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APPENDIX A
HYDROLOGIC AND HYDRAULIC ANALYSES

FORWARD

This analysis reviews hydrologic models, operating criteria, and engineering
requirements of the hydrologic analyses presented in the Corps of Engineers’
(Corps) 1985 Report on the Kissimmee River basin. It also reviews a hydraulic
routing model developed by the South Florida Water Management District
(SFWMD) to analyze a plan to reduce the conveyance capacity of Canal 38 and
restore portions of the Kissimmee River to pre-project conditions.

SFWMD prepared a Kissimmee River Restoration report in June 1991 which
used the hydrologic analyses produced by the Corps’ 1985 Survey Report on the
Kissimmee River. The major hydrologic differences in the two studies are the
starting water surface elevation of Lake Kissimmee, the early discharge
restrictions at S-65 and the hydraulic models used to route floods down the
Kissimmee River. SFWMD used the Corps’ runoff hydrograph model (HEC-1)
and routing model (CHANOP) for the upper basin down to the outlet of Lake
Kissimmee. Below the outlet, SFWMD used a dynamic wave routing model
(DWOPER) which is able to simulate the restoration plan for the Kissimmee
River, The CHANOP model is better suited for simulating the closely
regulated existing Kissimmee River project. However neither model is well.
suited for analyzing both conditions.

In this analysis of the recommended restoration plan, the starting water
surface elevation of Lake Kissimmee is raised to 52.5 feet, National Geodetic
Vertical Datum of 1929 (NGVD)!, rather than the 51.0 feet used in the 1985
report. This is an integral part of a new plan to re-regulate lakes in the upper
basin and to extend the hydroperiod of the Kissimmee River. To offset the
increase in flood stages on Lake Kissimmee, the plan also calls for an increase
in the maximum early regulatory release from Lake Kissimmee from 3,000
cubic-feet-per-second (cfs) to 6,000 cfs. This analysis also uses the DWOPER
model to analyze the hydraulic performance of a restoration plan known as the
Level II Backfilling Plan.

A directive of this study was to maximize the use of previohs analyses and
to minimize additional work. To the extent possible, this was followed.
However, additional hydrologic studies were required in the Lake Istokpoga

'All elevations in this appendix are referenced to NGVD,



basin and on numerous small tributaries to the Kissimmee River that will be
impacted by the restoration plan. In addition, many hydraulic analyses were
required because of the large number of features needed to implement the
restoration plan. Storm frequency in this appendix is shown as return period.
Actual statistical analyses and flood risks are defined by exceedence
probabilities of 0.2, 0.1, 0.02, and 0.01 represented by return periods of §-, 10-,
50-, and 100-year. The Standard Project Storm (SPS) and resultant Standard
Project Flood (SPF) is defined as the most severe combination of meteorological
and hydrological conditions that is considered reasonably characteristic of the
geographical area.

HYDROLOGIC HISTORY
First Survey

Historical information on the Kissimmee River basin dates back to the
Seminole Indian Wars which ended in 1858. Forts Kissimmee and Bassinger
were constructed along the Kissimmee River, Fort Gardner between Lake
Kissimmee and Lake Hatchineha, and Fort Davenport near the Polk-Osceola
County line where it crosses Reedy Creek. The first Survey of the Kissimmee
River was made by Lt. H. Benson of the Second Artillery, by direction of Col.
H. Brown, commander of troops on the Caloosahatchee River; it was dated June
7, 1885. The survey gave the depths at different points along the river as well
as tree growth. Lt. Benson wrote, "in my opinion a boat more than 60 te 70
feet in length drawing more than three feet of water could not go up the nver,
on account of the short bends, strong current and narrow channel”.

Hamilton Disston

‘The area began to populate after the Civil War when settlers began moving
into the Kissimmee basin. On July 20, 1881, Hamilton Disston and associates
incorporated as the Atlantic and Gulf Coast Canal and Okeechobee Land
Company. Four dredges were built by the company. - One worked entirely on
connecting Lake Okeechobee to the Gulf of Mexico through the Caloosahatchee
River. The others worked from Lake Tohopekaliga to Lake Okeechobee. By
August 1884, Disston’s company had established a navigable waterway linking
Lake Tohopekaliga with the Gulf of Mexico. East Lake Tohopekaliga was
connected to Lake Tohopekaliga in 1884. However, the channel was little more
than a ditch; navigable only by small boats. That year, the report of the State
Engineer, H.S. Duval, stated that over two million acres had been permanently
drained. Lake Tohopekaliga is reported to have dropped three feet in the first
30 days after Southport Canal was completed to Lake Kissimmee.
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Navigation Study

Navigation began to flourish and dredging continued to tap-into new
headwater lakes. In 1888, dredging began from Lake Tohopekaliga up the east
chain of lakes. Although the Kissimmee River had been dredged, the discharge
capacity was still very small. The additional runoff from the new drainage area
is likely to have held the river abnormally high for many years. Drainage
works ceased in the early 18980’s and the water table in the upper lakes basin
began to stabilize at a lower level. The groundwater levels in the upper basin
also stabilized and runoff to the Kissimmee River slowed. As discharge in the
river slowed during the dry season, stages in the river began to fall to pre-
‘dredging depths, and navigation was impacted. The navigation problem was
probably not so much a lack of depth; but a lack of additional runoff created by
upland drainage. These low water problems provided the impetus for the
federal navigation.survey study of the Kissimmee River in March 1901. This
Survey provides us with the earliest record of water level elevation in the
Kissimmee basin. Water stages during the normally dry season in 1901 are
compared to 1947 flood levels and the current September 1 regulation schedule
in Table A-1. :

- Higher Water Levels

The 1901 Survey shows the Kissimmee River and its headwater lakes at a
much higher stage than exists today. However, the depths and sizes of the
lakes found during the 1901 Survey were only slightly greater when compared
to those found today.

