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CONVERSION FACTORS

For use of readers who prefer to use metric (International System) units, conversion factors for inch-pound units used in this report
are listed below:

Multiply inch-pound unit By To obtain metric unit
inch (in.) 25.4 millimeter (mm)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
nautical mile (nmi) 1.852 kilometer (km)
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
square mile (mi?) 2.590 square kilometer (km?)
acre 0.4047 hectare (ha)
cubic foot per second (ft>/s) 0.02832 cubic meter per second (m®/s)

cubic foot per second per day [(f/s)/d] 0.02832 cubic meter per second per day [(m®/s)/d]
cubic foot per second per year [(ft*/s)/yr] 0.02832 cubic meter per second per year [(m>/s)/yr]
gallon (gal) 0.003785  cubic meter (m>)
galion per minute (gal/min) 0.00006309 cubic meter per second (m*/s)
gallon per day (gal/d) 0.003785  cubic meter per day (m*/d)
gallon per day per acre [(gal/d)/acre] 0.003785 cubic meter per day per acre [(m>/d)/acre]
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m%/s)

million gallons per year (Mgal/yr) 3,785.0 cubic meter per year (m>/yr)
pound per acre (Ib/acre) 1.121 kilogram per hectare (kg/ha)
pound per acre per year [(Ib/acre)/yr] 1.121 kilogram per hectare per year [(kg/ha)/yr]

ton, short 0.9072 megagram (Mg)
ton per day (ton/d) 0.9072 megagram per day (Mg/d)
ton per day per year [(ton/d)/yr] 0.9072 megagram per day per year [(Mg/d)/yr]
ton per day per square mile [(ton/d)/mi’] 0.3503 megagram per day per square kilometer [(Mg/d)/km?]
ton per year per square mile [(ton/yr)/mi’] 0.3503 megagram per year per square kilometer [(Mg/yr)/km?]

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:
°C = (°F — 32)/1.8

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

Additional Abbreviations

microsiemens per centimeter at 25° Celsius pS/cm
milligram per liter mg/L
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Land Use, Water Use, Streamflow Characteristics,
and Water-Quality Characteristics of the Charlotte

Harbor Inflow Area, Florida

By K.M. Hammett

Abstract

Charlotte Harbor is a 270-square-mile estuarine sys-
tem in west-central Florida. It is being subjected to
increasing environmental stress by rapid population
growth and development. By 2020, population in the
inflow area may double, which will result in increased
demands for freshwater and increased waste loads.

The Charlotte Harbor inflow area includes about
4,685 square miles. The Myakka, the Peace, and the
Caloosahatchee are the major rivers emptying into the
harbor. About 70 percent of the land in these three river
basins is used for agriculture and range. In the coasta:
basin around Charlotte Harbor, about 50 percent of the
total land area is devoted to commercial or residential
uses. Water use in the inflow area is about 565 million
gallons per day, of which 59 percent is used for irrigation,
26 percent for industry, 11 percent for public supply, and
4 percent for rural supply.

Total freshwater inflow from the three major rivers,
the coastal area, and rainfall directly into Charlotte Harbor
averages between 5,700 and 6,100 cubic feet per second,
which is more than 3,500 million gallons per day. A trend
analysis of about 50 years of streamflow data shows a
statistically significant decreasing trend for the Peace River
stations at Bartow, Zolfo Springs, and Arcadia. No signif-
icant trend has been observed in the Myakka or the
Caloosahatchee River data. In the Peace River, the
decrease in flow may be related to a long-term decline in
the potentiometric surface of the underlying Floridan
aquifer system, which resulted from ground-water with-
drawals. It is not possible to determine whether the trend
will continue. However, if it does continue at the same
rate, then, except for brief periods of storm runoff, the
Peace River at Zolfo Springs could be dry year-round in
about 100 years.

Of the 114 facilities permitted to discharge domestic
or industrial effluent to waters tributary to Charlotte
Harbor, 88 are in the Peace River basin. Phosphate ore and
citrus processing account for most of the industrial efflu-
ent. Several locations in the headwaters of the Peace River

Manuscript approved for publication, August 5, 1987.

have been significantly affected as a result of receiving
wastewater effluent. The Peace, the Myakka, and the
Caloosahatchee Rivers transport more than 2,000 tons per
day of dissolved solids, more than 17 tons per day of
nitrogen, and about 6 tons per day of phosphorus.

By 2020, the population in the inflow area is expected
to increase by more than 500,000 people. They will require
an additional 76 million gallons per day for water supply.
The increased population will produce an additional 60
million gallons per day of domestic wastewater, which
could result in an additional 3 tons per day of nitrogen and
0.65 ton per day of phosphorus. More than 150 square
miles of land will be converted to urban uses, which will
produce another 0.25 ton per day of nitrogen from urban
runoff. These increased nutrient loads can be expected to
occur concurrently with decreased freshwater inflow.

INTRODUCTION

Charlotte Harbor, which is a coastal plain estuarine
system in southwestern Florida (fig. 1), is a vital resource of
the State and the Nation. It is the second largest estuarine
system in Florida and one of the most productive for
commercial and sports fisheries. Its waters and surrounding
lands provide food and habitat for about 40 endangered and
threatened wildlife species (Florida Department of Natural
Resources, 1984).

Rapid population growth and development within the
Charlotte Harbor inflow area (fig. 2) are increasing the
environmental stress on the estuarine system. By 2020,
more than 500,000 new residents may live in the area that
drains into the harbor. Industrial and agricultural develop-
ment also may increase. Along with growth and develop-
ment, demand for freshwater will increase, as will urban,
agricultural, and industrial wastes. The inflow of good-
quality freshwater is essential to the integrity and the health
of the estuarine system. Freshwater, however, may be
withdrawn or diverted from the rivers and the streams that
flow into the estuary at the same time that wastewater
discharges are increasing.

Land Use, Water Use, Streamflow Characteristics, and Water-Quality Characteristics of the Charlotte Harbor Inflow Area, Florida Al
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Figure 1. Charlotte Harbor estuarine system.
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Figure 3. Departure from average annual rainfall at eight National Weather Service stations, 1900-84.

riverine flooding. These storms have the potential for
changing the physiography of the harbor and the coastal
basin. In the past, some of the barrier islands have been
completely overtopped, and passes into the harbor have
been opened or closed. The heavy winds and the tide action
associated with hurricanes and tropical storms also stir up
bottom sediments that significantly affect water quality in
the estuary.

Ho and others (1975) analyzed the frequency of
tropical storms and hurricanes for the period 1871-1973.
On the average in the Charlotte Harbor area, more than two
landfalling tropical storms or hurricanes occur per 100 years
per 10 nmi of coast; for example, along 30 nmi of coast near
Charlotte Harbor, six to seven tropical storms or hurricanes
are expected to make landfall during 100 years. The
probability of a storm exiting near Fort Myers is greater
than at any other place along the Gulf Coast. Near Charlotte
Harbor, about one exiting storm occurs per 100 years per 10
nmi of coast.

The information in table 1 is compiled from hurricane
tracking charts for 1871-1980 (Neumann and others, 1981),
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the U.S. Army Corps of Engineers (1961c), and the
“Mariners Weather Log” published by the National Oceanic
and Atmospheric Administration (1985). Table 1 includes
landfalling and exiting hurricanes, as well as storms that
had tracks passing only over water or over land.

The records for storms before 1886 are not adequate
to distinguish between tropical storms and hurricanes.
Therefore, some of the events listed in table 1 that occurred
before 1886 may not have been full-fledged hurricanes. The
Saffir-Simpson Scale rates hurricane intensity from 1 to 5;
1 is the most moderate storm, and 5 is the most severe.
Neumann and others (1981) provided a detailed description
of storm classification criteria and the Saffir-Simpson Scale
categories. It was not until 1950 that North Atlantic
hurricanes were given names.

Except as noted above, table 1 includes only those
storms that were hurricanes when they passed within 50 mi
of Charlotte Harbor. Storms that passed the study area as
tropical storms or depressions and were later upgraded to
hurricane status are not included. Of the 26 hurricanes listed
in table 1, about three-quarters occurred in September and
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Table 1. Hurricanes that have passed within 50 miles of Charlotte Harbor, 1871-1984
[No hurricanes passed within 50 miles of Charlotte Harbor between 1967 and 1984]

Storm Saffir-
Year Date Simpson Remarks
name
scale
1873 September 26-October 9.... --- --- Landfall at Punta Rassa; 14-ft tide.
1876 October 12-22 ............. --- ---
1878 July 1-3 ... ool ---
September 1-13............ --- Stationary near Punta Rassa, September 8-10.
1881 August 16-18 .............. -~ ---
1885 October 8-13 ........ e - May have been just a tropical storm.
1888 August 14-24.............. - -
1891 August 18-25.............. - - Moved westward across the State.
1894 September 18-30........... --- --- Landfall south of Fort Myers.
1896 October 7-16 .............. --- -
1898 August 2-3 ... ...l --- ---
1903 September 10-12........... - 2 Moved westward across the State.
1910 October 11-18 ............. --- 3
1925 November 30 .............. --- 1
1926 September 12-21........... --- 4 Came overland from Miami; entered gulf at Fort Myers;
12-ft tide at Sanibel.
1928 September 10-18........... --- 4 Passed near Lake Okeechobee.
1929 September 23-30........... --- 3
1935 September 1-5 ............. --- 5 Passed about 25 mi offshore in gulf.
1941 October 4-7 ............... --- 2
1944 October 12-19 ............. - 3 Landfall near Sarasota; 7-ft tide at Boca Grande overtopped
island.
1945 September 11-17........... - 3
1946 October 67 ............... --- 1
1947 September 4-19............ --- 4
1950 September 2-5 ............. Easy.......ooovvinnnn 3
1960 September 1-12............ Domna ................ 4 Passed over Fort Myers and Punta Gorda.
1966 June 7-9........ooll Alma................. 2
October. Only one scale 5 storm, the “Labor Day Hurri- Hydrogeology

cane” of 1935, passed near Charlotte Harbor. The 1926
storm and Hurricane Donna in 1960 were the most severe
direct hits. The last hurricane to pass within 50 mi of the
harbor was Hurricane Alma in 1966.

In addition to the hurricanes listed in table 1, more
than 25 tropical storms or depressions passed within 50 mi
of Charlotte Harbor. Most of these storms and depressions
also occurred in September and October. Several of these
entered land around Charlotte Harbor.

Storm surges and tides are considered to be the most
damaging forces in hurricanes, but tropical cyclones are
also capable of producing rains that may affect the area for
days or weeks. Heavy rains, even from storms passing more
than 100 mi away, may lead to abnormally high stream-
flows. Over a 3-day period in 1972, Hurricane Agnes,
which was 200 mi offshore, dumped more than 5 in. of rain
on Fort Myers, Punta Gorda, and Myakka River State Park.
In June 1974, a subtropical storm that passed about 100 mi
north of Charlotte Harbor produced over 9 in. of rain at Fort
Myers and over 12 in. at Punta Gorda.
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The geology of the study area has been described in
many publications. Topography, physiography, and geo-
morphology were presented in Cooke (1939), White (1958,
1970), Puri and Vernon (1964), and Healy (1975). Stratig-
raphy was discussed in Matson and Sanford (1913), Cooke
(1945), and Puri and Vernon (1964). More recently, the
Florida Bureau of Geology published an environmental
geology map series—Knapp (1980), Lane (1980), and Lane
and others (1980). More detailed information on the hydro-
geology of the study area was provided by Du Bar (1958),
Klein and others (1964), Stewart (1966), Sutcliffe (1975),
Wilson (1977), Wedderburn and others (1982), Brown
(1982, 1983), and Wolansky (1983).

The hydrogeologic designations in table 2 are some-
what different from those used by earlier authors (Wolan-
sky, 1983, p. 13). The thickness of the strata varies
throughout the study area, but table 2 is generally descrip-
tive of the sedimentary layers and the principal water-
bearing units. In the upstream sections of the Peace and the



Table 2. Generalized stratigraphic section and hydrogeologic description of the study area
[Modified from Wolansky, 1983]

Lithology

Nonmarine, light-gray to yellow, fine- to medium-grained quartz
sand; underlain by marine terrace deposits of sand and marl,
including clay, shell, and peat deposits.

Shallow marine, gray, tan, or cream, unconsolidated, sandy marl,
marl, and shell beds; hard, sandy limestone; some phosphate.

Mostly nonmarine, very light gray to gray, clayey sand and sandy
clay that has lenslike beds of light-gray, fine- to medium-
grained quartz sand that has a considerable amount of land
vertebrate fossil fragments, some marine fossil fragments,
phosphate nodules, and quartz pebbles.

Shallow marine, green to gray, sandy, calcareous clay, gray marl,
gray sandstone, and slightly consolidated tan to light-gray
limestone; all units contain some phosphate.

Marine, interbedded layers of buff, sandy, clayey, phosphatic
limestone and dolomite; gray, fine to medium sand; gray to
greenish-blue sandy clay that has abundant phosphate nodules.

Marine, white to light-gray, sandy, often phosphatic, clayey
limestone, silicified in part, that has many molds of pelecypods
and gastropods; often interbedded with light-gray clay and
sandy clay. A residual mantle of green to greenish-blue,
calcareous clay is often developed.

Marine, cream to buff, often soft, granular limestone composed of
loosely cemented foraminifers.

Marine, white to cream, often soft and finely granular limestone,
grading near the bottom into tan limestone that has beds of
grayish-brown dolomite.

Series Stratlgr.aphlc Hydroggologic Thickness
unit unit (ft)
Holocene Undifferentiated Surficial 0- 60
sediments aquifer system
Pleistocene
Caloosahatchee Marl 0- 50
Pliocene
Bone Valley 0- 20
Formation
Tamiami Con- n 0-150
Formation W
Tamiami—upper
Hawthorn
aquifer
Middle Hawthorn Co 200400
X . Nfin;
Miocerne Formation W
Lower
Lower Tampa Hawthorn— 150-300
Miocene Limestone upper Tampa
aquifer
Co .
Hﬁ[nng unjp
Oligocene Suwannee 200-300
Limestone
Upper Ocala Limestone Floridan Aquifer 200-300
Eocene system
Middle Avon Park 901-1,200
Eocene Formation
Lower confining
unit

Marine, cream to tan, soft to hard, granular to chalky, highly
fossiliferous limestone interbedded with grayish-brown to dark-
brown, highly fractured dolomite; some carbonaceous and
clayey zones; some intergranular gypsum and anhydrite near the
bottom in places.

Marine, cream to tan, slightly carbonaceous and cherty limestone
and grayish- to dark-brown dolomite; both have varying
amounts of intergranular gypsum and anhydrite.

Myakka River basins, the Floridan aquifer system is the
primary source of ground-water supply. Nearer the coast
and in much of the Caloosahatchee River basin, the Flori-
dan aquifer system is highly mineralized. In these areas, the
surficial aquifer system and intermediate Hawthorn aquifer
are the primary sources of ground-water supply.

For the Myakka River basin (fig. 4), characteristics of
the ground-water system have been described by Flippo and
Joyner (1968). Artesian ground-water contributions to the
Myakka River in the reach between Myakka City and
Lower Myakka Lake are negligible. Upper and Lower

Land Use, Water Use, Streamflow Characteristics, and Water-Quality Characteristics of the Charlotte Harbor Inflow Area, Florida

Myakka Lakes appear to be solution features, thereby
offering the possibility of hydraulic connection with the
underlying aquifers. The lakes and the river channel,
however, appear to be underlain by rather impermeable
clays. Warm Mineral Springs and Little Salt Spring (fig. 4)
are sources of highly saline ground water in the lower
reaches of Big Slough Canal. Other smaller springs of this
type in the area may be filled with debris and, therefore, are
not noticeable at ground surface. Drainage from agricultural
lands irrigated by using ground water is, at times, an
appreciable part of low flow in the sloughs in the basin.
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For the Peace River basin (fig. 5), several investiga-
tions have described the ground-water system and its
relation to the river and to the tributary streams. Based on
data collected before 1960, Stewart (1966) reported a

A8  Hydrologic Assessment of the Charlotte Harbor Estuarine System

general zone of upward leakage from the intermediate
Hawthorn aquifer and the Floridan aquifer system into
Saddle Creek and the Peace River in Polk County. In
Hardee and De Soto Counties, Wilson (1977) described the
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river valleys of the Peace and its tributaries as areas of.
artesian flow. Artesian springs and seeps are found at Zolfo
Springs and Fort Green Springs, but discharge from the
springs has not been measured. Wilson concluded, how-
ever, that the hydraulic connection between the Peace River
and the underlying Floridan aquifer system in Hardee and
De Soto Counties is poor. The springs probably originate in
the intermediate Hawthorn aquifer, and the river derives
much of its base flow from the surficial aquifer system.

