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Hydrologic Model Development for MFL
Evaluation of Prevatt Lake, Orange County

1.0 Project Study Area Description

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

Prevatt Lake is located in Orange County, two miles north of Apopka in Wekiva
Springs State Park. 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 because it
meets the selection criteria established for this MFL program (CDM, 2001). The results
of this report suggest that Prevatt Lake is an open system, since it has a positive
discharge for rainfall events smaller than the 10-year/24-hour storm.

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 Prevatt 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 Prevatt
Lake:

m Wekiva Springs (October 1992-July 2002) located 1.5 miles east.

m Wekiva Marina (January 1992 to October 1996) located 2.6 miles east.
m Lake Brantley (February 1990- May 2002) located 4.2 miles east.

m Lynwood (May 1985-December 1994) located 4.2 miles southeast.

m [FAS (April 2001-November 2003) located 5.6 miles southwest.

m SR 46 (November 1992-November 2002) located at 5.6 miles north.

m Lake Emma (June 1995-September 1997) located 9 miles east.

m Wekiva Park (June 1993-May 2000) located 9 miles north.
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Crystal Lake (September 1995-April 2002) located 10 miles east.

Winter Garden (January 1997-December 2002) located 10.3 miles south.

City of Sanford (January 1948-January 2003) located at 15.2 miles east.

Isleworth (January 1931-December 1982) located at 15.7 miles south.
m McCoy (January 1991-March 2004) located 20.8 miles southeast.

Since no local rainfall data are available at Prevatt Lake, composite rainfall data from
the City of Sanford and Wekiva Springs were used. Wekiva Springs is the nearest
gauge to Prevatt Lake and City of Sanford is the nearest gauge with long term data.
These two stations have a correlation factor of R2=0.63 for their common period of
record. Rainfall data from the City of Sanford were used until October 1992 and from
July 2002 to December 2002. Wekiva Springs data were used from November 1992 to
June 2002.

Based on the composite dataset, the average rainfall from 1960 to 2002 is 50.0 inches
per year; it ranges from 30.1 inches in 2000 to 74.2 inches in 1994. 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

Prevatt Lake is located within the Apopka Hills Physiographic Division of the Central
Lakes District, a sand hills area modified by karst processes (Brooks, 1982). There is a
long period of stage data available with sporadic records from 1960 to 2003, and
monthly records from 1976 to 2003 with some gaps. The elongated lake basin is
comprised of shallow solution basins and drains an area of 1,131 acres. The extent of
the tributary area to Prevatt Lake can change based on the influence of the network of
lakes to the south, which includes Lake Coroni and McCoy Lake. A recent hydraulic
analysis of the system (PEC, 1997), shows that there can be a significant interaction
between these lakes. The report identified the tributary areas to each one of these
lakes, including Prevatt Lake, which was also used in this analysis, shown 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 99.2
acres, at a lake stage of 56 {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 27 percent (279
acres) of upland forest; 22 percent (228 acres) is used as medium density residential,
14 percent (138 acres) is comprised of agricultural plots; and 10 percent (103 acres) is
high density residential. The remaining land includes 6 percent (60.4 acres) of low



