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SOME ASPECTS OF THE AVAILABILITY OF

WATER FROM THE EVERGLADES TO THE EVERGLADES NATIONAL PARK, FLORIDA

by

J. H. Hartwell
ABSTRACT

Much of the natural overland flow to the Everglades National Park entered
Shark River Slough. The Slough is at the lower end of the Kissimmee-Lake
Okeechobee-Everglades drainage basin whose upper tributaries are to the north
near Orlando, Florida. Under natural conditions water from Lake Okeechobee
generally overspilled to the Everglades at a stage of about 17 to 18 feetl mean
sea level., Beginning about 1882 the natural pattern of flow in the Everglades
was changed gradually by construction of drainage canals. Major construction
of levees, canals, pump stations and control structures occurred in the period

from about 1906 to 1963,

Two l2-year périods, 1940-51 and 1952-63, were selected by which to
compare rainfall and runoff. The first period was a time of virtually no
change in water control works. The second period was a time of progressive
construction of control works. Rainfall in the first period was generally
less than in the second., Outflow from Lake Okeechobee to the Everglades in
the first period (5.4 million acre-feet) was more than in the second
(1.5 million acre-feet). Contrarily, flow to Shark River Slough increased

from 2.4 in the first period to 5.1 million acre-feet in the second.



Runoff eastward to the sea from the major canals during the first
period was more than during the second period. This reduction in runoff
of fresh water to the sea was in part a result of completion of the levee
system east of the three conservation areas in 1953, This levee system
intercepts water that formerly flowed eastward and routes it southward
through the Everglades to Shark River Slough. Also, other new drainage and
water control works along the coastal ridge and better water management by
the Central and Southern Florida Flood Control District played a part in

this reduction.

It is concluded that part of the increase in flow to Shark River Slough
was caused both by the increased rainfall and the reduction in flow to the

sea through the coastal canals,



INTRODUCTION

The well being of the biologic communities of the Everglades Natiomal
Park'depends upon the seasonal distribution of water. Historically, this
water came from rainfall over the park and from uninterrupted overland flow
from the north. The overland flow is mow controlled by a series of levees,

which form comservation areas, and by control works that regulate the flow.

Questions have arisen as to the effect of the levees, conservation
areas and associated water control works on the overland flow of water to
the Everglades National Park. In order to provide some measure of the change
in runoff, two 12-year periods, 1940-1951 and 1952-1963, were selected to
compare rainfall and runoff. The first 12 years (1940-1951) was considered
to be a period of no change in water control works. The second, equal period
(1952-63) embraced a time span during which control works were progressively
being built, The available hydrologic data were insufficient to adequately
account for all water movements within the system. As a background, a brief
description of the pristine drainage conditions in south Florida and of
those man-made water control works that directly affect overland flow from
the nmorth intc the park are portrayed. Accordingly, hydrologic data were
selected which encompassed the 24-year period in order that a comparative,

though not necessarily a precise, index of change could be portrayed.

One of the objectives of the program in cooperation with the National Park
Service is to analyze the hydrology of Everglades National Park to define
historical water conditions. This report was prepared to meet part of that

objective.



NATURAL DRAINAGE CONDITIONS

Under natural drainage conditions, the region that now comprises the
Kissimmee River, Lake Okeechobee, and the Everglades was a single drainage
system (Parker and others, 1955). This 9,000 square-mile area is about
200 miles in length from the headwaters nmear Orlando southward to the

Gulf of Mexico. The average width is about 45 miles.

The elongated shape of this drainage area and the normally erratic
rainfall distribution indicate that the duration and magnitude of water
flow, at a given time, varied from place to place in the bhasin. It is
probable that in this extensive area events of flood and drought occurred
concurrently. At some locations in the drainage basin, complete cessation
of overland flow probably occurred and persisted for either brief or extended
periods, while in other places, moderate to heavy flows occurred. In
general, however, the flow was southward from the upper end of the Kissimmee
drainage to the coastal marshes at the s outhern tip of Florida (see

