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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS AND ACRONYMS

Multiply By To obtain
Length
inch (in) 2.54 centimeter
foot (ft) 0.3048 meter
Flow Rate
cubic foot per second {f6) 0.02832 cubic meter per second
cubic foot per second {f6) 0.6463 million gallons per day
million gallons per day (Mgal/d) 0.04381 cubic meter per second

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)--a geodetic datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called Sea Level Datum of 1929.

Acronyms and additional abbreviations used in report:

GHB General-head boundary

MGD Million gallons per day

MODFLOW Modular Finite-Difference Model
RASA Regional Aquifer Systems Analysis

SIJIRWMD St. Johns River Water Management District
SFWMD South Florida Water Management District
USGS U.S. Geological Survey



Simulated Effects of Projected Ground-Water
Withdrawals in the Floridan Aquifer System, Greater
Orlando Metropolitan Area, East-Central Florida

By Louis C. Murray, Jr. and Keith J. Halford
Abstract

Ground-water levelsin the Floridan aquifer
system within the greater Orlando metropolitan
areaare expected to decline because of aprojected
increase in the average pumpage rate from
410 million gallons per day in 1995 to 576 million
galons per day in 2020. The potential declinein
ground-water levels and spring discharge within
the areawasinvestigated with a calibrated, steady-
state, ground-water flow model. A wetter-than-
average condition scenario and a drought-condi-
tion scenario were simulated to bracket the range
of water-levels and springflow that may occur in
2020 under average rainfall conditions. Pumpage
used to represent the drought-condition scenario
totaled 865 million gallons per day, about
50 percent greater than the projected average
pumpage rate in 2020.

Relative to average 1995 steady-state condi-
tions, drawdowns simulated in the Upper Floridan
aquifer exceeded 10 and 25 feet for wet and dry
conditions, respectively, in parts of central and
southwest Orange County and in north Osceola
County. In Seminole County, drawdowns of up to
20 feet were simulated for dry conditions, com-
pared with 5 to 10 feet smulated for wet condi-
tions. Computed springflow was reduced by
10 percent for wet conditions and by 38 percent
for dry conditions, with the largest reductions
(28 and 76 percent) occurring at the Sanlando
Springs group. In the Lower Floridan aquifer,
drawdowns simulated in southwest Orange
County exceeded 20 and 40 feet for wet and
dry conditions, respectively.

INTRODUCTION

The greater Orlando metropolitan area, hereafter
called the study area, encompasses about 2,500 sguare
milesin east-central Floridaand includes all of Orange
and Seminole Counties, and parts of adjacent Lake,
Volusig, Brevard, Osceola and Polk Counties (fig. 1).
Virtually dl of the water used for municipal, industrial,
and agricultural suppliesin the study areais obtained
from the underlying Floridan aquifer system. Ground-
water withdrawal sfrom this system are permitted by the
St. Johns River and South Florida Water M anagement
Didtricts (SIRWMD and SFWMD), the two State agen-
cieslargely responsible for managing the development
of the resource within east-central Florida.

TheU.S. Geologica Survey (USGS) hasdescribed
the hydrogeol ogic and water-quality conditionsin the
study area (Murray and Haford, 1996). That study
included anumerica model of ground-water flow (here-
after called the Metro mode!) that was constructed and
used to evduate the potential effects of projected ground-
water withdrawalsin the year 2010 on Upper and L ower
Floridan aguifer heads and Upper Floridan aquifer spring-
flow. In 1997, the water management districts requested
that the USGS use the Metro model to s mulate the poten-
tial effectsof projected 2020 pumpage on water levelsand
spring discharge in the Floridan aguifer system.

Purpose and Scope

This report describes the results of atwo-year
cooperative study to evaluate the potential effects of
projected ground-water withdrawals in the year 2020
on the Floridan aquifer system. These effects are
defined in terms of simulated drawdown, relative to
1995 conditions, of water levelsin the Upper and
Lower Floridan aquifers, as well as reductionsin the
discharge from 15 Upper Floridan aquifer springs.

