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1 INTRODUCTION

In 2008, Lake County Water Authority asked St. Johns River Water Management District to
establish Minimum Flows and Levels (MFLs) for Lake Apopka and Ocklawaha chain of lakes.
In response, the District added these lakes to its MFLs Priority List. As a priority listed water
body, MFLs must be established for this system pursuant to Sections 373.042(2) and 373.0421,
Florida Statutes (F.S.).

Lake Apopka and the Upper Ocklawaha River Basin (LAUORB) are located in central Florida,
including parts or entire counties of Lake, Orange, Marion, and Polk. Together, these
waterbodies and their drainage basins form the Upper Ocklawaha River Basin (UORB) (Figure 1
and Figure 2). The sub-basins in LAUORB can be described as a set of interconnected lakes with
surrounding watersheds draining to the respective lakes. The general flow direction is south to
north. Water levels and discharges in the LAUORB are largely controlled by operating water
control structures. Flow in the Palatlakaha River is regulated by a series of structures before
entering Lake Harris at the M1 structure just south of SR 48. The Apopka-Beauclair Lock and
Dam controls the water flow from Lake Apopka to Lake Beauclair. Burrell Lock and Dam
regulates water levels in lakes Harris, Eustis, Dora, and Beauclair by releasing water from Lake
Eustis to Lake Griffin through Haines Creek. Moss Bluff Lock and Dam, which is located 12
miles downstream of Lake Griffin and is the LAUORB outlet, regulates water levels at Lake
Griffin by controlling the flow of Lake Griffin. All these structures along the Upper Ocklawaha
River provide a method of water management and regulation to the St Johns River Water

Management District.

The MFLs are intended to support the protection of aquatic and wetland ecosystems from
significant ecological harm caused by the consumptive use of water. In addition, MFLs provide
technical support to SIRWMD?’s regional water supply planning process (Section 373.0361, F.S.),
the consumptive use permitting program (Chapter 40C-2, Florida Administrative Code [F.A.C.]),
and the environmental resource permitting program (Chapter 40C-4, F.A.C.).
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The MFLs are determined by the hydrology required to support certain aquatic and wetland
ecosystems at various places in a watershed. District biologists determine the MFLs by
evaluating the ecosystem at various transects (Figure 2) and District engineers examine the long-
term hydrology of the system to evaluate if an MFL is achieved. Potential anthropogenic
perturbation in the watershed (i.e. surface water withdrawals, increased pumping, etc.) needs to
be quantified and assessed to determine if this perturbation will cause a violation to its MFLs. In
the context of MFLs, SIRWMD uses statistical analyses of modeling results from long-term
hydrologic models to make these assessments. MFLs modeling results will provide the
framework needed in Lake Apopka and Ocklawaha Lakes for sound management decisions with
regard to surface and ground water withdrawals in Lake Apopka and the Upper Ocklawaha River
Basin (LAUORB).

This report documents LAUORB MFLs hydrologic assessment method including HSPF model
setup, model calibration, and long-term simulation of LAUORB baseline hydrologic conditions.
A separate study/report will document assessment results for the proposed LAUORB MFLs,
freeboard analyses, and prevention or recovery strategies if there are needed.
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1.1 PURPOSE AND SCOPE

Five sets of MFLs have been recommended by the District personnel for Lake Apopka, Lake
Beauclair-Dora, Lake Harris-Eustis, Lake Griffin, and Lake Yale. Each set of MFLs includes a
minimum frequent high (MFH), a minimum average (MA), and a minimum frequent low (MFL)
and their respective durations and return intervals. SIRWMD developed a hydrologic model of
Lake Apopka and the Upper Ocklawaha River using Hydrologic Simulation Program — Fortran
(HSPF). This model simulates water levels and flows for Lake Apopka and Ocklawaha Lakes
using historical rainfall, evaporation, and groundwater potentiometric levels (Error! Reference

source not found.). The purpose of this report is to document the following tasks:

e Hydrologic model of Lake Apopka and Upper Ocklawaha River Basin: data collection,

model setup, and calibration

e Long-term simulation of LAUORB baseline hydrologic conditions in the context of
MFLs
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2 THE UPPER OCKLAWAHA RIVER BASIN

The watershed delineation of the LAUORB is based on District-wide drainage basin boundaries
documented in Technical Publication SJ 97-1 (Adamus, Clapp & Brown 1997) with some minor
updates. According to the District’s organizational scheme, the LAUORB basin includes four
planning units, i.e., Palatlakaha River (7A), Lake Apopka (7B), Lake Harris (7C) and Lake
Griffin (7D). Flow in the Palatlakaha River is regulated by a series of structures before entering
Lake Harris at the M1 structure. The Lake Harris planning unit is divided into four
subwatersheds: Lake Beauclair, Lake Dora, Lake Harris with Little Lake Harris, and Lake Eustis.
The Lake Griffin planning unit is divided into Lake Griffin and Lake Yale subwatersheds.

Table 1. Planning units in the Upper Ocklawaha River Basin (7).

Planning
Unit

Number Planning Unit Name Total Area (acres)* Model Area (acres)
not modeled
measured time-series used
TA Palatlakaha River Planning Unit 142,435 instead of simulation results
7B Lake Apopka Planning Unit 117,318 84,025
7C Lake Harris Planning Unit 152,721 101,799
7D Lake Griffin Planning Unit 118,217 70,410

The Upper Ocklawaha River is primarily located within the Central Lakes Subdivision of the
Central Lake District Physiographic Province (Brooks 1982). The Central Lakes Subdivision is a
large lowland area between the Mount Dora Ridge to the east and the Ocala Uplift District to the
west. In many areas, the valley floor intersects the potentiometric surface of the Floridan aquifer,
which results in large spring discharges and spring-fed lakes. As a result, surface waters receive
a considerable portion of their total water budget from groundwater (Canfield 1981).
Furthermore, there are more than hundreds of small lakes scattered throughout LAUORB that are
generally isolated and landlocked and do not contribute direct runoffs to basin’s receiving water

bodies, or, only during periods of extreme runoff events. These areas are marked as non-
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contributing areas and are removed from each basin to prevent over estimating runoff in the
HSPF model (grey areas in Figure 2). Hence, the model areas are significantly smaller than the

total basin areas (Table 1).

Apopka Spring (also known as Gourd Neck Spring), located in the southwest corner of Lake
Apopka, is considered one of two headwaters of the Harris Chain of Lakes. Water flows north
from Lake Apopka and through the Apopka-Beauclair Canal into Lake Beauclair. Lake

Beauclair is included in the Harris Chain of Lakes and drains directly into Lake Dora, which
drains through the Dora Canal into Lake Eustis. The Clermont Chain of Lakes in the Palatlakaha
River basin serves as another headwater to the Harris Chain of lakes. They drain into Lake Harris,
which connects through the Dead River with Lake Eustis. Lake Eustis connects through the
Burrell Lock and Dam on Haines Creek to Lake Griffin. Lake Yale also connects to Lake Griffin
through the Yale-Griffin Canal.

The LAUORB is maintained as a series of cascading pools for flood control purposes .The
District operates the Moss Bluff Lock and Dam as the local sponsor for the Four River Basins
Project in accordance with the regulation schedule prescribed by the USACE to maintain a
desired elevation range of 57.44 to 58.19 ft-NAVDS88 in Lake Griffin (USACE 1993) (Figure 4;
Table 2). The Burrell Lock and Dam on Haines Creek is operated by the District to maintain a
desired regulation range of 61.47 ft to 62.22 ft-NAVD88 (Table 2) in Lake Eustis. Water
elevations in lakes Harris, Little Harris, Dora, and Beauclair are also controlled by the Burrell
structure. The Apopka-Beauclair Lock and Dam is operated by the District for the regulation of
water levels in Lake Apopka within a desired regulation range of 65.65 ft to 66.15 ft-NAVD88
(Table 2). A representative figure illustrating the seasonal regulation schedule for Lake Griffin
is provided in Figure 4. Similar schedules are used to manage the other lakes. Wet season
regulation levels are typically lower than those in the dry season to accommodate additional
storage that may be needed during tropical hurricane season (referred to the Army Corps of
Engineers (USACE 1993) for a more technical description of the structures).
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Figure 4. Lake Griffin regulation schedule illustrates seasonal regulation changes and Zones A and B discharges typical of

upper Ocklawaha River basin (LAUORB) lakes.

Table 2. Upper Ocklawaha River Basin lake regulation schedules

Dry Season Elevation

Wet Season Elevation

Lake Name (ft-NAVD88) (ft-NAVD88)
Apopka 66.15 65.65
Eustis 62.22 61.47
Griffin 58.19 57.44
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Palatlakaha River Planning Unit (7A)

The behavior of the Palatlakaha River is difficult to model because it is influenced by the Green
Swamp: a large area of wetlands that provides the headwaters for four separate rivers and the
portion contributing to Lake Harris is regulated by control structures. Watershed delineation in
the swamp is very difficult, and the other three rivers—Withlacoochee, Peace, and
Hillsborough—are part of the South West Florida Water Management District and are not
included in this study. Once water from the swamp enters the Palatlakaha River, flow is
regulated by a series of structures before entering Lake Harris at the M1 structure. The Lake
County Water Authority operates the structures according to a set of management guidelines.
These guidelines can be overridden due to circumstances that can not be represented in a model,

which makes model calibration very difficult.

Previous modeling attempts provided poor results for the Palatlakaha River Planning Unit. The
Nash-Sutcliffe statistic is a common measure of model performance. A perfect match between
simulated values and observations would give a Nash—Sutcliffe statistic of 1, whereas a 0 means
that the average of the observed time-series is a better predictor of all the variation than the
simulated values. The Nash-Sutcliffe results for the previous modeling efforts were negative
because of the difficulties mentioned (Table 3). Due to the poor performance of previous models,
and the relatively small contributing flow of the Palatlakaha River Planning Unit, we decided to
not model this area but instead include the measured flows as an external time series into Lake

Harris. The area is therefore shown as a non-modeled planning unit (Table 1).

Table 3. Palatlakaha River Nash—Sutcliffe modeling statistics from the previous modeling effort
simulating the years 1996 to 1998.

1996 | 1997 | 1998 | Overall

0.44 | -11.36 | -22.83 -5.60

July 16, 2015 Page 17 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Because this planning unit is represented with observed data, there are no means of estimating
the increased flow due to land use development for the 2009 land use scenario. The increase
between the 1995 and 2009 land use scenarios can be shown to have a minimal effect on the flow
estimates from the Ocklawaha River Basin for the same reasons that allow the use of the
observed flow: small flow relative to the entire Ocklawaha major basin, and structural

management and storage of the flow.
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Figure 5. 1995 land use in Lake Apopka and Upper Ocklawaha River Basin
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Table 4. Palatlakaha River Planning Unit (7A) 1995 and 2009 land use comparison.

HSPF Hydrologic Modeling Land 1995 Land Use (acres) 2009 land use (acres)
Use Group

Low-density residential 5520 3.88% 4782 3.41%
Medium-density residential 3102 2.18% 8411 6.00%
High-density residential 790 0.55% 5213 3.72%
Industrial and commercial 2143 1.50% 4134 2.95%
Mining 1310 0.92% 1840 1.31%

Open and barren land 1424 1.00% 2166 1.54%
Pasture 10302 7.23% 15866 11.31%
Agriculture general 7417 5.21% 8796 6.27%
Agriculture tree crops 22469 15.78% 9407 6.71%
Rangeland 21463 15.07% 8447 6.02%

Forest 9582 6.73% 12242 8.73%
Water 16953 11.90% 15783 11.25%
Wetlands 39955 28.05% 43186 30.79%

Total 142,431 100% 140,272* 100%

*: due to missing 2009 land use coverage at some areas (Figure 7), total acres of 2009 land use is less

than 1995 land use. This will not affect model result as 7A is not modeled

Lake Apopka Planning Unit (7B)
Lake Apopka, the fourth largest lake in Florida, is a headwater lake for the Ocklawaha River.

The Lake Apopka planning unit is located within Orange and Lake counties and includes the
towns of Monteverde and Astatula. The area of the Lake Apopka drainage basin, including the
surface of the lake, is approximately 117,318 acres. Several subwatersheds contribute either
direct storm water runoff or runoff through small tributaries during rainfall events. Many
portions of the drainage basin, however, contribute runoff infrequently. More than 60 small lakes
are scattered throughout the basin but they are generally landlocked except in periods of extreme

runoff events.

The water surface of Lake Apopka is approximately 30,800 acres at a lake water level of 65.42 ft
NAVDB88. Average depth at this elevation is 5.4 ft. The only surface water outflow from Lake
Apopka is through the Apopka-Beauclair Canal, which flows north into Lake Beauclair.

Discharge from the canal is controlled at the Apopka-Beauclair Lock and Dam, which therefore

influences lake stage.
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The water control structure in the canal has altered the natural periodic fluctuation of Lake
Apopka stage and discharge. In 1950, the first water control structure was constructed by local
interests to stabilize lake level for the purposes of agricultural water supply and navigation
(Schelske, Kenney & Whitmore 2001). In 1956, the present concrete structure was installed by
Lake County Water Authority (Schelske, Kenney & Whitmore 2001). A regulation schedule is
enforced on the Lake Apopka water level since 1952 to stabilize the lake level (Friends of Lake
Apopka, 2011). When lake level is above regulation, discharges can be made at the maximum.
When the lake level is below regulation schedule, a minimum discharge is released to satisfy
downstream environmental requirements. Because of the regulation schedule the lake level
fluctuates in a narrow range, varying from 61.35 ft to 67.63 ft--NAVD88 with a mean of 65.4 ft-
NAVD88 from 1952 through 2011.

