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ABSTRACT

The objective of this investigation was to develop a plan for: (a) removing
from Lake Okeechobee the maximum feasible amount of water currently being
discharged to the Lake at Pumping Stations 2 and 3 from the Miami and North
New River Canal basins, and (b) retaining in or near the Everglades Agricultural
Area the maximum feasible amount of water so removed for subsequent re-use to
meet the irrigation water needs of the Miami and North New River Canal basins.
Plan development involved determination of the requirements for directing runoff
flow away from Lake Okeechobee and for runoff water retention/irrigation water
recycling. The charge under which this investigation was made directed that
the requirements for the retention/recycling portion of the plan be developed
in a manner as amenable to fish and wildlife management considerations as
possible.

The Holey Land Tract and the Rotenberger Tract were investigated in detail
as potential retention area sites. Topographic surveys of both sites were made
and seepage tests were conducted on the Holey Land Tract. Several configurations
for the water retention and recycling areas were selected.

Historical records of runoff volumes discharged at Pumping Stations 2, 3,

7 and 8 were compiled. Irrigation water demands of the study area were estimated.
A design for the enlargement of the Miami and North New River Canals necessary

to permit runoff flow to be directed away from Lake Okeechobee was selected and
tested. An array of maximum water depths for the retention areas was chosen

for testing. These ranged from 1.5 ft. to 2.0 ft. for the Rotenberger area and
from 2.0 ft. to 5.0 ft. for the Holey Land area. Several water level regulation

schedules within these maximum depth Timits were established.



Using the data obtained from the topographic surveys, on-site seepage
tests, historical pumping information, historical rainfall and evaporation
records, estimated irrigation demands, and the selected canal design for the
Miami and North New River canals, a computer program was developed. Flow
routings were performed to test the performance of the various regulation
schedules and to determine the size of required intake and discharge facilities
for the several retention area configurations.

The location, size, and dimensions of the facilities required to create
the alternative retention areas operated at the several maximum water depths
considered were determined. First costs for these facilities were calculated.
Annual costs,.consisting of amortized first costs and costs of operation
and maintenance, were computed. The volumes of water which could be recycled
for irrigation supply under various combinations of schedules and retention
area configurations were derived from the routings. These volumes were
related to first costs and annual costs, and cost-effectiveness in terms of
recycling capability was determined.

Alternate regulation schedules and alternate retention area configurations
in several combinations were evaluated. Evaluation factors used were:
irrigation water recycling performance, cost-effectiveness in terms of recycling
capability, total first costs, impacts on several key environmental components
of Everglades ecology, effect on the Lake Okeechobee water balance, and multi-

purpose use of the retention area.
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As a result of this investigation it is recommended that:

1. The Holey Land Reservoir (excluding the “toe" area), as
described in this report, be constructed.

2. The recommended reservoir be operated under a water level
regulation schedule having a 12.0 ft. to 15.0 ft. range.

3. Approximately six miles of fish concentration canals be provided
as part of the initial construction of the reservoir facilities.

4. State-owned lands, either in the "toe" area or elsewhere in the
State, be exchanged for the approximate 1500 acres of privately
owned lands in the Rotenberger Tract east of the Mjami Canal
required for the recommended reservoir.

5. The Miami and North New River Canals be enlarged to the capacities
recommended by the Corps of Engineers in the authorized "Water
Resources Plan"; i.e., 2000 cfs and 1600 cfs respectively.

6. The enlargement of the Miami and North New River Canals be given
high priority for construction under the Central and Southern
Florida Project.

The plan recommended above will have an estimated first cost of $7,195,000
for the Miami Canal and North New River Canal enlargement, and an estimated
first cost of $7,302,000 for the remainder of the recommended facilities.
Annual costs assignable to this plan are estimated to be $620,000.

The recommended plan will direct away from the Lake an average anrual
volume of 203,910 acre feet of runoff water generated in the Miami Canal
and North New River Canal basins which is now pumped to the Lake at Pumping

Stations 2 and 3. This represents an average annual reduction of 947%.



The recommended pian will also be capable of recycling into the
Miami Canal and North New River Canal service areas an average annual
volume of 84,700 acre feet of irrigation water. This represents 47% of the
estimated average annual irrigation water requirement of these basins,
The resultant average annual increased demand on Lake Okeechobee storage

will be 94,800 acre feet.
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OBJECTIVES AND PURPOSE

A management objective of the Special Project with respect to the Ever-
glades Agricultural area is to eliminate, or substantially reduce, the annual
volume of runoff water entering Lake Okeechobee from the agricultural mucklands
south of the Lake. A subsidiary objective is to retain as much of the water
so removed from storage in the Lake in an alternative storage area(s), in or
near the Everglades Agricultural Area, for recycling into the agricultural
area for irrigation purposes; water level management in such alternative
storage area(s) to be compatible insofar as possible with fish, wildlife and
other environmental considerations.

These objectives have been incorporated in the language of the Special
Project's management recommendations for the Everglades Agricultural Area, as
follows:

"From the standpoint of water quality, it is recommended by

the agencies cooperating in the Special Project that backpumping

should be stopped and efforts made to reduce the quantity of water

backpumped at the earliest possible date as feasibility is determined.

The determination of feasibility is dependent upon water quantity con-

siderations, engineering, and social/economic costs as well as water

quality.
"It is recommended that runoff water from the Everglades Agri-
cultural Area be stored in or near the Everglades Agricultural Area

for subsequent re-use as irrigation water."



The purpose of the present study is to develop a management plan meeting
the above objectives for the North New River and Miami Canal basins of the
Everglades Agricultural Area. The Special Project's charge with respect to
this study is given, in part, below:

"The determination of regulation schedules and maximum pool
depth is basic for evaluation of the amount of water that can be
stored in various available areas? The Central and Southern Florida
Flood Control District, working with the Florida Game and Fish
Commission with appropriate consultation with the Division of State
Planning and Department of Environmental Regulation will determine
a maximum water level depth and regulation schedule, as soon as
feasible. From that point, evaluations of the various areas available
for storage will be made and a detailed plan developed to store as
much as possible of the 350,000 acre feet of irrigation water needed
in the Everglades Agricultural Area annually from water formerly
backpumped in a manner as amenable to fish and wildlife management
considerations as is possible.

"The plan for the Mijami Canal and North New River Canal basins,
which will involve evaluation of (1) the Holey Land Tract, (2) the
Rotenberger Tract, (3) the northern portion of Conservation Area 3,
and (4) combinations of the above, will be delivered to the Lt. Governor

for approval no later than January 1, 1976."



DESCRIPTIVE INFORMATION

Study Area Location

The study area of this report is shown on the map of Figure 1. Delineated
on this map are the 1imits of the Everglades Agricultural Area, the boundaries
of the areas served, respectively, by Pumping Station 2 (S-2) and Pumping
Station 3 (5-3), and the limits of that portion of the S-2 service area which
drains to the North New River Canal. Also shown are the boundaries of that
tract of State-owned lands known as the Holey Land, the so-called Rotenberger
Tract, and the lands within the Agricultural Area owned by the Seminole Tribe
of Florida. Other pertinent features of the study area are indicated on the

map.

The C&SF Project System

Under the Central and Southern Florida Flood Control Project, authorized
in 1948 by the Congress, the Everglades Agricultural Area was encircled by
protective levees, designated Levees 4, 5, 6 and 7. The four 01d Everglades
Drainage District canals traversing the Agricultural Area were enlarged and
diked on both sides. The Miami and North New River Canals, involved in this
study, are two of the four canals so enlarged. Canal enlargement was such
as to permit removal of surplus runoff from the adjacent lands at a peak rate
of 3/4" per day, providing protection from flooding as a result of a storm
event having a five-year frequency of occurrence.

The Project system is designed so that runoff entering the northerly

reaches of the Miami, North New River and Hillsboro Canals is discharged to



Lake Okeechobee. Runoff reaching the southerly reaches of these three
canals and all of.the West Palm Beach Canal is discharged southward to the
water conservation areas. The Lake portion of Miami Canal runoff is
handled at S-3; the Conservation Area portion at Pumping Station 8 (S-8).
The Lake portion of the North New River Canal runoff is handled at S-2; the
Conservation Area portion at Pumping Station 7 (S-7). The Lake pumping
station S-2 also handles runoff from the northerly reach of the Hillsboro
Canal; that canal and the North New River Canal joining to form a single
channel before entering the Lake in the vicinity of Belle Glade.

The design discharge capacity of each of the four pumping stations in-

volved in this study are listed below:

Pumping Station Discharge Capacity (cfs)
5-2 3,600
5-3 2,580
S-7 2,490
S-8 4,170

The size of the pertinent drainage service areas are listed below:

Pumping Station Canal Service Area (sg.mi.)
§-2 Hi11sboro Portion 56
S-2 North New River 110
Portion
S-3 Miami 100
S-7 North New River 125
S-8 Miami 200



Average annual discharge, and average wet season discharge {(June-October},

for the period 1962-1973, for each of the above service areas is listed

below:
Average Annual Average Wet Season
Service Area Discharge, A.F. Discharge, A.F.

S-2, Hillsboro 100,427 65,330
S5-2, North New River 118,750 84,730
S$-3, Miami 97,920 69,320

Sub-total, discharge

to Lake Okeechobee - 317,097 219,380
S-7, North New River 116,100 78,800
S-8, Miami 98,610 81,390

Sub-total, discharge

to Conservation Areas - 214,710 160,190

The service areas which are pertinent to this study are those Tisted in
the previous tables with the exception of the Hillsboro Canal area.

Figures 2 and 3 show the channel bottom elevation, adjacent natural
ground surface elevation, and design water surface profile for the North New
River and Miami Canals respectively. Because of the system design which calls
for northward water flow in the northern reaches of both these canals and south-
ward flow in the remainder there is a long middle reach in which the canal bottom
is higher than at either end. These elevated reaches are the so-called "humps"
in these canals. There is a corresponding raise in the design water surface
elevation; the water surface gradient under discharge conditions being created
by pumping at both the north and south ends of these canals.

