476 WATER RESOURCES IN SOUTHEASTERN FLORIDA

~ SPECIAL STUDIES

STORAGE CAPACITY OF RESERVOIR

In the winter and spring of 1939, drought conditions prevailed,
salty water moved far up Miami Canal, and some of the supply wells
of the city of Miamibecame contaminated, Therefore, when drought
conditions caused significant inland movement of salty water in
March 19242, and when the flow-of Miami Canal dropped below 400
cfs (the amount necessary to hold the salty water below NW, 36th
Street), the gates in County Line Dam were opened,

The five gates were openedin the periods March 23—April 7, and
April 11-16, 1942, A study was made to evaluate the amount of
water released at the dam and to determine how much of the water
reached the critical areain Hialeah. It was evident, however, that
factors, suchas varying tidalbackwater, and rainfall, were serious
obstacles to an accurate evaluation,

During the period that the gates were open, about 7,100 acre-ft
of water passed downstream (not including basic leakage through
the dam). Of this, roughly 3,600 acre-ft, or about half, reached
the Hialeah area. This flow increased the discharge at Hialeah to
above 400 cfs and caused a small retreat in the salt front. The
experiment and associated study came to an abrupt halt April 16,
when heavy rainfall drenched the drainage area and thus ended the
necessity for augmented flow in Miami Canal for a while.

The experiment started with a stage of 6,6 ft above County Line
Dam, which, in view of later drought experiences, was relatively
high, At this time, water conditions in the areabelow the dam were
moderately low, and the fact that as much as half of the flow reached
Hialeah can be attributed to this condition, Most of the remainder
of the water released at the dam was lost by outseepage in the 6-mile
reach between the dam and Pennsuco.

When County Line Dam was opened during more serious drought
conditions in succeeding years, it was found that very little of the
released water reached Hialeah, and it was determined that most
of it was dissipated above Pennsuco. The only benefit then was a
temporary slow-down of the rate of water-level decline in part of
the drainage area,

The experiment at County Line Dam furnished an opportunity to
rate the control gates of the dam and to evaluate the quantity of
available storage above the dam in the canal channel and in the soils
and rocks of the reservoir area. A series of discharge measure-
ments, made while the gates were open, furnished the data evaluated
in figure 137, The amount of storage that is shown was computed
above an arbitrary base of 2,5 ft, with all five gates open. The
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Figure 137, —Graph of available storage in reservoir area of Miami Canal above County Line
Dam and rating of control gates in dam,

has stabilized after the gates have been opened. The main achieve-
ment of the study was the measurement of the storage magnitude.
Prior to this study, an evaluation had been considered to be im-
possible because of the indeterminate area of the reservoir and the
tributary drainage basin,

It will be noted that the storage curve nears the horizontal at a
stage of about 7 ft, thus indicating a large increase in available
storage. Althoughobservations were not made at this higher level,
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the assumption is valid, because the reservoir area becomes in-
undated at stages of about 7 ft. Then the reservoir is replenished
from the north and west from the Everglades and is connected with
the great shallow river that exists during wet periods, Here, the
effect of withdrawalsis that of diversionsfrom a large river; while
the river exists, the rate of withdrawal from storage is limited
only by the capacity of the control gates and of the canal channel
above them,

The lower part of figure 137 presents the rating for the gates in
County Line Dam. The flow for a given headis thatoccurring after
stages and slopes have stabilized. This adjustment is significant,
and to overlook it mey lead to erroneous conclusions as to -the dis-
charge that can be expected when only the static head on the dam is
considered. In the 1942 study, the static head of 4. 1 ft was reduced
to 2.2 ft after stabilization with three gates open (the upper pool
dropped 0.7 ft andthe lower pool rose1.2 ft). Again, in a similar
study in 1943, the static head was reduced from 1.50 to 0.66 ft
(initial upstream stage was 3.7 ft) with three gates open (the upper
pool dropped 0. 41 ft and the lower pool rose 0. 53 ft).

SEEPAGE RATES AND PROFILES IN TIDAL REACHES

One of the most important factors inthe problem of water control
in the Miami area is the seepage from, or into, the porous forma-
tions through which the canals were excavated. At times, the seep-
age rate is sohigh thatcanal design is anuncertainprocedure. Any
extension or revision of water-control facilities in the future must
take cognizance of this bagic problem.

Some of the features of seepage rates along Miami Canal have
been discussedunder the heading Storage inflow reach. Figure 138
shows graphs of cumulative discharge and seepage rates on two
dates, as well as profiles of the stage. The data were obtained
during comprehensive studies of the storage inflow and tidal
reaches, Stage was recorded as six locations, the main canal dis-
charge was measured at several points, and all tributary flows were
measured, The discharge curveis plotted as a continuous line, and
the short vertical jumps in the curve show where flow from a trib-
utary enters the canal. The graphof seepage rates was dividedinto
three sections, and the breaks in slope occur because the rate was
averaged for each section.

The study of December 17, 1941, showed seepage rates of 100,
40, and 4.0 cfs per linear mile in the three sections of the reach.
Water levels were declining steadily after the fall wet period, and
none of the immediate drainage area was inundated. The total flow
at Pennsuco was 88 percentof that at Water Plant; most of this flow
was runoff from open lands and served no beneficial purpose,



1600 8
! o
I u
>
g oo / R 7Y
L&)
% "] ! E
1200 : & @
f—— [ H )
e —— H : H
E g H ovember 2t, 1940 | Discharge megsurement E
o : " L
b 1000 = - To—— 5 =2
Ll —L~._§ : o~ ~— ;
L ~———— \ Elevation E
TS -—— ‘;’J [ H o
o 8oo ; P j 4 3
m : T —— . <t
8 r | ~§~~~- \ o o . e ; -
o : AN ~~d
uf ” [ pecemt [y
I / _ ”' ecember I, 1941 =z
T apg v P T T 2 .
§ _o’:'\ o =z
5] ’-_I’ . Cumulative discharge <
2] - >
= 200 - 1 £
el i
-
L Yr
: 1 1 1 tl t |, @
. Florida
County Line Broken Russion Colony ‘Woter Plant, Horthwest 36th St,
Dam Dam Pennsuca Conal Ea;;ui?:;ﬂ Higleat womi
o 200
z2 7Y ! + { { ¥ +
-
o
Ju s
sw
et
a® o - ?
why i
gE December 17, 1941 y November 2|, 1940
o 50 —— e —— Z—
=
23 L ‘- L
=0 o i H L s [y — e i
59 (4] . 8l 62 63 B4 65 €6 &7 [:] £9 70 7 ki3 T3 T4 5 T8

DISTANCE, N MILES FROM LAKE OKEECHOBEE

Figure 138, — Graph of cumulative discharge, seepage rates, and profiles of Miami Canal from County Line Dam tc Water Plant, Hialeah, on selected dates.

WALYM dOVHNS

6LV



ELEVATION, IN FEET ABOVE MEAN SEA LEVEL

= ' | l |
| \—\-—>\ TIDAL VARIATION ON DECEMBER 30D
County Line Dam- upper &
. |
Broken Dam ey =3 1420 cubic feet per second
a4
-t
u S
s ] Minimum)“~\ | Maximum
Pennsuco 2 - N ——
< ———
wl Kean "N
s N~ <z[ o il 2T
\/\ g £ > E
o E 13 - = b3
_‘//\__ w 2 3 g % E T S a
\’\\ g g - 2 o e a é § ®
4 —=N g g £ €8 . 5@ g
Russion Colony Canat < = o & 2© * 2. =
= 5 @ @ ° o @
L =] 3 = 2]
Water Plont w o @
!/ w g
R A 2
Zz
Northwest ‘/\f\.\/\v\ ] — PROFILES
361h Streei- = & =
; r UPFH ’:z I \\-~ . November. (3th = 1510 cf5 November 13th
2 Morthwest 36th > T +
Street-lower w December 2d ey ~ b= 1420cts December 2d
W a : :
Decémber 14th Ny P 1360cts December I4th
| V)\'\ I\ Y B A N
\ 2 S
&‘-=-_
\
i [}
Biscoyne Bay 530 615 €56 664 731 751 808

NOVEMBER ] DECEMBER

Figure 139, — Graph of stages, tidal fluctuations, and profiles along lower Miami Canzl, November and December, 1945,

DISTANCE, IN MILES FROM LAKE OKEECHOBEE

08d

VANMOTd NYZLSVIHLAOS NI SEOMAOSTY WALYM



SURFACE WATER 481

Without additional control facilities, this large and useless runoff
cannot be reduced,

The study of November 21, 1940, was made during the annual
period of principal decline, but water levels generally were about
1 foot higher than during the study in 1941, Conditions were mod-
erately wet, and probably some of the basin was shallowly inundated,
The seepage rates were determined at 176, 53, and 43 cfs per linear
mile, These values were not the greatest observed during the in-
vestigation, but they were large enough to be noteworthy to those
concerned with the design of further water-control facilities, It
should be noted that 73 percent of the flow at Hialeah originated in
the open lands to the west,

BACKWATER EFFECT IN TIDAL REACHES

A steel-piling dam was in Miami Canal at NW, 36th Streetduring
most of 1945, and a breach 45 feet wide was opened in the-dam in
September, when the annual wet period started. The remaining 30
feet of the 75-foot dam caused a visible drop in stage at the dam
site. An evaluation was made of the backwater effect of this con-
striction, with respect to both stage and discharge, at Pennsuco,
9.6 miles upstream,

The data used for the special study were the field observations
presented in figure 139,

Fluctuations of Biscayne Bay usually have a considerable effect
on the level of Miami Canal in the Hialeah area, and the effect ex-
tends to varying distances farther inland, depending upon the amount
of runoff and, sometimes, uponthe amount of aquatic vegetation in
the canal. The series of stage hydrographs for the various locations
shows the diminishing inland effect.of changes in the bay level and
the increasing inland effect of general water conditions. Throughout
the 2 months of record (as illustrated), the breach in NW, 36th
Street Dam remained the same.

The stage at Pennsuco reached amaximum in mid-November (as
it reacted to accumulating rainfall) and then declined steadily to
about the end of December. The mean level of Biscayne Bay, in
the same period, fluctuated erratically, but this was not reflected
at Pennsuco because of the large runoff,

The graph of tidal variationon December 3 shows the diminishing
tidal backwater at successive inland locations, The range of tidal
backwater in one cycle at the several stations was;
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Feet
Biscayne Bay....iieeesrananenas 1. 87
NW. 36th Street:
Below dam....ccceviinaiinnnn. 1,39
Above dam,...iieeeverensnnses 1. 23
Water Plant, Hialeah.,....... .48
Russian Colony Canal........ .11
PennsucO.iiicieicieaisasccssesses « 09
Broken Dam, above dam,,., .00

The profiles for the three selected dates, shown in figure 139,
demonstrate that the reaches farther inland received a greater
amount of drainage in the period thanwas received by the reaches
nearer the coast, This typical relationship is also discussed in
the section above on Seepage rates and profiles in tidal reaches,
The relatively steep slope that existed between Water Plant and
NW, 36th Street Dam indicates a considerable degree of channel
friction, and it was one of the main reasons why tidal backwater
was dissipated so rapidly in the reach,

Asshownin the stage hydrographs (figs, 117-123), the backwater
caused by the remnant of NW, 36th Street Dam was consistently
around 0, 20 ft. Removal of the dam (thereby reducing the backwater
to about 0,08 ft at the site) would probably have had little effect
onthe stage and discharge at Pennsuco. The several stage records
in figure 139 show that sizable variations at NW, 36th Street Dam
caused little stage change at Pennsuco. There would have been a
temporary increase in discharge of less than 2. 4 percent at the
site following removal of the dam. ‘As observed in other canals
where control changes have been made, this increase would have
scon disappeared, and the discharge would have stabilized to the
same rate that existed prior to the change.

It is shown from this study that constrictions and loss of head in
Miami Canal (and in other waterways) do not affect all parts of the
canal to the same degree, Losses do occur at constrictions, but
they are not directly proportional to the degree of constriction,
and the effect diminishes in an upstream direction,

WELL-FIELD AREA

As indicated previously, the source of the municipal water supply
of Miami is ground water, but the canals near the well fields have
very important functions in the supply. One of the most important
of these functions is the supply, by seepage, of a considerable
volume of recharge to the wells,

In spite of the probability that the banks and bottoms of the canals
have become more or less coated with sediment (and therefore less
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pervious than when first excavated), large outseepage to wells has
been observed and evaluated,

Inearly 1946, as dry winter conditions developed, NW, 36th Street
Dam was closed, and pool conditions existedin the Hialeah-Miami
Springs area (site of the municipal well field). Discharge obser-
vations on March 28, 1946, showed that water was being lost by
outseepage (recharge ‘to the Biscayne aquifer) from Miami Canal
between Broken Dam and NW. 36th Street. The detailed observations
made in the vicinity of the well fields are shown in figure 140, A
significant reduction of flow occurred in Miami Canal, and flow in
most of the secondary canals was toward the well-field area., A
ground-water study, made the same date, shows that the cone of
depression in the well-field area intercepted the boundary canals,
The lowest point of the principal cone was -1.2 ft, as compared
with a level of 2,5 ft in Miami Canal.

In the computation of the total amount of water seeping out of the
canals in the vicinity of the well fields, it is assumed that most of
the 30 cfs in Miami Canal downstream from Country Club Canal
passed by leakage and seepage under, around, and through NW.
36th Street Dam. It is believed that the actual loss at the dam was
considerably less than 30 cfs, but this figure will cover the unknown
quantity of outseepage that did not enter the well field., A summation,
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then, of all the discharges show that atleast 53. 7 cfs, or 34.7 mgd,
left the canals by seepage to the well field. This is 78 percent of
the 44.4 million gallons that were pumped from the wells on that
date,

The study reported above is only for one condition, In flood
periods it is likely that the canals contribute relatively little water
to the well field, The amount of contribution during drought periods
probably is greater than the 78 percent determined for March 28,
1946,

TIDAL STORAGE OF MIAMI RIVER

In June 1946, the Geological Survey started a study of the tidal
storage of ‘Miami River to evaluate the effect of a proposed lock
and dam just above NW, 27th Avenue, at the head of the river
proper. A study was made on June 28, 1946, at the time of spring
tides (when the tidal range was the greatest in the month). The
principal data obtained are shown in figure 141.

The graphs of discharge demonstrate some of the principles of
tidal flow developedin the sections on Tidalcharacteristicsin sea-
level canals and Tidal fluctuations in Miami Canal. The basic
graphs are in the right half of figure 141. The mean discharges at
NW. 27th Avenue and SE. 2nd Avenue were nearly the same, indi-
cating relatively small ground-water inflow in the 3,8 miles of
river channel, Discharge of Miami Canal at Water Plant was 309
cfs, and that of Tamiami Canal at NW. South River Drive (close to
mouth) was about 340 cfs; which accounts for most of the 672 cfs
measured at NW, 27th Avenue.

The shaded area onthe discharge graphs represents the volume of
tidal storage at the two locations (different parts of the tide cycle
were used to dvoid conflicting shading)., Although the mean dis-
charges were about the same, the tidal storage at the upper station
(NW, 27th Avenue)was almost two=-thirds that of the storage at the
lower station, thus showingthat the greater volume of tidal storage
was above NW, 27th Avenue. '

The same discharge curves are repeatedin the left half of figure
141. The shaded area between them represents the volume of tidal
storage in the channel and banks between the two locations and is
identified as storage or release. Eachpart of this shaded area also
represents the volume of water that would flow in the appropriate
direction past SE. 2nd Avenue during one tide cycle if a dam were
to cut off all flow (including fresh-water runoff) at NW, 27th Avenue,
The net effect is plotted below the other curves,
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The computed curve furnishes a good indication of resuits from
damming the river under conditions similar to those of June 28,
1946, The computed curve has a tidal storage that is 39 percent
that of the observed storage at SE. 2nd Avenue. The maximum
computed discharge is about 40 percent of that of the observed
discharge, therefore it can reasonably be expected that maximum
current velocities in Miami River would also be reduced in about
the same degree. Of course, in wet periods, large fresh-water
runoff would cause swifter currents,

The net storage andnet meandischarges of the study donot quite
balance (a requirement of hydraulic theory), but these minor dif-
ferences may be ascribedto the errors inherent in the type of ob-
servations and their development, Of the basic phenomena of re-
versing tidal discharge that were observedand measured, possibly
the most interesting was the inland progression of the points of
reversal, The reader is referred to page 444 for a more detailed
discussion. The reversal occurred at three locations, as follows:

First reversal; pos- Second reversal; neg-

Location itive to negative ative to positive
(a m) (a m.)
Miami River at SE. 2nd Avenue,., 4:42 9:00
Miami River at NW, 27th Avenue.. 5:35 9:10
Miami Canal at NW. 36th Street.. 6:30 9:25

The first reversal of flow took 1, 8 hours to travel from the bay
to a point 5.5 miles inland, but the second reversal took only 0, 4
hour to travel the same distance, This supports the theory pre-
sented earlier to the effectthat the faster-moving second reversal
probably overtakes the first reversal.

TAMIAMI CANAL

Although it cannot properly be called an arterial canal, part of
Tamiami Canal isimportant to the water events of the lower Ever-
glades, It extends generally east-west across the State and does
not connect with Lake Okeechobee. The more important part of
Tamiami Canal is the shorter section east of Dade-BrowardLevee
that drains the westernenvirons of Miami andis closely associated
with the water problems of lower Miami Canal, The least important
part (hydrologically) is the long reach across the Everglades and
into Big Cypress Swamp. Much of the data on Miami Canal can also
be appliedto the eastern part of Tamiami Canal, including the tidal
reaches. The principal features of the drainage areaare shown in
plate 14,
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PHYSICAL DESCRIPTION

Tamiami Canal is not a drainage entity, because the greater part
consists of a borrow pit that was dug to provide fill for the famous
Tamiami Trail (U. S. Highway 41). It operates as a typical Ever-
glades canal between its mouth at Miami Canal and Dade-Broward
Levee, about 14 miles upstream. The long western part was ex-
cavated across. the tip of the State, crosses the nominal height of
land near the Dade-Collier County line and extends westward along
the Trail,

For this report, it will be assumed that the western part of
Tamiami Canal begins at Monroe, which is located about 15 miles
west of the Dade-Collier County Line. Here, the old grade of
Tamiami Trail rejoins the newer alinement and a sizable channel
extends southward from the canal to one of the bays on the Gulf of
Mexico (Chokoloskee Bay)., Tamiami Canal actually continues to-
ward the west, but no observations of flow were made west of
Monroe.

From Monroe eastward to Dade-Broward Levee (a 40-mile
reach), Tamiami Canal is unique. It is a continuous channel, ex-
cept in drought periods, but it acts more in the capacity of a col-
lector and distributor. The parallel highway fill of Tamiami Trail
south of the canal has 64 bridges in this 40-mile stretch; these
bridges range from 45 to 90 ft in length. The bridges cross shallow
stub channels that connect with the canal and extend toward the south
for about 100 ft to the edge of the highway right-of-way; however,
about a half dozen channels continue farther south,

Tamiami Canal extends 11.5 miles eastward from Monroe to a
bend that swings southeastward; then it continues 8 miles more to
40-Mile Bend, where it swings back to an easterly course. This
route runs through a sparse cypress area that marks the edge of
Big Cypress Swamp. In the vicinity of the bend east of Monroe,
the canal cuts through the highest land along its route—elevation
8 ft above mean sea level. The divide is so subtle that it is not
noticeable, but contrary to the frequent experience in the Ever-
glades, the water summit in the canal has always been close to it,

East of 40-Mile Bend, which is a principal landmark, the soil is
predominantly muck that has burnedand oxidized, thus exposing the
underlying eroded rock surface inmany areas. From 40-Mile Bend
to east of Dade-Broward Levee, the terrain is the typical sawgrass
plain of the Everglades, with few trees to relieve the flat horizon
(see fig, 27). The numerous stub lateralsare the principal feature
of the canal in this reach.

About 22 miles east of 40-Mile Bend, Krome Road Canal (another
borrow ditch) connects from the south and marks the edge of very

346881 O—55——33
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sparse developments (see pl. 15). A branch extends 2.5 miles
northward to North Line Canal, anunmaintained shallow canal that
is parallel with Tamiami Canal and extends about 12 miles both to
the east and to the west from the line of Krome Road Canal.

The southern end of Dade-Broward Levee extends across
Tamiami Canal at a point 2 miles east of Krome Road and 13.6
miles above the mouth, thus marking the boundary between the
borrow-ditch section and the working section of Tamiami Canal,
The levee extends northward about 8 miles to Pennsuco Lateral and
continues 5,6 miles farther to Miami Canal and County Line Dam,
Until 1946, pipe culverts (with inverts at an elevation of 6 ft above
mean sea level) provided drainage through the levee at higher
stages; these culverts have been removed and replaced with solid
fill, The borrow pit along the east side of the levee connects with
Tamiami Canal and acts as a lateral.

Krome Road and Dade-Broward Levee mark the western limit
of a somewhat complicated system of interconnected waterways,
which extends to the edge of Miami. Until 19486, little or no main-
tenance work was done on the canals, but since then, the larger
canals have been maintained. Snapper Creek Canal intersects
Tamiami Canal 4 miles east of the levee at the location known as
Sweetwater, The south branch of Snapper-Creek Canal extends for
12 miles toward the south and southeast to Biscayne Bay at the
southeastern corner of Coral Gables. The north branch connects
with North Line Canal about 2. 5 miles to the north, and a separate
section continues 5 miles farther north to Russian Colony Canal
(a tributary of Miami Canal), with a break about 2 miles north of
North Line Canal. '

About 4 miles east of the connection with Snapper Creek Canal
and 5.6 miles above the mouth, Coral Gables Canal connects with
Tamiami Canal from the south. Coral Gables Canal meanders 7
miles in a southeasterly directionto Biscayne Bay and lies mostly
within the city of Coral Gables.