The seasonal regulation schedule is nearly the opposite of natural fluctuations in water level; the
lake is lowered during the summer-wet season in order to provide flood storage capacity as
needed; during winter-spring season, the lake level is raised to hold more water in the lake
(Figure 6). This reversal of the natural hydrologic cycle may have negative ecological impacts on

the aquatic habitats and fisheries in the basin.
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Figure 6. Lake Apopka regulation schedule.

Lake Apopka historically covered approximately 50,000 ac and had an average depth of 8 to 9 ft
before Apopka-Beauclair Canal was dug. The northern third of the lake was a shallow marsh
system, which afforded habitat for abundant fish and wildlife populations and provided filtration
of water flowing out of the lake. Prior to its decline, the lake provided superb sport fishing of
national renown. During periods of high water, the lake likely drained to the northwest into Little

Lake Harris through an area known as Double Run Swamp.

Numerous activities in the nineteenth and twentieth centuries have contributed to the decline of
the lake. Significant human impact affecting Lake Apopka probably began with the construction
of the Apopka-Beauclair Canal, which altered the hydrology of the lake. In order to create a
waterway for navigation and agricultural use, dredging of the Apopka-Beauclair Canal lowered
the water surface of Lake Apopka by about 4 ft leaving approximately 20,000 ac of wetlands dry
enough for farming (Shofner 1982). Crop production was mostly unsuccessful due to difficulty

in water table management and a series of freezes in the mid and late 1890s. A hurricane struck
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in 1926 and the entire north shore farm area reverted to marshland “under six to eight feet of
water” (Shofner 1982). Due to improved technology, farming returned during World War IlI. In
1941, the Zellwood Drainage and Water Control District was created by a special act of the
Florida Legislature and charged with facilitating agricultural production activities. In 1941, the
mean elevation of the lake was approximately 67 ft (NGVDZ29), the same elevation as the muck
and peat land along the northern shore at that time. These lands were inundated when the lake
rose above the mean elevation and during lower lake stages, these lands drained into the lake or
into the Apopka-Beauclair Canal. Under the management of Zellwood Drainage and Water
Control District a levee was constructed along the north lakeshore, effectively separating the
marshes from the lake and allowing drainage of the farm fields (Shofner 1982). Agricultural
production peaked in the muck farms during the 1980s, with 18,000 ac of farmed land. With the
final government purchase of the remaining muck farms on Aug 20, 1999, Zellwood Drainage
and Water Control District was dissolved in Feb 2000 by mandate of the 1999 Florida

Legislature.

Apopka Spring is the largest spring in the basin and it discharges into Gourd Neck, a narrow
water body located in the southwest corner of the lake. The spring opening is at a depth of
approximately 37 ft (Rao & Clapp1996). Fed by the Floridan aquifer, the spring discharges from
a single submerged, oval-shaped opening that is 5-6 ft in diameter. The average discharge rate of
Apopka Spring was approximately 29.9 cfs from 1988 through 1998, depending on the lake stage
level (German, 2006). Three other named springs exist in the basin; however, discharge
information is not available. Holt Lake Spring is located just south of Holt Lake; Bear Spring

and Wolf’s Head Spring are located just southwest of Clay Island.

Land use in the basin is predominantly water, wetlands and agriculture (Figure 5,Figure 7 and 2009
land use in Lake Apopka and Upper Ocklawaha River Basin

Table 5). Residential, industrial, and commercial land uses are expected to increase from a 1995
level of nearly 9.1% to as high as 12.7% by 2009 (2009 land use in Lake Apopka and Upper
Ocklawaha River Basin

Table 5).

July 16, 2015 Page 23 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels
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Figure 7. 2009 land use in Lake Apopka and Upper Ocklawaha River Basin

July 16, 2015

Page 24 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Table 5 Lake Apopka Planning Unit (7B) 1995 and 2009 land use comparison.

HSPF Hydrologic Modeling Land 1995 Land Use* (acres) 2009 land use (acres)*
Use Group

Low-density residential 2844 3.38% 2695 3.21%
Medium-density residential 2769 3.30% 4353 5.18%
High-density residential 204 0.24% 738 0.88%
Industrial and commercial 1799 2.14% 2905 3.46%
Mining 954 1.14% 546 0.65%
Open and barren land 702 0.84% 6867 8.17%
Pasture 2685 3.20% 2782 3.31%
Agriculture general 17554 20.89% 3563 4.24%
Agriculture tree crops 6363 7.57% 1052 1.25%
Rangeland 4273 5.08% 3401 4.05%
Forest 4537 5.40% 7378 8.78%
Water 32326 38.47% 33284 39.61%
Wetlands 7016 8.35% 14464 17.21%
Total 84,025 100.00% 84,028 100.00%

*: model areas excluding non-contributing areas

Lake Harris Planning Unit (7C)

Lake Beauclair is included in the Harris Chain of Lakes and drains directly into Lake Dora,
which drains through the Dora Canal into Lake Eustis. The Clermont Chain of Lakes in the
Palatlakaha basin serves as another headwater to the Harris Chain of lakes. They drain into Lake
Harris, which connects through the Dead River with Lake Eustis. Lake Eustis connects through
Haines Creek and the Burrell Lock and Dam to Lake Griffin. The Burrell Lock and Dam on
Haines Creek is operated by the District to maintain Lake Eustis at a desired regulation range of
61.47 ft to 62.22 ft NGVD88 (Figure 8). Water elevations in lakes Harris, Little Harris, Dora,

and Beauclair are also affected by the Burrell structure.
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Figure 8. Lake Eustis Regulation Schedule (ft-NAVD88)

The Lake Harris planning unit’s 1995 land use is represented in Figure 5 and a summary of 1995
and 2009 land use is provided in Table 6. Urban land use in the Lake Harris planning unit is
increased from 17% in 1995 to 21% in 2009 (Table 6). Development predominantly replaces
agriculture and rangeland uses.
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Table 6 Lake Harris Planning Unit (7C) 1995 and 2009 land use comparison.

HSPF Hydrologic Modeling Land 1995 Land Use* (acres) 2009 land use* (acres)
Use Group
Low-density residential 5544 5.45% 5209 5.12%
Medium-density residential 6157 6.05% 8227 8.08%
High-density residential 2117 2.08% 3252 3.19%
Industrial and commercial 3718 3.65% 4736 4.65%
Mining 385 0.38% 197 0.19%
Open and barren land 1645 1.62% 967 0.95%
Pasture 3934 3.86% 4266 4.19%
Agriculture general 5055 4.97% 5508 5.41%
Agriculture tree crops 6691 6.57% 3978 3.91%
Rangeland 7251 7.12% 3193 3.14%
Forest 5648 5.55% 8017 7.88%
Water 35503 34.88% 35621 34.99%
Wetlands 18151 17.83% 18628 18.30%
Total 101,796 100.00% 101,799 100.00%

*: model areas excluding non-contributing areas

Lake Griffin Planning Unit (7D)

The total drainage area of Lake Griffin is approximately 97 mi® excluding the Lake Yale basin.
Two major tributaries—Haines Creek and the Yale-Griffin Canal—discharge directly into Lake
Griffin. Haines Creek receives discharge from upstream Harris Chain of Lakes and Apopka
Basin at the Burrell Lock and Dam structure. The Yale-Griffin Canal connects the two lakes and
delivers flow from Lake Yale into Lake Griffin. Most of the land surface areas around the lakes
and the Ocklawaha River are low-lying wetlands and have been developed for agricultural
production, predominantly muck farms. In most of these agricultural areas, drainage systems
with perimeter levees and pump stations were constructed to provide flood protection. Most
upland areas or ridges were used for citrus groves, with most contributing minimal runoff
because they typically have high infiltration rates. There is urban or community development
throughout the region, both in waterfront and ridge areas.
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From Lake Griffin, water flows northward through the J. D. Young Canal (C-231) to the Moss
Bluff Lock and Dam, which controls water levels in Lake Griffin. The Moss Bluff structure is
located on the Ocklawaha River, 12 mi downstream from Lake Griffin. Most of the river
between Lake Griffin and SR 40 has been channelized. Flow has been altered from the natural
river course into canals for most of this reach, and much of the floodplain has been converted to

farmland.

The water surface elevation of Lake Griffin is currently regulated to allow a narrow fluctuation
of 0.75 ft from 57.44 to 58.19 ft NAVD88 (Figure 9). However, levels regularly deviate from
these control elevations due to rainfall and drought conditions. This fluctuation range is designed

to facilitate navigation and to provide floodwater storage capacity.

The District operates the Moss Bluff Lock and Dam as the local sponsor for the Four River
Basins Project in accordance with regulations prescribed by the USACE to maintain a desired
elevation range of 57.44 ft to 58.19 feet NAVD88 in Lake Griffin (USACE 1993). The Moss

Bluff structure also influences water levels in Lake Yale.

The water control structures have altered the natural periodic fluctuations in lake stages and
stream discharges. In addition, the seasonal regulation schedules are nearly the opposite of
natural seasonal fluctuations in water levels; the lakes are held at their lowest levels during the
summer-wet season in order to provide flood storage capacity. These reversals of the natural
hydrological cycles may contribute to habitat degradation and deterioration in water quality in

the basin.
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Table 7. Lake Griffin (7D) 1995 and 2009 land use comparison

HSPF Hydrologic Modeling Land 1995 Land Use* (acres) 2009 land use* (acres)
Use Group
Low-density residential 3565 5.06% 2870.25 4.08%
Medium-density residential 2041 2.90% 2955 4.20%
High-density residential 1043 1.48% 1050 1.49%
Industrial and commercial 1750 2.49% 1902 2.70%
Mining 388 0.55% 272.644 0.39%
Open and barren land 2898 4.12% 317.719 0.45%
Pasture 4029 5.72% 5320.09 7.56%
Agriculture general 4696 6.67% 2097.5 2.98%
Agriculture tree crops 2710 3.85% 1794.12 2.55%
Rangeland 3492 4.96% 3047.39 4.33%
Forest 9010 12.80% 12394.5 17.60%
Water 18358 26.07% 17506.7 24.86%
Wetlands 16430 23.34% 18881.1 26.82%
Total 70,410 100% 70,409 100%

*: model areas excluding non-contributing areas
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3 HYDROLOGIC MODEL OF LAKE APOPKA AND THE UPPER OCKLAWAHA RIVER

Results from the hydrologic model will provide the framework for evaluating and implementing
MFLs for Lake Apopka and Ocklawaha Lakes. The model can provide the useful information for
sound management decisions in regard to water withdrawals from Floridan aquifer or from the

surface water bodies in the LAUORB area. This chapter discusses the following topics:

e Model selection
e History of LAUORB HSPF model

e Model data requirements

3.1 MODEL SELECTION

In 2002, the St. Johns River Water Management District (SJRWMD) determined that the
development of basin-scale framework computer models would best meet current and future
needs to assist SIRWMD in managing water resources in a cost and time efficient manner. A
framework model is a large-scale computer model that simulates the hydrologic and water
quality processes in a basin with adequate detail to be meaningful. The simulation environment
must address relevant issues related to the computer simulation of hydrologic, hydrodynamic,
and water quality processes in selected SIRWMD watersheds and SIJRWMD-receiving water

bodies. For watershed modeling, SIRWMD chose the Hydrological Simulation Program—
FORTRAN (HSPF) hydrologic model as the modeling framework.

The Hydrological Simulation Program—FORTRAN (HSPF) is a comprehensive hydrologic
modeling system, which is integrated into EPA’s BASINS (Better Assessment Science
Integrating Point & Nonpoint Sources), a multipurpose environmental analysis system designed
to help regional, state, and local agencies perform watershed- and water quality-based studies.
HSPF is highly regarded as a complete and defensible watershed model. The HSPF model has
been successfully and widely applied in various climatic conditions around the world. The model
was developed in the early 1960s as the Stanford Watershed Model, was continually improved
through 1970s, 1980s, and 1990s. Through the sponsorship of EPA and USGS, HSPF continues
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to undergo refinement and enhancement of its component simulation capabilities as well as users’

technical supports through EPA’s BASINS list server.

A watershed is conceptually represented as land surfaces and water bodies in HSPF as a series of
storage compartments (e.g., PERLND /IMPLND (surface depressions, soil zones, groundwater
zones) and RCHRES (river segments or reservoir/lake). Based on the principal of mass
conservation, HSPF performs continuous budget analysis of water quantity and quality for these
storage compartments. Given the inputs of meteorological time series and the parameter values
related to watershed characteristics, HSPF generates time series of runoff, stream flow, loading

rates, and concentrations of various water quality constituents.

Although most parameters of HSPF can be specified by watershed spatial and physical data (e.g.,
land use, topography, stream characteristics, and soil properties), a few parameters, such as those
related to infiltration, evaporation, and in-stream Kkinetics, need to be determined in the model
calibration process. Model calibration is the process of adjusting values of model parameters to
accurately reproduce the observed flow and/or water level data for a given compartment. Once
calibrated, the HSPF model is considered to accurately represent the hydrologic and water

quality processes in a watershed and can be used for scenario analysis.