Table 2-1. Composite Annual Rainfall Totals for Prevatt Lake

2-Year 3-Year 2-Year 3-Year
Average Average Average Average
Annual Annual Annual Annual Annual Annual
Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall
Year (inches) (inches) (inches) Year (inches) (inches) (inches)
1960 62.9 1990 36.6 38.6 45.8
1961 37.4 50.1 1991 69.3 52.9 48.8
1962 35.0 36.2 45.1 1992 61.7 65.5 55.9
1963 51.7 43.4 41.4 1993 45.2 53.5 58.7
1964 57.9 54.8 48.2 1994 74.2 59.7 60.4
1965 48.8 53.3 52.8 1995 52.2 63.2 57.2
1966 53.1 51.0 53.3 1996 49.2 50.7 58.5
1967 42.0 47.6 48.0 1997 45.7 47.4 49.0
1968 50.6 46.3 48.6 1998 39.0 42.3 44.6
1969 51.2 50.9 47.9 1999 52.3 45.6 45.6
1970 45.9 48.5 49.2 2000 30.1 41.2 40.4
1971 48.7 47.3 48.6 2001 46.2 38.2 42.9
1972 63.8 56.3 52.8 2002 57.9 52.0 44.7
1973 51.2 57.5 54.6
1974 45.3 48.2 53.4
1975 50.9 48.1 49.1
1976 45.7 48.3 47.3
1977 45.6 45.6 47.4
1978 51.1 48.3 47.5
1979 53.1 52.1 49.9
1980 48.4 50.8 50.9 Average 50.0
1981 41.7 45.0 47.7
1982 59.9 50.8 50.0
1983 62.9 61.4 54.8 Maximum 74.2 65.5 60.4
1984 47.7 55.3 56.8 (year(s)) 1994 1991-1992 1992-1994
1985 49.5 48.6 53.3
1986 43.9 46.7 47.0
1987 46.2 45.1 46.5 Minimum 30.1 36.2 40.4
1988 60.1 53.1 50.1 (year(s)) 2000 1961-1962 1998-2000
1989 40.7 50.4 49.0
Notes:

1. Rainfall from January 1960 through October 1992 is from City of Sanford gauge.
2. Rainfall from November 1992 through June 2002 is from Wekiva Springs gauge.

3. Rainfall from July 2002 through December 2002 is from City of Sanford gauge.

Prevatt Tables vl1.xls 09/07/04
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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 and others have 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 Prevatt Lake, and
recommended the minimum levels for the lake stage (SJRWMD, 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 56.0 ft-
NGVD, a Minimum Average Level of 53.0 f{--NGVD, and a Minimum Frequent Low
Level of 50.9 {t-NGVD. These levels have been adopted by rule.

2.8 Permitted Water Withdrawals

The report also mentions that active consumptive use allocations do not exist from the
lake or in the land sections adjacent to the lake.

3.0 HSPF Model Development of Prevatt Lake

An HSPF model was developed for Prevatt 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 Prevatt Lake includes 133.67 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 Prevatt Lake was estimated to Land Use Category |DCIA%
be 882.21 acres. The typical open water surface Low Density Residential 10
area for the lake is 94 acres and the impervious Agriculture 0
area is 133.67 acres, making the entire tributary Upland Forest 0
area equal to approximately 1,110.0 acres. Wetlands 0
Rangeland 0
HSPF uses the Stanford Watershed Model Medium Dens. Residential | 25
methodology as the basis for hydrologic High Density Residential 50
calculations. This methodology calculates soil Industrial 70
moisture and flow of water between a number Extractive 0
of different "storages", including surface Barren lands 0
storage, interflow storage, upper soil storage Open land 0
. : Commercial 80
zone, a lower soil storage zone, an active :
. Transportation 80
groundwater zone, and deep storage. Rain that -
Institutional 50

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.

m DEEPFR (fraction of groundwater recharge going to deep aquifers).
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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. Prevatt
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 two 36 inch culverts.

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 ﬁ A K= Coefficient of permeability [ft/sec]
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
groundwater well for this purpose. A lumped variable K’ that incorporates the value
of K, A, and L was used.
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K'=K é
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 S-0125 described in Section 2.3. From the analysis of water levels
from several surrounding wells, it was determined that the average groundwater
elevation at well 5-0125 is 4.0 ft higher than the UFA level under Prevatt Lake (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 Prevatt Lake Model Calibration

The model calibration focused on the period starting in January 1993 and ending in
December 2002 since local rainfall data were available for this period. The calibration
period includes a dry year (30.1 inches in 2000) and a wet year (74.2 inches in 1994).
The initial stage condition was set to match the starting elevation of Lake Prevatt (52.5
ft-NGVD). The calibration process involved an adjustment of the following
parameters: outflow rating curve, pervious land infiltration, soil storage capacity and
groundwater seepage. One important element of the calibration process was the
estimation of the actual tributary area to Prevatt Lake. Previous reports show that
Lake Coroni and Lake McCoy, located south of Prevatt, can generate significant
outflow (PEC, 1997). Their influence justifies a future model that will include the
hydraulic analysis of the connection with those lakes, would extend significantly the
tributary area and increase the analysis complexity.

