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SOURCE, USE, AND DISPOSITION OF WATER IN FLORIDA, 1980

"By Stanley D. Leach

ABSTRACT

An average of 21,206 million gallons per day of water were withdrawn
for use in Florida in 1980--a 6 percent increase since 1975 and a 38 per-
cent increase of 5,893 million gallons per day since 1970. The 1980 daily
total consisted of 7,309 million gallons of freshwater and 13,897 million
gallons of saline water. The freshwater supply was almost equally divided
between ground water (51 percent) and surface water (49 percent). Almost
all the saline water was pumped from estuaries. Of the saline water, only
121 million gallons per day--less than 1 percent--was obtained from wells.

The largest use of freshwater in Florida was for irrigation--an aver-
age of 2,997 million gallons per day, about 5 percent more than in 1975.
Other freshwater uses in 1980 were: 1,859 million gallons per day for
thermoelectric power generation, (an increase of 9 percent since 1975);
1,361 million gallons per day for public supply, {(an increase of 19 percent
since 1975); 781 million gallons per day for industrial use other than
thermoelectric power generation (a decrease of 17 percent since 1975); and
310 million gallons per day for rural self-supplied use (an increase of 17
percent since 1975). The peak month of freshwater use was May with 9,300
million gallons per day; September was the minimum month with 5,930 million
gallons per day of freshwater use.

Of the 13,897 million gallons per day of saline water used in 1980,
nearly all was for thermoelectric power generation (an increase of 21 per-
cent since 1975). Only 57.5 million gallons per day of saline water were
used for all other industrial purposes. Industry was the only category
that had a decline in water use, a decrease of 157 million gallons per day
from 1975, or 17 percent, primarily because of recycling of water.

The average per capita use of freshwater for all uses has shown a
steady decline from 1,180 gallons per day in 1965 to 750 gallons per day in
1980. This is because population has increased at a greater rate than the
demand for freshwater. Population increased about 68 percent in the past
15 years but the use of freshwater increased only about 7 percent. A
decline in use of freshwater by industry has resulted because of recycling
and the emphasis on the use of saline water for thermoelectric power gen-
eration. However, the per capita use of freshwater for public supplies and
rural domestic use has shown a steady increase over the years since 1950,
leveling off at about 170 gallons per day since 1975.



Irrigation, the largest use of freshwater, is also responsible for the
greatest consumptive use, 1,530 million gallons per day, which includes an
estimated 18 million gallons per day from conveyance loss, or about 39
percent of the water pumped. The next largest use of freshwater, thermo-
electric power production, had the smallest consumptive wuse, about 1.7
percent of use, or 32.8 million gallons per day.

INTRODUCTION

From 1970 to 1980, the population of Florida increased by almost
3 million. Because of this increase--almost equally divided between incor-
porated and unincorporated areas of the State--478 million gallons per day
(Mgal/d) more water were pumped for municipal water use (public supplies)
and 115 Mgal/d more water were pumped for rural (domestic and livestock)
self-supplied in 1980 than in 1970. The total freshwater withdrawn for all
uses in Florida was 1,541 Mgal/d more in 1980 than in 1970, or an average
increase of 154 Mgal/d per year.

Because water use 1is expected to increase, documentation of the
amounts of water required is needed to properly manage the water resources
of the State. Inventories of water use show changes and trends, and pro-
vide the data for realistic planning for future water requirements based on
historical records and current information.

This study is the fourth in Florida in a series of studies made every
5 years on the source, use, and disposition of water. This report is the
first in the series to portray water use by months and by hydrologic units.
The general organization of the second study on water use in 1970 by Pride
(1973) has been used in this report and parts of the text and figures
resulting from Pride's study have been updated to reflect 1980 conditions.

This report presents data on the source of water and the quantities
used for five categories of water use. Each type of use has a different
effect on the water supply. For example, less than 2 percent of the fresh-
water used for thermoelectric cooling, which is subject to heat pollution,
is consumed. Consumptive use and conveyance loss from irrigation, the
largest use of freshwater, exceed (62 percent) all other water 1losses
combined in the State. Freshwater used for irrigation and returned to the
system is subject to deterioration of quality by pesticides and fertilizers.
Water used by industries picks up pollutants of various types depending on
the products manufactured; however, much of the public-supply water is
treated prior to being returned to surface- or ground-water sources. Most
of the rural self-supplied water passes through septic tanks after house-
hold use and eventually infiltrates downward to recharge the ground-water
system and purify itself, but the purification process does not remove the
chemicals in the water.

This 1980 report has been expanded to make the water-use data more
usable. The data are presented by source (ground water or surface water),
by use (public supply, rural, industrial, irrigation, or thermoelectric
power generation), and by disposition (consumptive use or returned to the
system). The data are further presented by geographic category--statewide,
county (both monthly and annual), Water Management District, and hydrologic




cataloging units (drainage basin). Water use data in the cataloging units
along the northern State line contain only the water used in Florida,
excluding those parts of the units where water is used in Alabama and
Georgia. Maps showing the five Water Management Districts and 56 hydro-
logic cataloging units, described later in the report, are shown in figures
24 and 27, respectively.

Included in the "public supply'" category is the amount of water fur-
nished by the utilities for domestic use, agriculture, industry, commercial
and air conditioning. Included in the category 'thermoelectric power
generation'" is a listing of the quantity of water that is used for cooling
in steamplants where the energy from fossil or nuclear fuels is converted
to electrical energy.

Information concerning nonwithdrawal uses, which includes hydropower
generation, navigation, water-based recreation, propagation of fish and
wildlife, and dilution and conveyance of sewage and other liquid and solid
wastes was not collected. Flow through the one hydroelectric power genera-
tion plant, located on the Apalachicola River near Chattahoochee, Fla., was
14,587 Mgal/d in 1980. However, as hydroelectric power generation is
considered a nonwithdrawal use, the water that flows through this plant was

not considered in the compilation of data in this report.