A watershed and its stream network are characterized in HSPF by various pervious land
segments (PERLND, Figure 10), impervious land segments (IMPLND, Figure 11), and
reaches/reservoirs (RCHRES, Figure 12) based on topography and land uses. As described in the
WSIS hydrologic report (2012), land uses in the watersheds are grouped into 14 categories, with
the wetland category splitting into riparian and non-riparian wetlands (Table 9). The first four
consolidated land uses in Table 9 are further divided into pervious and impervious fractions. The
pervious portion of a land use category is represented as PERLND while the impervious portion
of a land use is represented as IMPLND. For modeling purposes, the stream network in a sub-
watershed is grouped together and represented as a RCHRES. The geometric and hydraulic
properties of a RCHRES are represented in HSPF by FTABLE, which describes the relationships
among stage, surface area, volume, and discharge for that reach segment. Detailed description of
these modules or sub-modules can be found in HSPF manual (Bicknell et al 2001).
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Figure 10. lllustration of water storage and movement in the HSPF model pervious land element (PERLND) (WSIS 2012).
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3.2 HisTorYy oF LAUORB HSPF MODEL

The LAUORB HSPF model has gone through a series of revisions from the original LAUORB
model developed by former Engineering staff using HSPF in 2003. The LAUORB HSPF model
went through another important revision in 2009 for the District’s St Johns River Water Supply
Impact Study (WSIS 2012). As part of the 2009 WSIS study, this LAUORB model went through
stringent external peer review along with other basin models; first by a consulting engineer firm
and then by the National Academy of Sciences. The model was used again in 2012 to analyze
various interim discharge regulation schedules for Lake Apopka and Ocklawaha lakes. During
this project, LAUORB HSPF model was further revised to allow the lakes to interact with Upper
Floridan Aquifer (UFA). The model was then calibrated with Central Florida Water Initiative’s
(CFWI) East-Central Florida — Transient (ECFT) groundwater model simulated UFA
potentiometric levels together with meteorological and other input data. This was the latest major
revision and the current MFLs study is based on this version of model with further improvements

and recalibration documented in this report.

3.3 LAkE ApoPKA AND UORB HSPF MoDEL CONCEPTUAL DESIGN

As shown in Figure 14 and Table 8, the UORB HSPF model was conceptualized with 8 basins,
Lake Apopka (basin number is 9), Lake Beauclair (6), Lake Dora (5), Lake Harris (4), Lake
Eustis (3), Lake Ella/Holly (10), Lake Yale (2) and Lake Griffin (1). Within each basin, there is
only one single reach/reservoir (RCHRES) representing the basin’s main receiving waterbody,
whose RCHRES ID is the same as its basin number. Within each basin, there are 14 pervious
land segments (PERLNDS) representing pervious land uses and 4 impervious land segments
(IMPLNDs) representing the impervious fractions of the urbanized land uses (Table 9). The
wetland land use category is split into two types of wetland, i.e., riparian (adjacent to the river or
stream) or non-riparian (i.e., an upland or isolated) wetlands depending on how close to river
system. Pervious and impervious land segments use a common numbering convention that
concatenates the basin number to the land use number (Table 9) with the exception of Lake
Ella/Holly. For example, the pervious land segments from the Lake Apopka basin and Lake Yale
Basin that simulated low-density residential land use are named PERLND 901 and PERLND
201, respectively. For Lake Ella/Holly basin, land segments are numbered by adding 220 and
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land use number together (Table 9). Following that convention, all land segments ending in “1”
represent low-density residential land uses. Four land use types (low-, medium-, and high-
density residential and industrial) were identified as having pervious and impervious land

segments, while the remaining 11 land uses were simulated with pervious land segments only.

Table 8. UORB HSPF Model basins and numbering

HSPF Basin .

N Basin Name
1 Lake Griffin
2 Lake Yale
3 Lake Eustis
4 Lake Harris
5 Lake Dora
6 Lake Beauclair
9 Lake Apopka
10 Lake Ella/Holly

As shown from Figure 13, the LAUORB consists of East Branch and West Branch, which
confluences at Lake Eustis. The Burrell Lock and Dam on the Haines Creek releases water from
Lake Eustis to Lake Griffin according to regulation schedules. Then Moss Bluff Lock and Dam

release water to the Lower Ocklawaha River according to regulation schedule of Lake Griffin.

Isolated water bodies, riparian and non-riparian wetlands, and surface Ftable: isolated water
bodies and wetlands tend to slow movement of water because of surface storage. One result of
this is that wetland areas have a larger potential for evapotranspiration. HSPF provides the option
to define surface outflow as a function of surface detention depth. This feature allows improved
representation of the surface storage and attenuated surface runoff typical of wetlands or isolated

water bodies.
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Surface FTABLEs were used to implement this storage, which are part of the high water table
algorithms in the HSPF hydrologic model. The surface FTABLES are used to represent the
storage in wetlands/isolated water bodies.

GIS was used to delineate the areas that drain to nonriparian wetlands . The surface runoff from these
areas will be routed first to the non-riparian wetlands and then to the downstream streams or

lakes. The base flow from these areas will be routed to the downstream streams or lakes directly
(Figure 15).
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Burrell

h
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Beauclair

Figure 13. Map of the Upper Ocklawaha River basin. There are four water structures in this basin, namely, Apopka-Beauclair
Lock and Dam, Harris Bayou, Burrell Lock and Dam, and Moss Bluff Lock and Dam. Gray areas are non-contributing sub-

basins.

July 16, 2015 Page 39 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Flla (10)

IWoss Bluff

CR450 Culvert

yale-Griffin Canal

Dead River

Dora Canal

Urnnamed channel

FalatlakahaRiver BEﬂudair(E]

AR Canal

Legend

Dual gaining/losing
from,to groundwater

Gaining fram
groundwater

Losingto
groundwater

T

Epopkasprink a

Figure 14. Schematic of Lake Apopka and UORB HSPF Model. The numbers in parentheses are HSPF basin IDs.
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Figure 15. Schematic of Non-riparian wetland routing
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Figure 16. Recharge map of the Upper Ocklawaha River Basin
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Figure 17. Upper Floridan Aquifer (UFA) potentiometric contour in the month of Sept 2005 published by USGS. Across Lake
Apopka, UFA level declined roughly 20 ft from 80 ft-NGVD29 to 60 ft-NGVD29 (Note: UFA contour is in 10 ft interval)
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3.4 MODEL DATA REQUIREMENTS

The UORB HSPF calibration model is based on the 1995 District’s land use. The District has
developed 14 land use categories for hydrologic modeling as presented in Table 9. These 14 land
use categories were developed by aggregating the 140 Florida Land Use and Cover

Classification System (FLUCCS) codes into hydrologically similar land uses.

Impervious areas include all surface areas that prevent water from infiltrating into the ground.
Typical impervious areas are buildings/roofs, roads, and parking lots. These impervious areas
can be classified into two categories: Directly Connected Impervious Area (DCIA) and non-
directly connected impervious area (NDCIA). DCIAs are the impervious areas that directly
connect to the drainage network with no opportunity for infiltration (e.g., a parking lot that drains
directly to a creek). NDCIAs are the impervious areas that drain to pervious areas (e.g., a rural
home surrounded by a vegetated area). In this study, only DCIAs are modeled as IMPLND and
NDCIAs are part of the PERLND land use element.

Among the 14 land uses, the first four land use groups are assumed to have some DCIA. The
four land use groups are low-density residential, medium-density residential, high-density
residential, and industrial and commercial (Table 10). Estimation of the percent DCIA for WSIS
in each urban land use category stems from observed flows of small storm events, because most
runoff during small storms is generated from DCIA. Impacts of changing percentages of DCIA
on total mass balance and seasonal flow distribution were also considered. The proportion of
DCIA in each urban land use category attributed to IMPLND for the HSPF hydrologic model is
presented in Table 10 . The remaining nine land use categories are assumed to consist of only
pervious (PERLND) elements.
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Table 9. Land use groups for HSPF hydrologic model.

HSPF .
: HSPF Hydrologic PERLND IMPLND
Hydrologic . . :
. Modeling Land Use Operation | Operation Note
Modeling Land
Group Number* Number*
Use Number
1 Low-density residential X01 X01 < 2 dwelling units
2 Medium-density residential X02 X02 2 to 5 dwelling units per acre
3 High-density residential X03 X03 > 5 dwelling units per acre
4 Industrial and commercial X04 X04 -
5 Mining X05 -
6 Open and barren land X06 -
7 Pasture X07 -
8 Agriculture general X08 -
9 Agriculture tree crops X09 -
10 Rangeland X10 -
11 Forest X11 -
12 Water X12 -
13 Riparian Wetland X13 Adjacent to reach
15 Non-riparian Wetland X15 Not adjacent to reach

“X” in the Operation Number is the Basin number from Table 8 except Lake Ella/Holly
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Table 10. Percentages of directly connected impervious area (WSIS 2012)

HSPF :
: HSPF Hydrologic
Hydrologic : :
. Modeling Land Use % Imperviousness
Modeling Land
Group
Use Number
1 Low-density residential 5
2 Medium-density residential 15
3 High-density residential 35
4 Industrial and commercial 50
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Figure 18. Rainfall stations and Thiessen Polygons
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MFLs model requires a long-term period of climate record data to determine if the various levels
and return periods are achieved. The District’s currently uses radar rainfall for many of its
projects. Unfortunately the radar rainfall data does not meet the requirement for our long-term
MFLs modeling. Therefore, the UORB HSPF model uses NOAA rainfall records from nearby
Florida stations located at Isleworth, Leesburg, and Lisbon (Figure 18 and Table 11). Due to
missing values or weather station relocation, these time series of rainfalls may be composited or
substituted from nearby stations. The daily rainfall was then disaggregated to hourly rainfall by
the software package Watershed Data Management Utility (WDMUIil). The daily or hourly
rainfall data were loaded into a WDM file where WDMUtil was used to estimate an hourly
rainfall distribution for each daily record site based on its two closest hourly rainfall stations (see
Appendix 13.5 Excepts from the WSIS 2012 for detailed methodology). The rainfall station was
assigned to each basin by Thiessen polygon method: Isleworth rainfall assigned to Lake Apopka
basin, Leesburg rainfall was assigned to Lake Harris basin, and Lisbon rainfall was assigned to

all other basins (Figure 18).

Table 11. NOAA rainfall stations used in the HSPF model (data compiled by District
hydrologist D. Clapp)

: : . Max Annual Min Annual
NOAA Rainfall Composite Period Mean Annual . .
: : : Rainfall Rainfall
Station of Record Rainfall (inches) : :

(inches) (inches)

Isleworth, FL 1916-2012 50.3 78.8 22.3

Leesburg, FL 1942-2012 48.1 67.6 22.2

Lisbon, FL 1914-2012 48.4 67.6 29.3

Potential evaporation was estimated using the Hargreaves method adjusted by a scaling factor to
USGS GOES evaporation estimate that uses the Priestly-Taylor method. The Priestly-Taylor
method was applied by the USGS in a cooperative project with the District to use satellite

measurements of radiation for the evaporation estimate. This method provides evaporation
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estimates both spatially (2 x 2 km) and temporally across the District (see Appendix 13.5
Excepts from the WSIS 2012 for detailed methodology). Similarly as rainfall, hourly Hargreaves
evaporation data were assigned to each basin by Thiessen polygon method (Figure 19): Clermont
Hargreaves evaporation adjusted by a scaling factor of 0.8714 was assigned to Lake Apopka

basin while Lisbon Hargreaves evaporation adjusted by a scaling factor of 0.9114 was assigned
to all other basins.
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3.4.4 HYPSOGRAPHIC CURVES FOR LAKE APOPKA AND OCKLAWAHA LAKES

Bathymetry data for Ocklawaha Lakes had been obtained from a study by ECT in 1991 (ECT
1991). However, these bathymetry data were limited to typical lake levels, and did not extend to
the near shore. Later in 1999, additional data gathered by ECT in near-shore areas were added to
bathymetric databases for these lakes (ECT 1999). Combining ECT survey data (1991 & 1999)
with LIDAR 1-ft contour data for areas above typical lake level, Pachhai et al (2013) generated
stage-area-volume relationships for Ocklawaha Lakes. Similarly, with combined bathymetry
survey and LIDAR 1-ft contour VanSickle (2013 & 2014) produced hypsographic curves for
Lake Apopka, and for Emeralda restoration cells connected with Lake Griffin. In this LAUORB
HSPF model, ECT 1991 bathymetric curves was utilized as much as possible. For elevation
above ECT 1991 lake level, VVanSickle and Pachhai et al (2013) results were added on top of
ECT 1991 results.

3.4.5 SPRING FLOW DATA

There are springs or spring groups that discharge to Lake Apopka or UORB lakes. Apopka
Spring, located at southwest corner of Lake Apopka, discharges to Lake Apopka from Upper
Floridan Aquifer; and Harris Springs, which are a group of springs including Bugg, Blue,
Holiday, and Double Run Springs, discharge to Lake Harris from either Upper Floridan Aquifer
or Surficial Aquifer. Apopka Spring is measured monthly since 1990s by District’s Bureau of
Water Resource Information, and spring flows are estimated through regression method assisted
by Germane et al (2006). For Harris Springs, District started to regularly measure monthly spring
flows at Bugg, Blue, Holiday since 1991. All these spring flows were combined into one time
series of monthly values. Harris Springs flows before 1991 were assumed at the average flow
between 1991 and 2013 at 18.4 cfs (see appended Table 22).The Apopka and Harris spring flows
are then input as external point sources to LAUORB HSPF model.
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4 HSPF SPECIAL ACTIONS

HSPF hydrologic modeling permits the user to perform certain “Special Actions” during the

course of a run. A special action instruction specifies the following:

e The operation on which the action is to be performed (e.g., PERLND 10)

e The date/time at which the action is to be taken.

e The variable name and element (if the variable is an array) to be updated.

e The action to be performed—The most common actions are to reset the variable to a specified
value and to increment the variable by a specified value, but a variety of mathematical

functions are available.

