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) WATER RESOURCES INFORMATION NEEDS

FOR THE ST. JOHNS RIVER WATER
MANAGEMENT DISTRICT

1. INTRODUCTION

~ In order to realize the full beneficial use of the

- water resources of Florida, the State Legislature

enacted the Water Resources Act of 1972 (Chapter

'72.299, Florida Statutes). This act provides for the

creation of five major water management districts

under the general supervision of the Department of
_Natural Resources. -

The Department’s Division of Interior Re-
sources, recognizing that a background of hydro-
logic data and related information is essential in
implementing the Act, requested the U.S. Geo-
logical Survey to initiate a cooperative investiga-
tion to assess the availability of water data and to
portray future data needs in the three newly
- created water management districts.

Many U.S. Geological Survey staff personnel :

participated in and contributed to the preparation
of the rennrt, Kenneth Vanlier corvad ae rnnrdina.

(8P R00S-0244

tor and prepared the overall format, set forth the
basic objectives, and developed the relation of water
resources information needs to the management
functions of the District. J. O. Kimrey, G. W. Leve,

D. A. Goolsby, H. G. Healy, R. H. Musgrove,”

N. D. Hoy, S. D. Leach, A. A. Garrett, and

1.2 Location and Extent

The District, in northeast Florida, includes the
St. Johns River basin north of St. Lucie County, the
St. Marys River basin in Florida, and the adjacent
coastal areas which drain to the sea. The
north-south length is about 230 mi. and its
maximum width is about 75 mi. (Figure 1). It
includes all of Indian River, Brevard, Seminole,
Volusia, Flagler, Putnum, Clay, St. Johns, Duval,
and Nassau Counties, the major parts of Orange,
Lake, Marion, Alachua, and-Baker Counties, and
small parts of Okeechobee, Osceola and Polk
Counties. The area of the District is about 12,400
miZ2. Its boundary follows political and land survey
lines and differs slightly from the St. Johns River
basin drainage divide.

Heavily populated cities in the District are,
Jacksonville, Orlando, Daytona Beach Camesvﬂle,

hassomane ~2loao

are in the vicinity of the Space Center complex in
Brevard County and suburbs of Jacksonville and

‘Orlando

1.3 .

D. F. Tucker made major contributions to the .:

report.

1.1 Purpose and Scope

This report summarizes the hydrology of the
St. Johns River Water Management District (the
District) and briefly summarizes the availability of
hydrologic data and applicability of that
information to the requirements of the District. It
also portrays future data needs and the data
networks and programs needed in order to obtain
data not already available. That additional data
will be needed is presumed, on the basis of the
specific functions or responsibilities given the
District as mandated in the 1972 Act. The types of
data needed, of course, provide the key to the
nature of the water management programs that
" probably will be required in the District.

Economic Development

The District has a well balanced. economy
based on agriculture, livestock, tourism, industry,
mining, forest products, and transportation.
Citrus groves, truck farms, and livestock are
centered in the southern and central parts of the

. District; manufacturing in most of the larger
"I cities; mining of phosphate rock, limestone and

clay in the west-central part, and heavy minerals
along coastal ridges; forestry and forest products
mostly in the northern half; and tourism
throughout the District. Economic growth has
been more rapid in the District than in the Nation
on the average and the growth is expected to
continue. Employment is expected to triple and
gross income to grow 10 times by the year 2020
(Florida Department of Natural Resources 1970).
All major centers of population, industry, and

_agriculture are well connected by transportation

routes. Principal highways such as Interstate 4,

10, 75 and 95, the Florida Sunshine Parkway, and
‘numerous other Federal and State highways



criss-cross the area. Jacksonville is an important
railway and airline hub. The intracoastal waterway
extends along the entire east coast, and the coastal
reach of the St. Johns River accommodates
ocean-going ships for movement of bulk goods.

2. HYDROLOGIC SETTING

2.1

. Climate

The climate of the District varies from humid
temperate in the north to humid subtropical in the
south. Summers are generally long and wet;
winters are mild and relatively dry. The average
annual temperature is about 72°F; the temperature
is below freezing (32°F) usually at least once a year
except in the southernmost part of the District
(Florida Department of Natural Resources, 1970,
p- 30).

Average annual rainfall is about 53 in. for the
District as a whole. Ranging about from 50 to 7
in., it is generally higher in the southeast. On the
average, more than half of the rain falls during
June—September. Summer rains typically are
local thunderstorms; winter rains generally are
frontal storms. Tropical storms or hurricanes

occasionally invade the area,usually during late’

" summer or fall.

Lake evaporation ranges from about 45 in. in
the north to about 50 in. in the south. Evapotrans-
piration, though less than lzke evaporation, is
capable of using all but a few inches of the average
annual rainfall anywhere in the District.

22 Topography

The District lies in two physiographic provinces
defined by Cooke (1939, p. 14). The western half is
in the Central Highlands and the rest is in the
Coastal Lowlands (fig. 2). Relief throughout the
District is generally low. Land surface ranges in
altitude from sea level in many parts of the Coastal
Lowlands to more than 300 ft at one point in the
Central Highlands. In general, altitudes of O to 50
feet characterize the Coastal Lowlands and
altitudes of SO to more than 150 feet characterize
the Central Highlands.

The Coastal Lowlands consist of several marine
terraces that are generally alined parallel to the
coast. The most discernable are the lower terraces,
the Silver Bluff, Pamlico, Talbot, and Penholoway
Terraces which, respectively, are about 8, 25, 42,
and 70 feet above present sea level. Less distinct
terraces are at higher altitudes. Most of the relief is
along the edges of the terraces. Elsewhere the flat

o Distaici \gcucxduy uuids vl ihe 25°

' terrace plains, which originally were sea bottoms, *
- are preserved over large areas except where they
have been modified by underground solution and

surface erosion. A large part of the Coastal

~ Lowlands is covered by pine forests and an
* understory of palmetto scrub. Cypress swamps

occur in lower, more poorly drained areas.
Extensive marsh areas are covered with little .

