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HYDROLOGIC RECONNAISSANCE OF CONSERVATION AREAS
ONE, TWO, AND THREE OF THE CENTRAL AND
"SOUTHERN FLORIDA PROJECT
I. Introduction
The purpose of this study was to make a preliminary reconnaissance
of the hydrology of conservation areas one, two and three of the Central
and Southern Florida project. This study was of a preliminary nature.
A comprehensive analysis of this problem would have necessitated an extended
investigation. The scope of the investigation includes the following
phases:

1. Review of existing hydrologic data for the system and
development of a study plan.

2. A two day reconnaissance of the study area (see Figure 1}.

3. Formulation of a study plan for determining the water budget
within the study area.

4. Analysis and evaluation of available information required to
make this water budget.

5. Given the estimated water budget, determine the relationships
and constraints that operate on manipulation of water levels
and suggest changes in management practices where needed.

6. Prepare a report summarizing the findings of the investigation.

This report presents a summary of the research and a presentation

of our findings. The discussion will follow the format delineated for

the six phases.
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Figure 1. - Map of conservation areas showing locations of selected
structures,
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II. Phase 1: Review of existing hydrologic data for the system and
development of a study plan.

Procedure—The review of existing data for the study area was
accomplished in the following steps:
1, Intensive oral briefing by Flood Control District (FCD) personnel,
2. Review of publications available at the FCD office.

3. Search for information at the University of Florida library.

4, Visit to the Corps of Engineers in Jacksonville, Fla. to acquire
water budget data.

5. Visit to the U. S. Geological Survey in Miami, Fla. to obtain
- groundwater data.

6. Visit to the Southern Branch, Soil and Water Conservation
Research Division, Agrieultural Research Service, USDA,

Fort Lauderdale, Fla. to cbtain evapotranspiration estimates,

7. Follow-up.visits to the FCD main office.

Overall Summary—We were unable to find a comprehensive appraisal of
the hydrology of the areas in any report or small number of reports. Much
information is available but it is necessary to contact a wide variety of
agencies to obtain an underétanding of the problem. A cecnsiderable step
towards a comprehensive appraisal of the hydrology of the Everglades system
will result from the forthcoming publicaticn of a U.S5.G.S5. open file report
titled "Hydrologic Effects of Water Control and Management of Southeastern
Florida." However, details of the hydfology of the conservation areas must
still be obtained by the reading of many individual reports, principally
Corps design memoranda, It should be further noted that the "as built"
details of structures in the conservation areas are apt to differ from those

presented In the various preliminary reports.



In terms of a data base, an extensive array of rainfall, stage, flow
and other records exists; however, it is-neéessary, in many cases, to obtain
these data from the different agencies responsible for a particular set of
measurements; The FCD eventqally accumulates most of the data but not
necessarily all. The FCﬁ would be the logical location for a centralized
file of all relevant hydrologic and hydraulic data. Computerization of such
data (i.e., storage on puitched cards or tapes) would make it éonsiderably
more accessible than it presently is. Observations on the adegquacy of
certain measurements are made below.

Adequacy of Eaingage Network—It is apparent when conducting detailed
analyses of the hydrology of the conservation areas that the raingage
coverage is inadequate., The required number of gages may be determined
using the techniques of Eagleson, who developed criteria for raingage
densities based upon allowable errors in pertinent hydrologic variables (1).
In particular, Eagleson determined the number of equally spaced gages
necessary to predict runoff discharges within a certain tolerance and
the number necessary to pioperly determine long-term spatial variatioms
in point rainfalls. He also considered two storm patterns, convective
and cyclonic. Cyclonilc storms (e.g., hurricanes), typically are of a much
greater areal extent than are convective (e.g., thunderstorms). Consequéntly,
the density of gages required to monitor them is lowér. Our attention is
thus directed to convective storms. which are typical of South Florida
during much of the year.

Eagleson's method was used to assess the desired number of gages for
the two purposes previously mentiéned, runoff prediction and determination

of the spatial variation of rainfall. For the former, the number of gages
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is based on an allowable error of 10%Z in predicted discharges. For the
latter, the number is based on an allowable 10%Z error in the measured
spatial variance of the point rainfalls. Assumptions and calculations are
presented in Appendix A and the results givén in Table 1.

Tablel shows that the conservation areas are considerably undergaged.
It should be pointed out that the case A values (runoff prediction) are
approximately inversely proportional to the maximum storm depth and have
been coyputed for depths of one and two inches. Examination of rainfall
records indicates the vast majority of daily rainfall increments are less
than one inch, so that the one-inch case A values are conservative only
for the infrequent rainfalls of more than one inch. It should be further
noted that the analysis assumes equally spaced gages (on a rectangular or
triangular grid, for example). Although it is never possible to have a
perfect geometrical spacing, there is room for considerable improvement.

In particular, additional gages are needed in the interior of Area 3A,
especially in the vicinity of Alligator Alley and C-123,

The required number of rain gages 1is a function of the use to which
the data will be put., The case B analysis, for instance, requires less
gages because it is concerned only with long term (e.g., annual) variations
in point rainfalls. Tablel shows that the present gaging network is not as
deficient in this category as for the case A analysié where the gaging net-
work is to be used to predict flows in one part of the system due to rainfall
in another part, In this regard, the response of the system of conservation
areas may be so dampened that a one-inch storm will have only a minor effect
regardless of where it occurs, and it may be more appropfiate to design

the gaging network on the assumption of a two-inch storm, In this event,



TABLE 1

Required Number? of Equally Spaced Raingages in Conservation Areas

Case A: Limit error in runoff prediction to 10%. :
Case B: Limit error in predicted long-term spatial variance of point rainfalls to 10%.
Calculations and assumptions in Appendix A.

Number of Gages
Case A

Location Area (Miles?) 1" Storm 2" Storm Case B Present (1971)

Area 1 221 14 6 10 7

Area 2ZA 173 15 5 10 5

Area 2 (Total) 210 14 6 10 7 ;
Area 3A 752 20 10 10 10 '
Area 3 (Total) 904 25 13 10 10

N.W. Corner, Area 3aP 100 6 4 5¢ 1

8A11 values rounded to nearest whole number.
bBounded on the south by Alligator Alley and on the east by C-123,

“Value for error in prediction of 20%. Impractical to reduce beyond this value.
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the principal effort should be in spacing of additional gages such that the
coverage is as uniform as possible.

