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Introduction

INTRODUCTION

Lake Avalon is located in Orange Counflorida, aboufive miles southwest
of Winter Garden (Figure 1)Lake Avalonis on theMinimumFows andLeveb
Priority Water Body List and Sched(BIRWMD 20@). As a priority listed

water body, minimum levels must be established for this lake puntsioa
Section 373.042(2Florida StatutegF.S.). The priority water body list and
schedule is based upon the importance of the water body to the region and
the existence of, or potential for, significant harm to the water resources or
ecology of the regin. Additionally, Lake Avalonis located within a St. Johns
River Water Management District (SIRWMP)iority water resource caution
area. Therefore, settimginimum flows andlevels (MFLs) for Lake Avalon is
of particular importance. Although other facs may ultimately be more
limiting, MFLs will provide limits to Floridan aquifer withdrawals from the

area surrounding Lake Avalon or to direct withdrawals from the lake itself.

The basic task in analyzing changes to a hydrologic system is to quantify
those changes and assess their acceptability. In the context of MFLs,
SIJIRWMD uses analyses of results from letegm hydrologic models to make
these assessments. Modeling results will provide the framework needed to
implement MFLs for Lake Avalon. By aheing the output from a

hydrologic modelinformedmanagement decisions can be made regarding

ground water withdrawals from the Floridan aquifer in the Lake Avalon area.

PURPOSE AND SCOPE

Two preliminary MFLs have been recommended by SIRWMD for Lake

Avalon (Ware 208): aminimum frequenthigh leveland aminimum frequent
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low level. In conjunction with setting MFLs for Lake Avalon, SIRWMD
developed a hydrologic model of the lake. This model simulates Lake Avalon

stages using historical rainfall, eva@bion, and groundwater levels.

The purpose of this report is to describe and document the following:

e Model selection

e Model calibration criteria

e Model development and calibration

e Model application assumptions

e Model performance assessment

e Statisticalanalysis used in implementing the Lake Avalon MFLs

e Analyses of Floridan aquifggotentiometric surface declin@sthe vicinity
of Lake Avalon relating to MFLs

The model domain covers Lake Avalon and its surrounding drainage basin.

The calibration paranter for the hydrologic model was lake stages.

Modeling results indicate thédioth Lake AvalonMFLs are being met under
existing (2001) conditions. Analyses of modeling results using two different
long-term rainfall records indicate Lake Avalon MFwould no longer be

met with a Floridan aquifgpotentiometric surface decliraf between 0.7 and

1.1 feetin the vicinity of the lake under post001 conditions.

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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Hydrologic Model of Lake Avalon

HYDROLOGIC M ODEL OF LAKE AVALON

Hydrologic modeling and analysis provide the framework neeaded
implement MFLs on Lake Avalon. By analyzing the output from a
hydrologic modelinformedmanagement decisions can be made regarding
groundwater withdrawals from the Floridan aquifer in the vicinity of Lake
Avalon or direct surface water withdrawal®in the lake itself. This chapter

of the Lake Avalon hydrologic methods report discusses the

e Model selection process

e Model calibration criteria

e Selected model, SSARR

e Model data requirements

e Principal modeling assumptions
e Model calibration

e Model calibraton results

M ODEL SELECTION

Before selecting a model to assess hydrologic changes in the context of MFLs,
it must be established that the system in question and its relationship to MFLs
cannot be represented adequately without a model. Often, simplatapes

are performed on gage records to assess the effects of alterations on a
hydrologic system. For example, the amount of surface water withdrawal
might be subtracted from daily flows recorded at a gage. Frequency analysis
on the resulting time segsee Appendix A) could be used to assess a

system with respect to MFLs. CH2MHILL (1997) essentially shifted flow

duration curves (see Appendix A) to obtain preliminary analyses of the

DRAFT 12/ 19/ 2008 St. Johns River Water Management District
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effects of water withdrawals on the Middle St. Johns River systemileWh

these methods might be adequate in a preliminary analysis, the complexity of
the Lake Avalon systerd especially as it relates to the Floridan aquder
requires a predictive computer model to adequately examine the effects of

hydrologic changes. This especially true in the context of MFLs.