' vegetation except wetland grasses and shrubs.

The Central Highlands are a series of low
rolling hills and ridges, interspersed with broad
plains. Closed topographic depressions, many:

, containing lakes, are common; these result.largely

from solution of the underlying limestone and
associated sinkhole activity. The Central High-
lands originated as extensive deposits of sand and
clay in seas that at one time covered the Florida
Peninsula. After the seas receded, the tépography
was modified by stream erosion, marine erosion
which formed terraces, and by. solution of the
underlying limestone. In the District, altitude and
relief are maximum in the Central Highlands
where, on the west side of Lake Apopka in Lake
County, the altitude is more than 310 ft. The
adjacent mucklands are at an altitude of about 64
ft Native vegetatlon in the northern part of the
.I. dvclagc
annual minimum temperature line) is typified by

. oak and pine forest. In the southern part of the

2.3

District,much of the native vegetation on higher
land has been replaced by citrus.

Drainage Basins

The District is drained by the St. Johns River-
and its tributaries, by the coastal drainage basins,
and by the Nassau-St. Marys basins (fig. 3).
Except where modified by canals, drainage is
usually dendritic. Sluggish flowing streams are
typical and swamps or wetlands occupy large
areas. Drainage of individual basins is discussed
below.

2.31

. The St. Marys River drains an area of about
1,480 mi2 and its basin includes part of the
Okefenokee Swamp. The headwaters are in the
southeastern part of Georgia west of Folkston and
drain about 540 mi2 of that state. The Florida-

St. Marys River Basin

~Georgia boundary follows the river for about 125
- miles above its mouth which is at the Atlantic
Ocean near Fernandina Beach, Florida.
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" mouth.

"7 At its headwaters the St. Marys River is about

125 ft above mean sea level and when it enters
Florida near Moniac, Georgia it is about 100 ft
above mean sea level. The length of the river in
Florida is 125 mi and its average fall is 0.8 ft/mi.
At the Geological Survey gaging station at Gross,
Florida, 21 mi upstream from the mouth, the river
reverses flow about twice daily but does not
reverse its flow at Geological Survey gaging
station near Macclenny, 100 mi above the mouth.
From its headwaters, the river flows south about
25 mi into Florida, then turns east for about 20
mi, then north for about 40 mi, and east again for

“about 40 mi to its mouth. Two major tributaries

enter near Macclenny, the Middle Prong St.
Marys River and South Prong St. Marys River.
Their drainage areas are 220 and 160 mi2,
respectively.

St. Johns River Basin

The St. Johns River drains an area of about

9,400 mi2, which inéludes the 2,870-mi2 drainage

area of the Oklawaha River, its largest tributary.
Both the St. Johns and Oklawaha flow generally
northward. Their courses are intluenced to some
degree by joints and faults in the underlying
limestone.’ : '

The St. Johns is the largest stream system
entirely in Florida. Its headwaters are in a broad
marshy area west of Fort Pierce. From there, it
flows about 300 river mi to its mouth at Mayport,

east of Jacksonville. The headwater marshes are at

an altitude of about 25 ft so the average gradient
of the river is less than 0.1 ft/mi.

From the headwaters, the marshes extend
northward about 40 mi before a natural "channel
becomes discernible near Sawgrass Lake in
Brevard County. This headwaters area has been

_ extensively altered by canals, so there is now

considerable interchange of water with the coastal
drainage basins to the east and the
Kissimmee-Okeechobee basin complex to the west
and south.

From the Sawgrass Lake area to Jacksonville,
the river flows north about 250 mi through eight
relatively large shallow lakes. In its course to
Jacksonville, the river is joined by numerous small

streams including the Econlockhatchee and -

Wekiva Rivers, and by the Oklawaha River. At
Jacksonville, the river flows east about 23 mi to its

~ During low flow the St. Johns River is tidal as

far upstream as Lake George, 106 mi from the
mouth; and tides have occured as far south as -
Lake Monroe at Sanford, 161 mi from the mouth.
The river is navigable to Sanford. Downstream
from Palatka, the river is more than 1 mile wide
on the average. According to Snell and Anderson
(1970), the surface area of the main stem at low
water exceeds 300 miZ2.

The Oklawaha tributary joins the main stem
south of Palatka. Its extreme headwaters are
southwest of Orlando where the Palatlakaha River
flows from the Green Swamp area. The

- Palatlakaha flows into Lake Harris, then to Lake

Eustis, where it is joined by drainage from Lakes
Apopka, and Dora. Flow from Lake Eustis then
passes through Lake Griffin. At the mouth of Lake
Griffin, the name “"Oklawaha’ is applied to the
flow system. The large lakes in the Oklawaha
headwaters have been connected by canals and
control structures to regulate flow. Eight miles
north (downstream) of Lake Griffin the Oklawaha
flows to a lock and dam. North of the lock and
dam, the Silver River, which drains Silver

- Springs, joins the Oklawaha. The other major

tributary to the Oklawaha is Orange Creek which
joins the Oklawaha about half way between the
Silver Kiver contluence and the mouth.
Downstream from the Orange Creek confluence,
the river flows into Lake Rodman, an artificial
lake constructed as part of the currently (1974)
defunct Cross Florida Barge Canal. Below Lake
Rodman, to the river’s mouth, the flow is not

" regulated.