Pumping Station 7 discharges into Conservation Area No. 2A. There is
also the capability to discharge North New River Canal runoff by gravity into

Conservation Area No. 3A by way of Structure 150.
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Pumping Station 8 discharges into Conservation Area No. 3A. Discharge
at S-8 enters Canal 123, a channel located west of the old Miami Canal
across the northern portion of Conservation Area No. 3A. Canal 123 was con-
structed in order to improve the capability for conveying water across the
conservation area marsh to meet the requirements, when needed, for supplemental
water to Everglades National Park and the lower east coast by transferring
water from Lake Okeechobee. C-123 was completed in 1972.

The capability exists at both S-7 and S-8 to discharge by gravity when

head conditions are favorable.

Land Use and Irrigation Supply

Irrigation water is introduced into the North New River and Miami Canals
to meet supplemental water requirements in those service areas by making
releases from the Lake at HGS#4 (S-2) and HGS#3 (S-3) respectively. During
the irrigation season (November-May) an optimum irrigation stage between 12.0
and 12.5 ft.ms1. is maintained in the North New River and Miami Canals. Re-
leases are made from the Lake in quantities sufficient to maintain those stages.
When Lake Tevel recedes below the optimum irrigation stage, the North New
River and Miami Canals take the same stage as the Lake. Irrigators with-
draw supplemental water directly from the North New River and Miami Canals.

Land use in the service areas pertinent to this study is shown on the
map of Figure 4. Estimated acreage in agricultural production (1974) by service

area is shown in the following table:



Sugar Total Percentage

Service Area Cane Pasture Truck Ag.Use  of Service Area Other
S-2, NNR 27,320 27,360 4,840 59,520 86% 19,600
$-3, Miami 45,020 21,520 20 66,560 81% 16,000
S-7, NNR 36,960 34,240 1,280 72,480 91% 7,520
S-8, Miami 42,270 7,680 - 49,950 38% 83,170
Total - 151,570 90,800 6,140 248,510 68% 116,290

Estimated average annual supplemental water requirement based on the
land use from 1963-1973 is 115,000 A.F. for the North New River Canal basin and
64,500 A.F. forthe Miami Canal basin. For all practical purposes, all of the

Tands in production are irrigated during the period November 1 - May 31.

The Holey Land

The boundaries of the Holey Land are depicted on the map of Figure 1. The
entire area is State owned, under the jurisdiction of the TIITF. The area
is presently under Tease to the State Game and Fresh Water Fish Commission for
wildlife management purposes. Natural ground elevations along the north and
south boundaries of this tract, based on surveys conducted by the Flood Control
District in September-October, 1975, are piotted on Figure 6.

This tract is bounded on the south by Levee 5 which consists of a low
interior levee (on the Holey Land side), an exterior levee (on the Conservation
Area side), and a borrow canal between the two levees. A major FP&L trans-
mission line is located immediately north of, and adjacent to, the L-5

interior levee.



The Rotenberger Tract

The boundaries of the Rotenberger Tract are depicted on the map of
Figure 1. On this map are indicated those parcels of land within the Tract
which are in private ownership. It is to be noted that a portion of the
Rotenberger Tract, approximately 3,580 acres, lies east of the Miami Canal
and abuts the Holey Land on the west. The Miami Canal is leveed on both
sides as it traverses the Rotenberger Tract. Natural ground elevations along
the north and south boundaries of this tract, based on the recent District
surveys, are plotted on Figure 9. That portion of this tract Tying west of
the Miami Canal is separated from Conservation Area No. 3A by the one-mile
wide tier of sections which is a part of the State Seminole Indian Reservation.

(See Figure 1).

Northern Portion of Conservation Area No. 3A (East of C-123)

The Flood Control District holds storage and flowage easements over all

of Conservation Area No. 3A. The Game and Fresh Water Fish Commission, under
lease from the District, manages the area for fish and wildlife. Topographic
surveys of the northerly portion of Conservation Area No. 3A were not conducted
in connection with this investigation. It can be reasonably assumed that
natural ground elevations along the northern boundary of the conservation area,
east from the Miami Canal, closely approximate the ground elevations along the
south boundary of the Holey Land. Ground slope may be on the order of 0.30 ft.

per mile toward the south.



PROBLEM STATEMENTS

Flow Re-direction

In order to eliminate or substantially reduce the amount of poor quality
water entering the Lake from the Miami Canal and North New River Canal basins
it is obviously necessary to re-direct to the south the present northerly flow
of discharge in the northern reaches of those canals. To accomplish this the
existing restricted sections, or "“humps", in those two canals must be removed.

The extent of required "hump removal” is conditioned by several con-
siderations, as follows:

a. The amount of flow which is to be re-directed.

b. The capability of Pumping Stations 7 and 8 to accept both the

re~-directed flow from the northerly portions of the canal basins
and the flow they now receive from the southerly portions; and

c. The maintenance of reasonable and acceptable flood dischargé

water surface elevations in the northern reaches of both canals
consistent with C&SF Project authorizations and obligations.

Because of the fact that S-2 now accepts runoff flow from both the North
New River Canal and Hillsboro Canal basins it will be necessary to separate
those flows. Hillsboro Canal flows will still continue northward to S$-2,
whereas flows generated in the northern portion of the North New River Canal
are to be re-directed southward. Under this flow regime, design flow stages
in the Hillsboro Canal near S-2 would be on the order of 8.0 ft.msl. while
design flow stages in the North New River Canal near S-2 would be on the
order of 13.0 ft. msl. Structural measures are_required to ensure that this

stage differential will result.



The problem statements under this heading, therefore, are:

1. Determine the required "hump removal" channel design for

the North New River and Miami Canals.

2. Evaluate the performance of the "hump removal" channel design

in terms of the quantity of flow which can be re-directed from the

Lake.

3. Determine the hydraulic requirements, and select a tentative location,

for the flow regulation structure in the North New River Canal.

Retention Area

Flow re-direction alone would accomplish the objective of eliminating or
substantially reducing the inflow from the North New River Canal and Miami
Canal basins to Lake Okeechobee. However, thesubsidiary water quantity
management objective requires the establishment of a retention area to act as
an alternative water storage facility for some portion of the water to be re-
moved from storage in the Lake.

In addition to this consideration, there is the fact that without provision
of an "upstream" retention area all of the re-directed flow would enter Con-
servation Areas 2A and 3A. In Conservation Area 2A the increased quantity
of inflow water, of poor quality, could have an adverse impact on the
environment there; an environment which has already experienced some changes
as a result of existing inflows.

Re-directed flows at S-8 would, for the most part, be routed downstream
in C-123 and thus be of no benefit to the environment in that portion of
the conservation area north of Alligator Alley. A suitably located upstream
retention area should consequently permit a better distribution of the re-directed

flow over the northerly portion of Conservation Area No. 3A east of C-123.
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These two considerations add emphasis to the desirability of an upstream
alternative runoff water retention site within the Everglades Agricultural
Area.

The environmental values of alternative retention areas, either existing
or potentially restorable, must also be considered together with other uses
which would be compatible with the basic objective of recycling of water and
the corollary goal of obtaining a more acceptable distribution of flow over the
northern portion of Conservation Area No.3A. Basic to all of these con-
siderations is the water level management schedule for the alternative retention
area(s).

Of primary importance is the matter of the water balance within the
retention area(s) itself. This involves such considerations as:

a. Amount of inflow water available for filling the retention
area.

b. Net amount of direct rainfall to be stored in the area(s).

c. Evapotranspiration loss.

d. Seepage rates and Josses.

e. Water level management schedule.

Consequently, the problem statements for this aspect of the study
are:

4. Determine the location and areal configuration of the retention area

or areas.

5. Determine the water level management schedule for the retention

area or areas.

6. Evaluate the performance of the retention area(s) with respect to

filling capability and water recycling capability under various water

level management schedules.
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7. Project the on-site environmental consequences under various
water Tevel regimes.

8. Identify other possible uses for the retention area(s).

Overall Plan

The two essential features of the overall plan are: (a) the system for
re-direction of flow in the northern reaches of the North New River and Miami
Canals, and {b) the water retention/recycling system.

There are no particular or special design considerations to be taken fnto
account with regard to the flow re-direction system once the "hump removal"
requirements are established and a determination made of the hydraulic re-
quirements of, and suitable location for, the required flow reguiation
structure in the North New River Canal. The elements of cost for this portion
of the plan are: (a} channel excavation in the North New River and Miami Canals,
and {b) flow regulation structure, including the cost of excavating a temporary
by-pass channel.

From an operational standpoint it must be understood that there will be
occasions when pumping at S-3 will be required. These occasions will result
from storm events producing peak runoff rates in excess of the pumping capacity
at S-8 and/or the channel capacity through the former "humps". A maximum
design flood discharge water surface profile for the Miami Canal under the
re-directed flow regime will be established. Operational guidelines should
be such that all pumping in the Miami Canal will be at S-8 until the new
design stage at S-3 is exceeded. Once $-3 is started up, however, stage at
that location can no longer be used to determine when operation of S-3 is to
cease. A suitable Tocation in the Miami Canal at which to record stage for
governing operations at S-3 must be selected and a determination of the

governing stage at that location made.
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Similar operational guidelines will be required for the North New River
Canal system. Here, however, since S-2 will be operating to pump Hillsboro
Canal inflow, operational guidelines must be related to operation of the
f10w~regu]ation structure rather than the pumping station (S-2). At this
Tocatfon the probability exists that on many occasions it will be possible for
Hillsboro Canal flow to be re-directed southward into the North New River
Canal through the flow regulation structure. The Operationa1 guide]ines.wi11
have to address this probability as well.

Concerning the retention area(s), filling will be accomplished by intro-
ducing therein some portion of the re-directed flow in the North New River and
Miami Canals. Flow introduction must be by means of pumps. Basic considerations
in regard to the sizing of the pumps are:

(a) Required rate of retention area filling.
(b) Time duration and pattern of water availability for filling.
(c)

Hours of required pumping operation.

—

d) Determination of necessity for recirculation of seepage outfiow.
(e) Provision of "flow-through" capability for redistribution of
flows to Conservation Area No. 3A.
Other considerations to be taken into account in the design of the

retention area(s) storage/recycling system are:

{a) Containing levee dimensions and construction.

(b) Means of bringing inflow water to, and recycling water away from,

the boundaries of the retention area.
(¢) Facilities for distribution of "flow-through" outflow to Con-

servation Area No. 3A.