figure 1). The boundaries of the physiographic regions shown in figure 1

can only be generally defined. The Everglades National Park is at the lower

end of this drainage area.
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Certain features of the natural drainage system in the Everglades permit
generalization of the probable early water condition, even though hydrolegic
records are virtually nonexistent., Under natural drainage conditions, Lake
Okeechobee acted as a temporary storage area of the southward flow of water
from the Kissimmee River and other smaller tributaries, At a lake stage of
about 15 feet above msl (mean sea level), spillage cocurred at a few isolared
points along the southern shoreline of the Lake (Parker and others, 1955).
General overflow occurred at 17 to 18 feet above msl, and the water flowed
slowly, almost imperceptibly, southward through the dense grassy vegetation
of the Everglades. The entire Everglades became inundated as a result of

excessive rainfall and overflow from Lake Okeechobee.

In the reach from Lake Okeechobee to the Tamiami Canal, the average slope
of the ground surface is about 0.15 foot (less than 2 inches) per mile.
Essentially, the water surface in this stretch of the Everglades closely
parallels the ground surface. Movement of water was and is slow becausa
of the flat water slope and the additional retardation of flow by the relati-
vely dense vegetation. The water slope does not remain constant under all
conditions, however, and usually the greater the water depth, the steeper
the slope and the faster the velocity of the water. In general, the velocity
of flow in the Everglades ranges from less than 0O.005 fps (foot per second)

to about 0.1 fps.
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Although predrainage estimates of flow in the Everglades have been
made, none are considered to be reliable. The highest calendar year
discharge that has been measured by the U, 5, Geclogical Swvey in the
reach along the Tamiami Canal from Levee 30 to Monroe, 18 to 58 miles
west of Miami, was 1.7 million acre-feet in 1960, Predrainage estimates

of discharge have been considerably greater than the 1960 discharge.

One interesting physical feature of the drainage is the transverse
glades. These glades cross the Atlantic Coastal Ridge in an east-west

direction at many locations. They are shallow sloughs that permitted

water to discharge from the Everglades to the sea, as indicated by figure 1,

especially during wet periods. Transverse glades are illustrated by figure 2,

a photograph of a part of Long Pine Key, 6 miles west of the main entrance
to Everglades National Park. The transverse glades in figure 2 are oriented
north-south, wheresas most transverse glades, 2as indicated by the arrows on

figure 1, are oriented east-west. Topographic maps indicate that the elevation

of the ground in these transverse glades is lower than the adjacent land on
either side of their water courses, but the lowest transverse glade
elevation is somewhat higher than the ground level of tie proximate
Everglades. The fact that the sloughs are identifiable flow channels
indicates that recurrent flows took place. When water discharged through
these transverse glades, the concurrent depth of water in the Everglades was

much deeper than that in the transverse glades. High water discharge,

12



Approximate scale: 1 inch equals 5,000 feet.

Figure 2.--Acrial photograph identifying transverse glades on Long
Pine Key in Everglades Natiomal Park, 1964.
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represented by the greater depth of water in the Everglades in predrainage
times, could have formed the tramsverse glades by fluvial erosion. This
physiographic evidence, coupled with the knowledge of water slopes,
indicates that the southward flow of water in the Everglades was, at times
in the past, greater than those observed since the beginning of the col-
lection of continuous hydrologic records in 1939, MNo comparison of the
water depth in the transverse glades today can be made with depths under

natural conditions,as most transverse glades now are the sites of canals.
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DRAINAGE CHANGES

Many water-control works have been constructed in central and
southern Florida that have modified the natural flow in the Everglades.
In this report, it is not intended to document construction of all canal
and control works that have altered the flow in the Everglades, but
rather to mention only those that caused major changes in the flow
patterns to Everglades National Park. The first change in drainage
was the construction of a 17-mile long canal from Lake Flirt (non-existent
today), just east of La Belle, to Lake Hicpochee. This canal was
constructed during the period July 1882 to January 1883 to connect the
upper tributaries of the Caloosahatchee River with Lake Okeechohee for
the purpose of providing water transportation from Fort Myers to Kissimmee.
This canal also served as an outflow channel to drain water from Lake
Okeechobee to the Gulf of Mexico. Owing to the small size of the canal
and to shoal and vegetation constrictions, the discharge capacity of this
canal was probably less than 5 percent of the present day Caloosahatchee

Canal (inferred from Heilprin, 1887).
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The completion, in 1912, of the North New River Canal from Lake
Okeechobee to the head of the New River created a major interruption of
natural flow to the south by collecting and diverting the water eastward
that flowed southward. The Miami Canal, which was dug at about the same
time, created an additional eastward diversion. Despite these diversions,
come of the water from the Lake Okeechobee area continued to flow southward

during periods of high water. Unfortunately, no records of water movement

that might have been made in those early years are known to be available,
except for several miscellaneous discharge measurements made by the
U.S. Geological Survey in 1913.