Figure 1 portrays water use from source to disposition. For example,
let us follow one of the sources from use to disposition. First, surface-
water source is 48.6 percent of statewide use of 3,551 Mgal/d of which
40.1 percent is pumped for irrigation use. Irrigation receives 47.5 per-
cent of its freshwater from the surface-water source. Irrigation uses
2,997 Mgal/d or 41 percent of the statewide use, 50.4 percent of irrigation
water is consumed, 1.2 percent is lost to conveyance (about half of convey-
ance is evaporated), the remaining 48.4 percent is returned to the system
for reuse. Irrigation constitutes 61.9 percent of the total water consumed
100 percent of the water to conveyance loss, and 30 percent of all water
returned to the system.

This report documents the results of the 1980 Florida water assessment
made by personnel of the five Water Management Districts in a joint effort
with U.S. Geological Survey personnel. The study was made as part of a
statewide cooperative program with the Florida Department of Environmental
Regulation, Northwest Florida Water Management District, St. Johns River
Water Management District, South Florida Water Management District, South-
west Florida Water Management District, and the Suwannee River Water
Management District.

Data in this report are part of the National Water Use Data System
(NWUDS). Florida, along with other participating states, furnishes water
use information to be compiled in the national system. Information on the
national water use inventory may be obtained from the U.S. Geological
Survey's NWUDS program in Reston, Va.
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Previous Investigations

The U.S. Geological Survey started a nationwide compilation of water-
use data in 1950 and continued the compilations at 5-year intervals. The
results for 1950, 1955, 1960, 1965, 1970, and 1975 are contained in reports
by MacKichan (1951, 1957); MacKichan and Kammerer (1961); Murray (1968);

and Murray and Reeves (1972, 1977). These reports contain estimates of
water use by categories for each state but not for smaller subareas such as
Water Management Districts, hydrologic units, or counties. The earliest

documentation of water use in Florida by counties was by the Florida Water
Resources Study Commission (1956).

A water-use inventory of southwest Florida was made in 1962 by the
Florida Division of Water Resources (1966) and was published in its report
on land and water resources. Snell and Anderson (1970) compiled water-use
data for northeast Florida for 1965. These data were included in the water
and related land resources report of the St. Johns River basin by the
Florida Department of Natural Resources (1970). Additional Florida water-
use data reports by the U.S. Geological Survey include: Estimated water
use in Florida, 1965, (Pride, 1970); Public water supplies of selected
municipalities in Florida, 1970 (Healy, 1972); Estimated use of water in
Florida, 1970 (Pride, 1973); Public water supplies of selected munici-
palities in Florida, 1975 (Healy, 1977); Source, use, and disposition of
water in Florida, 1975 (Leach, 1978a); Estimated water use in Florida, 1977
(Leach, 1980); Estimated water use in the Southwest Florida Water Manage-
ment District and adjacent areas, 1979 (Duerr and Trommer, 1981); and
Estimated water use in the Southwest Florida Water Management District and
adjacent areas, 1980 (Duerr and Trommer, 1981).
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Terminology

When the term "water use" appears in this report, withdrawal use (the
amount of water withdrawn from its source) is implied; this is equivalent
to "intake" or "water diversion,'" as used in industry and agriculture,
respectively. Water diverted from a source for agriculture is generally



.

more than that delivered or conveyed to the crops because of '"conveyance
losses" and may be more or less than the optimum amount required by a crop.
It is estimated that about half the conveyance loss is evaporated or tran-
spired enroute (consumed), and the remainder is returned to the source for
further use. If water is reused, it will do the work of a greater quantity
of water. The amount of this greater quantity, which is commonly called
the ''gross water use," is not evaluated in this report. If, however, the
water is returned to a stream, lake, aquifer, or other source and then
withdrawn anew, the summation of successive withdrawals gives the total
withdrawal use.

The terms "water consumed" or 'consumptive use," as used in this
report, refer to that part of the water withdrawn that is no longer avail-
able because it has been evaporated, incorporated into products and crops,
consumed by man or livestock, or otherwise removed from the water environ-
ment. Water discharged into saltwater bodies after being used, although
not recoverable from a practical standpoint, is not classed as consumed.
Water containing more than 1,000 milligrams per liter (mg/L) of dissolved
solids is herein classed as '"saline" regardless of the nature of the
minerals present.

A municipal water supply or a water utility that serves the public is
classed as '"public supply." If a public supply is not available to indi-
vidual families and small communities, or not used by them though avail-
able, the water used is self-supplied and categorized as "rural" or "rural
supply" whether or not the users live within the city limits. The term
"nonwithdrawal uses'" refers to water that is used while within recognized
stream channels. Some nonwithdrawal uses are hydroelectric power genera-
tion, navigation, sport fishing, freshwater discharge into estuaries to
maintain proper salinity, and the disposition and dilution of waste water.
Nonwithdrawal uses are beyond the scope of this report.

In this report, water-use data are generally expressed in millons of
gallons per day and represent average daily use for the year although the
data have been derived from annual quantities. For irrigation, the average
use is also expressed in units of 1,000 acre-feet per year. An acre-foot
of water is the amount required to cover an acre (43,560 square feet) to a
depth of 1 foot. An acre-foot of water equals 325,851 gallons. One mil-
lion gallons per day is 3.07 acre-feet per day. One thousand acre-feet per
year equals 0.89 Mgal/d. Common equivalents of these and other units are
given in table 1.

WATER USE DATA

Water-use data in this report are discussed geographically in three
major sections: by counties, by Water Management Districts, and by hydro-
logic units. The first section contains data on annual and monthly amounts
of water withdrawn (in million gallons per day) for each county for each of
the five categories of use: public supply, rural (self-supplied), indus-
trial (self-supplied), irrigation, and thermoelectric power generation.
The second section contains data on annual and monthly amounts of water
withdrawn for each of the five Water Management Districts for the same five
categories. The third section contains data on annual and monthly amounts




of water withdrawn for each of the 56 hydrologic units. Also given are the
amounts of surface water and ground water withdrawn from each source, the
amounts used by each category, and the amounts consumed. All five catego-
ries use large amounts of freshwater, but about 7 percent of industrial use
and 88 percent of water used for thermoelectric power generation is saline
water.