(d) Emergency discharge facilities.
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{e) Location and dimensions of seepage control ditches and control
structures.
(f) Nature and location of additional facilities related to other

possible uses of the retention area(s).

A1l of the above features, obviously, represent items of capital cost. In
addition, use of certain of the potential sites for the storage of water will
require that privately owned lands be acquired; this acquisition also represents
an initfal capital outlay.

There are no special considerations involved in the operation of the
retention area system. Operations during the retention area filling period
(June-October) will be governed by the regulation schedule and the availability
of water. During the recycling period (November-May) operations will be
governed by irrigation supply requirements expressed as optimum irrigation
stage in the North New River and Miami Canals, and by the regulation schedute.
Specific guidelines for "flow-through" operations will be required.

Several bases exist for evaluating a program or plan of the type being
investigated in this report. Among the quantifiable factors which might be
considered in plan evaluation are:

(a) First costs.

(b) Annual costs.

(c) Volume of water removed from the Lake.

(d) Volume of water recycled to the Agricu}tura] Area.
(e) Volume of water redistributed to Conservation Area

No. 3A.

(f) Impact on Lake Okeechobee water budget.
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Other evaluation factors which might be considered are on-site
environmental benefits or damages, value of use of the retention area(s)
for additional compatible purposes, increased financial and energy

costs to agricultural interests, and muck subsidence. Most of these

considerations, however, are not quantifiable in monetary terms. Evaluation
would be largely subjective.

The problem statements for this portion of the study, therefore, are:

9, Determine the nature, location and dimensions of the retention

area facilities required to provide for runoff water retention,

rungff water "flow-through", irrigation water recycling, seepage
control, and safety.

10. Determine the nature, location -and dimensions of additional facilities
needed to permit other identified compatible uses to be made of the
retention area system.

11. Determine the type and dimensions of the required flow regulation
structure in the North New River Canal.

12. Prepare first costs and annual costs for items 8 through 10, above,
for "hump removal", and for land acquisition (where applicable).

13. Develop guidelines for the operation of S-2, $-3, 5-7, 5-8, and
the flow regulation structure in the North New River Canal under the
altered flow regime.

14. Develop operational guidelines for the retention area system.

15, Formulate an evaluation methodology and evaluate the overall

plan accordingly.
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STUDY APPROACH

The development of a management plan of the type being investigated
herein usualiy resolves itself to a matter of making a selection of one
solution out of several possible alternate solutions on some objective basis.
This is the general approach which has been taken in this investigation.

In this case there is a comparatively large number of independent
variables, and each variabie has a wide range of possible values. Con-
sequently, there is a potentially large number of alternatives which can
be presented for evaluation by means of some objective function. The
variables in this instance are:

a. "Hump removal"” dimensions for each of two canals.

b. Number of separate retention areas.

c. Size/configuration of the retention areas.

d. Water level management schedule for the retention areas.
Even if a limited number of possible values were assigned to each variable
the number of combinations, or alternatives, would still be large.

In order to reduce the analytical task to manageable proportions pro-
fessional judgment and experience in several areas of expertise were exercised
in making a selection of values for the several independent variables.

Accordingly, as a result of initial decisions made on the basis of pro-
fessional judgment, experience and an assessment of practicability the basic

analysis of this report is predicated on the following:
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1. The "hump removal" channel design for the Miami and North

New River Canals is that which will provide the hydraulic conveyance
capability authorized for construction under the C&SF Project by the
Congress in 1968. Practical considerations of funding dictated this
selection since this design can be accomplished with the Federal Govern-
ment underwriting 80% of the cost of construction. In addition, a
preliminary performance analysis conducted in the earlier stages of the
Special Project's studies indicated good results in terms of flow

re-direction would be obtained with this design.

2. The retention area on the east side of the Miami Canal lying

north of Levee 5, which includes the Holey Land Tract plus that portion
of the Rotenberger Tract east of Miami Canal, is considered to be the
primary site for water retention. The remainder of the Rotenberger Tract,
lying west of the Miami Canal, is considered as a secondary site to

be used, if at all, only in conjunction with the site east of the Miami

Canal.

3. The basic configuration of the site east of the Miami Canal (called
hereafter in this report the "Holey Land Reservoir") is considered to

be the Holey Land Tract less the "toe" plus the portion of the Rotenberger
Tract east of the Miami Canal. An alternative configuration includes

the "toe" of the Holey Land.

4. A wide range of regulation schedules for the two Holey Land Reservoir
configurations up to a maximum water depth of five feet; the maximum

depth having been selected based on a combination of cost, engineering
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and environmental considerations. A narrow range of regulation
schedules for the "Rotenberger Reservoir" {water depths of 1.5 and
2.0 feet only); this selection based on the practical consideration

that this area will be managed exclusively for deer.

The main body of this report, which is incorporated in the following
sections, addresses the problem statements enumerated earlier within the frame-

work determined by the pre-selection of certain values as identified above.
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FLOW RE-DIRECTION

General

The plan presented by the.Corps of Engineers in its Water Resources Report
for the Central and Southern Florida Project included as one of its features the
removal of the "humps" in the Miami and North New River Canals. The plan recom-
mended by the Corps in that report was authorized by the Congress in 1968. That
authorization established a construction cost-sharing ratio for all features of
the plan of 80% Federal and 20% State.

The purpose of the "hump removal" as set forth in that plan, was to provide
an additional means for reducing Lake Okeechobee levels when stages were above
prescribed regulatory elevations. The objective is to reduce the amounts of
water discharged for regulatory purposes to tidewater at the St. Lucie Canal and
Caloosahatchee River outlets. By using the Miami and North New River Canals to
the extent possible regulatory discharge water would be retained in, or flowed
through, the Everglades system consisting of the water conservation areas and
Everglades National Park.

A system designed to handle Lake Okeechobee regulatory discharges via the
Miami and North New River Canals can also be used to re-direct runoff flows
away from Lake Okeechobee. The two water management objectives are not competi-
tive. Use of the Agricultural Area canals for Lake regulation cannot be made
while those canals are discharging local runoff. Therefore, in either case -
the present system or the system being investigated in this report - removal of
Tocal runoff from the Agricultural Area is first accomplished before the canals
can be used for Lake regulation.

Miami Canal

The Corps of Engineers' hump removal design calls for a Lake regulation

capacity of 2000 c¢fs. The plan for the Miami Canal also calls for the installa-

tion of a water level control structure near the present pumping divide between
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S-3 and S-8. The purpose of this structure is to permit different optimum
water control elevations to be held north and south of the control based on
differences in general adjacent natural ground elevations. The justification
for such a structure must be re-visited; particularly in view of current
construction costs. It is preéent1y believed that justification will be
marginal at best. Accordingly, this investigation assumed that the structure
would not be provided under the Central and Southern Florida Project.

~ Standard backwater computations were performed using the Corps of Engineers'
channel design sections for 2000 cfs capacity, an "n" factor of 0.30, and an
assumed design drawdown stage of 9.5 ft.ms1l. at S-8. These computations
indicated that elimination of the water level control structure at the present
pumping divide results in a design discharge capacity of 2600 cfs. Channel
capacity may be reduced below this value dependent on rainfall distribution
in the basin. The resultant channel design and design water surface profile
is shown on Figure 2. The design water surface profile for flow re-direction
is comparable to that established by the Corps of Engineers for Lake regulation
discharge.

There will be occasions of more severe storm events when runoff entering
the Miami Canal will produce flows exceeding the capacities of S-8 and the
proposed retention area pump(s}. Stages greater than design stage in the
northern reaches of Miami Canal will then result. Operational criteria, there-
fore, shall be such as to require 5-3 to be placed into operation when stage
at the land side of S-3 reaches design stage of 13.3 ft.msl. The determination
of when to stop pumping at S-3 wi]}sbe-made by a combination. of "trial and-
error," stopping pumping at intervals and observing stage response, and by
observing changes in pumping rates at both S-3 and S-8.

Daily routings over the 1962-73 historical period performed as a part of
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this investigation indicated that there were only 16 days during which pumping at
5-3 would have been required. The average wet season volume pumped at S-3, under this
flow regime, is 1560 A.F., as compared with the present average wet season volume of

69,320, a 98% reduction in back-pumped discharge to Lake Okeechobee.

North New River Canal

The Corps of Engineers Lake regulation "hump removal" design calls for
a capacity of 1600 cfs. Here, again, the Corps' plan calls for a water level
control structure at the present S-2, 5-7 pumping divide for the same purposes
as in the Miami Canal. The present investigation assumed this structure also
to be removed from its location at the pumping divide. In this case, however,
a structure of similar design and capacity is required near the confluence of
the North New River and Hillsboro Canals in order that S-2 can continue to pump
runoff from the northern reach of the Hillsboro Canal. The required capacity
of this structure is 1600 cfs., since that capacity is governed by the Lake
regulatory discharge requirement. The design head loss at the structure to
pass 1600 cfs. is 0.4 foot.

Standard backwater computations were performed, as with the Mjami Canal,
using an "n" factor of 0.30 and a design drawdown stage of 9.5 ft. msl. at
S-7. Elimination of the water level control structure at the present pumping
divide produces a design discharge capacity of 2200 cfs, Channel capacity may be
reduced below this value dependent on rainfall distribution in the basin. The
resultant channel design and design water surface profile are shown on Figure 3.
As with the Miami Canal, the design water surface profile is comparable with the
profile established by the Corps for Lake regulatory discharge.

Daily routings over the historical period showed that there were 102 days
on which $-2 would have been required to pump North New River Canal runoff. -

The average wet season discharge from the North New River Canal basin at S-2

-21-



is 11,200 A.F. as compared with the present average wet season discharge of
84,730 A.F., an 87% reduction.

The historical average wet season total discharge {including the Hills-
boro Canal) at S-2 is 150,060 A.F. The flow re-direction plan discussed
herein will reduce that discharge to 76,530 A.F., a reduction of 49%.

This reduction represents a minimum estimate since there will be yearly
a number of occasions of comparatively minor runoff producing events when
discharges from the Hillsboro Canal can be diverted through the proposed flow
regulation structure into the North New River Canal without exceeding critical
stages in the northern reach of Hillsboro Canal.

