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Hydrologic Model Development for MFL
Evaluation of Sylvan Lake, Seminole
County

1.0 Project Study Area Description

This report documents the development of a hydrologic model of the Sylvan Lake
system for the St. Johns River Water Management District (SJRWMD) minimum flows
and levels (MFLs) program. This report presents the evaluation of data, model
development, and MFL analysis, as well as summary and conclusions.

Sylvan Lake is located 5.2 miles west of Sanford and 4.1 miles northwest of the City of
Lake Mary in Seminole County. Figure 1-1 shows the area, hydrologic divide, and
gage locations.

The Hydrologic Simulation Program for Fortran (HSPF), with the use of Special
Actions, was selected as the preferred hydrologic model for this system. The results of
this report suggest that Sylvan Lake is an open system, since it has a positive
discharge for rainfall events smaller than the 10-year/24-hour storm. HSPF can
adequately model an open system such as Sylvan Lake (CDM, 2001).

HSPF is a relatively comprehensive hydrologic and water quality model that is
typically used to perform continuous simulations of hydrology. It is included in the
EPA BASINS package, and it can use Arc/Info coverages, National Hydraulic
Datasets (NHD), and plot the model results in a graphical environment.

2.0 Data Evaluation
2.1 Rainfall

No local rainfall data are available for Sylvan Lake. CDM used other sources of
information in order to estimate the daily volume of local rainfall. The following rain
gauges were available around the area, at different distances with respect to Sylvan
Lake:

m Wekiva Park (June 1993-May 2000) located 2.5 miles west.

m SR 46 (November 1992-November 2002) located at 5 miles west.

m Crystal Lake (September 1995-April 2002) located 4.5 miles south.

m Lake Emma (June 1995-September 1997) located 3.7 miles south.

m Lake Brantley (February 1990-December 2001) located 8 miles south.
m Wekiva Springs (October 1992-July 2002) located 7.5 miles south.

m City of Sanford (January 1948- January 2003) located at 7.2 miles east.
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Hydrologic Model Development for MFL Evaluation of Sylvan Lake

Since no local rainfall data are available at Sylvan Lake, composite rainfall data from
the City of Sanford and Wekiva Park were used. These two stations have a correlation
factor of R2=0.92 for their common period of record. Rainfall data from the City of
Sanford were used until May 1993 and from May 2000 to December 2002. Wekiva
Park data were used from June 1993 to April 2000. Wekiva Park gauge was used since
it is the closest gauge to Sylvan Lake. City of Sanford is used because it is the nearest
available gauge to Sylvan Lake with long term data at this point.

Based on the composite dataset, the average rainfall from 1960 to 2002 is 50.5 inches
per year; it ranges from 32.8 inches in 2000 to 69.3 inches in 1991. Table 2-1 shows the
annual totals for the composite rainfall, which was used in the HSPF model for long
term simulations.

2.2 Area Physical Characteristics

Sylvan Lake is located within the Casselberry-Oviedo-Chulota Hills Physiographic
Division of the Central Lakes District. This region is a sand hill karst with solution
basins; the hills are less than 95 feet in elevation and have a parent material of Pilo-
Pleistocene sand and shell (SSRWMD, 1997). The lake has a relatively long stage
period of record (October 1978-July 2003) and extensive wetlands. Its basin has a
complex morphology comprised of shallow solution basins and submerged ridges.
Previous observations show that the Ridges and plateaus between the solution basins
were typically 7.5 ft deep, whereas basins were 10 to 15.5 ft deep (SJRWMD, 1997).
The delineation of the Sylvan Lake tributary area was based on 1:24k USGS
quadrangle map and year 2000 aerial photograph. The delineation took into account
the elevation contours and other topographic features such as roads, railroads and
hydraulic structures. The recent aerial photograph shows that significant
development occurred in the area since the quad map was produced in 1988, and
therefore, the hydrology and topography were modified. The District also provided
the 1995 land use GIS coverage, which shows that the development came after that
year. For this reason, the final delineation of the tributary area took into account the
new configuration given by the roads and buildings that are shown in the recent
aerial photograph on Figure 2-1.

CDM estimated the open water lake surface area based on USGS quadrangle maps
and land use data. The lake area was assigned an open water surface area of 185.57
acres, at a lake stage of 40 {t-NGVD (Figure 2-1).

CDM used the 1995 land use coverage to show the land use distribution around the
lake (Figure 2-2). Based on this coverage, the tributary area consists of 28 percent (i.e.,
224 acres each) of low density residential and upland forest area; 17 percent (136
acres) is comprised of wetland; and 12 percent (92.5 acres) is Rangeland. Remaining
land includes 2.8 percent (22.4 acres) medium density residential, 0.1 percent (1.2
acres) high density residential, 1.3 percent (10.3 acres) institutional, 3.7 percent (29.5
acres) recreational and 5.4 percent (43 acres) agricultural land.