Kissengen Spring (fig. 5), which is 4 mi southeast of
Bartow, was the first known major spring to cease flowing
in Florida because of ground-water withdrawal from wells
(Rosenau and others, 1977). Peek (1951) attributed the
cessation of flow to pumping from the Floridan aquifer
system. The flow of the spring had remained fairly steady at
about 20 Mgal/d from 1898 to 1934. A downward trend
began in 1934 and continued until flow completely ceased
in 1950. This downward trend in springflow corresponded
to a downward trend in the potentiometric surface of the
Floridan aquifer system. According to Kaufman (1967), an
actual reversal of hydrologic conditions now may make it
possible for water to move from the Peace River and the
surficial aquifer system to the Floridan aquifer system.

During a field reconnaissance in April 1985, the
entire flow (estimated to be less than 10 ft*/s) of the Peace
River south of Bartow was observed to be disappearing into
a limestone crevice in the streambed. The same phenome-
non was observed in spring 1981. The Miocene Hawthorn
Formation outcrops along the Peace River channel in this
area (Hutchinson, 1978). The observed hydraulic connec-
tion would, therefore, be with the intermediate Hawthorn
aquifer.

In the Caloosahatchee River basin (fig. 6), only the
surficial aquifer system is hydraulically connected to the
stream system (Klein and others, 1964; Wedderburn and
others, 1982). The banks and the riverbed along most of the
reach downstream from Ortona Lock, structure S-78 (fig.
6), are composed of relatively impermeable clay and marl,
which tend to prevent lateral or downward seepage from the
river channel. The Caloosahatchee River is a major dis-
charge area for ground water from the surficial aquifer
system. Wedderburn and others (1982) showed gradients
toward the river from the north, northwest, south, and east
during wet and dry seasons.

Tidal canals and streams in the coastal area surround-
ing Charlotte Harbor derive their flow from surface runoff
and the surficial aquifer system. Construction of canals and
ditches has had a pronounced effect on the water level in the
surficial aquifer system. Sea-level canals transport saltwater
inland and, at the same time, cause existing freshwater in
the surficial aquifer system to drain off into the canals. The
deep tidal canals at the eastern end of Sanibel Island (fig. 1)
have permanently lowered the water table (Clark, 1976).
Canals have allowed saltwater intrusion in the surficial
aquifer system in Charlotte County (Sutcliffe, 1975).

Topography and Drainage

The Myakka River basin (fig. 4) drains an area of 602
mi®> (Foose, 1981). The river originates in northeastern
Manatee County near Myakka Head and flows about 50 mi
in a southerly direction through Manatee, Sarasota, and
Charlotte Counties to Charlotte Harbor. Land-surface ele-
vations range from about 115 ft above sea level at the
headwaters to sea level at the mouth. The upper reaches of
the river have a slope of about 5 ft/mi, but near the mouth,
the slope is less than 1 ft/mi. Away from the stream
channels, the topography is very flat. In some of the lower
reaches of the river, the flood plain is up to 3 mi wide
(Hammett and others, 1978). During low flows, the river is
affected by tide more than 10 mi upstream from the mouth.

Marshes and swamps within the Myakka River basin
provide large storage areas for surface water. A large
surface depression, which is known locally as the Flatford
Swamp, is found in the headwaters near the confluence with
Ogleby Creek. Tatum Sawgrass is a large diked marsh
about 5 mi southwest of Myakka City. Upper and Lower
Myakka Lakes lie in a topographically low area near the
east-central part of the drainage basin.

Between 1925 and 1965, most of the major sloughs in
the Myakka River basin were deepened for drainage pur-
poses. In 1941, a low concrete dam was built at the outlet
of Upper Myakka Lake (Flippo and Joyner, 1968); several
years earlier, an earthen dam was built at the outlet of
Lower Myakka Lake. The dams were designed to be
low-water controls to prevent the lakes from going dry in
times of drought. The earthen dam washed out, and, as a
result, Lower Myakka Lake went completely dry in 1945.

During the late 1950’s and 1960°s, much of the area
around the mouth of the Myakka River in Charlotte County
was channelized. Some channels were dredged to produce
waterfront homesites, others were dredged for drainage.
Seawalls and bulkheads were built along many of the
channels. In the area north of Port Charlotte, a series of
weirs act as saltwater barriers in the canals and gradually
increase water levels to 15 to 20 ft above sea level.

The Peace River basin (fig. 5) has a drainage area of
2,350 mi® (D.W. Foose, USGS, written commun., 1986).
The river has its headwaters among a group of lakes in
northern Polk County. Saddle Creek and the Peace Creek
Drainage Canal join near Bartow to form the Peace River.
The river then flows southward for about 75 mi through
Polk, Hardee, De Soto, and Charlotte Counties. Land-
surface elevations range from over 200 ft above sea level
near the headwaters to sea level at the mouth.

Many of the lakes in the headwaters area are linked
by systems of canals. In some, flow between lakes is
continual; in others, flow occurs only under high-water
conditions. Fixed or operable control structures have been
constructed on many lake outlets.
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Figure 6. Caloosahatchee River basin.

Much of the Peace River basin in Polk County has
been strip mined for phosphate. This type of mining impacts
on river flow in two ways. First, strip mining alters the
natural drainage patterns in the basin. Rainwater that ran off
under natural conditions may be internally drained to
settling ponds as a result of mining. Second, processing
phosphate ore requires large amounts of water, most of
which is pumped from the Floridan aquifer system. Part of
this process water is eventually discharged to the Peace
River and its tributaries as effluent. Further discussion of
the discharge from phosphate processing plants is included
in the sections “Streamflow Characteristics” and “Water-
Quality Characteristics.”

At normal stages, the channel of the Peace River
upstream from Arcadia is well defined. Downstream from
Arcadia, the river’s flood plain widens, and the channel
becomes braided. In some places, the marsh and the
swampy area bordering the river spans more than 1 mi.
During periods of low flow, the river is affected by tide as
far as 5 mi upstream from Fort Ogden.

Like the Myakka, several areas near the mouth of the
Peace River have been channelized for development of
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waterfront homesites. Seawalls and bulkheads are common-
place.

For purposes of this report, the Caloosahatchee River
basin (fig. 6) is a hydrologic cataloging unit that has an area
of 1,378 mi”. The basin extends from Moore Haven Lock to
the mouth of the river in San Carlos Bay. (Upstream from
Moore Haven, outside the study area, a channel connects
the river to Lake Okeechobee. Because of this connection
with Lake Okeechobee, the Caloosahatchee River basin
could, theoretically, be extended to include the entire
drainage area of the lake, which would be an additional
5,650 mi%.) The flatness of the terrain and an extensive
network of drainage canals make definition of drainage
divides very tenuous. Land-surface elevations reach a
maximum of about 75 ft above sea level near the divide
between the Peace and the Caloosahatchee River basins.
Land surface slopes gradually from about 25 ft above sea
level at Moore Haven to sea level at the mouth, which is a
distance of about 70 mi.

The Caloosahatchee River was originally a shallow,
meandering stream that had its headwaters near Lake
Hicpochee. In its natural state, the river could go dry during
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the dry season, and the saltwater front could move as far
upstream as Ortona Lock, structure S-78 (Fan and Burgess,
1983). Dredging and straightening of the channel began in
the 1880’s at the upper end of the river. In the 1930’s, the
U.S. Army Corps of Engineers continued to straighten,
widen, and deepen the channel. Moore Haven Lock,
structure S—-77, and Ortona Lock, structure S-78, were
completed by the Corps of Engineers in 1937. In the
1960’s, the Corps of Engineers did extensive dredging and
installed Franklin Lock, structure S-79, near Olga.

Tributaries south of the Caloosahatchee River have
been extensively modified. Many of the tributary flows are
regulated by pumping stations, gated spillways, or culverts
that have adjustable controls. Relatively large volumes of
water may flow toward the river during the wet season, but
the direction of flow is frequently reversed by irrigation
pumps during the dry season. The base flows of some
tributaries may be significantly lowered by pumping from
shallow irrigation wells and stream intakes; flows of other
tributaries may be slightly augmented by irrigation return
flow.

As is the case for the Myakka and the Peace Rivers,
large areas near the mouth of the Caloosahatchee River have
been channelized for development of waterfront homesites.
One planned development, the city of Cape Coral, is platted
for more than 140,000 homesites, many of which are on
more than 400 mi of dredged canals.

The coastal area and barrier islands (figs. 1, 2)
adjacent to Charlotte Harbor total 355 mi’. In the coastal
area surrounding the harbor, several natural streams have
been widened and deepened to increase their capacity for
drainage. Also, many mangrove areas are crisscrossed by
mosquito-control ditches. On Sanibel Island, several real
estate lakes have been dug, the natural drainage system has
been channelized and expanded, and some water-level
control structures have been constructed. A few areas along
the harbor shoreline and on the barrier islands have been
dredged and filled for waterfront homesites.

LAND USE

The Charlotte Harbor estuarine system is affected by
land use and land management throughout the inflow area.
Development and population growth result in changes in
land use that may produce changes in the quality or the
quantity of water flowing into the estuary.

Land-use information has been compiled by several
agencies in several formats. Unfortunately, the categoriza-
tion and the classification of types of land use are rarely
consistent from one source to the next. The lack of
uniformity makes it virtually impossible to compare land-
use data from different sources.

Data in tables 3 and 4 were digitized from land-use
and land-cover maps that were generated from 1972-73

aerial photography as part of a national mapping effort
(U.S. Geological Survey, 1979a—c). Anderson and others
(1976) proposed the classification system used for these
data. Table 3 shows land-use data broken down by river
basin. Table 4 shows data by county for all 10 counties that
are either partially or completely within the inflow area.

Based on the 1972-73 data, the majority of the inflow
area is used for agriculture and range (table 3). Agricultural
land and rangeland totaled about 70 percent of the land area
in the Peace and the Myakka River basins and 65 percent in
the Caloosahatchee River basin. Urban land area ranged
from about 1 percent of the Myakka basin to about 7 percent
of the coastal inflow area. Wetlands totaled 11 to 14 percent
of the river basin area and more than 30 percent of the
coastal inflow area.

The data in table 4 are for entire counties, even where
only part of the county is in the study area; for example,
Manatee and Sarasota Counties show relatively large areas
of urban land use, but the urban areas occur along the gulf
coast, not within the Myakka River basin. The county
breakdown provides a basis for comparison with other
sources of land-use data, such as county planning depart-
ments.

Based on the 1972-73 data, agricultural land and
rangeland are the predominant types of land use in every
county. About 35 percent of the land in Lee County and
more than 80 percent of the land in De Soto and Hardee
Counties is used for agriculture and range (table 4). The
section of wetlands in every county is substantial. In Polk
County, phosphate strip mining is a significant type of land
use. Areas of urban development cover less than 10 percent
of the total land in Charlotte and Lee Counties; these occur
primarily along the shoreline of the harbor and have a great
potential for expansion. Urban areas in De Soto, Hardee,
Glades, and Hendry Counties cover less than 2 percent of
the land and are composed of small interior towns that have
a limited probability of growth. As noted above, the urban
growth areas in Manatee and Sarasota Counties are outside
the study area. In Polk County, urban development centers
around the lakes in the headwaters of the Peace River,
which provide desirable locations and potential for expan-
sion.

Land-use data for 1984 (tables 5, 6) were prepared at
the University of Florida by using Florida Department of
Revenue statistics compiled by county tax assessors. The
1984 data are structured for an entirely different purpose
than the 1972-73 data, and, consequently, the data for the
two periods cannot generally be compared; for example, a
house on a S-acre parcel of land in a rural area wouid fall
into rangeland or agricultural land in the 1972-73 classifi-
cation. For tax purposes, the parcel is considered to be
residential and would be classified as such in the 1984 data.
In looking at both sets of data, it is essential to adopt the
perspective of the classifying agency.
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Table 3. Land use and land cover by river basin, 1972-73
[In acres}

Land use or land cover Caloosahatchee Coastal Myakka Peace

TOtal ouvvevineriiinniiinnneneeinenannns 895,013 1390,831 364,776 1,452,683

Urban or built-up land................... tressesnans 33,902 15,449 4,033 71,197
Residential ..., 24,641 12,899 3,153 49,491
Commercial and Services . ........coveveeiinennnnnn. 3,845 455 158 7,670
Industrial .......coviiniiiiiiii ittt 731 59 0 6,751
Transportation, communication, and utilities ......... 840 801 40 3,005
Industrial and commercial complexes................ 59 0 0 0
Mixed ........... e aaan 623 118 0 1,601

L0 11T 3,163 1,117 682 2,679
Agricultural land .........ccoiiiiiiiiiiiiiiiiiiiia 251,820 16,358 94,424 657,824
Cropland and pasture ............covevnvininennnenns 217,097 11,960 91,053 443,465
Orchards, groves, and so forth...................... 34,575 4,398 3,262 214,092
Confined feeding operations ........................ 20 0 0 89
Other. ..ot i et i 128 0 109 178
Rangeland................. Ceeereceaas ceeeeaee ceeeen 328,392 60,451 167,359 354,822
Herbaceous ..........ooiiiiiiiiiiiiiiiinnnnnns 235,254 41,533 166,153 337,377
Shrubandbrush............ ... ..ol 1,018 385 1,206 939
MiXed ..ot e e e 92,120 18,533 0 16,506
Forest land ...... Ceeesseteetceriretttesensantonenans 80,843 25,699 21,824 74,073
Deciduous ....o.vviiiiiiiiiii i i e 0 0 0 0
EVergreen. ..o oiii ittt ittt 79,963 25,699 21,824 73,638
Mixed ..o e e 880 0 0 435
Water «ooiriinennineieineneeinnncsnsessosaassocnanns 21,191 164,147 7,334 51,191
Streams and canals ..........coiiiiiiiiiiiiiieinn., 4,240 405 484 1,947
Lakes. ..ovviiii i e e 820 949 2,807 32,688
RESEIVOIrS .« vttt ittt it et 336 89 20 11,011
Bays and eStUaries . .. .....cociiiiiiiiiiiiiiieaeaan 15,795 162,704 4,023 5,545
Wetland .....oooiiniiiiiiiereennnnnnnecnenas Ceeenies 128,109 69,931 40,970 182,768
Forested ........cooiiiiiiiii it 37,926 60,106 26,776 139,248
Nonforested . ..... ...ttt iiiiennne, 90,183 9,825 14,194 43,520
Barren land ....... Cheretesciestrsusessaranaones veee 50,756 38,796 28,832 60,808
Drysaltflats ..ottt iiiiieeeennns 0 0 0 0
Beaches. ......cooiiiiii i e e 198 2,471 227 0
Sandy areas . ......veiiiiiiii it 0 1,621 188 564
Bare, exposed rock ........ ..ot 0 0 0 0
Strip mines, quarties, PitS .........oveiiieieeniin.nn 1,127 119 128 48,571
Transitional areas...........ooieviniiieinneennnnnns 49.431 34,585 28,289 11,673
MiXEd .ttt ittt et i e 0 0 0 0

! Includes water-surface area of Charlotte Harbor. Percentage estimates in text are based on land area only.

Although the Florida Department of Revenue requires
that all counties provide certain minimum data, the data
have not been uniformly verified. Populous urban counties
generally have had a head start in automating, updating, and
verifying their tax-assessment data. Reporting units vary
from county to county; some report parcel size in acres,
some in square feet, some in front footage and depth. In
view of these constraints, the acreage data in tables 5 and 6
should be used with caution. Acreage values for Manatee
County are not currently available. The tax-assessed esti-

mate of total residential acreage in Polk County seems low
when compared to urban residential area estimated from the
1972-73 USGS maps.