Large areas in the St. Johns River basin are -
drained internally, that is, they do not contribute
to direct runoff. These areas coincide generally
with areas of karst (sinkhole) topography. Ground
water is eventually discharged from these areas to
streams and lakes by means of seeps and springs.
The largest of these internal drainage areas is in
Marion, Levy and Alachua Counties which
discharges at Silver Springs east of Ocala. Smaller
internally drained areas are in the northwest part
of Orange and south part of Lake Counties
(Palatlakaha and Lake Apopka drainage); the
north-central part of Orange and southwest part
of Seminole Counties (Wekiva River drainage); in
west part of Volusia County; and in Putnam and
Clay Counties. :

Most tributaries of the St. Johns go dry during
droughts. Exceptions are tributaries such as the
Silver and Wekiva Rivers whose discharge is made
up largely of ground-water seepage or spring
flow. The mainstem of the St. Johns also receives



ground-water seepage, including discharge from
numerous springs, through almost all its length.
Zero flow, however, has been recorded in the main
stem as far upstream as Christmas. In the tidal

part of the river, the direction of flow commonly -

reverses; that is, water moves upstream,
depending upon such factors as tides, tributary
inflow, winds, and evaporation.

.

2.33  Coastal Canal and Stream Basins

An area of about 2,000 mi2 in the narrow
coastal strip between the St. Johns basin and the
ocean is drained by numerous small streams and
canals that flow directly into the lagoons and the
ocean. The Intracoastal Waterway facilitates
eventual drainage to the ocean by connecting the
various lagoons.

The largest of the coastal drainage basins is
the Tomaka River basin in Volusia County, which
drains an area of 152 mi2. Flow characteristics of
the coastal basins are often highly variable
because of extensive canal networks and water
control structures. This is particularly true in the
southern part of the area where Turkey Creek,

. Fellsinere. North, Main, and Santh Canal drain
parts of the St. Johns Marsh that originally
drained to the main stem of the St. Johns River.

2.4 Aquifers

The District is underlain by sedimentary rocks
that range in age from Eocene, or older, to
Holocene. The formations penetrated by water
wells in the District, their general characteristics
and thickness, and their structural and
stratigraphic relations are shown in figure 4, as

are the surface distribution and lithology.

‘ The geologic materials at land surface through-
out most of the District are sand, clayey sand, or
shell deposits of Miocene to Holocene age. Deposits
of Eocene age crop out only locally. Thickness of
the post-Eocene materials range from 0 to about

. 400 ft. The various formations overlie those of
Eocene age except, of course, where the deposits of
Eocene age are at the surface.

The Eocene formations are composed of a thick
sequence of limestone and dolomite limestone. In
the District the combined thickness of the several
limestone formations ranges from about 500 to
more than 1,000 ft. Eocene deposits are at or near
land surface in parts of Marion, Lake, and Alachua
Counties, and the top of the Eocene is more than

400 ft below land surface at the extreme north and
south ends of the District, as shown in figure 5.

Water yielding deposits that are of economic
importance to the District are the Floridan aquifer,
secondary artesian aquifers, and shallow aquifers.
The aquifer descriptions that follow are brief.
Detailed descriptions of one or more of the aquifers
are available in the published reports whose titles
are cited on figure 11.

2.41 Floridan Aquifer

The Floridan aquifer consists, in general, of
deposits of Eocene age. The confining materials
are usually the clay and clayey sand of the
Hawthorn Formation of Miocene age. In areas
where basal shell and limestone beds of the -
Hawthorn are hydraulically connected to the
Eocene limestones, however, these basal beds are
included in the Floridan aquifer. The
configuration of the top of the Floridan aquifer is
shown on figure 5. »

The Floridan aquifer is the most important
source of water in the District. It contains water
under confined or artesian conditions. Except in

N W AfaL . Ca T L__ T ...
somecoastal QT3 G1 tad Ot. gOoaid 1Uuver

~
SCINC CCACLaL GTEAS ana

Valley, wells that tap the Floridan yield as much as
several thousand gallons of fresh water per minute.
Public water supplies are obtained almost
exclusively from this aquifer except in the areas
where it contains saline or brackish water. The
depth to the base of potable water in the Floridan
aquifer, and areas where the Floridan yields
non-potable water are shown in figure 6.

The level at which water will stand in a tightly
cased well tapping a given aquifer constitutes a
point on the potentiometric surface of that aquifer.
Ground water in the Floridan aquifer moves from
areas where the potentiometric surface is high to
areas where it is low. Thus the general circulation
pattern of ground water in the Floridan aquifer
may be discerned from figure 7 which shows the
potentiometric surface of the upper part of the
aquifer during May 1973. This potentiometric
surface is characterized by two large highs, the
Green Swamp and the Clay County-Bradford
County highs, and the smaller Volusia County
high. Numerous lows, or depressions in the
surface, are related to spring discharge, seepage to
the St. Johns River valley or the ocean, and to
pumping from wells. Springs discharging from the
Floridan aquifer are shown on figure 8.
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Because ground water is constantly, though
slowly, moving through the aquifer to points of
discharge, an understanding of the manner and
arcas in which the aquifer is recharged is
important. In the District as a whole, topographic
highs, potentiometric surface highs, and recharge
areas to the Floridan aquifer coincide, in general.
This coincidence is not everywhere meaningful: the
areas where the potentiometric surface is the
highest are not necessarily those where recharge is
greatest. Other factors must be considered when
comparing the rate of recharge from one place to
another.

Basically, only two conditions are necessary for
recharge of the Floridan aquifer to take place.
They are, (1) vertical permeability of the overlying
deposits must be great enough to allow water to

“move downward to the Floridan aquifer; and (2)
the hydraulic gradient must be downward, that is,
the potentiometric surface of the water in the more
permeable parts of the overlying deposits must be
higher than the potentiometric surface of the
Floridan. Some recharge occurs whenever these
two conditions are met; the amount of recharge is
proportional to the vertical permeability and the
hydraulic gradient. '

A third condition, advantagoous but aot
necessary, is that the permeable parts of the
overburden be thick and unsaturated. The
unsaturated part of the overburden provides
temporary storage for surface water that otherwise
would-run off or be lost to evapotranspiration.
Hence, ultimate recharge to the Floridan aquifer is
enhanced. Most water stored in the overburden
is not lost through evapotranspiration and is
recharged to the aquifer.