CDM 2
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Hydrologic Model Development for MFL Evaluation of Sylvan Lake

The SJRWMD provided CDM with the USDA digital soil coverage from Seminole
County, Florida. Each soil series has been assigned to one of the four Hydrologic Soil
Groups (A, B, C, or D) established by the National Resource Conservation Service
(NRCS). Hydrologic Soil Group A is composed of soils with a very high infiltration
potential and a low runoff potential. Hydrologic soil Group D is composed of soils
with very low infiltration potential and a high runoff potential. The other two
categories fall between A and D soil groups. Dual class soils (e.g., A/D) mean that a
hard pan or impermeable layer limits vertical infiltration, but the underlying soils are
highly permeable and could infiltrate as a Class A soil if the confining layer was cut
with a ditch or swale.

Figure 2-3 shows that the majority of the soils in the tributary area belong to
hydrologic group A (50 percent). Therefore, the storage capacity of the majority of the
pervious areas is high. Tables 2-2 and 2-3 provide a detailed breakdown of the land
use and soil cover. Each delineation is based on a different source, and therefore, the
totals differ slightly.

Table 2-2 Land Use Distribution Excluding the Table 2-3 Soil Coverage Excluding the Lakes
Lakes

Tributary Area Soil Tributary Area
Land Use Area (Ac) % Group | Acres %
Low Density Residential 224.1 28 A 200.3 50
Medium Density Residential 22.4 3 B/D 194.7 25
High Density Residential 1.2 0.1 C 199.6 25
Institutional 10.3 1 Total 794.6 100
Recreational 29.5
Agricultural 43.2 5
Rangeland 92.5 12
Upland Forest 223.0 28
Wetland 136.3 17
Disturbed Land 13.8 2
Total 796.3 100

2.3 Measured Lake and Groundwater Stages

Stage records are available for Sylvan Lake from October 1978 to July 2003 on a
monthly basis. The stage data from August 1989 to October 1992 were missing, which
corresponds to a period of severe drought (SJRWMD, 1997). The lake stage ranges
from a maximum elevation of 42.4 f{t-NGVD, to a minimum elevation of 33.99 ft-
NGVD during the period of record.

Several Upper Floridan aquifer (UFA) wells with short periods of record are located
close to Sylvan Lake. Well V-0101 (Alamana) located almost 20 miles northeast of the
Sylvan Lake is the closest source of long-term groundwater data at this time with
records from 1936 to 2002. Additional data from five closer wells were used to
estimate the potentiometric elevations at the lake, in relation with the long-term data
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from well V-0101 (Figure 1-1). The five nearby wells have monthly records and are
located at different distances with respect to Sylvan Lake:

m 5-0122 Jocated 1.5 miles west (November 1999-January 2002).

m 5-0206 located 1.7 miles east (November 1999-August 2002).

S-0243 located 3.3 miles northeast (November 1999-September 2002).

S-0123 located 3.5 miles east (November 1999-December 2003).
m 5-0019 located 3.5 miles south (December 1999-August 2000).

Based on the data available, the confined aquifer level at Sylvan Lake was estimated
to be 3 ft higher than well V-0101. Time series for both lake stage and groundwater
elevation are presented on Figure 2-4.

Using the SJRWMD database, the Division of Ground Water Programs has generated
a GIS grid of the below land surface (bls) elevations of the aquitard and of the UFA
over the entire district area (email from Jeff Davis dated March 2, 2004). Based on the
location of Sylvan Lake, the grid indicates a depth of 77 feet bls to the top of the
Hawthorn group (Intermediate Aquifer System and Intermediate confining units) and
a depth of 132 ft bls to the top of the UFA.

Recharge to the Floridan aquifer around the lake is low (0-4 in/yr). Nearby recharge
varies greatly, ranging from discharge areas at the Wekiva River to high recharge (>12
in/yr) around the City of Lake Mary (Boniol et al. 1993).

2‘4 Lake Bathymetry Table 2-4 Sylvan Lake Area-Storage
Sur‘veyed bathymetry is not Elevation (ft- [ o/ (acres) Volume
available for this lake. However, N£54VE) = ('8\8(;‘(3)-2)
CDM estlrpated the stage-area ‘ 319 085.2 03220
relationship based on the following 34.1 1133 0543.4
assumptions: 36.6 145.0 0868.7
39.5 181.4 1339.9
40.0 186.0 1426.2
Sylvan Lake has an area of 186 acres 210 210.3 1628.6
when the lake level is at 415 236.0 1742.7
approximately 40 ft NGVD The lake 42.0 252.7 1864.9
has a maximum depth of 15.5 ft with 42.5 269.3 19954
43.0 286.0 2134.2

a side slope of 50H:1V. Based on
such assumptions, bathymetric
contours were created within the lake, as shown in Figure 2-1. These estimated areas,
along with corresponding volumes, are presented in Table 2-4.
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2.5 Lake Outlet

Since no survey is available, CDM and the SfRWMD made field observations during a
site visit. The outlet on the north-west end of the lake system consists of a concrete
channel that flows to a transverse weir. About 100 ft downstream of the weir there is a
ditch that flows through a 2 ft x 8 ft box culvert under an access road to a residential
home (Figure 2-5). After the box culvert, the flow opens up in a wetland area and then
crosses SR 46 through a second box culvert.