BASIN DESCRIPTION

Location

The area under consideration is located in central Florida; it includes most
of Osceola and Okeechobee Counties and parts of Orange, Polk, and Highlands
Counties. It is bounded on the north by the lakes of the Orlando area, on the
- west by the Peace River watershed, on the south by Lake Okeechobee and the

 Indian Prairie-Harney Pond Canals area, and on the east by the upper St.
Johns River Basin. The Kissimmee River is crossed from east to west by
United States Highway 98, CSX Transportation Railrocad (CSXT), State Road
70, and by State Road 60 near the outlet of Lake Kissimmee. Location of the
area under consideration and its relation to the overall project area are shown
on Figure 1 in the main report.
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Kissimmee Basin

The entire Kissimmee River Basin comprises 3,013 square miles. The Lake
Istokpoga area (622 sq. miles), lower Kissimmee River Basin (758 sq. miles),
and the Upper Kissimmee Basin (1633 sq. miles) make up the principle
divisions in the watershed. For description, the Upper Basin is subdivided into
the East and West chains of lakes (732 sq. miles) and the Middle Lakes Basin
(901 sq. miles). Lake Kissimmee was originally the principal source of
Kissimmee River but channel and drainage development work connecting to the
headwater lakes in the upper basin now place the source just south of Orlando.
The watershed is about 105 miles long and has a maximum width of 35 miles.
Elevations range from about 100 feet in the headwaters, and in excess of 200
feet in the high sandy ridge along the westerly boundary, to about 15 feet near
Lake Okeechobee. Characteristics of the major subdivisions of the watershed
are discussed in the following paragraphs. :

East and Wes_t Chains of Lakes

The major lakes in the east and west chains are Gentry, Alligator, Preston,
Mary Jane, Hart, East Tohopekaliga, and Tohopekaliga. Together with several
minor lakes, they have a fotal surface area at normal stages of 70 square miles,
or about 10 percent of the drainage area of the east and west chains. The flow
divides generally in Alligator Lake. Northward flow is to Lake Mary Jaue,
thence south through Lakes Hart, East Tohopekaliga, and Tohopekahga, thence
to Cypress Lake; southward flow is through Lake Gentry and thence to Cypress
Lake by way of Canoe Creek (C-34). A low, flat divide just east of Lake Mary
Jane separates the Kissimmee River and upper St. Johns River watersheds.
 Overflow from the Kissimmee River Basin to the upper St. Johns River
watershed once occurred during extreme high water. Boggy Creek, draining an
area of about 77 square miles, discharges into East Lake Tohopekaliga. Shingle
Creek, with a drainage area of 199 square miles, discharges directly into Lake
Tohopekaliga.

Middle Lakes Basin

The prmcxpal lakes of the Middle Lakes Basin are Cypress, Hatchineha,
Kissimmee, Tiger, Rosalie, Weohyakapka, and Marian. The combined surface
area of those lakes plus that of several minor lakes is about 132 square miles,
or about 15 percent of the total middle Kissimmee River drainage area. Lake
Kissimmee is the most important and largest of the lakes in the Kissimmee
River Basin, with a surface area of 55.5 square miles at the normal stage of
about 51 feet. If is the southernmost storage area of the upper Kissimmee
River watershed, collecting the inflow from 1,633 square miles of area before
discharging into Kissimmee River. Cypress Lake, the collector lake for inflow
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from the east and west chains of lakes, discharges to Lake Kissimmee by way
of Cypress-Hatchineha Canal {C-36), Lake Hatchineha, and Hatchineha-
Kissimmee Canal (C-37). The average daily discharge from Lake Kissimmee
for the period of gage record prior to the C-38 project was 1,180 cfs. The
maximum daily outflow during the period of known record was 8,820 cubic feet
‘a second, which occurred during the 1948 flood. Elevations in the Middle Lakes
Basin range from as high as 200 feet on the sandy ridge west of Lake Pierce
(near the city of Lake Wales) to about 58 feet around Lake Kissimmee. Several
important lakes in the Middle Lakes Basin are not in the main cham of lakes,
but are fributary to it.

Lakes Marion and Pierce are both tributary to Lake Hatchineha from
the west. Lake Marion has an outlet on its north side by way of Lake Marion
Creek, which flows southeasterly about 8 miles to the northwest corner of Lake
Hatchineha. Flow from Lake Pierce enters the southwest side of Lake
Hatchineha by way of Catfish Creek, which flows about seven miles east and
northeast from Lake Pierce. In the area west of Lake Kissimmee, Lakes
Weohyakapka, Rosalie, and Tiger form a secondary chain of lakes which-
discharge generally north and east to Lake Kissimmee. Lake Marian (not to
be confused with the Lake Marion that is tributary to Lake Hatchineha,
mentioned above) and Lake Jackson discharge into the east side of Lake
" Kissimmee through Jackson Canal. Reedy Creek, which discharges into both
Lakes Cypress and Hatchineha, is the largest tributary, with a drainage area
of 207 square miles.

Lower Kissimmee River Basin

Excluding the Lake Istokpoga area, the Kissimmee River between the outlet
of Lake Kissimmee and Lake Okeechobee has a drainage area of 758 square
miles. The easterly divide separating that basin from the upper St. Johns
River Basin is low and poorly defined, with elevations up to 75 feet. For the
most part, the westerly divide is a well-defined ridge with elevations ranging
up to 130 feet. The old river channel meandered extremely. The straight-line
distance between Lakes Kissimmee and Okeechobee is 52 miles but the old
river channel distance was about 100 miles, with a total fall of about 36 feet.
The maximum observed discharge at the mouth of Kissimmee River occurred
in 1948 when the discharge reached a peak of 17,400 cfs. About 2,000 cfs of
that total came from the Lake Istokpoga area. The flood of August 1928 (prior
to gage records), which resulted from a hurricane, caused the river to discharge
an estimated 20,000 cfs and rise to elevation 29.0 feet at State Road 70 bridge
near Okeechobee.