Between the mid-1910's and prior to the start of construction on works
of the Central and Southern Florida Flood Control Project in 1950, several
other canals and levees Qere built. Foremost of these were the Lake
Okeechobee levees, the St. Lucie Canal, dredging to increase the discharge
capacity of the Caloosahatchee Canal, and the construction of several canals
through the Atlantic Coastal Ridge. Most of these works were designed to
prevent flooding and to provide local drainage. The Tamiami Trail (today's
U.S. Highway 41), opened in April 1928, was constructed from borrow
material excavated from land parallel and adjacent to the north shoulder
of the roadway. This continuous borrow excavation,extending below the water
table,created the Tamiami Canal. The Canal acted as a collector of overland
flow from the morth and conveyed the water to the nearest bridge or culvert
under the Tamiami Train through which the water resumed flow southward.
These bridges or culverts were placed less than a mile apart. At present, in
the study area, the reach of the canal where the flow is eastward rather

than southward is east of Levee 30, éee figure 3.
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Many contrel works have been completed thus far, under the Central
and Southern Florida Flood Control Project, Of significance to the control
of water that naturally flowed into Everglades National Park was the
completion of the structures around Conservation Area No. 3. The progress
of construction of water-control works in the vicinity of Conservation Area Na, 3

is shown in figure 3. The date at the top of each of the six illustrations

refers to the year(s) during which the labelled Structures were completed.
For those works that were not inclusive in the designated vear(s), the vear
of completion is shown in parentheses. Figure 3 shows that the construction
of the Central and Southern Florida Flood Control Project began in 19572.
It can be seen that by the end of 1963 Conservation Area No, 3 wag almost
completely enclosed by levees and that several pumps and gated structures
were in place to move water to and from the area., The §5-12 structures at
the south end of Conservation Area No. 3 were completed in 1962 and these
structures control the flow of water from the conservation area to |
Everglades National Park.
ANALYSIS OF HYDROLOGIC INFORMATION

The Geological Survey started to monitor water flow cont fnucusly in south
Florida in late 1939, Records of daily discharge have been acquired at several
locations in canals since the inception of the Survey's cooperative investi-
gations of water resources, Concurrently, the U.S. Weather Bureau and other
wiater oriented agencies and individuals have gathered records of rainfall and

discharge.
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The following analysis of rainfall and runoff is based on data
from hydrologic stations having continuous record from 1940 to 1963. TFor
comparison, the data are separated into two l2-year periods. Twelve-year
periodswere selected because continuous discharge data were available for
only 12 years prior to the beginning of construction. A period of
similar length after comstruction began was chosen to have equal

periods for comparison,

Total rainfall and average seasonal variability for each 12-year

period are shown In figure 4 for the four major phvsiographic regions

of south Florida, The rainfall stations listed on figure 4 were selected
because they had continuous records for the 24-year period of evaluation

and because of their geographic distribution. The two 12-year mean

rainfall values for each region are not intended as quantitative measures of
runocff, but rather as indices of the total water avallable for both runoff
and evaporation. In the Kissimmee, Everglades, and Big Cypress Swamp regions
rainfail during the first period was appreciably less than during the second
period. The annual regiomal rainfalls used in figure 4 are illustrated in
figure 5. The dashed line on figure 5 represents the average for each

12-year period,
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Water in the Everglades comes from Lake Okeechobee and from rainfall
on the area. An attempt was made to compute inflow-outflow relations for
the Everglades for the two l2-year periods, but, owing to the incompleteness
of some hydrologic information, the results were inconclusive. However,
annual outflow from Lake Okeechobee to the Everglades, as a measure of
available water, was found to be expressible in an equation as:

Op = Iy, + P, - B, 4 5

Og O¢c

where Op = Outlow to the Everglades
I;, = Inflow to Lake Okeechobee
P; = Rainfall on the lake
Ej, = Evaporation from the lake
§;, = Change in lake storage
0g = Outflow through St. Lucie Canal

Oc = Outflow through Caloosahatchee Canal

By applying this equation, the net outflow was computed for each year in the

period 1940 to 1963, and the results are presented in Table 1.
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The values in Table 1 were compiled, for the most part, from records
of the Gaological Survey. The outflow to the Everglades (Og) is the
computed sum of the net discharge from Lake Okeechobee. This outflow is
primarily into the Miami, North New River, Hillsboro, and West Palm Beach
Canals, but some outflow was into the many ungaged culverts on the south-
ern perimeter of the lake. The inflow (I;) is the sum of the neasured
discharge from the Kissimmee River, Fisheating Creek, Taylor Creek, and
estimated inflow from the ungaged areas adjacent to Lake Okeechobee. The
change in lake storage from year to year was computed from records publish-
ed by the Geological Survey. The figures for rainfall minus evaporation
were compiled from U. 5. Weather Bureau records and reports of the U. 5,
Army Corps of Engineers. Evaporation from the lake varies slightly from
year to year and averages about 1.4 million acre-feet or about 3.5 feet of
water depth over the normal area of the lake, according to the Corps of
Engineers (1967). The Corps (1967) also reports that an average of about 4.0
feet of rain falls on the lake annually. This annual rainfall is somewhat
less thanm that which falls on the surrounding area, but the smaller amount
can be generally attributed to the presence of less cloud cover over the
lake. The outflows through the St. Lucie and Caloosahatchee Canals are from
records furnished by the Corps of Engineers and published by the U. 5.

Geological Survey.

The yearly outflow from Lake Okechobee o the Everglades, as listed in

Table 1, is illustrated in figure 6. In 3 of the 12 years during the
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period 1940-1951, the net flow was toward the lake, as compared with 5 years
during 1952-63. 1In Table 1 and figure 6, the values of outflow (Og) from
Lake Okeechobee that are prefaced by a negative sign indicate that the net

flow was reversed, that is, from the Everglades to Lake Okeechobee.

Of significance is the net cumulative amounts of discharge from Lake
Okeechobee to the Everglades for each of the two 12-year periods. During
the first period 1940-51 the net outflow was 5,422,000 acre-feet. During
the second 12-year period 1,518,000 acre-feet was directed toward ;he

Everglades or about 30 percent of the flow of the first period.

Another factor in the hydrologic amalysis in south Florida is the discharge
to the sea through the major coastal canals: the West Palm Beach, the
Hillsboro, the North New River, and the Miami. These [lows, shown éﬂhematical-
ly in figure 7, represent a major part of the runoff to the sea during the two
12-year periods, The summarization shows that the total runoff to the sea
through the coastal canals was less during the second 12-year period than
during the first. The reduction in runoff of 5.8 million acré—feet in the
designated coastal canals more than offset the increase of 3.1 million acre-

feet of runoff to the sea through the St. Lucie and Caloosahatchee Canals.

There are several possible reasons for the differences in coastal canal
runoff in the two l2-year periods. The decreased runoff for 1952-63, as

compared with the earlier period, 1940-51, may be due in part to the slight
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decrease in rainfall on the coastal ridge (fig. 4). Apther factor is the
improvement and construction of several additional camals through the coastal
ridge in southeast Florida during the period 1952-63,which intercepted some
of the runoff that previously drained through the designated coastal canals.
Also, better control of flow in the coastal canals as a result of the levec
systems to the east of the three conservation areas and other new control
works of the Central and Southern Florida Flood Control Project were signi-

ficant factors in the reduced runcff.