The SJRWMD conducted a second site visit to estimate the invert elevation of the
control structure. The weir does not appear to be the control, since it was submerged
under 3 inches of water. The lake elevation was at 41.67 ft that day and water was
barely trickling through the culvert (email from Mr. Robison, March 2, 2004).
Therefore, CDM estimated that the control section corresponds to a 2 ft x 8 ft box
culvert with an invert elevation of 41.5 ft, which is 0.17 ft less than the observed value
on the day of the site visit.

Figure 2-5 Box Culvert That Controls Outflow From Sylvan Lake
(Picture Taken Looking Upstream)

2.6 Potential Evapotranspiration

Previous MFL analyses were conducted considering monthly averages for potential
evapotranspiration (PET). These averages were specifically developed for selected
locations throughout Florida, but lack the variability that different years can have
(Smajstrla et al., 1984). For this reason, PET data were estimated from measured pan
evaporation. Pan evaporation data were available from the NOAA Lisbon station,
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located in Lake County. This gage has records from January 1960 to June 2003 (Table
2-5).

SJRWMD staff observed that the Lisbon gage consistently reported lower values than
all the surrounding gages for the winter months in particular (personal
communication with David Clapp, SSRWMD). In addition to this, the yearly average
is consistent from 1960 to 1996, but drops after that year. Monthly values were
compared with published averages for Florida, which confirmed this gage tendency
(NOAA, 1982). Recent years had lower totals for winter months, and therefore, were
corrected starting in 1997 by the following factors: October 1.5, November 1.3,
December 1.7, January 1.7, February 1.6, and March 1.2. These factors were obtained
from the comparison of the NOAA monthly averages from 1960 to 1996, and the
monthly totals after that period.

CDM has found that pan evaporation was a reasonably accurate estimator of potential
evapotranspiration (Smajstrla, 1984). As a result, the recorded pan evaporation
volumes were converted to evaporation (or potential evapotranspiration) using a
standard pan conversion factor of 0.80. CDM’s composite PET time series compare
favorably with the existing monthly averages for Northeast Florida (Figure 2-6).

The missing daily PET volumes are calculated by using annual average of data values
for the missing day from extensive data records of previous years.

2.7 Adopted MFLs

In 1997, SJRWMD conducted a comprehensive analysis of Sylvan Lake, and
recommended the minimum levels for the lake stage (SSRWMD, 1997). The analysis
consisted of the observation of vegetation and soils along transects. Based on the
analysis, the SJRWMD recommended a Minimum Frequent High level of 40.4 ft-
NGVD, a Minimum Average Level of 38.9 ft-NGVD, and a Minimum Frequent Low
Level of 37.5 ft-NGVD. These levels are currently adopted.

2.8 Permitted Water Withdrawals

The report also mentions that there are no permitted surface water withdrawals from
the lake. In the land sections adjacent to Sylvan Lake, a total allocation of 360.2 MGY
occurs in 10 consumptive use permits for groundwater.

3.0 HSPF Model Development of Sylvan Lake

An HSPF model was developed for Sylvan Lake. The PERLND and IMPLND
modules were used to calculate the inflows to the lake from pervious and impervious
land areas, respectively. The RCHRES module of HSPF was used to calculate lake
stages resulting from the inflows calculated by the PERLND and IMPLND modules,
direct rainfall over the lake surface, evaporation from the lake surface, and
groundwater outflow. Figure 3-1 shows a schematic of the hydrologic processes
simulated in HSPF.
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3.1 IMPLND Model of Impervious Tributary Area

The IMPLND module of HSPF accounts for surface runoff from impervious land
areas (e.g., parking lots, roads, rooftops). For the purposes of modeling, each land use
was assigned a typical percentage of impervious area (Table 3-1). The HSPF model
for Sylvan Lake includes 45.55 acres of impervious land area. The vast majority of the
rainfall on the impervious surfaces is converted to surface runoff to the lakes. A small
fraction (10-20 percent) is lost due to evaporation of standing water in depressions on
the impervious surfaces.

3.2 PERLND Model of Pervious Tributary Area

The PERLND module of HSPF accounts for
surface runoff, interflow and groundwater flow
(baseflow) from pervious land areas. The total

Table 3-1 Typical Percentages of
Impervious Area

pervious area for Sylvan Lake was estimated to Land Use Category  |DCIA%
be 750.8 acres. The typical open water surface Low Density Residential 10
area for the entire tributary is 185.6 acres and Agriculture 0
the impervious area is 45.6 acres, making the Upland Forest 0
entire tributary area equal to approximately Wetlands 0
982.0 acres. Rangeland 0
Medium Dens. Residential | 25
HSPF uses the Stanford Watershed Model High Density Residential 50
methodology as the basis for hydrologic Industrial 70
calculations. This methodology calculates soil Extractive 0
moisture and flow of water between a number Barren lands 0
of different "storages", including surface Open land 0
storage, interflow storage, upper soil storage Commem'a! 80
. . Transportation 80
zone, a lower soil storage zone, an active —
Institutional 50

groundwater zone, and deep storage. Rain that
is not converted to surface runoff or interflow
infiltrates into the soil storage zones. The

infiltrated water is lost by evapotranspiration, discharged as baseflow, or lost by deep

percolation (e.g., aquifer recharge).

Note: Water is simulated as RCHRES.
Incident rainfall is added to the storage

element without losses.