According to the 1984 data, agricultural land is
predominant in the inflow area, except for the coastal basin
surrounding Charlotte Harbor (table 5). Land taxed for
agricultural purposes ranges from about 18 percent of the
coastal basin to about 70 percent of the Peace and the
Caloosahatchee River basins. Land taxed for residential use
is the predominant form of land use in the coastal basin
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Table 4. Land use and land cover by county, 1972-73

[In acres]
Land use or land cover Charlotte De Soto Glades Hardee
Total ...........cceennes, Cerenernanas 521,345 406,666 632,985 408,56.
Urban or built-up land......... Ceeresetrsaeoes 19,620 7,237 2,551 3,24
Residential . ............. ..ot 15,993 3,479 1,690 2,96.
Commercial and Services ...........c.ccoenn... 1,305 1,918 208 9
Industrial ...... .. .ot 0 40 59 4
Transportation, communications, and utilities . . 830 702 40 12
Industrial and commercial complexes.......... 0 0 0 ‘
Mixed ..o 187 979 40 ‘
Other......cooiiiiiiii e 1,305 119 514 If
Agricultural land .............cocoiiiiiiiie, 63,448 216,414 155,518 239,70
Cropland and pasture ........................ 54,127 160,707 152,849 166,96
Orchards, groves, and so forth................ 9,311 55,707 2,629 72,65¢
Confined feeding operations .................. 0 0 0 (
Other.......ooiiiii it 10 0 40 7
Rangeland............ooviiiiiiiiiiiiienniene, 219,459 127,477 227,584 87,57
Herbaceous ...............c.coiiiiiiiiiine, 167,043 127,477 212,372 87,57
Shruband brush...................oooiiies, 494 0 0 (
Mixed ....ooiiiii e 51,922 0 15,212 (
Forestland ............ccoviiiiiiiiiininnnnns 20,540 4,557 31,244 12,16!
Deciduous ..........ooeiiiiiiiiiiiiiiiinnn, 0 0 0 (
Evergreen..... ... ... i 20,233 4,557 30,513 12,16
Mixed ...t 307 0 731 (
Water ........... Cetesceereetieinestanasisenns 71,958 2,174 61,895 44!
Streams and canals ...................... ..., 2,600 0 1,097 {
Lakes. ... ..o 653 2,046 60,719 43!
Reservoirs .........c.oiiieiiiiiiiininnnnn. 623 128 79 1
Bays and estuaries............covoiiiiieinnn, 68,082 0 0 (
Wetland ............. Ceesseesiestiattseansenas 84,767 47,770 152,780 65,33!
Forested ........ccooiinniiiiiiiiiiann, 40,683 32,005 37,985 63,01
Nonforested . .. ..ottt 44,084 15,765 114,795 2,32
Barren land ....... tesesssscesnans vecsesannnes 41,553 1,037 1,413 9
Drysaltflats ............cooviiiiiinatt. 0 0 0 [
Beaches..............co i 1,344 0 0 [
Sandy areas ..........ccoviiiiiiiiiiinen 1,621 227 178 9!
Bare, exposed rock ..ol 0 0 0 (
Strip mines, quarries, pitS .................... 119 59 247 (
Transitional areas............................ 38,469 751 988 {
Mixed ..ot 0 0 0 (

(fig. 2) and represents about 42 percent of the land area.  WATER USE

The mining land in the Peace River basin includes actively
mined and reclaimed phosphate lands.

It is not possible to evaluate trends by comparing the
1972-73 data with the 1984 data. Both sets of data are
presented because they can serve as a base against which
future comparisons can be made. They both document,
from different perspectives, the existing land use and land
cover in the inflow area. They also point out the need for a
more standardized and systematic process for the collection
and the categorization of land-use data.

Water use mirrors changes in land use; for example,

increases in urban areas result in increased municipal
demand, and increases in cropland produce greater demands
for irrigation water. From 1970 to 1980, the population of
Florida increased by almost 3 million. During the same
period, total freshwater use in Florida increased by 1,541
Mgal/d (Leach, 1983).

Water-use data for Florida are collected as part of the
National Water Use Data System of the USGS. Leach
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Hendry Highlands Lee Manatee Polk Sarasota
765,698 708,541 664,911 509,146 1,283,138 389,299
4,812 17,012 44,687 28,397 106,788 46,950
2,886 9,321 33,735 21,508 69,278 37,214
395 3,944 3,786 2,847 10,774 4,013
297 356 850 563 15,518 455

563 2,076 1,235 1,067 6,208 860

59 0 20 158 0 0

128 0 969 0 642 0

484 1,315 4,092 2,254 4,368 4,408
330,212 291,396 89,274 191,705 459,349 80,378
301,241 238,921 76,217 168,071 271,321 78,401
28,941 52,455 12,978 23,070 187,444 1,977
0 0 20 188 376 0

30 20 59 376 208 0
183,125 222,701 145,466 188,897 210,306 161,370
129,760 222,701 81,634 187,464 209,258 160,757
0 0 1,601 1,433 1,048 613
53,365 0 62,231 0 0 0
100,097 22,526 41,711 20,955 104,951 32,213
0 0 0 0 0 0
96,845 22,526 41,711 20,925 104,793 32,045
3,252 0 0 30 158 168
18,137 46,693 141,701 29,436 92,477 18,947
425 1,433 3,569 7,492 316 563
17,633 44,993 771 2,076 74,350 2,145
79 267 741 1,651 17,811 59

0 0 136,620 18,217 0 16,180
117,869 87,377 121,872 47,108 218,045 29,099
55,717 72,145 99,889 36,087 174,782 18,859
62,152 15,232 21,983 11,021 43,263 10,240
11,446 20,836 80,200 2,648 91,222 20,342
0 0 0 0 0 0

0 0 2,481 662 0 1,255

0 208 0 148 346 188

0 0 0 0 0 0

208 10 1,127 316 76,504 445
11,238 20,618 76,592 1,522 14,372 18,454
0 0 0 0 0 0

(1983) presented 1980 water-use data for Florida and
discussed the differences between water withdrawn and
consumptive use, as well as summaries of previous inves-
tigations. In addition to USGS reports, the South Florida
and the Southwest Florida Water Management Districts
collect and update some water-use data (Southwest Florida
Water Management District, 1984; Stieglitz, 1985).

As shown in table 7 and figure 7, except for the Peace
River basin, irrigation is the predominant type of water use
throughout the Charlotte Harbor inflow area (Leach, 1983).
Irrigation constitutes from 62 to 86 percent of the total water
use in the Caloosahatchee, the Myakka, and the coastal

inflow areas. In the Peace River basin, irrigation totals 39
percent of total water use, and industry, particularly phos-
phate mining and chemical manufacturing, totals 47 per-
cent. Except for the coastal inflow area, which uses 37
percent of its water for municipal supply, public supply
totals only 5 to 12 percent of water use. Throughout the
inflow area, ground water is the primary source of supply.

In table 8, water use in 1975 is compared to water use
in 1980 by county. The data are taken from Leach (1978,
1983). As table 8 shows, irrigation water use has varied
substantially. Between 1975 and 1980, five of the counties
had a decrease in the total number of acres irrigated, and
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Table 5. Tax-assessed land use by river basin, 1984

[In acres. Data for Myakka River basin cannot be compiled because data
for Manatee County were unavailable]

Tax-assessed land use Caloosahatchee Coastal Peace
Total ........... 628,561 129,882 1,843,648
Residential .......... 85,346 54,135 68,103
Commercial......... 12,347 13,400 54,445
Industrial ........... 9,382 236 75,718
Institutional......... 29,023 1,069 28,155
Government..... ceee 10,655 22,221 122,381
Mining............. . 0 20 143,431
Other............. .. 23,853 15,501 107,025
Agricultural..... vees 457,955 23,300 1,244,390
Cropland .......... 35,264 4,625 128,010
Timber............ 28,250 494 4,201
Grazing ........... 345,794 16,385 801,874
Citrus ............. 45,673 1,673 211,451
Miscellaneous. . .. .. 888 123 97,591
Dairies ............ 2,086 -- 1,263

five of the counties had an increase. Climate, as well as
acreage, has an impact on the amount of irrigation water
use. Because rainfall during 1980 was more than that during
1975 in some parts of the study area (fig. 3), the need for
irrigation decreased in 1980; also, increased fuel costs and
reductions in the amount of pasture irrigation contributed to
the decrease in irrigation (Duerr and Sohm, 1983). Between
1975 and 1980, decreases in industrial water use were
substantial in most of the counties, probably as a result of
economic constraints and conservation measures. Rural
water use increased in Glades, Highlands, Lee, and Polk
Counties and decreased in the other counties. Public water
supply remained virtually unchanged in the rural counties —
Hardee, De Soto, Glades, and Hendry. Increases in public
supply in Manatee and Sarasota Counties resulted from

Public supply
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Figure 7. Water use by river basin, 1980.

expanding urban areas along the gulf coast, which is outside
the study area. Public-supply water use in Lee and Sarasota
Counties almost doubled between 1975 and 1980.

Table 9 shows the amount of water used per acre for
urban, agricultural, and industrial land uses. The table is
based on 1972-73 land-use data (table 4) and 1975 water-
use data (table 8). Urban land use in table 9 is urban minus
industrial land from table 4. Industrial land use in table 9 is
the sum of industrial plus strip-mined land from table 4.
Agricultural water use in table 9 is the sum of rural and
irrigation water use from table 8.

Table 6. Tax-assessed land use by county, 1984
[In acres. Data for Manatee County are unavailable]

Tax-assessed land use Charlotte De Soto Glades

Total ...... veeeres Ceereenseenananee 421,220 423,457 491,87(
Residential...... Ceeeaes ceeeeessane verreseens .. 57,364 12,572 14,73,
Commercial .........coo00evvenecneconeses veees 12,931 20,930 7,47.
Industrial.......cooevinvinennneennnes RN 1,434 10,569 12
Institutional ................ teressesenans veee 6,152 432 20¢
Government ......... Ceertrecaeaaens N vee 84,902 4,347 37,24:
Mining ....ooovvvviiererionienneens teteerents 57 0 {
1105 1 T . 8,131 16,716 21,37
Agricultural ..........co00v00. Cereeesreracanan 250,249 357,891 410,72(
Cropland. . .......oiiiiiiiiii i 6,467 57,856 28,46(
TIMDEr .ottt i i e 0 88 59,08:
Grazing.....oovvriiin e eininenaiannenens 228,804 254,047 311,00(
(05 1) 1= O 14,734 44,845 8,92!
Miscellaneous .......cocovveiriiieennennenans. 244 1,055 18¢
DaIrIES. ot it it i s 0 0 3,06.
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Table 7. Water use by river basin, 1980
[In million gallons per day]

Water use Caloosahatchee Coastal Myakka Peace

17 | A 215.82 10.13 28.55 310.29

Public supply......cooiiiiiiniiiiriiiiiiienncsenns 26.01 3.77 1.30 31.90
Ground Water .. .....ovvtviiiireinei i 12.99 3.06 .00 27.68
Surface water...........cooiitiiiii i 13.02 71 1.30 4.22
Rural supply ....ccoviiiiiiiiiiiiiiiniinceenescnsns 7.80 12 2.64 12.49
Ground Water.........vviiiiereriii i 6.78 12 2.46 12.34
Surface water...........oii it i 1.02 .00 .18 .15
DoOmEStiC . . oot e e e 6.07 .09 .76 8.75
LivestoCK. . ..ot e 1.73 .03 1.88 3.74
Industrial SUPPLY ccvvvvveriiierinrerorenecencnnenes .09 .00 .00 145.30
Ground Water...........ccoiiiii it .09 .00 .00 145.30
Surface water..........coviiiiiiiiiiiiii e, .00 .00 .00 .00
Limerock mining..............cooiiiiiiiiiiien... .00 .00 .00 .30
Chemical products ...........ccviininrinnnn.n.. .00 .00 .00 36.64
Phosphate mining . ............. ..o iiiiiiiinnn, .00 .00 .00 95.41
Citrus processing. ........coevuiuineiiiiinieennnn. .09 .00 .00 9.81
Food processing.................coooiiiiii .00 .00 .00 2.28
Other .o e e e .00 .00 .00 .86
Irrigation .......ovvviiiiiiiiiiiiiiiiiiiir i 181.92 6.24 24.61 120.60
Ground Water...........coiiiiiiiiiiiinnnniinnnns 84.07 5.62 24.06 116.08
Surface water..........coviiiiiiiiiiriii e 97.85 .62 .55 4.52

Within the Charlotte Harbor inflow area, industrial
and mining water uses per acre are almost four times as great
as urban and agricultural water uses combined (table 9). For
the counties encompassing the inflow area, urban water use
averaged about 340 (gal/d)/acres, agricultural water use
averaged about 440 (gal/d)/acre, and industrial water use
averaged more than 2,900 (gal/d)/acre. Industrial and min-
ing land-use values for Glades and Hardee Counties are

probably inaccurate. The tax-assessment records (table 6)
show only 125 acres of industrial land in Glades County but
35,035 acres in Hardee County. The two counties were
excluded from the average computation because of the
questionable accuracy of the data.

Within an urban area, water use varies greatly,
depending on individual land uses. Alexander and others
(1984) defined water use per acre by type of urban land use

Hardee Hendry Highlands Lee Polk Sarasota
404,689 727,518 482,040 475,493 1,495,114 335,754
12,130 25,839 23,605 174,138 29,839 48,809
951 1,162 1,435 25,336 55,797 26,798
35,035 627 583 14,532 45,334 6,990
277 956 1,814 31,567 26,423 6,935
4,428 56,515 7,287 40,938 66,072 29,242

0 0 0 0 221,065 40

5,722 12,282 23,241 48,687 337,141 20,579
346,146 630,137 424,075 140,295 713,443 196,361
64,443 84,552 6,043 18,342 1,487 2,166
0 0 2,538 1,183 464 3
204,964 493,278 370,859 107,684 419,840 192,413
73,113 50,049 40,896 11,418 194,564 1,607
10 95 973 1,276 96,828 91

616 2,163 2,766 392 260 81
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Table 8. Water use by county, 1975 and 1980
[In million gallons per day]

Charlotte De Soto
Water use
1975 1980 1975 1980
Total ............ Creeariseines Ceeecetetcnanns 40.00 31.16 69.19 37.73
Public supply .....covvvviiainnnns Ceesestisterestaseanes 4.08 4.93 0.76 0.71
Ground Water ........oiiiiiiiiiiiiiiiiiii e, .18 .00 .76 71
Surface water ...........iiiiiiii i i 3.90 4.93 .00 .00
Rural supply.......... Cereeieeiees tesessearaeseensinnas 1.51 1.24 4.05 2.15
Ground Water .......ovviiriitr ittt 1.51 1.24 4.05 2.15
Surface Water ....... ..ottt i .00 .00 .00 .00
DOMEStIC « v ve i it it e e e e e 1.17 .89 1.12 1.20
LAVeStOCK vt vttt et e e e i .34 .35 2.93 .95
Industrial SUPPLY....ccoiiviiriiiiiiiiiienniennennena, .10 .00 .59 .53
Ground Water .........cuuteeeiiieiii i .10 .00 .59 .53
Surface Water ........iiiiii i e e e e .00 .00 .00 .00
Limerock mining ..........c.coiiiiiiiiiiinennann.. .00 .00 .00 .00
Chemical products.......ccvvviviniiii i neanns .00 .00 .00 .00
Phosphate mining............. ... ... il .00 .00 .00 .00
Citrus processing . .......covviiietinernineneniaeannn. .00 .00 23 .28
Food processing .........ovuiuiiniininnineninannenn. .10 .00 A1 .00
L1371 .00 .00 .25 .25
Irrigation........ccoovviiininiivninncnnnnenens Cereeeeaes 34.31 24.99 63.79 34.34
(ACTES) 1ttt ittt et i e et e (11,300) (13,589) (42,660) (43,085)
Ground Water .......ovvevutiierninerneeiireineeneeans 34.31 22.49 61.79 33.31
Surface Water ...ttt e .00 2.50 2.00 1.03
Water use Glades Hardee
1975 1980 1975 1980
Total ...oiiiiiiiieriniinneiienrancaccnsonans 54.07 125.70 97.11 43.55
Public supply .....covvvvvnnnnnn. Ceeseciseeseieraaetians 0.20 0.21 1.20 1.27
Ground Water ........uiirervrernnennernneennnrnnennns .20 21 1.20 1.27
Surface Water ......oviiitit i i e i e .00 .00 .00 .00
Rural supply........ heeeans PN teeeseeeaes N 1.10 1.28 3.95 2.58
Ground Water .........oiiiiiii i e e .70 77 3.95 2.58
Surface Water .....ooveiiiti i e .40 .51 .00 .00
DOMEStIC ottt ettt i .40 .72 1.16 1.19
LiVeStOCK o v v i i e e .70 .56 2.79 1.39
Industrial supply......... Ceereseracuriatasaenns Cheeeens .00 .00 1.45 .79
Ground Water ........oveirrrerrrinrennrenneinnenneeins .00 .00 1.45 .79
Surface Water ......o.iiiviiiii e i e .00 .00 .00 .00
Limerock mining ...........coiii it .00 .00 .00 .00
Chemical products..........cooiiiiiiiiiieieninnnnn.. .00 .00 .00 .00
Phosphate mining. ...t .00 .00 .00 .66
Citrus processing . ....o.ovvriiiiiiiiiieiirianaenen, .00 .00 .00 12
Food processing ...ttt .00 .00 1.45 .00
10 3 1T .00 .00 .00 .01
Irrigation........cocoviiiiiiiiiiiiiiiiiieiiniineienenans 52.77 124.21 90.51 38.91
(02N () TP (45,400) (92,300) (51,516) (32,665)
Ground Water ......cvveirrr it enrivinenrennnenns 11.16 17.41 90.51 38.91
Surface Water ...ttt e 41.61 106.80 .00 .00
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Table 8. Water use by county, 1975 and 1980—Continued