The flow regulation structure can be operated in three modes: (1) closed
to completely separate North Mew River Canal and Hillsboro Canal flows, (2)
open to divert Hillsboro Canal flows to S-7, and (3) open to pump North New
River Canal flows to S-2, as at present.

Operation under mode (3) will be governed by stage at the S-7 side of
the structure; when stage reaches 13.3 ft. msl. on the S-7 side the structure
will be opened sufficiently to maintain a 13.3 ft. stage. Operation under
mode (2) will be governed by stages in the Hillsboro Canal; the structure will
remain open as long as stages in the northern portion of the Hillsboro Canal
remain below critical stages, S-6 is not over-loaded, and there is a southward

water level gradient toward S-7 past the structure.

Summary

Based on the 1962-73 historical record the selected "hump removal” design
will reduce the average wet season total discharge at 5-2 and 5-3 from 219,380
A.F. to 78,090 A.F.; a reduction of 141,290 A.F., or 64%; in back-pumping to
Lake Okeechobee. This is a conservative figure, but provides a reasonable basis
for evaluation of performance of the selected design. Annual discharge to the Lake fro

the study area will be reduced from 216,670 A.F. to 12,760 A.F.; a reduction of 94%.
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RETENTION AREAS

Retention Area Size

The Holey Land Reservoir site, without the "toe" (basic configuration), comprises
a total of 31,550 acres; 27,970 acres of which are in the Holey Land tract and
the remainder in the Rotenberger tract east of the Miami Canal (Figure 5). An
average ground elevation of 12.0 ft.ms1. was used for storage calculations,
based on District survey.

The "toe" contains 3,800 acres, giving a total area of 35,350 acres for this
alternative retention site.

The Rotenberger Reservoir site comprises 19,110 acres (Figure 8}. An average
ground elevation of 12.5 ft. msl. was used for storage calculations, based on

District surveys.

Basic Hydrological Data

Daily rainfall of pump station S-8 was used to represent the rainfall over
the proposed retention areas. A summary of monthly totals is given in Table 1.
Forty-five years of rainfall record at the Belle Glade Experiment Station, 17 miles
north of the area, indicate that the period of record considered (1963-1975) was
guite representative of long term trends. The mean yearly rainfall at this
station was 57.70 inches when the entire 45 year record was considered and 56.09 inches
when only the 13 year study period was used.

A summary of monthly sums of runoff and irrigation demand is presented in
Tables 3 and 4.

Evapotranspiration in the retention areas was considered to be approximated
closely by the pan evaporation as measured at Pumping Station S-7. In order to
facilitate data handling, the measured monthly pan evaporation was divided by the
number of days in that month to obtain a representative daily evapotranspiration.
Monthly pan evaporation is tabulated in Table 2.

Daily seepage was estimated by Darcey's Equation, Q = kli, where Q = seepage,
k = weighted transmissibility of the shallow soil profile, 1 = length of
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the levee, and 1 = hydraulic gradient. The transmissibility values were deter-
mined by the Flood Contrel District from an on-site testing program in the Holey
Land and supplemental data published by the Corps of Engineers. Seepage values
varied from 50 to 300 acre ft. per day for the Holey Land area depending on pool
stage. The report of the on-site seepage investigations conducted by the District
are attached as Appendix 1 to this report.

Irrigation demand was estimated as the total loss from the respective canal
systems on days in which there was no net runoff from these canals. In actual
operation, releases for "irrigation" will be governed by the stage in the project
canal system falling to a key elevation. Since historical irrigation releases
have been made on similar criteria, it is expected that the irrigation demand cal-
culated in this manner will provide an adequate dpproximation of future conditions.

Total runoff generated within the Miami Canal and North New River Canal
drainage areas was computed as the sum of daily outflows generated within the
area. This was accomplished by adding the positive daily differences between
inflows and outflows. In the Miami Canal area this is eguivalent to the total
5-8 discharge minus the total discharge at the S-3 - HGS3 complex. In the North
New River Canal area it is total S-7 and S-150 discharges minus the discharge at
the North New River Canal station below HGS4, The sign convention used on all
discharge stations was, that flow southward, away from Lake Okeechobee, be con-
sidered positive. Thus, when runoff was pumped into Lake Okeechobee from S-3
or S-2 the sign of this discharge was negative. Similarly when discharges were
made southward from S-7 or S-8 the discharge from these stations would be positive.
If runoff was occurring at the same time on each end of the canal, subtracting a
negative number from a positive number resulted in a combined positive number
larger than the absolute value of either station and equal to the total runoff
generated between these stations. The summations of the negative values of

these differences were considered as irrigation demands.
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The runoff values for the North New River Canal area are not exactly true
representations of runoff because of the unique interconnection between this
area and the Hillsboro Canal area. For the purposes of routing flow into and
past the proposed retention area(s), however, the runoff values can be con-
sidered adequate as the indicated runoff in excess of the true runoff may be
considered that part of the runoff generated in the Hillsboro Canal area which
could not be handled by S-6. This same interconnection will also affect the
irrigation demand for the North New River Canal area in that it will tend to
over-predict irrigation demand. No attempt was made to correct for this
tendency and should be considered in analyzing the results.

Regulation Schedules Considered

A wide range of representative regulation schedules for the Holey Land
Reservoir were selected for performance evaluation. These schedules in feet
mean sea level were 12-17, 12-16, 12-15, 12-14, 13-17 and 13-16. The schedules
in the Rotenberger Reservoir were 12.5-14.0 and 12.5-14.5. Ground level was
assumed as 12 ft. msl. in the Holey Land Reservoir and 12.5 ft. msl. in the
Rotenberger Reservoir.

Several of these alternatives were selected primarily for evaluation of
possible vegetation, fish, wildlife, and on-site water quality factors. Among
these were the schedules for the Rotenberger Area and the 13.0 ft. msl. base
regulation for fishery benefits. The 12.0 ft. regulation schedules were selected
basically for their compatibility with wet prairie development: (See pages 31 to
48 for detailed discussion of these considerations.)

The maximum stage of 17.0 ft. msl. was selected as representing the highest
practicable regulation stage, based on cost considerations related to predicted
environmental changes. It is clear that water depths in éxcess of 5 feet will
create an open-water environment, thus increasing the hazard of levee overtopping

during hurricane storm events. This would require, at least, increasing levee

freeboard requirements, substantially increasing construction costs.
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Routing Procedure

A routing procedure was developed for the proposed retention areas to
determine:

1. The effect of chahging the size of the holding areas,

2. Testing the sizing of tentative intake and outflow control

structures.

3. Testing the effect of selected regulation schedules.

4, Evaluating the performance of the holding area(s) with respect

to filling capability and water recycling capability.

The routing was performed on a daily basis by the simple addition or
subtraction of direct rainfall on the retention area(s), evapotranspiration,
seepage, irrigation withdrawals, outfiow through the spillways, and inflow
pumped from the North New River and Miami Canals. The variables which were
dependent on stage in the retention areas, e.g., seepage, irrigation, outflow,
and inflow were calculated on the basis of the previous day's stage.

Routings used historical daily flow records for an estimate of the amount
and timing of water available for filling the retention areas and also as an
estimate of irrigation demand. Rainfall and evapotranspiration estimates were
made for corresponding time intervals.

The routing procedure allowed the deliveries for irrigation to be equal
to the irrigation demand in all days except when stages in the retention area
were below a monthly (irrigation) regulation stage or demand exceeded 600 cfs
in the respective canal system. Below these regulation stages all deliveries

were terminated and any deficits were assumed to be made up by deliveries from
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Lake Okeechobee. 1In all routings that allowed stages to recede to ground
elevation, this reqgulation stage was set at 12.5 ft. ms1. or approximately

0.5 feet above mean ground elevation for the entire year. At approximately
this elevation flow toward the irrigation delivery structures will begin to be
restricted severely by the resistance of the marsh grasses to overland flow.
Thus, this criteria essentially makes all available water ready to meet
irrigation demand until the supply runs out.

For regulation schedules requiring a minimum pool stage of 13.0 ft.msl.
irrigation withdrawals were terminated below a stage of 14.0 to prevent
excessively low stages in May.

The routing for various regulatory schedules and physical configurations
were run over the entire period of record, 1963 through 1973. Thus, the system
response could be evaluated with the various alternatives as though the
retention areas had been constructed in 1963 and continued through 1973. Con-
tinued development of agricultural lands might be expected to increase
both irrigation demands and the total amount of runoff generated on these
lands for the same meteorological conditions. It is expected, however,
that historical records should provide a good estimate of future conditions
for the next decade or more. This is a reasonable assumption in view of
the fact that, excluding the Rotenberger and Holey Land Tracts, over

80% of the area involved is already in agricultural production {See page 6).
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Spillway outflow was considered to occur in a fashion equivalent to the
flow over a weir. The elevation of the weir being set by a {spillway) monthly
regulation schedule. At elevations above these regulation elevations spiliway
discharges occur. Special provisions were included to override the reguiation
schedule and Tower the equivalent weir elevation when stages became excessively
higher than the regulation levels. Because the envisioned operational criteria
called for very shallow water depths at certain times of the year, the
possibility that resistance to overland flow would become the 1imiting criteria
in how much water could be removed rather than structure characteristics
became evident. In order to provide a first approximation of this effect the
flow predicted by structure control was multiplied by the flow depth cubed
when the flow depth was less than 0.75 ft. This procedure is in general
agreement with the development of Izzard's overland flow equation which predicts
that the velocity of overland flow varies with the cube of the flow depth.

Inflow from the North New River and the Miami Canals which was pumped to
the Holey Land Reservoir was constrained primarily by (1) the availability of
storage below the (inflow) regulation schedule, (2) the pump capacities and (3)
the availability of runoff generated within the basin. The routing procedure
assumes that pumping was only allowed when there was positive runoff generated
within the respective canals and the stage within the retention area was below
the monthly stage specified in the {inflow) regulation schedule. If both
these criteria were met, the lower of either the pump capacity or the runoff in
the respective canals was chosen as the 1'nf10wT An additional constraint
was imposed that the maximum rise in stage during June was not to exceed one

foot. This constraint was imposed based on environmental considerations
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in order to protect emerging vegetation during the germination and seedling
stage,

Pumping was prohibited during periods in which runcff was not being
generated within the basin because it is obvious that water should not be
taken from the more efficient storage in Lake Okeechobee to replenish a
deficiency in the less efficient alternative retention.