Just east of Coral Gables Canal, Tamiami Canal turns toward
the northeast, and about half a mile below the turn, North Line Canal
and F, E. C. Canal enter from the north, Comfort Canalbranches
off toward the east 2, 3 miles above the mouth, and the entrance to-
Seminole Lake (a deep rockpit) connects from the west 0.2 mile
farther downstream, (See pl. 22.) The mouth of Tamiami Canal
is at Miami Canal 0, 3 mile above NW. 27th Avenue, Miami,

The land through which Tamiami Canal was excavated slopes to-
ward the southwest and south in the western reaches (see pls. 10
and 11), East of 40-Mile Bend, the land slopes mainly toward the
southeast. The canal is accessible by roads along, or close to, the
south bank (except for several miles of the lower reaches, near
Miami). :
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The following tabulation lists the principal {eatures along

Tamiami Canal, with cumulative mileages from the mouth at Miami
Canal,

Location Mileage

Mouth, Miami Cana]--notoll-oo.-.o-.oocou-uu.-oo--.ooo-o-o--.--ttto.. (XX} 0

Bridge, NW, South River Drive.....ccieeeeerecserssssnsisnnine cone .1
Bridge, Le Jeune Road (NW,. 42nd Avenue),..... seevnsssesasense 1.3
Seminole Lake entranCe...eeeces sasessccsasneses oo crressenees sasesenre 2,1
Comifort Canal (head)..civecavsarisesree trrversasansisosisanrasens vees 2.3
Bridge, Red Road (57th Avenue), gaging statioNiiiieevecsssese 342
Bridge, F. E, C. RAailWaY... ecoesrsennsrasrsesssnorsonnes cervereness 448
Bridge, Seaboard Railroad, F. E, C. Canalii.csciierees creens 4T
North Line Canal...cicieicesecesrresessserasevsvssssroasas vessrsenansenns 4.8
Coral Gables Canaliiiicicescecerssssssssnseanes veesesernsararensevesess Do B
Foothridge, gaging statioN..i.uiessarsssecsnsoarosissrssssoneres seess 8.1
Snapper Creek Canal, north and south......... ceeessannss vevrenens T
Dade~Broward Levee,....... reneressesessensessanassnsassssassnaseesares 1346
Krome Road Canal (north and south), State Highway 2%

(Krome Road).iivieveesersesnssrscrossaseans Chesrmpsessans crasesarinnes 18,7
Lateral south (bridge 50), gage.........uee. vessssnsanas vessassansans 22,0
Lateral south (bridge 45), gag€....ceesviereriecnnnncennes sernnsanane 24,8
Lateral south (bridge 32), gage.....cesveres creressesrnsens sessssnsss 3426
40-Mile Bend, gage, meteorological statioNiis.vecssssscsnssanes 3702
Dade-Collier County line......cssiuae terers mesesrersarns cerreennenns 41,4
Slough north and south (bridge 115), GagE...cerssresssssaserane .. 43.4
Bend., crvsennrnirrees cerrnsonernsimennrases verererans cevevssrisnnanaes 45,2
Slough ‘north and south (br1dge 105), gage ........ ceevevenses 29.2
Monroe, lateral south (bridge 96), £ag€..ci.eeeererrasesasssasacss 967
Bridge, State Highway 29 (formerly 164)...ciovcvrcessiarssnsens . 13.8

RECORDS AVAILABLE

[* Record continued after périod of this investigation. ** Slightly
lower stages probably occurred June 12-20, 1945, when both
gages were reported to be dry]

40-Mile Bend
Stage: July 1, 1940, to Dec. 31, 1946%; gage read once daily;
plotted in figures 142 and 143.
Maximum observed: 8,95 ft, on Sept, 22, 1945,
Minimum observed: 4.57 ft, on May 3, 4, 1946,
Krome Road
Stage: Nov, 10, 1939, to July 8, 1942; gage read twice daily;
daily stage plotted in figure 142,
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Maximum observed: 7.72 ft, on Sept. 30, 1940,

Minimum observed; 4, 49 ft, on May 28, 1940,

(Compare extremes with those for different period at Dade-
Broward Levee where stages are essentially the same,)

Dade-Broward Levee

Stage, west of levee: July 28, 1942, to Jan. 17, 1946; gage read
once daily; plotted in figures 142 and 143 (continues where
record at Krome Road stops).

Maximum observed: 7,65 ft, on Aug, 9, 1942,

Minimum observed:; 1,46 ft, on June 11, 1945,

(Compare with extremes at Krome Road.)

Stage, east of levee; July 28, 1942, to Jan., 17, 1946; gage read
once daily,

Maximum observed: 7.14 ft, on Oct. 10, 11, 1943,

Minimum observed: 1.42 ft, on June 21, 1945,

Qutflow to south

Discharge, through 63 connectinglaterals in 43-mile reach from
Monroe to Dade-Broward Levee: Nov. 1, 1939, to Dec, 31,
1946*; daily mean, plotted in figures 142 and 143; monthly and
annual runoff listed in tables 49 and 50.

Maximum daily mean: 2,140 c¢fs, on Sept, 18, 1945,

No flow, for extended periods in drought years.

Coral Gables, near, (footbridge 0,5 mile west of Coral  Gables

Canal)

Stage: Mar, 19, 1940, to June 30, 1943; gage read twice daily;
daily mean of readings plotted in figures 142 and 143,
Maximum observed: 6.05 ft, on Sept. 21, 1940,

Minimum observed: 1, 84 ft, on April 18, 1943,

Discharge: Jan, 16, 1940 to June 30, 1943; daily mean, plotted
in table 51,

Maximum daily mean: 346 cfs, on Sept. 30, 1942,

Minimum daily mean: 3.0 cfs, April 7-18, 1943,

Red Road, Miami

Stage: Mar. 9, 1940, to Dec, 31, 1946%; continuous recorder
graph; daily mean plotted in figures 142 and 143,

Maximum: 3. 84 ft, on Sept, 15, 1945,

Minimum: -0, 52 ft, on Mar. 22, 1945,

Minimum daily (tidal): 0, 06 ft, on Mar, 22, 1945,

Discharge: Jan., 25, 1940, to June 30, 1943; daily mean; plotted
in figures 142 and 143; monthly and annual runoff listed in
table 52.

Maximum daily mean; 526 cfs, on Sept. 23, 1940, No flow,
April 4 to May 22, 1943, (canal flow cut off by dam 1. 5 miles
upstream).

Miscellaneous

Stage: at about 12 locations from Monroe to Coral Gables Canal
in connection with 203 discharge measurements of the out-
flow to the south, 1939-—46%,

Discharge: at 63 laterals from Monroe to Dade-Broward Levee,
in connection with 203 discharge measurements of the outflow



491

ELEVATION, IN FEET

DISCHARGE , IN CURIC

SURFACE WATER
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to the south, 1939—46%; at intermediate locations on the main
canal and at many laterals, 1940—46%, occasional, usually in
connection with special studies; see plates 15 and 16 for types

of observations.
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Figure 142, — Graphs of stage and discharge of Tamiami Canal, 1939-42.
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Table 49,—~ Runcff of Tamiami Canal outlets west of Miami

[l.?.etween Monroe aﬁd the Dade-Broward Levee, unit, 1, 000 acre-feet]

Year Jan. Feb, Mar, Apr, May June July Aug, Sept. Oct. Nov, Dec, Annual
1933 . ressanaesenne 50,6 19,2 Jecorrercsncaraennae
1940 13.1 8.0 4.8 3.1 .8 5.9 10.7 29.5 80,5 50,8 24,0 17,2 250.2
1941 25.4 48.9 31,2 38.5 12,3 9.5 54,8 45.1 41,1 43,7 42,0 20,17 413, 2
1942 12.9 5.7 5.7 2.0 2.2 80.2 31.1 14,8 31,1 11,7 2,0 L3 201.3
1243 1.4 W7 .9 .8 1.1 2.2 10,0 24,6 69.6 47,0 18.8 14.6 191, 8
1944 9.1 2.6 1.0 .3 1.5 1.7 5.7 18,8 10.8 15.4 11,1 2,1 20,1
1945 2.1 .9 .2 {a) {a} .2 ii.t 26,1 92.6 94,2 58.1 22,9 308, 4
1946 10.1 2.0 1.1 .5 .8 2.9 5.9 2.2 41,2 44,1 23,2 14.1 i65.4

Aegligible,
Table 50,—Anmual summary of discharges, in cubic feet per second, for gaging stations on Tamiami Canal

At Red Road At Coral Gables Cutflow to south

Calendar 5 T T a
year Maximum® Minimum? Average Maximumc Minimum® Average Maximumd Minimum Averageb
1940.. 522 23 206 294 11 151 1,670 13 345
1941.. . 380 64 248 303 59 193 1,430 30 571
1942,...ceiennnre 334 44 204 346 27 169 1,730 4 278
1943 . 1,820 2.5 265
1944 L 541 .8 110
1945 . 2,140 0 426
19486, . 1,160 2.5 229
Period of record 522 23 219 346 11 17¢ 2,140 0 318

*ndicates highest value for maximum and lowest value for minimum obtained from means of pairs ot discharge measwrements usually made weekly and corrected to
represent average for tidal cycle and approximate average for day. .
omputed from daily values of discharge obtained from discharge measurements, stages, and weather records some of which are shown graphically in figures 142
and 143.
rom discharge measurements made about weekly, each of which represents the approximate discharge for that day.
rom discharge measurements made about weekly 1940-1942, and semimonthly 1943-1946, each of whichrepresents the approximate discharge for that day.
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Table 51.—Runoff of Tamiami Canal near Coral Gables

[Unit, 1,000 acre-feet]

VaROTd NYZLSVIHLAOS NI STDUNOSTY MALYM

Year Ian. . Feb, Mar, Apr. May June July Aug, Sept. " Oct. Nov. Dec. Annual
1940 rresvesnesne 10.8 7.1 3.3 1.4 5.1 4.1 T 8.4 14,7 16.1 14,8 13,2 Jescesasesreenconnen
1941 14.8 12,5 11.8 8.6 7.8 4,2 10,3 9.9 12.2 16.8 15,5 15,1 133.5
1942 13.6 8.1 6.2 5.0 2.1 T.4 8.7 9.6 18.6 19.0 15. 7 10,1 122, 7
1943 5.4 2.3 .9 W 2.9 4,1 Feeesssescen{discontinued)

Tabte 52.— Runoff of Tamiami Canal at Red Road, Miami
{Unit, 1,000 acre-feet]

Year Jan. Feb. Mar, Apr, May June July Aug. Sept. Oct. Nov. Dec. Annual
1940 318.1 13.9 9.9 6.3 3.2 11.5 7.1 12,8 19.8 20.2 16,4 14,4 153.17.
1941 15, 5] 16.6 17.2 13.0 10.2 4.7 13. 4 i2,2 13.5 20,17 21.3 21,1 179.5
1942 1.7 10.9 9.4 8.2 4,8 14,8 10.5 10.1 18.8 18.0 14.3 . 10.0 147. 6
1943 6.0 3.4 1.6 .1 2.7 5,7 laesesesers{discontinued)

aComputed on basis of comparison with records for Tamiami Canal outlets.

v6¥



SURFACE WATER 495

FLOW CHARACTERISTICS

In wet periods, overland flow from Big Cypress Swamp and the
under Everglades moves slowly toward the south in a broad sheet
of water (see pl. 11). This 40-mile-wide “river” (for it is an in-
termittent river that might aptly be called Everglades River) finds
an outlet to the Gulf of Mexico in the complex of channels in the
Ten Thousand Islands area between Cape Sable and Everglades,
Collier County. The hydraulic characteristics of the river are a
product of water conditions over a vast area of undeveloped land
stretching from Tamiami Trail to Lake Okeechobee, and their
evaluation furnishes anexcellent key to the natural water regimen
of the Everglades,

The western section of Tamiami Canal, from Monroe to Dade~
Broward Levee, cuts across and intercepts the flow of the river.
The canal alsoacts as adistributor, because the intercepted water
moves to the east or west and flows through the stub laterals and
longer laterals that are bridged by Tamiami Trail. Although the
river gradually diminishes and disappears in the dry season,
Tamiami Canal continues to intercept and distribute a considerable
flow of ground water, until the water table has fallen below the
bottom level of the outlet channels.

During periods of large discharge, the movement of intercepted
water west of 40-Mile Bend is toward the nearest outlet lateral.
The same action occurs east of the bend, but more often the water
will move toward the east before finding anoutlet. During periods
of moderate to low flows, the intercepted water west of the Dade-
Collier County line moves westward in Tamiami Canal and may
continue quite a distance inthe channel; east of the county line, the
direction of flow will be toward the east for a cons iderable
distance. The resultant of components observed in the field show
southwesterlyflow in the reach from Monroe to the county line,
southerly flow to about 5 miles east of 40-Mile Bend, and south-
easterlyflow in the remainder of the reach to Dade~-Broward Levee.
The southeasterly trend in the eastern reach shows the route of the
river within the actual limits of the Everglades proper—refer to
plates 11, 12, and 14, A short distance below the line of Tamiami
Canal, the river is shunted toward the southwest by the Atlantic
Coastal Ridge.

Figure 144 presents the runoff pattern of Tamiami Canal and the
river, as well as profiles of wet and dry conditions. The arrows
on the map show the direction of flow in the main canal. The flow
in each lateral is indicated in the bar graph below the map, Note
the concentration between bridges 100 and 108 in the slough area,
which is notfar from the Gulf of Mexico. A much greater concen-
tration occurred east of 40-Mile Bend in the muck-soil area. The
western mass of this flow is the effect of water thatflows from the
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higher and steeper area of mineral soils in the Big Cypress Swamp
to the northwest, The eastern mass is the principal flow from the
upper and middle Everglades.

Flow in Tamiami Canal increases from zero at the Dade-Collier
County line to a maximum in the vicinity of bridge 40 and then tapers
off to zeroagainat Dade-Broward Levee (except for the small flows
that sometimes occur through the culverts in the levee). West of
the county line, the flow is more of the typical canal type, because
of the usually large outflow of the lateral at Monroe. It is doubtful,
however, that any water traverses the whole reach, because a
constant process of interception and distribution of flow occurs,
Indrought periods, as shownin figure 145, the water level declines
so far below the ground surface that the bottom of the canal becomes
exposed. The canal thenbecomes a series of shallow stagnant pools,
weed-choked and malodorous from deadfish. Figure 144 shows the
water profile on May 30, 1945, when no flow occurred in either the
canal or the outlets. The profile is essentially that of the water
table.

Water hyacinth,was not much of a problem in Tamiami Canal,
although the degree of infestationincreasedat a point east of bridge
50 late in the period of investigation. Bottom-rooted aquatic weed
was a common cause of flow restriction, and at times it reduced
east-west distribution to small quantities, Thick masses of weed
were observed that were holding water on a slope as great a% 4 feet

Figure 145, — Middle reaches of Tamiami Canal near 40-Mile Bend in severe drought period,
April 1944; bottom of canal exposed and only small weed-choked pools remain,
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in 5 miles near Monroe, and on less steep, but still significant,
slopes east of 40-Mile Bend,

The opinion has been expressed that the road fill of Tamiami
Trail causes a significant amount of backwater to the overland flow
in the Everglades, in fact, to such an extent that coastal areas are
subjected to excessive stages in flood periods. However, this has
not been borne out by the 203 detailed observations made by the
U. S. Geological Survey during the period 1939—46, Flow under
the bridges along Tamiami Trail hasbeenfound to be smooth during
periods of large discharge, and head loss was ordinarily only a
few hundredths of a foot,

It has been observed, however, that a loss of head of as much
as 0, 3ft oftenoccurs-at the southernends of the stub laterals., The
edges of these short channels are partly blocked by material left
from dredging operations., Also, debristends toicatch on the broken -
rock, and dense vegetationhas become establishedat the outflow
ends of many of the stubs, It is doubtful that cleaning the outlets
would appreciably affect stages east of Dade-Broward Levee; how-
ever, increased flow might shorten the period of higher stages
west of the levee, The small loss of head across Tamiami Trail
for all reasons probably has no effect on coastal areas.

Most of the runoff in lower Tamiami Canal is derived from
ground-water flow, except in dry periods whenthe connecting canals
contribute sizable amounts of water. Some overland inflow also
occurs west of Snapper Creek Canal, where the northspoeil bankis.
discontinuous, Flow in Tamiami Canal was not large at any time
during the period of study because of weed blocks and lack of main-
tenance, At times, the bottom-rooted weeds grew so luxuriantly
that discharge nearly ceased.

Snapper Creek Canal invariably discharged northward into
Tamiami Canal, except for the period in 1942 when an earth dam
temporarily blocked all flow. At times, some water flowed north-
ward in the northbranch of Snapper Creek Canal, turned eastward
in North Line Canal, and then returned to Tamiami Canal, because
of weeds and other causes of reduced capacity in the main canal.
The situation was difficult to comprehend, however, because weeds
were also plentiful in the channels that were followed by this di-
verted water,

Inextreme flood periods, large tributary flow from the south into
Tamiami Canal occurred from Snapper Creek Canal and laterals
farther west. This flow continued northward in the direction of
Miami Canal, at times causing a westerlyflow in part of Tamiami
Canal, The northward flow during flood periods was the result of
heavy rainfall farther south and the relationship to the higher coastal
ridge. In ordinary wet periods, the basin usually is inundated as
far east as Spapper Creek Canal,
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The vicinity of Coral Gables Canal is considered to be the in-
land limit of tidal variations in Tamiami Canal, Tidal action would
likely extend farther inland in dry periods, except that aquatic
vegetation tends to damp it. The channel in the western environs
of Miami is relatively narrow, and this also helps to reduce tidal
variations.

Coral Gables Canal generally flows into Tamiami Canal, but
during extreme floods, it may divert sizable amounts of water to
the south, This reversalof the normal (designed) patternis another
example of the limited capacity of the drainage canals to handle
larger amounts of runoff.

North Line Canal consistently drains into Tamiami Canal, as
observed throughout the study. Just a short distance to the east,
F. E. C. Canalusually diverts flow from Tamiami Canal (depending
upon the relative water levels in Miami Canal and the municipal
well-field area), The northwardflow inF. E. C. Canal contributes
a significant amount of recharge to the well fields. During extreme
floods, heavy northward dischargein F. E. C, Canal enters Miami
Canal and thus reaches the sea by a route longer than via Tamiami
Canal.

Tamiami Canal, from Coral Gables Canal to Miami Canal, has
a relatively low discharge capacity, because of constrictions,
shoals, and shallow sections, Sand-fill dams were placed in
Tamiami Canal justdownstreamfrom F. E. C, Canal in the years
1943—45, when serious drought conditions developed, These dams
prevented further inland contamination by salty water and also
helped divert fresh water toward the Hialeah—Miami Springs well
field. For a short period in the spring of 1940 a sheet-steelpiling
dam wasg placed about 0.5 mile upstream from Red Road for the
game purpose,

As in Miami Canal drainage area, the water movement in Tamiami
basinis so complex that data on the maincanal do not satisfactorily
depict actual water conditions. Consequently, areal studies were
made, the results of whichappear in the section on Areal studies.

Below F. E. C. Canal, the tidal regimen, imposed by Bigcayne
Bay through Miami River, increasingly affects Tamiami Canal,
Typical tidal discharge occurs, and reverse flows are observed in
dry periods.

A short distance below Red Road, Comfort Canal heads at Ta-
miami Canal and extends to the east to enter South Fork Miami
River (see pl. 20). Theconnection at Tamiami Canal is shallow and
weed-grown, and it is probable that not much water is diverted.
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Seminole Lake, the deep rockpit on the north side of the canal,
plays an important part in the tidal discharge of Tamiami Canal
because of itslarge area (about 100 acres that is increasing in size
as more rock is removed), The tidal storage that must pass in and
out of the lower reachesis thus enlargedio the extent of 100 acre-
feet for each foot of tidal range (1,210 cfs-hours), Because the
storage generally empties inabout 5.2 hours, an average of 230 cfs
of the canal capacity is utilized by the storage in Seminole Lake
for a tidal range of 1 ft (peak flow would be about 370 cfs)., This
quantity is an important part of the channel capacity of lower
Tamiami Canal and means that runoff from farther inland is re-
duced, Atidallake, or anenlargement of a tidal waterway, reduces
the volume of runoff from upstream sources, Future improvement
of Tamiami Canal must allow for this factor, because Seminole
Lake and other rockpits are being enlarged.

The stage and discharge graphs for 40-Mile Bendand the outflow
from Tamiami Canal, shown in figures 142 and 143, are especially
valuable because they show the most nearly natural water conditions
that exist in the Everglades area, The annual stage range at 40-
Mile Bend is the least for any station observed, ranging from a
little more than 1 ft to 4 ft, The small range in 1941 reflects the
sustained overland flow southward. It will be noted that although
the stage at 40- Mile Bend and the discharge southward follow roughly
similar trends, the discharge graph fell off muchfaster proportion-
ately, Generally, the discharge graph did not increase until the
stage rose above 7 ft, and sometimes it did not reflect large rises"
at the beginning of the wet period; thus 1nd1catmg“that inundation and
overland flow had not occurred.

Table 49 shows that the Tamiami Canal outflow in 1945 was the
second highest of the record, despite the fact that the most serious
drought known occurred earlier in the year. This demonstrates
that care must be exercised inusing data based onarbitrary periods.
The average annual runoff for the 7 years of record was 230, 000
acre-ft, which was 57 percent of the discharge of Miami Canal at
Hialeah. Annual extremes and means for the outflow are givenin
table 50 together with similar data for the stations farther to the
east. According to table 50, which gives anannual summary of the
discharges of Tamiami Canal, the outflow to the south was nearly
twice as much as the runoff to the east,

The water regimen of lower Tamiami Canal (the section east of
Dade-Broward Levee) is much the same as that of lower Miami
Canal, and many water events are coextensive in the two adjoining
drainage areas.

Stages and discharges of lower Tamiami Canal in the period 1939—
46 are shownin figures 142and 143. The response to general water
conditions, as described for Miami Canal (p. 454-456), is evident.
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The difference in stage between Red Road and the station near
Coral Gables is noteworthy, bécause the distance between the two
stations is only 2,9 miles. The relatively steep slope indicates the
limited capacity of the channel in that reach, which is due, in part,
to a lack of maintenance. Therefore, the stage at Red Road reacts
to a greater degree with changes in Biscayne Bay and the regimen
of Miami Canal, The small response at Red Road to large recharge
inland is particularly illustrated in the graphs of about May 1944,
Note also the very slow rise to the annual maximum stage and the
fact that it often occurs late in the year,

The monthly and annual runoff of Tamiami Canal near Coral
Gables is listed in table 51, The average runoff for the 2 complete
years of record was 131,000 acre-ft, which is probably about
average for free-flow conditions, although runoff undoubtedly was
considerably lower during the droughtyears of 1943—45. The run-
off at Red Road is listed in table 52. The mean annual runoff for
the 2 complete years of record was 164, 000 acre-ft, which shows
that the inflow in the reach between Red Road and the station near
Coral Gables was 33,000 acre-ft,

SEEPAGE RATES AND PROFILE IN LOWER REACHES

Seepage rates (ground-water inflow) along lower Tamiami Canal
were found to be not very great, compared with those along Miami
Canal. Figure 146 presents the seepage rates computed for Sep-
tember 16, 1941, together with the stage and cumulative discharge
profiles. The seepage rates determined for the three principal
reaches were 39, 8.0,and 9.6 cfs per linear mile. Note the very
steep slope from North Line Canal to Red Road, which is an indi-
cation of the poor condition of the channel. Of the total discharge
at Red Road, 65 percent originated west of Snapper Creek Canal,

The vertical jumps in the discharge graph represent the inflow
or outflow inthe connecting canals. A curious combination of flows
is shown at the eastern end of the graph, where North Line and
F. E. C. Canals flow in opposite directions, even though the two
canals are only about 800 ft apart, This unusual condition really
indicates a continuous flow from the west in Noxth Line Canal (to-
ward the Miami well field), which enters Tamiami Canal and
quickly leaves it by way of F. E. C. Canal; it also indicates the
flow of some water from Tamiami Canal, The result is as though
North Line Canal were connected directly with F, E. C. Canal,
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'SECONDARY CANALS

BOYNTON CANAL

Boynton Canal is a principal east-west canal of Lake Worth
Drainage District, and it is the only canal between West Palm
Beach and Hillsboro Canals that drains into tidal waters (pl. 14).
It extends westward from Lake Worth and the Intracoastal Water-
way at Boynton Beach to .range line 41—42 and Equalizing Canal
No. 1 (a distance of 9.5 miles). Boynton Canal intersects the other
three equalizing canals and supplies irrigation water, or furnishes
drainage, according to need. Controlsand pumps inthe canal make
its operation quite flexible,

A gaging station was operated on Boynton Canal just east of
U, S. Highway 1 at Boynton Beach from July 1941 to June 1943,
Because the principal control on the canal was a short distance west
of the station, the stage record which was made below the control,
couldbe ugedonly to compute daily mean discharge. The discharge
record in figure 147 shows that the flow regimen was entirely
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Tahle 53.—Runoff of Roynton Canal at Boynton Beach
[Unit, 1,000 acre-feet]

0%

Year Jan, Feb. Mar, Apr. May June July Aug, Sept, Oct, Nov, Dec, Annual
1940 1.5 10.5 10.5 ig. 5 0.5 9.9 1.8 11,2 12,3 1,9 19,7 g, 7 9.8
1941 1.5 111 19 1.1 1T 1.5 18,9 4.7 28,2 11.4 4.5 1.5 75.0
1942 7.9 2.3 2.5 39.2 3.3 44.3 3.7 1.8 4.8 5.0 .8 4 116.1
1943 ) .6 1.0 12 190 11 rense

iCn:\mputeci on the basis of several discharge measurements and on the record tor West Palm Beach Canz) at West Palm Beach,

VANOTd NYILSVAHLOOS NI SEIDUNOSTY YiLvm
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artificial, with only limited indication of seasonal variations, The
outstanding peak was caused by discharge following the unusually
heavy rain of April 15-17, 1942, Except for a short reach at the
eastern end, Boynton Canal is not subject to tidal backwater.