2.42 Sécondary Artesian Aquifer

Various shell and sand beds, mainly in the
Hawthorn Formation, commonly are referred to as
“secondary artesian aquifers.”” These waterbear-
ing zones contain water that is confined, or
semiconfined, by overlying and underlying clay or
sandy clay. Recharge to secondary artesian
aquifers occurs by downward seepage from the
water-table aquifer when the potentiometric
surface of the water-table aquifer is higher than
that in the secondary artesian aquifer or by upward
seepage from the Floridan aquifer when the
potentiometric surface of the Floridan is higher
than that in the secondary artesian aquifer.
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These aquifers locally may yield as much as
several hundred gallons per minute to wells, but
because they are not present over much of the
District their overall potential is small. Major use
of secondary artesian aquifers has been in the
Cocoa well-field area of Orange County.

243 Shallow Aquifer

This term *“shallow aquifer’’ is applied to
materials that lie above the Hawthorn Formation
or a depth of about 175 ft and that contain water
under unconfined or water-table conditions. The

water-bearing materials are sand and shells, and’

shelly limestone. The shallow aquifers are
recharged primarily by downward percolation of
local rainfall.

Well yields are usually less than 50 gal/min
except where thick zones of coarse material are
present. Where they are present, well yields of 100
to 250 gal/min are common and some wells yield as
much as 350 gal/min. The shallow aquifers are
little used in the District except where higher
yielding aquifers are not present. They are used for
public supply east of the mainstem of the St. Johns
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ground water. Vero Beach, Titusville, and St.
Augustine obtain water from wells that tap the

coarser grained parts of these aquifers.

E)iISTING WATER DEVELOPMENTS
AND PRINCIPAL WATER
MANAGEMENT CONCERNS

3.

Water management concerns are those
chiefly of municipal, agricultural, industrial,
commercial, and recreational development.
Changes in land use and the encroachment of
development into natural forest and marsh areas
affect water quality, recharge to aquifers, and
water availability. Because developing areas are
not necessarily where water availability and quality
are favorable, the concern about water and water
management problems is increased.

Of the 53-in. average annual rainfall in the
District about three-quarters is lost by evapotran-
spiration after having supported vegetation and
maintained lake and stream levels. The rest
percolates downward to aquifers or moves to the
ocean. Thus, about one-quarter of the water which
falls on the District as rain (about 11,000 ft3/s, or

7,100 Mgal/d) is available for interception and use’

»



! Table 1.—Major types of water use and water consumed in the St. Johns River
Water Management District in 1970 [million gallons per day].

Quantity used Water consumed

Type of Use Fresh Saline Fresh Saline
i Thermo-electric power (cooling water) 658 1,959 5 18
~ Irrigation 293 — 202 —
Public Supply 185 — . 50 —
Industrial (Self supplied) 176 29 10 —
Rural Use. 60 — 47 —

by man. Water may be obtained from the shallow
sand and shell aquifers and from the Floridan
aquifer by wells, and from streams and lakes by
pumping or by diversion after construction of
dams to impound or divert the waters. In addition
to the fresh water in aquifers, streams, and lakes an
" unlimited supply of sea water is available as is an
almost unlimited supply of saline water (water with
more than 1,000 mg/1 of dissolved solids) in
Mosquito Lagoon, Indian River and other coastal
lagoons. Saline and brackish water may be used for
industrial cooling.

3.1 Major Water Uses

" Thie wajor iypes o waier use in the District,
and the total use for each type are shown in Table
1. The quantity of water consumed compared to
the quantity withdrawn varies considerably
~ depending on the type of use. Almost all water used
for cooling is returned; most water used by
industry is also returned, although it may be
greatly reduced in quality; more than two-thirds of
the water used for public supply is returned to a
stream or aquifer; about one-third of the water
used for agriculture is returned although virtually
none is returned when sprinklers are used. Water is
reused or recycled by industry more than by other
users. Water reuse is a primary means of
conserving water. Recreational uses of water are
largely non-consumptive and generally are
compatible with the support and propagation of
fish and other aquanc life.

3.11 Public and Municipal
Municipal or public use of water is generally a
priority use inasmuch as it sustains human life and
provides for many essential services. These services
are many: public supply for homes, schools,
public and commercial buildings and enterprises;
maintenance of lawns, parks, gardens, and street
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cleaning; fire protection; maintenance of
municipal recreation projects such as swunmmg
pools, and various esthetic uses.

Table 2 lists public water utilities in the District
with an output of more than 1 Mgal/d. Many of the
utilities in the more populated areas are privately
owned and supply the many residential
subdivisions that have been developed. The centers
of largest use are Jacksonville ahd Orlando areas
which, combined, account for about 62 percent of

Table 2. —Public Water Utilities with output of more
: than 1 millien gallons per day (adapted

from Pride, 1973). ‘
i e e Output (mgd)
County Municipality 1985 1070
Alachua Gainesville 796 10.9
Baker {none)
Brevard Titusville 4.00 3.49
Cocoa 14.1 15.3
Melbourne 3.60 7.72
" Clay {none)
Duval Jacksonville Beach 1.88 2.0
Jacksonville 36.09 44.0
Flagler {none)
Indian River Vero Beach 1.50 2.66
Lake Leesburg 3.30 4.64
Eustis 2.00 1.96
Marion Ocala 250 3.34
Nassau Fernandina Beach 1.00 1.70
Okeechobee {none)
Orange Orlando 2541 324
Winter Park 5.60 9.46
Maitland (a) 1.30
Winter Garden (a) 1.10
Osceola (none)
Polk {none)
Putnam Palatka (a) 2.21
Seminole Sanford 230 2.7
St. Johns St. Augustine 191 190
Volusia Ormond Beach 1.52 2.01
Daytona Beach 5.38 9.58
New Smyrna Beach 1.7 1.1
Deland 2.50 2.45

t {a) Less than 1 million gallons per day.