The Special Action module is used to accommodate unique characteristics of a watershed, such

as:

e Modeling human interventions in a watershed: Events such as plowing, cultivation, fertilizer
and pesticide application, and harvesting can be simulated in this way.

e Changing parameter values: For example, a user may wish to alter the value of a parameter for
which 12 monthly values cannot be supplied. This can be done by specifying a special action
for that variable. The parameter could be reset to its original value by specifying a later action.

e Preventing double accounting for water and wetland areas: Special Actions were used to
separate the riparian wetland PERLND areas and RCHRES water areas.

e Describing connections between groundwater and surface water: Special Actions for
connections between groundwater and surface water was used to estimate recharge through
sinks into the groundwater or discharge from the groundwater through spring flow or seepage.

e Accounting for different conditions during a simulation run.
4.1.1 ACCOUNTING FOR VARIABLE SURFACE AREA BETWEEN RCHRES AND PERLANDS

Special Actions were used to account for variable PERLND and RCHRES. During a simulation
run, the riparian wetland PERLND areas will change as the RCHRES surface expands and
contracts. If these areas were not separated, it would cause some double counting of rainfall and

evaporation during high water levels and some undercounting during low water levels. As long
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as the overlap is small, this error is considered insignificant to the overall model, but when the
RCHRES variable surface area becomes large, the error can become significant. To prevent
double accounting for water and wetland areas, Special Actions were used to separate the
riparian wetland PERLND areas and RCHRES water areas. Different areas of water and
wetlands were assigned to PERLND and RCHRES so the model would not use the same area at
the same time during simulations. The Special Actions for variables PERLND and RCHRES
calculate the RCHRES area in each time step and subtract it from the total water and wetland
area for the subwatershed. Then the model uses this number as the riparian wetland PERLND

area.
4.1.2 SEEPAGE FLOW BETWEEN LAKE AND THE UPPER FLORIDA AQUIFER

Lake Apopka and UORB are located in the central Florida’s karst landscape, where a leaky
confining unit separates the Surficial Aquifer, which the lake water bodies are part of, from the
Upper Floridan Aquifer (UFA). If hydraulic conductivity is large enough or there is crack in the
confining unit that connects UFA directly with lake bottom, seepage flow forms an important
part of the water budget for the lake. The amount of seepage and flow direction between lake and
aquifer will depend on the head difference between lake level and the UFA potentiometric
surface level. In LAUORB HSPF model, the rate of groundwater recharge/discharge from/to the
lake was estimated as a function of the head difference as represented in the Darcy’s Equation:

AH
Q=K A 1)

Where Q is the rate of lake seepage, ft/s; K is hydraulic conductivity, ft/s; A

is the cross-sectional area of the porous medium through which water exchanges between lake
and the aquifer, ft%; AL is the distance between lake bottom and Upper Florida Aquifer, ft; and
AH is head difference between lake water level and UFA potentiometric surface, ft. If K, A and

AL do not change and stay constant, then these three parameters can be lumped into K’, where
K =K~
AL
Hence, the Equation (1) can be simplified as:
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Q = K'AH 2)

K' can be calibrated as individual parameter for each lake during model calibration process.

THE UPPER FLORIDAN AQUIFER POTENTIOMETRIC LEVELS UNDER LAKE BOTTOMS

For Equation 2 to work, AH has to be calculated from the difference between lake water level
and average UFA potentiometric level under lake bottom. This is especially true for Lake
Apopka and Griffin, where UFA level significantly change across the lakes so part of the lake is
discharging and the other part is recharging (Figure 16 and Figure 17). There are no measured data
on discharge/recharge through the lake bottoms, so these were estimated using a regional

groundwater model.

The East Central Florida Transient (ECFT) Model: the East Central Florida Transient (ECFT)
Model is a regional-scale groundwater model covering East-Central Florida using USGS’s
customized MODFLOW groundwater modeling computer program, and it was calibrated from
Jan 1, 1995 to Dec 31, 2006. The USGS led the ECFT Model development with assistance from
St. Johns River Water Management District and Southwest Florida Water Management District
(SWFWMD). The ECFT model simulates both the Surficial Aquifer System and Floridan
Aquifer System (FAS), with the main emphasis on the FAS. The ECFT model outputs monthly

UFA potentiometric surface levels averaged under each lake bottom from 1995 to 2006.

MOVE-3 (Maintenance of Variance) statistical method (Hirsch 1982): ECFT model was
calibrated from 1995 to 2006 and can simulate average UFA level under each lake bottom during
this period. For MFLs modeling, a long-term average UFA level was needed to run the MFLs
model. As indicated in Figure 20, there are three long-term wells located near Lake Apopka or
UORB, i.e., Blue House (M-0483), Lake Yale Groves (L-0043), and Orlo Vista (OR-0047). All
three wells have UFA level measurements at least back to Jan. 1, 1964. MOVE-3 method was
used to calculate regression equations between concurrent ECFT simulated UFA average level
and observed well UFA data. Then the regression equations were applied to extend estimated
average UFA level under lake bottom during the period 1964 to 2011 based on observed UFA

levels from 1964 to 2011.
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USGS Streamflow Record Extension Facilitator (SREF) (Granato 2009): this USGS computer
program has a built-in MOVE-3 method and was used to facilitate the transformation from well
data to average lake bottom UFA potentiometric levels (Figure 21 and Figure 22). SREF calculates
correlation between concurrent data of ECFT simulation and well data (Figure 22) and user can
choose the best well (typically the closest well with the highest R) to estimate average lake
bottom UFA potentiometric levels. Table 12 lists the R-values and the corresponding well to
estimate average lake bottom UFA potentiometric levels for each lake. Figure 23 through Figure

26 shows extended average lake bottom UFA levels from 1964 to 2011.
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Figure 20. Three long-term monitoring UFA wells: Blue House (M-0483), Lake Yale Groves (L-0043), and Orlo Vista (OR-0047)
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Figure 21. USGS computer program: Streamflow Record Extension Facilitator (http://pubs.usgs.gov/of/2008/1362/)
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Figure 22. USGS computer program: Streamflow Record Extension Facilitator

Table 12. Correlation for concurrent data between ECFT simulated UFA head and observed well data

Lake Name Base well R

Lake Apopka Orlo Vista (OR-0047) 0.77
Lake Beauclair Lake Yale Groves (L-0043) 0.82
Lake Dora Lake Yale Groves (L-0043) 0.87
Lake Eustis Lake Yale Groves (L-0043) 0.92
Lake Harris Lake Yale Groves (L-0043) 0.93
Lake Yale Blue House (M-0483) 0.91
Lake Griffin Blue House (M-0483) 0.97
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Figure 23. The average daily UFA potentiometric level (red line) from 1964 to 2011 under lake bottom extended from nearby

long-term well Orlo Vista by the statistical method of MOVE-3
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Green star: USGS-ECFT simulated Eustis head
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Figure 24. The average daily UFA potentiometric level (red line) from 1964 to 2011 under lake bottom extended from nearby

long-term well Lake Yale Groves by the statistical method of MOVE-3
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Green star: USGS-ECFT simulated Harris head

; Red line:  MOVE-3 extended Harris head Lake Harrls
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Figure 25. The average daily UFA potentiometric level (red line) from 1964 to 2011 under lake bottom extended from nearby

long-term well Lake Yale Groves by the statistical method of MOVE-3
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Figure 26. The average daily UFA potentiometric level (red line) from 1964 to 2011 under lake bottom extended from nearby

long-term well Blue House by the statistical method of MOVE-3
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4.1.4 OUTLET RATING CURVE FOR UORB STRUCTURES

Discharges from Lakes Apopka, Eustis, and Griffin are controlled by Apopka-Beauclair Lock
and Dam, Burrell Lock and Dam, and Moss Bluff Lock and Dam, respectively. Water levels in
these lakes are controlled by regulation schedules adopted since 1960s. The typical regulation
schedule draws down lake level during spring/summer, and brings back lake level in November.
This regulation schedule was designed to provide water storage during the wet periods to
minimize flooding. Each lake’s water control structure is operated by the District according to its
regulation schedule. Obviously, different operators take different steps to follow regulation
schedule. The balancing of the system is as much of an art as it is an engineering decision.
Variable rainfall, watershed lag time, headwater and tailwater relationships and human
intervention makes the development of stage discharge relationships for each structure difficult
to achieve. To model the release of water from these structures, the average discharges according
to lake level above regulation schedule were calculated for each structure based on the actual
operation records obtained from District’s senior engineer, John Richmond. When lake level is
below regulation schedule, a minimum discharge is released as long as the level is above the sill

invert elevation (Tables 13-15).
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Table 13. Water discharge schedule at Apopka-Beauclair Lock and Dam used in LAUORB HSPF model (cfs)

Water level above A-B Canal Q
regulation schedule (ft) (cfs)
<=0 23
<=0.1 116
<=0.2 138
<=0.3 269
<=0.4 340
<=0.5 377
<=0.6 437
<=0.7 464
<=0.8 540
<=0.9 600
>0.9 600

Table 14. . Water discharge schedule at Burrell Lock and Dam used in LAUORB HSPF model (cfs)

Water level above
requlation schedule () Jan-Feb/Nov-Dec Mar-May Jun-Jul Aug-Oct
<=0 28 28 28 28
<=0.1 225 277 624 600
<=0.2 338 277 77 600
<=0.3 1450 1067 948 700
<=0.4 1450 1370 1154 880
<=0.5 1450 1500 1500 1500
<=0.6 1450 1500 1500 1500
<=0.7 1450 1600 1600 1600
<=0.8 1450 1650 1650 1650
>0.8 1650 1650 1650 1650
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Table 15. . Water discharge schedule at Moss Bluff Lock and Dam used in LAUORB HSPF model (cfs)

Water level above
requlation schedule () Jan-Feb/Nov-Dec Mar-May Jun-Jul Aug-Oct
<=0 30 30 30 30
<=0.1 258 455 762 562
<=0.2 453 455 919 885
<=0.3 1280 455 1286 1041
<=0.4 1695 1041 1286 1041
<=0.5 1695 1650 1650 1650
>0.5 2000 2000 2000 2000

415 RATING CURVES FOR UORB FREE FLOWING CHANNELS

There are three free flowing channels in the UORB, namely, Dead River connecting Lake Harris
and Lake Eustis, Dora Canal connecting Lake Dora and Lake Eustis, and unnamed channel
connecting Lake Beauclair and Lake Dora. All three channels are free flowing without manmade
structures. Dead River is about 5300-ft long with a width between 150-500 ft; Dora Canal is
about 6100-ft long and is less than 50-ft wide; and the last unnamed channel is only 1500-ft long
and gradually expands from 200 ft to 500 ft as the water flows from Lake Beauclair to Lake Dora.
There are no long-term observed flow data available for these channels. USGS had attempted to
measure a few points of flow data on Dead River during three separate day field trip from 1994
to 1996 (most data were rated “poor quality” by USGS). The District had measured eight flows
on Dora Canal during 1998, and 2003-2004. Measuring flows in these channels had been proved
difficult where head and tail water difference are very small, and flows can be reversed from
time to time when wind and tailwater condition changes. Typically, in HSPF the hydraulic
characterization of the channel is summarized in a piecewise-linear function table called F-table.
Although F-table has multiple flow columns to handle different stage-discharge relationship, it is
not complex enough to handle variation in the rating curves due to the tailwater influence.

Neither can it handle any backflows between two connected water bodies. Hence, in this model,
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the rating curves for these three free flowing channels were represented by its Special Actions
module. HSPF Special Actions are a means to represent processes not simulated in regular
modules, which directly modifies variables at specified times during the run (Jobes 2000). Since
Dead River and the unnamed channel are short and wide and based on the observation that head
and tail lake stage differences are generally less than one tenth foot, an assumption was made
that head and tail lake stages can be equalized during one model step (one hour). The water flow
or backflow between those two lakes was calculated based on the volume of water to equilibrate
lake levels within one hour. The volume of water is subtracted from head lake and added to tail
lake. This assumption had been proved reasonable by checking the modeled flow with a few

available observed flow data.

However, for Dora Canal, it cannot be assumed that Lakes Dora and Eustis will be equalized
during one hour as Dora Canal is narrow (less than 50-ft wide) and the observed difference of
lake stages between 1995-2006 can be as high as 0.84 ft. Hence, a different approach was used to
handle Dora Canal flow. The equation used to calculate discharge from the Dora Canal was
developed based on the Manning’s Equations and the results of a HEC-RAS model. Manning’s

Equation:
Q =1.486/n * area * hydraulic radius " 2/3 * slope ~ 1/2

The District had measured the flows in the Dora Canal in 2003 and 2004. A HEC-RAS model
was developed using these measured flows. The output from the HEC-RAS model included
depth, area and top width of the canal. Based on HEC-RAS modeling results, limited flow
measurements, and curve fitting, the following equation was developed allowing the calculation

of Dora Canal flow based on depth of water:
(1.486/0.02)*(2.5669*(((HW-54.5) + (TW-54.5))/2) "2.5669)*((ABS (HW-TW)/6081)) 1/2
HW = Head water of Dora Canal

TW = Tail water of Dora Canal
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5 CALIBRATION PROCESS OF LAUORB HSPF MODEL

The calibration period selected for the LAUORB hydrologic model is from 1995 to 2006 based
on the 1995 land use. This period includes a variety of hydrologic conditions including a
significant high (the 1998 El Nino peak) and a significant and sustained low period (the 1999-
2002 drought). Including both extreme conditions in the calibration are important, especially for
long-term MFLs simulation, to evaluate if the lakes will meet proposed MFLs. Calibration of the
HSPF hydrologic model is an iterative process of changing parameters, running simulations,
checking results, and repeating until an acceptable match is made between the simulated and
observed data. A calibrated model is one that most closely resembles the behavior of the systems
in the real world. When manually performed, model calibration can be a time consuming
endeavor. For this reason, a parameter estimation optimization tool PEST was used to assist in
model calibration (Doherty 2004). PEST is a nonlinear parameter estimator that will adjust
model parameters to minimize the discrepancies between model-generated numbers and
corresponding real-world measurements. It does this by running the model as many times as is
necessary to optimize multiple objective functions. The objective functions are usually some
form of weighted, squared, model-to-measurement differences. Because the problem of
calibrating the HSPF hydrologic model is nonlinear, parameter estimation is an iterative process.
PEST evaluates parameter changes based on the improvement to the objective functions and
decides whether to undertake repeated optimization until no further improvement is achieved.
The modeler must not only define the objective functions, but must also select pertinent
parameters to calibrate and set the permissible parameter’s upper and lower bounds for
adjustment. In addition to statistical comparison, graphical comparison is used extensively by
modeler to evaluate model calibration results. The modeler selects the final best calibrated
parameter sets based on his/her knowledge of basin hydrology, statistics, and visual graphical

comparison.