Monthly and annual runoff are listed in table 53, which shows that
the runoff for the 2 complete years of record ending in June was
169, 000 and 22, 000 acre-ft, respectively. This wide variation of
runoff reflects the artificial regimenand the very small wastage of
water during the 1943 drought period. The record also shows the
entirely different water requirements of relatively high lands that
4re almostentirely sand, as compared with the needs of the mucky
areas that are adjacent to the other canals discussedin this report.

CYPRESS CREEK CANAL

Cypress Creek Canal extends toward the west from the natural
tidal slough of Cypress Creek at Pompano to range line 4041, a
distance of 12 miles. It is a local canal that drains a low sandy
area characterized by small cypress “heads” or groups of cypress
trees. The canal stages are controlled in two pools by two small
dams,. (See pl. 14.) No cooperative pumping for irrigation occurs;
instead, each man operates separately,

A paging station was operated on Cypress Creek Canal in the
center of Pompano from February 1940 to June 1943, The stage
and discharge graphs (fig. 148) show a rather natural water regimen
because the drainage area is low. This record is in marked con-
trast with that from Boynton Canal (fig. 147). It will be noted that
much of the runoff was in the winter months, because the truck
farmers in the area opened the controls for each rain.

The stage graphs are for the principal pool extending from
Pompano west to the inland control, just east of State Highway 7.
The monthly and annual runoff listed in table 54 shows an average
annual runoff of 60, 000 acre-ft for the 2 complete years of record.
The discharge ranged between 0 and 492 cfs, and the stage ranged
between 1, 02 and 5,64 ft,

Cypress Creek Canal has alow efficiency asa water carrier be-
cause of weeds and a cover of hyacinth.
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Table 54,—— Cypress Creek Canal at Pomparno

{Unit, 1,000 acre-feet]

Year Jan, Feb. Mar, Apr, May June July Aug, Sept. Qct. Nowv, Dec, Annual
1940 12,3 12,2 4,0 4.2 1.2 4.4 2.3 “38.1 14.8 4,2 2.5 3.7 50.9
1941 5.1 4,8 4.4 6.1 2.5 1.8 11,6 6.5 8.9 5.8 3.4 LT 62,7
1942 10,6 5,5 2.4 71 4,2 11.0 5.6 2.5 4,6 3.1 .3 LT 51.8
1943 .08 . 0 .2 .07 .3 .2 foesesrasisas fores veareear sesuanses

1Computed on basis of comparison with records for Hillshoro Canal near Deerfield Beach,

HILVM IDVIINS
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TIDAL CANALS IN THE MIAMI AREA

The coastal ridge in the greater Miami area is drained by five
short canals—®S8nake Creek, Biscayne, Little River, Coral Gables,
and Snapper Creek—-that follow a southeasterly direction to Bis-
cayne Bay and are roughly parallel with Miami Canal (see pl. 22),
.The major part of their channels was excavated in transverse
glades, which were once natural overflow channels ‘of the Ever-
glades. The lower reaches are regularly tidal, and in dry periods
tide effect may occur in all reaches, The runoff from the canals
was not controlled until 1946, when Dade County started construction
of temporary dams to prevent upstream movement of salty water,

The regimen of flow in the short canals is much the same as that
in Miami and Tamiami Canals and the tidal phenomena are similar,
The principal difference is that the discharge in the short canals
is less sustained, because they do not head in reservoir areas,

Records of stage and discharge have beenmaintained on the short
canals in the Miami area, as listed in table 21, Continuous stage
recorders were operated for varying periods, but the records have
not been developed and plotted. In connection with specialareal
and basin studies, numerous measurements of discharge were
made at many locations along the canals. Results of most of the
discharge measurements are published in U. 8. Geological Survey
Water-Supply Papers 872, 892, 922, 952, 972, 1002, 1032, and
1052, \

Snake Creek, Biscayne, and Little River Canals lie north of
Miami proper and drain into the head of Biscayne Bay, The pri-
mary purpose of these canals was for suburban development rather
than for agricultural purposes,

Snake Creek Canal (also known as Royal Glades Canal) starts at
South New River Canal, 5 miles west of Davie. It extends south
for about 7 miles, then turns eastward and southeastward to con-
nect with Oleta River at North Miami Beach. The .entire channel
isina slough area, and it is inadequate for the area served. Runoff
in floodperiods is reducedby the obstruction of the channel by two
highway and one railroad bridge at the lower end, wherehead
losses in excess of 1-ft have been observed, Tidal action extends
at least as far west as Red Road during dry periods.

Biscayne Canal heads at Red Road, west of Opa Locka, and ex-
tends 10 miles eastward and southeastward to Biscayne Bay at
Miami Shores., A principalbranch, Qpa Locka Canal (pl. 20), joins
Biscayne Canal near the midpoint. The canal was excavated in a
slough, except for a short reach close to the bay. The canal is
fairly large, but lack of maintenance has reduced its capacity.
Several constrictions exist in Miami Shores (at the golf course and
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at several bridges in the vicinity). Except during flood periods,
the canal is tidal throughout.

Little River Canal heads at Red Road, north of Hialeah, and ex-
tends 8. 4 miles eastward and southeastward to the natural channel
of Little River in the northern part of Miami. For the most part,
it was excavated ina slough and is about the same size as Biscayne
Canal, A narrow section at the ¥, E, C, Railway bridge reduces
the runoff capacityby an appreciable amount. The canal is affected
by tides throughout its length, except during flood periods,

Coral Gables and Snapper Creek Canals lie south of Miami and
Miami Canal. Both are unusual in that they connect with another
canal and usually discharge from both ends,

Coral Gables Canal heads at Tamiami Canal, just west of the
Miami City limits, and extends southeastward to Biscayne Bay at
Coral Gables. Most of the channel was excavated in a slough, ex-
cept for about 1 mile of the eastern reaches, which was cut in some
of the highest land in the Miami area, The channel is shallow and
narrow at several locations east of Red Road, Below U. S, Highway
1, the canal is larger because it was developed as a scenic attrac-
tion, Except during flood periods, tidal action affects all but the
upper 3 miles or so.

Snapper Creek Canal extends all the way from Russian Colony
Canal (at a point only 13 miles from Miami Canal) southward and
then eastward to Biscayne Bay, east of South Miami. The branch
north of Tamiami Canal is not continuous, and the north-south
reaches have a varied pattern of flow, The channel is shallow in
the vicinity of the bend toward the southeast, and, as .far. as
the coastal ridge is concerned, flow may be considered to start
there. The upper reaches are in the Everglades, and the middle
and lower reaches follow a natural slough (except for the last half
mile, which was cut through higher land), The channelcross section
is generally small and is not adequate to serve the drainage area
in the manner intended, Tide effect occurs as far inland as the
Seaboard Railroad bridge.

The five shortcanals do not have the capacity to provide drainage
for their drainage areas, and flooding of the old sloughs, particu-
larly inthe western reaches, occursfairly often, During wetyears,
all the canals in the transverse glades overflow.

AREAL STUDIES
The hydrology of any drainage area in the Everglades is so in-

timately relatedto the hydrology of adjoining areas thatrecords on
a single canal, although valuable, do notpresenta sufficiently broad
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evaluation of water conditions, Inorder tobetter understand general
water conditions, many areal studies were made, In making these
studies, stages and discharges were obtained at the regular gaging
stations and at many intermediate locations, as indicated by the
pattern of the canals,

GENERAL STUDY OF EVERGLADES

For one series of studies, the entire Everglades area was con-
sidered. Plate 14 shows the results of this study, which was made
March 30 to April 2, 1943, Drought conditions were assuming
serious proportions at that time, and controls in the canals were
closed to reduce wastage to a minimum, All of the open lands were
dry, and fires burned over mostof the Everglades, causing serious
losses of organic soils,

AREA WEST OF HIALEAH

The regular records for Miamiand TamiamiCanals in the west-
ern environs of Miami were highly useful, but more data were
needed to obtain a comprehensive view of local water conditions.
The two large canals gre interconnectedwith a networkof smaller
canals and road ditches that makesthe patterns of water movement
in the area quite complex,

The study made June 29 to July 1, 1942, when much of the area
was inundated and runoff was fairly large, is presented in plate 15,
Measurements of ground-water levels were included, and the com-
plexity of the flow pattern is apparent. The contours are, for the
most part, surface-water contours because of the general inun-
dation, However, in flat terrain such as this, they may be treated
in much the same manner as ground-water contours, (They are
shown in greater detail in fig. 32.)

A parallel study on April 24-26, 1946, when conditions were
moderately dry, is shown in plate 16. The land surface was dry,
and the contours represent ground-water levels (see also fig., 33).
Discharges were small at all locations, primarily because dams
were closed in Miami and Tamiami Canals. .One of the noteworthy
features was the fact that all the flows in the canals near the well
field were toward the cone of depression, (See the more detailed
study in fig. 140,) The relatively close spacing of the contours,

west of the well-field area, shows that recharge was being derived
from the basin of Tamiami Canal,

Note also that the ground-water contours were generally parallel
to Miami Canal, indicating that the principal movement of water was
toward the canal and not directly to the sea.
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HYDROLOGIC STUDIES

By W. B. Langbein

INTRODUCTION

A comprehensive view of the surface waters of southeastern
Florida is a highly desirable, if not anessential, prerequisite to an
effective understanding of its complex water problems, The special
purpose of these quantitative studies is to contribute toward such
a view, through the general analysis and appraisal of important
aspects of the occurrence and behavior of surface waters in the
region,

An important objective of a quantitative surface-water study is
an accounting, or inventory, of water as it passes through the hy-
drologic cycle. (See p. 15 for adiscussionof the hydrologic cycle.)

Rainfall, after reaching the earth, is disposed of in two ways:
1. The processes of evaporation and transpiration return a major
part to the atmosphere as water vapor, and 2. the remainder of the
rainfall. drains off, ultimately reaching the sea. Evaporation and
drainage from the land are continuous processes, although they
are variable in rate and amount, There is an endless sequence of
additive and subtractive factors, which, over along period of time,
must balance; that is, total inflow as rainfall must equal total out-
flow as evapotranspiration and runoff. When short periods are being
considered, the gainor lossinstorage in the areamustbe evaluated
to balance the equation between inflow and outflow.

Rainfall and runoff can be measured directly. However, evapo-
ration and transpiration were not subject to direct measurement
at the time of this investigation, and their rates and volumes could
only be inferred by reference to measurements of evaporation from
suitably placed pans of water and by study of the difference between
rainfall and runoff.

Between periods of rainfall and runoff, water is held in tempo-
rary storage by various means. There can be no direct accounting
of suchvolumes and their locations; instead, the investigator must
resort to inferences based on seemingly pertinent hydrologic and
hydraulic principles. Storage is accounted for as so much bulk,
but it is useful to classify it for some purposes with regard toits
time characteristics, that is, by its lag, or by the length of time
that it remains in the area after the causative rainfall has ended.

If we wish to make an accounting of inflow, outflow, and storage,
the hydrologic cycle may be broadly classified as follows:
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1. Rainfall
2. Runoff:
a. Base runoff
b. Direct runoff
3. Storage:
a. Ground
b. Surface:
Streams
Swamps
Lakes
¢. Soil moisture
4, Evapotranspiration.

GENERAL HYDROLOGY OF THE AREA

Introductory to, and as a background for, the detailed analyses
to follow, it seems desirable to inquire into the general features of
the surface waters of southeastern Florida, with special attention
to the following aspects: (1) The amounts of water involved during
the period of investigation, and (2) a comparison of these figures
with normal amounts.

A condensed inventory of the annual amounts of water involved
in the entire southeastern Florida drainage unit (see p. 300) is
given in table 55,

Table 55,—Annual summary of hydrologic ~'ata for southeastern Florida

[Drainage area about 9, 000 square miles; data measurements given in inches]

Mean Precip-~ Total
Calendar areal ,I:;:fla itatign storage g:e:tg:’:;‘ege Losses
year precip- minug at end of R
itatign (R) runoff year (AS5) (P-R-AS)
(P) (P-R) (s)
1939 3 7.6
1940 53,0 8.7 44,3 7.4 -0.2 44,5
1941 59,8 14,2 45.6 8.2 +.8 44,8
1942 50.0 11,0 39,0 4.9 -3.3 42.3
1943 45,2 3.1 42,1 5.8 +.9 41,2
1944 43.9 2,7 41,2 4,9 -9 42,1
1945 50,5 6.3 44,2 9.3 +4,4 39,8
1946 48.1 6.1 42,0 7. -1, 8 43,8
1940-46 350.5 52.1 298.4 Livessressssnes -1 298.5
T-year
average 50,1 7.5 42,6 feueen 42.6

BFigures are based in part on estimates of flow, Includes that measured in the canal system
only, Percolation from ground water in the Everglades is unmeasurable, and therefore it is not
inctrJed,

Rainfall, the primary source of the fresh water, averaged ap-
proximately 50 in, during the 7 years of investigation, During the
same 7-year period, rainfall in southern Florida averaged about
0.5 in, below a long~term average. The period included 1941, one
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of the wettest inthe long-termrecord, and 1944, one of the driest.
The latter part of the 7-year period was markedly drier than the
first part. In general, it appears that rainfall during the 7-year
investigation was nearly representative of the region.

. Runoff from the southeastern Florida drainage unit, as measured
in the canals draining it to the sea, was equivalent to 7.5 in, over
the 9, 000 square-mile area, During the 7-year period (1940—46),
runoff of Kissimmee River averaged 7. 45 in, per year, only slightly
less than the estimated average for the 22-year period (1924—45).

The difference between rainfall and runoff averaged nearly 43 in.,
" which was attributed to evapotranspiration losses. The range in
year-end storage indicated in table 55 for the T-year period (1940—
46) was abont 5 in. This storage includes water stored in Lake
Okeechobeeand in the waterways, swamps, and lakesin the Kissim-~
mee basin and as ground water and soil moisture in the Kissimmee
and other contributing basins and Everglades, Natural storage at
the close of the calendar year tends to reach a minimum stage,
therefore the actual range in storage during the period was con~
siderably greater.

The atmosphere is by far the most effective agent of land drain-
age, disposing of severaltimes as much asthe waterway systems.
Areas in which losses to the atmosphere are great in relationship
to the rainfall are frequently classed as moist and subhumid (p. 35).
Alarge relative loss indicates that runoff is subject to large vari-
ations during years in which rainfall is less than the average loss
(which happened in 2 out of 16 years in the Kissimmee basin). Runoff
is then produced only by torrential rains and by drainage of storage
from previous years, During such years, the persistent losses to
the atmosphere result in marked decrease in storage, and the
cumulative effect of 2 or more such consecutive years would be ex-
ceedingly unfavorable. In general, physiographic conditions (p. 127+
155)in Florida make it mandatory that swamp and lake storage act
as an important regulator of runoff; therefore a single dry year,
especially if it follows a wet year, will notnecessarily be seriously
deficient in runoff,

Table 56 lists the annual runoff of selected drainage basins in
southern Florida. Substantial range inrunoff may be noted between
wet years (such as 1936) and dry years (such as 1938). There were
frequent erratic variations from the general pattern of runoff, no-
tably in 1934 when the flow of most streams was above normal,yet
the flow of Fisheating Creek was the third lowest in 15 years of
record, The table includes runoff of several intervening areas,
which were computed by subtracting the volume discharged at the
upper station from the volume discharged at the lower station, and
expressing the difference in inches over the intervening drainage
area. In using such figures, it is well to remember that they are
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Table 56.-— Summary of rurioff, in inches, for selected drainage basins in southern Florida for calendar years 193046

Drainage basin
1931| 1932 1934 11935 |19386 1938 | 1939 |1940 |1941 1942 | 1943 1945 | 1945 Mean
Area 15935-46
Sireams R
: (sq mi )

Kissimmee River below Lake

Kissimmee . ovisveersenersasrasna] 1,850 8,541 2,42 13.08| 3.48; 8.83 5,95 6.09] 5,73] 9,82| 8,781 3,98 12, 57| 7.46 6.98
Kissimmee River near

Okeechobee, ¥ 3,260 7.73] 3.52 11.88| 4.35] 8.10 5.27] 5.88] 6,81y 2.40| 9.42] 4,92 10,68 6,58 6. 87
Istokpoga Canal near Cornwell..] 660 |..icenefoeene . eveenss| 5.99] 12,68 5.20] 6.31[10.46}11,27(10,94| 17.52 7.60f 5.75 8.06
Kissimmee River between below!

Lake Kissimmee and near

Okeechobee, excluding Istok-

poga Canal near Cornwell.....,|] 1150 10.26| 5.05| 2,30 3.65| 4.98| 6.26| 6.72| 9.66|.4.98| 2.82| 8.69| 5.18 5,32
Fisheating Creek at Palmdale....] 305 10,386 3,48| 2.74|186.28 5.74|13.77|13,06|16.50| 9.92|10,60| 3,33/17.70| 4.08 10,38
Everglades drainage wnit?, 3,800 [ T [ [P vovnens puenneees 10, 79118, 31113, 07 | 4.92] 4,09] 7.59| 8.02 29.54
Southeastern Florida drainage

unit? 9,000 vorans frasveres ronsne veee| B8.67|14.16111,05| 3.10{ 2,87} 6.29| 6,13 27,44
Crange River near Fort Myer 5 83.4 P, 15,14 4, 18112, 42 5.46| 9.09 974 7.93}1 2,98} 8.28 47,82
Peace Creek at Zolfo Springs.....ds 830 vaas 15,08; 7.63]12.84 10,02 |15, 81 7.35|10.15{31,34 {11, 59| 5.42[17.23] 8.64 10, 66
Peace Creek at Arcadia.. 1,380 eaeen | 4,56 12,404 7,78|13.59 9.02 |19, 81| .82]110,03112.23 |13,56( 5.02[16,11] 8,52 11,31
Peace Creek between Zolfo .

Springs and Arcadiz..icereeness) 9550 henaanae 8.39| 8.00(15.02 7.51 125, 8613, 72| 9.85|13.57 |16.50| 4,45[14. 37| 8.35 12,31
Alafia River at Lithia,.... 336 13,68(12,80|13.49 13,18119,47] 6.27|13,75] 9.91 |18,.86| 7. 77[23. 04 [10. 73 13,40
Withlacoochee River at Trilby...] 630 1.63 16.57| 6.82| 8.58 3.7271 B,00{ 4.48| 9,09] 6.80 | 4.96| 4.75[12.43| 5.47 6,93

IIncludes area south of Lake Okeechobee and St, Lucie divide, west of Atlantic Coastal Ridge, north of Tamiami Canal, and east of western boundary of Everglades
Drainage District, {Pl. 11 shows boundaries of Everglades Drainage District.)

2Mean 1940-46.

3Includes measured canal system only and comprises the runotf from Caloosahatchee and St. Lucie Canals and the runoff from the Everglades unit,

4Mean 193545,
6Re\r'i,sed 13940,
Revised 1938,

gaLvM IDOVIENS
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the differences between large quantities and that errors that are
smallin relationto those quantities maybe quite large with respect
to the differences. The runoff of Kissimmee River between Lake
Kissimmee and Okeechobee for 1936 is especially questionable.
Moreover, in using table 56, it is well to bear in mind that where
(as insome instances) the sizes of the drainage areas are question-
able, the values of the runoff as expressed in inches will be corres-
pondingly uncertain,

The last column lists the average annual runoff for the 12-year
period 1935—46, during which most stations were in operation., The
average annual runoff of the streams listed ranges from 5.52 to
13,40 in, \

Figure 149 shows the mean annual runoff of the streams listed
in table 56 and their correct geographic position. Conspicuous on
the map is the low annual runoff in the lower Kissimmee basinand
in the central peninsula, The runoff is highest in the west coast
tributaries and in the Everglades where a 7-year mean is shown.
The geographic variations inrunoff correspond in general to vari-
ations in rainfall shown on figure 3. Losses in lakes and swamps
might also affect the volume of runoff,

ANALYSIS OF CLIMATOLOGIC DATA

The climatologic data gathered were of twg kinds: precipitation,
representing the volume of supply; and evaporation from observation
pans, representing the ‘htate of abstraction of water by the
atmosphere,

Rainfall information was obtained principally from U. 8. Weather
Bureau publications,

Mean areal precipitation (see table 57) was computed by the
Thiessen method, using perpendicular bisectors, This method
assumes that the precipitation at any point in the basin during a
given interval of time is the same as that recorded at the nearest
rain gage. The accuracy of the computed mean areal precipitation
depends primarily on the number and distribution of rain gages, and
secondly, onthe characteristics of the distribution of precipitation,
The number of rain gages usedin these studies islisted in table 58, -

The greater density of rain gages in the Lake Okeechobee and
Everglades area, and the presumed greater accuracy of the gages,
may be credited to the rain gagesinstalled as part of this investi~
gation, Because of the spotty nature of Florida's rainfall, a large
number of rain gages are required for detailed determination of