Table 1.--Hydraulic equivalents

Million Bitlion Thousand Million
gallons gallons Thousand Thousand gallons cubic
per day per day acre-feet cubic feet per meters
(Mgal/d) (Bgal/d) per year per second minute per day
1.0 0.001 1.12 0.00155 0.694 0.00379
1,000 1.0 1,120 1.55 694 3.79
.893 .000893 1.0 .00138 .620 .00338
646 .646 724 1.0 449 2.45
1.44 .00144 1.61 .00223 1.0 .00545

264 .264 296 .409 184 1.0

TOTAL WATER USE

The total fresh and saline water withdrawn by counties in 1980 is
shown in table 2 and in figure 2. A total of 21,206 Mgal/d was withdrawn
for all uses, 7,309 Mgal/d of which was freshwater and 13,897 Mgal/d was
saline water. More than 1,000 Mgal/d were withdrawn in eight counties
(Brevard, Broward, Citrus, Dade, Duval, Hillsborough, Palm Beach, and
Pasco), and in two of these, Dade and Hillsborough Counties, more than

2,000 Mgal/d were withdrawn for all uses. The use of saline water for
thermoelectric power generation accounts for the larger amounts of water
withdrawn by the eight counties. Seventeen counties used saline or brack-

ish water for thermoelectric power production and other industrial use.
All 67 counties use freshwater in amounts ranging from 0.76 Mgal/d reported
for Liberty County to 753 Mgal/d used in Palm Beach County. Of the 1,361
Mgal/d of water withdrawn for public supply, 237 Mgal/d was for categories
other than household use. The total industrial (self-supplied) use of
781 Mgal/d does not include 224 Mgal/d used by industries and other commer-
cial uses that were furnished by public supplies. Irrigation was the
largest user of freshwater (2,997 Mgal/d) and does not include the 13
Mgal/d furnished by public supplies. The total freshwater withdrawn by
counties for all uses in 1980 is shown in figure 3.



Table 2.— Total water withdrawn in Florida for all uses, by counties, in million gallons per day, 1980
[Dashes indicate unreported use and are assumed to be zero]
[Amounts less than 5,000 gallons per day are reported as zero.]

Public Industrial Thermoelectric Total
County supply { Rural (self-supplied) Irrigation power generation Total all
fresh | fresh | Fregh  Salin fresh Fresh | Saline | Fresh | Saline | Water

Alachua 18.18 8.52 1.63 — 19.23 1.44 —_ 49.00 — 49.00
Baker 0.60 2.56 0.30 — 1.82 — —_ 5.28 — 5.28
Bay 39.50 1.59 1.48 — 0.64 — 403.5 43.21 403.50 446.71
Bradford 1.05 2.91 4.77 — 0.06 0.02 —_ 8.81 — 8.81
Brevard 28.77 4.70 0.24 — 165.76 0.25 1,409.5 199.72| 1,409.50| 1,609.22
Broward 184.39 6.33 1.19 — 43.59 0.16 1,103.0 235.66| 1,103.00| 1,338.66
Calhoun 0.33 0.75 0.72 — 1.66 — — 3.46 — 3.46
Charlotte 493 1.24 0.00 — 24.99 — — 31.16 — 31.16
Citrus 0.91 5.84 0.55 — 4.17 0.57 1,897.0 12.04| 1,897.00| 1,909.04
Clay 1.83 9.94 3.20 — 1.10 — —_ 16.07 — 16.07
Collier 19.30 2.56 2.33 —_ 86.95 — —_ 111.14 — 111.14
Columbia 2.01 4.81 0.27 — 0.93 — — 8.02 — 8.02
Dade 306.46 18.55 19.73 —_ 89.58 11.00 12,200.0 2435.32| 12,200.00| 22,635.32
De Soto 0.71 2.15 0.53 — 34.34 - — 37.73 — 37.73
Dixie 0.55 0.51 0.43 — 0.29 — — 1.78 — 1.78
Duval 59.56 21.65 64.29 — 0.37 4.93 1,225.0 150.80| 1,225.00| 1,375.80
Escambia 30.46 4.15 54.98 0.24 2.30 335.60 —_ 427.49 0.24 427.73
’&gler 0.77 0.56 0.00 — 4.07 — — 5.40 — 5.40
Franklin 1.00 0.29 0.01 — 0.00 —_ —_ 1.30 — 1.30
Gadsden 2.24 3.12 1.84 — 6.29 — — 13.49 — 13.49
Gilchrist 0.36 1.06 0.06 — 1.20 —_ — 2.70 — 2.70
Glades 0.21 1.28 0.00 — 124.22 —-— —_ 125.71 — 125.71
Gulf 0.97 0.57 33.94 13.00 0.00 — — 35.48 13.00 48.48
Hamilton 0.68 0.80 69.94 — 0.70 — — 72.12 — 72,12
Hardee 1.27 2.58 0.79 — 38.91 —-— — 43.55 —_— 43.55
Hendry 2.00 2.50 0.23 — 243.53 — — 248.26 — 248.26
Hernando 1.14 4.92 31.60 — 3.97 — — 41.63 — 41.63
Highlands 4.95 6.30 0.95 — 87.56 78.71 — 178.47 — 178.47
Hillsborough 84.70 10.22 26.77 38.39 72.88 2.17 2,180.3 197.34| 2,218.69| 2,416.03
Holmes 0.64 1.84 0.06 — 0.26 — — 2.80 — 2.80
Indian River 6.21 4.47 1.07 0.83 278.28 4.30 54.6 294.33 55.43 349.76
Jackson 2.15 3.08 0.84 — 11.46 118.00 — 135.53 — 135.53
Jefferson 0.49 1.28 0.05 — 0.73 — — 2.55 — 2.55
Lafayette 0.12 1.38 0.00 — 1.07 — — 2.57 — 2.57
Lake 11.39 6.46 11.18 — 72.12 - — 101.15 — 101.15
Lee 29.84 6.31 4.09 — 46.42 487.56 — 574.22 — 574.22
Leon 17.20 3.61 11.26 — 2.35 4.20 —_ 38.62 — 38.62
Levy 1.10 2.20 0.22 — 2.10 — — 5.62 —_ 5.62
Liberty 0.13 0.30 0.33 — 0.00 — — 0.76 — 0.76
Madison 0.96 1.53 0.04 — 1.07 — — 3.60 — 3.60
Manatee 20.86 5.38 0.19 — 65.60 3.60 —_ 95.63 — 95.63
Marion 6.78 9.11 1.57 — 19.47 — — 36.93 — 36.93
Martin 6.15 6.38 0.12 — 138.93 40.30 —_ 191.88 — 191.88
Monroe 3.76 0.00 0.00 — 0.49 0.20 79.0 4.45 79.00 83.45
Nassau 2.77 7.12 59.18 2.00 0.39 39.00 — 108.46 2.00 110.46
Okaloosa 12.94 3.97 4.62 — 0.12 — —_ 21.65 — 21.65
Okeechobee 1.55 7.35 0.18 — 82.42 — — 91.50 — 91.50
’lan_ge 69.41 15.34 15.24 — 93.47 22.60 — 216.06 — 216.06
Osceola 4.19 5.52 0.70 — 20.22 1.00 — 31.63 — 31.63
Palm Beach 123.81 11.82 2.67 3.02 614.23 0.77 547.1 753.30 550.12| 1,303.42
Pasco 11.92 7.71 15.83 — 20.07 0.26 1,339.0 55.79 1,339.00 1,394.79
Pinellas 102.85 3.39 0.89 — 9.21 0.11 800.0 116.45 800.00 916.45
Polk 35.54| 16.00| 208.71 — 54.70 295.40 — 610.35 — 610.35
Putnam 2.86 5.30 40.23 — 36.30 0.33 — 85.02 — 85.02
St. Johns 2,98 491 0.01 —_— 29.55 — — 37.45 — 37.45
St. Lucie 9.69 3.92 2.05 — 231.28 1.40 586.6 248.34 586.60 834.94
Santa Rosa 5.83 0.88 18.52 — 0.81 — — 26.04 — 26.04
Sarasota 19.54 1.64 0.10 — 20.80 — — 42.08 — 42.08
Seminole 13.98| 13.13 3.80 — 24.68 — — 55.59 — 55.59
Sumter 1.02 2.57 1.14 — 16.67 — — 21.40 — 21.40
Suwannee 1.06 2.74 0.70 —_ 8.40 172.81 — 185.71 — 185.71
Taylor 1.49 1.09 51.05 —_ 0.03 — — 53.66 — 53.66
Union 0.57 0.61 0.00 — 0.12 — — 1.30 — 1.30
Volusia 2657 625 033 — 23.32 154.65 152 21112 15.20| 226.32
Wakulla 0.56 0.74 0.81 —_ 0.00 86.76 — 88.87 —_ 88.87
Walton 1.62 1.01 0.74 — 9.18 —_ — 12.55 — 12.55
Washington 0.92 1.03 0.04 — 0.00 — — 1.99 — 1.99
Total 1,361.28| 310.35| 781.33 57.48 2,997.43 | 21,858.70| 213,839.8 | 27,309.09] 213,897.28 | 221,206.37