Several of the key parameters adjusted in the analysis include the following;:

m LZSN (lower zone nominal storage) - LZSN is the key parameter in establishing an

annual water balance. Increasing the value of LZSN increases the amount of

infiltrated water that is lost by evapotranspiration, and, therefore, decreases annual

discharge.

m INFILT (infiltration) - INFILT can also affect the annual water balance. Increasing

the value of INFILT decreases surface runoff and interflow, and increase the flow

of water to the lower soil storage and groundwater, and results in greater

evapotranspiration.
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m DEEPFR (fraction of groundwater recharge going to deep aquifers).

m UZSN (upper zone nominal storage) - Reducing the value of UZSN increases the
percentage of flow that is associated with surface runoff as opposed to
groundwater flow. This would be appropriate for areas where lake inflows are
highly responsive to rainfall events.

Actual evapotranspiration for the pervious land is calculated by HSPF based on the
PET and the available water content in the soil. When the available water supply in
the soil is inadequate to meet the potential demand, the actual evapotranspiration will
be less than the PET.

3.3 RCHRES Model

The RCHRES module of HSPF is used to represent water bodies, accounts for direct
inflow (rainfall) and direct outflow (evaporation) at the water surface, and routes
flows based on a rating curve supplied by the modeler. In addition to the direct flows
a RCHRES accepts IMPLND runoff and PERLND runoff, interflow, and groundwater
inflow. Daily values of evaporation are determined by HSPF based on PET. Sylvan
Lake was modeled as a single RCHRES.

Given the limited information, CDM estimated the bathymetry of the lake (Section 2-
4). In the absence of measured stage-flow relationship at the lake outlet, CDM
estimated the outflow conveyance at several depths, based on a 8 ft x 2 ft box culvert.

The rate of groundwater recharge from the lake bottom was calculated as a function
of the head difference between the lake surface elevation and the UFA potentiometric
surface elevation. This method, proposed by SIRWMD (Robison, 2003), is an
application of Darcy’s Law:

Q= Groundwater recharge [cfs]
Q=K ﬂ A K= Coefficient of permeability [ft/sec]
N L AH = Difference in elevation between lake and
potentiometric surface [ft]
L= Length of the material through which water
seeps from lake to aquifer [ft]
A= Cross sectional area of material through

which water seeps from lake to the aquifer
system [ft?]

In order to use this approach, it was necessary to use the Special Actions module of

HSPF. The pertinent Special Actions code is presented in Appendix A. At each time
step, the model calculates the value of AH and determines the groundwater outflow
demand. Daily values for the groundwater level were read from a nearby
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groundwater well for this purpose. A lumped variable K’ that incorporates the value
of K, A, and L was used.

K'=K A
L

In order to apply this methodology, it is necessary to estimate the Floridan aquifer
potentiometric surface elevation at the lake location. The estimation is based on the
level read at well V-0101 described in Section 2.3. Based on the potentiometric surface
elevations for several years (1976-1999) provided by the SJRWMD, it was determined
that the average groundwater elevation in this well is 3.0 ft lower than the UFA level
under Sylvan Lake based on data recorded at nearby wells (see Section 2.3).

The use of this methodology adds one important capability to the analysis; the surface
water model can evaluate the potential impact of a future offset in groundwater
elevation. It is advisable to obtain additional information about the system, such as
historical groundwater levels at the lake and detailed hydrogeologic information. If
future groundwater withdrawals need to be evaluated, they must first be translated in
terms of groundwater level offset.

3.4 Sylvan Lake Model Calibration

The model calibration focused on the period starting in June 1993 and ending in April
2000 since local rainfall data were available for this period. The calibration period
includes a dry year (32.8 inches in 2000) and a wet year (67.6 inches in 1994). The
initial stage condition was set to match the starting elevation of Lake Sylvan (38.37 ft-
NGVD). The calibration process involved an adjustment of the following parameters:
outflow rating curve, pervious land infiltration, soil storage capacity and
groundwater seepage.

The final values for soil infiltration and storage capacity are as shown in Table 3-2.
These values are consistent with the soil survey that classifies 50 percent of the soils as
type “A” soils, with a higher infiltration capacity.

A value of 0.30 was used for the DEEPFR parameter, which corresponds to a high
recharge to the Floridan aquifer from the pervious soil. This value matches the
regional estimations for groundwater recharge shown on Figure 3-2. In fact, the area
nearby the lake is estimated to recharge to the

UFA at a rate of 8 inches per year even though Table 3-3 Surface Outlet Rating Curve
recharge to the Floridan aquifer beneath the Assumed
. Lake Stage Outflow
lake is low. Outflow
(ft-NGVD) (cfs) (cfs)

The outlet rating curve was based on the 41.5 0 0
estimation that the invert is approximately 41.5 42.0 S 3
ft-NGVD. During calibration, this curve was 32'2 ig 184

adjusted to improve the balance and accuracy
of the model. The final rating curve obtained through calibration corresponds to a
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culvert with invert elevation at 41.5 ft-NGVD and a maximum discharge of 15 cfs at
43.0 ft-NGVD, as shown in Table 3-3. Therefore, the final calibrated outlet has almost
same discharge as the initial assumption.