PEST was helpful to optimize the parameters lower zone nominal soil moisture storage (LZSN),
lower zone evapotranspiration (LZEPT), index to infiltration capacity (INFILT), upper zone
nominal soil moisture (UZSN), base groundwater recession (AGWRC), interflow inflow
(INTFW), interflow recession (IRC), fraction of groundwater inflow to deep recharge (DEEPFR)
and water/wetland surface runoff FTABLE storage-runoff relationship. Relative values of
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parameters were established by the modelers among land uses to produce expected relative
runoff amounts. Urban land, including impervious area, produces the most runoff, agriculture
produces the next largest runoff, open land and rangeland produce less, and forest and wetlands
produce the least runoff. PEST allows parameters to be “tied” to a “parent” parameter. In this
way, all of the tied parameters are adjusted equally among the various land uses. In general,
LZSN, LZEPT, INFILT, and UZSN parameters are tied together among land uses. The exception
to this is water and wetland land use types, where water can be stored on these types of pervious
land segments through the use of surface FTable. Further, water and wetland bottoms are
considered connected with active groundwater, hence UZSN, IFILT and LZSN are much smaller
than other land uses. For this reason, water and wetland parameter sets are not comparable to
other land uses and are adjusted independently. The parameters AGWRC and DEEPFR are
applied to the entire watershed. In addition, PEST allows parameters to be “fixed” and not
adjusted. For example, in many cases of INTFW and IRC, these parameters usually are given a

restricted range close to zero or fixed to zero or a very small number.

Starting with an initial set of parameters developed by the District engineers, PEST was used to
help calibrate the model based on the lake levels while maintaining flow mass conservation.
During the calibration, the actual observed flows at three structures were inserted into the model,
and PEST adjusted parameters to match simulated lake stages with observed values. In the PEST
control files, the objective functions take the form of matching simulated to gauged daily stage,
monthly stage, annual stage, and stage duration curves. Gauged and simulated stages were
compared within these four objective functions to address daily stage variability, seasonal
variability, annual stage characteristics, and overall stage characteristics. The modeler assigns
weights to each objective function based on the importance of each component that will obtain

the best overall match between gauged and simulated stage.

The model were calibrated separately at four locations, namely, Lakes Apopka, Eustis and
Griffin, and Lake Yale. This is due to the facts: 1) Lake Apopka and Lake Griffin is a dual
recharge/discharge lake while other lakes are recharge lakes; 2) soil compositions are different; 3)
these lakes are controlled by three structures with different operation regimes (Table 13 through

Table 15); 4) flow data are available at these three lake outlets.
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When calibration was completed, observed flows were removed from the model and were
replaced with structure discharges according to Table 13 through Table 15. These stage-discharge
relationships were implemented in Special Actions. Then, the model will be run one more time,

and all the model calibration statistics will be based on this final model run. The model statistics
on stage/flow are shown and discussed at the next section.
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6 CALIBRATION RESULTS AND DISCUSSION

The calibration results are shown in Table 17 & Table 18 and Figure 27 through Figure 44. Table 17
& Table 18 list average observed/simulated lake water level for each lake or average
observed/simulated discharge for the three locks and dams during calibration period and their
respective Nash-Sutcliffe efficiency (NSE), a common measure of the performance of a

hydrologic model. NSE is defined as:
NSE =1 - ( sum( (obs - sim)*2 ) / sum( (obs - mean(obs))"2 )

Nash-Sutcliffe efficiency ranges from negative infinity to 1:

e -Inf < NSE <0, indicates that the observed mean is better predictor than the model
e NSE =0, indicates that the model predictions are as accurate as the mean of the observed
data

e NSE =1, corresponds to a perfect match of simulation to the observed data

Essentially, the closer the model NSE is to one, the more accurate the model is. Table 16 was
adapted from Moriasi et al (2007), which indicates if NSE is greater than 0.75, the model is
calibrated “very well”. As Table 16 indicates, the average water level difference between
observed and simulated is around 0.1 ft except Lake Eustis, which has actual average
simulated/observed difference of 0.2 ft. The Nash-Sutcliffe coefficients, which gage how well
simulated lake levels are matched with observed stages, are all above 0.75 that means all the lake

stage calibration are in the “very good” category.
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Table 16. Grading model calibration performance with the Nash-Sutcliffe efficiency (NSE)

Performance Rating Nash-Sutcliffe (Monthly)
Very good 0.75<NSE <1.00
Good 0.65 <NSE <0.75
Satisfactory 0.50 < NSE <0.65
Unsatisfactory <0.50

*Adapted from (Moriasi, Arnold, Van Liew, Bigner, Harmel, & Veith, 2007)

Table 18 lists the observed flows and simulated flows at three locks and dams that regulate water
levels at Lake Apopka and Ocklawaha Lakes. The differences between average
observed/simulated discharges for all structures are all less than 5% of observed flows. The
Nash-Sutcliffe coefficients for Burrell and Moss Bluff are 0.83, which is in the “very good”
category while Apopka-Beauclair Lock & Dam simulation is in the “good” category with a
Nash-Sutcliffe of 0.66.

Figure 27 through Figure 38 visually depict how well simulated lake level is matched with
corresponding observed lake level. As the figures demonstrate, the calibrated model capture very

well the peaks and troughs of the hydrographs.

Figures 39, 41 and 43 show accumulated simulated structure flows vs accumulated observed
flows at AB Canal, Haines Creek, and Moss BIuff, respectively. Figures 40, 42 and 44 show
simulated flows versus corresponding observed flows at the three structures. All these indicate

the calibrated model reasonably simulated the human-controlled structure flows.

In conclusion, the visual graphs together with calibration statistics demonstrate show that HSPF
adequately reproduces the observed lake levels and flow data in LAUORB. Therefore, the
calibrated LAUORB HSPF model can be used to assess the MFLs as well as to evaluate the
hydrologic responses of LAUORB to potential water withdraw scenarios.
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Table 17. Model calibration performance and average observed/simulated lake levels during calibration period (1995-2006)

P Average Observed Lake | Average Observed Lake | Nash-Sutcliffe
Level (ft-NAVD88) Level (ft-NAVD88) (monthly)
Lake Apopka 65.0 65.1 0.90
Lake Dora 61.5 61.6 0.88
Lake Eustis 61.3 61.5 0.84
Lake Harris 61.4 61.5 0.87
Lake Yale 57.8 57.8 0.79
Lake Griffin 57.3 57.5 0.81

Table 18. Model calibration performance and average observed/simulated discharge at three locks and dams in Upper

Ocklawaha basin during calibration period (1995-2006)

Average Observed Flow | Average Simulated Nash-Sutcliffe

Structure Name

(cfs) Flow (cfs) (monthly)
Apopka-Beauclair

66 66 0.66
Lock & Dam
Burrell Lock &

198 193 0.83
Dam
Moss Bluff Lock &

218 218 0.83
Dam
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Figure 27. Lake Apopka simulated and observed daily water levels (1995-2006).
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Figure 28. Scatter plot of simulated daily lake water level vs observed lake level during calibration period (1995-2006).
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Figure 29. Lake Dora simulated and observed daily water levels during calibration period (1995-2006).
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Figure 30. Scatter plot of simulated daily lake water level vs observed lake level during calibration period (1995-2006).
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Figure 31. Lake Eustis simulated and observed daily water levels during calibration period (1995-2006).
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Figure 32. Scatter plot of simulated daily lake water level vs observed lake level during calibration period (1995-2006).
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Figure 33. Lake Harris simulated and observed daily water levels during calibration period (1995-2006).
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Figure 34. Scatter plot of simulated daily lake water level vs observed lake level during calibration period (1995-2006).
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Figure 35. Lake Yale simulated and observed daily water levels during calibration period (1995-2006).
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Figure 36. Scatter plot of simulated daily lake water level vs observed lake level during calibration period (1995-2006).
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Figure 37. Lake Griffin simulated and observed daily water levels during calibration period (1995-2006).
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Scatter plot of simulated daily lake water level vs observed lake level during calibration period (1995-2006).
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Figure 39. Accumulated simulated and observed daily flows (cfs) at Apopka-Becauclair Canal (1995-2006)
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Figure 40. Simulated and observed daily flows (cfs) at Apopka-Becauclair Canal (1995-2006)

July 16, 2015

Page 79 of 129




Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Burrell

1000000

900000

A

800000

700000

600000 [-/- ——simflow

500000 - obs flow

400000 r_(

300000

200000

100000
) ‘j

1/1/1995 1/1/1996 1/1/1997 1/1/1998 1/1/1999 1/1/2000 1/1/2001 1/1/2002 1/1/2003 1/1/2004 1/1/2005 1/1/2006

Date

Accumulated Daily Flow (cfs)

Figure 41. Accumulated simulated and observed daily flows (cfs) at Haines Creek, which connects Lakes Eustis and Griffin

(1995-2006)
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Figure 42. Simulated and observed daily flows (cfs) at Haines Creek, which connects Lakes Eustis and Griffin (1995-2006)
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Figure 43. Accumulated simulated and observed daily flows (cfs) at Moss Bluff Lock and Dam, which is the final outlet of the

Upper Ocklawaha River Basin (1995-2006)
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Figure 44. Simulated and observed daily flows (cfs) at Moss Bluff Lock and Dam, which is the final outlet of the Upper

Ocklawaha River Basin (1995-2006)
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7 LAKE WATER BUDGET ANALYSES

Water budgets were developed for Lake Apopka and Ocklawaha Lakes using the LAUORB
HSPF calibrated model results from 1995 to 2006. For each lake, a yearly average water budget
was shown in Figures 45, 47, 49, 51, and 53. Lake water budgets for a dry (Year 2000) and wet
year (Year 2005) were shown in Figures 46, 48, 50, 52, and 54 to evaluate any hydrologic
changes under dramatically different climate conditions. The actual yearly water budget data

were listed at Appended tables.

Generally speaking, recharge or discharge to/from UFA are a small portion of water budget for
all the lakes. However, in extreme drought, recharge can be a significant portion of the water
budget. For example, in 2000 the amount of water Lake Apopka recharged to UFA was higher
than discharge through Apopka-Beauclair Lock and Dam. However, in a wet year, recharge is

not significant.

The dry/wet year water budgets demonstrate that as the headwater of the Upper Ocklawaha River,
Lake Apopka is different from Ocklawaha Lakes with upstream water flows. For Lake Apopka,
the rainfall shortage and spring flow reduction in dry year was mostly offset in reduced lake
water storage (decline water level); For Ocklawaha Lakes, the rainfall shortage in dry year is
offset by both reduced downstream flow as well as lake storage. Hence, this partly explain why

Lake Apopka declines faster in dry years than downstream lakes.
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Figure 45. Lake Apopka average yearly water budget (1995 — 2006)
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Figure 46. Lake Apopka water budget for dry/wet years

July 16, 2015

Page 83 of 129




Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

60000

40000

20000

L d
(]
¢ . ]
qIJ 0 T T T T T
] Precip. D al re- to  BeauclairQ  total runoff delta lake
< UFA storage
-20000
-40000
-60000

Figure 47. Lake Dora average yearly water budget (1995 - 2006)
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Figure 48. Lake Dora water budget for dry/wet years
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Figure 49. Lake Eustis average yearly water budget (1995 — 2006)
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Figure 50. Lake Eustis water budget for dry/wet years
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Figure 51. Lake Harris average yearly water budget (1995 — 2006)
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Figure 52. Lake Harris water budget for dry/wet years
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Figure 53. Lake Griffin average yearly water budget (1995 — 2006)
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Figure 54. Lake Griffin water budget for dry/wet years
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8 ASSESSMENT OF BASELINE HYDROLOGIC CONDITIONS FOR LAKE APOPKA AND THE

UPPER OCKLAWAHA RIVER BASIN IN THE CONTEXT OF MFLSs

8.1 INTRODUCTION

The SIRWMD MFLs program relies on results of long-term hydrologic simulations to determine
if MFLs are being met based on current hydrologic watershed conditions. Once a hydrologic
model is calibrated, the model is modified to simulate 30 to 50 years into the future. In this study,
LAUORB HSPF model is modified to simulate 48 years into the future staring from 2009. In the
long-term simulation, LAUORB HSPF calibration model is modified to reflect the baseline
hydrologic conditions, such as most recent land use data, permitted consumptive uses, restoration,
etc, while calibrated parameters remain the same as calibration model and input time series are
extended for 48 years using historical rainfall and evaporation data. This long-term simulation
provides the District a useful tool to evaluate if there are any hydrologic changes under the
baseline conditions. Simulated lake water levels are statistically analyzed to determine if the
proposed MFLs levels are being met. It should be noted that a few assumptions are made in the
model extension: anthropogenic changes will not significantly modify baseline conditions during
48-year simulation period; hydrologic characteristics of the basin will not change significantly
during the simulation period; input time series of historic data used in the extended model is a

statistically realistic representation of the future hydrology and meteorology.