Abstract 1
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The 1995 base was sel ected to reflect current condi-
tions and is suitable as a comparative benchmark
because (a) rainfall across the study areain 1995
totaled 51 inches, equal to the long-term annual aver-
age; (b) water levelswerein aquas steady-state condi-
tion (water levelsfluctuated seasonally about the mean
with relatively littledifference between those measured
at the beginning and at the end of the year); and
(c) 1995 water-use data were readily available. Simu-
lated results are bracketed to address boundary-condi-
tion limitations in the Metro model and to estimate a
range of potential effects of 2020 pumpage under aver-
agerainfall conditions.

Ground-water withdrawal rates specified in the
1995 and 2020 model simulations were provided by
SIRWMD and SFWMD and are based largely on
population projections. Average withdrawalsin 1995
totaled 410 million gallons per day (Mgal/d), 75 per-
cent of which waswithdrawn from the Upper Floridan

2 Simulated Effects of Projected Ground-Water Withdrawals
East-Central Florida

aquifer. The average withdrawal rate in 2020 is pro-
jected to mcrease to about 576 Mgal/d (891 cubic feet
per second (ft /s)), with 65 percent of the total pump-
age coming from the Upper Floridan aquifer. The
projected increase is attributed solely to increasesin
municipal, industrial, and commercial demands.
Agricultural pumpage and discharge from abandoned
flowing wells are assumed to remain constant at 1995
levels. The distributions and rates of pumpage from
the Upper and Lower Floridan aquifersin 1995 are
shown in figures 2 and 3, respectively. Included in
these figures are withdrawal rates from a number of
wells/wellfieldsthat are schedul ed to be abandoned by
the year 2020. The distributions and rates of pumpage
projected for the year 2020 are shown in figures 4 and
5 and include several new wellfieldsthat will be devel-
oped to meet increased demands and to replace the
abandoned wells.

in the Floridan Aquifer System, Greater Orlando Metropolitan Area,
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Figure 2. Locations and rates of pumpage from the Upper Floridan aquifer, average 1995 conditions.
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Figure 3. Locations and rates of pumpage from the Lower Floridan aquifer, average 1995 conditions.
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Figure 4. Locations and rates of pumpage from the Upper Floridan aquifer, projected 2020 conditions.
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Figure 5. Locations and rates of pumpage from the Lower Floridan aquifer, projected 2020 conditions.
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Hydrogeologic Conditions

The hydrogeol ogy of the study areais character-
ized by arelatively thin, surficial sand aguifer underlain
by the thick, highly-productive rocks of the Floridan
aguifer system. The Floridan aquifer system is subdi-
vided into two permeable zones, the Upper and Lower
Floridan aguifers, separated by the less permeable mid-
dle semiconfining unit. The surficial and Upper Fori-
dan aquifers are separated by the intermediate
confining unit, an unconsolidated sequence of inter-
bedded sands, silts, and clays of relatively low hydrau-
lic conductivity. Hydrogeol ogic conditionsin the
greater Orlando metropolitan area are described more
fully in Murray and Halford (1996).

The Upper Floridan aquifer supplies about

Head-dependent flux boundaries were specified along
the model perimeter, at Upper Floridan aquifer springs,
and along the St. Johns River. Recharge to the Upper
Floridan aquifer from drainage wells and reclaimed
water was applied directly in the model with
MODFLOW'’s Recharge package.

The Metro model was originally calibrated to
1988 steady-state and May 1990 transient conditions by
comparing simulated Upper Floridan aquifer heads and
springflow with observed levels (Murray and Halford,
1996). Average 1988 conditions reflected a period of
slightly above average rainfall, whereas May 1990 con-
ditions reflected the end of a prolonged drought charac-
terized by increased ground-water withdrawals
(40 percent greater in May 1990 than the average for
1988) and declines in both surficial and Upper Floridan

75 percent of the study area’s ground-water demand aquifer heads and springflow. Differences observed (or
and is recharged by the surficial aquifer system, by estimated) in water-table and spring-pool elevations, the
lateral inflow across study-area boundaries, and by  stage of the St. Johns River, and recharge from drainage
recharge from Orlando drainage wells and reclaimed wells between 1988 and May 1990 were all accounted
water. Ground water in the Floridan aquifer system  for by respective MODFLOW packages.