Figure 3-3 shows the calibration results compared to the measured data. The model
approximates the measured values closely for most of the years. The parameters that
are assigned based on soils, and land use are within the desired ranges. The volume of
groundwater recharge from the lake is higher than the expected regional values.
Additional information regarding local rainfall, outlet survey, and groundwater data
could improve the calibration in the future. Paired values of measured stages and
modeled stages are presented on Figure 3-4. This figure also includes a 45-degree line
that represents a perfect match between measured and modeled data (i.e., measured =
modeled), and additional lines that show a range of 1.0 foot from the measured value.
As illustrated on Figure 3-4, the model output is fairly balanced (does not display a
bias), but it has a tendency of over prediction, though most of the points are within
the desired range.

3.5 Sylvan Lake Model Long-Term Results

The calibrated HSPF model was run for the period of January 1963 through December
2002 in order to obtain 40 years of model output. An initial lake stage value of 38.37 ft-
NGVD for Lake Sylvan was used as initial condition. Figure 3-5 shows the measured
and modeled time series of the Sylvan Lake stages. The difference in the modeled and
observed lake stages during period of 1978 to 1979 and during the year 2002 can be
due to the lack of local rainfall data or possibly faulty lake stage data. A slight decline
in the groundwater level is noticed. There are some periods when the rainfall is high
but the corresponding observed lake stage is not. This contradiction can be attributed
to the use of regional rainfall and lack of the local rainfall.

Table 3-4 shows the annual totals in acre-ft. The balance between inflows and
outflows is shown for the years modeled. A positive annual net flow means that there
is more water flowing into the system than is flowing out of the lake. A negative
annual net flow is usually associated with dry and hot years, when rainfall is low and
evapotranspiration is high. As indicated in Table 3-4, direct rainfall is the major
inflow term. Lake evaporation is the dominant outflow term followed by
groundwater seepage. The results also suggest that the lake can behave almost as a
closed system, since there are long periods of more than 10 years when no surface
outflow is generated. The recharge to the UFA beneath the lake was started at high
end of the range, considering the SJRWMD regional classification (Boniol et. al, 1993).
The annual groundwater seepage values can be converted to inches per year
estimating the annual average top area of the lake as shown in Table 3-5. The final
calibrated value corresponds to around 33 inches per year, which is much more than
the regional estimation (up to 4 inches or more per year only for the lake).

10
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The frequency-exceedance relationship for measured and modeled Sylvan Lake stages
is presented on Figure 3-6. The figure includes three frequency-exceedance curves for
the following conditions:

m Measured stages for the period of 1979 through 2002.

m Modeled stages on the days with corresponding measured data. A comparison of
this curve and the curve developed using measured stages provides an indication
of how well the model can reproduce the distribution of measured stages.

m Modeled stages for all days. This curve provides an indication of the expected long-

term distribution of lake stages, based on the complete model simulation period
(1963 through 2002).

As shown on Figure 3-6, the distribution of measured and corresponding modeled
stages exhibits fair agreement especially for stages above 38 ft-NGVD. A difference of
more than one foot in the modeled and observed lake stages can be due to various
factors, as discussed earlier in this section.

4.0 Sylvan Lake Minimum Flows and Levels

The long-term output obtained from the calibrated model for Sylvan Lake was used to
calculate the MFL statistics. The statistics evaluate the long-term response of the
system under the influence of present withdrawals. MFL statistics should also be
calculated for long-term response of the system, regardless of past conditions. The
model uses input parameters, such as rainfall and groundwater levels that have been
recorded in the past 40 years. Therefore, it is important to eliminate past conditions
that are not valid any longer by a correction. In order to determine the correction, a
double mass analysis was performed that compared rainfall and groundwater level. A
correction was determined before the year 1973. The SJRWMD confirmed that other
analyses with regional groundwater models have obtained similar results, and that it
was reasonable to apply this correction (Personal email from Price Robison, May 21t,
2003). Additional information about the correction is presented in Appendix C.

Therefore, the model was run with the corrected groundwater for 40 years from 1963
to 2002. The output obtained from the model was compiled and processed to
determine the frequency and duration of the stages. The following sections present
the evaluation of the MFL statistics for high, average and low levels. Results obtained
were compared to the adopted MFLs presented in Section 2.7.

4.1 Minimum Frequent High

The Minimum Frequent High Level is associated with seasonally flooded conditions,
lasting over a period of weeks to months. The SJRWMD uses a range of return
periods, from 2 years (50 percent probability of annual exceedance) to 3 years (33
percent probability of annual exceedance), to evaluate whether the minimum level is
being met or exceeded.
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To evaluate the Minimum Frequent High Level with the HSPF model, the modeled
lake stages were analyzed for durations of 30 and 90 days. For each of these durations,
an annual series of maximum stage exceedances was developed for the 40-year
period. The analysis looked at each full 12-month period of model results, beginning
on June 1 of the year and ending on May 31 of the following year, and identified the
minimum stage value that was exceeded at all times during each 30-day period
during that year. On each date, the analysis looks back in time for that particular
duration period (30 days, for instance) to get the minimum value. This results in a
series that contains the 30-day minimum for each date, from which the maximum is
picked. Figure 4-1 shows an example of how the 30- and 90-day maximum
exceedance stages are determined from June 1948 through May 1949 of a generic time
series.