The same type of constraints in regard to spillway outflow that were
applied in the Holey Land Reservoir(s) were also applied to the Rotenberger
Reservoir,

The infilow to the Rotenberger Reservoir was not allowed to exceed the
difference between the runoff generated in the Miami Canal drainage area and
the inflow to the Holey Land Reservoir(s) from the Miami Canal. This
condition was applied to ensure that the maximum possible amount of runoff
stored would later be made available for reuse as irrigation water and thereby
reduce to some extent the draw on Lake Okeechobee toward the end of the dry

season.

Routing Results

A1l of the regulation schedules identified earlier herein were tested
with the routing program. Outflow for purposes other than irrigation was
allowed only when the computed pool stage was above a set monthly elevation.
This stage varied from the minimum regulatory stage in May to the maximum
regulatory stage the end of September through January (or in the case
of the 17.0 foot maximum, through December). For the transitional periods,
the regulatory stages were increased in equal monthly increments for the
months of June through August and similarly decreased for the months February

through April.
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Pumping into the Holey Land Reservoir was allowed whenever the calculated
pool stage was less than 0.2 foot above regulation stage. This was
to ensure that the maximum possible amount of water would be diverted from
S-7 and S-8 for more desirable distribution in Conservation Area 3A. An
exception to this rule was made when the regulation stage was less than 0.5
foot above ground surface. In this case, resisténce to flow provided by
the natural vegetation becomes large enough to severely restrict direct flow
through the area.

The allowable monthly rise in stage has a definite effect on the maximum
pool stages that can be obtained. Restricting maximum stages during the first
part of the rainy season (June through October) requires that some of the wet
season rainfall be released as excess early in the rainy season. In years where
the majority of rainfall occurs in June or July, there may not be sufficient
rainfall in August through October to raise stages above 16.0 or 17.0 feet msl.

The shape of thedescending portion of the regulation schedule has little
effect on stages in this retention area particularly in drier than normal years.
The demands on the retention area for supplemental water are quite high
resulting in'a rapid decline in pool stage beginning in OctOberror November
during most years. As this natural decline is faster than wou]d normally be
envisioned for a regulation schédu]e, this portion of the regulation schedule
has 1ittle effect on subsequent or interim stages.

Releases from the reservoir to control stages in the primary canal system
(irrigation) were made with no restrictions in timing. This effectively allowed
thé fetention area to supply nearly all of the supplemental water requirements

during the early part of the irrigation season. This accounts for the rapid fall i
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stage at the beginning of the irrigation season. The supplemental water
requirements during the later part of the irrigation season would be made up
from Lake Okeechobee. This method allowed the more efficient carry-over
capacity of Lake Okeechobee to be utilized for storing water rather than the
smaller retention area with its higher attendant iosses.

A representation of stages in the retention area(s) which might have
occurred under past hydrologic conditions is given in Figures 10A, B and C.

The representations are average monthly stages derived from the routing program.
Stages achieved under a given regulation schedule did not vary significantly
with the addition of the"toe" area tc the Holey Land Reservoir. When the
maximum possible water was passed through the Holey Land for distribution in
Conservation Area No. 3A, stages rose as much as 0.5 foot above the stages
shown during the peak stagé periods

For the Holey Land Reservoir, stages of 17.0 feet ms1. could be reached
in 60 percent'of the years; stages of 15.0 feet and 16.0 feet msl. could be
reached in 90 percent of the years; and a stage of 14.0 feet msi. could have been
reached in every year of record.

There is often a high demand for supplemental water in November and
December which will generally tend to make stage at least 1.5 feet lower than the
maximum regulatory stage by the end of December.

The variability of hydrologic inputs resulted in the pool going dry before
April 1 in 2 of the 11 years between 1964 and 1974 under the 12.0 - 16.0 feet msl.
regulation schedule. After going dry the pool generally began to fill around
June 10. Less severe dry periods caused the pool to dry for shorter periods.

In 5 of the 11 years the pool was dry for at least 20 days. In the remaining
6 years there was generally about 0.5 foot of water over the pool during lowest

stages.
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The 12.0 - 17.0 foot regulation schedule showed similar trends but
delayed the dates when the pool went dry by approximately 5 days.

Two regulation schedules were tested for the Rotenberger Reservoir:
12.5 ft. - 14.0 ft. and 12.5 ft. - 14.5 ft. depth. A depth of 1.5 feet
resulted in 6 out of 9 years. Under the 1.5 foot maximum reqgulated water
depth, extended periods of more than 4 months without water in the pool
were encountered in 2 out of 9 years; the pool was dry for 2 or 3 months
in 4 out of 9 years; for 1 month in 2 of 9 years; and was wet all year in
1 of the 9 years. The 2 foot maximum water depth resulted in the pool
being dry for more than 4 months in 1 of those years; for 2 to 3 months in
4 of the years; 1 month in 1 of the years; and wet all year in 3 of those

years. Stage graphs for these schedules are shown on Figure 11.

Irrigation Recycling

None of the alternative regulation schedules tested has the capability
to recycle all of the irrigation water supply requirements of the Miami and
North New River Canal service areas. This finding was not unexpected, based
on initial preliminary approximations made by the District earlier in the
course of the Special Project studies. That portion of the total requirement
not satisfied from the alternative retention area source will continue to
be supplied from Lake Okeechobee. The most efficient recycling operation
of the alternative retention area will be that used in the routing procedure
described earlier herein; that is, all irrigation demands will be supplied
from the Holey Land Reservoir until the available supply there is exhausted.

The following table presents the irrigation demand supplied from the

Holey Land Reservoir at selected "drought" return periods:
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Without Toe

1 in 2 year 1 in 5 year 1 in 10 year
{1972) (1965) (1973)
Regulation  Supply Supply Supply
Schedule (A.F.) % Total (A.F.) % Total (A.F.) % Total
12-17 145,200 79 128,600 55 104,900 42
12-16 136,300 74 126,300 54 103,500 41
12-15 109,100 60 124,000 53 76,800 31
12-14 57,600 31 95,300 41 46,500 19
13-17 87,300 48 86,400 37 82,200 33
13-16 60,200 33 85,400 37 53,900 22
With Toe
12-17 146,900 80 136,700 56 100,500 40
12-16 138,200 75 128,600 55 99,700 40
12-15 114,800 63 125,400 54 77,500 31
12-14 60,000 33 97,800 42 46,800 19
13-17 86,900 47 87,100 37 86,800 35
13-16 58,800 32 87,100 37 59.000 24

The "drought" return periods were based on ranking the historical yearly
irrigation demands preéented in Tables 3 and 4. Only the 10 years beginning in
1964 were considered for this determination to allow an initial period fdn
filling the reservoir. The year with the 1angesf demand was selected as represent-
ative of thé 1 in 10 year drought. Similarly, the second ]argest;demanqiand the fifth

largest demand were seTetted as the 1 in 5 year and 1. in 2 year drought conditions.The

-33-




1 in 2 year, 1 in 5 year, and 1 in 10 year demands used in the above tables
were respectively: 183,000 AF, 233,000 AF, and 250,000 AF.

A summary of monthly irrigation deliveries which would have been
possible under past conditions is presented in Table 5. Tables 3 and 4
tabulate the monthly irrigation demand and allow a detailed comparison of
deliveries with demand.

The observation may be made that the addition of the toe area which
adds 12% to the surface area of the reservoir generally increases the
percentage of the demand supplied by only 1% to 2% and occasionally decreases
the amount of water which can be supplied. There are several factors con-
tributing to this situation: (1) During rather extreme drought conditions
rainfall during the latter portion of the wet season is insufficient to fill
the reservoir to the desired regulation schedule. In this case the smaller
reservoir reaches somewhat higher maximum stages than the larger reservoir.
{2) During less severe drought conditions there is often excess water available
for several days at a time during the irrigation season which allows re-
plenishing, to a larger degree, the storage deficiencies incurred in the
smaller reservoir while still not exceeding the selected maximum monthly
regulation stages. (3) A level pool was assumed at all times in the reservoir.
This assumption is not strictly valid at Tower stages and may introduce an

error on the order of 500 acre-feet in annual irrigation deliveries.

Flow-through Water Distribution

In other sections of this report the value of using the Holey Land Reservoir
and its appurtenant structures as a "flow-through" mechanism for the better
distribution of water to the conservation areas has been indicated. Summarizing

here, that value can be expressed as (1) better distribution of water over
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the northern portion of Conservation Area No. 3A east of C-123, and (2)
the diversion away from Conservation Area No. 2A of some portion of the water
now being pumped into that area at S-7.

The maximum monthly amount of water that could be re-routed to the
northern portion of Conservation Area No. 3A is given in Table 6. Monthly
minimum discharges at S-7 and S-8 under this type of operation are given in
Tables 7 and 8. Monthly pumping into the Holey Land Area to meet these require-
ments is presented in Table 9.

A gross summary of the tables mentioned above, ignoring the effects of the
particular regulation schedule selected, indicate (1) Flows at S-7 and S-8 will not
be greatly affected by the Holey Land Reservoir. (2) Redistribution of flows
in Conservation Area No. 3A will be slightly less than 50% of the combined flow of
S-7 and S-8. (3) The total amount of water pumped to the Holey Land Reservoir

will be slightly larger than the combined flow at S-7 and 5-8.

Spillway and Pump Sizes

The pump sizes for the various regulation schedules tested were selected
by beginning test runs with the routing program with deliberately oversized
pumps. The capacity of the pumps was reduced on subsequent runs until a
significant difference in yearly stages was noted or a significant reduction
in the capacity of the system to deliver irrigation demands was encountered.
It should be noted that this procedure will not necessarily size the pumps
for the maximum cost-benefit ratio.

The pump sizes for the Holey Land Reservoir were determined by this
procedure to be 2 - 750 cfs pumping stations for regulation schedules reaching
17.0 ft.msl., 2 - 650 cfs pumping stations for regulation schedules reaching
16.0 ft.ms1., and 2 - 550 cfs pumping stations for all other regulation
schedules. These pump sizes were not significantly affected by the addition of

the "toe" to the reservoir area.
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Pumping into the Holey Land Area was required on an average of 110 days per
year in order to provide only enough inflow to maintain stages near optimum. In .
order to provide the maximum amount of flow re-direction to Conservation Area
No. 3A, a total of 160 days per year was required.