Other, l2-year discharges shown on figure 7 are those from the Big
Cypress Swamp and those into the Shark River Slough. This overland runoff
enters the Everglades Natiomal Park at the park's northern boundary. The
values for the Big Cypress Swamp were computed from records of the Geological
Survey's gaging station, Tamlami Canal outlets, 40-mile bend to Monroe, Fla,
The discharges into Shark River Slough were computed from a summation of
records for the gaging station; (1) Tamiami Canal outlets, levee 30 to
levee 674, near Miami, Fla., and (2) a major portion of the flow for Tamiami
Canal outlets, levee 67A to 40-mile, near Miami, Fla., A more detailed

description can be found in a report by Hartwell (1963).

The scasonal discharge to the sea for the two 12-year periods is shown

In figure 8. Depicted are the dry season and wet season flows, the dry

season extending from November to April and the wet season from May to

October. The dry season discharge comprised 46 percent of the total outflew
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Figure 8. Distribution of discharge to the sea in the dry and wet
seasons through the six canals shown in figure 7. Shaded
part represents the dry season.



during the period 1940-51 and 42 percent in the latter period, A more
detailed distribution of wet and dry season flows is shown in figure 9.

It can be seen that during many years, the dry season discharge was
greater than the wet season discharge in some of the canals. The dry
season flow through the S5t. Lucie and Calocosahatchee Canals reflects the
effort to maintain the water level in Lake Okeechobee within the limits of

a regulation schedule.

As interpreted from the 12-year averages, see Table 1, the ocutflow
from Lake Okeechobee to the Everglades during the second period (1952-63)
was about one-third that during the first period. On the other hand, the
average flow across the Tamiami Trail to Shark River Slough during the second
period was more than double that of the first period. This indicates that
the increased flows te Shark River Slough resulted from factors other than

outflow from Lake Okeechobee.

Figure 10 depicts the cumulative discharge from Lake Okeechobee to the

Everglades and that through the Tamiami Canal outlets to Shark River Slough

29



ot

DISCHARGE , THOUSAMDS OF ACRE-FEET

elule)

500

2000+

1000

500

NORTH NEW RIVER CAMAL MIAMI CANAL

HILLSBORO CANAL WEST PALM BEACH CAMNAL

ST. LUCIE CANAL CALOOSAHATCHEE CANAL

50 55 60 63 1940 45 50 55 80

Figure 9,

Annual discharges to the sea through six major canals in
south Florida, The black part represents the discharge in
the dry season {November through April) when, on the
average, less than 20 percent of the amnual rainfall occurs.




CUMULATIVE DISCHARGE ,MILLIONS OF ACRE-FEET

FROM LAKE OKEECHOBEE —

TO SHARK RIVER SLOUGH
- FROM TAMIAMI| CANAL OQUTLETS
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50
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Figure 10. Cumulative water movement between Lake Okeechobee and
the Everglades and that through the Tamiami Canal outlets
to Shark River Slough, 1940-63.

54 .4



from 1940 to 1963, The graph indicates a trend of increased flow to Shark
River Slough and decreased flow from Lake Okeechobee to the Everglades. These
trends indicate that the increase in flow to Shark River Slough was probably
the result of an increase in rainfall and a reduction in runoff to the sea

through the coastal canals.,

Records of rainfall were analyzed to determine the significance of the
increased rainfall in the second period,as depicted in figure 4. The rainfall

values listed in Table 2 are the average of the following "index" stations:

North New River Canal 2 (Pump Statiom 7), Pennsuco 4 N.W., and Tamiami

Trail 40-Mile Bend.

These stations weve selected as indexes because their period of record
extends through 1940-63 and,more importantly because of their geographic
distribution in relation to Conservation Area No. 3. The average of the rain-
fall at the three stations in either l12-year period is not presented as an
actual amount of rainfall om the entire conservation area, but is used to
compare general rainfall amounts received during the two periods. From Table 2,
the aggregate 12-year rainfall for the period 1952-63 was 85.86 inches
greater than in the period 1940-51. This would represent an average increase
of 7.2 inches annually in the second 12-year period. For comparison, such an
increase is approximately 30 percent larger than the 5.5 inch average computed

for the entire Everglades region,as shown in figure 4,
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Table 2, Average vearly rainfall on Conservation Area No, 3