1Data not available, estimated from 1977 report.
2Total includes estimated amount for Dade County.

Note: See table 46 and table 47 for fresh ground-water use and fresh surface-water use in Florida by counties, 1980.
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The principal use of freshwater by counties is shown in figure 4.
Irrigation was the principal use of water in 29 counties followed by rural
use in 11 counties, public supply and industrial in 10 counties each, and
thermoelectric power use in the remaining 7 counties.

Total water used in 1980 and the amounts that were ground water and
the amounts that were surface water by each of the categories of use is
shown in figure 5. Ground water is the predominant source of freshwater
for public supplies, rural, and industry. Irrigation uses nearly equal
amounts of ground water and surface water. Surface water is the predomi-
nant source for thermoelectric power production, which uses both fresh and
saline surface water to produce electricity.

TRENDS IN WATER USE 1950-80

Trends in water use in Florida show that as population increases
demand for water also increases. However, the rate of population increase
has been greater than the rate of increase of water use. The data in
table 3 and figure 6 are taken from MacKichan (1951, 1957) for 1950 and
1955, MacKichan and Kammerer (1961) for 1960, from Pride (1970, 1973) for
1965 and 1970, and from Leach (1978b, 1980) for 1975 and 1977. The esti-
mates of water use in Florida in 1956 are given in a report by the Florida
Water Resources Study Commission (1956). Table 3, shows a correlation of
increased water use in Florida with increased population--from 2.8 million
in 1950, the first year when water use was inventoried, to 9.7 million in
1980. In general, the trend of water use for all categories shows an
increase. Both public supplies and rural (domestic and livestock) use have
increased from a total of 225 Mgal/d reported in 1950 to 1,672 Mgal/d
reported in 1980. Likewise, water used for irrigation has increased as
indicated by the dashed line in figure 6. The 1965 estimates are now
considered to have been too high, both in acres irrigated and in withdrawal
rates for irrigation. Therefore, the dashed line is considered to be a
more representative estimate of water use for irrigation. The trend in
total water use for thermoelectric power production shows an increase to
1977, but shows a decrease for 1980, when the annual per capita use of
electricity dropped from 15.5 to 13.3 thousand kilowatt hours because of
conservation. The trend in electricity use is expected to continue upward
after the dip in 1980 because of predicted growth in population, as domes-
tic use of electricity exceeds all other uses. The industrial use of water
also peaked in 1977 and has shown a steady decline since. Much of the
industrial decrease has been the result of recycling of water, especially
for thermoelectric power production.

The per capita use of freshwater peaked at 1,180 gallons per day
(gal/d) in 1965 for all uses and has declined ever since to 750 gal/d in
1980. The high estimate shown in 1965 was the direct result of the irriga-
tion estimate reported that is now considered to be too high. The per
capita use for public supply and rural use, shown in figure 7, has shown a
steady increase since 1950, and seems to be leveling off since 1975 at
about 170 gallons per day. These per capita water-use data also include
the amount of public water supply that was supplied for other than domestic
use (households) and the amount of rural use that went to livestock; the
separation of data from earlier reports prior to 1970 were not available.
The per capita household use, both public and rural (self-supplied),
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POPULATION, IN MILLIONS, AND WATER WITHDRAWN, IN BILLION GALLONS PER DAY
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Figure 6.--Trends in population and withdrawals of water, by use
categories in Florida, 1950-80.
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amounted to 130 gal/d in 1970, 132.8 gal/d in 1975, 132.3 gal/d in 1977,
and 141.2 gal/d in 1980. 1In 1980, the per capita household use for the
domestic population furnished by public supplies amounted to 144.4 gal/d
and per capita use for rural (domestic self-supplied) excluding livestock
use was 128.4 gal/d.