When selecting a model or combination of models to provide useful

simulations of a hydrologic system, two principal factors should be
considered. The first factor tof consid:
for example, the model asdesigned to analyze an urban flooding problem,

then the model would require sufficient detail and small enough time steps

such that flooding effects in an urban setting could be adequately

represented. In the context of thakde Avalon MFLs, a longerm (covering

30 years or more) simulation of stages is important. In addition, the model

should be capable of simulating changes to the hydrologic system to ensure

MFLs compliance.

The second factor that should be considereseilecting a model or

combination of models is the hydrologic and physical data available to
develop and calibrate the models. For instance, unless a dense network of
hourly rainfall stations is available, the use of a highly detailed model capable
of simulating a complex urban flood is inappropriate. In the case of Lake

Avalon, a dailytime-step model is adequate.

SIRWMD selectedhte Streamflow Synthesis and Reservoir Regulation
(SSARR) mathematical model, a rainfalinoff-routing model developed by
thePortland District of the U.S. Army Corps of Engineers (USACE 1986;

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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Hydrologic Model of Lake Avalon

Ponce 1989), for the Lake Avalon MFLs modeling effort. SSARR is a standard
hydrologic model that has been used in many parts of the world for many
different applications. SSARR is a comious simulation model, so in this

sense it is well suited to the SIRWMD approach to MFLs.

SSARR is also appropriate for modeling Lake Avalon because of its

backwater mode. SJIRWMD has developed a method of simulating seepage

from a lake to the Floridaaquifer using this backwater modBased on

experience with other systenits historical fluctuation of over 17 fhdicates

thats eepage is most | ikely an important p
The estimation of seepage from Lake Avalon to Beridan aquifer will be

discussed in detail later in this report.

Generally speaking, a hydrologic system should be modeled as simply as
possible. If model results are unsatisfactory, then more detail can be
included. Ifthe SSARR simulatioof Lake Avalon is found to be inadequate,
then a more complex model should be considered assuming, of course, that
there is adequate data available for more elaborate simulations. Years of
additional data collection might be needed to justify using a more complex

model.

CALIBRATION CRITERIA

Calibration of a hydrologic model is a standard procedure in which measured
and simulated values are compared. The particular aspects stressed in
hydrologic model calibration depend on
SIRWMD will use the Lake Avalon SSARR model to determine the effects of

consumptive use withdrawals on | ake sta

DRAFT 12/ 19/ 2008 St. Johns River Water Management District
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to simulate lake stages will be tested by calibration against historical stage

measurements.

Calibration criteriaused to judge the adequacy of a model, are determined
before model calibration. In the case of the Lake Avalon SSARR model, the
calibration criteria will be based on simulation of stages. The goal is to
maximize the number of simulated values within540 of the corresponding
measured values. An additional goal is to meet this criterion over a wide

range of stages

M ODEL DESCRIPTION

SSARR is comprised of watershed and river system submodels. The
watershed submodel simulates rairdalhoff and acounts for interception,
evapotranspiration, baseflow infiltration, and routing of runoff into the
stream network. This submodel also accounts for groundwater flow through
the localsurficial aquiferbut not for flow through the regionaurficial

aquifer, the intermediate aquifer, or the Floridan aquifer.

The basic routing method used by SSARR to model a watershed is a cascade
of reservoirs technique (USACE 1986; Ponce 1989). A watershed is
represented as a series of lakes, which conceptually simukeesatural

delay of runoff.

Lake routing is accomplished by an iterative solution of an equation
involving inflow, outflow, and storage. The model accounts for evaporation

losses and rainfall gains for each lake.

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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Hydrologic Model of Lake Avalon

The SSARR User Manual (USACE 1986) ¢aims a complete description of
the model. Ponce (1989) also provides a description of SSARR.

As mentioned previously,7-ft range of fuctuation in Lake Avalon stages
indicatesthere is a high likelihood there is a significant connection between
the lalke and the Floridan aquifer in the area. Therefore, a seegagdation
module was added to the SSARR model of Lake Avalon. This module will be

discussed later in this report.
Input data needed to operate SSARR include the following:

e Job control paranters
e Constant characteristics
e Initial conditions data

e Time series data

Job Control Parameters

Job control parameters used by SSARR include the simulation period, data
time intervals (i.e., daily, hourly, etc.), and output options (e.g., the stations
for which output is required). The simulation period used in the Lake Avalon
SSARR model was fear and the time step waslay. Longterm

simulations were composed of a series-gkhr segments.