Table 57.~—Weighted average precipitation in Kissimmee River basin above Okeechobes, 53? atonths, computed by the Thiessen method from rainfall-
station records

jOkeechobee Avon Park OutleF, Weighted total
Month flake Wales Davenpogt Islesworth %rlandod Kisi{n;neae Laéceo%acid O};ﬂeegjl?%b:e 1?0“?2‘4;": © 138}313 Lake Kis-
. 080) 2 6. 090 . a . 031 0.17 . . . . a c[simmee
(0., 080) { } (0. 063) { } ( ) ( ?B (0.099)3°¢ (0. 114} (0. 253Y] Month Year
1930
OCt. vueensaees 0,93 1.35 2.20 1,87 2.12 Juvrirrennssenens 2,12 0,92 2,42 2,27 1,89 hucresnscoreans
Noveiaisnene 2.18 2.65 1.02 .87 18T Juernueeen 1,81 1,82 1.25 2.42 L.
Dec. cuuesnenss 4.26 4. 60 §.00 4.01 4.09 Lerrearasasasnses 1,98 2,81 4.13 3.87
1931 .
Jan. 3,317 2,41 2,76 2.7 1,97 4,34 3.92 3.86 3.43
Feb. 1.39 1,16 1,50 .89 1,17 1,23 2.36 1,29 1.40
Mar... 4,51 5.18 7.02 4,93 2.98 4,63 3.15 3.54 4,29
Apr... 4,20 4,94 3.1% 5.41 7.71 8,37 5,25 6,14 5,58
May... 3,62 3,81 3.34 3,19 2,59 2.20 6.10 2.72 3.38
June.., .98 1,85 2,15 .88 1.28 2,62 3.4 .36 1.93
July... 6,40 4.37 8.85 8,33 2,97 6,76 3,15 2.31 5,59
Aug... 9.48 8.58 8. 57 5,27 4,85 4, 87 6.37 6.67 6.79
Sept.. 2,30 &5, 56 5.96 4,92 4.5 7.43 7.84 3,82 5,03
Cct. 2,03 1,63 .16 1.68 . 2,42 2.35 2.98 1,57 1,92
Nov. .05 .14 .22 .19 . .27 .25 .18 .44 .25
Dec.uciiesseesn 1.53 3,11 2.26 3,66 350 Jerrisrerensennas 1.97 4.35 1,47 2,54 2.72
1932
5, POTNON .87 .61 .15 1,52 1,44 forveiiniacnane 1.14 .23 .63 .27 .70
.10 .27 .62 .11 21 Farcanrneecanens .65 1,73 .14 0 .35
2.55 3.50 3,50 3.87 2.91 |..... 2,03 1,65 1,99 3.30 2,75
.38 .14 1,29 .26 .21 .13 2.34 2,08 .36 .97
6,53 4,98 7.14 9.05 8.76 1.52 10,81 5.95 9.30 8.03
8.61 7.47 10,04 7.85 8.34 8.81 9.30 9,29 9.06 8.83
3.46 3.87 1,00 3.58 5,51 2,94 4,87 4,68 4,52 4.32 Lieieens
9.17 13.01 11,78 4,93 8.71 12.45 10, 60 2,80 f 11,45 9.20
2.56 2,79 3.34 2.67 2.27 4,08 2,74 4,06 3.73 317 Lieecncrnenns
1,25 1,15 1.33 .95 .12 3.62 2,29 4.50 2,92 2,28
1,80 2.72 4,93 4,93 7.94 1,81 1.59 2.48 2,55 3.50
Dec.riesseeses .18 .11 .02 .18 .03 .11 .14 .07 .10 .10
1933
| 5 SRR 2,69 .94 2.26 2.1% 1,53 {ieseereerersarass L1 .42 .97 2.47 L7 Liceieneens
Febiuiiunrensad 3.12 2,51 3.47 3.04 3.64 lsseuncrenernann .07 2,19 2,35 2,70 2,89 iieccrssrernins

See footnotes at end of table,
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Table 57.—Weighted average precipitation in Iissimmee River basin above Okeechobee, by months, compated by the Thiessen method from rainfall-
station records ——Continued -

Okeechobee |, po o [ OUtlet, | Weighted total
ith Lake Wales | Davenport | Istesworth Crlando Kissimmee | Lake Placid {Okeechobee |10 mi. west 0. 1683 Lake Kis-
Mont (0. 080)2 (0. 090y (0. 063)2 (0. 031)2 (0. 174)2 {0. 07932 {0.01M)2 (0.124)2b (0' 114)3 ¢ Simmeea Month Year
. (6.099)2< [ (0. 253}
1933 —Con, )
Mar.coinennnes 1,29 2.13 1,61 2,54 3.81 1.85 2.41 3.43 1,70 0,89 2.
. 5.22 3.07 3,16 4,33 4,11 7.08 8,82 1.35 5,90 4,73 5.
4,05 1.68 4,32 2,41 4, 80 2. 50 3,42 2,16 3,66 3.52 3.
5.09 7.18 5,90 8.20 8.38 3,81 2.91 6.85 4,71 7.28 6,
10.39 15,74 7.85 5.46 13.08 13.87 8.6% 19.10 13.78 } 10,863 12,
7. 70 6, 52 8.63 9,18 6,45 7.18 5,95 2.75 6,62 5.19 6,
17,23 19,25 11,50 14,10 14,42 11.64 13,80 8,59 11,71 15,75 14,
2,20 1,92 2,50 3.84 2.82 4,83 2.88 2,47 1,94 3,43 2, 8
1.68 1.086 1,78 1,172 1,99 1. 65 1.63 1,58 3.47 1,11 1,78 Luveeesnsasseres
.11 .36 .38 .41 .41 .03 .35 .18 .27 .12 .23 59,46
177 .41 .91 1,04 1,31 1.94 .76 1,02 1,22 .98 116 fveveerinesreres
2,173 3.01 4,47 3,317 '3.25 2.62 2,47 2,36 2.80 1,86 2,
4,7 5.84 3.08 4,33 5,12 2.96 4,37 2,64 3.58 2,96 3.
4,34 5.61 4,52 4,58 5,96, 2,36 4,37 3.23 4,32 4,98 4,
4,11 5,68 T.80 8,08 8.170 2.01 6.69 T.47 .15 6,42 7.
13,23 19,81 15,89 13,35 15,175 8,16 9.48 4,39 10,94 | 14,91 3,
11,786 7.64 9,24 9.00 7.03 8.03 6,01 2,99 4.13 3.11 8.
5,97 5,20 6,57 1,27 3.46 5,23 4,41 4,11 4.7 6,74
2.84 3,85 3,80 3,14 4,23 4.75 6,40 3.87 2. 17 3.13
4,79 .89 3.98 1,50 2.54 12,13 2,75 .51 .11 2,12
.53 .22 | .30 .09 .43 .40 .74 .62 .93 .81
.68 .19 .48 .55 .68 .50 LTi .64 1,460 .36 .59 56,79
1935
Jana.iiinedd .27 .97 1.21 1.37 1.43 56 .39 .64 .41 .33
Feb.... .83 1,51 3,34 2.79 2,46 1.84 2.94 1,84 1,15 .63
Mar, .35 .30 1,45 .70 1,42 2,14 .30 .34 .81 .25
Apr, 4,58 1,58 3. 47 2,26 2,18 4,61 11,63 4, 47 6,03 4,73
May... 5.30 3.51 4,28 2,42 2,71 2.56 2,14 1,48 2,87 1,73
June,.. b 5.42 5,13 8,13 2,47 3.38 6. 64 6,17 4,18 6. 87 7.96
July... . 7.76 7.14 9.91 10.13 7.38 5,47 3.95 €.24 7.13 6.21
Aug... . 4,37 3,96 4,54 7.61 4,15 9.71 5,54 5.50 9.93 3,66
Sept... . 9.50 8.74 10, 68 8.79 9.98 11,00 6,49 10,40 11,35 7.39
OCtiinscrasnaess 1,89 .16 5,14 4,07 .60 3,85 9,24 7.18 2,99 2.719
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CE——G6—O 18894¢

NOViiiiirarse 64
DecC.iiesnsnnes 2,71
2.28

8.72

4,49

W13

3.98

11,13

2,38

6. 41

5.77

4,64

1.05

1.24

1937

.44

5.52

4,20

6.38

2.19

4,51

9.78

9,87

4,71

4,08

6,67

DecC.iicsnsannas 1.52

1938

Jalieiennennes 1.65
Feb... . 1.14
Mar... 1,62
Apr,.. .53
May.. 5,38
Tune.. 8.39
July... 9.59
Aug... J4 4,65
Septuissersanes 6.68

See footnotes at end of table,
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Table 57.—Weighted average precipitation in Kissimmee River basin above Okeechobee, by months, compuied by the Thiessen method from rainfall-
station records—Continued

Okeechobee| = o o ] Outlet,|  weighted total
Month La(geo\gg)laes ?gvg;[%%rt gle;:so;ath (?ﬁﬁg Kzflsiﬁi:)ie La(l(;egi";lga)caid Ofgegllli'?;ee I?On'iiz.;;:;t (T)m;.ﬁg)rab i ake Kis-
. 3 . 8 . . . . - simmee
(0. 09992 c | (0-119)2¢| Floggd Month | Year
1838 —Con, '
OCt.siesecsnes 8.38 4. 27 3.81 3.88 4,27 4,29 5.08 3.42 6,44 4,406 4,75 [ieeescanassensss
) o - 124 1.30 .63 1.49 . 80 1.90 2,42 1.60 2,50 1,91 L 59 |visrccesnsnsan
Deciiniisanend .18 .05 .33 .30 .08 .08 .32 0 15 [¢] .09 40, 72
1939
JADeiiirenined 1.19 1.01 1.29 121 97 .18 .23 .19 1.52 1.00
Feb,,.. v 1.32 .24 .31 L35 .41 1,11 .23 .25 1,20 28
Mar.,., .00 1,19 .85 1,175 1.80 1.40 2.60 1. 774 1.34 1. 62
Apr.... 3.81 3.99 4,76 4,97 5.99 5.34 6.36 5.15 4,66 5.73
May... . 5.09 8.10 3,71 4,87 3.34 8.15 8,48 8.63 5,85 4,29
June 14,23 18, 1¢ 12,22 15, 64 14,09 4,73 T7.21 5.92 7.91 6.23
Tuly. 7.32 17.59 10, 3¢ 6.34 10,08 8.21 7.93 7.25 8.22 3.56
Aug,.. 14,36 13,12 14,89 8.90 11,01 8.48 B.95 12,04 19.85 9,09
Sept,.. 5,02 5,12 5.06 5.24 4,61 7.84 5.38 9,88 6,22 5.44
Oct,... 1.92 1,69 127 1,67 1.18 2,22 4,10 2,39 4,83 2.96
Nov... .86 48 .33 .39 .50 1,37 2.59 1,47 .50 .82 .
DecC. iersesd .66 1.14 1.1 1.09 .81 L4 2,14 .98 .61 .29 . T4 52,62
1940
- TR 6.11 2.68 1,94 2.14 2,31 2.83 4,74 4,33 3.83 4,05 3.51
4.29. 3.7 3.59 2.89 3,28 3.48 2,30 2,51 3.66 4,12 3.59
4,01 3,24 3.13 4,23 4,29 5. 86 4,88 3.58 4,43 4,24
2.52 1.83 2,22 4,44 2,05 .85 1.54 L7 1.89
.72 1,41 2.55 1.72 4,97 4,34 5.30 .75 2,27
5.36 7.65 8,31 6. B7 7.258 3.63 85.43 3.0t 5.33
9.04 6,66 8.09 10,14 6.10 11, 86 11,76 6,37 9, 314
7.76 5,04 4,13 8.904 4,23 8.65 4,02 5.58 6,42
7.60 8.55 4,58 7.35 190,22 14,33 9,94 5.33 7.72
1,28 1,22 .03 .37 .30 1,50 .58 1,36 .96
HNov.ieuiined .06 19 .22 .22 0 .16, .10 .03 A9
DeCiiciesnannd 3,16 5.98 5.682 5.81 4,95 5,51 4,43 3.79 4,47 49, 63
1941
) - TOT 4,15 3.95 5.07 4,68 5.32 4.46 4.01 3.89
Febuivoseness 4,31 4, 04 3.59 4,16 3,62 3.64 3.02 4,81
Mar..iernane 2.80 3.06 3.60 2.47 2,45 2.98 2,92 3,12
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NOViirissanens
DecC.uieiesnase

1942
Janceieinene

Septoicresnre
Oct. .

DeCoucorsesnsnd

1943

Jan..ciaennenas

June.einennes

Jaly....
Ang....

erean

DeCiuierncsnss)

1944
Jan....

See footnotes at end of table.
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‘Table 57.— Weighted average precipitation in Kissimmee River basin above Okeechobes, by months, comptted by the Thiessen metiod from rainfall-

station records——Continued

. Ckeechobee Cutlet, :
Moanth Lake Waled Davenport | Islesworth Crlando | Kissimmee {Lake Placid | Okeechobee| 10 mi. west %"‘;‘Eé’ ‘;’{f [Lake Kis- Weighted toral
(0.080)2 | (0.090)2 {0.063)2 (0.031)2 | - (0.174)2 | (0, 079) (0.0172 | (0.124)2b (0 114)ac simmee | Month Toar
{0 0ggy2 < [( 7 0. 25994
1944 — Com.
Mal.cieeieneese 3,74 6.71 5.50 4,31 6,61 1,72 1.87 1.71 4,251 4,34 4,45
2,51 1.07 2,59 2,31 2,79 3.01 6,98 6.97 573] 5.8 4,20
4.90 .92 311 2.83 1,28 1.03 2,72 3,29 2,07 1.25 2,00
8,28 10,02 7.11 6.43 6.46 4,56 5,02 4,94 7.3 | 9.26 7.45
9,08 7,09 21,49 11,04 7.05 7,29 . 3.98 5,08 11,17 6.59 8,38
9,66 11,33 6. 65 5,39 5.51 8.78 4,56 8.21 6.42| s5.02 6.92
1,73 6,54 5.96 4,52 3,87 3,76 3,14 1,98 3,39 5.96 4,37
5.82 9.89 8,87 8.53 8.07 3,51 7.08 6.87 1,45 | 6,25 8.75
.25 .23 -.24 .11 .14 .64 .25 .26 .26 .72 .37
L14 12 .09 0 .18 .93 14 .43 .51 .7 .42
3.63 4,23 3,93 3,86 3,35 1.11 1,61 1,62 1.95] 2.03
.09 .09 .18 U1t .19 .29 .25 .20 .03 .36
.38 .46 .92 .54 .43 .05 1,90 1.80 .40 .15
.94 1,59 1,03 1,47 2.76 3,52 4,29 5,14 1,61 .12
.75 .8 1.76 2,93 .55 3,90 1.47 1.81 2.45 | 1,04
21.29 18,44 15.02 13,70 17,13 9,82 5.04 10,30 14,09 | 14,11
13,30 13, 60 12,24 7.08 5.86 9,31 4,78 6.48 14,48 | 17.15
4,29 7.85 6,19 5.28 3,25 3.84 5,37 5,86 2,79 4,79 X
8,50 10,77 11,11 15.87 9,41 12,13 11.32 13,04 8,431 11,67 .
3,30 5,60 2,19 1.81 3.01 6.17 5,17 3,81 5.94 1 4,17 .
. 1.25 .87 .50 1.06 .98 .99 1.31 1,42 401 221 .
DeCurrinsnrneer 1.90 3.46 3,32 2,52 3.21 2,52 .90 3.41 2.00] 1.60 2,50 .15
1946
1,33 1.24 1.70 2.24 1.69 2,02 1,48 .75 1,14 .90
3,69 3,62 3,43 2,96 3.07 2,02 1.02 2,73 2,11 | - 2,97
1,43 1.24 1. 64 1.15 1, 60 .53 1.34 3.68 1.08 .80
.69 .52 .68 .81 .58 .27 .02 17 .20 .30
10,49 6. 48 7.88 4,24 5,72 5.81 5,59 10,40 6.03| 5.76
7.25 10,97 5,50 7,78 5,30 4,92 7,51 8.94 8.02| 4,38
5,89 9,78 10.25 8,57 9,91 4,78 4,99 9,19 9,881 11,72
5,20 1.31 8,24 10, 06 7.80 3,76 3,175 3,83 6,047 8,71
SEPtuvereneonne 3,60 3,95 7.00 7.75 7.43 5.34 7.16 8.67 8,09 | 6,54
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2,867 2.11 2.58 3,32 2,92 1.99 1.86 1,92 4,74 1,93 2,58 varecresnnnenr
1.33 .97 1.04 .97 1,75 2,63 1,50 2.71 2,08 .44 1,45 | Jeevancrnneres
83 1.89 2,34 .28 .98 .50 1.23 .99 .31 1,05 1,15 47,18

.aProportionai weights assigned to precipitation, Sum equals unity.
"’Tlu-ough February 1933,
CBeginning March 1833,
Used for months of April and May 1940; January, February, March, September, December, 1941; and January 19432,
CRecord at Lake Alfred, June-December 1946,
fRecord at Orlando Airport, May 1944 to December 1946,
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524 WATER RESOURCES IN SOUTHEASTERN FLORIDA

Table 58,—Number of rain gages used to determine precipitation in given drainage basins

Number of Ares Square miles

Location rain gages {square miles) per rain gage

Kissimmee RIVETiiussiesssasenssessssrons 10 3,260 326
Lake Okeechobee as 800 160
Everglades area ba20 3,900 195
Florida (average for State)..cvesvssesess 119 54,861 461

2Subsequent to June 1940,

bas published by 1. S. Weather Burean in 1946 climatological swmmary,

rainfall distribution. Rains of appreciable duration seldom occur;
however, during the rainy season, showers of high intensity and
narrow width pass across the peninsula at varying speed, Possibly
of equal importance is the inadequacy of using mean areal precip~
itation in studies of rainfall and runoff relations over relatively
large areas. For example, aheavy rainfall over the more saturated
areas will produce a larger volume of runoff than it will over the
relatively absorbent area,

An evaporation pan has been maintained by the So0il Conservation
Service and the Florida Experiment Station at Belle Glade since
1924, It is a standard Weather Bureau Class A land pan (Kadel,
1919) and is the oldest in the region for which early records are
available. Measurements from four sunken pans in the vicinity of
Lake Okeechobee were begun by the Corps of Engineers in 1937.
During the period 1940—46, 10 evaporation stations were in oper-
ation in the area. A compilation of selected evaporation records,
including a description of the pans, is given in tables 8, 9, and 10,
For a discussion of the regional climatologic characteristics, see
the section on Climate. '

KISSIMMEE RIVER BASIN

EXPLANATION OF METHODS

SEPARATION OF DIRECT AND BASE FLOW

Base flow is the gradually varying or sustained component of
streamflow, It responds slowly to seasonal rainfall, and on it are
superimposed relatively abrupt peaks, closely associated with
periods of rainfall, which represent direct runoff. Rivers, lakes,
swamps, and ground water in southern Florida merge to such an
extent that it is impossible to ascribe particular sources for base
and direct flow, and the distinction between them, which is at times
obscure, is one of time-characteristics,

The separation of direct and base flow has been approximated
graphically by plotting a hydrograph of daily mean discharges for
each year of record. On these graphs the daily precipitation atone
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526 WATER RESOURCES IN SOUTHEASTERN FLORIDA
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Figure 151, —Lower part of depletion rating curve, Kissimmee River near Okeechobee,

or two places in the basin has also been plotted, Figure 150 is a
sample of such a hydrograph.

The basic method was originally described by Houk (1921, p. 165)
and later by Meinzer and Stearns (1929, p. 107—116).

The depletion hydrograph, prepared from a study of the decline
in stream discharge during rainless periods, is a useful guide for
the separation of base flow. However, long rainless periods with
an accompanying uninterrupted decline of base flow from high to
low flows seldom occur in humid regions, and it is generally nec-
essary to build up a depletion rating curve using segments of hydro-
graphs covering different rainless periods. In selecting these seg-
ments of hydrographs, care is exercised to allow sufficient time
after rainfall for all direct runoff to be discharged from the basin.
In the Kissimmee River basin 10 days was allowed. Having selected
hydrograph segments representing apparently normal depletion,
discharge at a giventime was plotted as ordinate against discharge
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Figure 152, — Average depletion hydrograph, Kissimmmee River near Okeechobee.

5 days later as abscissa. A number of points were thereby defined
and an average depletion rating curve drawn giving more weight to
those points plotting to the right, as it is believed that points that
are plotted inconsistently to the left might represent direct flow.
The lower portion of this curve is shown in figure 151, From this
depletion rating curve a depletionhydrograph was readily prepared
by plotting the depletion discharges at 5-day intervals as obtained
from the curve (see fig., 152).

The depletion hydrograph so derived was animportant aid in lo-
cating the. position of the graph of base flow on the basis that seg~
ments of -the observed hydrograph that conform with the depletion
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hydrograph represent base flow, For example, see figure 150,
The depletion hydrograph (used as a template) was placed along a
recession limb of the discharge hydrograph, and a line was drawn
to coincide with the lower partof the recession. This line was then
extended upward, The difference between the extended depletion
hydrograph and the total flow is presumed to represent drainage
occurring as direct runoff. A point onthe extended depletion hydro-
graph, generally 10 days after the end of rainfall, was selected as
the peak of base flow. This point was then connected, usually by
a straight line, with the base flowline at the beginning of the rise,
There is considerable uncertainty about base flow during flood
periods, and the longer the stream remains at flood stage the
greater the uncertainty. During flood, the flow from ground water
into the streams or drainage channels may be checked or even
reversed because the water level of the streams is likely to be
higher than the adjacent water table, On the other hand, floods are
also periods of ground-water recharge by direct downward perco-
lationto the water table; therefore, the net effect is problematical,

BASE STORAGE

The depletion hydrograph, representing drainage from ground
water, swamps, and lakes during long rainless periods of no re-
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Figure 153, — Relation between rate of base flow and base storage, Kissimmee River near
Okeechobee,



SURFACE WATER 529

H000

56800

5200

&
8

§
\

g
N

g
[=]

§

5
~

2400

bd
o
2
<
F
\

/

RATE OF DIRECT RUNCFF, iN CUBIC FEET PER SECOND, CN SELECTED DAYS

3

™~

aoo
EXPLANATION

@ Morch 1931
S

e
1

400 P 1932 —
f x + October Yo Novamber 1935
x © March fo April 1936
x October to November (937
& December 1937
Q 400 800 1200 1600 2000 2400 2800 3200

RATE OF DIRECT RUNOFF, IN CUBIC FEET PER SECOND,
8 DAYS AFTER SELECTED DAYS

Figuwre 154, —Recession rating curve of direct runoff, Kissimmee River near Okeechobee,



530 WATER RESQURCES IN SQUTHEASTERN FLORIDA

charge, is a hydrograph of discharge from the water bodies main-
taining base flow. The rate of this drainage is an indication of the
rate at which storage in those water bodies is being depleted, and
the rate of drainage, asg well as storage, decreases with time.
Therefore, it seems appropriate to associate rate of drainage with
that part of the storage yet remaining that will appear as runofi.
This has been done by plotting values of ordinates to the depletion
hydrograph against the area under the graph to the right of the
ordinate., Figure 153 shows the basestorage curve, as it is called,
for the Kissimmee River basin, with the volumes of storage ex-
pressed in inches.

DIRECT-RUNOFF STORAGE

A recession hydrograph for direct runoff, representing water
generally in transitduring and soon after the cessation of rainfall,
was prepared in a manner similar to the depletion hydrograph,
Direct runoff is the ordinate between the base-flow line and the
hydrograph of total discharge (.fig. 150). Only points on the reces-
sion limb of the hydrograph were used. In preparing the normal
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Figure 155, —Direct-runoff storage, Kissimmee River near Okeechobee,
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recession graph (see fig. 154), preference was givento hydrograph
segments showing the most rapid rate of drainage; those few hydro-
graphs that declined so rapidly as to be indicative of drainage that
occurs inonly parts of the drainage basins were disregarded,

A storage curve of direct runoff (see fig. 155) was constructed
in the same manner as the base-storage curve described in the
preceding paragraphs.

ANNUAL RUNOFF ANALYSES

The runoif of the Kissimmee River basin (3, 260 square miles),
as measured at the gaging station near Okeechobee, represents
about 65 percent of the inflow to Lake Okeechobee. The general
characteristics of the basin as they affect the runoff are described
in the previous section,

The average annual rainfall for the period 1931—46 is 49. 54in.,
and the mean deviation from the average is 4.6 in. (9.3 percent of
the average). During this period the annual runoff ranged from
3,52 in. in 1932 to 11.86 in. in 1934 (table 61), and the average
annual runoff is 7.13 in. The mean deviation from the average is
1.98 in., 28 percent of the average, incomparisonwitha 9-percent
mean deviation in precipitation, illustrating the relatively greater
fluctuation in runoff.

For the 12-year period 1935—46, annual runoff of the Kissimmee
River averaged 6. 87 in,, broken down as follows: Runoff of Kis-
simmee River below the outlet of Lake Kissimmee (1, 850 square
miles), 6.98 in.; runoff of Istokpoga Canal near Cornwell (660
square miles), 8,06 in.; and runoff from the 750-square mile in-
tervening area just above the gaging station near Qkeechobee, only
5,52 in, This reflects in large part the lesser amount of rainfall
in the lower part of the basin.