Water use Hendry Highlands
1975 1980 1975 1980
Total ....... Cerecerteensans Ceeerenaens cees 297.24 248.26 152.40 99.77
Public supply ....coo0iiiiiiiiiiiiiiiinnnn. verenes .. 2.05 2.00 4.26 4.95
Ground Water. ......vvvviieeirrnnrenneinrennnenns 25 .38 4.26 4.95
Surface water...........oiii it e 1.80 1.62 .00 .00
Rural supply.......... Cereeerreenans Ceeeererrenaaae 5.30 2.50 3.04 6.30
Ground Water. ......oviiireiirniiiieineennans 4.40 1.67 1.94 4.84
Surface Water. .. .ovviteiir i iiii it .90 .83 1.10 1.46
L D0} 111 T+ .70 .84 1.84 3.37
LivestoCK ..ottt it 4.60 1.66 1.20 2.93
Industrial supply...... Ceerrerateenans Crereesereenas .82 23 .70 95
Ground Water.......cooiviiiniiiiineen i, 22 .23 .70 95
Surface water. .. ..........cciiiiiiiiiii e, .60 .00 .00 .00
Limerock mining ............coooiiiiiiiiiinn... .00 .00 .00 .00
Chemical products ..........ccoiiiiiiininenan... .00 .00 .00 .00
Phosphate mining . ..........cooiiiiiiiii i, .00 .00 .00 .00
Citrus processing .........eevivirnenrereenennennn. 22 .09 .70 71
Food processing .........c.coviiiiiiniiiiienenn... .60 .00 .00 .00
Other ..ot e e .00 .14 .00 .24
Irrigation................ Ceeteneeetesentirerriennas 289.07 243.53 144.40 87.57
(02X (=) TR (155,000) (189,100) (139,650) (98,200)
Ground Water. .......ovviiieiirinienineeenens 76.89 109.59 86.80 75.85
Surface water. . ......c.oiiriiiiiiii i 212.18 133.94 57.60 11.72
Water use Lee Manatee
1975 1980 1975 1980
Total ......... reeens Ceesereeeavasnasaans 91.61 86.66 51.11 92.03
Public supply ....... Cereeeesaenaneas Ceeerreranane . 16.02 29.84 18.91 20.86
Ground Water. .....ovtiiiiii it 9.97 16.82 .00 .00
Surface Water. . ........oiee it 6.85 13.02 18.91 20.86
Rural supply....... 2.33 6.31 6.23 5.38
Ground Water. .....vveiereintiie it iiieinneans 2.30 6.22 6.05 5.08
Surface Water. .......coooiiiiii it .03 .09 .18 .30
DomeStiC. .ot e vt e s 2.00 6.14 4.40 2.41
LivestocK ..ottt i e e e .33 17 1.83 2.97
Industrial supply........cov0ivininaen. Cesessestians 8.40 4.09 1.99 .19
Ground Water.......coouviirevirinrnnieeenneannenns .40 4.09 1.99 .19
Surface Water. ....vovretiiiii it e 8.00 .00 .00 .00
Limerock mining ........... .. cooiiiiiiiinnenan., 8.00 4.09 .00 .00
Chemical products ...........c.cociiiiiiniiinnaan.. .00 .00 .00 .00
Phosphate mining . .................... T, .00 .00 .00 .00
Citrus Processing . ....o.evveerirernrenneennennnenns .00 .00 .00 .00
Food processing ........coevviiiiiniiiiinnennnnns .00 .00 1.34 .00
Other .o e .40 .00 .65 .19
Irrigation.......... ereeeens Ceaensevansanes ceresens 64.06 46.42 23.98 65.60
L7 Ne (=T TR (42,200) (20,300) (26,348) (33,314)
Ground Water. .....ovovreiienirenne it ennennnens 48.53 39.33 22.78 64.94
Surface Water.......oovviii i it 15.53 7.09 1.20 .66
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Table 8. Water use by county, 1975 and 1980 —Continued
[In million gallons per day]

Water use Polk Sarasota
1975 1980 1975 1980

1 7 e 414.75 314.95 41.32 42.09
Public SUPPIY «o.vvvitiiiiiiiiiiiiiniiiiiiitiiiirtnaeans 31.23 35.54 10.31 19.54
Ground WateT .. .....ovrtintere e enneeanneaeenns 31.23 35.54 9.33 11.07
Surface Water ......o.viiitiii it e .00 .00 98 8.47
Rural supply.....cccoviiiiviiiiiiiiieieieniiiiacncncnens 11.94 16.00 8.03 1.64
Ground water ............... T 11.81 16.00 7.69 1.59
Surface Water .......o.iviiii i e 13 .00 .34 .05
DOmMEStiC ..ottt i e 9.30 13.84 7.33 , 1.08
LiveStoCK o .vvvettii it cit it 2.64 2.16 .70 .56
Industrial supply........cooviiiuiiiiiainiiiiirereacans 272.23 208.71 2.99 .10
Ground Water .......vivvit ittt 270.38 208.71 2.99 .10
SUrfacE Water ..ottt i e 1.85 .00 .00 .00
Limerock mining ... i, .00 .30 .00 .00
Chemical products . ........ccoviiiiiniieiiennnnnn., .05 62.79 .00 .00
Phosphate mining. ...........coooiiiiiiiiiiiiiiiiaan., 241.70 129.28 .00 .00
Citrus processing . .......cvevuneeeereninenenencnennnn. 17.25 12.22 .02 .00
Food processing ........o.ouvririienininiiinnnenenans 6.74 2.28 .13 .00
Other. ..o e e e e e e e 6.49 1.84 2.84 .10
Irrigation....cooiinineineineiinieancensansncnecnsancnns 99.35 54.70 19.99 20.81
(0003 (=) YA S (101,765) (93,915) (14,475) 9,722)
Ground Water .......vutiiiiiiii i, 94.38 51.01 17.99 20.39
Surface water .........ooieiiiiiii e e 4.97 3.69 2.00 42

(table 10) for an area of west-central Florida adjoining the
Peace River basin. The values they presented can be
reasonably transferred as characteristic of the Charlotte
Harbor inflow area. The data are based on land-use cate-
gories as defined by the Florida Department of Revenue and
on actual county utility records; values do not include water
used from private irrigation systems. Condominiums pro-
duce the most intense water use per acre. Water use varies
from less than 200 to more than 25,000 (gal/d)/acre depend-
ing on land use.

Agricultural water use is primarily for irrigation.
Irrigation varies greatly by crop, season, and type of
irrigation system. Duerr and Trommer (1982) provided
estimates of water use for various types of crops. The data
in table 11 are taken from that report. Nurseries are the
greatest water users, in some cases applying almost 9,000
(gal/d)/acre. Peanuts require the least amount of water;
about 225 (gal/d)/acre was the reported average.

STREAMFLOW CHARACTERISTICS

Flow characteristics of the rivers in the inflow area
have been discussed in several earlier publications. Flippo
and Joyner (1968) described low streamflow in the Myakka
River basin. Peace River water-supply evaluations by sev-
eral agencies and consultants were summarized by the
Southwest Florida Water Management District (1981).

Low-flow frequency analyses for streams in the Myakka
and Peace River basins were presented in Hammett (1985).
Fan and Burgess (1983) described surface-water availabil-
ity in the Caloosahatchee basin. Flood-stage profiles of
the Myakka and the Peace Rivers were presented in
Hammett and others (1978) and in Murphy and others
(1978), respectively. Flood profiles of the Caloosahatchee
River were included in design memoranda prepared by the
U.S. Army Corps of Engineers (1957, 1960, 1961a, b,
1962a, b, 1964). Flood-frequency analyses for stations in
the three river basins were provided by Bridges (1982).
Flooding in the estuarine reaches of the rivers was evaluated
in flood-insurance studies and rate maps by the Federal
Emergency Management Agency (1977, 1979, 1981,
1983a—, 1984).

Data Network

Since the USGS began its data network within the
Charlotte Harbor inflow area in 1931, it has operated 32
continuous-record streamflow stations (table 12). About
two-thirds of those stations are currently (1986) in opera-
tion. Station locations are shown in figure 8. In addition to
continuous-record stations, discharge measurements have
been made at many partial-record and miscellaneous sites.
Numerous continuous-record lake-stage stations are located
in the headwaters of the Peace River. Continuous-record
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Table 9. Water use by type of land use, 1975

Urban
County
Land use” Water use Water use
(acres) (Mgal/d) per acre
[(gal/d)/acre]
Charlotte ... .ottt e e st e 19,620 4.08 207.95
D SO0 vttt e e e 7,197 .76 105.60
Glades. . v v v ittt i e e e e 2,492 .20 80.26
Hardee ......cooiiiiiiii i i s et 3,202 1.20 374.77
Hendry . ....oiiiie i e e et e e 4,515 2.05 454.04
Highlands. . ....ooviiniii it it it 16,656 4.26 255.76
T P 43,837 16.82 383.69
11 1 27,834 18.91 679.38
POIK. e e e e 91,270 31.23 342.17
Y 2T ] R 46,495 10.31 221.74
o7 1 263,118 89.82 341.37
Agricultural
County
Land use Water use? Water use
(acres) (Mgal/d) per acre
[(gal/d)/acre]
Charlotte ...ttt e i e e e 63,448 35.82 564.56
L T o 1o TP 216,414 67.84 313.47
Glades. . .ttt e e e 155,513 53.87 346.39
Hardee . ..o e e e 239,702 94.46 394.07
Hendry ..ot e e e e, 330,212 294.37 891.46
Highlands........ ... i e 291,396 147.44 505.98
- 89,274 66.39 743.67
Manatee . .. ovv e ittt i i i i e e 191,705 30.21 157.59
POIK. . e e e 459,349 111.29 242.28
T 1T 1 P 80,378 28.02 348.60
7 2,117,396 929.71 439.08
Industrial
County
Land use® Water use Water use
(acres) (Mgal/d) per acre
[(gal/d)/acre]
Charlotte .. .o.vvnii i it e i e 119 0.10 840.34
D SO0 .ttt e e e, 99 .59 5,959.60
GlAaAES. . ..ottt ettt 4306 .00 .00
2 2 1= 440 1.45 36,250.00
Hendry . ..ottt e e e e e 505 .82 1,623.76
Highlands. .......oouiniii et 366 .70 1,912.57
P 1,977 8.40 4,248.86
Manatee . .o vvite it i e e i i, 879 1.99 2,263.94
POIK. . e e e 92,022 272.23 2,958.31
1 T NP 900 2.99 3,322.22
Total ... e 96,867 287.82 2,971.29

! Total urban minus industrial land use from table 4.
2 Sum of rural and irrigation water use from table 8.
? Industrial plus strip-mined land use from table 4.

“ Not used in computation of average.
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Table 10. Water use by type of urban land use
[In gallons per day per acre. Modified from Alexander and others, 1984]

Table 11. Irrigation water use by type of crop, 1980
[In gallons per day per acre. From Duerr and Trommer, 1982]

Urban land use Water use per acre

Single-family residential ................ 462.4
Mobile homes. ..........ccoeveeea.. ... 2,275.3
Multifamily residential.................. 2,602.7
Condominiums..........oovvveviiunn... 27,568.0
One-story StOreS. ......ovvvvereinraen.n. 160.7
Supermarkets ... 1,064.7
Regional shopping malls ................ 933.0
One-story, nonprofessional offices ....... 152.7

Multistory, nonprofessional offices....... 1,528.6

Professional service buildings ........... 832.7
Restaurants, cafeterias .................. 1,533.7
Service stations ............c.iiiiiaan.. 967.6
Enclosed theaters, auditoriums........... 2,831.0
Nightclubs, bars, cocktail lounges ....... 1,477.4
Bowling alleys, skating rinks,

enclosed arenas. ..............vuiannn 439.1
Hotels, motels .............coevvvunn... 647.7
Churches .........coviiiiiiiiiinnns. 445.1
Private schools......................ut. 240.2
Public schools..............ccoiivvinn.. 337.4
Public hospitals ...............ooiiii 618.5

Crop Yearly ave rage

water applied
(5 TP 595
Cucumbers. . ......ovveiiiiaainnns 298
Golf course and sod ..........c.ovvvnnnnn 3,199
NUISEIY. .o eveee e riieiennnes 8,927
Pasture .........coivviiiiiiiiiiii 446
Peanuts.........coviviniiiiiiiiiieenns 223
Strawberries ... ..oveieiiiiii i 3,720
Spring tomatoes .. ...........oveenenn.... 3,720
Fall tomatoes ...............ccvvvennn. 2,976
Tropical fish....................oo0 2,976
Watermelons. ........ooveeiiininnennnnn. 1,488

streamflow and lake-stage data are published annually in the
series “Water Resources Data for Florida”; miscellaneous
and partial-record station data are available from the files of
the USGS.

Diversions and Augmentations

Streamflow is diverted or augmented at several points
in the inflow area. Although the Myakka River is not
currently used as a source of public water supply, Sarasota
County is evaluating plans for developing the Ringling—
MacArthur Reserve, including the possibility of direct
withdrawals from the Myakka River. The General Devel-
opment Ultilities waterplant at North Port supplies about 1
Mgal/d from the system of canals that connect to the Big
Slough Canal north of Charlotte Harbor. The only facility
permitted by the Department of Environmental Regulation
to discharge effluent into the Myakka River or its tributaries
is Myakka Utilities, which has a design outfall capacity of
0.4 Mgal/d.

The General Development Utilities waterplant on the
Peace River near Fort Ogden diverts about 4 to 5 Mgal/d.
Depending on river flow, withdrawals from the river can
vary from 0 to 22 Mgal/d. During high flow, water is
pumped to an off-river storage area so that withdrawals do
not have to be made during low flow. During December
1984 and January-February 1985, General Development
Utilities received special permission from the Southwest
Florida Water Management District to temporarily with-
draw water from the Peace River even though the discharge

of the river was below the minimum allowable flow
specified in their consumptive-use permit.

The city of Punta Gorda maintains a water-supply
reservoir on Shell Creek. From about 3 to 6 ft’/s (2—4
Mgal/d) is diverted from the creek for water supply.

About 25 facilities have permits from the Department
of Environmental Regulation to discharge domestic effluent
to the Peace River and its tributaries. The combined design
capacity for all domestic discharges is about 20 Mgal/d.
Actual daily effluent discharge may be substantially less
than design capacity, depending on the season of the year.
Several domestic effluent outfalls go into lakes in the
headwaters region. Consequently, the effluent may aug-
ment streamflow only during periods of high water when
the lakes overflow.

The Department of Environmental Regulation has
given about 60 facilities permits to discharge industrial
effluent to the Peace River. More than one-half of the
facilities are associated with the phosphate and chemical
industry in Polk County. About one-quarter of the industrial
facilities are food and citrus processing plants, and the
remaining one-quarter include limerock mining and other
assorted industries.