This section will document the assessment of the baseline hydrologic conditions for Lake
Apopka and Ocklawaha Lakes in the context of MFLs through long-term simulation. The

following issues will be addressed:

e Extension of UORB HSPF model
e Baseline hydrologic conditions for UORB in the context of MFLs

e Simulated lake stages under the baseline conditions

8.2 EXTENSION oF UORB HSPF MODEL

Extension of UORB hydrologic simulations from the calibration years (1995-2006) to long-term

simulation (48 years) requires extension of many time series of input data: hourly rainfall and
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evaporation, daily spring flows for Apopka Springs and Harris Springs, and lake bottom average
UFA potentiometric surface levels. Extension of rainfall, evaporation, and spring flows are
readily available within the District. The lake bottom average UFA potentiometric surface levels
were estimated from nearby well data through MOVE-3 statistic method as described in the

previous chapter.

8.3 LAND Use CHANGE

The calibrated UORB HSPF model is based on 1995 land use since the calibration period is from
1995 to 2006. The extended long-term model needs to use the most recent land use data that is
available for UORB, which is 2009 land use. Harris Bayou was constructed by the District in
2008 to directly connect Lake Harris with Lake Griffin for additional discharge capacity to Lake
Griffin when Haines Creek is reaching its flow capacity. The completion of Harris Bayou
changed hydrology of Lake Harris and Lake Griffin basins, i.e., Harris Bayou sub-basin was part
of Lake Harris basin in the calibration model while in the long-term MFLs model the 1914 acres
of Harris Bayou sub-basin became part of Lake Griffin. Hence, this sub-basin was subtracted
from Lake Harris basin and was added to Lake Griffin basin in the UORB MFLs HSPF model.
Since Harris Bayou was completed in 2008, it has not been operational except experimental
operation due to: 1. Water quality issue inside the bayou, especially high phosphorus
concentration in the sediment; 2. So far there has been no need to discharge through Harris
Bayou. Given the District has not started to operate the bayou and will not routinely operate it, it
is decided that the bayou is not operated in the baseline condition model.

8.4 LAKE APOPKA NORTH SHORE RESTORATION AREA

In the calibration model the North Shore Restoration Area of Apopka (NSRA) was modeled as
upland watershed and was routed to the lake. In the baseline conditions, the North shore is

represented as a managed shallow marsh using pumps to remove excess water to Lake Apopka
when necessary. The watershed north of NSRA is routed into the managed marsh. The City of

Apopka will also withdraw surface water from the North Shore.

NSRA has been under dynamic and active management since District bought out muck farms
during 1990s. As of 2014, all phases in NSRA have been approved for being flooded and
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restored as wetland. However, details of managing water levels within each phase and among
phases to meet wetland criteria have not been finalized by District’s environmental scientists.
Hence, detailed NSRA configuration is simplified into one big storage box by leveling and
combining Phases 1 through 8. The stage-area-storage relation is shown in Table 19. Under
baseline conditions simulation, when water depth in this box exceeds 2 ft, Unit 1 Pump with 33
cfs capacity will pump water to Lake Apopka; when water depth exceeds 3 ft, additional Unit 2
Pump will kick in to pump water to Lake Apopka which bring total pumpage to 133 cfs. This
setup will allow NSRA to keep some water for wetland vegetation establishment while pumping

water back to Lake Apopka when NSRA depth is more than 2-3 ft high.

Duda block is simulated separately from NSRA. When its water level exceeds 62 ft, a 55-cfs
pump will pump water to Lake Apopka so that its water level will never top 64 ft for levee safety

as well as for wetland vegetation establishment.
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Drainage basins
to NSRA

Lake Apopka

pump

Figure 55. NSRA configuration under baseline conditions
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Table 19. Stage-area-storage relationship for simplified NSRA configuration under baseline conditions. Phases 1 — 8 are
combined into one storage box by leveling all phases.

Stage (ft) acres acre-feet
0 0 0
0.5 195.9 44.1
1.0 1472.4 461.2
1.5 3327.9 1661.3
2.0 4562.5 3633.9
2.5 5608.2 6176.5
3.0 6562.8 9219.3
3.5 7075.3 12628.8
4.0 7508.9 16274.9
4.5 7792.2 20100.1
5.0 8011.8 24051.1
5.5 8140.9 28089.3
9.0 8754 57655.4

8.5 SURFACE WATER CONSUMPTIVE USE

There are many surface water consumptive use permits, which directly withdraw water from
lakes or canals connected with lakes (Table 20). In the baseline conditions simulation, the current
average reported water uses for 1999-2013 were used (Table 21). However, permit 102497, which
permits City of Apopka to withdraw up to 5 MGD (daily average) water from Lust/Pole Road
canal in NSRA for supplemental residential use, is simulated in baseline conditions since the
infrastructure to pump up to 5SMGD NSRA water is under active construction and expected to be
finished by the end of this year. The withdrawal of 5 MGD water is simulated when Lake

Apopka level is above 65.15 ft-NAVDS88.
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Table 20.Surface water Consumptive use withdrawals from water bodies

Water Body |Permit Number |Surface water Source |End-of-permit (MGD) |
Lake Apopka
| 3291| Lake Apopka | 0.038|
Lake Beauclair/Dora
65573 |Apopka Beauclair Canal 0.115
2484 |Canal (connected to Apopka Beauclair) 0.108
71411|Canal (connected to Lake Beauclair) 0.030
6320|Lake Dora 0.345
85182|Lake Dora 0.049
Lake Eustis
91079|Lake Eustis 0.004
Lake Griffin
279|Lake Griffin 0
2894 |Lake Griffin 0.020
124036 |Lake Griffin 0.408
Lake Harris
2664 |Lake Harris 0.235
2665 | Lake Harris 0.092
2843 Lake Harris 0.225
50243 |Lake Harris 0.169
135453 |Little Lake Harris 0.109
Lake Yale
2508 |Lake Yale 0.142
2620|Lake Yale 0.065
Holly/Ella
2988 |Holly Lake 0.022
3006|Ella Lake 0.068
NSRA
102497 |North Shore Restoration Area Unit 2 5
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Table 21. Average surface water consumptive use withdrawals from each lake, reported for 1999-2013 in cubic feet per
second; and End-of-permit capacity

Water Bodies Average current water withdrawals End-of-Permit surface water
(1999-2013, cfs) withdrawal (cfs)
Lake Apopka 0 0.06
City of Apopka
0 7.75

Withdrawal from NSRA

0.96
Lake Beauclair/Dora 0.67

0.01
Lake Eustis 0.04

1.29
Lake Harris 0.55

0.85
Lake Griffin 0.71

0.32
Lake Yale 0.16

0.14
Lake Ella/Holly 0.02

8.6 SIMULATION RESULTS UNDER BASELINE CONDITIONS

The baseline conditions are simulated for 48 years into future. The simulated hydrographs of
lake levels for Lakes Apopka, Eustis and Griffin are shown in Figure 56. The lake stage duration
curves are shown in Figure 57 through Figure 59. These results will be processed by a MFL
statistic program developed by the SIRWMD MFL program to assess if the proposed MFL are
met under the existing conditions. A separate study/report will document assessment results for
the proposed LAUORB MFLs, freeboard analyses, and prevention or recovery strategies if there

are needed.
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Figure 56. Long-term lake level simulation of Lakes Apopka, Eustis and Griffin under baseline conditions for 48 years into future.
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10 APPENDICES

July 16, 2015 Page 103 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

10.1 SPRINGS, RAINFALL AND EVAPOTRANSPIRATION DATA COMPILATION

Table 22. Listings of annual mean spring flows (cfs)

Year Apopka Spring Harris Springs
1964 29.6 18.4
1965 29.5 18.4
1966 29.7 18.4
1967 29.3 18.4
1968 28.3 18.4
1969 29 18.4
1970 31.2 18.4
1971 30.5 18.4
1972 28.9 18.4
1973 29.2 18.4
1974 29.5 18.4
1975 29.3 18.4
1976 29.4 18.4
1977 29.1 18.4
1978 28.8 18.4
1979 28.5 18.4
1980 28.7 18.4
1981 27.5 18.4
1982 27.9 18.4
1983 30.3 18.4
1984 30.5 18.4
1985 28.7 18.4
1986 29.3 18.4
1987 30.1 18.4
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1988 304 18.4
1989 29.8 18.4
1990 29 18.4
1991 28.8 19.9
1992 28 15.6
1993 29 16.5
1994 28.8 17.6
1995 31.2 21.2
1996 321 23.2
1997 29.4 18.1
1998 32.2 22.7
1999 28.4 17
2000 26.5 14.1
2001 23.9 13.9
2002 254 16.7
2003 27.7 22.1
2004 27.5 21.4
2005 28.1 225
2006 26.9 18.7
2007 25 15.7
2008 25.1 17.9
2009 25.7 17.9
2010 25.6 18.4
2011 23.8 15.5
Mean 28.6 18.4
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Table 23. Listings of annual rainfall and ET used in the model

Leesburg Lisbon Annual Isleworth Clermont Lisbon
Year Annual Rainfall Rainfall Annual Rainfall Annual ET Annual ET
1964 54.2 51 56.5 51.4 53.2
1965 44.5 49.7 46.3 51.7 54.0
1966 49.3 50.6 58.8 49.7 52.2
1967 37.3 40.6 42.9 52.7 55.3
1968 53.3 51.7 45.5 51.3 54.3
1969 59.7 53.1 67.1 48.8 52.2
1970 39.9 36.3 41.7 51.8 53.5
1971 46 42.5 52.5 52.0 55.3
1972 50.2 46.2 49.5 51.5 54.7
1973 59.7 52 46.1 50.7 53.4
1974 45.5 44.1 54.1 51.5 54.8
1975 54.9 45.4 54.2 52.1 55.2
1976 63.8 48.6 43.9 51.2 53.9
1977 37.8 40 38.5 52.1 55.6
1978 42 46.6 47.9 51.1 55.9
1979 60.1 57.5 58.7 50.5 54.0
1980 40.2 42.6 35.5 51.5 53.8
1981 42.3 344 50 53.4 55.7
1982 67.2 62.7 67.5 50.8 52.9
1983 61.2 53.2 60 48.5 51.3
1984 36.8 45 41.8 54.1 52.9
1985 43.9 39.7 54.2 53.9 53.8
1986 49.3 43.8 51.3 51.8 54.3
1987 50.3 47.2 67.1 50.6 52.6
1988 48 51.6 62.1 50.6 52.9
1989 47.6 47.5 38.9 52.3 55.4
1990 36.2 41.9 39.5 53.0 57.5
1991 49.3 66.3 46.1 50.8 58.4

July 16, 2015

Page 106 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

1992 46.6 55.9 50.5 50.3 51.0
1993 40.1 44.3 31.9 52.4 50.9
1994 53.4 66.9 73.1 51.2 51.5
1995 44.4 521 53.6 511 48.9
1996 51.8 57.9 49.8 49.3 48.8
1997 52.3 56.1 52.8 49.6 48.9
1998 46.2 42.6 47.2 50.8 49.7
1999 521 54.1 49.3 52.0 48.8
2000 22.2 29.3 22.3 57.4 50.5
2001 44.4 47.3 39.1 54.5 48.6
2002 59.9 57.2 52.8 53.9 514
2003 42.6 49.8 55.5 52.6 50.3
2004 44.7 56.2 54.1 52.2 50.6
2005 48.2 56.5 57.9 50.5 50.1
2006 314 32.6 33.6 52.6 53.4
2007 43.8 41.9 39.8 511 51.7
2008 46.3 52.4 515 51.8 511
2009 51.5 47.7 49.6 52.3 52.2
2010 46.5 43 45.6 51.2 50.8
2011 41.6 48.4 39.5 53.2 54.5
Max 67.2 66.9 73.1 57.4 58.4
Min 22.2 29.3 22.3 48.5 48.6
Mean 47.5 48.4 49.3 51.7 52.8
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10.2 CALIBRATED LAKE WATER BUDGET