generally flows from the southwest to the northeast

across the study area and is discharged primarily by

wells and springflow. Smaller amounts of water are  Approach Used to Bracket Results

discharged by diffuse upward leakage beneath the

St. Johns River and as lateral outflow across study-area  For predictive 2020 simulations, the constraints
boundaries. imposed by model boundary conditions limit the use-

fulness of any single set of projected results. Because
the surficial aquifer system is treated as a constant head
and cannot be actively simulated, the levels and config-
uration of the water table under steady-state 2020 con-
A three-dimensional numerical model was usedditions could not be determined by the model, nor
to quantitatively analyze ground-water flow through could these levels be specifiegriori. Instead, a range
the Floridan aquifer system. The McDonald and of potential effects was bracketed by conducting two
Harbaugh (1988) modular finite-difference model simulations—once with fixed 1988 surficial aquifer
(MODFLOW) was used to simulate flow in the Flori- heads and once with fixed May 1990 surficial aquifer
dan aquifer system and to solve the governing equa- heads. This approach assumed that, for average rainfall
tions. The model grid defines a 40-row and 55-columrconditions, surficial aquifer heads in 1988 probably
matrix of cells, each about one square mile in area, thavould be higher than actual 2020 heads because the lat-
is vertically discretized into three layers. The surficial ter may be lowered by increased ground-water with-
aquifer system was simulated as an array of specifieddrawals. Consequently, water levels simulated using
heads in layer 1 that was a source or sink for the Uppehe 1988 heads, and hereafter referred to as “wet” 2020
Floridan aquifer. The Upper and Lower Floridan aqui-conditions, are probably higher than those steady-state
fers are each represented by a single active layer. Thievels that may occur in 2020.
intermediate and middle semiconfining units are each However, the May 1990 heads reflect the peak of
represented by an array of vertical conductance valuean extended drought and were near historic lows, and
The relationship between the hydrogeologic units andcomparison of historic water-level, lake-level, and
equivalent layers used in the ground-water flow modelvater-use data show that surficial aquifer heads are
is shown in figure 6. considerably more sensitive to deficit rainfall than to
Boundary conditions were simulated in the samencreases in ground-water withdrawals. Based on the
manner as described by Murray and Halford (1996). severity of the 1990 drought and the responses of lake

SIMULATION OF GROUND-WATER FLOW

Simulation of Ground-Water Flow 7
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GEOLOGIC UNITS
(Modified from Tibbals, 1990, fig. 8)

PRINCIPAL HYDROGEOLOGIC UNITS,
EQUIVALENT LAYERS IN COMPUTER
MODEL, AND BOUNDARY CONDITIONS

Jos]
STRATIGRAPHIC SURFICIAL AQUIFER o ¥
SYSTEM|  SERIES UNIT THI o HTHOLOGY AQUIFER / SPECIFIED HEAD SOURCE/ § 4
SINK BED )
> RECENT Alluvium, freshwater marl, peats and muds in o (LAYER 1) 3 =
5 stream and lake bottoms. Also, some dunes and w
z 0-150 other windblown sand. 35 INTEAMEDTATE CoRFIKiGUNIT
E os (VCONT 1)/
E UNDIFFERENTIATED Mostly marine quartz sand, unconsolidated SE B
b X
3 PLEISTOCENE DEPOSITS and generally well graded. Also, some fluviatile g % UPPER FLORIDAN <——>§ 4
and lacustrine sand, clay and marl. E AQUIFER 695 g
Interbedded deposits of sand, shell, and sandy <:I)J (LAYER 2) ):E T
PLIOCENE 0-100 clay; base characterized by phosphatic clay and 69-< E
rupble. o
Cream to light green to greenish-gray clayey <>
HAWTHORN quartz sand, silt, and sandy clay; often
MIOCENE GROUP 0-250 contains phosphatic sands and clays; MIDDLE 5%’)"&%%’:2')’“,”“9 UNIT
phosphatic limestone often found at base of
formation. <>
OCALA Marine foraminiferal limestone, white to cream to
UPPER LIMESTONE 0-200 tan, soft to hard, granular, highly porous, sometimes = <>
dolomitic. f
o <> 2
=z
z i <>m
g:: Marine limestone, light brown to brown, fragmental, W :(:E
= W poor to good porosity, highly fossiliferous, slightly w LOWER FLORIDAN <ds T
o & | MIDDLE AVON PARK 600-1600 | carbonaceous; and dolomite, brown to dark 3 AQUIFER I
p 8 FORMATION brown, crystalline. < b=
S z (LAYER 3) <5
a
= <>
Marine limestone, light brown to white, chalky, g <s g
LOWER OLDSMAR 300-1350 | porous, fossiliferous with interbedded brown T
FORMATION crystalline dolomite. <> <
Marine dolomite, light gray, hard, slightly 7777/
PALEOCENE CEDAR KEYS 500-2200 | Porous fo porous, crystalline, in part fossiliferous, SUB FLORIDAN CONFINING UNIT
FORMATION with considerable anhydrite and gypsum, some (Extremely low permeability)
limestone. / (NO-FLOW BOUNDAF(Y