The volume of industrial effluent and the timing of
discharges are very unpredictable. Citrus and food process-
ing vary with the season and the size of the harvest. Effluent
from phosphate processing varies radically from day to day.
One plant may discharge 15 Mgal/d one day and then
nothing for the rest of the month. Plants may cease
operations completely for months at a time. Discharges of
10 to 15 Mgal/d at a single plant are quite common,
according to monthly operating reports prepared by phos-
phate companies for the Florida Department of Environ-
mental Regulation and the U.S Environmental Protection
Agency. Even though these large discharges do not occur
every day, the magnitude of the discharge and the number
of plants represent a potentially significant augmentation of
river flow.
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Table 12. Continuous-record streamflow stations—Continued

Drainage Period Average Average Maximum Minimum
Station area of record discharge  runoff  discharge discharge
(mi?) (fts)  (intyr) (ft'/s) (ft’/s)
02298805
Myakka River below Upper Myakka Lake
near Sarasota. 220 1/46-6/51 264 16.30 5,880 0.0
02298830
Myakka River near Sarasota. 229 8/36-present 251 14.88 8,670 .0
02298850
Myakka River below Lower Myakka Lake
near Sarasota. 240 1/46-6/51 288 16.30 6,640 .0
02299160
Deer Prairie Slough near North Port Charlotte. 332 4/81-present 36.2 14.81 394 .0
02299410
Big Slough Canal near Myakka City. 36.5 10/80—present 42.4 15.78 2,480 .0
02299470
Big Slough near Murdock. 87.5 2/63-9/72 86.6 13.44 2,560 .0
! Indeterminate.

2 Reverse flow.

Lee County and the city of Fort Myers withdraw
water from the Caloosahatchee River upstream from Frank-
lin Lock, structure S-79, near Olga. Lee County supplies
about 2 Mgal/d from its Olga plant. The city of Fort Myers
routes water from the Caloosahatchee River through a
system of canals to recharge its well field and then pumps
from the well field. The Fort Myers waterplant supplies
about 5 Mgal/d.

Ten facilities are permitted to discharge domestic
effluent into the Caloosahatchee River and its tributaries. Of
the 10, 9 are downstream from Franklin Lock, structure
S-79, near Olga. The combined design capacity for domes-
tic discharge is about 25 Mgal/d. The four facilities dis-
charging industrial effluent to the Caloosahatchee River
have a combined outfall design capacity of about 10
Mgal/d.

Further discussion of facilities discharging domestic
and industrial effluent is included in the section “Water-
Quality Characteristics.” A list of facilities and a map
showing outfall locations are also in that section.

Seasonal and Spatial Variations

As table 12 shows, the range in discharge is substan-
tial in all three rivers. Maximum discharges normally occur
in September and October, which are near the end of the
summer rainy season. Maximum discharges of record are
invariably associated with hurricanes or tropical storms.
Streamflow is normally lowest in April and May; at times,
about two-thirds of the stations have no flow. Locks and
pumping cause reverse flow at two stations in the Caloosa-
hatchee River basin.

Total freshwater discharge from the Myakka River to
Charlotte Harbor can be estimated by combining recorded
streamflows with estimates of runoff from ungaged areas of
the basin. The continuous-record gaging station on the

Mpyakka River near Sarasota represents drainage from 229
mi2, which is less than one-half of the river basin. Runoff
for all stations in the Myakka River basin ranges from 13.44
to 16.30 in/yr. Assuming approximately 14 in/yr runoff for
the 373-mi” area downstream from the gage on the Myakka
River near Sarasota, total discharge of the Myakka River to
Charlotte Harbor would average about 630 ft'/s.

The sum of discharges for the Peace River at Arcadia,
Joshua Creek at Nocatee, Horse Creek near Arcadia, and
Shell Creek near Punta Gorda represents runoff from about
2,090 mi® of the Peace River basin. Runoff at these sites
ranges from 10.90 to 12.67 in/yr. Assuming a runoff of
about 11.50 in/yr from the remainder of the 2,350-mi’
drainage area, total discharge of the Peace River to Char-
lotte Harbor would average about 2,010 ft*/s.

Gate openings on the Caloosahatchee River are reg-
ulated by the U.S. Army Corps of Engineers. La Rose and
McPherson (1983) provided a discussion of discharge and
storage along the river between Moore Haven Lock, struc-
ture S-77, and Franklin Lock, structure S-79, near Olga.
There is a substantial seasonal and yearly variation in the
relation between discharge at the structures. On the aver-
age, however, about one-half of the annual discharge at
structure S-79 is discharged from structure S—77, and about
one-half is derived from the intervening drainage area. La
Rose and McPherson (1983) estimated that about 850 mi® of
the 1,378-mi’ cataloging unit of the Caloosahatchee River
basin drains into the river upstream from structure S~79. By
assuming that about one-half (800 ft*/s) of the average
discharge at structure S-79 is from 850 mi’, a runoff
estimate of about 13 in/yr can be calculated. The only
streamflow station downstream from structure S-79,
Orange River near Fort Myers, shows an average runoff of
6.69 in/yr. The area downstream from structure S-79
probably has an average runoff rate somewhere between 7
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and 13 in/yr, which would produce an average discharge of
between 270 and 500 ft*/s. The total average discharge from
the Caloosahatchee River to Charlotte Harbor would be
between about 1,900 and 2,100 ft’/s.

Runoff from the coastal area and rainfall directly on
the surface area of the harbor also contribute to the total
freshwater inflow to Charlotte Harbor. By estimating that
runoff from the coastal area and islands that drain directly
into the harbor averages between 7 and 16 in/yr, about 200
10 400 ft*/s of freshwater would enter the harbor from the
coastal area. Average annual rainfall of 52 in. directly onto
the 270-mi® water-surface area of the harbor accounts for
another 1,030 ft*/s of freshwater inflow. Total inflow from
the three rivers, the coastal area, and rainfall amounts to
between 5,700 and 6,100 ft*/s, which is more than 3,500
Mgal/d.

Thus, on the average, the Peace and the Caloosa-
hatchee Rivers contribute about the same volume of flow to
Charlotte Harbor. During some years, however, gate oper-
ation on the Caloosahatchee River can result in substantial
differences in discharge. In 1970 and 1984, total annual
discharge of the Caloosahatchee River at Franklin Lock,
structure S-79, near Olga was more than twice the com-
bined discharge of the Peace River and Horse, Joshua, and
Shell Creeks. Rainfall directly onto the water surface of the
harbor provides about one-half as much freshwater inflow
as does discharge from either the Peace or the Caloosa-
hatchee Rivers. Rainfall provides more freshwater input
than does the Myakka River. Drainage from the coastal area
and barrier islands contributes about 5 percent of the
freshwater entering Charlotte Harbor.

Duration and Frequency Analyses

Duration analyses for the stations farthest down-
stream in the Charlotte Harbor inflow area are shown in
table 13. Analyses were based on daily discharges for the
period of record through water year 1984. The values in
table 13 represent the discharges that are equaled or
exceeded 10, 50, 90, and 95 percent of the time; the
discharge equaled or exceeded 50 percent of the time is the
median discharge.

Table 14 shows low-flow frequency distributions for
the stations farthest downstream in the inflow area. Distri-
butions covering 1-day and 3-, 7-, 14-, 30-, 60-, 90-, 120-,
and 183-consecutive-day periods for recurrence intervals of
2, 5, 10, and 20 years are presented. Hammett (1985)
provided a discussion of low-flow terminology and tech-
niques. The distributions are based on station period of
record through 1984. The annual series used in calculation
is based on the water year beginning on October 1 and
ending on September 30. A log-Pearson Type III distribu-
tion was used to define low-flow frequency. Distributions

Table 13. Duration analyses for selected streamflow
stations

[In cubic feet per second)

Mean discharge that is
equaled or exceeded for the
given percentage of days

10 50 90 95

Station

02292900
Caloosahatchee River at

structure S-79 near Olga. 5,880 362 9.6 7.3

02293000

Orange River near Fort Myers. 116 3.6 .02 .01
02296750

Peace River at Arcadia. 2,860 494 129 98.6
02297100

Joshua Creek at Nocatee. 281 19.7 2.9 1.5
02297310

Horse Creek near Arcadia. 549 48.2 2.8 .98
02298202

Shell Creek near Punta Gorda. 945 142 15.1 2.2
02298830

Myakka River near Sarasota. 729 69.3 11 .01
02299470

Big Slough near Murdock. 242 15.7 1.2 .60

were adjusted for zero flows by using the technique outlined
by the U.S. Water Resources Council (1981).

Many streamflow stations in the inflow area cease to
flow during the spring dry season. Of the stations farthest
downstream, only the Peace River at Arcadia continues to
flow during periods of low flow. On the average, the
Myakka River near Sarasota may be expected to have no
flow for 90 consecutive days once every 10 years. The
Caloosahatchee River at Franklin Lock, structure S-79,
near Olga occasionally has had no flow. Because of the
operation of structure S-79, neither the low-flow nor the
flood-frequency distributions should be used to predict
expected future discharges of the Caloosahatchee River.

Table 15 shows flood-flow frequency distributions
for the stations farthest downstream in the inflow area.
Station estimates are taken from a log-Pearson Type II
frequency distribution of annual peaks at the station.
Regional estimates are computed from regression equations
presented by Bridges (1982). A regional estimate was not
computed for the Caloosahatchee River at Franklin Lock,
structure S—79, near Olga because it is regulated. Station
estimates are weighted with regional estimates to compute
the best estimate of discharge for each recurrence interval.
The weighting procedure is described by the U.S. Water
Resources Council (1981).

The Peace River at Arcadia and the Caloosahatchee
River at Franklin Lock, structure S-79, near Olga have
similar flood-discharge characteristics. Additional dis-
charges from Joshua, Horse, and Shell Creeks, which are
downstream from the Peace River at Arcadia, make total
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Table 14. Low-flow frequency distributions for selected
streamflow stations

[In cubic feet per second]

Table 14. Low-flow frequency distributions for selected
streamflow stations—Continued

Lowest average flow,

Lowest average flow,

Period of  for given recurrence Period of  for given recurrence
Station consecutive intervals, in years Station consecutive intervals, in years
days days
2 5 10 20 5 10 20
02292900 02297310
Caloosahatchee River Horse Creek near
at structure S—79 Arcadia. 1 1.1 02 O 0
near Olga. 1 58 22 09 0 3 1.2 2 0 0
3 74 39 21 O 7 1.3 2 1 0
7 99 62 35 O 14 1.5 4 2 1
14 9.9 62 45 40 30 2.3 .6 3 2
30 18 6.6 45 40 60 5.1 1.4 7 4
60 46 14 7.6 49 90 11 29 14 7
9 100 26 13 7.6 120 19 53 26 14
120 150 41 21 12 183 40 11 55 28
183 220 61 36 21 02298202
02293000 Shell Creek near Punta
Orange River near Gorda. 1 0 0 0 0
Fort Myers. 1 0 0 0 0 3 0 0 0 0
3 0 0 0 0 7 15 0 0 0
7 0 0 0 0 14 6.1 O 0 0
14 0 0 0 0 30 11 0 0 0
30 0 0 0 0 60 23 3.6 1.1 4
60 .1 0 0 0 90 40 13 6.6 3.7
90 3 0 0 0 120 60 26 17 12
120 g7 0 0 0 183 88 42 30 23
183 2.0 6 3 2 02298830
02296750 Myakka River near
Peace River at Sarasota. 1 0 0 0 0
Arcadia. 1 99 58 43 33 3 0 0 0 0
3 100 61 46 35 7 0 0 0 0
7 110 67 52 42 14 0 0 0 0
14 120 76 61 51 30 3 0 0 0
30 140 88 71 60 60 30 O 0 0
60 170 110 84 70 90 7.7 0 0
9¢ 220 130 100 81 120 15 1.5 2 0
120 280 150 110 88 183 37 0 31 1.3
183 390 200 140 110 02299470
02297100 Big Slough near
Joshua Creek at Murdock. 1 4 10 0
Nocatee. 1 1.3 5 2 0 3 .5 .10 0
3 1.4 .6 3 0 7 .6 2 0 0
7 1.9 .6 3 0 14 v 2 10
14 2.2 8 4 2 30 1.2 3 d 0
30 28 1.3 9 .6 60 1.8 .5 2 1
60 48 22 15 1.0 90 28 1.2 .9 7
90 79 34 21 15 120 57 21 13 .9
120 12 47 29 1.9 183 10 35 20 1.2
183 20 76 45 28

inflow from the Peace River more than double that at
structure S-79 on the Caloosahatchee River for some
recurrence intervals. Unlike the Peace River at Arcadia, the
period of record for the Caloosahatchee River at structure
S-79 does not include peaks from the 1935, 1947, and 1960
hurricanes (table 1). The frequency distribution computed
from the shorter period of record for the Caloosahatchee
River may not be representative of true flood characteristics

at the site. Flood discharges from the Myakka River basin
are about one-fourth of the flood discharges from the Peace
River basin.

Trend Analyses

All continuous-record streamflow stations that have
25 or more years of record were analyzed for long-term
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Table 15. Flood-flow frequency distributions for selected streamflow stations

[Estimates for each station are presented as follows: top line, log-Pearson Type III analysis of station record; middle line, computed estimate from regional
regression equations; bottom line, weighted or best estimate. In cubic feet per second)

Discharge for given recurrence intervals, in years

. Years
Station
of record 2 5 10 25 50 100

02292900
Caloosahatchee River at structure S—79 near Olga. 18 8,230 13,170 16,790 21,710 25,590 29,660

02293000
Orange River near Fort Myers. 11 825 1,690 2,510 3,900 5,230 6,870
755 1,430 1,980 2,800 3,480 4,240
805 1,600 2,310 3,430 4,460 5,610

02296750
Peace River at Arcadia. 53 6,950 11,450 15,260 21,150 26,420 32,530
4,740 8,300 11,100 15,300 18,800 22,700
6,770 11,140 14,770 20,370 25,390 31,030

02297100
Joshua Creek at Nocatee. 34 1,710 3,110 4,320 6,190 7,870 9,810
2,180 3,910 5,290 7,280 8,930 10,700
1,750 3,200 4,450 6,360 8,040 9,970

02297310
Horse Creek near Arcadia. 34 1,940 3,460 4,740 6,680 8,370 10,300
2,890 5,130 6,910 9,480 11,600 13,900
2,020 3,640 5,020 7,090 8,850 10,910

02298202
Shell Creek near Punta Gorda. 19 2,670 4,210 5,290 6,700 7,780 8,870
3,430 6,050 8,130 11,200 13,700 16,400
2,790 4,540 5,860 7,690 9,060 10,640

02298830
Myakka River near Sarasota. 47 2,100 3,400 4,480 6,100 7,510 9,120
1,970 3,580 4,860 6,750 8,320 10,000
2,090 3,420 4,520 6,180 7,610 9,240

02299470
Big Slough near Murdock. 9 870 1,510 2,020 2,760 3,390 4,090
835 1,570 2,180 3,070 3,810 4,630
860 1,530 2,080 2,890 3,570 4,340

trends. Calendar-year mean discharges were used in the
analyses. Smith and others (1982) discussed the relative
merits of classical parametric regression analysis and non-
parametric tests for trend. The nonparametric Kendall Tau
test was selected for use in this evaluation of trends.

The Kendall Tau procedure examines all possible
pairs of chronologically ranked data. If the chronologically
later measurement of each pair has a higher value than the
earlier measurement, then the pair is concordant. Con-
versely, if the chronologically later measurement has a
lower value than the earlier measurement, then the pair is
discordant. If the number of concordant and discordant
pairs are not statistically different, then no trend is dis-
cerned. If the number of concordant pairs is statistically
greater than the number of discordant pairs, then an upward
trend exists. If the opposite situation occurs, then the trend
is downward. Smith and others (1982) defined a Kendall
Slope Estimator that describes the magnitude of a trend
determined from a Kendall Tau test as the median of the
differences (expressed as slopes) of the ordered pairs of data
values that are compared in the Kendall Tau test. In the case

of annual mean streamflow, the magnitude of the slope is
expressed in cubic feet per second per year.

Table 16 shows the results of the trend analyses for
continuous-record streamflow stations. The trend is shown
as an average change in discharge per year and as a
percentage of long-term average discharge (table 12). The
statistical significance level for each analysis is listed in the
last column—a 0.01 means that the trend was significant at
the 1-percent level.