Each annual maximum exceedance stage value was assigned a Weibull plotting
position to determine the probability of exceeding that stage over the specified
duration in a given year. The results were then plotted to evaluate the lake stage level
corresponding to a return period of 2 to 3 years (i.e., 50 to 33 percent probability of
exceedance in a given year).

The processed model results are presented on Figure 4-2. For a 2-year return period
(annual exceedance probability = 50 percent), the maximum 30- and 90-day exceeded
stages range from 38.83 (90-day) to 39.23 (30-day) ft-NGVD. For a 3-year return period
(annual exceedance probability = 33 percent), the maximum 30- and 90-day duration
exceeded stages range from 39.67 (90-day) to 40.08 (30-day) ft-NGVD. Based on the
analysis, the minimum frequent high level is not met under existing conditions.

4.2 Minimum Average

The Minimum Average Level is associated with typically saturated conditions, which
are expected to occur approximately once every 2 years. Furthermore, the flooding is

expected to last for a period of months. The SJRWMD uses a range of return periods,

from 2 events in 3 years (67 percent probability of annual non-exceedance) to 1 event

in 3 years (33 percent probability of annual non-exceedance), to evaluate whether the
Minimum Average Level is being met or exceeded.

To evaluate the Minimum Average Level with the HSPF model, the modeled lake
stages were analyzed for durations of 120 and 180 days. For each of these durations,
an annual series of minimum average stages was developed for the 40-year period.
The analysis looked at each full 12-month period of model results, beginning on
October 1 of the year and ending on September 30 of the following year, and
identified the minimum average stage over the specified duration. On each date, the
analysis looks back in time for that particular duration period (120 days, for instance)
to get the average value. This leads to a series that contains the 120-day average for
each date, from which the minimum is chosen. Figure 4-1 shows an example of how
the 120- and 180-day average non-exceedance stages are determined from October
1948 through September 1949 of a generic time series.

12
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Each annual average non-exceedance stage value was assigned a Weibull plotting
position to determine the probability of not exceeding that average stage over the
specified duration in a given year. The results were then plotted to evaluate the
average lake stage level corresponding to a return period of 1 event in 3 years to 2
events in 3 years (i.e., 33 to 67 percent probability of annual non-exceedance).

The processed model results and the preliminary level are presented on Figure 4-3.
For a return period of 2 events in 3 years (annual non-exceedance probability = 67
percent), the average 120- and 180-day duration stages range from 38.53 (120-day) to
38.68 (180-day) ft-NGVD. For a return period of 1 event in 3 years (annual non-
exceedance probability = 33 percent), the average 120- and 180-day duration stages
range from 36.24 (120-day) to 36.41 (180-day) ft-NGVD. Based on this analysis, the
minimum average level is not met under existing conditions.

4.3 Minimum Frequent Low

The Minimum Frequent Low Level is associated with semi permanently flooded
conditions, which are expected to last for a period of months. The SJRWMD uses a
range of return periods, from 1 event in 5 years (20 percent probability of annual non-
exceedance) to 1 event in 10 years (10 percent probability of annual non-exceedance),
to evaluate whether the MFL is being met or exceeded.

To evaluate the Minimum Frequent Low Level with the HSPF model, the modeled
lake stages were analyzed for durations of 60 and 120 days. For each of these
durations, an annual series of maximum stage exceedances was developed for the 40-
year period. The analysis looked at each full 12-month period of model results,
beginning on October 1 of the year and ending on September 30 of the following year,
and identified the maximum stage value during that duration. On each date, the
analysis looks back in time for that particular duration period (60 days, for instance)
to get the maximum value. This leads to a series that contains the 60-day maximum
for each date, from which the minimum is chosen. Figure 4-1 shows an example of
how the 60- and 120-day minimum non-exceedance stages are determined from
October 1948 through September 1949 of a generic time series.

Each annual minimum non-exceedance stage value was assigned a Weibull plotting
position to determine the probability of not exceeding that stage over the specified
duration in a given year. The results were then plotted to evaluate the lake stage level
corresponding to a return period of 5 to 10 years (i.e., 20 to 10 percent probability of
annual non-exceedance).

The processed model results are presented on Figure 4-4. For a 5-year return period
(annual non-exceedance probability = 20 percent), the minimum 60- and 120-day not
exceeded stages range from 35.80 (60-day) to 36.27 (120-day) ft-NGVD. For a 10-year
return period (annual exceedance probability = 10 percent), the minimum 60- and
120-day not exceeded stages range from 35.22 (60-day) to 35.60 (120-day) ft-NGVD.
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The analysis reveals that the minimum frequent low level is not met under existing
conditions.

5.0 Summary and Recommendations

CDM has predicted long-term stages at Sylvan Lake using the hydrologic model,
HSPF. The model was calibrated to best match measured and predicted lake stages
during the period of 1993 through 2000 in response to the rainfall data at Wekiva Park
gauge. Statistical analysis evaluated the long-term simulations outputs in the MFL
framework which compares predicted MFLs versus the adopted values.