It should be noted that the required numbers given in Table 1 are
only for rainfall and runoff in the conservation areas themselves. An
adequate raingage density for portions of the Everglades that are tributary
to the conservation areas should be determined using the same techniques.

The type of recording raingage and data reduction technique presently
in use is adequate since daily totals are sufficient to define the response
of a highly dampened natural catchment that is characteristic of the qonservation
areas. Finally, it is known that FCD perscnnel are presently installing some
additional gages in Area 3A.

Adequacy of Stage Gage Network-—A similar analysis to that performed
by Eagleson on razin gages could be performed for stage gages taking into
consideration the wave lengths of the surface waters as they move through
the areas. Although such an analysis has not been performed in this
study, it would most probably lead to the conclusion that the portions of
the areas are again undergaged. From the hydrologic analyses that have been
attempted, the intériof of Area 3A stands out as the region in which it is
most difficult to properly determine water levels from past records.
Additional recording stage gages should be installed at locations in this
area where it is important to have an accurate estimate of water levels.

The region north of Alligatoxr Alley immediately comes to mind.

| Digcharge Measurements—Most inflows into the conservation areas are
regularly gaged by the U.S5.G.S. on a daily basis. 1TIn the study of flow
patterns in the areas it would be of considerable usefulness to have

additional flow measurements within the area boundaries. This is presently
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done at monthly intervals by FCD personnel at the bridges along Alligator
Alley and infrequently at other locations. Measurements at other locations
aiong canals would give an indication of the amounts and directions of
lateral inflows into these conveyance facilities. Such data would be
considerably easier to interpret during periods of low water than during
perlods when stages rise above bank elevations. However, during periods of
high water, an intensive short term survey of flows in a given region could
be used to determine the effect of partiéular structures on the drainage
of a particular region (e.g.,the effect of Alligator Alléy and C-123 on

the drainage of the northwest corner of Area 3A). Although such data would
be open to the criticism that they represent the effect of a very particular
storm and set of antecedent conditions, if the rainfall and water levels of
the region were sufficiently well'defined, it should be possible to make
generalizations as to the hydrologic behavier of the region.

If at all possible, it would be desirable to gage the flows through
Alligator Alley at more frequent intervals during periods of high water
when drainage broblems are anticipated, .The use of such data will be
illustrated in the’discussion of Phase 5 of this report.

Area Topography--Recent measurements of ground contour =levations
have been made only in Area 1. Contour measurements in the other areas
predate the construction pericd. Uses for ground coﬁtours include both
the formulation of stage~storage-water surface area relationships and the
determination of runoff patterns. Interestingly, when the revised Area 1
contours were used to devéloP new stage-storage—area relationships, they
differed little from the ones based on the old contours. This is logical

because the effect of integration is to reduce errors. However, studies
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of overland flow, for example, would be highly dependent upon accurate

contour information. A computer simulation model that predicted flows and

stages could be used to test the sensitivity of the results to changes in

contour locations. Such information could then be used t§ determine the

need for additional surveys with which to update existing contour information.
It 1s also observed that contour locations must necessarily be averages

of the actual land surface elevations because of the prevailing pattern of

islands and sloughs.
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III. Phase 2: A two day reconnaissance of study area.

An aerial reconnaissance of the conservation areas was made in the
FCD amphibian aircraft. The trip provided a much better appreciation of
the large size of the area and the extended residence time of water moving
through the area. It does lead one to question the accuracy of the popular
"river of grass" description of the natural movement of water from Lake
Okeechobee to the Everglades National Park. The travel time of a parcel
of water from Lake Okeechobee to the entrance of Everélades National Park
is several months, Thus, the water entering the Park under natural conditions

would more likely come from drainage of the land in the immediate vicinity,
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IV. Phase 3: TFormulation of a study plan for determining the water
budget within the study area.
In order to understand the hydrology of such a complex and dynamic
system and to make some judgments regarding system operation it was decided
to perform three water budgets as described below:

1. Annual budget for the three conservation areas based on Corps
of Engineers design memoranda.

2. Monthly budget for the three conservation areas for the period
from July 1969 to June 1970 based on Corps of Engineers records.

3. Daily budget for water conservation area 3A for October 1969
and April and May 1970 using a computer simulation model.
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V. Phase 4: Analysis and evaluation of available information related
to the water budget.

Awual Budget—The annual budget provides a perspective on how the

system might function if actual operation follows design and planning estimates

(2,3,4). A comparison is made of how the system might function under full
development of the authorized projects and the observed operation during
July 1969 to June 1970. Also the impact of changes envisaged in the more
recent plan (5) are discussed.

A compariscn of design vs. actual flows for Water Conservation Area
No. 1 is shown in Table 2. The annual rainfall is about five inches below
the historical average. The budget shows that man-induced inflows were
the largest single source of water and were much higher than expected.
Other items in the budget differ by much less.

A comparison of design vs. actual flows for Water Conservation Area
No. 2A is shown in Table 3. The annual rainfall is almost six inches
above the historical average. Exogenous cutflows are larger than
anticipated and the outflow from Water Conservation Area No. 1 is the single
most significant source of water,

Lastly, a comparison of design vs, actual flows for Water Conservation
Area No. 3A is shown in Table 4. The annual rainfall is about nine inches
higher than the historical average. Rainfall is seeﬁ to be the single
most significant source of water for the area. Actual exogenous inflows
are larger than for design conditions. Also, ocutflows ére much larger
than design conditions.

It is useful to examine the variation in rainfall that is observed

on a long-term basis (1930 to 1955) with the study year. The results
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TABLE 2

Annual Water Budget
Water Conservation Area No. 1

Commodity Flow - 1000 A-F _
Desgign , Actual
Condition 2(2) F.Y. 1970

A. Sources

1. Natural 746 6706
2. Man 351 . 788
Sub-total, Item A 1097 1464
B. Sinks
1. Natural
Evapotranspiration 584 505
Seepage 118 106
2. Man
Exogenous 52 132
Endogenous (to C.A. No. 2) 346 607
3. Change in Storage 0 =12
4. Unaccounted for -3 126

Sub-total, Item B 1097 1464

2Results of average annual routing of 1930-1955 hydrologic trace.
Average rainfall = 62.50 in./yr.