Statistical hypotheses are normally formulated by
using significance levels of 10 percent or less. By using
those criteria, the decrease in streamflow at the Peace River
stations at Bartow, Zolfo Springs, and Arcadia is statisti-
cally significant. The trend is not significant at the other
stations in the Peace River basin, the Caloosahatchee Canal
at Moore Haven, or the Myakka River near Sarasota.
Five-year moving averages (Spiegel, 1961, p. 285-286) of
annual mean discharge for the Peace River at Arcadia are
plotted in figure 9. The long-term decline is very apparent.
High discharges around 1947 and 1959-60 resulted from
hurricanes (table 1), but the overall trend is downward.
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Table 16. Long-term trend analyses for selected streamflow stations

Trend slope
Station Period of record  Kendall Tau  Significance  cypic feet
level per second  Percentage
per year

02292000

Caloosahatchee Canal at Moore Haven. 10/38—present —0.096 0.35 —8.00 -0.8
02293986

Peace Creek Drainage Canal near Alturas. 10/46-9/71 —.232 12 —-2.92 -3.0
02294650

Peace River at Bartow. 10/39—present —.252 .01 -3.73 -1.5
02295637

Peace River at Zolfo Springs. 9/33—present —.242 .01 —6.17 -.9
02296223

Little Charley Bowlegs Creek near Sebring. 1/52-9/83 -.200 13 —.80 2.2
02296500

Charlie Creek near Gardner. 4/50-present —.168 A7 -3.73 -1.3
02296750

Peace River at Arcadia. 4/31-present —-.156 .10 -7.57 -7
02297100

Joshua Creek at Nocatee. 4/50—present —-.132 .28 —1.44 —-1.4
02297310

Horse Creek near Arcadia. 4/50—present —.191 11 -3.11 -1.6
02298830

Myakka River near Sarasota. 8/36—present —.060 .55 =75 -3

Deficient rainfall (fig. 3) between 1961 and 1978
does not appear to be the sole cause of the decline in
discharges in the Peace River. If rainfall were the control-
ling factor, then all streamflow stations in the area would
show similar trends, which is not the case. In figure 10,
accumulated annual mean discharge for the Myakka River
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Figure 9. Decreasing trend in 5-year moving averages of
annual mean discharge for the Peace River at Arcadia.

near Sarasota is plotted against accumulated annual precip-
itation for the National Weather Service station at Bartow.
Throughout the period of record, the relation between
cumulative discharge and cumulative precipitation remains
relatively constant. In figure 11, accumulated annual mean
discharge for the Peace River at Zolfo Springs is plotted
against accumulated annual precipitation at Bartow. For
about the first 30 years of record, the relation between
discharge and precipitation follows a straight line. After
1965, however, a change in the relation shows up as an
alteration in the slope of the line.

Over the period of record of streamflow stations in
the Peace River basin, the use of ground water has increased
tremendously. Virtually all water used for agriculture and
industry is pumped from the Floridan aquifer system.
Kaufman (1967) estimated that the phosphate industry in
Polk and Hillsborough Counties pumped about 8,000 Mgal/
yrin 1934. In 1975, the phosphate industry in Polk County
alone pumped about 88,000 Mgal/yr (table 8). Kaufman
(1967) estimated citrus irrigation water use in the Peace and
the Alafia River basins at about 20,000 Mgal/yr in 1956. In
1980, irrigation ground-water use in only the Peace River
basin was about 42,000 Mgal/yr (table 7), about 80 percent
of which was for citrus (Leach, 1983).

The progressive decline of the potentiometric surface
of the Floridan aquifer system as a result of ground-water
pumpage is well documented (Peek, 1951; Kaufman, 1967;
Robertson, 1973; Mills and Laughlin, 1976; Wilson, 1977;
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Figure 10. Accumulated annual mean discharge for the Myakka River near Sarasota as a function of accumulated annual
precipitation for the National Weather Service station at Bartow, 1937-84.
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Figure 11. Accumulated annual mean discharge for the Peace River at Zolfo Springs as a function of accumulated annual
precipitation for the National Weather Service station at Bartow, 1934-84.

Yobbi, 1983). The decline over the past 50 years is shown
in figure 12, which was generalized from a 1934
potentiometric-surface map presented by Kaufman (1967,
p- 16) and the May 1984 potentiometric-surface map by
Barr and Schiner (1984).

It is probable that the long-term decline in discharge
in the Peace River is related to the decline of artesian water
levels in the underlying Floridan aquifer system. Decreas-

A30

ing trends in streamflow are more significant (table 16) in
the northern and the eastern parts of the basin where the
greatest decline in the potentiometric surface has occurred.
The cessation of flow in Kissengen Spring as a result of
pumpage from the Floridan aquifer system was discussed
under “Hydrogeology” in the section “Description of Study
Area.” The decline in the potentiometric surface also can
affect streamflow indirectly by increasing the potential for
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Class of surface water Dissolved
oxygen

I-A Potable Water Supplies ....................... 5.0
I Shellfish Propagation and Harvesting........... 4.0
III  Recreation, Propagation, and Management of

Fish and Wildlife. 4.0
IV Agricultural Water Supplies ................... 3.0
V-A Navigation, Utility, and Industrial Use......... 2.0

Dissolved oxygen concentrations in the Peace River
basin (figs. 16, 17) for August 1982 are the lowest of the
four periods sampled. High concentrations, greater than 10
mg/L, of dissolved oxygen for all four samplings are
probably the result of algae blooms. The August 1982
concentrations of 1.7, 1.4, and 1.6 mg/L for the Stahl
Canal, Lake Lena Run, and the Peace River near Home-
land, respectively, were below State standards for all
classes of surface waters. The concentrations at the sites
farthest upstream—Stahl Canal, Banana Lake, Banana-
Hancock Canal, Lake Lena Run, and Lake Hancock—
reflect the large volume of domestic and food-processing
wastes they receive.

The State standards for pH are as follows:

Class of surface water LIC.) wer U.p per
imit limit
I-A Potable Water Supplies............ 6.0 8.5
II Shellfish Propagation and
Harvesting. 6.5 8.5
III (fresh) Recreation, Propagation, and Man-
agement of Fish and Wildlife. 6.0 8.5
III (marine) ....do............ 6.5 8.5
v Agricultural Water Supplies........ 6.0 8.5
V-A Navigation, Utility, and Industrial
Use. 5.0 9.5

The pH (fig. 18) of Banana Lake (pH = 9.6) exceeds
allowable standards for all classes of surface waters. The
high pH is probably a result of the lake’s eutrophication.
The Banana-Hancock Canal, Lake Hancock, and Saddle
Creek at structure P-11 upstream from Bartow have pH
values that exceed allowable standards for all classes except
Class V surface waters. Troublesome Creek (pH = 5.7) has
a pH of less than that allowed for all classes, except Class
V surface waters.

Suspended solids concentrations (fig. 18) in the
headwaters of the Peace River show the effect of domestic
sewage effluent (fig. 13; table 17). Among the tributaries
that enter the Peace River from the west, concentrations of
24, 18, and 36 mg/L for Troublesome, Hickory, and Oak
Creeks, respectively, are much higher than concentrations
for other agricultural areas. Land use along these three
streams is primarily for cattle ranches and orange groves.
The State has no standard for suspended solids.

State standards require that concentrations of nutri-
ents cannot be “altered so as to cause an imbalance in
natural populations of aquatic flora and fauna” (Florida

Department of Environmental Regulation, 1983, p. 12E).
Furthermore, the standards allow for nutrients to be limited,
as needed, to prevent violations of standards for other
constituents.

Distribution of nitrogen species is shown in figures 19
through 22. Figures 19 and 20 show some seasonal varia-
tion in the concentration of total nitrogen. Along the main
stem of the Peace River, total nitrogen concentrations were
highest in August 1982. In Banana Lake and Lake Han-
cock, concentrations of total nitrogen were highest in
February 1983. Organic nitrogen (fig. 21) is the predomi-
nant form of nitrogen in those areas receiving domestic
wastewater—the Peace River headwaters and the Caloosa-
hatchee River estuary. Cattle ranches are a primary source
of organic nitrogen in agricultural areas. High total nitrates
(fig. 22), like those sampled at Troublesome and Little
Charlie Creeks, probably resuit from fertilizer runoff from
citrus groves or cropland. The concentration and the loading
of nitrogen are of special significance to Charlotte Harbor
because this element largely limits algal productivity in the
harbor (T.H. Fraser, Environmental Quality Laboratory,
Inc., oral commun., 1985).

The distribution of phosphorus and orthophosphorus
is shown in figures 23 through 25. Total phosphorus
concentrations along the main stem of the Peace River were
highest in November-December 1982 (figs. 23, 24).
Upstream from Saddle Creek at structure P-11, concentra-
tions of total phosphorus were highest in February 1983.
Orthophosphorus (fig. 25), which is the predominant form
of phosphorus at most sites in the Charlotte Harbor inflow
area, reflects the occurrence of phosphate deposits in the
river basin (Odum, 1953). The Banana-Hancock Canal
(phosphorus = 2.50 mg/L, orthophosphorus = 0.180
mg/L) shows a high percentage of organic phosphorus; this
is atypical even for the sites upstream from Bartow that
receive domestic wastewater.

Concentrations of total organic carbon (fig. 25) are
highest at those sites receiving domestic wastewater efflu-
ent. One exception is the site on the western tributary to the
Peace River, Oak Creek (42 mg/L), where the high con-
centration probably results from runoff from cattle ranches.

Table 20 provides a summary of descriptive statistics
for selected water-quality constituents at the stations far-
thest downstream in each of the three river basins. The
statistics are computed from the entire period of record at
each station. Data shown in figures 15 through 25 do not
appear to be anomalous when compared to the data for the
longer periods of record at the downstream stations listed in
table 20.

Trend Analyses

The Kendall Tau test, which was used in the trend
analyses of streamflow, also was used to evaluate trends
in water-quality data. Because water-quality data vary
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Table 20. Descriptive statistics of selected water-quality constituents at three stations in the Myakka (1963-85), the Peace

(1957-85), and the Caloosahatchee (1966—85) River basins
[N, total number of observations. WATSTORE, the USGS’s National Water Data Storage and Retrieval System]

Parameter (WATSTORE code) N Maximum Minimum Mean gtar'\de'\rd
eviation
Myakka River near Sarasota
Temperature (00010). . ... einnnn.. 240 35.0 10.5 24.4 4.1
Turbidity (00076) .......covviiniiiiiiinans 56 18.0 .1 2.3 3.0
Color (00080) .........coviiiiiiiiiiiiiiaann 172 320 20 138 49
Specific conductance (00095)..................... 367 419 41 148 74
Dissolved oxygen (00300) ............c.ccuunninn 186 9.0 0.0 5.2 2.4
PH@Q0400) ... ... 343 8.4 5.3 6.7 .6
Suspended solids (00530) ... ..........coviiiinn. 0 --- — - -
Total nitrogen (00600) . .........ccovurnennnnnnnn. 46 9.1 7 1.5 1.2
Total organic nitrogen (00605).................... 53 8.80 .65 1.43 1.15
Total ammonia (00610). ... ............. ... ... 54 .520 .000 .080 .098
Total nitrite (00615) ...................on. e 53 .050 .000 012 .008
Total nitrate (00620).........ccvverirniiernannn. 62 .44 .00 .05 .08
Total phosphorus (00665). ........c.ouveviiiunn.. 77 .99 .03 .34 .18
Total orthophosphorus (70507). ................... 54 .740 .020 254 .146
Total organic carbon (00680)............ ...t 37 72 13 23 10
Dissolved chloride (00940)....................... 232 90 5 16 12
Dissolved sulfate (00945) . ........ccovuunnnnnnn. 225 110 8 21.5 21.5
Dissolved solids (70300). . ..., 214 303 42 115 49
Chlorophyll @ (70953). . ..o 1 20.0 20.0 20.0 ---
Peace River at Arcadia
Temperature (00010). . ..........ovviiiinn. ..t 515 34.0 10.0 24.1 4.2
Turbidity (00076) ........coviiiiniiiiiiiiinnnn. 61 25.0 .5 4.7 43
Color (00080) . .......cviiiii it 378 280 0 88 66
Specific conductance (00095)......... ... ... ... 722 635 0 286 137
Dissolved oxygen (00300) ............coiuuunn... 317 11.8 3.5 6.4 1.7
pH@©0400) ... ... ... 694 71 i 7.2 34
Suspended solids (00530) . .......... ... 2 8.0 6.0 7.0 1.4
Total nitrogen (00600) ...............coiiuunn.. 83 4.7 45 1.9 .85
Total organic nitrogen (00605).................... 112 3.50 .10 .98 .57
Total ammonia (00610). .............ooiiiiinnn.. 112 .370 .010 078 .070
Total nitrite (00615) ...........coviiiiiinnnn.. 101 2.70 .000 .048 267
Total nitrate (00620) ... ... .. .ot iineannnn 101 3.9 .00 .87 71
Total phosphorus (00665).........ccoovuiunnnnn.. 130 10.0 .14 2.59 1.45
Total orthophosphorus (70507). . .................. 102 9.70 130 2.42 1.34
Total organic carbon (00680)..................... 55 38 .60 15.7 8.5
Dissolved chloride (00940). ...................... 466 51 .70 16.2 4.8
Dissolved sulfate (00945)..........coovviuivinnn. 460 198 1.0 65.9 38.1
Dissolved solids (70300). .. ......ovvriniannnn. 357 409 0.0 217 75
Chlorophyll @ (70953). . ..o v i 2 12.0 4.0 8.0 5.7
Caloosahatchee River at structure S-79 near Olga

Temperature (00010). . ...t 240 325 13.0 25.2 4.5
Turbidity (00076) ....... ..ot 31 20.0 1.0 2.9 33
Color (00080) . .......coiiiieiii i 128 500 5 74 54
Specific conductance (00095)..................... 175 5,800 250 769 525
Dissolved oxygen (00300) ....................... 207 20.0 2 6.7 2.5
pH@©O400) ... ... e 156 9.5 6.5 7.8 4
Suspended solids (00530) ... .............couin. 1 2.0 2.0 2.0 —
Total nitrogen (00600) . ........cooiiiiiininnnnn. 96 10.0 .32 1.6 1.2
Total organic nitrogen (00605). ................... 111 9.0 .04 1.30 1.12
Total ammonia (00610)...............civviniann.. 108 1950 .000 .065 .094
Total nitrite (00615) ............coiiiiiiinnnn.. 110 170 .000 022 .031
Total nitrate (00620) . .. ....covuuuinniainnnn 110 .67 .00 .19 .16
Total phosphorus (00665).............covvuun.un. 107 .88 .03 11 .09
Total orthophosphorus (70507). ................... 108 .320 .010 .086 .047
Total organic carbon (00680)..................... 92 43 .00 19 6
Dissolved chloride (00940). .............cccoovunn. 158 1,640 20 126 165
Dissolved sulfate (00945) . .........ccovvinnnnn.. 128 284 16 50 28
Dissolved solids (70300). .. .....ovvriiiiiinnnn. 125 1,300 180 460 194
Chlorophyll @ (70953). . ..o oot 1 5.0 5.0 5.0 ---
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seasonally, additional factors had to be considered in
analyzing the data. Considerations and appropriate proce-
dures for evaluating trends in water-quality data were
discussed by Smith and others (1982) and Crawford and
others (1983).

Hirsch and others (1982) described a Seasonal Ken-
dall test that can be used for evaluating seasonally varying
data. In the Seasonal Kendall test, the only discordant or
concordant pairs considered are those involving observa-
tions occurring in the same month of the year. To estimat.
the magnitude of any trend, they defined a Seasonal Kendall
Slope Estimator, which is the median of all the differences
represented by seasonal concordant and discordant pairs.

Concentrations of many water-quality constituents
are related to stream discharge. Simple linear regression
analysis can be used to adjust water-quality concentrations
for discharge. The discharge-adjusted value of a constituent
is the actual value minus the regression prediction. When a
water-quality concentration and a discharge are related,
observed trends in water quality may be the result of
variations in stream discharge rather than the result of
changes in factors affecting the occurrence and the distri-
bution of the constituent. The validity of using discharge-
adjusted concentrations depends on stream discharge data
that are stationary (lacks trend). In cases where the trend in
stream discharge is known, discharge adjustment should not
be made (R.M. Hirsch, USGS, written commun., 1985).