Figure 6. Geologic units, hydrogeologic units, and equivalent layers and boundary conditions used in the ground-water flow model.



and surficial aquifer water levelsto previous but lateral boundaries, thus rendering the 1995 GHB heads

comparable increases in pumpage, it is assumed that, too constraining for predictive purposes. The RASA
even though increased 2020 pumpage may induce model was used to estimate the change in 1995 water
somedrawdown insurficial aguifer water levels, actual levels at the Metro model boundaries caused by the
steady-state 2020 surficial aquifer heads will still be increase in pumpage from 1995 to 2020 for both wet
higher than those observedin May 1990. Consequently, ~ and dry conditions. These changes were added to the
water levels simulated for 2020 “dry” conditions 1995 GHB specified heads to estimate water levels for
should be lower than those that may occur in 2020 the predictive simulations. This approach was used
under average rainfall conditions. previously by Murray and Halford (1996) to simulate

This same rationale was used in assuming that the effects of projected 2010 pumpage.
actual 2020 spring-pool heads, river heads, and drain-
age-well recharge rates would also fall somewhere  Steady-State 1995 Conditions
between the fixed values specified in respective 1988 _ _ _
and May 1990 arrays. As a result, the water levels and ~ The simulated potentiometric surfaces of the
springflow simulated by the model for the 2020 wet Upper Floridan and Lower Floridan aquifers for steady-
conditions (using the 1988 fixed-head and applied- State 1995 conditions are shown in figures 7 and 8,
recharge arrays) and discussed in this report probablrespectively. Water-levels simulated in the Upper
are too high, whereas the water levels and S‘Ioringﬂo\,\,FIorldan a}quer range from greater than 120 feet above
simulated for the 2020 dry conditions (using May 19905€2 Ievel in Polk County to less than 10 feet above sea
fixed-head and applied-recharge arrays) are too low. level in northeast Seminole County. Except for northeast

Three simulations were performed for this stud ;Seminole County, simulated water levels compare
P y"reasonably well with those inferred from the observed

(1) a 1995 steady-state base case; (2) a predictive 20: . . :
. . L - 1995 potentiometric surface (average of published May
simulation for wet conditions; and (3) a predictive 20201995 and September 1995 potentiometric surface maps).

simulation for dry conditions. Pumping rates used to ;
simulate 2020 wet conditions were uniformly increasec The largest difference (up to 12 feet) between

by a factor of 1.5 to simulate 2020 drv conditions andsimulated and observed water levels occurs in north
y o : . Y ..~ Seminole County near Lake Monroe and can be attrib-
thus mimic the effects of increased ground-water with

. ) uted to a difference between USGS and SJIRWMD
drawals normally associated with droughts. The . . .
drouaht-multi Iicyation factor of 1.5 wasgbased on the estimates of the_amount c_)f Wate( being discharged from
percgnt of incFr)ease in pumpage between average 195abandoned flowing wells in Seminole County. Based on

. available data, Murray and Halford (1996) originally
rates and those observed in May 1990 (peak of the MOggimated the discharge from these wells at about 12

recent and sustained drought period in central FIorida;Mgan (19 f3/s), whereas the SJRWMD, for the 1995
All three simulations used the same model frameconditions defined in this study, estimated a discharge
work, data sets, and boundary conditions described bof gpout 34 Mgal/d (533/s). It should be noted that
Murray and Halford (1996) except that specified 19885y estimate of flowing-well discharge is highly specu-
general-head boundary (GHB) Upper Floridan and  |ative pecause the total number of wells in Seminole