PRainfall = 57.66 inches for period from July 1969 to June 1970.
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TABLE 3

Annual Water Budget
Water Conservation Area No. 2A

Commodity : Flow - 1000 A-F
Design ‘ Actual
Conditions?(3) F.Y. 19700

A. Sources

1. Natural 520 576
2. Man
a. Exogenous 261 235
b. Endogencus (from C.A. No. 1) 347 608
Sub~total, Item A 1128 1419
B. Sinks
1. Natural
a. Evapotranspiration 440 407
b. Seepage 78 162
2. Man
a. Exogenous 7 286
b. Endogenous (to C.A. 3A) 603 637
3. Unaccounted for and change _
in storage 0 -73
1128 1419

4Results of average annual routing of 1930-1955 hydrologic trace.
Average rainfall = 56.88 in./yr.

bRainfall = 62.59 inches for period from July 1969 to June 1970.

Cealculated residual volume.
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TABLE 4

Annual Water Budget
Water Conservation Area No. 3A

Commodity | Flow - 1000 A-F
Design : Actual
Conditions®(4) F.Y. 1970

A. Sources

1. Watural 2221 2489
2. Man :
a. Exogenous 511 1035
b. Endogenous (from C.A.
No. 24) 603 637
Sub-total, Item A 3335 4161
B. Sinks
1. Natural
a. Evapotranspiration 1975 1718
2. Man (including seepage)® 1360 2823
3. Change in storage 0 -380
4. Unaccounted for 0 0
3335 4161

*Results of average annual routing of 1930-1957 hydrologic trace.
Average rainfall = 53.0 in./yr.

bRainfall = 62.01 inches for period from July 1969 to June 1970,

cCalculated residual wvolume.
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are shown in Table 5. The variation in long-term annual average rainfall
is striking. There is almost a 10 inch/yr. variation in rainfall between

No. 1 and Ro. 3A, much more than one would expect q priori.
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TABLE 5

Comparison in Annual Rainfzll on Study Areas

Study Area Rainfall - Inches/Yr.
1930-1955 1869-70
Water Conservation Area No. 1 62.5 57.66
2A 56.9 62.59
3A 53.0 62.01

Currently, the operation is based on the conservation areas being
used as the principal sink for water from the agricultural areas and as a
third priority sink for water from Lake Okeechobee. Surplus water in Lake
Okeechobee would be diverted first to the Calcosshatchee River and St. Lucie
Canal and eventually directed to the ocean,

However, it is now being proposed to modify the system design and

. operation to permit more intensive utilization of the conservation areas (5).

A summary of the salient modifications is presented below:

. 1. Raise the level of Lake Okeechchee about 4 feet above presently
authorized levels,

2. Make pumpage of surplus waters to the comservation areas of first
priority if they are below schedule.

3. Backpump dralnage from several areas along the east coast into
the conservation areas if excess storage capacity is available.

In addition to attempting to service a large agricultural and urban
demand, backpumping into the conservation areas will provide additional
inflows as ocutlined in Table 6.

Another significant souxrce of water into the conservatibn areas will

come as a result of its being the first priority sink for surplus water.
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TABLE 6

Anticipated Backpumpage to Conservation Areas - Revised Plan (5)

Additional
: Annual Amount
Source 1000 A-F/Y¥r. Sink
West Palm Beach Canal 303 Conservation Area No. 1
Hillsboro Canal 133 oo moom oy
Canal 11 Area : - - 230 ‘ " " "oo3a
Tamiaml Canal 44 " " nou

The operating policy would be as follows (5g):

1. If conservation areas are below regulated stage, route water to
No. 1, No. ZA and No. 3A.

2. If conservation areas are at, or above, regulated stage, route
water to No. 3A.

This operating rule would appear to have a highly significant impact
on the hydrologic regime of the conservation areas, particularly, No. 3A,
However, we were unable to find any published estimates of the anticipated

amount of water that would enter the three areas as a result of this policy.
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This modified system is projected to be adequate until the year 2004.
Suggested possible additional water to supply needs beyond that point in
time are additional backpumping to Lake Okeechobee and to Water Conservation
Area No. 3A.ahd providing higher level subimpoundments in the northern
portions of Water Conservatiﬁn Areas Nos. 1 and 3A.

Based on the annual budget it appears that Water Conservation Areas No.
1, 2A and 3A are receiving a reiatively balanced wmix of inputs based on
average conditions for-the study year and design conditions. The wide
variation in the spatial and temporal precipitation pattern in southern
Florida renders conclusions based on average conditions quite tenuous.

Thus, about all that can be said thusfar is that there is no persistent

dominance of the conservation areasby man or nature.

Monthly Budget—A wonthly water budget was developed for the three
conservation areas using historical records for the pericd from July 1969
to June 1970. This budget provides a way of evaluating the accuracy of
various assumptions regarding seepage through the levees, evapotranspiration,
movement to the groundwater system, and other hydrologic parameters. It
also provides an evaluation of the relative contribution of natural and
man-induced discharges of water through the system and the seasonal
variations in these flows.

A summary of the monthly budget for Water Conservation Area No. 1 is
shown in Table 7. Stages range from a maximum of 17.89' iﬁ November to
15.07" in May - a difference of 2.82'. The majority of the man-induced
inflow comes from 5-5A and most of the outflow is directed toward Water