HISTORICAL FLOODING

General

Rainfall records, dating back to 1871 for the Kissimmee River basin and the
adjoining St. Johns River Basin, document the repeated incidents of major
storms and the extended periods of inundation associated with these storms.
Since construction of C-38 began in the mid-1960’s, only the 1969 storm has
produced flooding. Table A-2 shows the record of significantly wet years prior
to and after C-38 construction. A discussion of the more severe floods follows:

Flood of 1945

Flooding of lengthy durations resulted from a hwrricane that struck South
Florida on September 15, 1945. The Kissimmee River Basin withstood average
rainfalls of eight inches when the hurricane traveled northward through the
center of the State. Because the area was already saturated from prior rains,
areas of the Kissimmee basin experienced flooding for as long as eight months.
The Reedy Creek tributary area was inundated for about three months, as well
as tracts of fringe lands adjacent to the basin. The lower Kissimmee River
Basin was flooded for most of the year. The peak outflow from Lake
Kissimmee was 6,130 cfs and the peak stage of the lake reached 56.0 feet.

Flood of 1947

Flooding that occurred during 1947 was the most damaging of all recorded
floods within the Kissimmee River Basin. About 250,000 acres were subjected
to flooding of lengthy durations. An unusually wet summer followed by two
hurricanes occurring on September 17, 1947 and October 12, 1947, caused the
areas of the upper chains of lakes to flood three months. The central valley,
between Lakes Cypress and Kissimmee, was inundated for about eight months.
The peak outlet discharge from Lake Kissimmee reached 6,870 cfs at a peak
stage in the lake of 56.9 feet.

Flood of 1953

Rainfall that was recorded during this time was on of the heaviest of any
flood on record. An average rainfall of 46.8 inches occurred from June to
October 1853. On October 9, 1953, a tropical disturbance traveled through the
basin, bringing three to five inches of rainfall. The peak outflow from Lake
Kissimmee was 7,170 cfs and the peak stage of the lake reached 56.8 feet.
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EXISTING FLOOD CONTROL PROJECT
Kissimmee River Project (Canal 38)

Canal 38 (C-38) was authorized for flood control in 1954; designed between
1954 and 1960 and constructed between 1962 and 1971. The total length of
C-38 is about 56 miles. There are six water control structures, S-65, S-85A,
S-65B, S-65C, S5-65D and S-65E, each with tieback levees, that divide the river
into five pools. S-65 is the outlet structure from Lake Kissimmee and uses the
SR 60 road embankment as a tieback levee. Pool A is between S-65 and S-65A;
Pool B is between S-65A and S-65B; Pool C is between S-65B and S-65C; Pool
D is between S-65C and S-65D and Pool E is between S-65D and S-65E.
Structure 65E is located eight miles north of Lake Okeechobee. Details of
these structures are available in the Design Memorandums; however, some
pertinent information is given in Table A-3.

Design

The Kissimmee structures are designed to step down the 36 foot fall of the
river in six foot increments. The canal is designed to pass the outflow from
Lake Kissimmee plus local inflow for a storm equal to 30 percent of the SPF.
The 30 percent SPF discharge capacity at Lake Kissimmee represents a 25
percent increase over historical capacity, thus, providing flood protection to the
upper chain of lakes, In the lower C-38 basin, the design channel is capable of
passing the twin-peaked hydrograph produced by the local inflow and the
delayed peak from the upper basin. Even with higher inflow discharges, the
C-38 project significantly reduced flood stages in the lower valley because of the
reduction in surface friction and hydraulic conveyance provided by the canal.

Lake Kissimmee Regulation

Lakes Kissimmee, Hatchineha, and Cypress are regulated by a single
structure, S-65 located at the outlet of Lake Kissimmee, at the head of C-38.
The lakes are regulated between elevations 48.5 and 52.5 feet, according to a
seasonally varying schedule. The present regulation schedule for flood
protection of the Kissimmee River valley uses the storage capacity in Lakes
Kissimmee, Hatchineha, and Cypress above elevation 51.0 feet to temporarily
store floodwaters from the upper lakes. The design discharge of 11,000 cfs
from Lake Kissimmee is restricted to a firm capacity of 3,000 cfs until flooding
recedes along the lower river; usually less than two weeks. When the river
recedes to a point where the Kissimmee River structures can discharge their
design flow at design stages, the discharge from Lake Kissimmee is increased
to 11,000 cfs. For floods less than about 10-year recurrence frequency, the
inflow hydrograph into Lakes Kissimmee, Hatchineha, and Cypress has already
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passed the peak and has dropped to below 11,000 cfs before S-65 is opened up
to the 11,000 cfs maximum discharge. Therefore, the peak stage in Lake
Kissimmee would occur at the time discharge at S-65 is increased to 11,000 cfs.
Before C-38 was built, the outlet capacity of Lake Kissimmee was impacted by
backwater effects from the reach of Kissimmee River immediately downstream
of the Lake. The maximum discharge recorded from Lake Kissimmee prior to
the project was 8,800 cfs and occurred during the 1948 flood at a peak stage of
about 57.0 feet. Today, the 11,000 cfs outlet capacity is available any time
there is a three foot head differential across S-65. During floods, the full
capacity usually becomes available on a rising stage in Lake Kissimmee at about
51 feet.

Regulation of Lake Kissimmee, Hatchineha and Cypress with the Level Il
Backfilling Plan

The conceptual regulation schedule proposed by the SFWMD in their June
1990 report is shown in Figure F-2 of the main report. Primarily, this schedule
raises the maximum stage of Lakes Kissimmee, Hatchineha and Cypress from
52.5 feet to 54.0 feet; however, there are other differences. The new schedule
proposes, that during March, the level of these lakes should not be aliowed to
rise or fall at a rate greater than 0.1 feet per week. This is based on a
recommendation by the Florida Game and Fresh Water Fish Commission to
facilitate fish spawning. There is also a minimum discharge requirement of 250
cfs that is in force at all times, except during March or when the Lakes are
below 48.5 feet. :

The new schedule shows & maximum 1 September stage of Lakes
Kissimmee, Hatchineha and Cypress of 52.5 feet. These are the date and
starting water surface elevation used in the SFWMD hydrologic analyses. This
is the same initial condition used in this study. Accordingly, some discussion
on the relationship of the regulation schedule to flood stages on the lakes is
warranted. Theoretically, floods can occur almost any time. Therefore, the
probability of a specific flood stage in Lake Kissimmee is a joint probability of
antecedent lake stage and rainfall. Specifically, the total probability is the
integral summation of the product of all the possible combinations that would
produce that stage. The more traditional approach has been to start the storm
at an average lake level which is usually represented by the 1 September stage
on the regulation schedule. This is the approach followed in this study and all
prior studies of the Kissimmee River Basin. The new regulation schedule was
a design consideration in sizing the S-65 bypass weir to pass the medlan
discharge at a stage of 52.5 feet.
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HYDROLOGY
Rainfali
General

The rainfall frequency analysis performed for this study included a review
of previous rainfall analyses utilized for the design of C&SF Project works. The
additional period of rainfall records available since earlier studies in 1951 and
1953, in addition to current automatic data processing capabilities, led to
development of a procedure for estimating the probability of basin wide rainfall
events occurring.