Trends in concentrations of selected water-quality
constituents were evaluated at the station farthest down-
stream in each of the three river basins. Because of the
long-term declines in annual mean discharge in the Peace
River basin, concentrations in the Peace River at Arcadia
were not adjusted for discharge. No trend in annual mean
discharge was observed at the Myakka River near Sarasota
or at the Caloosahatchee River at Franklin Lock, structure
S-79, near Olga; concentrations at these two stations were
discharge adjusted when acceptable regression estimates
could be made.

Results of the trend analyses are presented in table
21. For those constituents that show significant trends, the
relative magnitude of the change can be estimated by
comparing the “slope” from table 21 with the “mean” from
table 20; for example, the Myakka River near Sarasota
shows an increasing trend in dissolved-solids concentration
of 4.573 (mg/L)/yr (table 21). The mean dissolved-solids
concentration for that site is 115 mg/L (table 20). The
dissolved-solids concentration, therefore, has been increas-
ing at a rate of about 4 percent every year [4.573 (mg/L)/yr
+ 115 mg/L. X 100 = 3.97 percent].

Of the 51 total trend analyses presented in tatie 21,
19 are significant at the 5-percent level—17 reflect
increases in constituent concentrations and 2 represent
decreases. Data from the Myakka River basin show statis-
tically significant increasing trends in specific conductance,
chloride, sulfate, and dissolved solids and a decreasing

trend in total nitrate. Increasing trends at the Myakka River
near Sarasota probably were the result of increased runoff
from irrigation during the period of record at the station.
Ground water, which has higher concentrations of chloride,
sulfate, and dissolved solids than does surface water, is the
primary source of irrigation water in the Myakka River
basin (table 7). Although the decrease in total nitrate in the
Myakka River is statistically significant over the period of
record, the magnitude of the decrease [0.005 (mg/L)/yr] is
small.

Several water-quality constituents in the Peace and
the Caloosahatchee Rivers show trends over the period of
record. At the Peace River at Arcadia, the increasing trend
in total organic nitrogen may reflect inflow of effluent from
wastewater treatment plants. Increases in chloride, sulfate,
and dissolved solids probably represent an increased con-
tribution of ground water from irrigation runoff and indus-
trial processing. The increasing trend in specific conduc-
tance could result from either wastewater effluent or
mineralized ground water. Although the decreasing trend in
total phosphorous at the Peace River at Arcadia was
reported previously by Smith and others (1982), it is
unexpected. Total orthophosphorus also shows a decreasing
trend, but it is only significant at the 10-percent level. Total
phosphorus is naturally high in the Peace River. Gilliland
(1973) suggested that all the ground-water discharge from
industrial processing actually dilutes the normally high
levels of phosphorus in the river water. The increasing
trends in nitrogen and phosphorus in the Caloosahatchee
River at Franklin Lock, structure S-79, near Olga reflect
effluent from wastewater treatment plants and runoff from
agricultural land along the river.

Computation of Loads

A sample loading computation is presented for the
Peace River at Arcadia for total nitrogen. Computation of
water-quality loads requires a duration analysis of daily
discharge at the site and a regression analysis of the
water-quality constituent versus discharge. Figure 26 shows
the graphical regression analysis used in the loading com-
putation. Loading calculations are presented in table 22.
The first two columns of table 22 are the duration analysis
of daily discharge. Column 3 is computed from discharge
by means of the regression relation. Column 4 is the
difference between succeeding pairs of values in column 1.
Column 5 is the average of succeeding pairs of values from
column 3. Column 6 is the product of columns 4 and 5. The
sum of column 6, divided by 100 (to account for the
percentage), provides a weighted average load per day. The
weighted average load divided by the drainage area pro-
vides an average basin yield in tons per day per square mile.

Table 23 provides a summary of average loads and
basin yields for selected water-quality constituents. Because
all duration and regression analyses are based on the entire
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Table 21. Trend analyses of selected water-quality constituents at three stations in the Myakka (1963-85), the Peace

(1957-85), and the Caloosahatchee (1966-85) River basins

[N, total number of observations; NS, total number of seasonal observations; slope, Seasonal Kendall Slope Estimator in constituent units per year; trends
significant at S-percent level are underlined. WATSTORE, the USGS’s National Water Data Storage and Retrieval System]

Kendall Significance
Parameter (WATSTORE code) N NS Tau level Slope
Myakka River near Sarasoata
Temperature (00010)....... ... .. 240 111 -0.144 0.060 -0.125
Turbidity (00076) .........coviiiiiiiinnn, 56 54 —~.225 .084 -.112
Color (00080) .......oiviirr it 158 76 —.191 .061 '-2.158
Specific conductance (00095). .................... 352 148 .648 .000 '5.937
Dissolved oxygen (00300) ....................... 183 60 223 .066 L1191
PH(00400) . ..o 329 127 .013 .871 '.001
Total nitrogen (00600) ............c.ccvviiiee... 46 43 -.119 492 —.025
Total organic nitrogen (00605). ................... 53 50 .000 1.00 .0000
Total ammonia (00610). ................ ... ...... 54 51 —-.105 467 —-.0000
Total nitrite (00615) ... ..., 53 50 .065 .651 .0000
Total nitrate (00620) . .. ........cooviiiveireennn. 62 59 -.295 .012 —.005
Total phosphorus (00665). .. ... e 74 70 228 .034 1012
Total orthophosphorus (70507). ... ...........v.... 52 47 .012 1.00 '.001
Total organic carbon (00680)..................... 37 35 —.020 1.00 —-.071
Dissolved chloride (00940)............. ... ... 217 130 .376 .000 197
Dissolved sulfate (00945). .. ........cooviivinnn. 211 127 .639 .000 11.783
Dissolved solids (70300). . ..........c.ooviieeinn. 202 124 651 .000 '4.573
Peace River at Arcadia
Temperature (00010). . . ...........oioiinnn.. 515 198 —0.041 0.438 —0.000
Turbidity (00076) . ... ... 61 52 —.212 120 —.333
Color (00080) ... .oiiiit it 378 145 —.058 374 —.000
Specific conductance (00095)..................... 722 241 251 .000 4.500
Dissolved oxygen (00300) ................... ... 317 102 ~.090 273 —-.050
pH(Q0400) ... 694 226 .093 .057 .006
Total nitrogen (00600) . ..........ccoovveiieen... 83 69 .092 412 .033
Total organic nitrogen (00605).................... 112 94 .261 .002 .035
Total ammonia (00610). . ................vvun... 112 92 —.072 419 —.001
Total nitrite (00615) ..........coiiiin .. 101 83 -.165 .064 —.000
Total nitrate (00620) . . ..........ccvvviinieann. 101 82 —.126 191 -.020
Total phosphorus (00665). .................ccu... 130 107 —.209 .008 —.083
Total orthophosphorus (70507). ................... 102 84 -.153 .103 —.090
Total organic carbon (00680)..................... 55 50 .190 184 762
Dissolved chloride (00940)....................... 466 217 .453 .000 297
Dissolved sulfate (00945). . ..........cccovvue.. 460 215 217 .000 1.214
Dissolved solids (70300). . ................. . ... 357 189 .256 .000 2.889
Caloosahatchee River at structure S-79 near Olga
Temperature (00010). . ......... ..ol iiiinn, 240 124 —-0.078 0.275 -0.035
Turbidity (00076) .........ccvveeiinninnnen.. 31 28 435 .059 .500
Color (00080) . .....oviiiiit it 128 115 .238 .001 11.549
Specific conductance (00095)..................... 175 129 .019 .804 Le611
Dissolved oxygen (00300) ...............c.oounn.. 207 99 —-.150 074 —-.075
PHO0400) ... ..o 156 127 —.030 .682 '—.003
Total nitrogen (00600) . .............ccceevaa... 96 83 .321 .000 .060
Total organic nitrogen (0060S). ................... 111 98 .367 .000 .044
Total ammonia (00610). . .............. ... c..... 108 94 .042 .639 .000
Total nitrite (00615) . ...... ... 110 96 .029 739 .000
Total nitrate (00620) . .........ccovviiiiiiinnnn.. 110 96 .193 .022 .012
Total phosphorus (00665)........................ 107 94 .431 .000 .005
Total orthophosphorus (70507). ................... 108 94 .319 .000 .004
Total organic carbon (00680)..................... 92 33 .197 .036 .500
Dissolved chloride (00940). . ..................... 158 126 .015 .852 L114
Dissolved sulfate (00945)............ccoovvvnin.. 128 116 -.066 .384 - 252
Dissolved solids (70300). . .............ccovvvun.. 125 113 .080 .300 12.243

' Flow adjusted concentrations.
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Figure 26. Graphical regression analysis of total nitrogen as a function of discharge used in computation of loads for the

Peace River at Arcadia.

period of record at the station, loads and yields represent
long-term averages. The period of record for the water-
quality data is noted in table 23. The period of record on
which the duration analysis is based is shown in table 12.
Basin yields for the Caloosahatchee River at structure S—-79
were not computed because large inflows from Lake
Okeechobee and a poorly defined drainage area render the
computation potentially inaccurate and unrepresentative.

The dissolved-solids load measured at the Caloosa-
hatchee River at Franklin Lock, structure S—-79, near Olga is
greater than the loads for the other two rivers. The structure,
however, is affected by saltwater encroachment from seep-
age and boat locks. The higher average load probably
reflects this saltwater encroachment rather than a heavier
basin contribution.

The Caloosahatchee River and the main channel of
the Peace River carry substantially heavier nutrient loads
than does the Myakka River. The Peace and the Caloosa-
hatchee Rivers carry significant loads of nitrogen; organic
nitrogen is the predominant species. The phosphorus load of
the Peace River overshadows the phosphorus contribution
of all the other tributaries and rivers combined. The Myakka
River near Sarasota and Horse Creek near Arcadia appear to
have similar constituent-loading characteristics.

PROJECTED TRENDS AND FUTURE
CONDITIONS

Stresses caused by development within the Charlotte
Harbor inflow area can be expected to continue and perhaps
even to accelerate. Table 24 provides population projections
through 2020 for the 10 counties wholly or partially within
the inflow area. The projections are taken from the 1983
edition of the “Florida Statistical Abstract” (Terhune,
1983), which is compiled by the University of Florida’s
Bureau of Economic and Business Research. The popula-
tion figures are based on medium projections that assume
annual net migration levels that are similar to the average in
the 1970’s. The population of Lee and Charlotte Counties,
which border Charlotte Harbor, is expected to increase
dramatically. Rural, interior counties, such as Hardee, De
Soto, Glades, and Hendry, may not grow as rapidly as the
coastal areas.

Table 25 provides percentage estimates of county
populations located within the Charlotte Harbor inflow
area. The percentage of county land area within the inflow
area is presented and is followed by an estimate of the
percentage of county population located within the inflow
area. Estimates of population percentage were based on
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Table 22. Computation of total nitrogen load for the Peace River at Arcadia

Interval .
Streamflow Total between Ave,’ta ge total To(t;}l nhltr:)%en
Percentage equaled or nitrogen succeeding ;;ggagfne mI:lcti;Iii d

of time exce;eded discharge percentages for timge by time interval

(ftss) (ton/d) (:Z:é?;) interval (ton/d) (ton/d)
0.01 30,000 264.10

.04 23,000 195.17 0.03 229.64 6.89
.07 19,000 157.03 .03 176.10 5.28
.14 15,000 119.98 .07 138.50 9.70
.30 12,000 93.07 .16 106.52 17.04
91 9,300 69.63 .61 81.35 49.62
1.60 7,300 52.85 .69 61.24 42.26
2.73 5,800 40.68 1.13 46.77 52.85
4.45 4,600 31.25 1.72 35.96 61.86
6.76 3,700 24.39 2.31 27.82 64.25
9.77 2,900 18.48 3.01 21.43 64.51
13.30 2,300 14.19 3.53 16.34 57.67
17.92 1,800 10.74 4.62 12.47 57.59
23.38 1,400 8.07 5.46 9.40 51.34
29.18 1,100 6.13 5.80 7.10 41.17
33.92 910 4.94 4.74 5.54 26.24
39.95 720 3.78 6.03 4.36 26.30
45.87 570 2.90 5.92 3.34 19.79
52.40 450 2.22 6.53 2.56 16.71
59.03 360 1.72 6.63 1.97 13.05
65.61 290 1.34 6.58 1.53 10.08
73.36 230 1.03 7.75 1.19 9.21
82.02 180 .78 8.66 91 7.85
88.27 140 .59 6.25 .68 4.27
93.20 110 45 4.93 52 2.55
96.36 90 35 3.16 40 1.26
98.40 71 27 2.04 31 .64
99.49 56 21 1.09 .24 .26
99.86 45 16 37 18 .07
99.97 35 12 A1 .14 .02
99.98 28 09 01 A1 00
99.98 22 07 00 .08 00
99.99 18 06 01 .06 00
100.00 14 04 01 .05 00
100.00 0 00 00 .02 .00
0 720.32

Weighted average load per day = 7.20 ton/d average.
Average basin yield = 0.0053 (ton/d)/mi” [=1.92 (ton/yr)/mi?].

land area and census counts of incorporated and unincor-
porated areas. The percentages in table 25, multiplied by
population projections from table 24, were used to produce
the population projections for river basins in the inflow area
shown in table 26.

According to table 26, the population of the Charlotte
Harbor inflow area will increase by almost 200,000 people
between 1980 and 1990. By 2020, the population will be
more than double that in 1980. Without any increased
industrial or agricultural development, an increase in pop-
ulation will produce substantial additional waste loads and
demands for water supply.

Table 27 shows the estimated additional water supply
needed to meet the demands of a population increase in the
Charlotte Harbor inflow area. The estimates in table 27 are
based on a projected demand of 125 gal/d per capita for
urban domestic water supply. The Hillsborough County
Utilities Department, which serves the rapidly growing
Tampa Bay area of west-central Florida, uses 125 gal/d per
capita in its projections for capital expenditures (J.D.
Jeffers, Hillsborough County Utilities Department, written
commun., 1985). Additional water-supply requirements,
which are shown in table 27, do not include supply for any
population outside the inflow area even though it is quite
certain that the Myakka River and the adjacent well fields in
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the basin will be used to provide water for other parts of
Sarasota County. Table 27 shows that an estimated addi-
tional 76 Mgal/d will be needed to supply the population of
the inflow area by 2020.

Table 28 shows the estimated additional wastewater
generated as a result of increased population. The disposal
of this wastewater is a major environmental concern.
Estimates in table 28 are based on an average 100 gal/d per
capita as used by the Hillsborough County Utilities Depart-
ment (J.D. Jeffers, Hillsborough County Utilities Depart-
ment, written commun., 1985). Estimates of total nitrogen
and total phosphorous are based on averages provided in
operating reports for six domestic wastewater treatment
plants in the inflow area. Average total nitrogen concentra-
tion of effluent from more than 75 operating reports was
12.5 mg/L. Average total phosphorous concentration was
2.6 mg/L. By 2020, additional wastewater will increase the
nitrogen load in the inflow area by more than 3 ton/d and
will increase the phosphorus load by about 0.65 ton/d.

Runoff from urban areas also tends to increase the
nutrient loads of receiving bodies of water; for example,
Lopez and Giovannelli (1984) reported an average total
nitrogen load of about 7 (Ib/acre)/yr for nine urban basins in
the Tampa Bay area of west-central Florida. The weighted
average total nitrogen load for the stations listed in table 23
is about 5.0 (Ib/acre)/yr [1.60 (ton/mi%)/yr].

An estimate of urban acreage was obtained by divid-
ing population estimates by 2.5 people per residence and
multiplying by 0.25 acre per residence. Commercial and
institutional area estimates of 0.5 acre for every acre of
residential land were based on average ratios from Lopez
and Giovannelli (1984). The total nitrogen load of the
runoff from this additional urban acreage is shown in table
29 and represents the difference between the average of 7
(Ib/acre)/yr from Lopez and Giovannelli (1984) and the
weighted average total nitrogen loading rate from table 23
[5 (b/acre)/yr]. By 2020, the additional total nitrogen load,
which results solely from additional wastewater effluent and
urban stormwater runoff, will be more than three times the
current total nitrogen load from the Myakka River (table
23).