When the additional pumping into the Holey Land Reservoir was instigated for
flow redirection in Conservation Area No. 3A, the amount of pumping required at
S-8 and 5-7 was reduced. Pumping through S-7 and S-8 would have been required
on an average of 320 days per year with the proposed channel improvements (hump
removal) and the consequent re-direction of flows away from Lake Okeechobee, but
without the Holey Land Reservoir area. Only 130 days would be required using the
Holey Land Reservoir strictly as a retention pool and 120 days if maximum flow
redistribution in the Conservation Areas were required ("flow-threugh" operation).

Pumping to the Rotenberger Reservoir for the 12.5 - 14.5 regulation would
be required for 41 days. Table 10 presents a monthly summary of volumes pumped
to this reservoir. The 12.5 - 14.0 regu]ation.requires 34 days of pumping. Re-
quired pump size for the Rotenberger Reservoir under either schedule is 300 cfs.

"Flow-through" water can be discharged to Conservation Area No. 3A from the
Holey Land Reservoir into the L-5 borrow canal through existing cuiverts. Ten
72-inch culverts are required to allow maximum redistribution of flows in Con-
servation Area No. 3A. There are presently ten culverts of this size at the south
end of the Holey Land tract. Four of these culverts may require relocation in
order to provide the desired redistribution.

The required spillway capacity could be decreased quite significantly by
allowing S-7 and S-8 to handle more of the excess water; that is, to reduce "flow-
through" discharge. A discharge capacity on the order of 700 or 800 cfs is
sufficient to maintain stages at acceptable levels with minimal diversion of flows
from S-7 and $-8 for "flow-through" discharge. However, since adequate outlet
spiliway capability already exists,maximum or near makimum flow-through capa-
bility based on the selected retention area pump capacities can be achjeved at only

moderate cost (addition of control gates to existing culverts).
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ECOLOGICAL CONSIDERATIONS AND EVALUATION

An earlier section of this report, under the heading "Retention Areas”,
lists the various regulation schedules the performance of which in terms of
filling and recycling was tested by means of the described routing procedure.

This section will discuss the factors (vegetation, fish, wildlife, and
on-site water quality) of priority interest in Everglades ecology, specifically
in relation to the Holey Land Reservoir alternates. The wide range of regulation
schedules considered will be evaluated in terms of those ecological factors.
Ecological considerations in the Rotenberger Reservoir area and the northern
portion of Conservation Area No. 3A east of C-123 will also be discussed.

In order to present in a simple and readily understandable fashion the
evaluation results a matrix ,(Figure 12) has been developed indicating the
several water regulation schedules and their affects on vegetation, fish, wild-
life and water quality in the Holey Land Reservoir. Many of these effects can be
supported with existing data and analysis of hydrologic data. Evaluation of
the other effects in the matrix is subjective, but based on considerable
observation and discussion of known environmental components.

This dissertation will generally discuss each parameter in relation to
the individual water regulations. Several of the ecological parameters are

governed by either the high or the low side of these regulation schedules.

Wet Prairies

Wet prairie vegetation is presently minimal in the Holey Land. This is
due primarily to the extended dry periods experienced during the past five
years. Wet prairie habitat is available, and a nine or ten month hydroperiod

(at the proper water depth) for two consecutive wet seasons will allow wet
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prairie recovery. This hydroperiod has been observed at two locations in Ccon-
servation Area No.3 (3-2 gage station and 3-4 gage station, Figure 13) which
exhibit wet prairie dominance (as opposed to sioughs) in sites not occupied

by sawgrass or tree islands. In the Holey Land this type of area is presentiy
dominated by annual terrestrial plants such as dog fennel (Eupatorium

capillifolium).

Wet prairies are an important part of Everglade ecology. They offer a
diversity of plant communities that are necessary for many Everglade Tife
forms. Small species of fish, crayfish, and fresh water shrimp necessary as
food items for wading birds and larger fishes are abundant in wet prairies (m,
Seed production from plants commonly associated with wet prairies is important
for waterfowl food.

The Holey Land will have wet prairie communities only at the lower reg-
ulation schedules (see Figure 12}). The area must go dry for good wet prairie
development. That is, the minimum side of the regulation schedule must be no
higher than elevation 12.0 ft.ms1. This schedule will dry most of the interior
of the Holey Land excluding holes, depressions, or man-made canals.

Development of wet prairies is also governed by the high water stage and
the period of inundation in an area. In the Holey Land, wet prairie plants
will be absent with high water stages of 17.0 ft.ms}. and above, even with
a low water stage of 12.0 to dry the area. Excellent wet prairie communities
found at the 3-2 and 3-4 gages in CA3 have had water depths exceeding 2.0 feet
and 2.8 feet respectively for 10% of the time during the period 1963 to 1972.
Poor wet prairie communities occur at the 3-28 gage in the south end of CA3
(Figure 13) where water depth exceeded 3.1 feet for 10% of the time from 1963
to 1972. Once wet prairie plant communfties are established, they can with-
stand up to 31 consecutive months of floading (2) with no permanent change in
the community.
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The marsh at the 3-28 gage was dry less frequently than the marsh at
the 3-2 and 3-4 gages. The following table presents a comparison of
the percent of the time the surface of the ground was wet during the four
months when the water stages would ordinarily be lowest. During those four
months the 3-28 gage site retained surface water more often than either
the 3-2 gage or 3-4 gage locations.

Percent of time that end-of-the-month water stage exceeded
ground level at three stations in CA3 (1963-1972 record)

Gage March April May June Wet Prairie Development
3-2 40% 45% 78% 92% Good
3-4 56% 42% 80% 90% Good
3-28 80% 70% 92% 100% Poor

This table also indicates that for optimal wet prairie conditions the
marsh should be dry about 50% of the time by the end of March and remain dry
through April. For optimum development of wet prairies, therefore, a schedule
must be followed that dries the marsh by the end of March at least every other
year.

March, April, and May are the months when the largest withdrawals of
water are necessary for agriculture. However, agricultural interests commence
substantial irrigation withdrawals in December. These withdrawals should
allow a reduction in stage to effectively dry the Holey Land in most years

(see Figures 10A and 10B).
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Huntable Deer Herd

It is doubtful that any of the water regulation schedules shown on
the matrix of Figure 12 will allow for a huntable deer herd. With the Towest
schedule of 14.0 to 12.0, two feet of water will cover the ground for one
month, and in excess of 18 inches of water will cover the area for probably more
than three months.

Loveless (3) reports mature bucks feeding in water depths of 30 inches
but clearly implies that adequate tree islands were available to the
deer. Loveless also states, "“Water depths which exceed two feet restrict
does and young to high ground and hamper movements of the adult bucks." There
is no high ground in the Holey Land to which the deer can retreat, so it
can be stated with some degree of confidence that a 14.0 ft. maximum elevation
(two foot depth) will eliminate deer as a huntable herd in the Holey Land.

In June and July of 1966, the Florida Game and Fresh Water Fish
Commission entered into a massive deer rescue operation in the north portion
of Conservation Area No. 3A when early summer rains flooded the Conservation
Area and stressed the deer. This portion of the Conservation Area is con-
sidered prime deer range and, at that time, had a considerable number of
excellent tree islands. The water depth at the 3-2 gage (location on
Figure 13) ranged from 12 inches at the beginning of June to 27 inches by the
end of July. Deer deaths were common in an area of abundant tree islands.
The Game and Fresh Water Fish Commission recommended maximum water depth
for the well being of deer at the 3-2 gage in CA3 (commonly referred to
as the "Deer Gage") is 1.85 ft. Based on this criterion a two foot maximum

water depth in the Holey Land presumably will not benefit the deer herd.
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For a maximum deer herd the Holey Land water depth should fluctuate
only about 1.5 feet, corresponding to a 12.0 to 13.5 ft.msl. schedule. The

marsh should go dry during February for optimum fawn survival.

Fish Populations

If the area becomes slough oriented through an increase in the hydro-
period, all common south Florida species of fresh water fish will be plentiful.
The Tow water stage of 12.0 ft. or 13.0 ft. will concentrate the fishes so
that (a} larger fishes can eat smaller fishes, (b) fresh water angling for
sport and food will be excellent and (c) wading bird feeding will be
maximized as the lower stages are reached. Since the lowest ground elevations
are slightly below 12.0 ft.msl. carryover water in the marsh will allow
survival of some fish for annual repopulation.

The average size of one year old bass in south Florida is about 9.5
inches total length, and about 16.6 inches for female bass at the end of their

4) Maintenance of a minimum schedule of 13.0 ft. for several

second year.(
years will produce a tremendous fish population in the Holey Land. However,

this schedule will have adverse effects on plant diversity as it will not

allow for periodic drying of the marshes. Also, if the water level should
occasionally fall below 12.0 ft. or 11.0 ft., massive fish kills would occur.
Public opinion will be adverse, to say the least. While criticism gener-

ated from occasional fish kills in an area such as Conservation Area No.2B can be -
withstood (there is nothing that can be done about them) it will be more
difficult to explain a deliberate drying of the Holey Land (which will be

necessary at times) and the temporary cessation of bass fishing in a 40 square mile

area.
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There are two alternatives to avoiding or alleviating this adverse
public reaction and attendant accusations of mismanagement:

1. Dry the pool every year, never allowing growth of the fish

population to the extent that it is large enough to elicit attention

when it dies. This is not a particularly good solution because it

deprives the citiienry of south Florida of what can be a magnificent

fishing hole.

2. Provide sufficient deep water habitat to allow survival of large

ffsh during a severe drawdown. This second alternative allows rapid

fish repopu]atfon of the area and also concentrates fish for the anglers

who will use the area.

Internal canals aligned in an east-west direction would be most desirable
for this end. These canals should not be drainage canals. They should not
be designed to move water north or south, which would negate the nutrient
removal benefits of the sawgrass marsh. An excellent compatible use of the
Holey Land Reservoir area can be made by the provision of such facilities
either as a part of the initial construction program, or at a later date.