Table 24. Lake Apopka annual water budget (1995-2006), unit: acre-feet

Lake AB Canal | Recharge | Surface Apopka UFA to Total Delta Total Total
Year Volume L i Flow to UFA Liiblc Spring Lake Runoff take Inflow Outflow Error Error%
-wal Volume
1995 192456 | 143881 | -137001 | -87991 -724 -7 22589 6943 48772 -3552 222185 | -225723 14 0.01%
1996 187724 | 133780 | -132272 | -79416 -362 -7 23240 4148 46193 -4732 207362 | -212057 36 0.02%
1997 208177 | 141251 | -132644 | -29878 -10715 -7 21286 22 31159 20453 193719 | -173237 29 0.01%
1998 188950 | 126764 | -136223 | -92617 -5575 -7 23313 2346 62749 -19227 | 215172 | -234414 -15 -0.01%
1999 191982 | 131579 | -138927 | -31958 -15131 -7 20562 0 36906 3032 189046 | -186015 -1 0.00%
2000 95550 57570 | -149899 | -16697 -19258 -7 19186 0 12657 -96432 89413 | -185854 -9 -0.01%
2001 76225 97384 | -136060 -8566 -10208 -7 17304 59 20726 -19325 135472 | -154834 -37 -0.03%
2002 115464 | 130893 | -133034 -7065 -4344 -7 18390 2642 31740 39240 183664 | -144443 -18 -0.01%
2003 190446 | 146448 | -139015 | -16862 -652 -7 20055 2773 62277 74982 231553 | -156528 43 0.02%
2004 195794 | 145185 | -139973 | -74444 -5357 -7 19910 3663 56374 5348 225132 | -219774 9 0.00%
2005 193466 | 155398 | -135559 | -115094 -869 -7 20344 3613 69835 -2328 249190 | -251522 -4 0.00%
2006 157383 89017 | -139591 | -16079 -7529 -7 19476 55 18525 -36084 | 127073 | -163199 -42 -0.03%
mean 166135 | 124929 | -137516 | -48056 -6727 -7 20471 2189 41493 -3219 189082 | -192300 0 0.00%




Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Table 25. Lake Dora annual water budget (1995-2006), unit: acre-ft

Year Lake Vol. Precip. Evap. Ca ;T;Tow r:;hj ;ie \Afi‘t‘::iar::v B;?;‘::I' r::)nt:flf tI‘ae ll(t: i::l?\:v o:(t)ftla:)lw error error%
al storage
1995 43923 19065 -17868 -94840 -6766 -550 92451 6195 -2188 117710 -120024 -125 -0.11%
1996 42183 21118 -17754 -92668 -6410 -552 86225 8178 -1740 115521 -117384 -124 -0.11%
1997 47479 20248 -17505 -27076 -8573 -550 32217 6547 5296 59012 -53705 10 0.02%
1998 42731 15645 -18048 -102804 -6783 -550 99329 8067 -4748 123041 -128186 -397 -0.32%
1999 43867 19570 -17602 -34968 -9156 -550 36343 7483 1136 63395 -62276 -16 -0.03%
2000 34980 10255 -17818 -9774 -10781 -552 16651 3104 -8887 30010 -38924 -28 -0.09%
2001 38363 16084 -16550 -2751 -10650 -550 10787 7009 3383 33880 -30500 -3 -0.01%
2002 43840 20291 -18162 -4561 -9768 -550 10425 7772 5477 38487 -33041 -31 -0.08%
2003 43108 18046 -18247 -21719 -6834 -550 21574 7049 -731 46670 -47350 51 0.11%
2004 44527 20574 -18377 -80361 -7613 -552 79420 8131 1419 108125 -106902 -197 -0.18%
2005 44359 20746 -18383 -123075 -6695 -550 120469 7359 -169 148574 -148703 39 0.03%
2006 35417 11493 -18889 -12452 -8278 -550 16579 3187 -8942 31259 -40169 31 0.10%
mean 42065 17761 -17934 -50587 -8192 -551 51872 6673 -891 76307 -77264 -66 -0.09%
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Table 26. Lake Harris annual water budget (1995-2006) , unit: acre-ft

Year Lake Vol Precip. Evap. I?ead :::::1:2 f’alat Ha.r i UFAto fotel tI‘aell(? .total fotel error error%
River Q wal River Q Springs Lake runoff S inflow outflow
1995 226838 68676 -75760 -81812 -289.6 43368 15349 10860 19462 164 157714 -157862 -312 -0.20%
1996 220054 80507 -75414 -121632 -290.4 57196 16797 11367 24848 -6784 190714 -197337 161 0.08%
1997 230598 79942 -74810 -55676 -289.6 11367 13104 8326 28612 10544 141351 -130775 33 0.02%
1998 222406 71890 -76777 -175932 -289.6 121632 16435 10932 23553 -8192 244442 -252999 -364 -0.15%
1999 226676 80153 -75136 -50463 -289.6 2317 12308 7312 28081 4270 130171 -125889 12 0.01%
2000 189039 33523 -76377 -16797 -290.4 507 10208 5647 5950 -37637 55836 -93465 9 0.02%
2001 203723 65115 -71591 -20851 -289.6 290 10064 6733 25232 14684 107433 -92732 17 0.02%
2002 229113 91040 -77841 -44598 -289.6 1086 12091 6878 37016 25390 148110 -122729 -9 -0.01%
2003 224012 65804 -77891 -170140 -289.6 128872 16000 10498 21833 -5101 243008 -248321 -213 -0.09%
2004 228351 69343 -78253 -108600 -290.4 77468 15494 9629 19623 4339 191557 -187144 74 0.04%
2005 228499 74581 -77653 -112220 -289.6 67332 16290 11077 20909 148 190189 -190163 -122 -0.06%
2006 191051 47331 -80951 -36924 -289.6 2317 13539 9195 8347 -37448 80728 -118165 11 0.01%
mean 218363 68992 -76538 -82970 -290 42813 13973 9038 21955 -2969 156771 -159798 -58 -0.04%
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Table 27. Lake Eustis annual water budget (1995-2006) , unit: acre-ft

surface delta
recharge | withdra Dora Dead R total lake total total

Year Lake vol | Precip. Evap. BurrellQ | to UFA wal Canal Q Q runoff storage inflow outflow error error%
1995 89428 33675 -31631 | -184043 -9388 -87 94840 81809 15903 616 226226 | -225149 462 0.20%
1996 86609 37497 -31483 -235447 -8993 -87 92668 121627 21119 -2819 272911 -275923 -193 -0.07%
1997 90991 36150 -31349 -88131 -11741 -87 27076 55673 16799 4382 135698 | -131222 94 0.07%
1998 87588 27831 -32103 -288784 -9383 -87 102804 175925 21128 -3403 327688 -330270 821 0.25%
1999 89368 34908 -31424 -94605 -12473 -87 34968 50461 20028 1781 140365 | -138502 82 0.06%
2000 73547 18578 -32153 -21849 -14375 -87 9774 16796 7469 -15821 52617 -68377 61 0.12%
2001 79757 29604 -30421 -20271 -14038 -87 2751 20850 17824 6210 71030 -64730 90 0.13%
2002 90284 36542 -32741 -49263 -13171 -87 4561 44597 20108 10527 105808 -95176 105 0.10%
2003 88259 32210 -32521 | -201302 -9704 -87 21719 170133 17710 -2025 241772 | -243527 269 0.11%
2004 90059 36496 -32707 -201727 -10488 -87 80361 108596 21295 1800 246747 -244922 26 0.01%
2005 90114 36529 -32405 | -248795 -9213 -87 123075 112215 18800 54 290619 | -290413 152 0.05%
2006 74398 20781 -34059 -48072 -11329 -87 12452 36922 7633 -15716 77788 -93459 44 0.06%

mean 85867 31733 -32083 | -140191 -11191 -87 50587 82967 17151 -1201 182439 | -183472 168 0.09%
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Table 28. Lake Griffin annual water budget (1995-2006), unit: acre-feet

Moss Surface Delta
Lake Recharge Burrell UFA to Total Total Total
Year T Precip. Evap. Bluff t0 UFA Withdr o - I Lake A S Error Error%
Flow -awal Volume
1995 83914 56074 -52721 | -204416 -247 -601 184043 1738 17411 1280 259265 -257985 0 0.00%
1996 83458 64503 -53603 | -278058 -2 -603 235455 4655 27197 -456 331810 -332267 0 0.00%
1997 86416 62461 -52244 | -102776 -6671 -601 88154 0 14634 2958 165249 -162292 0 0.00%
1998 78203 47838 -52687 | -326637 -151 -601 288725 6747 28552 -8213 371862 -380076 -1 0.00%
1999 83389 56254 -50111 | -109608 -2702 -601 94637 605 16712 5187 168208 -163021 0 0.00%
2000 55573 26464 -47285 -29236 -7914 -603 21849 0 8908 -27817 57221 -85038 0 0.00%
2001 62165 39103 -40371 -21719 -4450 -601 20271 36 14323 6592 73733 -67141 0 0.00%
2002 84279 54399 -48091 -45938 -4370 -601 49261 0 17453 22114 121113 -98999 0 0.00%
2003 80763 54156 -54186 | -225362 -1312 -601 201335 2469 19985 -3516 277945 -281460 0 0.00%
2004 84695 61378 -54364 | -222209 -1493 -603 201691 1774 17758 3932 282600 -278669 -1 0.00%
2005 84521 61070 -54326 | -283571 0 -601 248810 6545 21898 -174 338323 -338497 0 0.00%
2006 74936 33235 -54480 -45090 -1408 -601 48063 1252 9443 -9585 91993 -101579 0 0.00%
mean 78526 51411 -51206 | -157885 -2560 -602 140191 2152 17856 -642 211610 -212252 0 0.00%
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Table 29. Lake Yale water budget (1995-2006), unit: acre-feet

. Ya.ule.- recharge sur s Yale to total CHIE) total total
Year Lake Vol. Precip. Evap. Griffin to UFA withdr Ella Q runoff lake inflow outflow error error%
Canal Q awal storage
1995 52688 17594 -16535 -1213 -2824 -116 -956 3363 -685 20957 -21642 0 0.00%
1996 53368 20957 -17747 -5907 -2657 -116 1187 4956 680 25913 -25239 -7 -0.03%
1997 54207 18838 -16398 -647 -3911 -116 -223 3295 839 22133 -21294 0 0.00%
1998 50818 15983 -18096 -5606 -2290 -116 1050 5685 -3389 21668 -25058 0 0.00%
1999 52327 18066 -16291 -364 -3226 -116 -272 3711 1509 21777 -20268 0 0.00%
2000 42960 9531 -16552 -122 -4307 -116 -14 2213 -9367 11744 -21111 0 0.00%
2001 41929 14828 -15272 0 -3696 -116 0 3225 -1031 18053 -19084 0 0.00%
2002 44890 18072 -16221 0 -2726 -116 0 3952 2961 22024 -19063 0 0.00%
2003 47272 16342 -16556 0 -1995 -116 -97 4804 2383 21146 -18764 0 0.00%
2004 50570 18434 -16583 0 -2202 -116 -325 4092 3298 22526 -19227 1 0.00%
2005 53844 19184 -17022 -1718 -1994 -116 263 4679 3275 23863 -20588 0 0.00%
2006 45383 10842 -17801 -832 -2814 -116 85 2174 -8462 13016 -21478 0 0.00%
mean 49188 16556 -16756 -1367 -2887 -116 58 3846 -666 20402 -21126 0 0.00%

July 16, 2015

Page 113 of 129



Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

10.3 CALIBRATED PARAMETER SETS FOR LAKE APOPKA AND UORB HSPF MODEL

Table 30. The calibrated PWAT-PARM2 parameters for sub basins Lake Beauclair, Dora, Eustis and Harris

HSPF
Supplmental AGWRC
Param. # FOREST LZSN (in) INFILT (in/hr) LSUR (ft) SLSUR KVARY (1/in) (1/day)
1 0 3.873 0.4667 300 0.00177 0.001 0.983
2 0 3.873 0.4667 300 0.00177 0.001 0.983
3 0 3.873 0.4667 300 0.00177 0.001 0.983
4 0 3.873 0.4667 300 0.00177 0.001 0.983
5 0 2.908 0.6667 300 0.00177 0.001 0.983
6 0 4.362 0.6667 300 0.00177 0.001 0.983
7 0 4.362 0.6667 300 0.00177 0.001 0.983
8 0 4.845 0.8000 300 0.00177 0.001 0.983
9 0 4.845 0.8000 300 0.00177 0.001 0.983
10 0 4.362 0.6667 300 0.00177 0.001 0.983
11 1 5.816 1.0000 300 0.00177 0.001 0.983
12 0 0.500 0.0219 300 0.001 0.001 0.999
13 0 0.500 0.0219 300 0.001 0.001 0.999

July 16, 2015

Page 114 of 129




Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Table 31. The calibrated PWAT-PARM2 parameters for sub basin Lake Griffin

HSPF

Supplmental AGWRC
Param. # FOREST LZSN (in) INFILT (in/hr) LSUR (ft) SLSUR KVARY (1/in) (1/day)

101 0 3.996 0.3733 300 0.00177 0.001 0.989

102 0 3.996 0.3733 300 0.00177 0.001 0.989

103 0 3.996 0.3733 300 0.00177 0.001 0.989

104 0 3.996 0.3733 300 0.00177 0.001 0.989

105 0 3.000 0.5333 300 0.00177 0.001 0.989

106 0 4.500 0.5333 300 0.00177 0.001 0.989

107 0 4.500 0.5333 300 0.00177 0.001 0.989

108 0 5.004 0.6400 300 0.00177 0.001 0.989

109 0 5.004 0.6400 300 0.00177 0.001 0.989

110 0 4.500 0.5333 300 0.00177 0.001 0.989

111 1 6.000 0.8000 300 0.00177 0.001 0.989

112 0 0.500 0.0281 300 0.001 0.001 0.999

113 0 0.500 0.0281 300 0.001 0.001 0.999
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Table 32. The calibrated PWAT-PARM2 parameters for sub basin Lake Yale

HSPF

Supplmental AGWRC
Param. # FOREST LZSN (in) INFILT (in/hr) LSUR (ft) SLSUR KVARY (1/in) (1/day)