Constant Characteristics

The constant characteristicsafvatershed are physical features such as
drainage area, characteristics affecting runoff, hydrograph shape, lake storage

capacity curves, rating curves, drainage system configuration, and so on.

DRAFT 12/ 19/ 2008 St. Johns River Water Management District
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The constant characteristics discussed in detail herenarsdil moisture
runoff relationships, drainage areas, the relationship of lake storage capacity

to lake stage, and lake outlet rating curves.

Soil Moisture-Runoff Relationships. The Soil Moisture Index (SMI),

measured in inches, is an indicator of ralatsoil wetness and, consequently,
of watershed runoff potential (Figu®). Rainfall inputis divided by SSARR
into surface runoff and soil moisture increases. The percentage of rainfall
available for runoff (runoff percentage, or ROP) is based on agpirécally
derived relationship between soil moisture and ROP. This relationship
determines the runoff percentage; rainfall that is not converted by the model
into runoffis added to the SMI.

Soil moisture (the SMI) in SSARR is depleted only by evapotpamsion

(ET). ET losses include transpiration by vegetation, interception losses, and
direct evaporation of groundwater. The total of these losses is referred to as
potential ET (Ponce 1989). A set percentage of pan evaporation can be used
to approximae the potential ET (Ponce 1989; Linsley et al. 1982); the final
percentage is determined during model calibration. The monthly pan
evaporation at a NOAA (National Oceanic and Atmospheric Administration)

weather station is used to obtain daily potential E

The actual amount of simulated ET, referred to as effective ET, changes with
changing soil moisture conditions. The soil moisture lost through ET
decreases as the soil dries out. Thus, the potential ET is multiplied by a
factor, based on the SMI, tibtain the effective ET (Figur®). The final form

of this relationship between the SMI and the effective ET is determined

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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Hydrologic Model of Lake Avalon

during model calibration. SSARR determines the effective ET and reduces

the SMI by the effective ET before calculating runoff.

Drainage Area The drainage area used in the Lake Avalon SSARR model
was obtained based on U.S. Geological Survey (USGS) quadrangle map
topography (Figure 3). The drainage area obtained wad &dLmi.

Model Schematic A schematic of the Lake Avalon SSARRbdel is a useful
way to present the configuration of the various components of the hydrologic
system (Figurel). The schematic shows the location of different model

elements such as drainage basins, lakes, and seepage sinks.

Storage Capacity Curve Bathymetry has not been obtained for Lake Avalon.
The stagearea values used to determine the storage capacity curve for Lake
Avalon are based on areas derived from topographic contours and water
surface (at 91 INGVD [National Geodetic Vertical Datum 19p from the

USGS quadrangle map (Figure 5). Readily available aerial photography for
both 1995 and 2000, when Lake Avalon was below 91 ft, could not be used to
determine areas because it was not of sufficient quality. As a first estimate, it
was assumethat the bottom of the lake fell away from 91 ft at a 20
horizontalto 1vertical slope. The storage capacity curve (Figure 6) for the

lake is incorporated in SSARR as a twariable table.

Outlet Rating Curve. Lake Avalon is a closed system from theint of view

of surface hydrologyThereforean outlet rating curve is not relevant.

Land Use and SoilsBeyond estimating the amount of impervious area, land
use and soils are often not used in the development of SSARR models and,

therefore, are nadetailed here. Analysis @000land use indicated abo&8

DRAFT 12/ 19/ 2008 St. Johns River Water Management District
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acres of lowdensity residential developme(it0% impervious)which
translated to about Ql@sg mi of impervious arealrhereforethe model
includestwo basins corresponding to DAsg mi ofpervious area and (@

sq miof impervious area.

Initial Conditions Data

Initial conditions specify the watershed parameters on the starting day-ofa 1
year simulation. These parameters include the current value of the SMI; the
initial runoff from eat drainage basin; and the initial storage, elevation, and
outflow for each lake. SSARR simulations were divided into periods of
lyear. Longterm simulations were composed of a series-péar segments.
The model automatically uses conditions calcudas¢ the end of §ear of

simulation to start the following yeard

Time Series Data

SSARR uses a number of different types of time series data as input. Rainfall,
evaporation, stage gage values, and potentiometric surface levels of the

Floridan aquifer system were used for the Lake Avalon model.