Changes in agriculture and industry also may affect
the nutrient loads of the rivers and the estuary. The
citrus-tree census taken by the Florida Crop and Livestock
Reporting Service (1984) indicated that between 1978 and
1984, Glades and Hendry Counties showed substantial
increases in the acreage devoted to commercial groves; that
Charlotte, De Soto, Highlands, Lee, and Sarasota Counties
also showed increases; and that Hardee, Polk, and Manatee
Counties showed decreases. Production trends have been
projected only to the 1995-96 growing season (Florida
Department of Citrus, 1985). A steady increase in produc-
tion is predicted, partly because of a general trend in the
citrus industry to expand southward where freezing weather
is less likely to damage trees. Stowasser and Fantel (1985)

Land Use, Water Use, Streamflow Characteristics, and Water-Quality Characteristics of the Charlotte Harbor Inflow Area, Florida

discussed phosphate mining projections. If replacement
mines are brought into production, then capacity may
increase until about 1995. By 2000, even with replacement
mines, many deposits will be mined out, and production
will be substantially less than that of 1984.

Estimates of future loads also can be obtained by
extrapolating existing trends. According to table 21, total
organic nitrogen at the Peace River at Arcadia is increasing
at a rate of 0.035 (mg/L)/yr. At an average discharge of
1,141 ft*/s, that is equivalent to a loading increase of a little
more than 0.1 (ton/d)/yr. Without adjusting for a decreasing
trend in streamflow, the load of total organic nitrogen
would increase by about 3.8 ton/d over the next 35 years
(0.035 mg/L x 0.0027 X 1,141 ft*/s X 35 years = 3.8
ton/d). Adjusting for the decreasing trend in discharge [7.6
(ft3/s)/yr; table 16] at the Peace River at Arcadia, the load of
total organic nitrogen would increase by about 3.4 ton/d by
2020.

Extrapolation of the trends for the Caloosahatchee
River at Franklin Lock, structure S-79, near Olga (table 21)
shows that the total nitrogen load would increase by more
than 9 ton/d by 2020, and total organic nitrogen would
increase by almost 7 ton/d. If a current proposal to divert
additional discharge from agricultural areas into the
Caloosahatchee River is adopted (Richard Wieckowicz,
Florida Department of Environmental Regulation, written
commun., 1986), high nutrient runoff from this area could
increase nitrogen and phosphorus loads significantly.

The projected increases in nutrient loads to Charlotte
Harbor probably will be accompanied by decreases in
freshwater inflow. It is not possible to predict whether the
decreasing trends in the Peace River basin (table 16) will
continue. However, if the trend does continue at the same
rate, then, except for brief periods of storm runoff, the
Peace River at Zolfo Springs could be dry year-round in
about 100 years. The river may decline until it reaches a
new equilibrium with the underlying aquifer system, but
when that equilibrium will occur is unknown. Based on
existing trends, average discharge for the Peace River at
Arcadia could be about 875 ft*/s by 2020. Additional water
supply for Sarasota County may reduce the flow of the
Myakka River during some months of the year.

SUMMARY

Charlotte Harbor, which has a surface area of about
270 mi?, is the second largest estuarine system in Florida
and is being subjected to the environmental stresses of rapid
growth and development. The estuary is affected not only
by changes in the surrounding coastal area, but also by
changes throughout the inflow area, which is composed of
the Myakka River basin (602 mi®), the Peace River basin
(2,350 mi®), the Caloosahatchee River basin (1,378 mi?),
and the coastal area and islands (355 mi>) that drain directly
into the harbor.
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Table 23. Summary of average loads and basin yields for selected water-quality constituents

Dissolved solids Total nitrogen
Tons per day Tons per d
Station TOZS per per square Tozsa per per squar
ay mile Y mile
02292900
Caloosahatchee River at structure S-79
near Olga (1966-84). 1,283.79 -- 6.92 -—-
02296750
Peace River at Arcadia (1957-85). 445.80 0.3261 7.20 0.0053
02297100
Joshua Creek at Nocatee (1965-85). 42.04 3185 43 .0033
02297310
Horse Creek near Arcadia (1962-85). 56.86 .2608 .75 .0034
02298202
Shell Creek near Punta Gorda (1966-85). 287.85 7717 .83 .0022
02298830
Myakka River near Sarasota (1962-85). 13.84 .0604 .93 .0040
02299470
Big Slough near Murdock (1962-72). 8.02 0911 --- -
Table 24. Population projections through 2020 by county
[In thousands]
Census Population projections’
County 1970 1980 1985 1990 1995 2000 2010 2020
Charlotte ............... 27.6 58.5 76.6 9%.4 109.1 124.0 141.5 157.4
DeSoto .......covvnetn 13.1 19.0 21.5 23.9 26.1 28.2 32.2 35.8
Glades.................. 3.7 6.0 6.8 7.5 8.2 8.8 10.0 11.2
Hardee ................. 14.9 19.4 20.8 22.0 23.4 24.6 28.1 31.2
Hendry ................. 11.9 18.6 22.3 25.7 28.7 31.5 36.0 40.0
Highlands............... 29.5 47.5 57.2 66.2 74.0 81.4 92.9 103.3
Lee ..oovveiiiniinianen, 105.2 205.3 257.7 311.0 355.8 400.6 457.4 508.5
Manatee ................ 97.1 148.4 172.7 197.0 217.5 237.1 270.7 300.9
Polk.........c.ooiitl 228.5 321.7 362.4 404.2 442.7 475.7 543.1 603.8
Sarasota ................ 120.4 202.3 238.2 275.9 308.3 342.1 390.6 434.2
' Medium projections; assume annual net migration levels similar to the average in the 1970’s,
Table 25. Percentage estimates of county populations by river basin
Percentage of Percentage of county population by basin
County county land
::?IZ‘:,V I;}:;Z Inflow area Caloosahatchee Coastal Myakka Peace
Charlotte ............... 96 98 11 23 15 49
DeSoto .......covvnnen. 100 100 - --- 1 99
Glades.................. 36 62 62 --- --- -
Hardee ................. 100 100 - --- 1 99
Hendry ................. 31 53 53 - - -
Highlands............... 8 5 -—- -—- --- 5
| T 55 71 46 25 --- ---
Manatee ................ 31 10 --- - 10 ---
Polk......oooviviinnnt. 46 65 --- --- - 65
Sarasota ................ 60 20 -—- --- 20 --
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Organic nitrogen Ammonia Nitrate plus nitrite Total phosphorus
Tons per day Tons per day Tons per day Tons per day
Togs per per square Tor‘;s per per square TO';S per per square Togsa per per square
il mile ay mile ay mile y mile
5.98 - 0.27 - 0.96 - 0.60 -
5.51 0.0040 .38 0.0003 1.40 0.0010 4.34 0.0032
.29 .0022 .02 .0002 .14 .0011 13 .0010
.65 .0030 .02 .0001 .05 .0002 .27 0012
.63 .0017 .04 .0001 .08 .0002 .19 .0005
91 .0040 .05 .0002 .03 .0001 .27 .0012
Table 26. Population projections through 2020 by river basin
[In thousands]
Census Population projections
River basin 1970 1980 1985 1990 1995 2000 2010 2020
Caloosahatchee.......... 60 114 143 172 196 220 251 279
Coastal ................. 33 65 82 99 114 129 147 163
Myakka ................ 38 64 77 90 100 111 127 141
Peace...........cocvunnn. 191 278 318 358 394 426 487 541
Total .......... 322 521 620 719 804 886 1,012 1,124
Table 27. Additional water supply needed to meet demands of increased population through 2020
[In million gallons per day]
Additional water supply"
River basin 1990 1995 2000 2010 2020
Caloosahatchee. ...............coeiinee, 7 10 13 17 21
Coastal ........coovviiiiiiiiiiiiinnen, 4 6 8 10 12
Myakka .....oooviiii i e 3 4 6 8 10
Peace.......cooviiiiiiiiiii 10 14 18 26 33
Total ..o 24 45 61 76

34

! Represents amount needed above 1980 requirements. Includes domestic supply only. Agricultural and industrial demands may increase

requirements further.

The area’s climate is subtropical and humid; average
temperature is about 72° F, and average annual rainfall is
about 52 in. The northern part of the inflow area has been
characterized by below-average rainfall since 1960. Sta-
tions in the southern part of the study area do not show a
deficit during the same period.

Hurricanes and other tropical cyclones produce the
most severe weather conditions in the area. In addition to
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causing severe coastal and riverine flooding, these storms
have the potential to alter the physiography of Charlotte
Harbor. Along the 30 nmi of coast from Gasparilla Island to
Sanibel Island, six to seven hurricanes or tropical storms
can be expected to make landfall, and three hurricanes or
tropical storms can be expected to exit to the Guif of
Mexico every 100 years. Hurricane Alma, which occurred
in 1966, was the last hurricane to pass within 50 mi of the
harbor.
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Table 28. Additional wastewater, total nitrogen, and total phosphorus loads generated as a result of increased population

through 2020

River Basin 1990

1995 2000 2010 2020

Additional wastewater'?

Caloosahatchee....................cc.oon... 6 8 11 14 16
Coastal . ..ovieii e i, 3 5 6 8 10
MyakKa ....oveneniniiiiie i 3 4 5 6 8
Peace. . ...coviiiii e 8 12 15 21 26

Total ..ottt 20 29 37 49 60

Caloosahatchee............cciivinennn., 0.31 0.42 0.57 0.73 0.83
Coastal .......oiiriiiii i i .16 .26 31 42 .52
MyakKa .. ooivniiiiie e 16 21 .26 31 42
PeaCe. . .ottt 42 .63 .78 1.10 1.36

Total ..o ii i 1.05 1.52 1.92 2.56 3.13

Additional total phosphorus’?

Caloosahatchee................oooivnints 0.065 0.086 0.118 0.151 0.172
Coastal ...vvv i e 032 .054 .065 .086 .108
MyakKa ...t 032 .043 .054 .065 .086
Peace. .. .o.uuiiiiiii i .086 129 .161 226 .280
Total ...ooovviiiiiiiii 0.215 0.312 0.398 0.528 0.646

! Represents amount above 1980 levels.

2 In million gallons per day.

? In tons per day.
Table 29. Additional total nitrogen loads resulting from urban stormwater runoff through 2020
[In tons per day]

Additional total nitrogen’

River basin 1990 1995 2000 2010 2020
Caloosahatchee..................oooiiine, 0.024 0.034 0.044 0.056 0.068
Coastal .......covviiiiiiiiiiiii e 014 .020 .026 .034 .040
MyakKa .. ovvuvnin i 011 015 .019 .026 .032
Peace.........oooviiiiiiiiiiiiii .033 .048 .061 .086 .108

Total ..o 0.082 0.117 0.150 0.202 0.248

! Represents amount above 1980 levels,

Throughout the inflow area, a shallow water-table
aquifer system is underlain by the artesian Hawthorn aquifer
and, under this, by the artesian Floridan aquifer system.
Springs in the Peace and the Myakka River basins indicate
a probable hydraulic connection between those rivers and
the underlying artesian aquifer systems. The Caloosa-
hatchee River appears to be hydraulically connected only
with the surficial aquifer system.

Agricultural land and rangeland total about 70 percent
of the land area in the Peace, the Myakka, and the
Caloosahatchee River basins. In the Peace and the Myakka
River basins, less than 10 percent of the total area is urban
land. In 1984, about one-half of the land area of the coastal
basin was devoted to residential or commercial land uses.

Water use in the inflow area totaled about 565 Mgal/d
in 1980. Irrigation accounts for more than 80 percent of the
water used in the Myakka and the Caloosahatchee River
basins. In the Peace River basin, irrigation and industry
account for about 40 and almost 50 percent, respectively, of
total water use. Irrigation in the coastal basin accounts for
about 60 percent of water use, and public supply accounts
for almost 40 percent. Acre for acre, urban and agricultural
water uses are about the same and average from 350 to 450
(gal/d)/acre. Industrial water use per acre averages about
3,000 (gal/d)/acre, almost four times as great as urban and
agricultural water uses combined.

The flow of the three main tributaries has been
affected to varying degrees by man’s activities. The
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Myakka River has large areas of overflow surface storage
and some diking but is virtually unregulated. The flow of
the Peace River is unregulated throughout its length; how-
ever, many canals and controls are among the lakes in the
headwaters area of the Peace River. The flow of the
Caloosahatchee River is regulated along its entire length.
Channelization is extensive near the mouths of all three
rivers.

Total freshwater inflow from the three river basins,
the coastal area, and direct rainfall amounts to an average of
between 5,700 and 6,100 ft*/s, which is more than 3,500
Mgal/d. Inflow from the Caloosahatchee River averages
between 1,900 and 2,100 ft*/s. The Peace River contributes
an average flow of 2,010 ft’/s. Inflow from the Myakka
River averages 630 ft*/s, which is only about one-third as
much as either of the other two rivers. Rainfall directly onto
the harbor contributes the equivalent of 1,030 ft’/s of
freshwater. Drainage from the coastal basin averages from
200 to 400 ft’/s, which is about 5 percent of the total
freshwater entering Charlotte Harbor.

Declining streamflow may result in reduced freshwa-
ter inflow to the harbor. A trend analysis of long-term
streamflow data shows a statistically significant (90-percent
confidence interval) decreasing trend at the Peace River
stations at Bartow, Zolfo Springs, and Arcadia. Streamflow
data for stations on the Myakka and the Caloosahatchee
Rivers do not have significant trends. Since 1933, the
annual mean flow of the Peace River at Zolfo Springs has
declined at a median rate of 6.2 (ft3/s)/yr. It is not possible
to determine whether the trend will continue. If the trend
does continue at the same rate, then, except for brief periods
of storm runoff, the Peace River at Zolfo Springs could be
dry year-round in about 100 years. The decreasing trend in
streamflow may be related to a long-term decline in the
potentiometric surface of the underlying Floridan aquifer
system, which resulted from ground-water withdrawals.

Of the 114 facilities permitted to discharge domestic
or industrial effluent to waters that are tributary to Charlotte
Harbor, 1 is in the Myakka River basin, 11 are in the coastal
basin, 14 are in the Caloosahatchee River basin, and 88 are
in the Peace River basin. Of the permitted outfalls, 70 are in
Polk County. Effluent discharged to some lakes in Polk
County may only reach the Peace River during high-water
conditions. Citrus and phosphate ore processing account for
most of the industrial effluent.

Several locations in the headwaters of the Peace River
show significant effects as a result of receiving wastewater
effluent. At some locations, dissolved-oxygen concentra-
tions were lower than 2.0 mg/L, which is the minimum
State standard for any class of surface water. At Banana
Lake, pH exceeded 9.5, which is the upper limit set by the
State for all classes of surface water.

A trend analysis of water-quality data shows signifi-
cant increases in several constituents at stations in the
inflow area. Since 1963, dissolved sulfate concentration has

increased at a median rate of about 8 percent per year, and
total phosphorus has increased about 7 percent per year at
the Myakka River near Sarasota. At the Peace River at
Arcadia, total organic nitrogen has increased about 6
percent per year, but total phosphorus has decreased about
6 percent per year since 1957. Over the period of record,
total nitrogen has increased about 5 percent per year, and
total phosphorus, about 6 percent per year at the Caloosa-
hatchee River at structure S-79.

The rivers that are tributary to Charlotte Harbor
transport substantial loads of dissolved solids and nutrients.
The Myakka, the Peace, and the Caloosahatchee Rivers
transport an average of more than 2,000 ton/d of dissolved
solids. More than 17 ton/d of nitrogen is carried by the three
rivers, of which about 55 percent is transported by the Peace
River; 40 percent, by the Caloosahatchee River; and 5
percent, by the Myakka River. About 85 percent of the
phosphorus load (about 6 ton/d) is carried by the Peace
River.

Stresses caused by development are expected to
continue or increase over the next 35 years. The population
in the inflow area is expected to almost double —from about
620,000 to over 1.12 million. By 2020, the increased
population alone will need an additional 76 Mgal/d for
water supply. Agricultural and industrial demands may
further increase water-supply requirements. An additional
60 Mgal/d of domestic wastewater will be generated by the
population, which will result in an additional nitrogen load
of more than 3 ton/d and an additional phosphorus load of
about 0.65 ton/d. The increased population will cause more
than 150 mi? of land to be converted to urban uses, which
will produce another 0.25 ton/d of nitrogen from urban
runoff. These increased nutrient loads can be expected to
occur concurrently with decreased freshwater inflow, which
will cause significant stress to Charlotte Harbor.
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