»



the total water withdrawn for public use. Other
centers of substantial public use are in Brevard and
Volusia Counties which use 20 percent; the
remaining 18 percent is distributed among other
population centers throughout the District. The
quantities of water used for public supply in 1970
in the District, by county, are listed in table 3.

3.12 Industrial

Water use by industry is also a high priority
use. Although many industries are supplied with
water by the cities in which they are located, about
80 percent of the fresh water used by industry is

_ self-supplied.

The largest users of industrial water are pulp

'~ and paper mills which account for about 60 percent

of all industrial water used in the District. The food
industry, including citrus processing, dairies,
bakeries and soft-drink bottling plants, is the
second largest user (about 20 percent of the total).
Industrial use, by counties, is as follows: Duval
County, 35 percent; Nassau County, 28 percent;’
Putnam County, 18 percent; Lake County, 11

m.oLi.

percent; the remaining counties or segments of
counties, 8 percent.

Self-supplied industrial use of water for 1970, is
listed by counties in Table 4. The table lists the
quantities of both fresh and saline water withdrawn
from surface and ground-water sources and the
quantities consumed. Water for thermo-electric
use is also included. The places where most of the.
industrial water is used are shown in Figure 9.

The fresh water consumed through industrial
use is about 5 percent of the water withdrawn.
Because most of the water is returned to a stream
or reaches the ground-water reservoir through
drains, sumps, or other means, industrial waste
water can contaminate both ground and surface

. waters. -

The quantity of water used for thermo-electric
cooling is very large and is withdrawn from both
fresh and saline surface-water sources; the amount
of ground water used for this purpose is negligible.
The water consumed is less than 1 percent of that
withdrawn; the energy in the heated waste water is,
of course, lost; the heat serves only to increase the
temperature of the receiving water bodies.

n,

Tabic 3. —Walci used 10 PUDLc pupptly by Cvuuiivs, in 1570 in Si. Jouns River vvaler hManagement District

(Adapted from Pride, 1973).

POPULATION SERVED WATER WITHDRAWN
COUNTY Percent ?f Ground  Surface All Ground  Surface All Per
) County in  Water Water Water Water Water Uses Capita
’ District  1000’s 1000’s 1000’s Mgal/d Mgal/d Mgal/d gal/d

Alachua 50 71.9 —_— 71.9 22.3 —_— 22.3 282
Baker 90 2.6 _— 2.6 0.3 —_— 0.3 115
Brevard 100 204.0 —_— 204.0 (a) 11.2 —_— 11.2 130
Clay 100 12.7 —_— 12.7 - 1.6 — 1.6 126
Duval 100 345.3 —_ 345.3 67.8 —_—— 67.8 196
Flagler 100 2.8 —_— 2.8 3 —— .3 107
Indian River 100 21.0 — 21.0 3.1 —_—— 3.1 148
Lake 95 42.2 —_— 42.2 10.0 —— 10.0 237
Marion 60 284 — 28.4 3.9 — 39 137
Nassau » 100 8.9 — 8.9 2.0 —— 2.0 225
Okeechobee 5 4.5 - 4.5 0.6 0.6 133
Orange 65 290.0 —_— 290.0 (a) 65.8 — 65.8 174
Osceola 30 145 — 14.5 2.7 —_— 2.7 186
. Polk 4 170.0 _— 170.0 21.7 —_—— 27.7 163
Putnam . 99 14.0 —_— 14.0 2.7 _— 2.7 193
St. Johns 100 10.0 7.0 17.0 14 1.1 . 25 147
Seminole 100 58.9 —_— 58.9 6.3 —_— 6.3 107
Volusia 100 142.3 —= 142.3 19.2 —_—— 19.2 135
‘County Totals 1,444.0 7.0 1,451.0 248.3 1.7 1 250.0 172
Management District 1,115.1 7.0 1,122.1 183.5 1.1 184.6 165

> (a) 15.3 Mgal/d exported from Orange County to Brevard County.

-
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Locations from Florida Dept. Nat.
Resources, 1970
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Figure 9.--Location of major industrial water use.
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Table 4.~ Self-supplied industrial water use by counties, 1970 in St. Johns River Water Management District,
million gallons per day. {Adapted from Pride, 1973). .

i

1
i
i
4

!

COUNTY  Ground Water Surface Water  All Water Con- Surface Water Ground Water Consumed
Fresh Saline Fresh Saline Fresh Saline sumed Fresh Saline Fresh Saline Fresh Saline

Alachua 14— - - 14— 0.3 - = - - — - -
Baker negligible - ' . .
Brevard . - — — 4 - 2 — 1077 0.3 0.1 1078 0.2 10.0

, Clay 1.5 - - — 1.5 - .2 — - — — — - -
Duval 60.9 - - 200 ‘609 200 4.0 - 767 3 — 767 2 15

- Flagler - - — 2.0 — 2.0 — — - — — - - —

- Indian River 5 — — — 5 — 1 — 12 1 — 72 1 3

- Lake 19.4 - - — 19.4 — 5 — — — — — — —
Marion 2.1 — 1 - 2.2 — 1 — — - — — - -
Nassau 50.0 — — 2.0 50.0 2.0 2.5 - 43 — — 43 —_ 2
Okeechobee 0.2 — — — 0.2 — 0.1 — — — - - — —
Orange 7.0 — — - 1.0 — 5 128 - 1 - 128 5 —
Osceola 0.1 — — — 0.1 - 0.1 — - 1.6 — 16 — -
Polk 236.0 — 71.0 — 8070 - 48.0 110 - 04 - 1104 14 —
Putnam 15.5 —. 16.0 5.0 315 5.0 1.2 123 — - - 123 .6 —

: St. Johns negligible

* Seminole 5 — — - 5 - 2 — — - —. - - -

" Yolusia 5 — i~ — 5 — 3 406 — — — 406 32 | -
- County totals  369.0 871 29.0 4331 290 583 767 1959 28 0.1 2729, . 6.2 180"
Mngmnt Dist  159.7 161 29.0 1758 29.0 10.1 657 1959 09 0.1 26170 4.8 - 18.0

3.13 Irrigation "~ water storage reservoirs in these counties as well as

WATER WITHDRAWN

THERMO-ELECTRIC POWER

Withdrawal of fresh water for irrigation in the
"District constitutes 22 percent of all fresh water
withdrawn and 63 percent of all fresh water
consumed. Of the total quantity of water
withdrawn for irrigation, 42 percent is in Indian
River County and 16 percent in Brevard County.
About 80 percent of water used for irrigation comes

in Clay and Putnam Counties.