A comparison of the trend between freshwater and saline water use from
1950 through 1980 (fig. 8), shows that the use of saline water, for thermo-
electric power production .and other industrial uses, has increased at a
more rapid rate than the use of freshwater. The use of freshwater in
Florida has increased only slightly since 1965, from 6,852 to 7,309 Mgal/d,
whereas, the use of saline water has increased significantly, from 6,261 to
13,897 Mgal/d, an increase of 7 percent versus 122 percent, respectively.
The use of saline water has increased steadily from about 26 percent of
total water use in 1950 to 65 percent in 1980 (fig. 8).

WATER USE BY COUNTIES

Public Supply

Freshwater withdrawn for all public supplies in the State was 1,361
Mgal/d supplying about 7.8 million people. This amount was up from 1,146
Mgal/d supplying 6.8 million in 1975, and 1,232 Mgal/d supplying 7.2 mil-
lion people in 1977. If this rate of increase continues, the public supply
systems will need to supply more than 2,200 Mgal/d to meet the demand by
the year 2000.

Figure 9 shows the amounts of water pumped by public suppliers for
domestic use, agriculture, industry, commercial, and air conditioning for
the 67 counties in Florida. The amount of water consumed is also included.
The quantity of water computed by subtracting the amount consumed from the
total amount withdrawn indicates the amount returned to the system for
possible reuse. In the seven counties that have public supplies that
average more than 50 Mgal/d (68 percent statewide), the quantity of water
returned for possible reuse ranges from 245 Mgal/d in Dade County to 41
Mgal/d in Duval County. Dade County had the largest amount of freshwater
withdrawn for public supply, supplying 306.5 Mgal/d to more than 1.5 mil-
lion people, and Lafayette County had the least water withdrawn for public
supply, supplying 0.12 Mgal/d to only 900 people. The public supply water
use statewide and by county is shown in tables 3 and 4.

Source and Reliability of Data

The water-use data for public supply in 1980 was furnished by water
department officials. Most public suppliers maintain reliable records of
water withdrawn from the source or delivered to customers. Some smaller
public suppliers do not maintain records of pumpage and the estimated
amount of water withdrawn for these during 1980 was based on the number of
customers served. Water-use information was obtained from 532 of the
larger county, municipal, and private suppliers. Miami-Dade Water and
Sewer Authority, the largest supplier, along with several others in Dade
County, served more than 1.5 million people with 306 Mgal/d. The smallest
public suppliers are private systems that serve fewer than 100 people.
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Water Withdrawn

An average of 1,361 Mgal/d of water was withdrawn each day in 1980 by
public suppliers in Florida, an increase of 477 Mgal/d since 1970 and
215 Mgal/d since 1975. Of this 1980 total, 87 percent was ground water and
13 percent was surface water from lakes, streams, and reservoirs. The
population during this 10-year period increased from 6,791,418 to 9,739,992
or 43 percent (University of Florida, 1980). This increase in population
of 2,948,574 over the 10-year period added almost 2.4 million people to the
number served by public suppliers in 1980. The other reported uses of
public water supplies--in addition to the general use for domestic pur-
poses~-were as follows: 13 Mgal/d for agriculture, 207 Mgal/d for commer-
cial and industrial use, and 16 Mgal/d for air conditioning.

The average per capita use from public supply systems was 174 gallons
per day (gal/d) in 1980 compared to 171 gal/d in 1977 and 168 gal/d in
1975. Considering only the part of public supply water used for domestic
purposes, the average per capita use was 132 gal/d in 1970, 136 gal/d in
1975, 134 gal/d in 1977, and 144 gal/d in 1980. As the per capita use has
remained about the same in recent years, with a slight increase in 1980,
the increase in freshwater use for domestic purposes is directly related to
increases in the number of people served by public suppliers.

Consumptive Use

The amount of public supply water consumed is considered to be the
difference between water withdrawn from the source and the effluent dis-
charged from the sewage treatment plants provided there are no leaks into
or out of the sewer, no industries discharging self-supplied water to the
sewers, and no extensive use of septic tanks in areas served by the public

suppliers. Only a few cities measure the effluent from the sewage treat-
ment plants and generally sewage discharge must be estimated to determine
consumptive use. These estimates are based on knowledge obtained from

similar systems serving about the same number of people and other commer-
cial users.

Consumptive use varies from city to city because of the type of waste
discharge and the amount of water used for industrial and commercial pur-
poses. Some industries consume almost 100 percent of their water in prod-
ucts that are carried away whereas others return almost all the water to
the system for further use. The overall consumptive use from public sup-
plies was 329 Mgal/d or 24 percent of the 1,361 Mgal/d supplied. This
means that approximately 1,032 Mgal/d was returned to the system and made
available for possible further use.

Rural Use

Of the five water-use categories in the State, the rural category
accounts for the smallest use of freshwater, 310 Mgal/d or only 4.2 percent
of the total use of 7,309 Mgal/d. Rural self-supplied includes both domes-
tic and livestock use of water from individual wells or points of surface
water diversion.
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Source and Reliability of Data

The population served by rural (self-supplied) in 1980 for each county
was determined to be the difference between the total population and the
population served by all public supply systems within the county. The
rural domestic use was computed by multiplying the total number of people
in each county not served by a public supply system times a per capita use
amount that was estimated from nearby areas where records were kept.

Water use for livestock was estimated on the basis of a fixed amount
of water use per head for each kind of animal, for example, 15 gal/d for
cattle and 0.04 gal/d for chickens.