Lower Floridan aquifer heads were replaced by averagcoynty is unknown and only a small fraction of the
1995 heads at the lateral boundaries for the 1995 sim;

. . _ inventoried wells has been measured for discharge.
lation. Average 1995 Upper Floridan aquifer heads The relationship between model-simulated
May 1095 (Knowles and others. 1998) and SepiembeJPPer and Lower Floridan aquifer water levels is
1995 (O'Reilly and others, 1996). These maps are consistent .W'th data} preV|ou'st'coIIected at Upper/
assumed to represent water levels at the end of the ¢-0Wer Floridan aquifer monitoring-well clusters. In
and wet seasons, respectively. Lower Floridan aquifei2r€as of recharge, where water from the surficial
heads specified at the lateral boundaries were assum@duifer system is known to move downward into the
to be two feet lower than respective Upper Floridan Upper Floridan aquifer, water levels simulated in the
aquifers heads in recharge areas, and two feet higherUpper Floridan aquifer are generally higher than
than Upper Floridan aquifer heads in discharge areasthose simulated in the Lower Floridan aquifer. In

(Murray and Halford, 1996). discharge areas, \ere water moves upward from the
For the 2020 simulations, projected GHB headsUpper Floridan aquifer into the surficial aquifer
were estimated independently with the Regional system, water levels simulated in the Upper Floridan

Aquifer Systems Analysis (RASA) model (Tibbals, aquifer are lower than those simulated in the Lower
1990) because simulated drawdowns intercepted the Floridan aquifer.

Simulation of Ground-Water Flow 9
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Therates of recharge and discharge simul ated by
the model to, from, and between the Upper Floridan
and Lower Floridan aquifersarequantified by thewater
budget shownin figure 9. The surficial aquifer system
provides most of the recharge to the Floridan aquifer
system (851 ft3/sor 550 M ga/d), while pumping wells
(648 ft3/s or 419 Mgal/d) and springs (292 ft%/s or
189 Mgal/d) are the major sources of discharge. The
amount of discharge simulated at each of the 15 Upper
Floridan aguifer springsisgivenintable 1. Thedis-
charge measured at the larger springsin 1995 totaled
238 ft3/s (154 Mgal/d), compared with 225 ft3/s
(145 Mgal/d) simulated by the model.

Projected 2020 Conditions

The steady-state Upper Floridan aquifer potenti-
ometric surfaces simulated for projected 2020 wet and
dry conditions are shown in figures 10 and 11, respec-
tively. Simulated wet-condition water levelsin the

Upper Floridan aquifer (fig. 10) are considerably
higher than those simulated for dry conditions(fig. 11),
particularly in central Orange and north Osceola Coun-
ties where numerous high-capacity wellfields are
located. Relativeto 1995 conditions, drawdownsin the
Upper Floridan aquifer for wet conditions range from
lessthan 5 feet across most of the study areato greater
than 10 feet over abroad areaof central Orange County
and at several high-capacity wellfieldsin southwest
Orange and northwest Osceola Counties (figure 12). In
one area of southwest Orange County, where several
existing wellfields will be abandoned by 2020, water
levelsactually will recover as much as 20 feet. For dry
conditions, drawdowns exceed 25 feet in central
Orange County and in north Osceola County

(figure 13). In south Seminole County, drawdowns of
up to 20 feet are simulated for dry conditions. Draw-
downs simulated for dry conditions range between 5
and 10 feet in the southern part of Seminole County,
and less than 5 feet across the rest of the county.
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Figure 9. Simulated hydrologic budget for average 1995 steady-state conditions.
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Table 1. Measured and simulated discharge from Upper Floridan aquifer springs for average
1995 conditions and projected 2020 steady-state wet and dry conditions

[Discharge in cubic feet per second. To convert from cubic feet per second to millions of gallons per day, multiply the

indicated value by 0.6463. --, no measurements made in 1995]