The calibration process involved the adjustment of a surface outflow rating curve, soil
infiltration parameters, and groundwater seepage. Unfortunately some important
input parameters, such as long term rainfall and groundwater stages, were estimated
using regional values. In spite of this limitation, the final values obtained in the
calibration process were approximately within the accepted ranges for soil infiltration
and surface outflow. The volume of annual groundwater recharge from the lake to the
UFA was high (33 inches/year) compared to the regional estimation.

The results of the calibration effort are shown in this report. On the scatter plot the
model outputs are fairly balanced between underprediction and over prediction with
a slight tendency to over predict (Figure 3-3 and 3-5) and on the exceedance curve,
model outputs were fairly close to the measured values for most values (Figure 3-6).
At 90th percentile there is a difference of almost two feet in the observed and modeled
stages which can be due to the lack of local rainfall and ET data. CDM adjusted
model parameters so that the plotted points would fall more uniformly around the 45-
degree line that represents fairly good agreement between modeled and measured
lake stages (Figure 3-4).

Long-term flow mass balances of the Sylvan Lake calibrated hydrologic model reveal
the following: 1) the lake storage remains fairly constant over time, 2) direct rainfall is
the major inflow for the lake, and 3) lake evaporation is dominating factor for the lake
outflow. 4) The results also suggest that the lake can behave almost as a closed
system, since there are long periods of more than 10 years when no surface outflow is
generated. Field measurements and further groundwater modeling will help
determine the individual contribution of the surficial aquifer and of the confining
units system (Intermediate Aquifer System and Intermediate confining units from the
Hawthorn group and the UFA to the lake replenishment).

For the MFL program, lake levels that occur over a period of months, at relatively
frequent return periods (5 to 10 years or less), are of concern. At less frequent return
periods, the inability of the model to calculate lake stages that are comparable to
measured stages during an "extreme" period becomes less significant. For example, a
return period of 5 years corresponds to 6 events over the 30-year monitoring period,
and 10 events over the 50-year long-term modeling period. If the model has been
calibrated so that modeled lake levels are not consistently high or low, the
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distribution of the lake stages should be reasonable, even if the model does not
accurately predict the lake stages for every day of record.

The MFL statistics showed that under present conditions, the model predicts that the
system would not meet the adopted Minimum Levels (Figure 4-2, 4-3, and 4-4).

CDM makes the following recommendations to improve the hydrologic model MFL
analysis at Sylvan Lake:

m Measure local rainfall data.

m Measure groundwater levels close to the lake, in order to use local data instead of
regional estimations.

m Survey data of the lake outfall such as cross-sections and stage-flow relationship at
the lake outlet.

m Survey data to refine the lake bathymetry at multiple locations such as water depth
to bottom and side slopes.

m Local evapotranspiration data. Like rainfall, the model is very sensitive to variation
of evapotranspiration and only regional data were available for this model
application (CDM, 2001).

The presented HSPF model represents an additional step towards the comprehension
of the hydrologic processes that take place in Sylvan Lake. The HSPF model can be
used to evaluate future changes in hydrology and hydraulics such as land use
changes (development) and direct water withdrawals from the lake on lake stages. It
can also evaluate the impact of the groundwater level offset on lake stages.
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Appendix A -Special Actions

Special Actions module was used to implement the groundwater as follows:

NETWORK

<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member-> ***
<Name> x <Name> x x<-factor->strg <Name> x X <Name> x x ***

*** TRANSFER OF INFLOW CALCULATED IN SPECIAL ACTIONS TO RCHRES
GENER 1 OUTPUT TIMSER RCHRES 100 INFLOW IVOL 1

END NETWORK

SPEC-ACTIONS
ik or IcIs ac as agfn
*Ewrd> <ugnm> <oper> <#> <vari><1><2><3><t><multfact> <>< > <>< > < >
UVQUAN gwstag COPY 1MEAN 1 3 HR 24 DY 1 SUM
UVQUAN lkstag RCHRES 100 STAGE
UVQUAN lkrain RCHRES 100 PRSUPY
UVQUAN lkevap RCHRES 100 VOLEV
UVQUAN lkarea RCHRES 100 SAREA
UVQUAN stdelt GLOBAL WORKSP 10
UVQUAN kvalue GLOBAL WORKSP 11

ok cnt or act or act
**kwrd> <unam>< > <vari><1><2><3> <frc> < > <vari><1><2><3> <frc> < >
UVNAME STDELT 1 WORKSP 10 1.0 QUAN
UVNAME KVALUE 1 WORKSP 11 1.0 QUAN

ok dc ds dt tc ts num
Froper><f><-><>< ><yr><m><d><h><m><><> <vari><1><2><3><g><-value--> <> < >< >
Kkk
GENER 1 KVALUE =0.11000 YR 11
Kkk

*kk

GENER 1 STDELT = lkstag DY
*** The Following is the offset of the GW level to compensate for the distance b
*** hetween the lake and the gw well. += means that the well is higher than the
*** groundwater at the lake. -= means that it is lower.