-

Previous C&SF Rainfall Studies

Fartial Definite Project Report, Central and Southern Florida Project, Par I
(July 10, 1951) .

This report presented analysis of mean annual, seasonal, and maximum -
rainfall for various durations. The rainfall study included an area outlined by
the drainage areas of the Everglades, Lake Okeechobee, and the Kissimmee
River. Coastal areas were not included. Maximum depth-area relationships
presented for rainfall durations ranged from six hours to 12 months. Rainfall
depths for a return period of 100 years and for durations from one to 12
months were also presented. The Standard Project Storm was computed by
the Office of the Chief of Engineers as being 125 percent of the 100-year
rainfall. Daily distributions of rainfall were generally obtained by prorating
monthly values based on the rainfall pattern during the 1947 flood period.
However, the maximum one-month rainfall was distributed with the maximum
one-day rainfall assigned to the first day, the next highest ra.mfa]l was assigned
to the second day, etc.

Part VI Supplement b, Design Memorandum ‘Rainfall Frequency Estimates
(September 4, 1953)

Rainfall frequency values utilized in the design of project works in the
Kissimmee Basin were based on this report. Isohyetal maps of south Florida
for various return periods of the maximum one-day rainfall are presented. A
log-Pearson Type I1I frequency distribution with a 0.6 kew factor was utilized
for the maximum one-day rainfall values. Values were provided that enabled
computation of rainfall values for durations up to 60 days based on the one-day
rainfall for each return period. .
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Studies were made of the depth-area relationships for the one-day duration
and it became obvious that considerable variation can be expected between
rainfall at a specific point and rainfall over a delineated area. The report
concluded that the probability of future rainfall events over various durations
could be confidently predicted up to about 50 years. Since the mgjority of
frequency curves utilized were based on short records, extrapolation beyond
about 50 years would not be advisable. Appendix A of the design memorandum
report includes a rainfall frequency analysis for durations from one month to
one calendar year. Monthly increments of maximum rainfall were based on
calendar months. A normal distribution of monthly rainfall log values was
utilized in this frequency analysis. Depth-area reduction factors were computed
for various durations and frequencies. '

Adopted Rainfall Procedure

Previous rainfall studies of the selected critical durations (30 days) exhibited
two characteristics which indicated the need for an updated analysis. First, the
previous analyses were dependent upon relative short periods of records at
most rainfall gages. But more than 30 years of additional data are now
available. Second, previous studies were made on the basis of a8 maximum
calendar month of rainfall rather than 8 maximum 30-day period of rainfall.
Basin wide rainfall frequencies were computed for this study utilizing the
current available period of record for the duration of 30 days. Table A-4 gives
the average basin rainfall depths used in this study.

Basin Wide Rainfall

Average daily rainfall amount over both the upper and lower basins was
computed for the period of record. All available gage data of acceptable quality
were utilized for this method. An average rainfall value over the entire basin
was then calculated by area weighing the rainfall at each gage, utilizing the
Thiessen Polygon Method. The basin wide maximum rainfall value for a
duration of 30 days is identified for each year.

Point Rainfall
Maximum rainfall values for durations of 1, 2, 5, 10, 20, and 30 days were
identified for each year at all rain gages. Point rainfall frequencies for the

upper and lower basins were computed by area weighing the point rainfall
values at each gage utilizing the Thiessen Polygon Method.
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Frequency Distribution

A log-Pearson Type III distribution analysxs was utilized for both pomt and
basin wide rainfall analyses. Skew factors were obtained from the results of a
regional analysis of south Florida. The skew factors varied with duration and
location. For the 30-day duration, a skew factor of zero was used. Point
rainfall data was checked and adjusted for high outliers according to procedures
prescribed in the Guidelines for Determining Flood Flow Frequencies, U.S. Water
Resources Council. Figure A-1 shows a comparison of basin wide and point
rainfall frequency.

Project and Post-Project Runoft

Data representing runoff conditions was gathered during the pre-project and
post-project years from 1930 to 1962 and from 1966 to 1982, respectively.
Comparing the basin average rainfalls for the pre-project and post-project
periods for the Kissimmee basin, as well as the neighboring runoff areas in
South Florida (see Table A-5), the pre-project years possessed a larger amount
of rainfall than for the period since the project was completed. (See Table A-6
for a comparison of pre-project and post-project runoff values),

Evapotranspiration Losses

That portion of rainfall not classified as runoff is called losses. Most losses
result from infiltration, evaporation, and transpiration. The U.S. Soil
Conservation Service (SCS) has devised a method of estimating these losses
 based upon hydrologic soil classification, land use, and antecedent moisture
conditions. Each type of soil has been analyzed and assigned a rainfall runoff
classification of either (A), (B), (C), or (D) with classification (A) having the
most losses (least runoff) and classification (D) having the least losses {most
runoff). From previous SCS studies, each runoff soil group has been assigned
a runoff curve value (0 to 100) representing roughly the percentage of water
that will runoff from a given storm rainfall. The majority of soil types found
in the upper and lower basins are classified under the Smyrna-Myakka-Basinger
soil association. Other predominate classifications are the Myakka-Basinger
category and the Myakka-Immokalee-Basinger category. Most of these soils
bave a variable runoff classification that depends on the antecedent moisture
condition of the basin. :

The SCS curve pumber (CN) methodology was originally developed for the
short duration storm event, normally 24 hours or less. To account for the
evapotranspiration (ET) experienced during a 30-day storm, an average ET
value of four inches for the month of September was reduced to a daily amount
and subtracted from the total rainfall amounts for each day. The actual loss

A-11



was 3.8 inches since the peak two days of rainfall were judged sufficiently wet
to preclude significant ET losses. The expected probability correction was not
apphed to the rainfall frequency analysis.

