avon Park limestones
and extends from approximately 200 to 500 ft below land surface.
Withdrawals from the upper permeable zone are generally limited to
small public supply and domestic wells because of high bacterial
levels.

The lower permeable zone consists of the cavernous Lake City
Limestone and extends from about 1,000 to 1,300 ft below land surface.
This zone provides public supply water in the area. Between the two
permeable zones, limestone and dolomite of significantly lower
permeability provide a confining unit.

A deep test well drilled in 1987 at Lake Ivanhoe in Orlando
encountered the freshwater/saltwater interface at a depth of 2080 ft.
This saline water underlies most of the Floridan peninsula and
restricts the depth of potable water wells.

High chloride/high sulfate waters unsuitable for consumption
are known along the St. Johns River in Seminole, Lake, and Marion
counties, along the Wekiva River in Orange, Seminole, and Lake
counties, and at two sites in Marion County in the upper zone of the
Floridan aquifer. The origin of these saline waters is believed to be
connate water—i.e., remnants of the retreating sea remaining in
cavities of the Floridan aquifer.

-21-



Former and recent investigations carried out in Seminole
County by the U. S. Geological Survey (Barraclough 1962a and b,
Tibbals 1977) and by the St. Johns River Water Management District
(Toth, Rohrer, and Munch 1989) demonstrate that water levels fluctuate
seasonally in the MSJ ground water basin, but there has been no long-
term water level decline, and water quality has not changed
significantly in the last decade.

In order to manage the fresh ground-water resource for future
supplies it will be essential to monitor and manage withdrawals in the
MSJ ground water basin.
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AREAS SUITABLE FOR FUTURE WATER RESOURCE DEVELOPMENT

Water resource development is affected by such factors as the cost of
developing and transporting potable water and/or the cost of treating
water to an acceptable level. In addition, other factors influencing
the suitability of an area for water resource development are:

• water quality

• the thickness of potable water within a given aquifer

• whether confining units above aquifer zones of supply
provide protection against contamination

• whether unique geologic conditions may cause sinkholes or
land subsidence, and

• the magnitude of withdrawals associated with existing
consumptive use permits.

Each of these factors must be considered specifically for any given
site in the ground water basin.

Pursuant to the requirements of Section 373.0931(2) (e), F.S. ,
the district is required to prepare an assessment by July 1, 1991, of
the regional water resource needs and sources for the next 20 years.
This assessment should provide more information concerning the
suitability of water resource development in the MSJ ground water
basin.

-23-



-24-



MINIMUM GROUND WATER LEVELS

The state legislature has mandated that the water management districts
establish minimum flows and levels for surface and ground water
(Section 373.042, F.S.). SJRWMD is developing a technique for
establishing these levels. These levels, when proposed, must be
adopted through the public hearing process, which will provide an
opportunity for public input. Information relating to minimum ground
water levels is scheduled to be provided to local governments by
July 1, 1991.
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WATER USE

Almost all of Lake and Seminole counties and large parts of Orange and
Marion counties are included in the MSJ ground water basin. Orange
and Marion counties are subdivided by two water management districts,
and those portions in the SJRWMD fall into two ground water basins:
the Upper St.Johns and MSJ ground water basins in Orange County and
the MSJ and Lower St. Johns ground water basins in Marion County. As
data are collected and tabulated on a county basis, population
projections and water use were also calculated by county.

In the SJRWMD annual water use surveys (Marella 1982, 1986,
and 1990), certain established percentages were used to approximate
the percentage of the area and population of the counties included in
SJRWMD: 0.99 for Lake County, 0.82 for Marion County, and 0.81 for
Orange County.

In 1987, the four counties in this ground water basin used
333.24 million gallons of water a day (mgd) (Figure 12). The
following graphs present actual water use through 1987 from the SJRWMD
annual water use surveys, and projections for 1995 and 2000 (Figure
13a-d).

The projections are based on the assumption that increases in
water use will be proportional to increases in population. Population
projections were taken from the medium estimates given by the Bureau
of Economic and Business Research of the University of Florida (Smith
and Bayya 1990).

Estimates for total water use were obtained by multiplying
per capita water use by the population projections for 1995 and 2000
from Smith and Bayya (1990). Per capita water use was assumed to be
the same as in the most recent (1987) published data (Marella 1990).

Water use projections for 1995 and 2000 were made using two
assumptions. First, based on 1987 data (Marella 1990), agricultural
and industrial/power generation water use in each county were defined
as percentages of the total water use by individual households (the
sum of public supply and domestic self supply). Second, it was
assumed that the percentages of agricultural and industrial/power
generation water use in relation to the total water use by individual
households would remain the same in the 1995 and 2000 projections as
in the 1987 data.