Water Withdrawn

Rural self-supplied water use in 1980 was 251 Mgal/d for domestic use
and 59 Mgal/d for livestock use. The 310 Mgal/d withdrawn in 1980 for
rural self-supplied use for 1.95 million people (or about 20 percent of the
State's total population of 9.7 million people) was an increase from 195
Mgal/d for 1.37 million people in 1970. The only year of record that shows
a decrease was in 1977 when 145,500 fewer people withdrew 9 Mgal/d less
than in 1975. During this period, several cities annexed rural areas and
expanded their utilities to accommodate almost 400,000 more people. Domes-
tic self-supplied use and livestock use are shown separately in table 5 and
together in figure 10.

The rural domestic per capita use for counties ranged from about
90 gal/d to 158 gal/d. Rural water use per person tends to be larger in
the more developed counties, especially in south Florida where lawn sprin-
kling is prevalent. Most of the population of Monroe County is along the
Florida Keys where little or no source of freshwater is available for rural
self-supplied use; the amount of rural freshwater used is reported as less
than 5,000 gal/d, which is too small to be reported in the current computer
program and is shown as zero in table 3.

The total water used for livestock increased from 30 Mgal/d in 1970 to
63 Mgal/d in 1975 and has remained about the same since with 64 Mgal/d
reported in 1977 and 59.5 Mgal/d in 1980. Water used for livestock was
reported in all 67 counties with the exception of Franklin County which
reported less than 5,000 gal/d, an amount smaller than the lower limits of
the computer program, and Monroe County with no livestock use reported.
Both counties are shown as zero in table 5. Okeechobee and Hillsborough
Counties reported 5.7 and 4.3 Mgal/d, respectively; Clay, Highlands,
Manatee, Nassau, and Polk Counties reported freshwater use for livestock in
excess of 2 Mgal/d. These 7 counties make up a total of almost 40 percent
of the total water used for livestock in Florida's 67 counties.

Consumptive Use
The amount of water used for domestic purposes was 251 Mgal/d, 17
percent (42 Mgal/d) of which was considered as consumed. The amount of

water used for livestock was 59 Mgal/d, all of which was considered
consumed.
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Figure 10.--Rural domestic and livestock water use, by counties, 1980.
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Industrial Self-Supplied

Industries in 16 counties withdrew 732 Mgal/d, or 94 percent of the
total freshwater used in 1980, for industrial supply. Industries in the
remaining 51 counties used less than 10 Mgal/d. Polk County had the larg-
est industrial water withdrawal, 209 Mgal/d, and six counties reported
none.

Industrial self-supplied water use was computed from a canvass of more
than 300 industries. The amounts of fresh and saline water withdrawn by
industry and the total amounts consumed are given in table 6. The indus-
trial water use is reported by counties, Water Management Districts, and
hydrologic units on an annual and monthly basis in million gallons per day
for the seven major water using industries in the State (limerock mining,
pulp and paper processing, chemical products, phosphate mining, citrus
processing, food processing, and air conditioning). Smaller industries
using water have been combined under the heading "Other" in this report.

Source and Reliability of Data

Freshwater withdrawn by industries was reported as follows: 927
Mgal/d in 1970, 940 Mgal/d in 1975, 922 Mgal/d in 1977, and 781 Mgal/d in
1980. The peak industrial use was in 1975 but has steadily declined since,
with the largest decline in 1980. This decline has been caused by indus-
tries becoming more water conscious and by recycling water, where prac-
tical, instead of a one-time use as before.

The water-use data were obtained by a canvass of industries which
supply their own water. Their records were considered reasonably reliable.
Water used by some of the industries that do not keep water-use records was
estimated by comparing them with similar industries which keep records,
either utility bills for metered pumps or records of their own self-
supplied water.

Only the water used by industries that supply their own water is shown
in table 6 and figure 11. The table and figure do not show the amount of
water (224 Mgal/d) furnished by public supplies for industry, including
commercial and air conditioning of public and private buildings.

Water Withdrawn

The total quantity of freshwater withdrawn by self-supplied industries
has declined since 1975 by 158 Mgal/d and saline water has declined by
6 Mgal/d, from 63 Mgal/d to .57 Mgal/d. The total decline of 164 Mgal/d
represents a decline of 35 Mgal/d for limerock mining, 15 Mgal/d for pulp
and paper processing, 76 Mgal/d for phosphate mining, 27 Mgal/d for citrus
products, 55 Mgal/d for food processing, and 51 Mgal/d for air conditioning
and other industries. One industry, chemical products, showed an increase
of 95 Mgal/d. Along with the decreased use of freshwater, the industrial
use of saline water has also decreased from 132 Mgal/d in 1970; 63 Mgal/d
in 1975, to 57 Mgal/d in 1980. The increase in numbers and expansion of
industries has generally kept pace with the population, but many of the
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Figure 11.-~Industrial self-supplied freshwater withdrawn (excluding thermo-
electric power use), by counties, 1980.
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industries in Florida are becoming more efficient im their use of fresh-
water. For example, many industries have constructed holding ponds, cool-
ing towers, and canals in order to recycle freshwater, replacing only the
amount of freshwater consumed to produce their products. The total fresh
and saline water withdrawn, thus, has declined.

Polk County with 209 Mgal/d by far exceeds the next largest industrial
freshwater user which is Hamilton County with 70 Mgal/d of use. Six coun-
ties that used more than 50 Mgal/d, withdrew 508 Mgal/d or 65 percent of
the total 781 Mgal/d used by all 67 counties. Six counties that did not
have industries withdrawing 5,000 gallons per day (the minimum accepted for
reporting) are shown as zero water use in table 6.

Consumptive Use

The consumptive use of freshwater by self-supplied industries is
estimated as 467 Mgal/d or 60 percent of the total freshwater withdrawn
from the source in 1980. The reuse of water has increased consumptive use
from 27 percent in 1975 and 32 percent in 1977, and the amount they have
returned has decreased along with their decreased withdrawal. The water
quality may have been changed to the extent that reuse would require treat-
ment or additional treatment. The quality change in chemical, bacterio-
logical, or temperature of the water resulting from reuse could reach a
point where water quality could become more of an environmental concern
than the quantity of water used.

Irrigation Self-Supplied

In 1980, irrigation was the largest user of freshwater, 2,997 Mgal/d
or 41 percent, of all the reported freshwater use. Also, irrigation has a
consumptive use of 1,530 Mgal/d including an estimated 18 Mgal/d from
conveyance loss. This total amount exceeds the consumptive use of all
other uses combined.

