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Inventory and Review of Aquifer Storage and Recovery 
in Southern Florida
By Ronald S. Reese
Abstract

Aquifer storage and recovery in southern 
Florida has been proposed on an unprecedented 
scale as part of the Comprehensive Everglades 
Restoration Plan. Aquifer storage and recovery 
wells were constructed or are under construction 
at 27 sites in southern Florida, mostly by local 
municipalities or counties located in coastal areas. 
The Upper Floridan aquifer, the principal storage 
zone of interest to the restoration plan, is the aqui-
fer being used at 22 of the sites. The aquifer is 
brackish to saline in southern Florida, which can 
greatly affect the recovery of the freshwater 
recharged and stored.

Well data were inventoried and compiled 
for all wells at most of the 27 sites. Construction 
and testing data were compiled into four main cat-
egories: (1) well identification, location, and con-
struction data; (2) hydraulic test data; (3) ambient 
formation water-quality data; and (4) cycle testing 
data. Each cycle during testing or operation 
includes periods of recharge of freshwater, stor-
age, and recovery that each last days or months. 
Cycle testing data include calculations of recov-
ery efficiency, which is the percentage of the total 
amount of potable water recharged for each cycle 
that is recovered.

Calculated cycle test data include potable 
water recovery efficiencies for 16 of the 27 sites. 
However, the number of cycles at most sites was 
limited; except for two sites, the highest number 
of cycles was five. Only nine sites had a recovery 
efficiency above 10 percent for the first cycle, and 
10 sites achieved a recovery efficiency above 
30 percent during at least one cycle. The highest 

recovery efficiency achieved per cycle was 
84 percent for cycle 16 at the Boynton Beach site.

Factors that could affect recovery of fresh-
water varied widely between sites. The thickness 
of the open storage zone at all sites ranged from 45 
to 452 feet. For sites with the storage zone in the 
Upper Floridan aquifer, transmissivity based on 
tests of the storage zones ranged from 800 to 
108,000 feet squared per day, leakance values indi-
cated that confinement is not good in some areas, 
and the chloride concentration of ambient water 
ranged from 500 to 11,000 milligrams per liter.

Based on review of four case studies and 
data from other sites, several hydrogeologic and 
design factors appear to be important to the per-
formance of aquifer storage and recovery in the 
Floridan aquifer system. Performance is maxi-
mized when the storage zone is thin and located at 
the top of the Upper Floridan aquifer, and trans-
missivity and salinity of the storage zone are mod-
erate (less than 30,000 feet squared per day and 
3,000 milligrams per liter of chloride concentra-
tion, respectively). The structural setting at a site 
could also be important because of the potential 
for updip migration of a recharged freshwater 
bubble due to density contrast or loss of overlying 
confinement due to deformation.

INTRODUCTION

Aquifer storage and recovery (ASR) in southern 
Florida has been proposed as a cost-effective water-
supply alternative that can help meet the needs of agri-
cultural, municipal, and recreational users and can be 
used for Everglades ecosystem restoration. Plans have 
been made to utilize ASR on an unprecedented scale 
Abstract 1



in the Central and Southern Florida Comprehensive 
Review Study as proposed by the U.S. Army Corps of 
Engineers and the South Florida Water Management 
District (1999). This review study is also known as the 
Comprehensive Everglades Restoration Plan (CERP). 
About 330 ASR wells have been proposed for south-
ern Florida, each with an assumed capacity of 5 
Mgal/d during recharge or recovery. Pyne (1995) has 
described ASR as “the storage of water in a suitable 

aquifer through a well during times when water is 
available, and recovery of the water from the same 
well during times when it is needed.”