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 recharge to the Floridan aquifer beneath the lake is moderate (4-8 inches). The
seepage between the lake and the upper Floridan aquifer was estimated using the
SPECIAL ACTIONS section of HSPF, as presented in Section 3.3. Part of the
calibration process involved the determination of the value of the K" parameter and its
variation with respect to the lake stage. In this case CDM estimated that below
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elevation 43 ft-NGVD the amount of seepage is negligible. This was determined
because of the fact that during dry periods the lake stage was dropping too much, and
the model was getting unstable. Furthermore the recorded lake levels indicated that
the lake stage never reached such low values during the same period of time. In the
future the model can include Lake Coroni and Lake McCoy and their outflow might
contribute to maintain a certain lake level, without recurring to the removal of the
groundwater seepage below elevation 43 ft-NGVD.

The outlet rating curve was based on the estimation that the invert is approximately
56.6 ft-NGVD. During calibration, this curve was adjusted to improve the balance and
accuracy of the model. The final rating curve obtained through calibration
corresponds to a culvert with invert elevation at 56.6 {t-NGVD and a maximum
discharge of 140 cfs at 59.6 {t-NGVD, as shown in Table 3-3. The influence of the
outflow is limited since most of the time during the calibration period the lake stage
was below elevation 56.6 f{t-NGVD, and therefore the was no flow through the two
culverts.

Figure 3-3 shows the calibration results compared to

Table 3-3 Surface Outlet
the measured data. The model response follows the Rating Curve
same trend of the recorded values for most of the

years. The parameters that are assigned based on Lake Stage  Outflow
soils, and land use are within the desired ranges. The [ft-geG(\S/D] [((:)f(s)]
volume of groundwater recharge from the lake is 570 53
much higher than the expected regional values. 58.0 61.1
Paired values of measured stages and modeled stages 59.6 139.4

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 slightly overestimates
the low values, and the calibration is fair. In order to improve the calibration CDM
suggests the following;:

m Including Lake Coroni and Lake McCoy can improve significantly the model
calibration.

m The groundwater readings are not consistent and sometimes oscillate between two
values that differ 3 ft or more. The reader should notice such oscillation during the
years 1993, 2000 and 2001, in Figure 3-3.

m Additional information regarding local rainfall, bathymetry outlet survey, and
groundwater data could improve the calibration in the future.

3.5 Prevatt 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 59.5 ft-

10
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NGVD for Lake Prevatt was used as initial condition. Figure 3-5 shows the measured
and modeled time series of the Prevatt Lake stages. There appears to be a decline in
the groundwater levels during the past 40 years. The model does a fair job in
predicting the observed stages during the calibration period, but it has more than 5 ft
difference in some instances.

The frequency-exceedance relationship for measured and modeled Prevatt 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 1960 through 2003.

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 50 ft-NGVD.

Table 3-4 shows the annual totals in acre-ft for the mass balance components. 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, impervious land overflow, and pervious land overflow are
contributing evenly to the lake inflows. Groundwater seepage is the dominant
outflow term followed by evapotranspiration. The results also confirm that the lake
behaves as an open system, since there are periods of less than 10 years when no
surface outflow is generated in 26 out of the 40 years of period. 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 82 inches per year below the lake. The regional estimation is
between 4 and 8 inches per year, but local values can differ significantly from this
range.

4.0 Prevatt Lake Minimum Flows and Levels

The long-term output obtained from the calibrated model for Prevatt 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

11
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Figure C-2 Comparison of the groundwater time series after the correction determined with the
double mass analysis
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