Conservation Area No. 2A. Beginning of the month storage fluctuates from



TABLE 7

Moanthly Hydrologic Eudget
Water Conservation Area No. 1
July 196% = June 1970

Stage-Ft. Rainfall Evapotranspiration Inflows~1000 A-F Outflows-1000 A-F Storage-100Q A-F
Month Maximum  Minisum In. 1900 A=F In. 1000 A-F §-5A 8~6 Total 5-10 S-39 Seepage Total Initial Final
July 15.91 15.41 5.22 61 4.7 55 13 16 29 19 7 6 32 136 145
Aug. 16.23 15.76 6.65 73 5.0 59 51 27 78 58 10 6 74 145 152
Sept. 16,85 15.81 6.34 75 4.1 48 46 38 84 5 0 8 13 152 240
Oct. 17.38 16.62 8.33 98 3.7 44 79 39 118 29 1 10 40 240 372
. Nov. 17.89 17.28 3.60 42 2.5 29 35 23 58 50 22 i1 83 372 347
Dec. 17.57 17.00 G.63 7 1.7 20 6 9 15 23 26 10 59 347 282
Jan. 17.13 16.596 1.44 17 1.8 21 28 21 49 0 10 12 22 282 299
Feb. 17.3Q 16.52 2.16 25 2.2 26 17 15 32 71 1 13 85 299 215
Mar. 15.98 16.42 9.83 115 4,1 48 126 65 191 156 13 12 131 215 250
Apr. 17.01 15.49 0.28 3 3.5 41 25 4 29 129 24 i1 164 25Q 60
May 15.52 15.07 4,48 53 4.1 48 35 21 36 0 1z 2 14 60 102
June 16.11  15.47  _8.70 1@ 5.6 66 3r 184 61 .6 _s 8 102 124
TOTAL 17.8% 15.07 57.66 676 43.0 505 492 266 788 607 132 ~106 845 - -
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a high of 372,000 acre-feet on Nov. 1 to a low of 60,000 acre-feet on

May 1. There is a relatively wide variation im precipitation, inflows,

'and outflows.

A description of the relation of the conservation areas to the region
is shown in two figures in Appendix E of the Survey report. These figures
(see App. B) provide a description of the sources and sinks for the water
under the projected modified plan with backpumping. A perusal of these
twe figures provides aperspective on the size of the storage areas relative
to the total area to be drained and supplied with water. A monthly
budgeting of these areas was done as part of the survey report. However,
insufficient data were presented in the report to permit us to perform a
similar analysis,

A summary of the monthly budget for Water Conservation Area No. 2A
is shown in Table 8. Stages range from 15.46" to 12.63" - a difference of
2.83'., Inflow from Water Conservation Area No. 1 is the largest single
source and most of the outflow is directed towards Water Conservation Area
No. 3A. There is a wide variation of inflows and outflows.

Lastly, a summary of the monthly budget for Water Conservation Area
No. 3A is shown in Table 9. Stages range from 11.55' to 9.51' - a
difference of 2.04', As with the other areas, there is a wide variation
in the distribution of inflows and outflows.

Due to the sporadic nature of the phenomena occurring in these areas
it is difficult to draw amy general conclusions. It is possiBle to
perform a time series analysis of the data with the hope of obtaining a
basis for making predictions (6}. ‘Using time series analysis, an

observation, say xi, may be partitioned into two components, or



Monthly Hydrologic Budget
Water Conservation Area No.
July 1569 -~ June 1570

TADLE §

Stage-Ft. Rainfall Evapotranspiration Inflows~1000 A-F Outflows~1000 A-F Storage-1000 A-F
Month Maximum Mininum In. 1000 A=-F in. 1000 A-~F §=-7 5=-10 Total 5-11 S=38 4 Others  Seepage Total Initial Finai
July 12.87 12.63 6.75 62 5.2 48 21 19 40 40 5 10 55 181 186
dug. 13.50 12.85 4.96 46 4.3 39 26 58 84 53 19 12 84 186 244 |
Sept. l3.75A 13.29 6.00 55 4.1 38 26 5 31 0 0 12 12 244 289
Oct. 14,98 13.82 10.20 94 b4 40 43 29 72 0 0 15 15 239 420
Nov. 15.46 14.98 4,01 37 2.6 24 24 50 74 0 37 22 59. 420 446
Dec, 15.15 14.35 1.21 11 1.7 16 4] - 23 33 23 55 22 100 Lie 361
Jan. 14.34 13.57 2.48 23 1.8 17 2 0 2 34 1 15 50 361 319
Feb. 14,18 13.80 1.92 i8 2.2 20 1 71 72 105 0 13 118 316 289
Mar. 14.73 13.42 9,00 83 4.0 37 46 156 202 200 53 11 204 289 324
Apr., 14.22 13.15 0.03 v 3.5 32 0 130 130 120 75 11 206 324 209
May 13.10 12.47 6.16 56 4.7 43 16 ¥ 16 0 7 11 18 209 201
June 13.57 12.9¢ 9.87 91 _3.8 _53 20 _67 _B7 82 _34 _ 8 _104 201 253
TOTAL 15.46 12.63 62.5% 376 44,3 407 233 608 843 637 286 162 1085 - -

——— e



TABLE 9

Moathly Hydrologic Budget
Water Conservation Area No. 3A
July 1969 = June 197G

Stage-Ft. Rainfall EvapotTranspiration Inflows=-1000 A-F O‘ucflows-looo A-T Storage-1000 A
Moath Maximum Minimum In, 1000-A-F In. 1000 A-F . 88 §5-§ s-11 L-3 Other Total §~12 Other Total initial Final
July 10.97 10.73 6.23 250 5.15 206 16 11 40 68 61 196 215 50 265 1180 1145
Aug . 10.81 10.73 4.61 185 4.30 172 33 23 53 40 . 46 195 .195 52 247 L1145 1115
Sept. i0.82 10.63 7.19 288 4.1 164 14 6 0 18 12 50 183 48 231 1115 1145
Oct. 11.38 1G.51 13.90 560 4.0 160 ) 48 27 0 "~ 16 27 118 191 49 240 1145 1385 Ej
Nov. 11.55 1.08 1.88 75 2.0 80 22 37 8 13 26 23 271 52 323 1385 1260 1
Dec. 11.07 10.52 0.87 35 1.7 68 16 0 23 5 7 51 220 50 276 1260 1030
Jan. 10.63 10.42 2.61 105 2.0 80 40 5 34 6 33 117 127 48 175 1030 %66
Teb. 10.39 10.31 1.71 68 2.2 &8 38 3 105 6 28 180 153 42 185 996 935
Mar. 10.80 10.25 B.36 335 3.5 140 22 22 200 49 25 318 182 80 261 935 1145
ApPT. 10.81 10.21 0.06 2 3.5 140 0 0 120 51 51 223 158 98 2806 1145 895
May . 10.16 9.51 5.37 216 4.8 192 3 & 0 3 9 23 69 56 125 895 710
Jue T 10.13 9.83 9.2 370 5.0 28 3 1% & 7 15 103 118 71 _21S 710 800

TOTAL 11.35 9.31 62.01 2489 42,95 1718 255 158 637 282 340 1672 2132 702 2834 - -
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- ) + L1}
Xy =X X
where
xi' = deterministic element, and
¥X." = random element,

If the random element, Xi", is much larger than xi', then our ability to

make predictions is correspondingly diminished. While time did not permit

such a detailed analysis it appears that'xi" would be the dominant component.