Annual runoff of the Kissimmee River, in inches, has been
plotted against mean areal rainfall, as shownon figure 156. As a
partial explanation of the scattering of the points there has been
indicated, next to each plotted point, the rate of estimated base
flow, in second-feet, at the close of the preceding year, as an index
of moisture conditions then prevailing, This study shows that the
volume of annual runoff is much affected, not only by the amount
of precipitation representing the supply but also by antecedent
moisture conditions. A correlation analysis showed that annial
runoff equals approximately 0,51 (0.7 2, + 0, 32) - 18. 32, in which
P, is the total precipitation of the current year and 7, is the pre=
cipitation during the preceding year. The same study showed that
precipitation during the second preceding year had virtually little,
if any, influence, The distribution of precipitation among the
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seasons, alsoanimportant factor, isbest studied by the preparation
of rainfall-runoff diagrams by months,

Base flow, as listed in table 59, averages 88 percent of the
total runoff, Comparison of this ratio with that for the adjoining
Peace Creek basinillustrates the effect of terrainupon streamflow.
Peace Creek, draining a relatively narrow valley, dischargesonly
62 percent of its runoff as base flow,



Table 59, -—Honthly runcif analyses, Kissimmee River near Okeechobee, 1930~16

i : i - i irect-runoff i 1 Evaporation
Total Discharge at Ba o | Base flowat | Base storage fp. o o dD;;:]f:tgl'!em;f s?ol:age :::n;nd meamiahs 5 (frolz-n Belle
Month runoff | end of month | Base rmol ;g of 1 onth [at end of month] Do (from table 56,4 {107

gy inches) N {inches} lend of month of month in inches) ade pan,

{inches) {cfs) ¢ {cfs) {inches) (cfs) (inches) " in inches)

1930
o, = PPN 1.60 4,400 1. 16 3,520 3,34 0,44 880 0,05 1,89 4.89
. . 1.15 2,720 1.04 2,675 2.81 .11 45 1] 1.91 3.84
.93 2, 640 .88 2,440 2,63 .05 200 .01 3.94 3.317
1931 -

.0 3,210 .86 2,440 2.63 .15 770 .05 3,43 3.21

.88 2,370 .11 2,360 2.57 11 10 a9 - L4 3.48

1.10 2,250 .88 2,550 2,46 .22 0 o, 4,29 4,72

.97 3,690 1T 2,360 2,57 20 1,330 .09 5.58 4,91

.84 1,870 Jie 1,810 2,07 ;09 o G 3,36 B, 59

.87 1,480 .56 1,480 1,58 .01 0 ] 1,93 7.05

.45 1,160 .45 1,160 1,13 1 i 0 5. 58 7.4%

.40 1,180 <40 1,150 1,13 0 30 4] 6. 79 6.32

44 1,260 .41 1,260 1.27 .03 0 0 -5.03 5.30

.41 1,140 .41 1,140 1.10 0 0 0 1,92 4,54

.35 935 .35 935 .82 0 0 0 .25 3,78

.31 82 .31 780 .62 0 2 [ 2.72 3.32

7.73 6.92 .81 42,29 60, 69

.26 56 .26 656 .47 0 0 [d .'f0 3.55

.20 852 .20 552 .36 L] L] 0 .35 4.02

.18 452 ki 440 .25 .01 12 L] 2.75 5,60

.13 308 .13 308 .15 0 0 0 .97 6,72

.12 520 .10 400 .22 .02 120 .01 8,03 1.15

.27 953 .16 485 .29 .11 468 .03 8.83 5.13

.18 418 .15 418 .24 .04 [ 0 4,32 7.0%

.30 1,260 .28 1,120 1. 01 .02 140 .01 9, 20 6.22

.13 1,500 .45 1,500 1. 61 .28 ] ] 17 5 14

.45 1,250 .45 1,250 1,26 ] L] 0 2.28 5,34
.38 1,010 .38 1,010 .91 0 0 0 3.50 3,42

.31 765 .31 765 .60 0 ] 0 .10 3,47

Total....o.... 3,52 3,04 .48 44,20 62. 85
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Table 59,—Monthly nmnoff andyses, Kissimmee R:Ver near Okeechobee, 1930_46-—Cont1nued

i Direct-runoff Direct-runoff N Evaporation
on | pott [ DI | e ranor | B o st B Ao | piverrumat| icharge at frrsge ot ena ALl | (oo et
(inches) {cfs) (inches) {cfsy ({inches) (inches) end of month of month in inches) | Glade pan,
[cfs) {inches) in inches)
0,25 664 0,25 664 0,47 0 0 0 1.79 3.24
.20 552 .20 552 .38 0 0 0 2,89 4,46
.19 469 .19 469 .28 ] 0 o 2,08 6. 11
.19 503 .18 503 .30 .03 0 o 5,08 6.18
14 299 .14 299 .15 8 0 0 3.42 7.15
i 350 .12 350 .19 0 0 0 6.53 6.13
.35 1,880 .29 1,400 1.48 .06 480 .03 12,58 5.82
.88 1,660 .63 1,660 1.81 .25 o 1] 8,16 5.03
2.64 6, 100 1, 45 &, 100 4,32 1.18 0 1] 14,09 5.97
1,78 3,930 1. 78 3,750 341 .02 200 .01 2,88 4,78
1.04 2,630 1.03 2,630 2.19 .01 0 ] 176 3.886
L 1,830 L1 1,830 2.08 0 a ¢ .23 3.48
8.55 7. 00 1.55 59, 46 §2.21
Jan versaraans .88 1,530 .58 1, 530 1.65 0 i} ¢ 1.16 3,63
.45 1,360 .45 1,360 1.42 ] 0 ] 2,71 3.69
.45 1,230 44 1,150 1,12 .01 80 0 3.84 5; 56
45 1,360 .38 1, 280 1,29 .08 80 0 4, 64 8.9
1] 1,390 .44 1, 340 1,40 02 30 ] 7.09 g, 4
1,38 7,880 .79 5,000 3.98 .51 2, 880 .20 13.34 8,1
2,55 6,440 1.93 5, D00 3.98 .62 1, 440 .08 8, 00 1. 12
1,82 4,500 1,63 4, 250 3.70 .20 250 01 5.13 6, T0
1,44 4,000 1. 36 3,730 3.45 .08 270 02 3.69 5,717
1.04 2,300 97 2,200 2. 41 .07 100 L0l 2.02 5.73
.72 1,770 635 1, 660 1,82 .07 110 .01 .58 4,03
.53 1, 360 .52 1,360 1,41 .01 o 0 .58 3,49
11 B 10 15 1.171 50, 19 65, 27
1935
.42 1,020 .42 1,030 .98 o 0 0 .88 3,81
.30 860 .28 810 . Ba .01 50 ] 1.61 4,25
.25 581 .25 581 .38 0 o] 0 .18 6. 52
.20 563 .19 485 .29 .01 18 V] 4 17 7.80
.15 312 15 312 .16 i} a 1] 2.13 8.84
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Table 59.— Monthly runcff analyses, Kissimmee River near Okeechobee, 1930-46—Continued

- Direct-tunoft [Direct-r . Evapceation
Total Discharge at | Bage mmotf | Base flow at | Base storage |pirect-runoff dischargeat |fterageatend Rainfall (&cin Balle
Month runoff end of month | finches) end of month fatendofmonth| (inches) end of month | of month [CromtableSS, [ o o
({inches) {cfs) (cfs) (inches) (cfs) (inches) in inches) $n inc!:es)‘_
1938—Con.
MaY.ieerssneesnse 0,24 673 024 590 /P. 40 0 83 ] 4,95 6.866
.26 826 .23 T20 .54 .03 106 .0l 6.13 6.50
A7 1,580 .36 1,350 1,41 .01 240 .0l 10,08 6. 64
.55 1,360 .51 1,360 1. 41 .04 [ ] 3.87 6,75
.42 1,180 .42 1,180 1.17 0 1] 0 4,53 5,92
.48 1,650 A0 1, 400 1,48 .08 250 .01 4,75 5,34
.48 1,140 44 1,130 1,08 .02 10 ] 1.59 4,08
.36 904 .36 504 i L] 0 [ .08 3.36
Totaliesessens 5,21 5,08} .19 40,72 65. 79
1939

Janciinenennens .29 T44 .29 744 .58 L] 0 0 .98 3.88
.21 587 21 587 .39 0 0 0 .85 4,98
.17 406 17 406 .22 0 0 +] 1.48 6,12
.14 456 .13 380 .20 .01 T4 0 5.17 7. 46
.13 282 .12 282 .14 .ol o a 5.11 T.48
.11 538 .10 390 .21 .01 146 .01 10,04 8.97
.36 828 .25 828 .69 .11 0 0 1.34 6,82
.70 4,510 .46 2,460 2.66 .24 2,050 .14 12,05 5.26
1.20 4,510 .89 2,920 3.00 .31 1,590 10 5.89 5.76
Cct,... 1.11 2,520 1,04 2,520 2.70 .07 0 0 2.41 5.09
.82 2,070 .80 2,050 2.28 .02 20 L] .80 3.94
.84 1,630 .64 1,590 1.74 0. 40 ] .14 3.3
5.88 510 .78 52,62 86,87
a7 1,530 .54 1,490 1,58 .03 40 1] 3.51 3.16
N 1,490 48] 1,430 1.50 02 80 0 3,59 4,42
.52 1,530 .50 1,430 1.50 .02 100 .01 4,24 5,52
.51 1,320 .80 1,320 1.34 .01 1] ] 1.8% 6,55
.40 1,080 .39 960 .85 .01 130 .01 2,21 8,08
.36 1, 000 .33 970 .87 .03 30 1] 5.33 6,38
.48 1,810 .40 1,490 1.59 ;09 320 .02 9.14 6.78
AUZuiersrsernenses .63 1,760 «58 1,570 1,70 .05 190 01 6,42 6.31
Septeuuisarcecene .93 2,940 il 2,520 2,70 .23 420 .02 7.72 4,84
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94 1,890 i 1,830

2,04 J1T 60 0 .96 5.71
.53 1,320 .53 1,320 1,34 0 0 0 .09 4,21
.43 1,320 .42 1,156 L1 .61 170 ,01 4.47 2, 80
6.81 6.14 87 49,63 64,86
1941

Jan.ese. . .53, 1,670 .45 1,400 1,46 .08 270 .02 4,24 3.08
Feburmersonrerarened .56 1,700 .50 1,570 1.70 .06 130 .0k 3.88 3.73
Mar... .55 1,500 .53 1,470 1.55 .02 36 o 3.16 5.50
APlireerirrearesans .63 2,060 .53 1,670 1.83 .10 350 .02 6.25 6.48 -
May 67 1,670 .57 1,480 1.58 .10 196 .01 2.06 8.04
fune..... .50 1,530 .48 1,490 1,80 02 40 0 9,76 7.386
Jaly.eeeenens 1,02 4,280 .19 3,060 3.04 .23 1,220 .08 11.59 6.08
Aug 1,20 2,620 1.06 2,430 2.63 L14 190 .01 4,01 6.74
Sept .84 2,800 .5 2,250 2,47 .09 550 .03 5,46 5.62
OClierrerssrerssneed 1.05 3,360 .85 2,870 2,82 .20 690 .04 3,77 5.54
1.00 2,450 .95 2. 450 2.85 .05 ¢ 0 3.29 3.55

.85 2,450 .82 2,260 2,48 .03 190 .ol 3.47 2,60 @

9.40 8.28 1,12 61,04 64, 33 §

1942 2

1,00 2,800 .83 2,440 2,64 17 360 02| 2.79 2,93 m

.83 4,650 .73 2,450 2.65 .10 2,200 .15 3.92 3. g

1,34 3,360 1,06 2,890 2,97 28 470 .03 4,99 5.80 >

.81 2,060 .82 2,056 2,21 05 10 0 2.46 6.61

.64 1,870 .64 1,800 1,75 ¢ 70 0 2,63 7.2 =
.90 2, 450 .13 2,360 2,58 J17 90 .01 10,36 5.64
.85 2,310 .80 2,210 2,44 .05 100 o 5.67 7.867
.79 2,060 LT 2,060 2,28 .02 ¢ 0 4.52 6.31
.73 2,060 LT 2,060 2,28 .02 () 0 5,862 5,25
.63 1,500 .63 1,500 1,60 0 ¢ ¢ .57 5, 64
.45 1,190 .45 1,120 1.70 0 o ¢ 14 4,98
.39 1,040 .38 1,040 .96 01 0 o 2,42 3.08
Totaleveeerereens 9.42 8,55 .87 46. 09 64.01

1943

JAMaereerrenearenens .32 860 .31 820 .68 o1 40 () 1.35 3.53
. .24 676 .24 660 CL4T 0 16 0 .53 4,40
.26 632 .25 632 .44 .ol o o 4.80 5.91
.19 500 .19 490 .30 0 10 ¢ 1.99 6.53
.16 566 14 410 .23 02 156 .01 4,82 7.18

.18 500 .14 460 .27 .02 40 i : 5.62 6.20

.36 1,470 .28 1,380 1.43 .08 90 .01 10,20 6.62 <@

.48 1,500 .46 1,350 1.41 .02 150 .ol 7.73 6,46 I




Table 59. —Montily runoff analyses, Kissimmee River near Okeechiobee, 1930—46 — Continued

. ] Direct-rimoff | Direct-runoff Evaporation
Tota Discharge at ase flow at : i P

Month runof% lend of mg;:vnth Base runoff aﬁd of month a?:aesl:ads;? ;ig:m Direct-runoff diisci;arge ai store;ge at ﬁnd [fro:-xatlﬂil 56, gi‘og' Belle

ooty [ | nches G ™| o™ end s ot o mon ™ (S0 | e e
0.59 1,840 0. 54] 1,840 2,03 0.05 0 8 5.73 5.80
1.08 2,000 .76 2,000 2,23 .32 1] 0 3.26 5.186
.59 1,530 . 58 1,530 1.85 .01 0 0 1.08 3,45
.49 1,270 .49 1,250 1.26 0 20 0 .51 2.92
4.92 4,38 .54 47,56 64,186
41 1,060 .41 1, 360 .98 [ 1 0 1.12 3.22
.31 835 .31 835 .69 0 0 0 .35 4. 68
.26 676 . 26 676 .49 ] 0 0 4,45 5.58
.33 960 . 25 750 .58 .08 210 .01 4,20 6.47
.23 478 .22 478 .28 .01 1] 0 2.00 6,87
.18 457 LI 457 .27 .01 [} 0 7.45 .12
.22 742 ;18 860 .47 .04 82 0 8.38 6,77
L34 1,210 .30 1,060 .98 .04 150 W03 6.52 6.20
.42 1,210 . 40 1,130 1.17 .02 20 0 4,37 5.68
.48 1,570 . 43| 1,360 1,42 .05 210 .01 6.75 4,89
. B0 1,670 . 55 1,640 1,80 .05 30 0 .37 3.74
.57 1,550 . 56 1,510 1.61 .01 40 1] .42 3.07
4,35 4,03 .31 48,78 64, 29
.52 1,410 .51 1,410 1,48 .02 0 0 2.63 3.68
.42 1,210 .42 1,210 1.20 0 i] a .19 3.89
.38 930 . 38 930 .82 ] 0 0 .53 6,17
.27 678 .27 660 .47 1] 18 [ 1.88 7.08
.20 458 .19 458 .27 .01 0 V] 1.48 7.42
.16 134 14 480 .27 .02 274 .02 14,78 6,09
.64 5,960 .34 1,830 2,03 .30 4,130 .31 9.21 5.3
1,14 2,640 . 88 2,540 2.1 .26 100 .01 4,67 6.38
2.11 7, 840 1, 401 6,600 4, 46 .71 1,240 .08 10,84 5.44
2.17 5.240 2, 10 5,240 4,03 .07 0 0 4,17 4, 37
1. 50 3,770 1. 49 3,100 3.44 .01 70 i} 1,27 4,25
1,17 3,030 1,13 2,890 2.97 .02 140 L0l 2.50 3.04
10,68 9. 27 1,41 54,15 63,52
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MONTHLY RAINFALL-RUNOFF RELATIONS

The discharge of the Kissimmee River varies seasonally in re-
sponse to the distribution of rainfall and the seasonal variation in
temperature. Runoff, in inches, for each month of record (1930—
46), as measured at the gaging station near Okeechobee, is given
in table 59. The average discharge near QOkeechobee by months
for the period 1931—46 is given in table 60,

The values of average annual precipitation, runoff, and precip-
itation minus runoff, given in table 60, are the average of annual
values based on data given in tables 57 and 59 and summarized in
table 61; they are not the summation of the monthly values shown
in table 60.

The lowest flows occur in winter and spring, usually in May and
June. The highest flows are in September, October, and November,
as a result of the rains of those and preceding months.

Runoff during a given calendar month (evaporationlosses assumed
constant) was analyzed as a function of the following two factors;
viz.: (1) Antecedent discharge, which in turn is indicative of the
amount of carry-over discharge(drainage of water already in the
basin) and the degree of wetness or dryness of the soil, or con-
ditions that determine the portion of the subsequent months' rain-
fall that will be converted into runoff or addedto storage available
for runoff during subsequent months. (2) Mean depth of rainfall,

Tabl'e 60, —Average monthly and annual h drolggic data, Kissimmes River near Okeecho-
bee 1951—4

[Measurements given in inches]
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Jan, 1,951 0.55 1,4 2,5 1.41| 0.01 10.17 63
Feb, - 2.4 1,46 1.95 2.9 1.31 .01 10,2 64
Mars* 3,0 .5 2.5 3.2 1.19 .00 9.6 67
\Apr 3.2 .43 2.15 3.8 1,01 .01 8.9 72
4,0 .85 3.65 4.8 80 .00 7.9 77
Jmfy .85 .39 7,45 5.1 99 .02 8.9 80
July 8.05 .58 7.45 4.9 1. 49 04 11.1 82
Aug, 6.4 .68 5.7 4.2 1.76 02 12,3 82
Sept. 6.55 .92 5, 65 3.2 2,32 .02 14.7 80
Oet, 3.25 .94 2.3 2.7 2,21 02 14.2 75
Nov, 1,45 .70 .75 2.9 1,84 01 12,7 67
Dec, 1.5 .61 .9 2,8 1.54 00 11.3 63
Annual %49.5 | %713 42.4  Pazo 79,5

aAverage of annual values, see text.
Sum of monthly values.
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Base flow at the end of the preceding month, as taken from
table 59, was used as the index or correlation parameter. Base
storage was then obtained by use of figure 153, and direct-runoff
storage was obtained in a similar manner from figure 155, Monthly
precipitation was obtained as shown in table 57,

Diagrams similar to figure 156 were prepared, one for each
calendar month, with precipitation as ordinate, runoff as abscissa,
and antecedent base flow as parameter, Lines of equal antecedent
base flow were drawn to conform with the plotted points. A study
was made of the 12 monthly charts so prepared to determine the
adjustment that could be made to measure precipitation so that all
points for all months could be placed on one chart. Figure 157
shows such achart. The ordinate is precipitation minus L, L'being
the values of the adjustment just described, A list of the values of
'L fop the several months is given in figure 157 and in table 60.

‘Several points that did not plot satisfactorily may be attributedto

improper estimates of base flow or to deficiencies in the analysis
of precipitation, The computation of mean areal rainfall basedon
one rain gage for 326 square miles is subject to large errors of
sampling., Moreover, the study does not distinguishbetween rain-
fall of a single heavy storm from that of a number of separate
storms, nor does it indicate whether the storms occurred at the
beginning or at the end of the month, The chart applies only to
average conditions, Nevertheless the average error of estimate
is only 10 percent,

It was observed that the values of L, referred to above, were
equal to those values of precipitation minus runoff for which there
were no net changes in base flow. In other words, for a month in
which precipitation minus runoff exceeded L, the base flow at the
end of the month was higher than at the beginning; conversely, if
precipitation minus runoff was less than L, the base flow at the
end of the month was less than at the beginning., It was also observed
(table 60) that the sum of the values of L {or the 12 months isap-
proximately equal to the difference between average annual pre-
cipitation and average annual runoff. The difference between this
figure and annual figures of precipitation minus runoff segregates
years in which there was a net increment or a net decrement in
base flow. The line drawn on figure 156 for a value of L = 43,0
in. (mean annual water loss) approximately separates the group of
points in which there was a net rise in base flow from those in
which there was a net fall, Accordingly, a diagram (fig., 158) was
prepared to show the monthly change in base flow with respect to
P-L, the values of .R being implied by relation to the other factors,
The observed points on which the diagram is based are omitted.
The ordinate is precipitation minus L, the initial or antecedent
base flowis givenas the abscissa (logarithmic scale), and the final
base flow is shown as the parameter, For values of 2-L equal to
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Figure 158, — Monthly change in base flow, Kissimmee River near Okeechobee,

-3 in. or less, the graphs give results substantially equivalent to
the depletion hydrograph (fig. 152) for intervals of 30 days. By
using figures 157 and 158 in combination, an estimate of runoff for
each month can be made in advance, contingent upon the range in
expected precipitation, This may prove of use in the regulation of
Lake Okeechobee.

An example of methods of using figures 157 and 158 might be
helpful, Consider the wet year 1934, Base flow on December 31,
1933, was 1, 830 cfs. Precipitation during January in the period
193146 ranged between0. 70 and 4.24 in, with a mean of 1,96 in.
Since L for January is 2.5 in., the corresponding values of P-L-are
-1,80, +1.74, and -0, 54 in. Accordingtofigure 157, January run-
off would range between0, 55 and 0. 75 in.,, with an expected figure
of 0, 65 in.,, which corresponds to normal precipitationfor January,
According to figure 158, base flow at the end of January should
range between 1,400 and 1, 800 cfs, with an expected figure of
1,600 cfs. Precipitation during January 1934 actually was’ below
normal but above the minimum of record, and so runoff experiences
was 0, 58 in. and final base flow, -1, 530 cfs. The process can be
continued from month to month, or projectedfor 2 or more months.
However, if projected for more than 2 months the range widens
rapidly.