3.14 Rural

Rural water use includes domestic use and
livestock use in areas not supplied by public water

" systems. Although it is only 4 percent of the total

. from wells or springs. Table 5 lists the estimated

water use for irrigation for 1970, by counties. The
average increase in the District since 1965 is about
20 percent. The largest increase is in Indian River
County.

In 1965 about 68 percent of the irrigation
demand was obtained from wells or springs; in
1970, about 80 percent. This represents an average
increase of about 60 Mgal/d in ground-water use
and a decrease of almost 20 Mgal/d in
surface-water use in the Management District. This
trend toward increasing stress on the ground-water
resource is one that may shape future water
management programs. At least locally, this trend

- may not be long-lived, however. A projection of

irrigation needs compiled by the Soil Conservation
Service, U. S. Department of Agriculture, (pral
commun., 1974) shows that the proportion of
surface-water in use by the year 2020 will increase,

. especially in Indian River and Brevard Counties.

The projection is based on completion of proposed

quantity of {resh water withdrawn, it represents 14
percent of the total consumed because much of the,
water used by livestock and gardening is not
returned to streams or aquifers. In 1965, more than
half of the rural use was in Brevard, Orange,

' Marion, Volusia and Seminole Counties, where the

'
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non-urban population is relatively large and most
suburban areas are supplied by private wells. Of
about 60 Mgal/d of fresh water estimated for rural
use, only about 2 Mgal/d is from surface sources.

3.15

Recreational

Recreational water use is non-consumptive,
and of high priority in Florida. Recreational uses
require the conservation and maintenance of
streams, lakes, springs, and natural water habitats
of wildlife to preserve the features which make
Florida attractive to tourists and residents.
Improvement in quality of the waste water -



Table 5.— Water used for irrigation by counties in St. Johns River Water Management District, 1970.

Percent WATER WITHDRAWN WATER
County of c?unty 'A?re: 4 Acre-feet Million gallons per day CONSUMED
in irrigated -
Do T Surtee Crowd o Sorece Coownd towlpcit g

Alachua 50 7,500 750 3,000 3,750 0.7 2.1 34 2,800 2.5
Baker 90 Negligible — — — — — — — —
Brevard 100 24,600 — 53,600 . 53,600 — 47.9 47.9 38,000 33.9
Clay 100 " 3,400 — 4,590 4,590 — 4.1 4.1 3,400 3.0
Duval 100 1,400 — 4,100 4,100 — 3.7 3.7 3,100 2.8
Flagler 100 8,230 200 10,100 - 10,300 2 9.0 9.2 7,200 6.4
Indian River 100 72,100 38,000 109,100 147,100 339 97.4 1313 96,000 86.7
Lake 95 46,500 8,600 15,000 23,600 1.7 13.4 21.1 18,000 16.1
Marion 60 13,700 1,230 6,440 7,670 1.1 5.7 6.8 5,800 5.2
Nassau 100  Negligible — — — — — — — —

- Okeechobee 5 46,000 6,600 32,400 39,000 5.9 28.9 34.8 23,000 20.5
Orange 65 39,000 10,000 12,500 22.500 8.9 11.1 20.1 17,000 15.2
Osceola 30 20,000 6,000 9,000 15,000 5.4 8.0 134 .1L,200, 10.0
Polk 4 129,000 19,400 174,800 194,210 17.3  156.1 173.4 145.000 129.5
Putnam 99 11,200 - 2,300 8,550 10,850 2.1 7.6 9.7 8,100 7.2
St. Johns 100 19,000 — 24,800 24,800 — 22.1 22.1 17,000 15.2
Seminole 100 10,600 2,970 3,850 6,820 2.7 34 6.1 4,500 4.0

_ Volusia 100 4,700 320 7,780 8,100 3 69 7.2 5,700 5.1
County totals 416,030 93,370 479,610 575,980 86.2  428.0 514.2 405,800 362.3
-Management

District. 250 093  R2,4R5 9R5 43R 327001 550 228 @ . 2027 2028050 2020

discharged to streams after industrial, public, and
agricultural uses can assure that these uses will be
compatible with recreational uses.

Recreational water use cannot be reddily
quantified except where the water is withdrawn
from a stream, lake or aquifer, to be used in
off-channel structures. Consumptive use of water
(through evapotranspiration) may be increased if
water from wells or streams is used to maintain
levels of large lakes or marshlands for recreational
use.

3.2 Major Water Development Facilities

Water development facilities are those that
supply water to, or carry water from a community,

. an irrigated area, an industrial facility, or an
individual domestic unit. Ground-water develop-
- ment for public supply and agriculture is
extensive. Except for drainage canals and ditches

mainly in Indian River and southern Brevard-

Counties used to drain marshlands for citrus
_groves and other agricultural pursuits, there are no
‘large-scale surface-water developments in the

District. In general, the District’s topography is

3.21

not suitable for high dams to impound large
volumes of water, and hydroelectric installations
are negligible. Water development facilities
include reservoirs and diversion works, drainage
systems, well fields and waste disposal facilities, in
addition to the water supply or water use facilities
discussed in the previous sections.

Reservoirs

Although impoundment of water behind high

" dams is not possible in the District because of the
 relatively low relief, many natural lakes have outlet
‘structures to control the water levels for

recreational use or for esthetic purposes. The lakes
then also act as water impoundments or small
reservoirs. A few streams, such as the Oklawaha
River, also have been dammed. Rodman Dam on

“the Oklawaha, which forms the Rodman Pool / -

Lake Ocklawaha) is part of the partly completed
Cross-Florida Barge Canal project.