GENER 1 STDELT -= 3.0 DY
GENER 1 STDELT -= gwstag DY 1
GENER 1 STDELT *= kvalue DY 1
GENER 1 STDELT *=-0.0826 DY 1
GENER 1 K 1 = stdelt DY 1

END SPEC-ACTIONS
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Appendix B - Tips on Using Sylvan Lake HSPF Model

The model should be run in HSPF version 12, with the BASINS graphical interface. It
is also possible to run it with the DOS executable version in text mode. From the
interface it is possible to modify the parameters related to all the sections of the
model.

Input time series are read from the file MFL4. WDM. This file can be modified with the
utility software WDMUTIl available from BASINS. The UCI file for HSPF contains
information about the DSN number that identifies each one of the parameters that are
read by the model such as precipitation, evapotranspiration, and groundwater level.

Output is written in text format to the file SyILAK.LAK. This file can be viewed with
any spreadsheet, or graphic utility. It contains the daily values for the lake stage. The
file annLAK.PRN lists the annual totals of different parameters at the end of the run.
This file is in text format also. For a description of each one of the variables that are
summarized yearly see the PLTGEN section of the HSPF input file.

WDMUTIl was used to generate most of the graphs included in this report. Some
graphical bugs have been detected in this program, and CDM has reported them to
the authors.
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Appendix C - Groundwater Evaluation

MFL statistics should be calculated for long-term response of the system, regardless of
past conditions. In some instances there have been significant changes to the use of
water that impact the groundwater setting during time. In such cases it is necessary to
perform a correction to avoid the effect of such change during a long-term simulation
(Robison, 2003).

The groundwater level at well V-101 exhibits a change around year 1973. The
methodology applied consists of evaluating the cumulative values of two data sets to
determine changes in their correlation. Well stages from monitoring well V-101 and
the composite rainfall time series were compared in this case. Figure C-1 shows the
double mass analysis and the years in which a significant change occurred. Significant
changes are identified in the slope of the double mass curve, which represents an
alteration in the relationship between the two variables. The slopes of the lines before
and after the turning point are used to correct the values of the groundwater level.
Based on this analysis, a correction was made as follows: before the year 1973 stages
were lowered 1.8 ft. Figure C-2 shows the comparison between original and corrected
data.

The correction was used to run the MFL model presented in Section 4.0. In fact, a
similar correction has been determined also by the SJRWMD for well V-101.
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Appendix D - Additional Evaluation of Sylvan Lake

After the completion of this report, additional groundwater and rainfall data became
available, as shown on Figure D-1.

m Groundwater: The analysis presented in this report relies on well V-101 data to

Sylvan_Final_2005.doc

estimate the upper Floridan Aquifer level at Sylvan Lake. A closer long term well
was identified (S-125), which is located 7.5 miles south of Sylvan lake, as opposed
to well V-101 which is located approximately 20 miles north east of the lake. S-125
has a long term period of record from November 1952 to February 2004, and
therefore is suitable for the MFL analysis. The model was therefore calibrated again
based on the new well data, with an offset of -12.5 ft to estimate the level of the
upper Floridan Aquifer at Sylvan Lake. Figure D-2 shows the calibration results
based on S-125 for the same period of calibration based on V-101 presented in
Figure 3-3. The reader can see the difference in the groundwater approximation
based on well S-125, which in some cases is as high as the lake stage itself. Figure
D-3 shows the scatter plot obtained with the new well data from 1978 to 2002, and
can be compared with Figure 3-4 which was produced with data from a shorter
period of record (1993-2000). The calibration didn’t improve significantly but the
estimation of groundwater is made based on a closer well. Long term model results
obtained with well S-125 are presented in Figure D-4, and can be directly
compared with the results obtained with well V-101. Based on a comparison with
the recorded Sylvan Lake stage, well S-125 did not improve the calibration
systematically, in particular for the months of 1990 and 2000. Neither of the two
calibrations accurately predict the recorded stage increase of 1979, when HSPF
underestimates the lake stage. Table D-1 shows the yearly total inflows and
outflows. The MFL statistics were calculated for Sylvan Lake and compared to the
results obtained with well V-101 which were included in the figures for
comparison purposes (Figures D-5, D-6, and D-7). Lower stage values of all the
MEFL plots are smaller for the calibration obtained with well S-125 instead of well
V-101, which can be directly linked with the periods of 1985-1991 and 1998-2002. In
fact, Figure D-4 shows that during these periods the updated model is consistently
lower than the original analysis.

Rainfall: Additional rainfall data were available from the Orlando gage, which has
been relocated, and is presently at the Orlando International Airport. The yearly
totals are presented in Table D-2, and can be compared with the totals for the
composite rainfall data presented in Table 2-1. A direct comparison of the yearly
totals for the Orlando rainfall gage and the composite rainfall time series shows
that the latter is higher for most of the years. The effect of this difference can be
seen in Figure D-8 which shows the model output obtained with this rainfall gage.

Sylvan Lake Bathymetry: Seminole County conducted measurements of the lake
depth, and produced bathymetric contour lines. CDM updated the values
estimated for area and volume within the HSPF model, and the comparison is
shown in Figure D-9. Initial CDM estimates were very close to the actual
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measurements performed by Seminole County, and they didn’t produce noticeable
changes in the results. All the models run in Appendix D have the updated
bathymetry information.
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