Inprojecting the estimates, itis notnecessary to base minimum
and maximum limits on compounded maximum or minimum pre-
cipitation figures for each month; instead, 'such observed precipi~-
tation sequences are used that will give minimum or maximum



544 WATER RESOQURCES IN SOUTHEASTERN FLORIDA

precipitation for the group of months. Thus, continuing through
February 1234, we have limiting base flows at the end of January
of 1,400 and 1, 800 cfs, However, it is not likely that January ex~ -
tremes of precipitation would again be followed by February ex-
tremes,. Nevertheless, it is plausible to use total January plus
February precipitation for these limits. These totals are; mini-
mum, 1.05 in,; maximum, 10.44 in; average, 4.35 in, Since we
have used 0,70, 4. 24, and 1. 96 in., respectively, for January, the
corresponding quantities for February are 0, 35, 7. 20, and 2. 39 in,
Using these figures in conjunction with a value of L of 2,9 in, and
with the estimated limits of base flow at the end of January, the
February runoff should range between 0,40 and 1,10 in,, with an
expected value corresponding to the occurrence of normal precipi-
tation in January and February of 0.55 in,

WATER LOSSES AND STORAGE

The general bydrologic equation for a basinis PLR-L=-A3. In
this equation P represents the precipitation; R, the runoff; L, the
evapotranspirationloss; and AS, the change in storage in the basin
during the period. If the periodof time is longenough, the caange in
storage may be neglected and the losses would be approximately
P-R For the 16-year period of record, mean annual losses so
approximatedareequalto49.,5 - 7.1 = 42,4 in, Inthe same period,
evaporationfrom the 4-ft ventilated panat Belle Glade, as listed in
table 8, averaged 64,62 in, per year. The annual water losses of
the Kissimmee River basin were therefore about 66 percent of the
evaporation from the Belle Glade pan, It has beenfound (Harding,
1942) that evaporation from lakes and large ponds averages about 70
percent of the evaporation from a ventilated pan. Accordingly, water
losses from the Kissimmee basinaverage about the same as evapo-
ration from equivalent lake areas, This is not surprising because.
much of the basin is occupied by lakes and swamps, A moreac-
curate value of the mean annual water loss is computedbelow,

To compute monthly water losses, the change in storage must be
accounted for., In the basic equation P-R-L =AS AS refers to the
change intotal storage of water of allkinds in the hasin. The Kis-
simmee River basin includes extensive areas of swamps and lakes
in which surface- and ground-water storage and soil water merge
to suchanextent as to obscure distinctions between them, However,
two broad kinds of storage may be recognized: gravity water
{storage available for runoff), which is mainly the water in lakes,
rivers, and inthe ground under water-table conditions; and capillary
water (surface soil-moisture storage), ordinarily referred to as
soil moisture or water in the soil-root zone. The storage available
for runoff is the source of direct and base runoff. There are no
ready measures of storage, except sofar as storage can be inferred
from records of precipitation and runoff. It is well to emphasize
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that volumes of storage, as computed from analysis of the hydro=-
graph and reported in table 59, represent such portions of the
storage in the zone of saturation as were realized in runoff, Volumes
of these components of available storage as computed from depletion
and recessionhydrographs are reported separately as base storage
and direct-runoff storage intable 59. The component of base storage
(ground storage) is by far the greater, reaching a maximum of
more than 4 in, during September 1933 and 1945, Direct-runoff
storage within the same period of record did not exceed 0.5 in,

Base storage, according to the depletion hydrograph (fig. 152),
requires nearly 9 months to change from the highest to the lowest
base~-flow rates. Furthermore, an average lag of about 3} months
occurs between the time of recharge and the middle of the period
of the mass of outflow, During this interval, variable quantities of
ground water are lostby evapotranspiration, depending on the depth
to the water-table. Much swamp water and marsh water is included
in the total amount of ground storage, and such water is subject to
direct evaporation and transpiration by phreatophytes and hydro-
phytes, Accordingly, only a small part of the water in the zone of
saturation escapes as runoff in the drainage channels and is mea-
sured as base storage, Direct runoff is more transient, having an
average lag of only about 10 days. Itis less subject to loss, although
the same principle applies.

Storage in the zone of saturation (including lakes and rivers) in
the basin could be determined from -ground- and surface-water
levels by the formula Vv = y4, where V is volume of storage, & is the
average areal range of water levels, and y is average specific yield
(as determined by laboratory or discharging-well methods; for lake
and river areas its value is unity). None of the above factors is
known, therefore the equation cannot be evaluated. However,
assuming a 7-ft range over the basinduring the period1931-46 (as

inferred from the range in stage observed in several canals) and

a specific yield of 20 percent (an average value), the fluctuation in
storage is 17 in. For the same period a 4, 5-in, range in base
storage (available for runoff) was inferred from the hydrograph.
According to these assumptions only about 25 percent of the ground-
water recharge was realized as base flow inthe Kissimmee River.
The above figures for range in water levels and specific yield may
not be correctly evaluatedfor theKissimmee basin, but they should
serve to illusirate the method that was developed in further detail
by Meinzer and Stearns (1929) in relation to the Pomperaug basin
in Connecticut. Comparison of recharge, as deduced fromobser-
vations of ground-water levels, with base flow computed from the
hydrograph, indicates that about 56 percent of the recharge becomes
available asbase flow inthe Pomperaug basin. However, this basin
is in a climatic and physiographic zone different from that of the
Kissimmee.
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The value of P-R for a given calendar month that separates months
with increments from those with decrements in base flow is given
asL in figure 157 and table 60, For a value of - R=L, therefore,
change in storage (AS) may be presumed to be very small and is
treated as zero, The valuesofL were usedto compute the monthly
changes in basin storage by the formula AS=P-R-L, in which Pis
the monthly precipitation, R is the measured runoff, and L is the
average evapotranspiration loss. AS represents the changes in all
forms of storage, average monthly values of which are given in
table 60.

Changes in storage have been computed for each month of record
and cumulated from the beginning of record. These cumulated totals
to the end of each month of record have been plotted on figure 159
against base flow at the end of the respective month. A line has
beendrawn to average the plotted points, and the scale of cumulative
P - R-L chosensothat computed storage is about zero for the lowest
observed base flow of record., The range in storage experienced,
as indicated by the extreme points shown, is about 24 in,, of which
about 4 in, represent base storage. Storage reached record-low
values in April 1932 and again in the spring of 1939, Highvalues,
about 20 in, above the minimum, occurred at the beginning of the
record during the fall of 1930, and again during the fall of 1933,
The scattering of points might be ascribed either to inadequacy of
the theory or to greater variability in monthly loss than has been
allowed for herein, However, study of the deviations from the
average graph shown failed to reveal any systematic relationship
between loss duringa given cslendar month andother factors such
as precipitation or runoff. '

Soil moisture has an important role in the hydrologic cycle.” A
large part of the evapotranspiration losses is from the soil mois-
ture. The soil ig recharged during each rain and pumped out by
persistent evapotranspiration " processes during fair-weather
periods, This recharge has firsttollon rainfall, penetration to the

water table occurring only in those places where soil moisture is
" near or at capillary capacity. Soil moisture represents storage,
and during the growing seasons it is probably subject to greater
and more frequent fluctuations in volume than any other item of
storage. Storage, as computed in this section, includes only that
volume in excess of the minimum recorded during the 1932 and 1939
droughts, It is doubted whether the wilting point was reached over
any appreciable area, although the Weather Bureau reported that
irrigation was practiced where possible, so there was probably a
considerably but indeterminable volume of water in soil moisture
inaddition to the amount shown, If, however, the range in storage
of so~called gravity water (as computed from range in canal and
lake stages) is 17 in,, and the range in total storage during the
same period was 24 in., then the difference of 7 in. was the soil~
moisture storage, assuming that the extremes of soil moisture
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occurred at the same time as the extremes in gravity water, which
one would expect,

To summarize, then, the range in storage during the 1931-46
period was about 24 in.; of this, about 17 in, may be gravity water
in lakes, streams and ground water, and the remaining 7 in, may
be soil moisture, which is directly available only to plants or other
evaporative processes., Of the gravity water, only 4 to 5 in, is
realized as runoff, Therefore, about 20 in. of storageis not avail-
able for runoff,

Figure 160 presents a study of rainfall runoff, losses, and storage
during an average year. The lowest line shows cumulative runoff .
based on data in table 60, Added to this is the computed storage
available for runoff, which is the sum of the base storage and
storage available for runoff at the end of each month, as given in
table 60, The ordinate to this second line at any time is the total
water outflow plus water in storage available for outflow, A hori-
zontal line is indicative of no recharge and means that outflow is
at the expense of storage. The ordinates to the thirdline represent
total storage plus measured runoif.

At the beginning of the year anaverage of about 11.5 in, of storage
is in the basin, This is the initial point for beginning the line of
supply (cumulative precipitation). The difference between the line
of cumulative precipitationand the thirdline represents cumulative
evaporation ‘and transpiration (L) from the beginning of the year.

The boundary between total storage and evapotranspiration is
indistinct, because if there was an error in the estimates of loss-
es in any month such error would be reflected in the estimate of
storage inasmuch as P-R=L+AS, P and R are known and their
difference is known, hence the sum of L+AS is known; h;?ﬂever, the
boundary between them hasbeenbased in large part on the assump-
tions that fluctuations in total storage are reflected by base flow
and that losses for any calendar month are the same in eachyear.
Consequently, this boundary in figure 160 is the average of two
lines, one defined by adding to the first line the total storage ac-
cording to the base flow (obtainedfrom base storage in table 60 and
by use of fig. 153) as read from figure 159, and the other, by sub-
tracting from the upper line (initial storage plus cumulative pre-
cipitation) the cumulative monthly water loss (L).

It will again be noted that evaporation and transpiration make up
by far the largest single item in the water budget. This may be.
nearly the same indry years as in wet years, The largest storage
factor is storage not available for runoff, and in this there may be
a wide difference in storage between the wet year and the dry year,
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i
The annual water budget is given in table 61, For each year the
precipitation and runoff measuredat Okeechobee, and their differ-
ence, is given. The base flow in second-feet at the cloge of each
year is also listed. These data were taken from table 59,

Analysis of the data in table 61 by the method of least squares
indicates that P-R-0.002 ABF +[42.54 + 0.50 (7-49.54)], in which P is
annual precipitation in inches, R is annual runoff in inches, and
AGF is net annual change in base flow (in cubic feet per second).
The annual difference between rainfall and runoff is equivalent to

*water loss only if storage is accounted for, The termin the above
equation for change in base flow may be taken as representing
changes instorage. Accordingly, it follows that annual water losses
equal P-R-0,002 ABF. The values, so computed, are listed in the
last column of the table. The annual loss computed in this manner
differs from that which would be obtained by using the base storage
for the end of December each year, given in column 6 of table 59,
by asmuchas 1.5 in. but hasbeen usedas being the more probable
values. These values of water losses range between 38 and49in.,
a much smaller range than occurs either in precipitation or in the
difference between precipitation and runoff. The average annual
water loss of 42.54 in. is not exactly the same as the difference
between average annual rainfall and runoff for the periodof record,
as computed from column 4,

Table 61, — Annual summary of hydrologic data, [lissimmee River hasin

Precipi-

Calend Precipi~ Measured tation E:S:ng?)? Change in Losses =
alendar tation runoff minus ear base flow P.R-0,002ABF
year (inches) (inches) runoff (’:: Py (efs) (inches)

(inches)

1930 lecveeesnaness eolverrsannonnanine beovrareensesees 2,440 [1aimssasnanscnnns hersrrsareercssennen
1931 42,29 7.3 34, 56 780 -1, 660 37.88
1932 44,20 3.52 40, 68 765 -15 40,71
1933 59,46 8,68 50.91 1,830 +1,065 48,18
1934 50,79 11, 86 38,93 1,360 -470 39,87
1935 44, 80 4,35 40,45 1,280 -80 40, 61
1936 52.19 8.10 44,09 1,660 +380 43,33
1937 53.12 6.63 46.49 2,260 +600 45,29
1938 40,172 5,27 35,45 904 ~1,356 38.16
1939 52, 62 5.88 46,74 1, 590 +686 45,37
1940 49,63 6,81 42,82 1.150 =440 43,70
1941 61,04 9,40 51. 64 2,260 +1,110 49,42
1942 46, 09 9,42 36. 67 1,040 -1,220 39,11
1943 .4, 56 4,92 42,64 1,250 +210 42,722
1944 46,787 4,35 42,43 1,510 +260 41,91
1945 : " 54,15 10,68 43.41 2,890 +1,380 40.71
1946 S 47,19 B 58 S 40,611 .- 1,430 ~1,460 43,53
mgc}t?ﬁﬁ 192, 63 114,05 678,58 rmarsrrsnranse +1,010 680. 60
16-year

average 49, 54 7,13 42,41 1,650 -63 42,54

The stability of the annual losses does not necessarily mean that no
runoff will occur during a year with less rainfall than 43 in, Rainfall
during 1938 was only 40. 72 in., yet there was 5. 27 in, of runoff,
The runoff and part of the losses were made up by withdrawals
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from storage, mainly from storage remaining from the preceding
year,

LAKE OKEECHOBEE

Lake Okeechobee acts as a sump pit for the runoff of the Kis-
simmee River and lesser contributors, The total tributary area
is about 4, 200 square miles, Rainfall on the lake surface is also
animportant source of supply. However, evaporationfrom the lake
surface and transpiration of littoral vegetation remove most of
this supply. At the present time, the surplus of inflow over evapo-
rationis discharged through drainage canals. Before the construc-
tion of the canals and levees, the lake discharged most of this sur-
plus by minor percolationand seepage to and from the Everglades
(see p. 107 and 185) and by the gpilling of water over the southern
and southeastern rims at high stages,

Table 62 presents a hydrologic summary of Lake Okeechobee
for the 7 years of record of outflow, 1940-1946. For this study,
an area that is referred to as the lake basin is used. It consists
of approximately 800 square miles, and it includes the lake and
surrounding area toward the lake from locations of inflow and out-
flow measurements,

In preparing a water budget for Lake Okeechobee, frequent use
is made of the hydrologic equation arranged as follows: (P 41)-
(0 + L + AS)-seepage. Precipitation (P) and storage (As) in the lake
are measurable quantities, Although inflow (1) and outflow (o) in
the rivers, creeks, and canals are also measurable, the taking
of such measurements involved serious practical difficulties, Two
items cannot be measured directly, namely, the evaporation and
transpiration logses from the lake basin (L), and such minor and
relatively insignificant seepage to and from the Everglades as may
take place (see p. 1G7). The equation, therefore, cannot be bal-
anced except by inference.

Table 62 first lists the net discharge from the lake basin mea-
sured in the several drainage canals, Although the flow in some
of the canals is sometimes to and sometimes from the lake, there
was an average discharge from the lake basinof 1,627, 000 acre-ft
per year.

Inflow to the lake basin carried by the Kissimmee River, minor
creeks, and a canal, as listed, averaged 1,932,000 acre-ft per
year, Accordingly, the net flow into the lake basin, as measured,
averaged 305, 000 acre-ft per year, Rainfall over the lake basin,
as determined from measurements at rain gages, averaged 44.4
in, a year, equivalent to 1,895,000 acre-fi a year,

- 346881 O—55——37
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Table 62,— Hydrologic summary

[All quantities are in thousands of acre-feet, except as noted. Tabulated flow out of lake is
New River (table 38), Miami (table 42), and Caloosahatchee (table 32) Canals, Tabulated
Indian Prairie ("anal (table 30)] :

~ Jan, Feb, ) Mar, i Apr,
_ 1940
Flow out of lake:
Tabulated floW.sisesiemsresncctammincniecneeenns 18,5 78.1 107.6 369,9
Culverts and other flowl...e.evensensaerereens 21,0 LY 21.0 3.0
Total outflow, 79,5 86.7 108.6 370.9
Flow into lake:
Tabulated flow, resnan 103.1 92,6 101.17 95,8
North-shore creeks, culvetrts, et¢,l..c,.... 246.0 | - %62.0 96,0 223.0
Total infloW...ceensess sarartssrsrerereresenes 149,1 154.6 121.1 118.8
Net flow out of lake nenrearens ~69.6 ~67.9 -19,1 252,1
Rainfall® over lake basind,....... S 4. % W 2,42 3.21 4,42 1,56
Rainfall over lake basin...,c.sueeen resrsanssnses 103.3 137.0 188.6 66,6
Mean lake stage during period.........{ft)3. 16,77 | 16.16 16,77 16.45
Mean lake ared during period......(sq mi).. 723 723 723 718
Lake stage first day of period....seeessas(ftF.. 16, 61 16,62 16,72 16,89
Lake storageS, first day of period..suveeeseees 2,518 2,522 2,568 2,646
Change in storage during period.... 4 46 - 78 -476
Total inflow plus rainfall.....ccevesneansee 252, 4 291.6 316.3 185.4
Total outflow plus change in storage..uvevee 83.5 132.1 186.6 «105,1
Difference,......cu... P, 168.9 158.9 129,17 290.5
1941
Flow out of lake;
Tabulated flow,.uiueunies 135, 4 368.8 310.2 294.3
Culverts and other flowl,... .6 0 0 .5
Total outfloW..cvsvesrtrivsrsrssrrnsermsrennes 136,0 368.8 310,2 294, 8
Flow into lake:
Tabulated flow, evsavnanas e 121.9 124.2 103.2 145.4
North~shore creeks, culverts, etc.l,,,uiu.s 1.4 69.4 19.8 62,6
Total INfloW.ssiesssssnsrssesrsersrvssnssonnas 193.3 193.6 123.0 208.0
Net flow out of lake -57.3 175.2 18172 86.8
Rainfal)® over lake basint,. L(in. )ive 4,89 4.31 3.34 7.38
Rainfall over lake basin..., [P 208.6 183.9 142.5 312.7
Mean lake stage during periodissieseess (R, 16, 09 16,21 15,85 15,90
Mean lake area® during period......(sq mi).. 715 716 108 711
Lake stage® first day of period.seeeraesses(fEf. 15,87 18,21 16,19 15.69
Lake storage®, first day of period 2,178 2,334 2,324 2,098
Change in storage during period.. 156 -10 -226 54
Total inflow plus rainfall....... rrrenssesnrairer 401,9 377.5 285.5 520,7
Total outflow plus change in storage......... 292 358,8 84,2 348.8
Difference..,.,. - . 109.9 18,17 181.3 171.9
1942
Flow out of lake:
Tabulated flow......ceunues 129,1 160, 3 495.4 368,2
Culverts and other flow!.. 0 13.7 0 1.8
Total outfloW.useessissaresrsssrcanens P 129.1 174, 0 495.4 310,0
Flow into lake:
Tabulated flowiiiisiesseressersesnnensescances 212. 6 11,5 285,17 162.3
North-shore creeks, culverts, etc,l........ 24,1 42.6 53.5 35.6
Total inflows.vieesnvescesane [ 2367 220.1 339.2 197.9
Net flow out of 1aKe..coyvnesesnrssrsossnvsssinne ~ -107.8 -46,1 156,2 172.1 -

See footnotes at end of tahle
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of Lake Okeechobee, 194046

combined flow in St. Lucie (table 33), West Palm Beach (table 34), Hillsboro (table 36), North
flow into lake is combined flow of Kissimmee River (table 25), Fisheating Creek (table 29),
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May June July Aug. Sept, Oct, Nov, Dec, Year
194,83 | 2929.7 83.4 20.7 | 184,5 | 396.1 86.0 88,2 {1,917,6
2.0 2.0 2.8 1.9 0 . . . 21,
196.3 | 231.7 86.2 22.6 | 184.5 | 396.3 86.8 89.0 [1,939.1
69.0 62,0 | 112,6 | 141,3 | 279,1 | 199,8 97.7 79.6 [1,434.8
3.0 25.3 22.2 42.1 | 126.6 24,2 1.0 5.8 | 407.2
2.0 87.3 | 134.8 | 183.4 | 405.7 | 224.0 98.17 85.4 [1,841.5
124.3 | 144,4 | -48.8 | -160.8 | -221.2 | 172.8 | -11.9 3.6 9.6
3.83 7.22 4.89 7.59 8,78 .68 .24 3.72] 48.56
163,4 | 308,1 | 208,86 | 323,8 | 374.8 29,0 10.2 | 158.7 J2,071.9
15.40{ 15.45| - 15,11 15,42| 16,20 16,37 15.92| 15.70( 16.03
697 697 689 697 711 718 711 705 113
15.85 15.42| . 15,22{ 15,08 15,66 16.76{ . 16,05 15,79 16,61
2,170 |1,976 1,886 J1,824¢ [2,084 [2,587 {2,260 |2,142  [2,518
~194 -90 -62 260 503 -827 -118 36 -840
235.4 | 895.4 | 348.4 | 507.2 | 780.3 | 253.0 | 108.9 | 244.1 {3,913.4
2,3 | 417 24,2 | 282.6 | 687.5 69.3 | -31.2 | 125.0 [1,599.1
233,1 | 258.7 | 319.2 | 224.6 92,8 | 183,7 | 140,1 | 119.1 2,314.3
410.4 37.8 | 125.4 | 344,3 | 280.6 | 300.2 | 339.3 87.7 |2,984,4
.1 6.7 1. 0 0 0 0 0 9.
4111 44,5 | 126.8 | 544.3 | 280.6 | 300.2 | 339.3 87.7 [2,994.3
122,1 95,0 | 2751 | 244.9 | 191.9 | 209.6 | 204.9 | 165.2 |2,003.4
18.4 6.4 | 158.9 38.8 65.4 | 108.7 18,9 9,4 | 648.1
140.5 | 101.4 | 484.0 | 283.7 | 257.8 | 813.3 | 223,8 | 174.6 [2,646.5
270.6 | -56.9 | -807.2 60.6 | -26.7 | -13.1 | 115.56 | -86.9 | 347.8
2,20 3,83 11,74 4,68 6,63 5.12 1.94 2.14| 58,10
93.9 | 163.4 | 500.9 | 197.5 | 282.9 | 218.5 82.8 91.3 |[2,478.9
15.50| 14,90{ 15.66| 15.94| 15.93{ 16.35{ 16.20| 16.24| 15.90
679 705 111 11 718 7 716 m
15.81) 14,98{ - 15,03{ 16,18| 15.73| 16.26{ 16.50] 16,15| 15,87
2,152 |1,780  [1,802  [2,320 2,116 2,357 [2,467 (2,806 [2,178
-372 - 518 -204 241 110 -161 87 215
234,4 | 264.8 | 934,9 | 481,2 | 540,2 | 531,8 | 306.6 | 265.9 [5,125.4
39,1 66,5 | 644,8 | 140.3 | 471,6 | 410.2 { 178,83 | 174,7 (3,209.8
195.3 | 198.3 | 290.1 | 340.9 68,6 | 1216 | 128,3 91,2 {1,916,1
388.1 | 224.4 | 3419 | 207.2 72,8 85,3 50.3 61.1 [2,584.1
EN 16.2 6,0 3,8 4.2 2.2 2.5 1.1 55.1
391.1 | 240.6 | 347.9 | 2110 77.0 87.5 52.8 62.8 (2,639.2
111.8 | 208.4 | 169.9 | 149.3 | '149.8 | 120.1 | 80,4 69.2 |1,807.2
10,0 | 165,83 42,5 16,7 35,9 12,0 2,1 1.1 L0
121.8 | 378.7 | 212.4 | 166.0 | 185.7 | 132,1 82,5 71,1 |2,889,2
269.8 | -133.1 | 135.5 45,0 | ~108.7 | -44.6 | -29.7 -8.3 | 300.0
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Table 62,—Hydrologic stimmary of