‘ Average 1995 2020 wet 2020 dry
spring Measured? Simulated Simulated I:ﬁ:nzn; Simulated Zﬁ;cnzn;
Wekiva 68.5 67.4 61.2 -9 45.0 -33
Apopka - 555 53.7 -3 34.8 -37
Rock 60.0 55.7 51.3 -8 414 -26
Sanlando, Palm, and Starbuck 425 39.0 279 -28 9.4 -76
Seminole 38.0° 36.3 333 -8 22.0 -45
Messant 155 155 14.8 -4 12.8 -17
Island - 6.9 6.4 -7 53 -22
Gemini 8.0 6.6 5.9 -10 4.2 -36
Miami 5.8 4.7 4.1 -14 25 -47
Witherington -- 10 9 -10 .6 -54
Clifton -- 14 1.1 -19 7 -50
Sulphur - 11 1.0 -8 7 -30
Lake Jessup - .8 .6 -17 4 -48
Total 238.3 2919 262.2 -10 179.8 -38
225.2¢

3Average of May 1995 and September 1995 measurements.

bAverage of May 1995 and July 1995 measurements.

“Total smulated discharge from the springs measured in 1995,

Discharge simulated by the model from Upper
Floridan aguifer springs was reduced by 10 percent
(from 292 ft3/s to 262 ft3/s) for wet conditions and by
38 percent (from 292 ft3/s to 180 ft3/s) for dry condi-
tions (table 1). Individual spring discharges were all
reduced, with the largest reduction (28 and 76 percent)
simulated at the Sanlando Springs group (Sanlando,
Palm, and Starbuck Springs). Discharge from Wekiva
and Rock Springs was reduced by 9 and 8 percent,
respectively, for wet conditions, and by 33 and
26 percent for dry conditions.

Water levels smulated in the Lower Floridan
aquifer for projected 2020 wet conditions (figure 14)
are considerably higher than those simulated for dry
conditions (figure 15). For dry conditions, computed
water-level atitudesfall below 10 feet in several areas
of central and southwest Orange County and in onearea
of east Seminole County. Maximum drawdowns occur
at and near large wellfieldsin southwest Orange County
and exceed 20 feet for wet conditions (figure 16) and

45 feet for dry conditions (figure 17). In both cases,
simulated drawdowns exceed 5 feet across most of the
study area. Differences between the drawdowns simu-
lated for wet and dry 2020 conditions in the Upper and
Lower Floridan aquifers are greatest in central and
southwest Orange County (figs. 18 and 19).

The water budgets shown in figure 20 quantify
the rates of recharge and discharge simulated by the
model to, from, and between the Upper and Lower
Floridan aquifers for both wet and dry conditions, and
the changes relative to 1995 conditions. As shown,
increased ground-water withdrawalsin 2020 are prima-
rily compensated by increases in recharge from the
surficial aquifer system and decreases in springflow.
Relative to 2020 wet conditions, the 50 percent
increasein ground-water withdrawal s specified for dry
conditionsis compensated by increased recharge from
thesurficial aguifer system and by reductionsin spring-
flow, with smaller decreasesin river discharge, diffuse
upward leakage, and latera outflow.

Simulation of Ground-Water Flow 13
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Figure 16. Simulated drawdown in the Lower Floridan aquifer from average 1995 to wet 2020 steady-state conditions.
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MODEL LIMITATIONS

The flow model addressed questions about
potential ground-water level declines and springflow
decreaseswithin the greater Orlando metropolitan area
fairly well, but it cannot mimic the true system exactly.
This model islimited by simplification of the concep-
tual model, uncertainty in the projected pumpage,
discretization effects, and difficulty in defining al of
the spatial variation in hydraulic properties throughout
the model area.

The conceptua model has been simplified by
assuming the effects of projected pumpage increases
within the greater Orlando metropolitan area can be
assessed with a steady-state ground-water flow model.
However, avail abledataindicatethat between 1980 and
1992, water levels fluctuated seasonally as much as
12 feet in the Floridan aquifer (Murray and Halford,
1996, fig. 11), and the surficial aguifer system
infrequently approached agquasi-steady state condition.
A steady-state model cannot simulate the projected
seasonal variations, but the range of expected water-
level and springflow changes caused by projected
pumpage increases can be simulated.

Average pumpage rates and well locationsin
2020 were projected from population estimates. If
the population projections for 2020 differ from the
estimates used in this study, the projected average
pumpage rates and well locations also could differ.