Hence our ability to make predictions using this approach is quite limited.
The monthly budgeting did provide a way to compare various estimates

of evapotranspiration under the assumption that unaccounted for flow, Qi,t

equals evapotranspiratlon (ETi,t) plus or minus a constant (Ki)for the

.th

i study area, or

{=1, 2, 3, and
Q. . = ET, , +K fort =1, 2,..., 12

It was hypothesized that Ki’ if nontrivial, is attributable to some constant
source or sink. This analysis was done for each of the three study areas.
The results should be most reliable for areas 1 and 2ZA. Water Conservation
Area No. 3A has an opening on the west end which reduces the reliability
of the estimates.

Three evapo—transpiratioﬁ estimates were used:

1. Cotrps of Engineers{

2. U.S5.D.A. estimates (7) anq

3. pan-evaporation records at Station S-7.

Summary information for Water Conservation Area No. 1 is shown in

Table 10. The results of this analysis, and similar analysis for the other
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TABLE 10

Analysis of Unaccounted for Flow
Water Conservation Area No. 1

1969 - 1970
) B Unaccounteé_;;;
Evapotranspiration Estimates-In./Mo. c. géog.Ugizimate
Period . of E. Stewart & Mills(7) Pan~Evap. 1000 A-F/Mo,
7/69 4.7 4.8 4.3 -7
8/69 5.0 4.8 4.3 +16
9/69 4,1 3.8 2.9 + 9
10/69 3.7 3.4 3.8 + 1
11/69 2.5 2.5 3.5 +12
12/69 1.7 1.9 3.2 + 9
1/70 1.8 2.0 2.7 + 6
2/70 2.2 2.5 3.0 +31
3/70 4.1 3.4 4.1 +41
4/70 3.5 4.2 6.4 +18-
5/70 4,1 5.2 4.7 + 4
6/70 5.6 4.2 4.3 -14
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two areas, do not reveal any evapotranspiration estimating method which is
superiocr. The residuals (Ki) while usually positive, varied widely. However,
the magnitude of the residual, with few exceptions, was small relative to
other sourceé and sinks.

Discussion with groundwater hydrologists indicated that the amount of
water entering the groundwater system was not too significant. Thus, this
problem was not analyzed in further detail in this preliminary study. We
note, however, that a portion of areas 2 and 3 serves as a recharge area for
the Biscayne Aquifer.

As with evapotranspiration, various methods are available to estimate
seepage. However, insufficilent information exists to consider seepage as
a known source or sink. It remains a portion of the other sources or sinks
of water.

A monthly inventory of sources of water was prepared for the northwest
corner of Water Conservation Area No. 3A in order to assist in obtaining
insight into system response during the high water periods of later 1969
and early 1970. The assumed area is bounded (artificially) on the east
by the Miami Canal and on the south by Alligator Alley., It is assumed that
one~half of the S-~8 inflow and all of the L-3 and $-140 inflows enter this
area of 64,000 acres. The results of this analysis are shown in Table 11.
For the October 1969 storm it is seen that precipitatién is the prime source
of water., However, for the March-April 1970 storm inflow from L-3 was the
largest source of water. Thus cne can conclude that natural causes were of
prime importance in the former case while the uncontrollable L-3 inflow

provided the sustained source of water to extend the high water period during

the latter period.
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TABLE 11

Monthly Infleows (1000 A-F) to Northwest Corner
of Water Conservation Area 3A

Period (s~8)/2 L - S-140 Rainfall
7/69 8 68 - 30
8/69 16 40 - 20
9/69 7 18 - 22

10/69 24 16 - 58

11/69 11 13 - 11

12/69 8 5 - 9
1/70 20 6 - 11
2/70 19 6 - 12
3/70 11 49 - 51
4/70 0 51 16 0
5/70 1 3 2 35
6/70 1 7 0 44
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Daily Budget—Lastly an attempt was made to perform a daily budget of
Water Conservation Area No. 3A for the fall of 1969 and the spring of 1970.
The purpose of the budget was to obtain a comprehensive evaluation of the
separate effects of various sources of water (relative to any specified
receptor point within the study area).

Due to the complexity of the problem and the lack of an adequate data
base it was decided that a computer based simulation model was needed. Time
did not permit developing é model for this purpose. Thus, we attempted to
modify a model that has been developed for analyzing the hydrodynamics and
water quality changes in lakes and estuaries.

Using a daily time step, the model accepts external inflows,
precipitation, evapotranspiration, seepage losses, and outflows and then

routes this water and the water already in the system according to the

~hydraulic characteristics of the area. The state of the system is

determined at the end of each time period and the results printed in
tabular and/or graphical form.
. The study area is partitioned into a set of nodes and channels as

illustrated in Figure 2.

The area associated with a given node is determined by constructing
Thiessen polygons. Water moves from node to node along these channels
and continuity of mass is satisfied by evaluating the inflow, outflow, and
change in storage at each node.

Water Conservation Area No. 3A was partitioned into a descretized
system of 40 nodes and 94 channels. We were successful in getting the

program to run., However, it needs additicnal modifications and testing

before it can be considered verified.
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Figure 2. Sample partitioning of study area into nodes and channels.

The model can also be used for estimating water quality changes in
the'study area. Indeed, it was hoped to use this capability to permit us
to follow the movement of water from a specific source as it moves through
the study area. This can be accomplished by introducing a known concentration
of a conservative commodity into the water entering at a given node. Since
this is the only source of the commodity, it is possible to determine the
portion of water at a given receptor that came from the source of interest.
This capability would be extremely useful for conducting environmental
impact studies as it provides a systematic way to evaluate the separate

effects of changes in the system, Our intention, for this preliminary study,



~ 30 -~

was to use this approach to evaluate sources of inflow to the Water
Conservation Area No. 3A. Unfortunately, the model development had not
proceeded to the point to permit us to perform such analyses. Consequently,
an alternative approach was utilized. The procedures and findings areA

described in the next section.
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Phase 5: Determination of the relationships and constraints operating
on the manipulation of water levels and suvggested changes
in management practices where needed
Introduction—~Area 3A is the largest of the conservation areas and open
to the most variation in rainfall and flow patterns, It has also prompted
the most interest in its hydrologic characteristics in recent months,
particularly in the portion of Area 3A north of Alligétor Alley. TFor these
reascns, and because of the fact that there have been no substantial problems
in the operation of Areas 1 and 2, the attention of this section will be
directed principally towards Area 3A (see Figures 1 and 3).