Jan, Feb. Mar, Apt'
1942— Continned
Rainfall over lake basind,.u.cveereessersnsareses 1.82 3.21 4.64 4,06
Rainfall over Jake basin......... 1.1 137.0 198.0 173.2
Mean lake stage during period..es..eses (it} 16,49 16,41 16,46 16, 06
Mean lake area® dwing period......(sq mi),, 720 718 720 715
Lake stage, first day of peried.. 16, 34 16, 50 16,58 16,34
Lake storage$, first dayof period.. 2,393 2,467 2, 504 2,393
Change in storage during period,,..... . 4 37 -111 -298
Total inflow plus rainfall..c.siaiaees . 314.4 357.1 537.2 71,1
Total outflow plus change in storage. 203, 1 211 284, 4 142
Difference..cineeresrsssrrsssrornesrsrnccansasanasase 111.3 146.1 152.8 229.1
1943
Flow out of lake:
Tabulated flow..eveureeas Crensbasnsbrannrabay 59.5 47,0 49.4 49,8
Culverts and other flowliisiicarineisnannannan 1.0 1.8 1.0 2.6
Total OUtfloW.ussevemsnirsasassssnsssanananss 61,4 48.3 50,4 52.4
Flow into lake:
Tabulated flow.ivaicresencrernen f . 56.9 42.4 49.0 34.0
North-shore creeks, culverts, etc.diiivin 1.5 T .8 4
Total inflow,sweeisssrscsrssssssissrarasaraan 57.7 48,1 49.6 34.4
Net flow out of 1ake.iveciareesnvessarrssnsnrssn 3.7 5,2 .8 18.0
Rainfall® over lake basints.ivirerersans 19 .38 2,56 2.06
Rainfall over lake basin,,.. 8.1 16:2 109.2 7.9
5
Mean lake stage during period,...sessess{ft)ee 14. 68 14,41 14,31 13,99
Mean lake area® during period,,....(sq mi).. 664 841 833 810
Lake stage, first day of period,.,...c....(ft) 14, 80 14, 56 14,922 14,28
Lake storaget, first day of period., 1,703 1,601 1,462 1,486
‘Change in storage during period....... : -102 -139 24 ~186
Total inflow plus rainfall..cicceecarenss 65,8 59.3 158. 8 122,83
Total outflow plus change in storage. - -40, 6 -90.7 14,4 -133.6
Difference..vonee. sersrsssanrsastmansnssrennserennnan 106, 4 150 84,4 255.9
1944
Flow out of lake:
Tabulated flow..vvveeirsrmrecnrerresesressess 41,5 54,6 52.8 42.4
Culverts and other flowh,.aeerssemsrasassres 4.5 3.2 4.9 11
Total outfloW,ceisrerisansarnssnsinasansass . 52.0 57.8 87,7 43.5
Flow into lake:
Tabulated flow...c... seeareasesrasenrrasasansnn 72.3 54,6 45.1 . 58,1
North-shore creeks, culverts, etc,l....... 2.9 3,0 3,3 12,2
Total infloW.sissssssesrsevrrisinsesersorsre 15.2 57.6 48,4 70.3
Net flow out of lake. ivuirererenneer —een «23.2 .2 9.3 -26.8
Rainfall® over lake basini.....coceseunes (in, ).. .79 L12 4,81 4,00
Rainfall over lake basin...... restesrnsasenn sasen 3.1 5,1 205.2 170,17
Mean lake stage during period 15,13 14,98 14,65 14, 58
Mean lake area® during period.., 689 687 656 656
Lake stage, first day of period . 15,19 15,14 14,39 14, 62
Lake storage®, first day of period,. . 1,873 1,851 1,742 1,626
Change in storage during period.. -22 =109 =116 -9
Total inflow plus rainfall,...... 108.9 62,7 253, 6 241.0
Total outflow plus change in st . 30 -51.2 -58.3 -47.5
Difference i iaieisrrirsimrsressisarrsnsies 78.9 113.9 311.9 288.5

See footnotes at end of table,



SURFACE WATER 555

Lake Okeechobes, 1940-.46~-Continued

May June July Aug, Sept. Oct, Nov, Dec, Year

351 10007  a.3s| s a7 55| voa| 1.86| 43.s8
1498 | 429.7 | 185.6 | 166.8 | 195.0 | 2305 | 43.9 | 79,4 |1,859.6

15,38 15,65 13,64 15.27 15,25 15,17 14,96 14,82 15,63

15, 84 15,07 15. 89 15,46 15,11 15,36 15,01 14,80 16,34
2,165 1,820 2,188 1,994 1,837 1,949 1,793 1,703 2,393

-345 368 -194 -157 112 ~156 -90 0 -690
271, 6 803.4 398,0 332,8 380.7 155.6 126,4 150.5 [4,198.8
46,1 608, 6 153.9 54 189 -68,5 -37.2 62,8 11,949,2
225.5 194,38 244, 1 278,8 191.1 224.1 163. 6 87.7 {2,249.6
45,1 35.4 4.1 22,9 16.8 36.6 59.8 43,3 469,17
1.8 0 0 0 0 2.5 4.6 .3 16.0
46.9 35,4 4,1 22,9 16.8 39.1 64,4 43,6 485,17

29,1 35,6 90,6 109.1 188,5 273,
1,0 4,8 33.2 33.2 35,4 46

114.5 87,9 11,110,6
2.5 3.3 182,9

16.8 -5,0 | -119.7 | -120.0 | -227.1 } -280. -52.6 -417,.6 | -807,8
2,84 5.10 7,19 6,44 3.99 2,18 1.74 .19 34,86
121.2 217,86 306.8 274.8 170, 2 43, 4.2 8,1 {1,487.3

13,58 13.27 13,47 13.9¢6 14,48 15,07 15,22 15,21 14,30
598 588 594 610 649 689 692 692 633
13,81 13,44 13.32 13.79 14,17 14,67 15,16 15,27 14,80
1,300 1,158 1,113 1,292 1,442 1,647 1,859 1,908 1,708
-142 ~45 179 150 205 212 49 -35 170
151.3 258.0 430,6 417.17 414, 1 412.4 191.2 99.3 {2,780.8
-95.1 -9.6 183.1 172.9 221,8 251,1 113.4 8,6 655,17
246.4 267.6 247, 5 244.8 182.3 161,3 77.8 90,7 |2,125.1

1
3
30,1 40.4 123.8 142.9 243,9 319.4 117.0 91,2 |1,293,5
3
1
0

58.4 33,6 43.1 22.0 31,5 -3.2 38,3 56.9 477.9
6.3 3.9 2.3 2.4 13 0 .1 .3 30,5
64,1 37,8 45.4 24.4 33.0 -3.2 38,4 57.2 508.4

39.6 34,1 38,5 73.1 106.3 89.8 106, 4 98,17 816.6
.4 2.8 2.4 33,17 37.3 33.8 3.8 2.0 137.1

40.0 36.4 40,9 106, 8 143.6 123.6 110. 2 100,17 953, 1

24,7 1.1 4,5 -82.4 | -110.6 | -126.8 -71.8 -43.5 | -445.3

3,82 3,88 5.84 4.88 4,03 6,16 .16 .17 38,66
163.0 165.5 249,2 208.2 2.0 262,8 6.8 7.3 |1,649,5

14, 26 13.95 13.72 14,02 14,21 14,49 14,70 14,54 14,44
633 610 601 610 626 649 664 649 641

14,40 14,09 13.717 13, 80 14,15 14, 24 14,75 14,176 15,19
1,535 1,410 1,284 1,298 1,434 1,470 1,682 1,686 1,873

-125 ~126 12 138 36 212 4 -126 -313
203,0 201, 9 290.1 315,0 315.6 386.4 117.0 108.0 [2,608.2
-60.3 -88.5 57.4 162,4 69 208,8 42,4 -68. 8 195.4

263.3 290.4 232,17 152.6 246.6 177.6 4.6 176.8 [2,407.8



556 WATER RESOURCES IN SOUTHEASTERN FLORIDA

Table 62.— ilydrologic summary of

Jan, Feb, Mar, Apr. May

Flow out of lake; 1945
Tabulated flow. 55.3 44,4 56.3 52.8 53,17
0 0

Culverts and other flowh.ccvvmserssrssssrsssses] 0 3.7 5.4
Total outflow,, ’ 55,3 44.4 56,3 56,5 59.1
Flow into lake:
Tabulated flowaviiiiieiiirisinsninannas 90,9 3.3 66.4 47.4 34,2
North-shore creeks, culverts, ate,l, 4.3 1.6 3.4 .9 .5
Total inflow, 95,2 4.9 69.8 48,3 34,7
Net flow out of lake -39.9 -30,5 -13,5 8,2 24.4
Rainfall¥over lake basinf.......oeereeseene(ind, 1.30 .41 .09 2.32 2.15
Rainfall over lake Dasif,eecssesesenassrnrane 55.5 1.5 3.8 99,0 91,7

Mean lake stage during periodi.ovennn (] 14,58  14.40] 14.14| 13.66] 13.26
Mean lake area during petiod..... (sq. mi¥] gug 641 618 g0l 588
Lake stage, first of day period....ueesseao(fth, 14, 46 14,63 14,38 13, 86 13, 54
Lake storage § first day of period 1,560 J1,681 . |1,527 l1,319° |1,196
Change in storage during period... 71 «104 -208 ~193 -262
Total inflow plus rainfall,,, 150, 7 92,4 78.6 | 147.3 | 126.4
Total outflow plus change in storage.iiiece.. 126, 3 «59.6 [ -151.7 -66.5 | -202.9

Difference.,.. . 24,4 152, 0 225.3 213.8 329.3
1946 )
Flow out of lake: .
Tabulated flow. 129.7 56.2 289.7 193,17 54,3
Culverts and other flowl,veeevesessssensvernres WA 6.3 1.9 10.8 12.8
Total outflow, 130.1 62.5 207.6 204,35 67.1
Flow into lake:
Tabulated flow, 159. 2 103.9 102.8 69.6 62.1
North=shore creeks, culverts, etch,,.ceiese 9.6 5.6 11.6 3.2 16.8
Total inflow 168.8 109.5 1204 2.8 78.9
Net flow out of lake ' w38.7| ar0 | w2 | oasnt | -1ne
Rainfall? over lake bastib,..oesserereee fin, Jun | .92 1.46 2.76 .08 6,97
Rainfall over lake basin . 39,3 62.3 117.8 2.6 297.4
Mean lake stage during period...........(ft)i. 16, 81 16.175 18,69 15,84 15, 50
Mean lake areaé during period.....(sq. mi).. 728 7923 7922 708 100

Lake stage, first days period.,,eueese WJ(ft)> ..

16, 83 16, 80 16,79 16,28 15,46
Lake storage®, first day of period

2 e 2,619 [2,605 2,600 |2,366  [1,994
Change in storage during period -14 -5 -284 -372 18
Total inflow plus rainfall....cecenierssonsninens 208, 1 171.8 238,92 75,4 376.3
Total outflow plus change in storage......... 116.1 57,8 63.6 | -167.5 85,1
Difference 92 114.3 | 174,6 | 242,9 | 201.2

.

YRecords computed from discharges furnished by U. $, Cormps of Engineers, Jacksonville, and
discharge ielationships. Includes Miami Canal at Lake Harbor after July 1, 1943,

2Computed on basis of other records and rainfall data,

3Mean rainfall determined by weighting, by Theissen method, records for five rainfall sta-
tions around Lake Okeechobee for period January and February 1940 and six .rainfall stations
for period March 1940 to December 1946, ‘on a map furnished b U, 5. Corps’ of Engineers
Jacksomville. Although rainfall values were weighted on basis of a normal lake area, only the
values were used for the lake basin thagare defined under footmote 4 and that are assumed to
Tepresent the conditions in the basin,
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Loke Qkeechobes, 1940—46——Continued
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’ 1940-4
June July Aug. Sept. Oct, Nov, Dec, Year ingclousi\?e
40.4 ~16.9 6.6 85,3 595.9 400.1 124.1 | 1,498.0
1.2 0 .1 0 2.9 5.2 7.0 25.5
41,6 -16.9 6.1 85.3 598.8 405.3 131,1 | 1,523,5
28,4 189.3 234, 1 520,8 503.9 300,4 208.3 | 2,208.4
6.8 38,9 45.8 290.5 167.8 20,4 4.5 585,4
35.2 228.2 279.9 811,3 671, 7 320.8 213.8 | 2,883.8
6,4 | -245,1 ] -273,2 | -726.0 ~12.9 84,5 -82,7 |-1,360.3
6.171 7.42 5,17 9.91 4,40 1,08 .95 41,91
286.3 316.6 220.6,] 422.8 187,17 46.1 40.5 | 1,788.1
12,90 13.31 14,217 15.68 17.08 16.94 16.84 14,75
574 588 633 705 7217 725 723 672
12, 84 13,08 13,99 14,62 16,84 17.18 16,81 14,46
934 1,023 1,370 1,626 2,623 2,780 2,610 1,560
89 347 256 997 157 -170 9 1,059
321.5 544.8 500,56 11,234.1 859, 4 366, 9 254.3 |4,671.9
130.6 330.1 262,7 11,082.3 755.8 235.3 140.1 }2,582.5
190,9 214,17 237.8 151.8 103.6 13L.6 114.2 12,089.4
144, 0 30.9 42.2 417.9 196,2 29.3 45.9 | 1,260.0
1,3 .6 0 0 . .4 . 41.4
145.3 31.5 42.2 41.9 196.3 29.1 46,7 |1,301.4 111,391,6
62,1 68,8 111.6 151.9 145,.2 112,.2 95.6 | 1,245.0
21.6 34.2 45,1 83.6 36,9 33.1 13.4 320,17
83,17 103.0 156.7 235.5 182.1 145.3 109.0 | 1,365.7 |13,528.9
61.6 =715 | ~114,5 | -187.6 14,2 | -115.6 -62.3 -264.3 |-2,132.8
7.10 6.85 5.06 7.67 1,57 3.15 1.57 45,14 310.81
303,0 292,.3 215.9 3217.3 67.0 134.4 67.0 | 1,926.3 [13,261.6
15,62 15,68 15, 87 16,18 16.25 16.41 16,43 l6.17 15,32
703 705 711 716 716 718 718 716 695
15.50 15,58 15,82 15,98 16.43 16, 09 16.41 16.83 16,61
2,012 2,048 2,156 2,228 2,435 2,218 2,426 2,619 2,518
36 108 2 207 ~157 148 4 -189 -88
386.17 395.3 372.6 562,8 249, 1 219.1 176,0 | 3,492,0 [26,785.5
181,3 139.5 114.2 254.9 39,3 177.1 50.7 | 1,112,4 ]11,303.6
205,4 255. 8 258,4 307.9 209,8 102 125.3 | 2,879.6 [15,481,9

outflow measuraments and has been measured as approximately 800 square miles,
SQkeechobee datum z 1,44 feet below mean sea level,
SFrom area and capacity curves by U, §. Corps of Engineers, Jacksonville,

4Lake basin refers to lake and surrounding area toward the lake from locations of inflow and
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The above are the directly measurable quantities of supply to
and drainage from the lake. From surveys of the lake a capacity
table has been computed by the Corps of Engineers, With this
table and a record of its stage, the month to month changes in
volume can be taken into account in the inventory. No other quan-
tities are directly known. Evaporation from the lake and transpi-
ration from the littoral vegetation are unmeasurable, and the
amounts lostin such manner can only be estimated. The difference
between precipitation plus total measured inflow to the lake basin
and total measured outflow, with adjustment for storage in the
lake, averaged about 2, 200,000 acre-ft per year, the equivalent
of 51. 3 in. over the lake basin, The monthly differences average
as follows:

Montn  Thotsmdsof nches ovor
Jan, 99 2.3
Feb. 122 2,9
Mar. 180 4.2
Apr. 242 5.6
May 255 6.0
June 229 5.5
July 258 6.0
Aug. 248 5.8
Sept. 179 4.2
Qct, 169 4.0
Nov. 119 2.8
Dec, 115 2.6

These differences range from a maximum of 6.0 in. in May and
July to a minimum of 2. 3 in. in January. The seasonal cycle is so
strongly developed that evaporation and associated transpiration
from hydrophytic vegetation are obviously the controlling factors.

Seepage in and out of thelake is also containedin these figures,
but the net quantity is exceedingly small and probably quite uniform
throughout the year. Parker (p. 107) has estimated, on the
basis of ground-water studies that inflow into Lake Okeechobee is
only about 730 acre-ft per year, or about 1.0 cfs per day.

Measurements of evaporation from the pans located about the
lake are a further aid in judging the losses from Lake Qkeechobee.
These measurements, expressedininches of depth per unit of area,
must be multiplied by a coefficient in order to convert them to
equivalent evaporation from a lake surface, The location and' de-
scription of these pans, which are maintained and operated by the
Corps of Engineers at Clewiston, are given in table 7. In this
analysis a coefficient of 0, 78 was used for the six sunken land pans
around the lake, however, the proper applicationof pan coefficients
is a subject opento much question. A value of about 0,7 conforms
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reasonably well to available experience for application to Class A
pans, such as those of the Department of Agriculture at Belle Glade
and Hiwassee. (See pages 42-54for a discussionof evaporation.)

Additional losses due to transpiration of hydrophytes occur in a
marsh around the shore of the lake. This area, comprising 100
square miles, was measured on an ecologic map furnished by
Dr. J. H. Davis, Jr., ecologist of the Florida Geological Survey.
These losses are assumed to be in additionto the evaporation from
the water surface inthe same area, because the losses of this area
total 150 percent of those of the water surface area (Calif. Dept.
of Public Works Bull,, 1942., p. 132-138), Evapotranspiration
was studied at the experiment station at Belle Glade during 1937,
From a stand of mature sawgrass grownin a tank with water about
11 in. from the surface, the evapotranspiration was measured as
84 in. (Clayton, Neller, and Allison, 1942, p. 32), 131 percentof
the losses from a nearby Class A evaporation pan. In calculating
total evaporation losses from the lake basin by reference to pans,

the computed lake evaporation will be multiplied by 100X %88-+;
w100 )
1,50 X = 1.06,

Evaporation from the Class A pans at Belle Glade and Hiwassee
averaged 63,2 in, per year during the 7-year period 194046, On
this basis, evaporationfrom the lake would be 44, 2 in.; with allow-
ance for littoral transpiration, the total losses would be 46. 9in.
per year. Evaporation from the six sunken pans average 54. 2 in,
Using a coefficient of 0,78, lake evaporation would total 42. 3 in.;
with allowance for littoral transpiration, the total losses would
amount to 44.8 in,

Since the calculated evaporationfrom the Liake is 46.9 in. where
using the Type-A ventilated pans and 44. 8 in. where using the sunken
pans, the actual evaporation may be between these two values—46
in, per year. Thisaverage loss could be reconciled with the average
land-water evaporation calculated for the Kissimmee River basin
(42. 4 in.), because the opportunity for evaporation would make the
lake loss somewhat higher,

All of the above evidence suggests that the losses amount to almost
the 51, 8-in, difference betweenprecipitationplus totalinflow to the
basin and total outflow with adjustment for storage., The extent,
therefore, that 46 in. represents the annual water loss for the lake
basin, the regidual between 51, 8 and 46 in, represents the net out-
seepage, arate of about6 in. per year or 0, 042 ft per month. This
is equivalent to 250, 000 acre-ft per year, whereas ground-water
studies (p. 1¢7) indicate a flow of less than 1,000 acre-ft.
Obviously the pan coefficients are higher than indicated by exper-
ience at other lakes.
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Runoff, as it usually occurs in a natural basin, does not occur
in Lake Okeechobee, because rain becomes runoff as soon as it
falls upon the lake, The lake waters are subject to losses, but the
situation is somewhat different from evaporation from the soil and
vegetation in other natural basins. Nevertheless, the difference
between precipitationand losses is the netincrement to the waters
passing into and out of the lake basin. As already indicated, rain-
fall during the 7~year period of record (1940-46) averaged 44. 4 in,
This figure is about 3 in, below a long-term normal. Since evapo-
transpirationlosses are of the same order of magnitude as the rain-
fall, the lake basin contributes almost nothing o the water supply
of southeastern Florida.

During the same period of record, runoff of the Kissimmee
River basin averaged 7,45 in, (see table 61), and runoff for the
entire southeastern Florida. drainage unit averaged 7. 5 in, (table
55). The difference between measured rainfall and runoff in these
two areas averaged 42, 9in: and 42, 6 in. , respectively, only slightly
less than the estimated loss from Lake Okeechobee. Probably the
negligible contribution by L.ake Okeechobee to the water supply of
southeastern Florida is due as much to low rainfall over the lake
as to high losses,

EVERGLADES AREA

The Everglades area is the most downstream part of the south-
eastern Florida drainage system, and is the hinterland to the pop-
ulous Atlantic Coastal Ridge. The distinguishing features of the
Everglades proper, although climatic and physiographic in their
inception, are basically ecologic (see pls. 11, 12), However, in
defining an area from the point of view of its water resources,
boundaries must relate to drainage features and points of measure-
ment, Such boundaries will not conform precisely with the limits
of the ecologic unit. The Everglades area, as this drainage unit
will be called, covers 3,900 square miles and is bounded on the
northby the southernlevee of the Lake Qkeechobee basin (described
in the previous section) and by the natural divide that runs from
the head of the St. Lucie Canal to West Palm Beach. From West
Palm Beach the boundary extends southward along the Atlantic
Coastal Ridge to the Tamiami Canal, then westward to the low .
drainage divide that conforms approximately to the westernboundary
of the Everglades Drainage District. Itfollows this divide northward
to Lake Okeechobee. The Tamiami Canal forms a suitable boundary
because it is used to measure not only the eastward drainage from
the area, but also the drainage to the south,

The flows that pass the terminals of all canals crossing the
boundaries are summarized for the period 194046, by months, in
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table 63. The difference between total outflow and inflow represents
the net increment to visible runoff, produced by precipitation over
the area, This quantity averaged 1, 985, 000 acre-ft per year, or
9, 54 in,

Runoff, a term applied in general to the surface outflow from an
area, has complex characteristics in the Everglades, The canals
have a flat gradient and are excavated partly inrocks of varying but
relatively high permeability to water. As a result, the direction
andrate of flowin the canalsisinfluencedby the surrounding water.
There is an almost constant movement of water into and out of
storage in the rock and, to a more limited extent, in the muck
through which the canals are cut, Seemingly, the boundary between
the canals and the rock and muck, as far as the movement of water
is concerned, is indefinite. Moreover, the flow in the canals is
subject to considerable regulation to provide for irrigation and
drainage. The control structures at some points are only partially
effective however, because of leakage through the adjoining per-
meable rocks. This situation also affects the measurements of
runoff, but to an indeterminable extent.