L ower water levelsand greater spring-discharge reduc-
tions would be predicted if pumpage rates are greater
than the projections used in this study. Simulated
depressionsin the potentiometric surfaces of the Upper
Floridan and Lower Floridan aquifers would be | ater-
aly displaced if projected well locations change.

Lateral discretization of the study areainto a
rectangular grid of cellsand vertical discretization into
layers forced an averaging of hydraulic properties.
Each cell represents a homogeneous block or some
volumetric average of the aquifer medium. Discretiza-
tion errors occurred because the permeabl e features of
the Floridan aquifer are vugs, voids, and dissolution
features that are considerably smaller than the typical
volume of amodel cell. Due to the averaging of the
hydraulic properties, the model cannot simulate local
anomalies in the potentiometric surfaces of the Upper
Floridan and Lower Floridan aquifers. Simplifying the
model to this degree does not invalidate the model
results, but does mean that model results should be
interpreted at scales larger than the representative
elemental volume of hydraulic conductivity.

Finally, the results discussed in this report were
bracketed to address boundary condition constraints.
The wet and dry extremes referenced in this report
probably bracket the effects that may occur in 2020 for
the given pumpage rates and distribution, with average
rainfall conditions. However, it was beyond the scope
of thisstudy to quantify the statistical occurrence of the
deficit or excessrainfall conditions associated with the
bracketed results.

SUMMARY

The greater Orlando metropolitan area encom-
passes about 2,500 square miles and includes all of
Orange and Seminole Counties, and parts of adjacent
Lake, Volusia, Brevard, Osceola, and Polk Counties.
Virtually all of the water used to meet municipal,
industrial, and agricultural demands is obtained from
the underlying Floridan aquifer system. Thissystemis
composed of two highly-productive zones, the Upper
and Lower Floridan aquifers, separated by the less
permeable middle semiconfining unit. The Floridan
aquifer system is recharged primarily by leakage from
theoverlying surficial aquifer system and isdischarged
by wells and springs.

The USGS has described the hydrogeol ogic
conditionsin the greater Orlando metropolitan areaand
documented the construction and calibration of a
computer model (the Metro model) used to simulate
1988 steady-state and transient 1990 flow conditionsin
the area. In 1997, the USGS began a study using the
Metro model to assessthe potential effectsof estimated
2020 ground-water withdrawals (576 Mgal/d or
891 t3/s) on water levels and springflow in the
Floridan aguifer system. Results were compared to
those simulated for 1995 steady-state conditions and
were bracketed to estimate arange of potential effects.
Drawdowns simulated for 2020 wet conditions, which
used the 1988 fixed-head and recharge arrays described
by Murray and Halford (1996), probably are smaller
than those that can be expected to occur in 2020 under
average rainfall conditions and for the given pumpage
rates and distributions.

Drawdowns simulated for 2020 dry conditions,
which were based on the drought-induced May 1990
fixed-head and recharge arrays and a 50 percent
increase in distributed pumpage, probably are greater
than those that would be expected in 2020. Also, the
dischargerates simulated at the Upper Floridan aquifer
springs for wet conditions probably are higher than
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those that can be expected in 2020, while those simu-
lated for dry conditions probably are lower than would
be expected.

Water levels and springflow simulated by the
model for 1995 steady-state conditions were
reasonably close to measured values, except in an area
of north Seminole County where the discharge rate
from abandoned flowing wells estimated by SIRWMD
was greater than that originally used to calibrate the
Metro model. Drawdowns simulated in the Upper
Foridan aquifer exceeded 10 and 25 feet for wet and
dry conditions, respectively, in parts of central and
southwest Orange County and in north Osceola
County. In Seminole County, drawdowns of up to
20 feet are simulated for dry conditions, compared with
510 10 feet simulated for wet conditions. In the Lower
Floridan aquifer, drawdowns simulated in southwest
Orange County exceeded 20 and 40 feet for wet and
dry conditions, respectively. Simulated springflow was
reduced by 10 percent, from 292 ft3/s (189 Mgal/d) in
1995 to 262 ft/s (170 Mgal/d) in 2020, for wet condi-
tionsand by 38 percent (from 292 ft3/s (189 Mgal/d) to
180 ft3/s (116 Mgal/d)) for dry conditions. The largest
reductions (28 and 76 percent) occur at the Sanlando

Springs group.
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