The acreage irrigated for each type of crop by counties is shown in
table 7, and the acreage for farm and grove land irrigated is shown in
figure 12. The total of 1.59 million acres irrigated in 1970 increased an
average of 45,000 acres per year to 2.04 million acres reported under
irrigation in 1980. Of the total land irrigated in 1980, 89 percent was
for citrus, truck farming, pasture, and sugarcane, and 11 percent was for
tobacco, corn, watermelons, all other types of crops, nurseries, and golf
courses.

The 16 counties where pumpage for irrigation was greater than 50
Mgal/d represent an aggregate use of 2,502 Mgal/d or about 83 percent of
the total (2,997 Mgal/d) used statewide for irrigation. The four counties
reporting the largest irrigation use were Palm Beach, 614 Mgal/d; Indian
River, 278 Mgal/d; Hendry, 244 Mgal/d; and St. Lucie, 231 Mgal/d. Nineteen
counties reported irrigation of less than 1 Mgal/d. Of all the water used
for irrigation, 53 percent was ground water and 47 percent was surface
water.
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Figure 12.--Irrigated acres of farm and grove land, by counties, 1980.

34



Data on irrigation by counties also includes annual and monthly data
on amounts of freshwater use (table 8). Monthly amounts were not available
for many counties, so where the same amount appears for each month, it is
an average amount--not the actual amount of water withdrawn per month.

Source and Reliability of Data

Estimates of water used for irrigation of crops during 1980 were made
by water-use specialists from each of the five Water Management Districts
and by U.S. Geological Survey hydrologists. The estimates were based on
information obtained by personal communication with local, county, and
State representatives of agricultural agencies, and from some grove owners
and farmers. Reflected in the 1980 inventory of irrigation is a new style
of timer to register pumping time that was installed on the pumps at many
irrigation sites. These sites were called "benchmark farms'" and were used
to determine not only the amount of water used for a particular type of
crop, but to provide a better estimate of the total water used for the same
type of crops on farms within the area. As the amount of water applied is
directly related to rainfall and to other factors such as sunlight, wind,
cloud cover, temperature, economics, and man, the estimates of actual
irrigation required to meet the optimum crop requirements made the collec-
tion of good data more difficult. Even though the actual irrigation
reported for each farm or grove may be estimated high or low, the overall
amount reported for each county was assumed to be of acceptable accuracy
and significantly better than reported in former years.

Water Withdrawn

Irrigation increased an average of 159 Mgal/d per year from 1970 to
1975, leveled off to an increase of only 2.5 Mgal/d per year to 1977, and
then increased about 42 Mgal/d per year from 1977 to 1980 for a total of
2,997 Mgal/d reported in 1980. Even though thermoelectric power production
uses more total water (fresh and saline), it uses an average of 62 percent
less freshwater than the 2,997 Mgal/d withdrawn for irrigation. Water used
for irrigation does not indicate a trend for the amount applied per acre
each year, which depends on rainfall during the growing seasons, but pri-
marily represents an increase of land irrigated over the years. Irrigation
by counties in 1980 is shown in table 8 and figure 13. Included in the
amount of water withdrawn from the source is the conveyance loss, if any,
in addition to the amount applied. On land where the actual pumpage is not
measured or metered, the amount of irrigation applied to each type of crop
was determined by multiplying the acreage times the number of irrigation
applications during the 1980 growing season, times the depth in inches for
each application. The results of this computation were divided by 12 to
obtain acre-feet for the period as reported in table 8. On smaller farms
or groves, irrigation is estimated where no records exist. These estimates
are made from records for farms or groves in the area irrigating the same
type of crop. The amount of irrigation varies greatly with rainfall, types
of crops, farming practices, soil types, source and cost of water, and so
forth. 1In general, vegetables and sugarcane receive the most irrigation
and pasturelands the least. On the average, for all types of irrigation,
19.7 inches of water was applied in Florida during the growing seasons in
1980. The average amount of annual application has varied: 17.4 inches in
1970, 20.9 inches in 1975, and 20.0 inches in 1977.
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Figure 13.--Irrigation water use (including conveyance losses), by counties, 1980.
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In some areas of the State, particularly south Florida, irrigation
water is conveyed by open ditches from the source, which may be several
miles from the crops. Because of the distance of open ditch, the convey-
ance loss due to seepage and evaporation is large. This amount must be
subtracted from the amount withdrawn to determine the actual amount
applied. It is estimated that about 50 percent of this conveyance loss,
shown in table 8, is consumed and the remainder is returned to the aquifer
for reuse. Thus, the estimated amount of water used for irrigation is the
amount withdrawn from the source during the year.

Climatic conditions, particularly seasonal and annual variations in
the amount and distribution of rainfall, influence both quantity and dis-
tribution of water used for irrigation. Seasonal variation and distribu-
tions of rainfall range from 5 inches in the south during December through
February to more than 24 inches in southern and west-central Florida during
June through August (Hughes and others, 1971). Rainfall records for 1980
ranged widely. Annual rainfall for three gages in the Panhandle of Flor-
ida, (Tallahassee, Pensacola, and De Funiak Springs) averaged 58.16 inches
while rainfall in the northeast and central areas of the State averaged
only 40.72 inches (for Jacksonville, Gainesville, Orlando, and Tampa) or
about 18 inches below the long-term average. In the south the average was
just slightly above normal at 60.12 inches (for Fort Lauderdale, West Palm
Beach, and Loxahatchee). To get the true effect of rainfall on irrigation
would require a careful study of weekly amounts during the growing seasons.
The below normal amount of rain in the northeast and central area increased
irrigation demand. In general, the below normal rainfall in the 28 coun-
ties of the northeast and central areas showed an increase in irrigation of
248 Mgal/d between 1975 and 1980; whereas, the 17 counties in the south
area with slightly above normal rainfall in 1980 showed a decline of 137
Mgal/d; in the remaining 28 counties in the panhandle with near normal
rainfall there was an increase of 25 Mgal/d.