Rainfall. The Lake Avalon SSARR model uses daily rainfall totals. Rainfall
data gathered at the SIRWMD Turnpike station were used for model
calibration (see Table 1, Figure 7). In addition taadftom the Turnpike

station, data from a SIRWMD station at Winter Garden and NOAA stations at

Clermont and Isleworth were used for the letegm simulations.

Lake stages Calibration of a hydrologic model is accomplished by comparing

observed daily stagealues to those generated by the model. Data gathered

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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Hydrologic Model of Lake Avalon

by Orange County approximately monthly (see Table 2, Figure 8) were used

in the development of the Lake Avalon SSARR model.

Floridan aquifer potentiometric surface levels Potentiometric surface dat
from various Floridan aquifer wells (see Table 2, Figure 9) were used to
develop the seepaggmulation module for the Lake Avalon SSARR model.
Except for the L052 well, levels at these wells are recorded daily. Any gaps
were filled with straighline interpolation. Daily values for the-052 well,
monitored monthly, were developed with straidimte interpolation. The
simulation of seepage flows will be discussed in more detail later in this

report.

Data from the E052 well (see Table 2, Figure ®ere used in the calibration
of the Lake Avalon SSARR model. For the lotegm simulations, the4052

data were supplemented by data from the Clermont and Mascotte wells.

Pan evaporation Pan evaporation data are important to the Lake Avalon
SSARR modein two ways: (1) they are used in the calculation of direct lake

evaporation and (2) they are used in the estimation of ET.

The pan evaporation concept provides a standard method of measuring
evaporation (Linsley et al. 1982). Monthly pan evaporatioracat

published at four NOAA stations in or near SJIRWMD: Gainesville, Lake
Alfred, Lisbon, and Vero Beacfsee Figure 10)Average annual pan
evaporation varies from 73.11.iat Lake Alfred to 59.08 imat Lisbon

(Table3). The maximum annual pan evaption varies from 86.25 irat

Lake Alfred to 67.57 inat Lisbon. Minimum annual pan evaporation varies

from 53.68 in at Gainesville to 66.76 irat Lake Alfred.

DRAFT 12/ 19/ 2008 St. Johns River Water Management District
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Direct lake evaporation can be estimated using pan evaporation data
multiplied by a coeftient (Ponce 1989; Linsley et al. 1982; USGS 1954).
Although coefficients vary, 0.81 is often used in the vicinity of SIRWMD,
based on a study at Lake Okeechobee (USGS 1954). Estimates of average
annual lake evaporation using this coefficient vary frd3 in at Lake

Alfred to 47.85 in at Lisbon (Tablet). Values published by the National
Weather Service (NWS) (Linsley et al. 1982, p. 173) indicate that average
annual evaporation for shallow lakes in SIRWMD should vary from 45 to 48
in. per year. Tlrefore, Lisbon pan evaporation data were used to calculate

direct lake evaporation for the Lake Avalon SSARR model.

Lake evaporation coefficients vary from month to month (USGS 1954).
Monthly coefficients for the Lake Avalon SSARR model were obtainedfa
study of evaporation on Lake Okeechobee, Florida (USGS 1954). Using
average monthly pan evaporation at Lisbon and the corresponding monthly
coefficients yields an average yearly evaporation of 48.1@able5). Again,

this rate is very close tdé range published by NWS (Linsley et al. 1982, p.
173) for average annual evaporation from shallow lakes in the vicinity of
SIRWMD. Monthly pan evaporation was divided by the number of days in a
month to obtain a daily pan evaporation value. For mounhelkation of
hydrologic conditions between 1960 and 2001 (Ta&)/gpublished monthly

pan evaporation was used. For simulation years prior to 1960, average

monthly pan evaporation was used.

Potential ET from a watershed can be estimated using a setmpagecof

daily pan evaporation (Ponce 1989; Linsley et al. 1982). For the Lake Avalon

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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Hydrologic Model of Lake Avalon

SSARR model, this percentage was 100%. Because pan evaporation measured
at the Lisbon NOAA station was used to calculate lake evaporation, as
described above, it wassal used to determine evapotranspiration for the

Lake Avalon SSARR model (see p. 10 for an explanation of how SSARR uses

pan evaporation data for estimating ET.)