Two construction designs for the Holey Land are compared to determine
the effects of the different water management schedules on sport fishing
(Figure 12). The design based only on engineering consideration calls for
a minimum of deep water habitat; that is, only those canals necessary to
allow water to enter or be discharged from the area.(See Figure 5). Under
this design, the 13.0 ft. minimum schedule is most favorable to sport
fishing in that it retains a foot of water in the marsh at Tow pool and
provides for very high survival of sport fishes for the anglers. The 12.0 ft.
minimum allows the fish population to be severely depleted annually as the marsh
dries, with only the southernmost discharge canal and the northern get-a-way

canals as fish reservoirs.
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A design that incorporates extra construction of deep water canals
will improve the fishery under all water regulation schedules. Studies have
indicated that canals running through marshes that dry occasionally are
capable of holding up to 1670 1bs. of fish per acre during the low water
period.(4)

Everglade Kite

The Everglade kite is considered in this report because it is one of the
rarest birds in the United States and confined almost exclusively to south
Florida. Water management on the Holey Land Tract may have a direct effect
on the Everglade kite population.

The primary food item of this bird is the apple snail (Pomacea paludosa),

a large snail found abundantly at times in the Everglades. The Holey Land is
not presently used by the Everglade kite. The droughts and the unstable water
conditions on this area preclude a large Pomacea snail population. Everglade
kites require large inundated areas (wet prairies or sloughs) which maintain

a constant snail supply. A prolonged hydroperiod in the Holey Land which
allows survival of the snail population and elimination of invading
terrestrial plants will be of benefit to Everglade kites.

The kite portion of the matrix has been divided into two categories -
resident and transitory. The resident boxes checked mean that the kite may
establish a permanent breeding population. The transitory boxes checked
indicate that Everglade kites can use the area on an annual basis but may
not be able to successfully nest there. Schedules that have a 12.0 ft. minimum
will all support a transitory population, while the 13.0 ft. minimums will
support a resident population. The reasoning here is that extremely low
surface water stages and actual drying of the marsh remove the snail supply

from the kites. The snails burrow into the bottom muds as areas go dry. Snails
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are hidden by collapsed vegetation when water is shallow. Both conditions
effectively remove the prey from the predators' sight and grasp.

Low water conditions in May 1967 forced Everglade kites in Conservation Area
No. 2A . to feed along the L-35B borrow canal. The water depth in the marsh of
Conservation Area No.2A dropped to less than eleven inches during that period.
Low water conditions in May and June of 1971 and 1972 concentrated a portion
of the Everglade kite population along the Tamiami Trail Canal along the
southern border of Conservation Area No.3and the L-67A borrow canal (Figure 1) which
traverses Conservation AreaNo.3 in a northeast-southeast direction. The kites fed
effectively along the canal edges.

Everglade kite breeding season varies widely throughout the year depending
upon climatic conditions, food, and nesting habitat availability. Kites
usually nest from late February through mid-June. However, eight pairs of
Everglade kites nested in Conservation Area 2A in July 1970, and kites have
been reported nesting in November (5),

Retention of one foot of water in the Holey Land during the spring months
of the year will provide a large continuous crop of snails for a resident

population of Everglade kites on a year round basis.

Waterfowl (Ducks)

Waterfowl will use the area with any of the proposed water regulation
schedules. The Holey Land Reservoir will also offer duck hunting in season
under any of these schedules. The hunting will occur in the autumn through
winter months when pool stages are high.

Water depth is critical to the species of duck using the area. Diving
ducks (primarily ring-bills and scaup) will be the only ducks capable of

using the area at all of the maximum regulation schedules being evaluated.
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The puddle ducks common to south Florida (Florida mallards, blue-wing teal)
depend on pothole type resting sites in a drying marsh with very shallow
water depths.

The Conservation Area ecology is diverse enough with its sloping land
elevations to offer habitat for both diving ducks and puddle ducks at the
same time of most years. However, the Holey Land, with no typical slope to
the land, will offer habitat for the different types of ducks at different
times of the year. Diving ducks will occur in the winter and puddle ducks
will occur in the spring (although they cannot be hunted at this time of

year).

Wading Birds

The term "wading birds" is used here to include such species as great
blue heron, wood stork, common egret, white ibis, glossy ibis, little blue
heron, snowy egret, Louisiana heron, and several others. Those listed species
and others are commonly found in south Florida wetlands and are classically
associated with the Everglades.

Wading birds will be found in the Holey Land under all regulation
schedules being evaluated in this report. A1l of these birds make use of
lowering water depths and drying marshes for optimum feeding.

With a minimum elevation of 13.0 ft., wading birds will use the area in
which to feed, but the food supply will not be sufficiently concentrated for
optimum feeding conditions. With a minimum water elevation of 12.0 ft., ideal
feeding conditions will occur as the water level is dropping from 13.0 ft. to
12.0 ft. Many thousands of wading birds will feed in the Holey Land Reservoir

during the time the water stage is dropping that last foot.
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Water Quality Benefits

These benefits are the least able to be quantified but accrue in two
manners: (1} Removal from Lake Okeechobee of the nutrients presently being
pumped via the S-2 and S-3 pump stations; and (2) removal of nutrients
by vegetation as the nutrient laden waters are stored in or passed through
the Holey Land.

Some evidence for removal of nutrients by a sawgrass marsh is available
at this time (unpublished data, Flood Control District)} and more is forth-
coming under on-going District programs. Currently, it is conceded that the
sawgrass marsh will remove nutrients from agricultural runoff. There are
other actions in the marsh which will be useful in nutrient removal, but with
the known capability of sawgrass to remove nutrients, it is imperative to
retain the sawgrass in a healthy condition (see Sawgrass sub-section immediately
following).

General water quality benefits will be derived from any of the schedules
being examined. This parameter has been subjectively divided into two
classes - high and low benefits (see Figure 12). The schedules that call
for a maximum of 16.0 ft.msl. (four feet of water on the marsh) will provide
better water quality than any of the schedules with a higher maximum
level (17.0 ft.). This choice was made because water stages in excess of
four feet may be detrimental to sewgrass. For optimal water quality, the

general health of the sawgrass community must be assured.
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Sawgrass

Sawgrass grows under a variety of ecological conditions in the Everglades.
This 1is the one plant that truly characterizes the Everglades. Preliminary
evidence (unpublished data, Flood Control District) indicates that sawgrass
subjected to agricultural discharge can store up to 300% more phosphorus
in its tissues than sawgrass receiving only rainwater.

Yates (6) found the best growth, tallest culms, greatest leaf width, and
the greatest dry weight of standing crop of sawgrass in Conservation Area 2A
at locations where the sawgrass was growing under almost permanently flooded
conditions on peat soils. Sawgrass in Conservation Area No. 3 and Conservation Area
No. 2B under conditions of shorter hydroperiod and shallower water depths
was reduced in size and dry weight as compared to the sawgrass in Conservation Area
No. 2A. Yates concluded that soil depth was less important to sawgrass
growth than water depth. The sawgrass in Conservation Area No. 2A has with-

stood water depths of four feet for many years.

Because ;anrass does well in Conservation Area No.Z2A, the_“yesﬂ category
for Healthy Sawgrass is selected in the matrix for all schedules to 16.0 ft,
maximum elevation. The question marks in the 17.0 ft. maximum elevation
category indicates that it is questionable that the sawgrass will remain
healthy, even with an annual drying at 12.0 ft. There is no precedent available
in the present Everglades to determine the annual effect of five feet of water
on sawgrass. 1t is believed that six feet of water (18.0 ft. maximum) or higher
will drown the sawgrass.

The Rotenberger Tract

This land lies immediately west of the Miami Canal and the Holey Land.
Land elevations indicate that the Rotenberger area is slightly higher (0.5 ft.)

than the Holey Land. With this assumption, the maximum and minimum water
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schedule elevations need only be raised one-half foot to achieve the same
ecological projectjons as for the Holey Land. That is, a 14.5 to 12.5 schedule;
a 15.5 to 12.5 schedule, etc.

The only alteration to be made in the matrix is that the "Yes" category for
the Huntable Deer Herd may hold true under a 14.5 to 12.5 schedule. There
may be sufficient tree islands in the Rotenberger Tract to offer refuge for

the deer during the high water stages.

Conservation Area No. 3A

An important fringe benefit to a flow-through Holey Land - Conservation Area
No. 3 system is the reduction of serious wild fires in the northeastern
portion of Conservation Area No.3r(that area south of L-5 and east of C-123).

For the past five dry years rather serious fires have erupted in this
section. Consequences have been destruction of large volumes of peat, smoke
and haze along the heavily populated Gold Coast, and destruction and loss of
portions of many of the tree islands which comprise not only one of the out-
standing physical features of the Everglades but provide essential habitat
for deer during wet periods.

The ultimate goal for this portion of Conservation Area No. 3A should
be a nine to ten month hydroperiod of less than two foot maximum depth. This
hydroperiod will exclude the terrestrial invading plants; promote the sawgrass-
wet prairie marsh associations; eliminate the hot, peat-consuming wildfires;
and help preserve the tree-islands. It will offer excellent waterfowl and
wading bird habitat, and a diversity of plant communities that is necessary
to Conservation Area No. 3A. The wintering wading bird populations depend upon
drying marshes to provide the food that is necessary for nesting and rearing of
young. Drying portions of the Everglades must be available throughout the dry
season to provide a sufficient food supply. Classically, the birds use the

northern end of Conservation Area No. 3 first, and follow the drying marshes
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southward throughout the dry season. Extension of the Holey Land impoundment
into Conservation Area No. 3A, and/or sub-impoundments in the northern portion
of Conservation Area No. 3A or in the northerly apex of Conservation Area
No. 2A for water storage would destroy large areas of potential wet prairie
plant communities and tip the scales heavily in favor of aquatic slough
communities. Sufficient deep water Everglades habitat is already available
in the southern portions of Conservation Areas Nos. 1, 2A, and 3A. There is
already evidence to indicate that Conservation Area No. 2A is "too wet”.(7)

The Conservation Areas of the Central and Southern Florida Flood Control
District are of national importance as vestiges of the original Everglades.
The ecology of the existing Everglades has been altered in some areas. It is
vital at this time to maintain large areas of maximum diversity within the
existing system, and to avoid the aquatic ecology with limited diversity that
would result in the northeast quadrant of Conservation Area No. 3 or the northern
apex of Conservation Area No. 2A by impoundment for the single purpose of water

starage.
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Plant Species

The following is a 1ist of plant species which commonly occur on

the Northern Everglades wet prairies:*

Rhynchospora thacyi
Lrundata
Panicum hemifomon
pafudivagum
Eleocharis cellulosa
elongata
Sagltania Lanclfolia
Pontedenia Lanceolata
Bacopa caroliniana
Nyphaea odorata
Nymphoides aguaticum
Cridnum amerleanum
Hymenocallis fLonidana
Utnicwlania spp.
Oxypolis §LLLEeMAS
Erniocawlon compressum
Peltandna virginica
Cladium famaicensdis
Psilocarya nitens
Pluchea foetida
Sacciolepis strniata
Cyperurs haspan
Ludiwigia nepens
Lachnanthes caroliniana
Xephis spp.