Unit Hydrographs

Six-hour unit hydrographs were used to model the rainfall runoff process in
the Kissimmee River basin. However the standard unit hydrograph shape,
developed by the SCS based on the ratio between the rising and falling limbs
of a triangular unit graph, were inappropriate for the area. The shape of the
unit hydrographs were patterned after those presented in the Kissimmee River
GDM, Part II, Supplement § (1956). The standard peak rate factor was
changed from 484 to 312. This produced unit hydrographs with lower peaks
and longer recession limbs.

Pilot Storm

Based on a total of 519 years of rainfall records at 13 gaging sites, a 30-day
pilot storm was selected. The storm occurred in September and October of
1953 and included the passage of two hurricanes. The rainfall distribution
provided by this storm is typical of the storm patterns for the study area and
is of the same distribution that was used in the original GDM. -

HYDROLOGIC MODELS
HEC 1 Flood Hydrograph Model

The Corps’ flood hydrograph model (HEC-1) was used to compute flood
discharges for the 5-year, 10-year, 50-year, 100-year, and SPF ‘storm
frequencies. The Kissimmee Basin was divided into 13 sub-basins, eight areas
draining into the upper lakes region and five areas that drain into the five pools
along C-38. The model simulates the rainfall runoff response to the watershed
by representing the basin as a system of hydraulically connected sub-basins,
Each sub-basin is simulated by a group of hydrologic and hydraulic parameters
which describe aspects of the rainfall runoff process within each sub-basin,
Principal parameters used in the hydrologic simulation are average basin
rainfall, infiltration, losses, land slope, soils, stream length, soil cover, and land
use. Another parameter used was the SCS’s formula of small watershed lag.
This is a mathematical composite of several hydrologic parameters.

Principal hydraulic parameters used in the HEC-1 model are channel

conveyance, channel roughness, and channel storage. These parameters are
. primarily used to route storm runoff through storage within each sub-basin and
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channel route outflow hydrographs to downstream junctions. However, the
existing Kissimmee River (C-38) is highly regulated and outflows are
predominately tailwater driven. Therefore, a new routing model .had to be
developed. HEC-1 was used to develop the inflow hydrograph for input into the
routing model. Table A-7 list some of the hydrologxc parameters of each sub-
basin.

HYDPAR

A grid cell data bank was constructed to organize all hydrologic parameters.
This consisted of subdividing the Kissimmee River basin into grid cells. Each
grid cell was represented by 50 detailed soil classifications (provided by the SCS
soil classifications maps), 29 land use types, ground elevations, and nine
bydrologic soil groups.

In order to access information stored in the data bank, HYDPAR, a
Hydrologic Engineering Center utility program, was used. HYDPAR has the
capability to compute SCS curve numbers (CN) and sub-basin lag times based
on the SCS dimension-less unit hydrograph procedure. After the program
assigns a CN for each grid cell, an average value of CN is then computed for
each sub-basin within the study area.

HYDPAR's data hierarchy was modified to accept up to nine hydrologic soil
types and 29 land use types. Normally, the land slopes are determined from
HYDPAR for each grid cell. A slope for each sub-basin is computed by taking
an arithmetic average of the grid cells’ land slopes within the sub-basin.
However, for the Kissimmee River drainage basin, the upland areas required
a manual computation of the sub-basin slopes by scaling off the distance
between the elevation contours on USGS quadrangle maps. HYDPAR was then
modified to allow manual input for each of the sub-basin land slopes.

A soil data matrix was developed to coordinate the CN, the land use type,
and the hydrologic soil classifications for each sub-basin. - The antecedent soil
moisture condition II (AMC II) for average conditions was used in this study.

Hydrologic conditions were analyzed for the years 1985, 2000, and 2035. Lag
- times and CN’s were calculated by HYDPAR for each of these three years.
After reviewing the resulting values, it was determined that the CN's and lag
times did not differ significantly beyond 1985 conditions. Therefore, the
hydrology described in this appendix is suitable for both existing and future
runoff conditions in the basin.
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CHANOP

The existing Kissimmee River Project is a complex and closely regulated
system. No existing generalized mathematical model was found to be adequate
in modeling the entire basin. The primary difficulties were tailwater effects at
the structures, varied regulation of structures based on downstream conditions,
and the need to develop structure discharges based on changing downstream
conditions. The Channel Structures Operation Program (CHANOP) for the
Kissimmee River routing and channel operation model was developed by the
Jacksonville District and written at the Hydrologic Engineering Center in
Davis, California. CHANOP uses a sloping pool, modified Puls routing and
various methods of computing structure discharges. These methods include
digitized gate opening and discharge rating curves, table look-up of pre-
computed headwater, tailwater, and discharge data, and hydraulic equations to
compute various types of discharge. However, the most important feature of
CHANOP is that all calculations for each reach are computed, routed and
balanced, prior to going to the next time interval step. With this method,
tailwaters are available for discharge calculations and downstream operational
constraints can be evaluated before the structures are operated.

HEC-2

Most of the routing information required to be compiled into the CHANOP
program, such as rating curves and elevation storage curves for slopmg pools
were developed by the Corps’ water surface profile package,

HEC- 2.