Seepage flow between Lake Avalon and the Floridan aquifeGiven

sufficient connection betweemlake and the Floridan aquifer, seepage
between them forms an important part of the water budget of the lake. The
amount of seepage between lake and aquifer will depend on the difference in
elevation between the lake and the potentiometric surface dévlee

Floridan aquifer. The basic principle for describing the flow of groundwater
dates from the middle of the nineteenth century and the work of Henri Darcy
with flows through filter sand (Terzaghi and Peck 1967). Darcy's law can be

expressed as

Ah
Q=K-~A (1)

where: = seepage flow
K = coefficient of permeability or hydraulic conductivity
Ah= difference in elevation between lake and potentiometric
surface
L= length of the material through which water seeps from lake
to aquifer
A= crosssectional area of material through which water seeps

from lake to aquifer.

DRAFT 12/ 19/ 2008 St. Johns River Water Management District
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If LandA are assumed to be constant, then equationafi)oe written

Q= &Ah ()

where: [E= a constantthatis a function of the local geology

Equation (2) is used to create &«8&riable family of curves (Figurellthat
becomes part of the SSARR model for thke in question. The three
variables in this case are seepage flow, the elevation of the lake being

modeled, and the local potentiometric surface level of the Floridan aquifer.

Determination ofl€ becomes part of the lake model talation process.

MFLs hydrologic modelindy SIRWMD is generally based on lottgrm

(about 30 to 50 years) simulation with a daily time step. As described
previously in this chapter, a thremriable relationship among seepage
amount, lake stage, and mottiometric level of the Floridan aquifer is
incorporated as part of the SSARR model for each lake. Therefore, the
simulation of seepage from lakes requires a dadyue hydrograph of the
Floridan aquifepotentiometric surfaceBecause of the expenseplved, it

is not practical to havewater level monitoringvell drilled at each lake.
Furthermore, there are very few wells with letegm records. For these
reasonsseepage modeling is based on the following assumptions (some of

them will be examine in more detail later in this chapter):

A A number ofSIRWMD monitorwells are read on a monthly or bimonthly

basis. Straightine interpolations of these data provide an adequate

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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representation of the daily value hydrograph. Although some gbort
fluctuations will be missed, interpolation should capture loergn trends. In
the case of Lake Avalon, the only naaily well was 1-:052; it is read on a

monthly basis.

A The Floridan aquifer can be considered a system that tends toward
equilibrium. When ararray of consumptive uses is imposed on the aquifer,
its potentiometric surfacgill declined though not necessarily in a spatially
uniform manne® and intime,it will reach a new state of equilibrium. The
assumption here is that the new equilibriunil Wwave the same absolute
range of fluctuation and, therefore, historical Floricequiferhydrographs

can be shifted by a set amount to provide a new-pgestinehydrograph.

A Ifthe potentiometrisurfaceslope is similar at two nearby locations, the
Floridan aquifer at these locations will tend to fluctuate in concert. This
assumption implies that points in the general vicinity of each other have a
similar range of fluctuation and can thus be translated and shifted up or

down.

A The Floridan aquifer igast enough that localized transient effects caused
by localized seepage can be discounted. The assumption is made that the
well hydrograph is a given and that seepage from the modeled lake will not

significantly affect the aquifer.

One scenario used iINNBWMD MFLs assessments is to project the decline in a
lake's water surface caused by a proposed or projected decline in the Floridan
aquiferpotentiometric surfaceThe projected or proposed decline is included

in the SSARR model by shifting the historieaell hydrograph up or down
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by a set amount. This technique can be used to determine the amount of
Floridan aquifepotentiometric surfacdecline that would cause one or more
MFLs to no longer be met. This in turn determines the limit, with respect to

Floridan aquifempotentiometric surface declingsf future withdrawals.