There is also some seepage flow across the boundaries of the
areathat cannotbe measured, Before the canals were built, over-
flow and seepage flow from Lake Okeechobee were diffused through
the imperfectly drained Everglades. Now, only a very small net
seepage flow occurs each yearbetween the lake and the Everglades
south and east of the lake, In addition, an indeterminable amount
of water percolates out of the Everglades to the sea, Seepage and
percolation, if they were of the same magnitude, would compensate
one for another, but the latter is probably much the larger, Although
both are probably small in relation to the total measured flow,
they introduce a measure of uncertainty into all inventories of the
water resources of the southeast Florida area and especially of the
Everglades,

Other items in the inventoryinclude mean areal precipitation, by
months, basedon observations at 20 rain gages (subsequent to June
1940). The distribution of gages is on the average of one gage for 193
square miles, the best coverage inthe State. However, most of the
gages are located along the coast or around the lake, leaving wide in-
terior areas poorly defined. Annual precipitationaveraged 50.98 in,
during the 7 years 1940—46. The difference between rainfall and run-
off, ag givenintable 63, equals the sum of the evaporationand tran-
spiration losses and the volume putinto, or withdrawn from, stor-
age. If asufficiently long period of time is considered, changes in
storage may be neglected and the difference will equal the portionof
the rainfall lostas evaporation and transpiration. This difference,
during the 7 years of record, averaged 41.44 in. (subject to minor
adjustment for net change in storage). Thus the atmosphere ac-
counts for 82 percent of the total rainfall on the area and is by far
the most effective agent for the drainage of the Everglades,
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Table 63. —Hydrologic summary of Everglades area

[All quantities are in thousands of acre-feet, except as noted. Tabulated flow out of area for

ton Canal (table 53), Hillsbor& Canal (table 37), Cypress Creek Canal (table 54), North New
outlets (table 49). Tabulated flow out of area for 1943-46 includes discharge at the following
(table 89), Miami Canal (table 47), and Tamiami Canal outlets (table 49). Tabulated flow
(table 34), Hillsboro Canal (table 36), North New River Canal (table 38), Miami Canal (table
Palm Beach Canal (table 34), Hillsboro Canal (table 36),and North New River Canal (table

) Jan, Feb. Mar, Apr,
Flow out of area: - 1940
Tabulated floweicecirens vrererretesnsasavsnrens . 1356.1 152.9 127, 1 111.8
Other flowlareiiieerees eervesteatbesnnsansenssinss 3.2 6.3 4,17 3,6
Total outfloW.icissieseacearenes P 138.3 159.2 131,38 115.4
Flow into area;
Tabulated floWeis.cacsreseonans ceresesanasaanennns 35,9 43,6 44,6 41.9
Total infloW.eeeerenoaransee ererstrsressaannaas 53.9 43,6 44,6 41.9
Net measured runoff from ared.cciceesioseens 82.4 115.6 87,2 13.5
Net measured runoff from ared...e.s. .40 .56 .42 .35
Mean rainfall over area? 2,86 2.93 4,26 1.52
Rainfall less runoff.,.. 2,46 2,37 3.84 1,17
Pan evaporation...es.es 3.16 4,42 5,52 6,55
1941
Flow out of area;
Tabulated fIOW..cviuverasasssescansssrnssrsrassvnsn 3210 829.6 2791 3117.2
Other flowl i iiinisisrminsisnsame iresssssss 12.0 1.9 12.6 19.6
Total outfloW,,aeieas P crvssssrsonans, | 3390 341.5 292.3 336.8
Flow into area:
Tabulated flow...ccoeens Cereteversiestsraransannan 11,4 -4.2 21.3 3.9
Total inflow,,..... venns 11.4 -4,2 21.3 3,9
Net measured runoff from ared,...essecsaenrrcenns 327.6 345,17 271.0 332.9
Net measured runoff from area.,,. 1,87 1,66 1.30 1,60
Mean rainfall over areaZ,.esveens 4,48 4,31 4,14 5.75
Rainfall less rimoff 2,91 2.65 2,84 4.15
Pan evapeorationd,..... PR 3.36 3.65 5.49 6.80
Flow out of area:
Tabulated floW,.sesssernssscsssrssnsasnsonsanssanes 208.4 128.0 140,0 290, 8
Other flowlimiseesssssarencassonensase crstrsesainee 7.4 4.1 4.3 7.4
Total outfloW.seeerss ararrestasanes covereenvenes | 219.8 132.7 144.3 298.2
Flow into area;
Tabulated flow..reeses 49.3 44.2 33.4 15.3
Total inflow...eeeens rreeretressrssrarernessass 49.3 4.2 33.4 15.3
Net measured runoff from area, 166.5 88.56 110,9 282.9
Net measured runoff from area, .80 .43 .53 1,36
Mean rainfall over areal....... 2.85 2,20 3,99 5,67
Rainfall less runoff,.e.eessees 2.05 1.7 3.46 4,31
Pan evaporation®, ... ssseecnssnssseessnnee: (in. ). 8,22 4.04 5,68 6.80
1943
Flow out of area:
Tabulated flow, . 55.4 45,0 37.17 38,1
Other flowl...... vesrerrennaesee venasans 6.8 4.3 2,8 1,4
Total outflow........ eeasestrsnresneeviniesinbe 62.2 49.3 40.5 30,5
Flow into area:
Tabulated floWa.esessaseessrsasesassensas T 33.9 33,4 32.8 32.0
Other flow?! eerrrens ™ ) 2.0 1.6 L1 ]
Total inflow, we | 35.9 85,0 33,9 32,9
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south and east of Lake Okeechobee

1940-42 includes discharge at the following stations: West Palm Beach Canal (table 35), Boyn-
River Canal (table 39), Miami Canal (table 47), Tamiami Canal (table 52), Tamiami Canal
stations: West Palm Beach Canal (table 35), Hillsboro Canal (table 37), North New River Canal
into the area for 1940-42 includes discharge at the following stations; West Palm Beach Canal
42), Tabulated flow into area for 1943-46 includes discharge at the following stations;  West
38)]

May June July Aug. Sept.’ Oct, Nov, Dec, Year

64.5 | 190. 2 142.0 248.4 488,0 362.4 280,8 237.1 { 2,540.3
g 9.8 7.1 13,8 18.7 14,4 10.7 8.3 101.5

65,4 200,0 149.1 262.2 506,17 3176.8 . 291.5 245,4 2,641.8

60,3 28.5 35.2 2.9 ~36.4 22,7 45.8 51.3 396.3

60.3 28.5 35,2 2.9 -36.4 22,7 45,8 51,3 396,3

5.1 171.5 113.9 259.3 543,1 354.1 245,17 194.1 2,245.5
.02 .82 .59 1.25 2,61 1,70 1.18 .93 10.79
3,40 9.09 5,71 9.40 10,18 2.44 .65 4,22 56,72
3,38 8.27 5,22 8.15 7.917 .74 -.53 3.29 45,93
8.08 6.38 6,78 6.26 4,89 5,72 4,42 3.51 65.69

184, 4 148,6 472.0 341.9 389.17 421.8 268,2 174.17 3,660.8
7.7 1.4 29.5 24,6 19.0 21.2 10.4 4.9 180.8

192, 1 156.0 501.5 372.5 408,17 443.0 278.6 179.6 3,841.6

14,7 28.3 ~86.0 -6.17 -16.86 ~18.8 34,0 46,2 27,5

14,1 28.3 ~86.0 -6.7 ~16.6 -18.8 -34,0 46.2 27,5

177, 4 127.7 587.5 379,2 425.3 461,8 244.6 133.4 3,814,1
.86 .61 2.82 1,82 2.04 T2.22 1.18 .64 18,81
1,50 7.54 10,78 4,06 8,83 4,03 2,170 .98 59.09
.65 6,93 7.96 2,23 6.79 1,81 1,52 .34 40,178
8,36 7.22 6.34 6.98 5.61 5.70 3.78 2,170 65,99

[172. 9 562, 8 345,9 236.0 312,8 211.0 106.4 8L.0 2,796,0
4.9 26.8 26,1 14.8 15.3 10.2 2.8 2.3 127,0

177, 8 589.6 372.0 250, 8 328,1 221,2 109,2 83.3 2,923,0

29.8 |(-106.2 -24.0 36,5 7.2 | 46.0 34.9 37.0 203.4
29.8 |-106.2 -24.0 36.5 7.2 46,0 34.9 37.0 203.4
148, 0 695.8 396.0 214,3 320.9 175.2 74,3 46,38 2,719.6
.11 3,36 1,90 1,03 1, 54 .84 .36 .22 13,07
6.08 14 58 3.33 4,91 6,117 1,59 .97 2.14 54,48
5,317 11,23 1.43 3.88 4,63 .15 .61 1,92 41,41
7.26 5.85 7.54 7.18 6.10 5,76 4,23 3.31 67.03

47.9 45.9 99.0 120.1 201.3 214.7 133.0 116.1 1,154, 2
4,0 7.0 11.8 18,0 27.6 24,5 16.5 17.1 141,8

51,9 52.9 110.8 138.1 228.9 239.2 149.5 133.2 1,296,0
28.9 18.4 -6,6 12.5 4,1 22,6 35,3 27.0 274.3
.2 -1 -7.9 -6.2 -3,8 2.5 4.6 5.2 .
29.1 18.3 -14.5 6.3 8 25.1 39,9 32.2 274.9
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Table 63.— Hydrologic summary :_Jf Everglades area

Jan, Feb, Mar, Apr.
1943— Continued -
Net measured rumoff from area,. 26,3 14,3 6.6 6. 83
Net measured runoff from area.. .13 07 1 Og 2 on
Mean rainfall over areal.,........ 1.23 .61 -0 2 94
Rainfall 1ess funoff,.,. ..o 1.10 .54 1.00 &5
Pan evaporation®.....c.cuscsasessssssnsnsses (it Yo 3.64 4.49 6.35 :
1944
Flow out of area:
Tabulated flow,,... 83.1 43,8 36,8 27.4
Other flow'..,.,., [T seasssnteitrenn 10.0 3.0 4.0 2.0
Total OULFlOWiasesserersessssnssvsorsorvessreonen 93.1 46,8 40.8 29.4
Flow into area:
Tabulated FlOWaissisnrsvennerinnssnasssnsssrnresnres 31,9 33,4 33,2 21.6
Other flowl. .. iviciviresvetenneennnns Arraseureenees 3.6 2.1 -8 -3.5
Total inflow, .- 35.5 35,5 32.4 2.1
Net measured runoff from area...,.... 57.6 11,3 8.4 5.3
Net measured runoff from ares .28 .05 .04 .03
Mean rainfall over area?,,, .88 .06 2,20 1.60
Rainfall less runoff.......... .60 ,01 2,18 1,87
Pan evaporationd.....cceievsescssenenssssnnendin, o, 3,37 4,74 5,88 6. 86
1945
Flow out of area;
Tabulated flow......... 65.0 30,5 24,3 13,1
Other flowl,,.... 8.0 2.0 . .
Total outflow,.vveeseuas creveennans veavesvnensann . 73,0 32,5 25,2 13,2
Flow into area:
Tabulated floW.,iuiiriccremscornsrensnernsnsssunsans 42,3 33.0 34,7 33,5
Other flowl, . iiiiiesrenersessssenenmennasssssensses -2.1 -6 -2.1 L1
Total infloWauisensesssrsensnsennerssersesreens 40.2 32.4 32,0 33,6
Net measured runoff from ared...uyeereesseeseesses 32.8 21 -6.8 -20,4
Net measured runoff from area.......e.., .(in. )., .16 L0005 - 03 - 10
Mean rainfall over area?,..,..... seveeeding )., 1,78 .76 .50 1,53
Rainfall less runoff,..... v (inL )., 1.62 (i .53 1,63
Pan EVAPOTALIONd. sisiiiirecrnrsrssvinrannes wee (A0 ) 3.66 4,38 6. 26 7,30
1946
Flow out of area:
Tabulated flow 142,92 55,8 45.0 29,6
Other flowl,..... 18,0 3,0 5,4 1.9
Total outflow,..veeess [T sterrivanens SN 158,92 58.8 50,4 31,5
Flow into area;
Tabulated flow.... 38.8 41,1 45,1 48,0
Other flowl,,....... -1.0 5.6 7.3 7.1
Total infloW,uierienrerennnnes 37.8 46,17 52,4 55.1
Net measured runoff from area..... sevveasaennenene | 120,4 12,1 ~2,0 -23,6
Net measured runoff from area.....,, (in. )., .58 .06 «, 01 - 11
Mean rainfall over areaZ...yvuvimveeens aeee (in)a0 ,99 1,01 2,88 .33
Rainfal] less runoff., ceenseene (i1, Yon - .41 .95 2.34 44
Pan evaporationd..,...ceeeeessensensee seanes (ine),, 3,44 4,49 5,82 7.76

leOther flow” records consist of; 1940-42, records for South New River Canal at lock and

dam in Davie computed on basis of two tide discharge integrations made 2 miles
interpolated as to distance and compared with record of North New River Canal:

below Davie,
and 1943-46,

records of outflow computed from discharges furnished by Corps of Engineers, Jacksonville, and

discharge relation with other stations,
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south and east of Lake Okeechobee— Continued

May June July Aug, Sept, Oct, Nov, Dec, Year

22,8 34,6 125.3 131,8 228,1 214,1 109.6 101.0 1,021.1

11 17 .60 63 1.10 1,03 .93 .49 4,92
5,15 6,30 8.35 6.27 7,21 3,79 2.65 .39 45,25
5,04 6,13 7.75 5,64 6,11 2.76 2.12 - 10 40,33
7.52 6,73 6.34 6,10 6,40 5.35 3.94 2,96 66,37

50.5 37,17 47.4 117.0 101,2 196, 3 138.4 7.6 957,2
5.0 3,0 5.0 20,0 17,0 31.0 20,0 9.0 129.0

o
=
o
b
<
-a
[*1]
[~]
C-

137.0 118.2 227.8 158.4 86.6 1,086,2

35.4 18,3 25,7 8.0 14,1 -14.8 26.8 40.8 280.4
2.5 -3 -1 -12.8 | -18.8 -15,0 -1,0 .1 ~44.0
37.9 18.0 25,6 -4.8 -4, 7 -20.8 25.8 40.9 236.4
17.6 22,7 26,8 141, 8 122.9 257.1 132.6 45.1 849.8
.08 .11 W13 .6 .59 1.24 .64 .22 4,09
5,86 3,81 8.20 8.03 4,41 6.95 .22 .38 42,66
5,78 3,70 8,07 7.33 3.88 5.71 -, 42 .16 38,57
7.34 7.24 6.99 6,417 6.28 5,32 4,02 3,36 67,87

13.6 29.1 68.4 82.4 292,4 374,6 3218 172.4 1,487.6
.2 2.8 13,0 16.2 46.0 57.8 40,8 18.8 206.6

13.8 31,9 81.4 98,6 338.4 4324 362,6 181.2 1,694.2

3.4 | 13.9 | -84 | -0.5 | -45.8 6.4 | 25.9 | 38.9 173,3
-5 | =68 | -84 |-14.4 |-212 | -5.3 5.2 4.8 57,9

30,9 7.1 | -39.8 | -23.9 | -73.0 1.1 | a1 | 487 | 115.4

2171 | 248 |22 | 1225 |411.4 | 4313 (3315 {145 |1,578.8
-.08 12 T8 sa ] tos] =207 | Ls9 71 7.59
o.63 | 739 | o9.2n | .10 ] 10,42 | .62 | 1.74 | 147 49,21
2.1t 7o | eles | 551 | 844 | 355 ‘15 76 41,62
813 | 120 | 640 | 7.0a| ses| a6l | 433 | 312 68,32

78.5 120,6 144, 4 158,9 322.0 263.6 253.6 150.3 1,766,5
12,3 20,7 23.0 24,4 45,5 34,4 33.4 20.2 240, 2

90.8 141.3 169.4 183.3 367.5 298.0 287.0 170.5 2,006.7

41.4 29,1 23.0 11,4 -10.9 28,5 1.9 30,7 326.1
4,2 .9 .3 -4.4 -2,5 -2.5 .8 .8 16,1
45,6 30.0 23,8 7.0 -13.4 24.0 . 2.2 3L.5 342.2
45.2 111.3 146.1 176, 3 380.9 274,0 284,8 139.0 |'1,664.5
.22 .54 .70 .85 1,83 1,32 1.37 .67 8.02
7.28 7.25 8.48 6.35 7. 60 2,04 3,62 2.20 49,48
7,06 6.71 7.8 5,50 5.77 | .72 2,25 1,53 41,46
6.53 | 6.42 6.10 6,23 5,12 5.87 3,68 3.48 64,44

. . B
Rainfzll computed by Thiessen method by weighting records of 11 stations for period Janua
to May 1940, and 20 stations for period fune 1940 to December 1946, P January
3Values for January to July 1940 are records of Belle Glade station, Values for August 1940 to
‘December 1946 are averages of four stations in the area.
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Table 63 also lists the monthly evaporation from four Class A
pans (Kadel, 1919) in the Everglades that is usedin the study of the
difference between rainfall and runoff.

Rainfall-runoff diagrams might be helpful in the maintenance of
an inventory of water needed if the water levels of the Everglades
were regulated. However, the available record is short, and only
provigional analyses can be obtained.

The relation between monthly rainfall and runoff depends upon
the temperature as it affects losses, and upon the storage in the
area at the beginning of the month as it affects drainage and soil
conditions., This problem is further complicated by regulation of
the flow in the canals. The solution involves correlation between
the runoff, rainfall, month of the year, and a parameter indicative
of storage and soil conditions.

Under certain conditions, as in the Kissimmee basin, the rate
of outflow or runoff prior to the period of study may be a satisfactory
index of antecedent storage and may yield acceptable correlation,
Atrial correlation, using monthly mean outflow during the preceding
month as the parameter, gave a mean error.of 26 percent; using
total outflow infour major canals during the last 5 days of the pre-~
ceding month, gave an average error of 19 percent. Because these
errors appeared high, further study was made.

Storage in the area can be approximated for a given period by
reference tothe basic equation P- R=L +AS, in which P is precipi-
tation, R is the measured runoff, L is the evaporation losses, and
AS isthe change in storage of allkinds. P and R are known factors;
therefore, the sumL+AS canbe determined. QOver the 7-year period,
P-R averaged 41, 44 in. (p. 561). If As is tentatively taken as neg-
ligible, thenthis difference equals the average annual water losses.
The average annual pan evaporation loss for the 7-year

period was 66.53 in. Therefore, the average losses are about

gé«-‘ég— = 0.62  of the evaporation from a Class A pan in the regiomn.

By applying this ratio to the monthly pan evaporation throughout
the period of record, the approximate AS can be determined. If
the monthly values of AS, with due regard to sign, are accumulated,
estimates of variations of total storage in the basin are obtained.
The origin point of storage may be taken so that the lowest cumu-
lative value in therecord is zero. There is no way of ascertaining
just how much storage remains below this lowest value. On figure
161 the cumulative storage, computed against the mean rate of
outflow from the Everglades areain second-feet, has been plotted,
The plotted points conform well enough to justify the graph gs drawn.

The range in storage during the 7 years (1940—46) was about 18
in,, whichis somewhat less than the range inthe Kissimmee River
basginduring a 16-year period. Duringthe 7-year period, the range
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EXPLANATION

Total storage is the cumulative
values of precipitation minus
runoff minus (0.62 x pan
evaporation, in inches)
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Figure 161. —Study of the relation between rate of outflow and storage in the Everglades area,
940-46,

in storage in the Kissimmee River basin was about 22 in, The
range in storage in the Liake Okeechobee basinwas much greater,
of course, being about 44 in., and it was subject to a relatively
high degree of control. i

Figure 161 indicates a general correlation between rate of out-
flow and the total storage as computed by cumulating monthly values
by the equation P-R-I+AS. There is no reason to expect precise
correlation; one fault is that the cumulative process gives oppor-
tunity for the retention of errors in precipitation, Although the
annual value of L may be considered tobe known, no such certainty
is attached to the respective monthly values, which are estimated
by multiplying panevaporationby a coefficient, On the other hand,
the relation shown in figure 161 can be regarded as providing two
measures of storage. Total storage canalso be computed as cumu-
lativeP-R-L . The average of the total storage, as obtained by both
of these methods, may provide a more stable measure of storage,
which might be useful in rainfall-runoff correlations,

MARBAR1 D—56.____28
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This has been done on figure 162, The ordinate is monthly pre-
cipitation minus a correction term,z , depending on the calendar
month,” The appropriate values of the correctionterm were derived
by trial to bring the several months together on one diagram. The
sum of the 12 monthly values of L equals the mean annual water
losses, and the monthly values are roughly proportional to pan
evaporation. The abscissa of figure 162 is net runoff from the area
(the difference between measured outflow and inflow), expressed
both in inches and thousands of acre-feet,

8
Volues of L / / -

Jan, 1.4in July 5.in

Feb. 2.1 Aug. 47

Mar, 3.0 Sept. 40
7

Apr. 4.0 Oct. 3.3
May 5. Nov. 27 / / /

e

PRECIPITATION MINUS L, IN INCHES

/ / 4 EXPLANATION
Parometer is average of:
I, Mean outflow in cubic
/ / feet per second during
preceding month
o 2.Mean outflow correspond-
ing to total storoge ot
close of pravious month
Meon arror=14.5 percent
-' [
a 15 20 25 30 35
INCHES
| i | 1 | AO 1
(4] 100 200 300 400 500 & 700

THOUSANDS QF ACRE-FEET
MONTHLY RUNOFF

Figure 162, — Rainfall-runoff diagram, Everglades area,
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The correlating parameter is an average of the mean outflow (in
cubic feet per second) during the preceding month, and of the
equivalent discharge correspondingto the storage at the end of the
preceding month (as read from figure 161). The average error of
estimate is 14.5 percent, somewhat greater than was obtained in
the Kigssimmee River basin,

Besides possible use in month to month regulation of water levels
in the Everglades, figure 162 can be used in other ways, For
example, it might be of interest to estimate the runoff that might
have occurred under acombination of highest observed rainfall and
highest antecedent storage. The greatest monthly rainfall occurred
in June 1942, which followed the highest May of record. This
resulted in the highest monthly discharge of record——3. 35 in.. But
suppose June 1942 had been followedby a wet July, such as July
1941, witha meanareal rainfall of 11 in, By extrapolation of figure
182, with a parameter of 8,500, it is found thatabout 6 in, of run-
off (1, 250, 000 acre-ft) would have been produced, which is nearly
twice that of June 1942,

An annual inventory of the water in the Everglades area is given
in table 64. First, the annual precipitation over the area is listed.
The runoff listed is the total annual outflow in the canal system
minus the total annual inflow, Subsurface flow was not measured.
Second, the difference between the rainfall and the runoff equals
the sum of the losses and the change in storage., The mean outflow
rate during Decemberis given as a measure of storage in the area,
It will be noted that above-average value of P.R in 1940 is associated
with a markedincrease in base flow, while the below~-average value
of P-R in 1944 is associated with a marked decrease, The values
of base flow were assumed to be associated with storage and were
correlated with the deviation of the P-r values from their mean.
The annual values of P-R were adjusted by multiplying the change
in base flow by 0,001, as shown by this correlation; the computed
losses for each year are shown in the final column of the table,
The annual losses average 41, 35 in,

The average losses, computed above, may be compared with
the losses measured from 4- by 12-ft tanks containing cut and
standing vegetation at the Experiment Station at Belle Glade
(Clayton, Neller and Allison, 1942), Annual losses ranged from
9.1 in, for a tank with a mulch soil covered with a heavy layer of
cane trash to 68 and 84 in. for a thriving growth of sawgrass with
water 11 in, from the surface. The results indicated that annual
losses from sugar-cane areas are from 42 to 45 in. After making
allowances for density and for deeper water and better protection
from wind in the Everglades, it was estimated that mean annual
losses from sawgrass lands average about 60 in, However, water
was always available in the tanks for evaporation—a condition nct
representative of the Everglades, which are nearly dry for con-
siderable periods during the average year when the sawgrass
defoliates.
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Table 64.—Annual summary of hydrologic dats, Everglades area

Calendar | Frecipi- | Measured taﬁggﬁii;us:ﬁi:ndﬁgllg ¥ |Change in Losses = 1

year tation tunoff runoff December | Paseflow P-l_?- Q.OOIABF
(inches) | (inches) (inches) {efs) {cfs) (inches)

1939 crennrssnenssl sussinsinnvenvel sivinnensanensd 22,100 L.... nearsarans raenssnsseertienrrnres
1940 56,72 10,79 45,93 3,950 | +1,890 44,04
1941 59,09 18.31 40,178 2,920 | -1,070 41,85
1942 54.48 13.07 41,41 1,360 | -1,560 42,97
1943 45,25 4,92 40,33 2,170 +810 39,52
1944 42, 66 4.09 38,87 1,410 ~760 39,33
1945 49,21 7.59 41,82 3,110 | +1,700 39.92
1946 49,48 8,02 41,46 2,770 -340 41,80
Total 356, 89 66. 79 290,10 frinvesrnsrarares +670 289.43
Average 50,98 9,54 41,44 |iererrereneens .- . +95,71 41,35

10, 001 ABF is adjustment for change in base storage in whichABFis change in base flow,
2Estimated, )

The tanks give a result substantially greater than the mean losses
from the Everglades computed by analyses of records of rainfall
and runoff. Probably this is because of difference in evaporation
opportunities between the tanks and the Everglades, unless net
subsurface percolation into the Everglades is greater than appears
evident, Further investigation, both of tanks and surface and sub-
surface flow, is required to settle the matter,

However, it is known that during 1940—-46, rainfall minus runoff
from the 9, 000-square-mile area of the Kissimmee-Qkeechobee-
Everglades unit averaged 42, 6 in, (see table 55), The runoff to the
sea was measured in the canal system. The amount of ground-
water flow out of the Evergladesis not known; if it were known, it
would reduce the difference computed above., A value of a loss of
60 in., except over local areas, appears incompatible with the
above result.