Moss Bluff lock and dam—also on the
Oklawaha— is a multi-purpose facility for flood
control and movement of small boats as well as lake
level control. Storage of water for irrigation is not a



primary consideration in such impoundments but

they may be so used. Lake Washington, the source
of public water supply for Melbourne and Eau
Gallie, is controlled by a low outlet structure.

The physical features of some lakes not now
controlled or with only slight control are such that
storage of water in them can be increased by
building control structures or raising existing
structures. Also, dams and levees can be erected on
numerous streams. Impoundment of water in
streams or lakes may not increase evaporation
. significantly if the lands which would be
submerged are marshlands with existing high
evapotranspiration rates. However, increasing
- storage by impoundment could cause problems of
minimum stream flow and higher lake stages.
‘Offsetting these problems are regulated flows,
water-conservation, irrigation and the advantages
of public water supply benefits from the increased
storage.

3.22 Drainage Systems

Draining of marshlands to transform them into
citrus groves and vegetable farms has been carried
B T L L T ) 1wy Lenmmnlan ~F

on intensively in parts of the District. Exampics of
highly developed drainage systems are in Indian
River County, where 250 mi2 are ditched and
drained, and in southern Brevard County and the
truck-farming areas near Lake Apopka in Lake and
" Orange counties. The intricate pattern of ditches
and drainage canals is too detailed to be shown on
a small illustration, so that it is necessary to refer to
standard U.S. Geological Survey topographic
" maps, county maps, and individual drainage
district maps to adequately view the ditch and
canal systems. -

Large residential communities which cover
thousands of acres along the Atlantic coast were
created through surface-water drainage systems
similar to those for citrus groves. Canals, which
extend inland from lagoons to create marina-type
areas effectively drain such communities. They
also provide paths for salt-water intrusion unless
salinity-control structures are installed.

3.23 Wells

Wells for public water supply, industrial use,
" and irrigation, and individual wells for home and
farm water supplies, constitute the most extensive

type of water development in the District as well as
the greatest volume of fresh water withdrawn.
Individual wells are located throughout the District
where homes and farms require water; many wells
of large yield are located in or near municipalities
and industrial sites; many other wells, also of large
yield, supply large-scale irrigation projects.

Wells supply all municipal water utilities except

 that for Melbourne-Eau Gallie, which uses surface
" water, and St. Augustine which obtains part of its

supply from an infiltration gallery. The pulp and
paper mill at Palatka in Putnam County uses water
from Rice Creek and Etonia Creek. Nearly .all
municipal wells are located within or very near the
municipality served; however, wells in east central

+ Orange County supply the city of Cocoa and the

Space Center complex in Brevard County.

~

3.24

Waste effluent from most municipalities and
industries is disposed of into lakes, streams, and
coastal lagoons; effluent from some is disposed of
into ponds without surface outlets, as at Ocala in
Marion County. Until recent years some industries
injected fluid waste into wells. This practice,
however, has been largely discontinued. The
efforts of Federal and State agencies to reduce
contamination of both surface and ground waters
has resulted in the better treatment and disposal of
wastes. Solid waste disposal in land fills and dumps
can also contaminate ground water; investigations
of land fills and their effects are under constant
study.

The location of waste-water facilities in the
District is shown in Figure 10; Table 6 lists
waste-water facilities that handled more than 1
Mgal/d in 1965 and pertinent information for these
utilities.

Small industrial facilities in cities dispose of
their wastes in the municipal systems; others, such
as .the large pulp and paper mills and citrus
processing plants, have their own waste disposal or
treatment systems. Waste water from irrigated
lands in Brevard and Indian River Counties moves
to the coastal lagoons by way of canals and ditches.
Most of the irrigation return water is highly
mineralized. Part of this mineralized water in the
drainage system recharges the shallow aquifer and
degrades the quality of the water in the aquifer.

Waste-Water Disposal Facilities
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Table 6. —Major Wastewater Facilities

Urban unit . Capacity . .
County served by facility Ownership* (Mgal/d) Treatment} Effluent discharged to:
Alachua Gainesville G 5 S Sweetwater Branch Paynes Prairie
Univ. of Florida G 2.4 S Lake Alice
Brevard Titusville North G 2.0 S Indian River
Cocoa G 2.0 . S Indian River
Surfside Estates P 1.0 S Banana River
Cocoa'Beach G 3.0 S Banana River
Patrick AFB G 1.0 S Banana River
St. Patrick Shores P 1.0 S ‘Banana River
Capehart G 1.0 S Banana River
Eau Gallie G 1.65 S Elbow Creek, Indian River
Melbourne G 25 S Crane Creek, Indian River
Titusville South G 2.0 S Indian River
Duval Cedar Hills P 14 S Cedar Creek, Ortega River
N Jacksonville G 17.5 S. St. Johns River
Jacksonville Beach G 2.0 S Pablo Creek, Intracoastal Waterway
Indian River  Vero Beach G 2.2 S Indian River
Lake Eustis G 11 S Trout Lakes, Lake Eustis
Oklawaha River
Leesburg G 3.35 S Lake Griffin, Oklawaha River
Marion ) Ocala G 2.34 S -
Orange Winter Garden G 1.0 S Apopka-Dora, Oklawaha River
Orlando #2 G 4.0 S Shingle Creek
S. W. Orange Co. ’
e San. District G 8.0 S Little Econlockhatchee
Winter Tath G 4.5 S5 Boweil Branch-Lake rloweli-Lake
Jessup, St. Johns
N. W. Drainage G 1.5 S Lawne Lake to Wekiva River
’ Co. Sewer District
(Pinehills)
Orlando AFB G 1.0 S Little Econlockhatchee to
. . Econlockhatchee
Putnam Palatka G 25 P St. Johns River
St. Johns St. Augustine G 3.0 P Matanzas River
. St. Augustine
Davis Shores G 1.5 P Matanzas River
Seminole Sanford G 4.0 P Liake Monroe
Volusia Ormond Beach G 2.0 S Halifax River
Holly Hill G 1.2 S Halifax River
Daytona Beach G 10.0 S Halifax River
New Smyrna Beach G 1.2 S Indian River
Deland G 1.2 S St. Johns River
* G - Government Ownership t S- Secondary Treatment o
P - Private Ownership P - Primary Treatment
3.25 Drainage Wells