M ODELING ASSUMPTIONS

No model can include all factors that affect the hydrologic cycle. Therefore,
any modeling study must include simplifying assumptions. In analyzing the
final product of the model, a judgment is made as to the appropriateness of
the assumptions. The principal assumptions made in developing the

hydrologic model of Lake Avalon follow:

e SSARR accounts for local water table flow in the form of interflow and
baseflov (Ponce 1989) from basins immediately surrounding a lake but
not from those removed from it. The assumption is made that any flow
from outside the immediate basin is small compared to the overall water
budget. In any event, Lake Avalon is located inaaea of depressions
and apparensinkholes(see Figure 3), implying preferred ground water

movement downward instead of towards Lake Avalon.

e Water Conserv Il (WC 1l) is a water 1iese project located principally to
the south and southwest of Lake Avalorhis project, in operation since
1986, uses reclaimed water for irrigation and rapid infiltration to the
Floridan aquifer. There are two WC Il sites near Lake Avalon (Figure 3),
an irrigation site (8) and a rapid infiltration site. Being located irmega

of depressions and sinkholes, the assumption is made that the principal

St. Johns River Water Management District DRAFT 12/ 19/ 2008
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effect of these sites on Lake Avalon will be felt at the level of the Floridan
aquifer. In turn, the assumption is made that this effect will be reflected in
the L-052 well and e is included in thenodel calibration as well as

subsequent longerm simulations.

CALIBRATION OF THE LAKE AVALON SSARRMODEL

The Lake Avalon SSARR model was calibrated by comparing observed lake
stages with simulated values. The calibration involvesgraes of trial and

error runs to obtain the closest simulation to measured values, by adjusting
some model parameters while leaving other parameters constant. The

following model parameters were adjusted:

e The SMI versus ROP curves and the SMI verstiscéi’e ET curves
(Figure2)

e SSARR factors affecting the shape of hydrographs

e SSARR factors affecting division of runoff into base, subsurface, and
surface flows

e The ratio of potential ET to pan evaporation

The following model parameters were held constan

e Drainage area
e Storage capacity curve

e The ratio of lake evaporation to pan evaporation (see pp. 13 and 14)

Scatter plots comparing individual simulated values with the corresponding
observed values are often used in model assessment. As discussed

previously in this report, in the case of the Lake Avalon SSARR model, the
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calibration criteria will concentrate on simulation of stages. The goalis to
maximize the number of simulated values within H#.&6f the corresponding
measured values. An additiahgoal is to meet this criterion over a wide

range of stages

The Lake Avalon SSARR model was calibrated with data from T12&%1.

This period includes a variety of hydrologic conditions including a significant
high (the 1998 EI Nino peak) and a signafit and sustained low periothé

1998 2001 droughtFigure PR). A nearby well, E052 (see Table 2, Figure 9) is
available during this period. The nearest rainfall station, the Turnpike gage

(see Table 1, Figure 7) is within 4 miles of Lake Avalon.

At one point in the calibration, the simulated stages were systematically
diverging from observed values at stages lower than aboutN8@¥D.

Based on this fact, the seepage sink was divided into two parts. One of the
new sinks was assumed to stop seepuager when Lake Avalon stages
reached 84 ft. This, in essence, assumes that the lake breaks up into at least
two lobes at about 84 ft. Based on examination of aerial photographs this

assumption does not appear to be unreasonable.

The final simulatiorreplicates the trends of the historical data during the
calibration period (Figure2). Many simulated values are within £0.5 ft of

the observed values (Figur8)1 Except for the 1998 peawent,most

simulated values are within £1 ft of the observeagsts. Except for the 1998
peak event, the fit of simulated values to observed values is acceptable. The
secondary calibration criterion of adequately simulating stages over a wide

range is also met.

St. Johns River Water Management District DRAFT 12/ 19/ 2008
20



Hydrologic Model of Lake Avalon

ASSESSMENT OFAPPROPRIATENESS OFM ODELING ASSUMPTIONS

Based on model results (Figureddnd B) during the calibration years, the
modeling assumptions discussed previously (see pl9&ppear to be
warranted. Based on these results and the data available at present, a more
elaborate model is not warraad at this time. The Lake Avalon SSARR

model should provide a useful tool for comparing water management

alternatives in the context of MFLs.
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Table 1. Rainfall stations used in the Lake Avalon SSARR model