Rainfall Rainfall
Year inches Year (inches)
1940 59.57 1952 51.62
1941 57.28 1953 67.51
1942 53.45 1954 59.98
1943 49,88 1955 52.66
1944 45 .49 1956 51.85
1945 46 .55 1957 73.84
1946 41.62 1958 65.69
1947 | 76 .94 1959 74,02
1948  ss.83 1960 67.60
1949 52.59 1961 44,00
1950 54.96 1962 55.77
1951 _39.13 1963 _57.61
Total 636.29 Total 722.15
1940-51 Average 53.02 1952-63 Average 60.18
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The U. S. Corps of Engineers (1968) made an analysis of the rainfall
on the same general area for the two 12-year periods, beginning in 1940
and 1952, Records of differing lengths from nine stations for the first
l2-year period were compared with records of differing lengths from 16
stations for the second lZ-year period. The Corps of Engineers, written
COmmuniqation (1969), found that rainfall during the second 12-year period
was greater than the first but only by 1.87 inches per year. 1In the
Corps report (1968, Appendix 1, page C-32), they concluded that "Comparison
of two l2-year periods beginning in 1940 and 1952 shows that rainfall during
the two periods was essentially equal." For this report, it was decided
that the three index stations provided a more valid comparison of the two
12-year periods,for they were the only representative stations with

observations for the full, 24-year peried.

The effect of an increase in vearly rainfall of 7.2 inches would be an
addition of 4,2 million acre-feet of water to Conservation Area No. 3
(A and B) in the second 12-year period, As shown on figure 7, flow into
Shark River Slough during this period was 5.1 million acre feet, 2.7 million
acre-feet more than it was during the earlier period, The difference of
1.5 million acre-feet between rainfall on Conservation Area 3 and runoff
from Conservation Area No. 3 during the second 12-year perjiod can be at-
tributed largely to evapotranspiration losses, for the yearly evapotranspi-
ration exceeds 40 inches in most years (Parker and others, 1955). As the
evapotranspiration probably amounted to more thanm 1.5 million acre-feet,

a part of the increased flow to Shark River Slough resulted, at times,
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from a southward diversion caused by the completion, in 1952, of levees

37, 33, 30, and 31N,as shown on figure 3.

The levee system east of the three conservation areas intercepts water
that formerly flowed eastward and routes this water southward through the
Everglades toward the Shark River Slough., This water formerly discharged
to the Atlantic Ocean through the major coastal canals. As shown in
figure 7, flow to the sea was 5.8 million acre-feet less in the second l2-year
period than in the first,and some of the increase in flow to Shark River

Slough probably was the result of the reduction inflow to the sea.

A similar rainfall-runoff comparison for the Big Cypress Swamp area shows
that an annual increase in rainfall of 4.7 inches in the second period
resulted in a 1.0 million acre-feet increase in runoff. Although rainfall-
runoff comparisons are, at best, inferences,an increase in discharge for
both the Big Cypress Swamp and to Shark River Slough reflects the
increase in rainfall in the second 12-year period. Ir is therefore concluded
that the increased discharge to Shark River Slough during the period
1952-63 resulted from both the increase in rainfall on Conservation Area

No. 3 and the reduction in flow to the sea.
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SUMMARY AND CONCLUSIONS

Hydrologic information was evaluated to detem ine the source of water
in south Florida that flowed from the north into Everglades National Park.
In particular, consideration was given to overland flow of water to the

park.

A comparison was made of discharges at several locations for two,
12-year periods, 1940-51 and 1952-63, The first period was prior to the
construction of water control works for the Central and Southern Florida
Project. The second period covered the time during which control works
were progessively being built. Discharge from Lake Okeechobee to the
Everglades was 5.4 million acre-feet for the period 1940-51 and 1.5 million
acre-feet during 1952-63, In spite of the reduction in flow from Lake
Okecechobee to the Everglades in the second period, the flow to the Everglades
National Park into the Shark River Slough was 2.7 million acre-feet greater
in the second period than during the first period. An increase in rainfall on
Conservation No, 3 in the period 1952-63 probably contributed significantly
to the increased discharge to Shark River Slough, but some of the increase
in discharge apparently resulted from new control works of the Central
and Southern Florida Project,which reduced flow to the sea through the coastal

canals.
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