Two broad structures, C-123 and Alligator Alley, cross the topography
of Area 3A. The former was completed in December, 1969, with a capacity
of 1000 cfs. The latter was completed in the fall of 1967 and contains 11
bridges to facilitate the movement of water from the north to the south,
shown on Figure 3. Water levels in the interior of the northern portion of
Area 3A (i.e. north of Alligator Alley) are measured only at gages 3-2 and
3-3, although some additional information may be cobtained from daily stage
records at 5-8 and 5-11 and monthly treadings at three sites along Alligator
Alley. Flows are measured at all points where they enter Area 3A except
for the opening to Big Cypress Swamp, although recent measurements along
Alligator Alley west of Area 3A by the U.S5.G.S. give a good estimate of
this inflow, All cutflows are measured, and monthiy flow measurements are
made at the bridges along Alligator Alley.

¥CD personmel have analyzed many data tvelevant to the study of

probiems of excess water in area 3A. Portions of the following analysis

are based upon a review of these efforts,
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Effects of Rainfall and fnflows on Stages—It is obvious that rainfall,
external inflows, and outflows, influence water levels in a direct manner.
Stage records at gages 3-2 and 3-3 clearly show a rise in water levels
following rainfalls. However, the separate effects cannot be quantifiea
because other inflows to the area are different at different times as are
antecedent conditions. Nevertheless, rainfall will nearly always cause an
imﬁediate rise in water levels at points distant from canals, regardless
of relative inflows and outflows in the érea. The rate of recession,
however, (in the absence of additional precipitation) reflects thé influence
of upstream overland flow of precipitation within the conservation area and
the eventual impact of external inflows which provide an additional source
of water. For example, inflows to Area 3A through S-8 and $-11 cause
delayed rises in water levels at gages 3-2 and 3-3 respectively. The time
lag varies, probably because of differences in initial water levels.

Inflows at 5-11 have little or no effect on stages at 3-2 because of the
tendency of inflows from S-11 to move south. The effect of inflows at
S-8 gn stages at 3-3 is unclear, although it is probably small.

Overland flow in the areas is slowed greatly by the high roughness
of the natural land surface. For example, estimates of Manning's roughness
coefficient range from 0.2 to 1.0 (8). TFurthermore, the roughness increases
as the depth of flow decreases; overland flow at low.depths through sawgrass
is almost imperceptible. Under these circumstances, significant backwater
effects can develop, retarding the drainage of regions far from canals.
This, however, is very much in accordance with conditions prior to con-

struction of drainage facilities; such regions will always drain slowly.
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Effects of C-123 and Alligator Alley—It is apparent that recession
rates are increased by some control structures, e.g., outlet structures,
internal canals, and inhibited by other structures, e.g. Alligator Alley.
The difficult part of the analysis is to quantify the relative importance
of each of these factors.

Table 12 presents recession rates at gage 3-2 for two spring periods
and four fall pericds. Since C-123 was completed in December, 1969, an
obvious idea is to compare recession rates in the spring and fall of 1970
with similar periods of prior years, however, the fact that the spring and
fall 1970 recessions are the longest for their respective time periods of
those listed in Table 12 does not mean that €-123 is ineffective in draiming
the area. The fall 1970 recession rate may be less because the initial stage
is lower than any preceeding it. The spring 1970 recession rate may well
be influenced by inflows at $-140 and L~3. Thus, the influence of extermal
inflows on the stage in the northwest corner of Area 3A may be seen. (From
the standpoint of drainage of this particular region, S-140 would probably

have .been better placed scuth of Alligator Alley.)

TABLE 12
Recession Rates at Gage 3-2 During Periods of No Rainfall

Recession rates computed from FCD data.

Time Pericd initial Stage {(ft.) Recession Rate
1966, Nov.-Dec. 12.7 1 ft./55 days
1968, Nov.-Dec. 11.9 1 £t./69 days
1969, Nov.-Dec. 12.5 1 ft./55 days
1970, Nov.~Dec. - 11.5 1 ft./81 days
1968, Mar.-Apr. 10.5 1 ft./24 days
1970, Apr.-May 12.1 1 ft./45 days
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The distribution of flows under Alligator Alley is shown in Figure 4
for the period January-June, 1970.7 The period of April and May was a time
of recession of stages north of the highway following an unusually high
March rainfall. The figure shows a reasonably uniform distributien of flows
through bridges 1-8, with the higher flows at bridges 1 and 2 reflecting
8~11 and S-150 discharge. During April, May and June, S5-140 contributes
some flow to bridge 11. Flow at Bridge 9 (C-123), consists mainly of $-8
discharge during January and February. There are no significant 5-8
discharges during April, May or June so that the Bridge 9 flow onrApril
14, 15 consists entirely of runoff from adjacent areas and possibly a
contribution from inflow at the northwest corner from L-3. The flow in
C-123 will be examined in more detail later,

Figure 4 plainly fillustrates the ineffectiveness of Bridge 10 in
draining the upstream area. Most of the overland flow from the northwest
corner of Area 3A apparently drains through Bridges 9 and 11. The hinderance
to drainage in the vicinity of Bridge 10 can be further seen from an
examination of staff gage readings at FCD site 2, located on Alligater
Alley midway between Bridges 9 and 10. Readings are taken monthly on both
sides of the highway. A selection of readings from the gages is presented
in Table 13 along with readings at gage 3-2.

The stage differences range to over one foot across Alligator Alley.
At the beginning of the April-May 1970 recession, stages at gage site 2
were only 0,1 foot apart. However, during the month of April while the
stage at gage 3-2 dropped 0.8 feet and the stage on the south side of
Alligator Alley dropped 1.03‘feet; the stage on the north side dropped

only 0,14 feet. The highway apparently impedes the southerly drainage
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in that area while Bridge 10 concurrently carries little or no flow. A
possible solution to this problem would be an extension from Bridge 10 of
the borrow canal on the north side of Alligator Alley in both directions
(east and west). Such an arrangement would be expected to channel mucﬁ of
the water that presently backs up against the highway toward Bridge 10,

producing greater utilization of that structure.