DWOPER

The Dynamic Wave Operational Model (DWOPER) was only used to route
flood flows through the Lower Kissimmee River for the Level II backfilling
restoration plan. DWOPER is a dynamic wave routing model based on an
implicit finite difference solution of the complete one-dimensional St. Venant
equation. Input into the DWOPER model consisted primarily of an inflow
hydrograph at the upstream boundary of the model. This boundary condition
was the flood outflow hydrograph from Lake Kissimmee computed by the
CHANOP model. The input also included the same HEC-1 generated inflow
hydrographs from the tributaries along the Kissimmee River that were used
in the existing condition CHANOP model, and 85 field surveyed cross sections
describing the refilled channel geometry and floodplain topography for the
Level II backfilling plan. The downstream boundary was a stage hydrograph
of Lake Okeechobee. The model simulated weirs and other structures as
internal boundaries; however, it could not model the structure operating
criteria of the existing C-38 project.
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DWOPER Topographic Input Data -

The detailed topographic information needed to define the .floodplain
geometry in the DWOPER model was developed from cross sections obtained
by a Corps field survey in 1979. The survey drawings are located in D.O. FILE -
NO. 77-33-244 in the Corps’ Jacksonville District Office. This is the basic
topographic data used in the previous 1985 and 1990 studies. The field survey
obtained 90 cross sections along a base-line that followed the C-38 alignment
between Lake Okeechobee and Lake Kissimmee. Station 0+00 is the center-
line of State Road 78 at Lake Okeechobee and the cross section numbers
increase to the north. The same stationing and cross section numbers were
used in this report. However, not all of the surveyed cross sections were used
Additional cross sections were obtained by interpolation, and some were moved
in some way to define some special topographic feature in the model. To
distinguish between cross sections at new locations with those taken directly
from the field surveys, a letter has been added to the cross section number of
the extra or moved cross sections. Only those cross sections used in the
DWOPER model are shown in this-report. :

Manning’s "n" Value

The hydraulic resistance of the future marsh filled floodplain is perhaps the
most important parameter in the DWOPER analysis. Manning’s Roughness
Coefficient is a major determinant of flow velocity and conveyance and it
. directly affects water stages during floods. Sensitivity analyses on a range of
“n" values from 0.15 to 0.5 showed that even small variations in the value can
have a significant impact on flood stages. The value of 0.3 was selected for this
study and is based on analyses summarized in Table VII-1. of the 1990 report
by SFWMD. In that study, a one dimensional model of the Kissimmee River
was run for four separate discharge conditions and for three "n" values (0.3, 0.5,
and 1.0). The discharges were obtained from pre-project gage records at the
outlet of Lake Kissimmee and the Kissimmee River at Lake Okeechobee. The
computed stages from the numerical model for the three "n" values are
compared to the actual observed stages in Table A-8.

MODEL CALIBRATION
CHANOP Model

To calibrate the CHANOP model for existing conditions, the 1969 storm
event was modeled for the lower basin of the Kissimmee River. With ongoing

construction, limited data was available for discharge, headwater stage, rainfall
and estimated tailwater stages at the six S-65 structures. Calibration between
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actual and simulated storm volumes within each sub-basin was very good.
However, peak discharges and stages at each structure indicated that during
the actual 1969 event, the gate openings were restricted. It was found that the
model follows the gate opening curves exactly, resulting in the gates opening
and closing at each time step. However, in actual operation the gates were
used to balance the pools and the operation was less radical. The average
discharge over a long period of time in the model matched closely with the
recorded discharges. :

DWOPER Model

The CHANOP model was used for existing conditions and the DWOPER
model was used for the Level II backfilling plan. In order to compare
performance, it would require revising one of the models to the hydrologic
conditions of the other. To revise the DWOPER model for existing conditions
would have required a complex reprogramming of the DWOPER model. To
revise the CHANOP model for the Level II Backfill Plan would have required
revising all the HEC-2 generated routing information input internally into the
model. This is because there is a substantial difference in the Manning’s
roughness coefficient between the vegetation in the existing floodplain and that
which will become established with the restoration plan.

A third alternative was available as a result of work done with the CHANOP
model in the 1985 study. There, a plan called "Partial Backfill" was analyzed
which was almost identical to the Level II backfill plan. The only major
difference is that the 1985 study used a Manning’s "n" value of 0.15 for the
floodplain. As previously discussed, a Manning’s "n" value of 0.3 is more
" appropriate for the marshy vegetation that will become established with the
restoration plan. To compare the results of the {two models, the "n" value for
the restoration plan in the DWOPER model was reduced to 0.15 and the results
were in reasonable agreement with those published for the Partial Backfill Plan
in the 1985 report.

ANALYSES OF KISSIMMEE RIVER TRIBUTARIES
Lake Istokpoga Canal |

Historically, the only outlet of Lake Istokpoga was east through Istokpoga
Canal to the Kissimmee River. Today, the capacity of that canal is limited and
the primary flood cutlet of the lake is through canal 41A and associated canals
south of the lake. Canal 41A discharges into the Kissimmee River below S-65E
and offers a firm outlet capacity from Lake Istokpoga of 3,000 cfs and a
maximum capacity of 5,900 cfs. The Level II Backfilling Plan will sufficiently
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increase flood stages at Cross Section No. 46 in the Kissimmee River to where
backwater will impact the outlet capacity of Istokpoga Canal. The effect of this
loss in outlet capacity on flood stages in Lake Istokpoga was analyzed and found
to be small because of the large overflow capacity at the southern end of the
lake once the stage reaches the top the local levee. Under the worst possible -
conditions of full restriction of 800 cfs for the entire storm, the Level II Backfill
Plan will cause a 0.12 foot rise in the 10-year flood level of Lake Istokpoga and
less than a 0,10 foot increase during the 100-year flood level. A 1982 flood
insurance study gives the flood stages on Lake Istokpoga as follows: 10-year =
40.9 feet; 50-year =41.4 feet; 100-year = 41.7 feet; and, the 500-year = 43.0 feet.
Outlet flood stages in the Kissimmee River for the Level II Backfilling Plan are
given in Table A-15 at Cross Section No. 46.