*Goodrick, Robert L. 1974.
Everg]ades. In Env1ronments of South F1or1da

Society Memoir No. 2

, p. 48,
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Beak-rush
Water-rush
Maidencane

Water Panicum
Spike-rush
Spike-rush
Arrowhead
Pickerel-weed
Water Hyssop
White Water Lily
Floating Heart
Swamp Lily
Spider Lily
Bladderworts
Water Drop-wort
Pipewort

Green Arum
Sawgrass
Bald-rush

Marsh Fleahane
False Maidencane
An Umbrella Sedge
Floating Ludwigia
Red-root
Yellow-eye-grass

The Wet Prairies of the Northern

Miami Geological.
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REQUIRED SYSTEM FACILITIES

Flow Re-Direction

This portion of the system requires the enlargement {"hump remoVa1“) of both
the Miami and North New River Canals, and the provision of a flow regulation
structure in the North New River Canal near its confluence with the Hillsboro
Canal.

The design channel sections for the Miami and North New River Canals are
shown on Figures 2 and 3. From the data shown on these figures it is
estimated that the Miami Canal enlargement will require the excavation of
2,400,000 C.Y. of material and that 1,450,000 C.Y. of excavation will be
required for the North New River Canal enlargement.

The flow regulation structure in the North New River Canal will be a one-bay
reinforced concrete gated spillway with a submerged crest. The gates will be

vertical-1ift gates.

Holey Land Reservoir

The general layout of the facilities reguired for this reservoir are shown
on Figure 5.

The specific design of several elements of this reservoir will be dependent
on the regulation schedule which is selected; i.e., the perimeter levees, the
pumping stations, and the intake channel from the North New River Canal.

Perimeter levees will be required only on the north, east and south sides;
the existing levee of the Miami Canal on the west side being adequate in grade
and cross-section for all considered regulation schedules. The south perimeter
levee is to be located north of the existing FP&L transmission Tine, at a

distance approximately 450 ft. north of the L-5 interior levee which also
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serves as the access road to both S-8 and the transmission 1ine towers. The
basic criteria for levee design, regardless of the regulation schedule
selected are:
1. Ten foot crown width.
2. Side slopes of 1V on 2H.
3. Two feet of freeboard above maximum regulation
schedule stage, except 1.5 ft. for the 14.0 ft. maximum schedule.
4. "Coring" of levee by removal of muck under the middle 10 feet
of the levee base; muck thickness determined by borings to be

three feet on north side and two feet on south side.

The total length of required levee construction is 20.5 miles.
Prior to detailed levee design precedent to preparation of contract plans
for construction further seepage studies and analyses will be conducted in
order to determine the necessity for providing a head pressure relief system along
the north and east perimeters.
Pumping station size was determined by the method described in a previous
section of this report. (See page 35). To summarize here the requirements are:
17.0 ft. maximum regulation stage - 2 pumping stations at 750 cfs each.
16.0 ft. maximum regulation stage - 2 pumping stations at 650 cfs each
A1l other schedules - 2 pumping stations at 550 cfs each
The size of the intake channel from the North New River Canal will be
dependent upon the pumping station size. The intake channel will be leveed
on both sides, tied in to the North New River Canal levee on the east and to
the retention area levees on the west. Design levee grade will be at 17.5 ft.msl.,
the design grade of the North New River Canal levee. Channel size will be

governed by required intake capacity rather than levee requirements. Channel
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design criteria are an 11.0 ft. stage in the North New River Canal and 9.0 ft.
at the pumping station. |

The intake channel will be an open connection to the North New River Canal
and hence a bridge in U. S. Highway No. 27 over the channel will be necessary. A
detour road during bridge construction will be reguired for maintenance of
highway traffic.

Embankment material for the levee construction will be taken from adjacent con-
tinuous borrow canals. On the north and east sides the borrow canals will
serve as seepage collectors. At the northeast corner of the retention area gated
42-inch culverts connecting the north and east borrow canals with the pumping
station intake channel will be provided. Seepage collected by these borrow
cana]é will be discharged to North New River Canal via these culverts, which
can be regulated as necessary to maintain seepage control.

The south perimeter levee borrow canal will be placed on the retention
area side. In this location it will serve, at low stages, to concentrate the
fishery resources of the area.

No additional outlet capacity southward to Conservation Area No. 3 will
be required, the existing outlets being adequate. These consist of a four
barrel 72-inch culvert installation 0.6 miles east of S-8, and a six barrel
72-inch culvert installation 3.5 miles east of S-8. The flashboard risers
on all culverts will be replaced by gates.

Tieback levees from the south perimeter levee to these culvert installations
will be provided. "Flow-through" discharge, or emergency relief discharge,
will be from these culverts into the L-5 borrow canal. The L-5 exterior levee
will be gapped at a number of locations to distribute overland flow to the

adjacent portion of Conservation Area No. 3A.
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After a period of operation it may prove necessary or desirable to either
relocate some of the existing culverts, or add culverts, if fiow distribution
under the arrangement described herein is not satisfactory.

The existing "divide" structure in the L-5 borrow canal will be relocated
3 miles to the east; that is to the east line of the "toe". This will permit
distribution of ”f]ow-throﬁgh“ discharge along a greater length of Conservation
Area No. 3A. The relocated structure will contain a gated 84-inch culvert. This
structure will provide operational flexibility and can also be used as an
emergency relief facility for the reservoir, directing flows to S-7.

Flashboards will be placed in the existing box culvert at the west end

of the L-5 borrow, connecting with the Miami Canal above S-8.

Holey Land Reservoir - With Toe

A1l facitity requirements for a retention area having this configuration
are precisely the same as identified for the reservoir having the basic
configuration except for the length of required levees. A net additional 6.0

miles of levee is reqdired, making the total levee length 26.5 miles.{Figure 7}

Auxiliary Facilities (Holey Land Sites)

A previous section of this report (see page 42) indicated the desirability
of constructing canals having an east-west orientation in order to concentrate
fishery resources during low water periods. This feature would be particularly
desirable with those regulation schedu]es having a Tower 1imiting stage of
12.0 ft.

It is considered that any canals provided for thisrpuﬁpose should have a
minimum depth of 12 ft. below natural ground surface éhd é,toﬁ Qidﬁh of
approximatei& 50 feet. The associated adjéceht spoi1'areas,shbu1d“be gapped

at” frequent intervals.
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Rotenberger Reservoir

The general facilities layout is shown on Figure 8.

Levee design criteria are the same as for the Holey Land sites; the
only exception being the requirement for "coring" which is waived in this
case due to the small heads across the levees.

Levees will be required on the north, west and_south perimeters; the existing
Miami Canal levee on the east side being adequate with a crown width of 10 feet
at a minimum grade of 19.0 ft.

Total length of required levee is 16.1 miles.

The levee borrow canals on the north, west and south sides will be placed
on the outside and will act as seepage collectors. A ditch on the east side,
inside the Miami Canal levee, will also be required. This ditch is necessary
in order to collect and distribute water entering and leaving the reservoir.
The low regulatory stages contemplated for this reservoir make this facility
necessary.

A 42-inch culvert with gate will be Tocated in the eastern end of both
the north and south levees to discharge seepage into the Miami Canal and
maintain water levels as required. One 72-inch culvert with gate will be
placed fhrough the existing Miami Canal west levee to discharge excess storage
via the collector ditch. Two gated 72-inch culverts approximately six miles
above S-8 will serve the same purpose.

A 300 cfs pump located in the Miami Canal West levee will deliver re-
directed water from the S-3 basin into the reservoir as determined by the
regulation schedule adopted. Two 72-inch culverts at this pumping station

will act to discharge excess water via the collector ditch.
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FIRST COSTS

General

First costs for construction are based on current (1975) contract
prices and include a 12% allowance for contingencies. First costs for
land acquisition in the reservoir areas are based on the District's
interpretation of appraisal values developed during the course of the
State's consideration of acquiring the in-holdings in the Rotenberger

Tract.

Flow Re-direction Facilities

$ 4,025,000

2,450,000
720,000
$ 3,170,000

Miami Canal: channel excavation

North New River Canal:channel excavation
flow regulation structure
Sub-Total NNRC

Total System Cost: $7,195,000

Holey Land Reservoir

Pumping station, intake channel and perimeter levee construction
costs will vary dependent on the water management schedule used {see page
52). The cost of alt other required facilities will be the same regardless
of the regulation schedule. These items of cost, which are the "fixed"

costs for all alternative schedules are listed below:
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Construction

Item Cost
2-42" culverts in seepage ditches - $ 10,000
Gating existing L-5 culverts - 150,000
1-84" culvert in L-5 borrow canal - 25,000
Gapping L-5 levee and constructing tie-backs - 20,000
Intake canal levees - 96,000
Bridge at U.S.Highway #27 - 150,000
2~72" culverts at each pumping station - 180,000
Sub-total - ’
12% contingencies - 76,000
' Total - $ 707,000

The variable costs, related to regulation schedule, are listed below:

Construction Costs

Item - 17.0 ft. max. 16.0 ft.max. 15.0 ft.max. 14.0 ft.max,
Pumping Stations $ 4,360,000 $4,040,000 $3,720,000 $3,720,000
Perimeter levees 1,759,000 1,498,000 1,112,000 920,000
Intake canal 596,000 535,000 482,000 482,000

Sub-total $ 6,715,000 6,073,000 5,314,000 5,122,000
12% contingencies 806,000 729,000 638,000 615,000
Total $ 7,521,000 $6,802,000 $%5,3952,000 $5,737,000

For all 