TABLE 13

Staff Gage Readings at FCD Site 2

Stage (Ft.)

Date North South Gage 3-2
2/27/69 9.32 9.28 10.7
3/8/69 10.98 10.34 10.7
4/8/69 11.30 10.58 11.2
5/6/69 11.08 10.60 11.2
2/6/70 10.92 10.80 11.3
4/1770 11.50 11.40 12.1
5/6/70 11.36 10.37 11.3
6/2/70 11.50 10.20 11.3
7/8/70 11.62 10.26 11.4
8/4/70 10.90 10.72 11.4

Source of Inflows to (-123—This section presents an estimate of the
origin of inflows to C-123. Flows are examined on April 14-15, 1970 - a
time when discharge measurements through Alligator Alley are available.
The time period corresponds to the April-May, 1970 recession previously

discussed.
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Measutred inflows and ocutflows on these dates are shown on Figure 3.
Quantities shown are averages for the two days. All inflows (S-140, L-3,
5-11, seepage) were reasonably constant during the first two weeks of
April, and there was no precipitation after March 31.

Flows through bridges 1-8 are assumed to originate from the region
east of C-123 while flows through bridges 10 and 11 are assumed to originate
from the region west of C-123. Since there is no inflow at S-8, the 848 cfs
flowing in C-123 at Alligator Alley must have its origin either east or
west of the canal. It was observed that at this time, the recession rates
at gages 3-2 and 3-3 were equal. The recession rate is approximately
equal to

A stage ., Outflows — Inflows
A time Water Surface Area

The inflows to the system at the time are known and shown on Figure 3.
Neglecting evapotranspiration and seepage, the total outfloﬁ equals the
total flow through Alligator Alley, 4412 cfs. Let QOE be the outflow from
the region east of C-123 and QOw be the outflow from the region west of
C-123; both QOE and QOW are to be determined. One equation results from

the known total outflow through Alligator Alley:
QDE + QOW = 4412 cfs
The second equation is obtained by equating the recession rates in each area.

Qo = 2481 Qg - 1240

Ag Ay
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Water surface areas inm the eastern and western regions were estimated to be
Ap = 162 mile® and Ay = 72 mile® respectively.

Solution of the simultaneous equations yields Q. = 2960, QOW = 1452 cfs.

OF
The contribution to C-123 from the east region is thus 2960 - 2927 = 33 cfs.
The contribution from the west regilon is 1452 - 637 = 815 cfs. Note that
815 + 33 = 848 cfs, the flow in C-123. |

The above analysis cannot be regarded as strictly quantitative because
of the several assumptions involved. However, it certainly indicates that
the vast majority of flow in C-123 during this time period originates in
the region to the west of the canal, Flow into C-123 from the east may well
be impeded by the old Miami Canal and its spoil bank. How much of the flow
in €-123 is due to the source L-3 and how much from overland flow has not
been determined. It appears at the very least, that C-123 will carry a
gsignificant portion of the runoff due to precipitation and inflows to the
northwest corner of Area 3A. The span of data is too short to accurately
assess the effect of C-123 on the northern portion of Area 3A. However,
the data do not contradict the intuitive feeling that the improvement over
the old Miami Canal must assist in reducing water levéls in the area.

Management glternatives—At present, there are relatively few
decision making alternatives avallable to modify operation of the system
for specified purposes. The regulation schedule provides the basic metric
of system performance so that it would be possible to assess how well the
system adheres to this static decision rule. Such an evaluation could be
done with a simulation model. Given such an analysis one could then
evgluate whether the current regulation schedule is appropriate or should

be revised.
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The use of regulation scliedules is commen in operating water resource
systems. The currently used seasonal schedule has evolved as a compronise
schedule that seeks to operste the system to the satisfaction of the various
interest groups. :

It appears that the FCD can exercise a significant control on the
pattern of water movement within the three conservation areas. They have

at present, relatively limited control over external inputs from, say,

drainage of agricultural lands.

The immediate need is for a simulation model that will provide dmproved

estimates on the actual performance of the system on a day to day basis.
The outpuﬁ from this analysis woulé provide information regarding the impact
of changing regulation schedules and varying procedures for routing water
through the conservation areas. As demands on the system intensify, the
model can be refined. This incremental approach should permit a smooth
transition to be made in the use of these simulation models.

We do not feel able, at this time, to suggest general management
alternatives., Many suggested alternatives have been reviewed but we do
not feel that an adequate information base exists to analyze these alter-
natives. It is easy to become victimized by the isolated phenomenon
syndrome in analvzing .co~trol slternatives in a complex system serving
such a wide variety'oirpﬁfposeé:ﬁr
For example, the deer kill in the northwest portion of Water

Conservation Area No. 3A during the spring of 1970 was attributable to

the preolonged higl wair o Fodlnil- wn heavy rain in March. It is possible
to obtain a rouwph riy oo o TRE L W# 1he seasonal regulation schedule that
would encourage develoupmeni ©v! vz deer herd., Unfortunately, such a

schedule is not necessarily compatible with other wildlife.
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VII. SUMMARY

The purpose of this four month study was to make a preliminary
reconnaissance of the hydrology of conservation areas one, two, and three
of the Central and Southern Tlorida project. The work was conducted under
the sponsorship of the Central and.South@rn Florida Flood Coutrol District.

The findings of this study are listed below:

1. At present, no comprchensive appraisal of the hydrology of the

study area exists,

2. A central depository for relevent hydrologic, hydraulic, and

related data is needed. The FCD would be a logical location for such a

system,

3. The coverage of the existing system of raingages is inadequate.

Qur analysis indicates additional measurements are needed within and

around the conservation areas.

4.

Additional stage gages are needed, particularly within Water

Conservation Area No. 3A.

5. Additional discharge measurements are nceded along C-123 within

Water Conservation Area Ko, 3A.

6. Current information regarding the topography within the

conservation areas is probably adequate for aggregate studies due to the

compensating effects of random errors. However, additional measurements

might be needed to conduct overland flow analysis within a given

conservation area.