Drainage wells are commonly used to drain
developed areas in the District that have no natural -
surface drainage. They convey water to ‘the |
Floridan aquifer by gravity. Drainage wells may
degrade ground water quality in the future. There
are about 200 drainage wells in Orange County,
which is an indication of the magnitude of the ;

-
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drainage well problem. Other cities have used
drainage wells for waste disposal; some use sumps
or sinkholes as receivers of surface runoff. Surface
runoff in an urban area may be contaminated to
some degree but sand overlying the .limestone
provides filtration and some purification.



3.3 Existing Major Water Management Concerns

The District includes several existing local
agencies involved in water management including
the Oklawaha River Basin Recreation and Water
Conservation and Control Authority in Lake
County; the Indian River Drainage District in

_Indian River County; and the North Ormond
Drainage District in Volusia County. Other
agencies and the Counties in the District also have
some water-management functions.

Local government officials and others in the
District are continuing to be concerned about all
phases of water, ranging from excess water to
water shortages at various times and places; water
quality is a concern everywhere at all times. Major
existing water management concerns of local
government officials are:

1. Fresh-water availability for major
population centers, especially Jacksonville,
Orlando, and coastal cities.

2. The effects of excessive water withdrawals
from wells on the potentiometric levels of

the Floridan aquifer throughout the
District.

3. The use of mineralized water for irrigation
that results in incrcased mincralization

of surface water and water in shallow
aquifers as in the Fellsmere and Sanford
__ areas.

4. Lack of control of the many free-flowing
wells. Data provided by Hendry and
Lavender (1959) suggest that, in the ag-
gregate, uncontrolled flow from wells in
the District is more than 50 Mgal/d. .

5. Contamination of ground water by drain-
age wells; from use of sinkholes as sumps
for waste water; from garbage dumps and
landfills. -

6. Salt-water encroachment along the coast

and elsewhere as the result of canals and-

ditches without salt-water barriers and
excessive water withdrawal from wells.

7. Movement of fertilizers and pesticides from
agricultural areas into surface and ground
water, which contaminates the water and
contributes to cutrophication of lakes.

8. Inadequate treatment of waste water from
municipalities and industry  before
disposal.

9. The possible elimination of septic tanks
by increasing the capability of municipal
disposal facilities.
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10. Zoning to prevent building of homes and
other high risk developments in
flood-prone areas. Providing flood
protection and drainage improvements in
those flood-prone areas that are already
developed.

11. Improper development of recharge areas
that result in increased runoff and reduced
recharge to aquifers.

. Potential Major Water
Management Concerns

Potential concerns of local government officials

. generally will be an extension of existing concerns,
" some possibly in modified form. Even with

effective control over some of the current (1974)

. problem items such as free-flowing wells, over-

development in recharge areas, and widespread

{ construction of dwellings and other buildings in

flood-prone areas, the principal concern will
remain: availability of a sufficient supply of
potable water for all needs for the existing
population centers and for future major population
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exist for decades. In addition, the rapid population
growth and development expansion will continu-
ally introduce new concerns and problems.

In the following list are tabulated those
concerns that are, as outlined above, continuations
of existing concerns or of existing concerns in

‘ modified form:
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The effects of water withdrawal on the
water table and artesian water pressures.
Salt-water intrusion along the coast and
into the shallow aquifer from additional
canals and ditches and from overpumped
and defective wells.
Contamination of aquifers by increased use
of drainage wells, sinkholes and sumps for
drainage, and from garbage landfills.
Contamination from expanded use of
~.agricultural fertilizers and pesticides. ’
Adequate treatment of waste water and a
reduction in the nuinber of septic tanks in
areas where they function poorly.
The education of the public to recognize
the need for zoning of flood-prone areas,
the conservation of recharge areas, and the
protection of the District’s water resources.



Reclamation of eutrophic lakes and control
of noxious weeds.

8. Accessibility of public to water-related
' recreational areas.

9. Sodium build-up in agricultural soils in
areas where brackish water is used for
irrigation.

As of 1974 water in the District as a whole is
plentiful, but potable water for domestic use and
water of adequate quality for industrial and
agricultural use is becoming less plentiful in many
areas. The availability of water to meet demands
becomes less certain as the demand increases.
Some parts of the District are water-rich; other
parts are water-poor. The Oklawaha River
subbasin contains much of the available fresh
water in the District, a fact that will undoubtedly
become a concern to both the water-poor areas,
such as coastal parts of Brevard, Volusia and other
Counties, and the water-rich Marion and Lake
Counties. Long-range planning may involve the
consideration of the transportation of water from
the Oklawaha River to the water-poor areas.
Transportation of water across political boundaries
may become a major concern when the need for
imported water for congested urban areas arises.

4.0 EXISTING DATABASE

Hydrologic and hydrologically related data
have been acquired by the U. S. Geological Survey
and other agencies over the last several decades.
Most of the data have been collected by the Survey
as part of cooperative programs with State, Federal,
and local agencies. Current cooperative hydrologic
data and investigative programs of the U. S.
Geological Survey in the District are listed in table
7.

The data available for the District have been
collected either through areal investigations within
a county, drainage basin or other area unit, or
through data networks. Data obtained from areal

investigations commonly are published as maps or .

in book reports containing maps. Data from
networks generally are published as tables, books of
tables or as graphs.

The following description of data available
includes information acquired by State agencies, by
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