Kissimmee River Tributaries

" The tributaries along the Kissimmee River were grouped into 5 sub-basins
according to which of the five pools they drained into. These sub-basins were
analyzed using HEC-1 and the resulting inflow hydrographs were uniformly
distributed into the river along the length of the corresponding pool. This is
the way the tributary inflow was input into the CHANOP mode! for the
existing condition analyses. It was also the way the inflow was input into the
DWOPER model for the Level II backfill project conditions. In addition to an
analysis of the combined tributaries of each pool, some of the larger tributaries
were studied on a individual basis. The purpose of the analysis was to -
determine any backwater effects the high river stages cause by the Level 11
Backfill Plan project would have on the flood stages of the individual
tributaries. The same hydrologic techniques, as previously discussed, were used
to develop runoff hydrographs from the tributaries along Kissimmee River for
5-year, 10-year, 50-year 100-year and SPF floods. Table A-9 lists hydrologic
parameters and peak discharges for some of the major Kissimmee River
tributaries studied.

OTHER STUDY ITEMS
Proposed By-pass Weir at Lake Kissimmee Qutlet

The Level II Backfilling Plan includes a weir to be constructed below State
Road 60 to assist S-65 in the regulation of Lake Kissimmee. The design criteria
for the weir was to have the crest set at elevation 51.0 feet, the median
discharge of about 800 cfs from Lake Kissimmee to occur at a stage of 52.5, and
the discharge performance of the weir to blend into the natural capacity of the
historical outlet. The weir was not considered in the DWOPER modeling
because for the design storms analyzed, S-65 was able to meet the discharge

A-17



requirements. However, it is pertinent that the structure was just barely able
to meet the requirements because of the higher tailwater caused by the Level
II Backfill Plan. On the recession side of some of the Lake Kissimmee flood
hydrographs, 5-656 was unable to discharge the 11,000 cfs design flow; but this
was not considered a deficiency because it did not affect the peak stages.-
Considering that some head loss occurs between S-65 and the south end of
Lake Kissimmee, especially at lower stages, and that strong winds may affect
Lake Kissimmee levels during floods, it is likely that the weir will be required
at times to meet the 11,000 cfs outlet capacity. Other reasons for the weir
include the facts that the weir would reduce the cost of operating S-65 and
would better mimic the historical discharges from Lake Kissimmee. Figure A-2
shows the historical rating curve for the outlet of Lake Kissimmee prior to the
C-38 project. Also shown is the performance rating of the proposed weir.

PRESENTATION OF RESULTS

Historical Data

Table A-10 gives the historical flood elevations in the Kissimmee basin for
the 1947 and 1953 floods along with the optimum and design stages shown in
Detailed Design memorandum for the Kissimmee Project. These stages are
shown as historical data because they no longer represent existing condition.
Since the project was completed in 1971, several. of the Kissimmee River
structures have been modified, structure operation have been revised and
regulation schedules have changed. The stage data is furnished so that they
may be compared with existing conditions and those stages that will occur with
the Level II Backfilling project. :

Existing Conditions

A summary of results of the CHANOP mode! for both the upper basin lakes
region and the lower Kissimmee River are given in Table A-11. The CHANOP
model was run on conditions that exist today. The water surface elevation of
the Kissimmee Chain-of-Lakes at the beginning of the design storm was in
accordance with the 1 September stage of the current regulation schedules.
The starting water surface elevation on Lake Kissimmee was 51.0 feet.
Discharge out of Lake Kissimmee was in accordance with the current operating
criteria which limits the discharge at S-65 to 3,000 cfs when downstream stages
exceed specified levels. The area flooded along the Kissimmee River for the 5-
year and 100-year floods for existing conditions is shown on Plates A-1 through
A-5, ‘ :
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Level 1l Backfilling Conditions

A summary of results of the CHANOP model for the upper basin lakes
region and results of the DWOPER model for the Kissimmee River for the
Level II Backfilling Plan are given in Table A-12, The CHANOP portion of the
analysis is the same as for existing conditions except that the 1 September
starting water surface elevation of Lake Kissimmee was raised t0.52.5 and the
outflow criteria from S-65 was changed. The Level II Backfilling Plan
eliminates the need for the present operating criteria at S-65. The only flow
restriction at S-65 was that the discharge could not exceed 6,000 cfs until Lake
Kissimmee reached a stage of 53.8 feet. -

For comparison purposes, the locations shown in Table 12 are the same as
those shown for existing conditions in Table 11. Table A-13 displays the
algebraic-difference between Tables A-11 and A-12. ,
Comparison of Stage Hydrographs

Figures A-3 through A-7 compares the stage hydrographs for existiﬁg
conditions with those of the Level II backfilling conditions at the Kissimmee
River strucfure locations, for the 5-year, 10-year, 50-year, 100-year and SPF,
Discharges and Velocities

Table A-14 gives discharges and velocities at key locations along the
Kissimmee River for the Level II Backfilling plan.

Flood Stages

Table A-15 gives the flood-stage-frequency results for the Level Il Backfilling
Plan at all 85 cross sections used in the DWOPER model.

Flooded Area
The area flooded along the Kissimmee River for the 5-year and 100-year

floods for the Level II Backfilling condition is shown on Plates A-6 through A-
10. _
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HYDRAULIC ANALYSIS
Hydraulic Design Criteria

The Kissimmee River was channelized and provided with water control
structures as part of the flood control system designed to serve the upper
Kissimmee valley chain of lakes and the river itself. The major project feature
of the flood control project for the Kissimmee River consists of a canal (C-38)
and 6 water control structures (S-65, S-654, S-65B, S-65C, S-65D, and S-65E).
That canal was constructed in the historic flood plain between Lake Kissimmee
and Lake Okeechobee. The canal and structures provide in-bank conveyance
for the 30 percent of SPF discharge from Lake Kissimmee and local runoff
through the floodway to Lake Okeechobee. The existing canal bottom width
varies from 90 feet to 300 feet wide with depths of about 30 feet. The canal
was designed by slope control. Design discharge produces low velocities less
than 2 feet per second. Side slopes were cut to 1 vertical on 2 horizontal.

The objective of the proposed dechannelization is to restore the natural
hydroperiod of the reaches of the Kissimmee River floodway which are to be
backfilled. The pre-C-38 flow-way consisted of a floodway up to 2 miles in
width with a smaller sinuous channel with a capacity of about 800 to 1,000 cfs.
The size of C-38 is many times the size of the sinuous historic channel
Construction of C-38 segmented the original channel into oxbow segments.
Many reaches were cut or destroyed by excavation of the project channel or
“were buried under the spoil mounds generated by excavation of the channel.