201 0 3.996 0.3733 300 0.016 0.001 0.993

202 0 3.996 0.3733 300 0.016 0.001 0.993

203 0 3.996 0.3733 300 0.016 0.001 0.993

204 0 3.996 0.3733 300 0.016 0.001 0.993

205 0 3.000 0.5333 300 0.016 0.001 0.993

206 0 4.500 0.5333 300 0.016 0.001 0.993

207 0 4.500 0.5333 300 0.016 0.001 0.993

208 0 5.004 0.6400 300 0.016 0.001 0.993

209 0 5.004 0.6400 300 0.016 0.001 0.993

210 0 4.500 0.5333 300 0.016 0.001 0.993

211 1 6.000 0.8000 300 0.016 0.001 0.993

212 0 0.500 0.0281 300 0.001 0.001 0.999

213 0 0.500 0.0281 300 0.001 0.001 0.999
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Table 33. The calibrated PWAT-PARM2 parameters for sub basin Lake Apopka

HSPF

Supplmental AGWRC
Param. # FOREST LZSN (in) INFILT (in/hr) LSUR (ft) SLSUR KVARY (1/in) (1/day)

901 0 3.873 0.4667 300 0.00219 0.001 0.985

902 0 3.873 0.4667 300 0.00219 0.001 0.985

903 0 3.873 0.4667 300 0.00219 0.001 0.985

904 0 3.873 0.4667 300 0.00219 0.001 0.985

905 0 2.908 0.6667 300 0.00219 0.001 0.985

906 0 4.362 0.6667 300 0.00219 0.001 0.985

907 0 4.362 0.6667 300 0.00219 0.001 0.985

908 0 4.845 0.8000 300 0.00219 0.001 0.985

909 0 4.845 0.8000 300 0.00219 0.001 0.985

910 0 4.362 0.6667 300 0.00219 0.001 0.985

911 1 5.816 1.0000 300 0.00219 0.001 0.985

912 0 0.500 0.0219 300 0.001 0.001 0.999

913 0 0.500 0.0219 300 0.001 0.001 0.999
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Table 34. The calibrated PWAT-PARM3 parameters for sub basins Lake Beauclair, Dora, Eustis and Harris

HSPF
Supplmental PETMAX PETMIN
Param. # (degree F) (degree F) INFEXP INFILD DEEPFR BASETP AGWETP
21 40 35 2 2 0.398 0.02 0.0
22 40 35 2 2 0.398 0.02 0.0
23 40 35 2 2 0.398 0.02 0.0
24 40 35 2 2 0.398 0.02 0.0
25 40 35 2 2 0.398 0.02 0.0
26 40 35 2 2 0.398 0.02 0.0
27 40 35 2 2 0.398 0.02 0.0
28 40 35 2 2 0.398 0.02 0.0
29 40 35 2 2 0.398 0.02 0.0
30 40 35 2 2 0.398 0.02 0.0
31 40 35 2 2 0.398 0.02 0.0
32 40 35 2 2 0.398 0.02 0.25
33 40 35 2 2 0.398 0.02 0.25
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Table 35. The calibrated PWAT-PARM3 parameters for sub basin Lake Griffin

HSPF Supplmental Param. # | PETMAX (degree F) | PETMIN (degree F) | INFEXP | INFILD | DEEPFR | BASETP | AGWETP
121 40 35 P 2 0.580 0.02 0.0
122 40 35 2 2 0.580 0.02 0.0
123 40 35 P 2 0.580 0.02 0.0
124 40 35 P 2 0.580 0.02 0.0
125 40 35 2 2 0.580 0.02 0.0
126 40 35 2 2 0.580 0.02 0.0
127 40 35 2 2 0.580 0.02 0.0
128 40 35 2 2 0.580 0.02 0.0
129 40 35 2 2 0.580 0.02 0.0
130 40 35 P 2 0.580 0.02 0.0
131 40 35 P 2 0.580 0.02 0.0
132 40 35 P 2 0.580 0.02 0.25
133 40 35 P 2 0.580 0.02 0.25
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Table 36. The calibrated PWAT-PARM3 parameters for sub basin Lake Yale

HSPF Supplmental Param. # | PETMAX (degree F) | PETMIN (degree F) | INFEXP | INFILD | DEEPFR | BASETP | AGWETP
221 40 35 P 2 0.632 0.02 0.0
222 40 35 P 2 0.632 0.02 0.0
223 40 35 2 2 0.632 0.02 0.0
224 40 35 P 2 0.632 0.02 0.0
225 40 35 2 2 0.632 0.02 0.0
226 40 35 2 2 0.632 0.02 0.0
227 40 35 2 2 0.632 0.02 0.0
228 40 35 2 2 0.632 0.02 0.0
229 40 35 2 2 0.632 0.02 0.0
230 40 35 2 2 0.632 0.02 0.0
231 40 35 P 2 0.632 0.02 0.0
232 40 35 P 2 0.632 0.02 0.25
233 40 35 2 2 0.632 0.02 0.25
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Table 37. The calibrated PWAT-PARM3 parameters for sub basin Lake Apopka

HSPF Supplmental Param. # | PETMAX (degree F) | PETMIN (degree F) | INFEXP | INFILD | DEEPFR | BASETP | AGWETP
921 40 35 2 2 0.300 0.02 0.0
922 40 35 2 2 0.300 0.02 0.0
923 40 35 2 2 0.300 0.02 0.0
924 40 35 2 2 0.300 0.02 0.0
925 40 35 2 2 0.300 0.02 0.0
926 40 35 2 2 0.300 0.02 0.0
927 40 35 2 2 0.300 0.02 0.0
928 40 35 2 2 0.300 0.02 0.0
929 40 35 2 2 0.300 0.02 0.0
930 40 35 2 2 0.300 0.02 0.0
931 40 35 2 2 0.300 0.02 0.0
932 40 35 2 2 0.300 0.02 0.25
933 40 35 2 2 0.300 0.02 0.25
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Table 38. The calibrated PWAT-PARMA4 parameters for sub basins Lake Beauclair, Dora, Eustis and Harris

HSPF Supplmental Param. # | CEPSC (in) | UZSN (in) | NSUR | INTFW | IRC (1/day) | LZETP
41 0.05 1.400 0 0.001 0.6 0.376
42 0.05 1.400 0 0.001 0.6 0.376
43 0.05 1.400 0 0.001 0.6 0.376
44 0.05 1.400 0 0.001 0.6 0.376
45 0.03 1.400 0 0.001 0.6 0.301
46 0.03 1.400 0 0.001 0.6 0.301
47 0.08 1.400 0 0.001 0.6 0.414
48 0.08 1.600 0 0.001 0.6 0.527
49 0.10 1.600 0 0.001 0.6 0.527
50 0.08 1.400 0 0.001 0.6 0.452
51 0.12 2.000 0 0.001 0.6 0.602
52 0.12 0.084 0 0 0.6 0.900
53 0.12 0.084 0 0 0.6 0.900
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Table 39. The calibrated PWAT-PARMA4 parameters for sub basins Lake Griffin

HSPF Supplmental Param. # | CEPSC (in) | UZSN (in) | NSUR | INTFW | IRC (1/day) | LZETP
141 0.05 1.400 0 0.001 0.6 0.376
142 0.05 1.400 0 0.001 0.6 0.376
143 0.05 1.400 0 0.001 0.6 0.376
144 0.05 1.400 0 0.001 0.6 0.376
145 0.03 1.400 0 0.001 0.6 0.301
146 0.03 1.400 0 0.001 0.6 0.301
147 0.08 1.400 0 0.001 0.6 0.414
148 0.08 1.600 0 0.001 0.6 0.527
149 0.10 1.600 0 0.001 0.6 0.527
150 0.08 1.400 0 0.001 0.6 0.452
151 0.12 2.000 0 0.001 0.6 0.602
152 0.12 0.084 0 0 0.6 0.900
153 0.12 0.084 0 0 0.6 0.900
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Table 40. The calibrated PWAT-PARM4 parameters for sub basins Lake Yale

HSPF Supplmental Param. # | CEPSC (in) | UZSN (in) | NSUR | INTFW | IRC (1/day) | LZETP
241 0.05 1.400 0| 0.001 06| 0376
242 0.05 1.400 0| 0.001 06| 0.376
243 0.05 1.400 0| 0.001 06| 0376
244 0.05 1.400 0| 0.001 06| 0.376
245 0.03 1.400 0| 0.001 06| 0.301
246 0.03 1.400 0| 0.001 06| 0.301
247 0.08 1.400 0| 0.001 06| 0414
248 0.08 1.600 0| 0.001 06| 0527
249 0.10 1.600 0| 0.001 06| 0.527
250 0.08 1.400 0| 0.001 06| 0.452
251 0.12 2.000 0| 0.001 06| 0.602
252 0.12 0.084 0 0 0.6 | 0.900
253 0.12 0.084 0 0 0.6 | 0.900
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Table 41. The calibrated PWAT-PARMA4 parameters for sub basins Lake Apopka

HSPF Supplmental Param. # | CEPSC (in) | UZSN (in) | NSUR | INTFW | IRC (1/day) | LZETP
941 0.05 1.400 0 0.001 0.6 0.376
942 0.05 1.400 0 0.001 0.6 0.376
943 0.05 1.400 0 0.001 0.6 0.376
944 0.05 1.400 0 0.001 0.6 0.376
945 0.03 1.400 0 0.001 0.6 0.301
946 0.03 1.400 0 0.001 0.6 0.301
947 0.08 1.400 0 0.001 0.6 0.414
948 0.08 1.600 0 0.001 0.6 0.527
949 0.10 1.600 0 0.001 0.6 0.527
950 0.08 1.400 0 0.001 0.6 0.452
951 0.12 2.000 0 0.001 0.6 0.602
952 0.12 0.084 0 0 0.6 0.900
953 0.12 0.084 0 0 0.6 0.900
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Table 42. The calibrated PWAT-STATE1 parameters for sub basins Lake Beauclair, Dora, Eustis and Harris

HSPF Supplmental Param. # | CEPS (in) | SURS (in) | UZS (in) | IFWS (in) | LZS (in) | AGWS (in) | GWVS (in)
61 0 0| 1.400 0| 3.873 0.530 0
62 0 0| 1.400 0| 3.873 0.530 0
63 0 0| 1.400 0| 3.873 0.530 0
64 0 0| 1.400 0| 3.873 0.530 0
65 0 0| 1.400 0| 2.908 0.530 0
66 0 0| 1.400 0| 4.362 0.530 0
67 0 0| 1.400 0| 4.362 0.530 0
68 0 0| 1.600 0| 4.845 0.530 0
69 0 0| 1.600 0| 4.845 0.530 0
70 0 0| 1.400 0| 4.362 0.530 0
71 0 0| 2.000 0| 5.816 0.530 0
72 0 0| 0.084 0 0.5 0.530 0
73 0 0| 0.084 0 0.5 0.530 0
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Table 43. The calibrated PWAT-STATE1 parameters for sub basins Lake Griffin

HSPF Supplmental Param. # CEPS (in) SURS (in) UZS (in) IFWS (in) LZS (in) AGWS (in) GWVS (in)
161 0 0 1.400 0 3.996 1.497 0
162 0 0 1.400 0 3.996 1.497 0
163 0 0 1.400 0 3.996 1.497 0
164 0 0 1.400 0 3.996 1.497 0
165 0 0 1.400 0 3.000 1.497 0
166 0 0 1.400 0 4.500 1.497 0
167 0 0 1.400 0 4.500 1.497 0
168 0 0 1.600 0 5.004 1.497 0
169 0 0 1.600 0 5.004 1.497 0
170 0 0 1.400 0 4.500 1.497 0
171 0 0 2.000 0 6.000 1.497 0
172 0 0 0.084 0 0.5 1.497 0
173 0 0 0.084 0 0.5 1.497 0
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Table 44. The calibrated PWAT-STATE1 parameters for sub basins Lake Yale

HSPF Supplmental Param. # | CEPS (in) | SURS (in) | UZS (in) | IFWS (in) | LZS (in) | AGWS (in) | GWVS (in)
261 0 0| 1.400 0| 3.996 1.383 0
262 0 0| 1.400 0| 3.99 1.383 0
263 0 0| 1.400 0| 3.996 1.383 0
264 0 0| 1.400 0| 3.996 1.383 0
265 0 0| 1.400 0| 3.000 1.383 0
266 0 0| 1.400 0| 4.500 1.383 0
267 0 0| 1.400 0| 4.500 1.383 0
268 0 0| 1.600 0| 5.004 1.383 0
269 0 0| 1.600 0| 5.004 1.383 0
270 0 0| 1.400 0| 4.500 1.383 0
271 0 0| 2.000 0| 6.000 1.383 0
272 0 0| 0.084 0 0.5 1.383 0
273 0 0| 0.084 0 0.5 1.383 0
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Lake Apopka and Upper Ocklawaha River Minimum Flows and Levels

Table 45. The calibrated PWAT-STATE1 parameters for sub basins Lake Apopka

SupHpISnlj('a:ntal
Param. # CEPS (in) SURS (in) UZS (in) IFWS (in) LZS (in) AGWS (in) GWVS (in)
961 0 0 1.400 0 3.873 0.500 0
962 0 0 1.400 0 3.873 0.500 0
963 0 0 1.400 0 3.873 0.500 0
964 0 0 1.400 0 3.873 0.500 0
965 0 0 1.400 0 2.908 0.500 0
966 0 0 1.400 0 4.362 0.500 0
967 0 0 1.400 0 4.362 0.500 0
968 0 0 1.600 0 4.845 0.500 0
969 0 0 1.600 0 4.845 0.500 0
970 0 0 1.400 0 4.362 0.500 0
971 0 0 2.000 0 5.816 0.500 0
972 0 0 0.084 0 0.5 0.500 0
973 0 0 0.084 0 0.5 0.500 0
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