The forecast for ground water consumption shows an increase
from 333 mgd in 1987 to 456 mgd in 2000. That is a 37 percent
increase in water use in 2000 from 1987 water use (Figure 14).
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PERCENTAGE GROUND WATER USE
BY COUNTY, 1987
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Total = 333.24 mgd

All values in million gallons per day (mgd)

Figure 12. Percentage of ground water use in the Middle St. Johns ground
water basin by county, 1987
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Figure 13b. Past and projected ground water use in Marion County
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Figure 13c. Past and projected ground water use in Orange County
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Figure 13d. Past and projected ground water use in Seminoie County
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PROJECTED WATER USE
Middle St. Johns River Ground Water Basin
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Figure 14. Projected water use for 1995 and 2000
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DIRECT WATER REUSE

Effluent from a wastewater treatment plant (WWTP) can be treated to a
specified level and then reapplied to land (i.e., lawns, golf courses,
landscapes, and agricultural areas) or used by industry. In areas of
increasing population and increasing water demands, reuse could prove
to be an important conservation strategy. Agricultural irrigation,
sewage treatment, and industrial processes often generate water that
could be used again if treated to an environmentally acceptable level.
This approach to supplementing water supply demands by utilizing
reclaimed water could conserve significant quantities of fresh ground
water for higher priority uses.

Reuse in the MSJ ground water basin could reduce potable
water demands, help conserve water, solve problems with waste water
disposal and help lessen the impact of ground water withdrawals.
However, reuse can increase the cost of wastewater disposal by
requiring improvements to existing wastewater treatment plants to meet
higher standards of water quality treatment.

Proximity to golf courses, landscaped areas, and agricultural
areas and industry are some of the important concerns when considering
the cost effectiveness of a reuse program. WWTPs must have a design
capacity of 1.0 mgd in order to be considered cost effective in land
application of waste water (Steward 1985). Additionally, important
environmental factors such as soil characteristics, depth to water
table, and proximity of application site to surface waters need to be
considered in a reuse program.

Orange, Lake, Marion, and Seminole counties have the
potential to implement direct wastewater reuse programs in addition to
existing programs (Figure 15). In 1990, these counties generated
311.90 mgd of waste water that was available for reuse. This waste
water was discharged from private and municipal wastewater treatment
plants and industrial-commercial facilities. In 1985, these counties
used 2.96 mgd of reclaimed water. In 1988, these counties used 9.27
mgd of reclaimed water (Florence 1990) largely due to the Conserv II
project in Orange County, under which the City of Orlando provides
treated waste water for citrus irrigation. Orange and Marion counties
have the most treated waste water available for reuse. Orange County
uses 5 percent of the treated waste water available for reuse in the
county, Marion County uses .01 percent, and Lake County uses 8 percent
(Figure 16).
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Figure 15. Areas of high potential for direct water reuse in the Middle
St. Johns River ground water basin, modified from Steward (1985)
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AVAILABLE TREATED WASTE WATER & REUSE

Middle St. Johns River
Ground Water Basin

Orange
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Orange Reuse
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Seminole
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Total Available Treated Waste Water (1990) = 311.90 mgd
Total Reuse (1988) = 9.27 mgd

All values in million gallons per day (mgd)

Figure 16. Treated waste water available for reuse in the Middle St. Johns
ground water basin and percentage of that water reused in each
county
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ADDITIONAL INFORMATION

Information on the hydrogeology, water use, water quality, and direct
water reuse in the MSJ ground water basin can be obtained by
contacting the Ground Water Programs and Technical Support Department
of the St. Johns River Water Management District.
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Appendix A

LEGISLATION
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LEGISLATION

Section 373.0395, Florida Statutes, provides that a Ground Water Basin
Resource Availability Inventory shall include, but not be limited to,
the following:

(1) A hydrogeologic study to define the ground water basin
and its associated recharge areas.

(2) Site specific areas in the basin deemed prone to
contamination or overdraft resulting from current or
projected development.

(3) Prime ground water recharge areas.

(4) Criteria to establish minimum seasonal surface and ground
water levels.

(5) Areas suitable for future water resource development
within the ground water basin.

(6) Existing sources of waste water discharge suitable for
reuse as well as the feasibility of integrating coastal
wellfields.

(7) Potential quantities of water available for consumptive
uses.
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Appendix B

PUBLIC SUPPLY WITHDRAWALS BY UTILITY IN THE
UPPER ST. JOHNS GROUND WATER BASIN FOR 1987
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Appendix B. Public supply wellfields and areas of service in the Middle St. Johns
ground water basin. Numbers refer to Table B.
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