The existing conditions for this study are assumed to be the existing C-38
channel and structures. The post-project condition is assumed to be the Level
II Backfilling Plan.

'WATER SURFACE ELEVATIONS

The existing water surface profile for discharges through C-38 (Kissimmee
River) form a "stair-step" configuration as flood discharges would be conveyed
from Lake Kissimmee through the C-38 channel and the six gated water
control structures. The proposed de-channelization would result in a natural
continuous profile which would be higher than the project design profile.
Figure A-8 shows the existing water surface profile for the 1 in 5-year, and 1
in 100-year events. As stated previously, C-38 and the structures provide in-
bank conveyance for the 30 percent of SPF discharge from Lake Kissimmee and
local runoff through the floodway to Lake Okeechobee. Higher discharge floods
would cause ponding upstream of the structures which would be contained by
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tieback levees. Post-project flooding was analyzed by using a computer program
entitled DWOPER.

Analyses of the tributaries was performed by the HEC-2 computer models.
The tributaries are characterized by relatively constricted central channels with
pasture lands usually extending up to the channel. Each channel is filled with
vegetation.

The tributaries were analyzed to determine if induced flooding results from
the proposed project for the 100-year and SPF storm frequencies. The drainage
area adjacent to the river was broken into 50 sub-basins. Each sub-basin
consisted of a tributary inflow peint to the river. Post backfilled stages from
the Kissimmee floodway completely inundate identifiable topographic relief for
20 of the sub-basins. This rendered hydraulic analysis unnecessary. About 30
tributaries were identified and modeled using HEC-2,

Each tributary was analyzed with three starting water surface conditions
and three flow conditions.

The first condition analyzed was the exisi:ing conditions. This condition used
the starting water surface elevation from the Kissimmee River and used the
peak discharge of the tributary.

The second condition analyzed was one of two proposed conditions (with
Level II Backfill in place). This analysis used the starting water surface
elevation from the Kissimmee River that corresponded to the time when the
peak discharge would occur within the tributary. Backwater profiles for the
tributary were compiled for the peak runoff condition.

The third condition was the second proposed condition with Level II
backfilling in place. This analysis used the peak stage in the Kissimmee River
as the starting water surface elevation and the dlscharge correspond.mg to that
time in the tributary.

The backwater profiles were compared and the worst condition was
- considered. Induced flooding was considered to occur when the stages in the
tributaries increased. The limits of the induced flooding extended from the old
C-38 channel, up the tributary to the point where normal depth occurred.
When the Kissimmee River’s 100-year stage was higher than the normal depth
elevations, no induced flooding was considered other than flood plain flooding.
Analyses determined that the tributaries were not being impacted because of
the flow from the tributaries but rather from the peak stages in the Kissimmee
River.  All conditions showed that differences in backwater stages are
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negligible. The Table A-27 shows increased stages for tributaries whose
backwatetr profiles would be affected by the SPF stages.

CANAL CHARACTERISTICS

The Level II Backfilling Plan calls for backfilling the existing C-38 channel
between stations 544 + 35 and 2075+ 00. The original design alignment of C-38
was chosen to minimize the amount of channel excavation and consequently,
cut across the old river channel at numercus locations. Backfilling the C-38
channel will require that those sections be reconnected with the new channel.
Since the objective of the project is to construct features which would re-
establish the low flow regime, the size of the new channel was determined by
averaging the conveyance of remnant channel sections upstream and
‘downstream of the sections of C-38 which are to be backfilled.

The post-project condition assumes that the existing C-38 channel would be
backfilled to elevations which correspond to the pre-project bank elevations in
the immediate vicinity of the channel section. Before each section of C-38 is
backfilled, the new channel would be constructed adjacent to the existing C-38
channel. Those channels would provide bypass conveyance around the backfill
section and would remain as a permanent features.

New canal sections to be designed are sections of channel to reconnect the
historic oxbows. Channel sections would be designed to provide the same
conveyance as the natural sections upstream and downstream of the filled
- sections. Geometry of the design channel segments would match the geometry
of existing channels.

Maximum Permissible Velocities

Sections of the existing channel were analyzed to determine the maximum
velocities which could be expected in the original channel. The existing
channel segments are very sinuous with many oxbows and heavy bank
vegetation. Analyses showed that the maximum velocities for the restored
channel would be between 1.8 to 2.0 feet per second for a bankfull stage.
Discharges which exceed bankfull would begin to discharge overland passing
through the floodplain as sheet flow. Computer modeling of the floodplain
under post-backfilling conditions showed average velocities would be on the
order 0.2 to 0.4 feet per second. :

Side Slopes

New channel segments required to connect existing oxbows would be located
as close to the historic channel alignment as possible. Historic alignments
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which pass through areas now covered by spoil mounds would be reconstructed
All other alignments would be designed to pass through areas that have not
been disturbed by previous channels or man-made excavation. Side slopes
measured from existing oxbow channel sections range from 1 vertical to 2.8 to
3.6 borizontal. Minimum side .slopes for oxbow channel replacement canal -
segments would be designed for stability after soil sampling and analyses of
existing conditions on those alignments. Inside and outside radii of curves or
bends in the oxbows would be provided with side slopes conducive to
environmental enhancement stability.

Floodplain Cross Sections

Numerical computer models were formulated from field cross sections taken
in 1979. The location and spacing was chosen after field reconnaissance and
review of available USGS quadrangle maps. The cross section data was coded
—into the input format for HEC-2, DWOPER and CHANOP numerical computer
models. Plates A-1 through A-5 show the location of the cross-sections. No
major storm events have occurred since those surveys were taken and there is
no evidence that appreciable changes have taken place in the basin since
construction of the project. The survey data is considered adequate for this
report.

Tributary Cross Sections

Tributary cross sections were compiled from USGS quadrangle maps and
limited topography provided by SFWMD. Spaci