Palm Beach County again reported the largest number of areas irrigated
(542,500) and the most water used was, 687,800 acre-feet or 614 Mgal/d.
This one county had almost 27 percent of the acres irrigated, and uses more
than 20 percent of the total water used statewide for irrigation. Con-
versely, Franklin, Gulf, Liberty, Wakulla, and Washington Counties did not
report more than 5,000 gallons per day used for irrigation (the minimum
accepted for reporting) and are shown as zero in table 8.

The Soil Conservation Service (SCS) and other agricultural agencies
usually report water use for irrigation on the basis of optimum use for
crop requirements determined by Blaney-Criddle or other methods. On a
long-term average, the results obtained by the different approaches should
be reasonably consistent, although the total quantity of water withdrawn in
a year in most cases usually exceeds the optimum use.

Consumptive Use
Consumptive use for irrigation was computed by multiplying the amount

of water applied times the consumptive use coefficient estimated for each
area. The consumptive use coefficient used generally range from 0.30 to
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0.90 of the water used for irrigation (the State average was 0.50). In a
few counties the coefficient was 1.00 and in others as low as 0.10. Some
of the factors that affect consumptive use are the type of soil, crops,
irrigation system and frequency and amounts for each application, along
with temperature, wind, and humidity. The total consumptive use for irri-
gation in Florida in 1980 was estimated to be 1,530 Mgal/d, or about 1.3
million acre-feet per year, which includes about 18 Mgal/d consumptive use
from the 35 Mgal/d conveyance loss.

Thermoelectric Power Generation

Water-use data are presented for thermoelectric power generating
plants in 30 counties. Included are the amounts of fresh and saline water
used by power generating plants in each county for cooling water and other
plant uses. The amount of water consumed, both fresh and saline, is com-
puted and reported separately for each county. Even though thermoelectric
plants are the second largest user of freshwater, 1,859 Mgal/d in the
State, they consume less than 2 percent of the water and return more than
98 percent of the total water used.

Also included is the average annual generation of power in millions of
kilowatt hours for each county where electrical power is generated. In
1980, a statewide total of 129.4 billion kilowatt hours of electricity were
generated.

Source and Reliability of Data

Estimates of water use for cooling and other plant uses by thermoelec-
tric powerplants were obtained by personal communication with power company
officials. This water was largely self-supplied, although small quantities
were obtained from public supplies. The water used was based on pumping
records or power production records and considered reliable.

In Florida, all the electrical power generated is from thermoelectric
plants with the exception of one hydroelectric plant at Chattahoochee. The
thermoelectric plants use one of three types of energy: oil, coal, or
atomic power to produce electricity. Most of these plants use large quan-
~tities of water in producing electricity by passing water once through

their cooling condensers. The trend today is for the plants to recycle
water in their plants by the use of cooling ponds, cooling towers, and
canals. For the plants that have converted to recycle water only, the

makeup water is withdrawn from the source.

Florida has 51 active, large thermoelectric power generating plants.
Several of these plants are in sparsely populated counties such as the
Crystal River powerplant in Citrus County or the powerplant in Wakulla
County. These plants use large amounts of water, so the per capita use for
all water withdrawn in the county could be misleading. However, in 37
counties, or more than half the counties in the State, no electric power is
generated; they depend on their neighboring counties for electrical power.
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Water Withdrawn

Most thermoelectric power generating plants in Florida are along the
coasts where large quantities of saline or brackish water can be withdrawn
from bays or estuaries for once-through cooling with no recycling. Today,
some of these plants are also recycling saline water with the use of cool-
ing canal systems.

During 1980, water withdrawn for thermoelectric power production
totaled 15,688 Mgal/d which included 13,840 Mgal/d of saline or brackish
water. These powerplants also used 10.4 Mgal/d of freshwater for other
purposes such as boiler feed, domestic uses at plants, and irrigation (lawn
sprinkling of plant grounds). The total water used by plants for cooling
and other purposes is shown in table 9. The freshwater withdrawn for power
generation is shown in figure 14. The total saline and brackish water
withdrawn for thermoelectric power production including 57 Mgal/d saline
water used for cooling by a few other industries is shown in figure 15. As
shown in table 9, nearly 100 percent of the water withdrawn in 1980 was for
cooling, of which 88 percent was saline water and the remaining 12 percent
or 1,848 Mgal/d, was freshwater. The largest ground-water withdrawal for
cooling was 79 Mgal/d of saline water reported in Monroe County and 39
Mgal/d of fresh ground water reported for Nassau County. Six counties have
thermoelectric power generating plants (Escambia, Jackson, Lee, Polk,
Suwannee, and Volusia) that used large amounts of fresh surface water (more
than 100 Mgal/d) for generator cooling. The two counties using most water
for power generation are Lee, using 486 Mgal/d, and Escambia, using 336
Mgal/d. Seven counties (Brevard, Broward, Citrus, Dade, Duval, Hills-
borough, and Pasco) all along the coast, used more than 1,000 Mgal/d of
saline or brackish water for generator cooling. Of these counties, the
largest user was Dade with an estimated 2,200 Mgal/d and Hillsborough with
2,180 Mgal/d. The Dade County thermoelectric power generation water-use
data were not available at the time data were compiled in this report;
therefore, the amount was estimated from 1978 water-use data.

Power production by thermoelectric power generation plants in Florida
during 1980 totaled 129.4 billion kilowatt-hours, which is 226 percent
larger than the 57.3 billion reported by Pride (1973, p. 20) for 1970, but
4 percent less than the 134.9 billion reported in 1977. This reduction in
kilowatt-hour use was attributed to the gross increase in the cost of
electricity and the conservation of use by the consumer between 1977 and
1980.

Consumptive Use

The quantity of water consumed or evaporated by cooling systems of
thermoelectric power generating plants is directly related to the quantity
of electric power generated. However, the relation between the two varies
seasonally with meteorological conditions and also with the type of power-
plants and type of cooling system used. No attempt was made to distinguish
between quantities of electrical power generated by different combinations
of thermoelectric powerplants and cooling systems. Consequently, consump-
tive use of cooling water was estimated for most plants on the average
annual consumption rate of 0.00105 Mgal/d per million kilowatt-hours, or
about 1,000 gal/d per kilowatt hour. This amount reported is slightly less
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