7. The popular "river of grass' description of the hydrology tends
P g

to be misleading. The flow at a given point is normally a response to

hydrologic conditious in the immediately surrounding area.
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8. Results of performing an annuzl budget do not indicate any cbvious

dominance of the conservation areas by man or nature.

9, BSignificant differences in long-term average annual precipitation

exist within the conservation areas.

10. Proposed plans for water resources development would further
intensify the use of the conservation aveas. The existing information
base and analysis are inadequate to evaluate the impact of these proposed
changes. .

11. The seasonal pattern of inflows to the study area shows wide
temporal and spatial variation and little regularity.

12. There does not appear to be any obviocusly preferred empiri;al
estimate for evapotranspiration,

13. Groundwater has not been considered to be a major item in
hydrologic budgeting within the conservation areas.

14. Insufficlent information exists to consider seepage as a known
source or sink. However some estimates are available.

15, Comparison of inflows to the northwest cormer of conservation
area No. 3A during the fall of 1969 and spring of 1970 indicates that
natural inflows predominated in the former case while man induced inflows
were the major source during the spring. The future portion of inflows
from man is dincreasing due to $-140 and L-100.

16. A computer-based daily simulation model was developed for Water
Conservation Area No. 3A. The model can describe the spatial movement
through the study area and determine the separate impact of inflows from

individual sources. Unfortunately the model, while operational, is not

yet verified.
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17. Due to the slow velocity of flow through the conservation areas,
and their large sizes, a significant lag effect occurs. A typical responsc
of a stage recorder to precipitation in the gencral areca displays the
interactive effects of several phenomens: the initial rise in the hydro-
graph is due to precipitation in the imwediate vicinity of the gage. The
rate of recession of the hydrograph (in the ébsence of additional precipi-
tation) reflects the influence of upstream overland flow of precipitation
within the conservation area and the eventual impact of cxternal inflows
which provide an additional source of water. Overland flow in the areas
is slowed greatly by the high roughness of the natural land surface. Under
thesc circumstances, significant backwater effects can develop, retarding
the drainage of regions far from canals.

18, Theve is a non~uniform distribution of water flowing through
the bridges along Alligator Alley.

19 Bridge No. 10 along the western end of the conservation area is
ineffective. This situation can be alleviated by cztending the borrow
canal on the nortﬁ end of Alligator Alley.

20. The majority of overland flow in C-123 comes from the west bank.
Inflows from the east may be impeded by the old Miemi Canal and its spoil
bank.

21. At present, the FCD can exert significant contrel on the pattern
of water movement within the conservation areas. However, they have
limited control over external inputs.

22, A simulation model should be developed for testing the impact of

operating procedures. This model should be refined as the nced for more

refined information evolves.
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23. 1In the leng run, the need for sophisticated decision rules will
become evident and should be incorporated into the systemn, This would

replace the current seasonal regulation schedule.



VIII. CONCLUSIONS

Water manageirent in Central and Southorn Florida has evolved from
design and operation of single purpose facilitics in a developing area
to a complex, multipurpose management problem in a new setting of intense
and often conflicting demunds on the system. The gtrong pressures to
promote continued growth are now beinz challenged by those vwho feel
threatened that such growth will ultiwately destroy the quality environ-
ment that has drawn people into the avea.

In nearly all cases, the tendency Is for man to atibceupt to donihate
the system rather than accept a cerlain naturel variation. Tronically,
he subsequently atteuwpts to insert a "natural" variation in the fora of
scheduled releases, stages, etc., It should be veazlized that it is not

""and that once man-nade controls are

possible to "have it both ways,'
established they can never restore a completely "natural' system nor be
operated so that eﬁery interest group will be pleased.

We hope that the findings from this preliminary study assist in
providing the information and insight needed to understand the complex

system and hopefully direct its managewent in the long-term best

interests of the people of Central and Scuthern Florida,
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X1. APPENDIX A. CALCULATION OF REQUIRED NUMBER 01" RATNGAGES

"correlation

Following Eagleson's 1967 paper, the calculation of a
radius," r,, is required. The best method is to use the known spatial
distribution of a typical convective storm, obtained from several clesely
spaced raingages. Alternatively, the spatial distribution cculd be obtained
by examining the time history of a thunderstorm at one station if the
velocity of the storm as it moved past the gage was known and was reasonably
constant, These data were unavallable in this present study, however, thay
could be used to check the results. TIn lieu of rainfall data, Ezgleson’'s
general equation for convective storms was used in which rg = 1.73 P, where

r, is in miles and P; is the maximum storm depth in inches. Then for a

0
one-inch storm, ry; = 1.73 miles, and for a two-inch storm, r, = 3.46 miles.
The case A analysis (runoff prediction) utilizes Eagleson's Figure 6.

The reguired parameters arc

W catchment width
T 28 T 2 x catchment length
2
o

B,

Values of these parameters and calculations are shown in Table A-1.
The case B analysis (long term spatial variance) utilizes Eagleson's
Figure 9 in which BB = A1/2/r0 where A is the catchment area in square

miles, Values are shown in Table A-1.



Parameters Used in Calculation of Required Number of Raingages

TABLE A-1

Case A: Limit error in runoff prediction to 10%.
Case B: Limit error in predicted spatial variance to 10%.
N = Required number of raingages.

Case A Case B

Area Width, w | Length, & A 1" Storm 2" Storm Yo 83 N

Location (niie?) {miles) {miles) Ba N Ba N (miles)
rea 1 221 13.8 20 0.344 11.6 13.9 5.8 6 1.73 8.6 10
Area 2A 173 15 10 0.75 5.8 13.0 2.9 5. 1.73 7.6 | 10
Area 2 {Totail) 210 17.5 10 0.875 5.8 14.4 2.9 6. 1.73 8.4 l 10
Arez 3A 752 20 40 0.25 23.1 20.2 11.6 10. 1.73 15.8 | 10
irea 3 (Total) Y 25 40 0.313 | 23.1 | 25.3 | 11.6 | 12.7 | 1.73 | 17.4 | 10
N.W, Corner, Area 3A 100 8.5 15 0.283 8.67 6.13 4.3 3. 1.73 5.8 | 58

i |

a 3 oy
Tmpractical to reduce error to less than 20%.
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XIL. APPENDIX B

Potential Water Supply and Water
Demiand Areas - Central and Southern Florida
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