Prmmpal_ NOAA NOAA Supplementary Supplementary Composite
Station County Station ; ;
. Number : Station Number [Period of Record
(period of record) (data period)
Clermont 7S (1893-
2001) Lake 1641 — — 1893-2001
Winter Garden
Isleworth (1916-82) | Orange 4332 (1983-2001) DIST 4197 1916-2001
Lake Apopka at
Turnpike Lake DIST 3796 — — 1990-2001
(1990-2001)
Note: DIST = St. Johns River Water Management District
NOAA = National Oceanic and Atmospheric Administration
Table 2. Stage gaging stations used in developing the Lake Avalon SSARR model
Station |  USGS Number | Period of Record | Comment
Stage Gages
1960-83 irregular intervals
Lake Avalon Orange County 1987-2001 approximately monthly
Floridan Aquifer Wells
City well replacement at Clermont 1952-74 daily with occasional gaps
FL ' 1283314081455501 | 1977-2001 gap between October 1974 and
September 1977
pascotte deep well near Mascolte,| 533204081544901 | 1959-2001 Daily with occasional gaps
L-052 well DIST 05310981 1984-2001 Monthly
. . Daily with a gap between April

Lake Apopka at Turnpike well DIST 38003797 1989-2001 1993 and August 1994
OR-47 well at Orlovista, FL 283253081283401 | 1943-2001 Daily with occasional gaps

Note: NA = not applicable
USGS = U.S. Geological Survey

DIST = St. Johns River Water Management District
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Table 3. Summary of pan evaporation data from NOAA stations located in SURWMD (see

Figure 10)
Maximum Annual | Minimum Annual Average Annual
Location Period of Record | Pan Evaporation Pan Evaporation Pan Evaporation
(in.) (in.) (in.)
Gainesville 1954-98 73.63 53.68 63.88
Lake Alfred 1965-98 86.25 66.76 73.11
Lisbon 1960-98 67.57 54.37 59.08
Vero Beach 1952-98 79.41 55.35 67.67
Note: NOAA = National Oceanic and Atmospheric Administration

SJRWMD = St. Johns River Water Management District

Table 4. Estimated lake evaporation for NOAA stations in the SURWMD area

. Average Annual Pan Estimated Annual Lake
Location X . . T
Evaporation (in.) Evaporation (in.)
Gainesville 63.88 51.74
Lake Alfred 73.11 59.22
Lisbon 59.08 47.85
Vero Beach 67.67 54.81
Note: NOAA = National Oceanic and Atmospheric Administration

SJRWMD = St. Johns River Water Management District

1Average annual pan evaporation amounts from Table 4 x 0.81
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Table 5. Summary of average monthly lake evaporation applied in the Lake Avalon SSARR

model
Monthly Average Monthly Estimated Lake
Month Pan-to-Lake Pan Evaporation2 Evaporation
Coefficients’ (in.) (in.)
January 0.77 2.37 1.82
February 0.69 2.94 2.03
March 0.73 4.92 3.59
April 0.84 6.52 5.48
May 0.82 7.39 6.06
June 0.85 6.91 5.88
July 0.91 6.89 6.27
August 0.91 6.33 5.76
September 0.85 5.24 4.45
October 0.76 4.05 3.08
November 0.71 2.72 1.93
December 0.83 219 1.82
Total — 58.49 48.18

'USGS 1954, p. 128

%Lisbon NOAA station
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Figure 2. Soil moisture relationships for the Lake Avalon SSARR hydrologic model: Runoff
percentage versus SMI (soil moisture index) and evapotranspiration reduction factor
(DETI) versus SMI
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The St Johns River Water
Management District prepares

and uses this Information for

its own purposes and this
information may not be

suitable for other purposes. This
information is provided as is,
Further documentation of this

data can be obtained by contacting:
St Johns River Water Management
District. Geographic Information
Systems, Program Management,
P.O.Box 1429, 4049 Reid Street
Palatka, Florida 32178-1429

Tet (386) 329-4176

Author:probison, Source:G:\-arcviewlorange.mxd, Time: 11/10/2008 10:00:26 AM
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Figure 4. Schematic of the Lake Avalon SSARR model
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Figure 5. Stage-area curve for Lake Avalon. Values down to and including the area at 91 ft
were obtained from the USGS quadrangle map and values corresponding to
elevations below 91 ft were estimated
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Figure 6. Stage-capacity curve used in the Lake Avalon SSARR model
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