ASR technology has been tested and imple-
mented in some areas of southern Florida; 26 ASR 
sites have been constructed and 1 is under construction 
(fig. 1 and table 1). The status for 10 of the sites is 
“operational testing,” which is a multi-year period of 
regulatory review during the first phase of operation. 
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Figure 1.  Study area and locations and status of aquifer storage and recovery sites. Status is as of April 2001.
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During this time, the ASR well system is tested prior 
to being given a full operating permit by the Florida 
Department of Environmental Protection (FDEP). 
Three of the sites have been given an operating permit. 
Additionally, six sites are no longer active after experi-
mental testing was completed (fig. 1). These sites were 
operated by government agencies including the U.S. 
Geological Survey (USGS), South Florida Water Man-
agement District (SFWMD), FDEP, and the Florida 
Keys Aqueduct Authority (FKAA). ASR is a relatively 
recent development in southern Florida, in terms of its 
use as a municipal or countywide source of water; 
20 active sites in this category were constructed in the 
1990’s (with 14 of these sites having been constructed 
since 1996). The strategy for this use of ASR in south-
ern Florida has been to store excess water available 
during the wet season and recover this water during 
the dry season when it is needed.

Existing and historical ASR sites in southern 
Florida are mostly located along the east and west 
coasts (fig. 1). At most sites, the proposed or planned 
purpose of the recovered water is to serve as a supple-
mental supply for municipalities. Under CERP, ASR 
wells will be constructed in inland areas around Lake 
Okeechobee, in central Palm Beach County, and along 
the Caloosahatchee River in Hendry County (U.S. 
Army Corps of Engineers and South Florida Water 
Management District, 2001). Recovered water is to be 
used for additional purposes that include maintaining 
water levels in Lake Okeechobee and wetland areas 
and reduction of surface-water flows to tide (estuarine 
and bay areas) during storm events.

The storage zone being used at most ASR sites 
is in the Floridan aquifer system (fig. 2). Shallower 
storage zones are in the mid-Hawthorn and sandstone 
aquifers of the intermediate aquifer system and the 
Biscayne aquifer of the surficial aquifer system. The 
proposed storage zone aquifer in the CERP ASR pro-
gram is also in the Floridan aquifer system. This aqui-
fer system is continuous throughout southern Florida, 
and its overlying confinement is generally good.

ASR wells are evaluated and operated through a 
cyclical process. Each cycle includes periods of injec-
tion (recharge) of freshwater into the ASR well, stor-
age, and then withdrawal (recovery) with each period 
lasting days or months. In southern Florida, the recov-
ery phase may commence immediately after the cessa-
tion of recharge with no period of storage, and 
depending on the source of water supply, municipal 

supply, or operational problems, the time between 
cycles may be extensive (months or years). After ini-
tial testing and under fully operational conditions, 
cycles continue but the duration of cycles and storage 
periods and the volume of water recharged during each 
cycle usually increase. 

In southern Florida, ASR is largely used to store 
water in an aquifer that contains brackish water. Ambi-
ent ground water in the storage zone at most of the 
ASR sites in the study area is brackish (greater than 
1,000 mg/L dissolved-solids concentration) to saline 
(greater than 10,000 mg/L dissolved-solids concentra-
tion); salinity appears to greatly affect the recovery of 
the recharged freshwater. The salinity of the recharged 
and recovered water is closely monitored, usually on a 
daily basis. Because of the high ambient water salinity 
of the storage zone, much of the recharged freshwater 
is not recovered largely due to dispersive mixing in the 
aquifer. 

The recovery efficiency for each cycle is the 
total volume of water recovered, expressed as a per-
centage of the volume of water recharged. The salinity 
of water during recovery increases with time, and 
recovery is terminated at a salinity level that is prede-
termined by operational considerations. Generally, this 
limiting salinity level is at the potable water limit of 
250 mg/L chloride concentration, or slightly higher if 
the recovered water is mixed with potable water at a 
water-treatment plant (WTP).

Few regional investigations of the hydrogeology 
of the Floridan aquifer system in southern Florida have 
been conducted, and those studies focused on issues 
unrelated to ASR. Lacking a regional ASR framework 
to aid the decision-making process, placement of ASR 
well sites in southern Florida have primarily been 
based on factors such as land availability, source-water 
proximity (preexisting surface-water canal systems or 
surficial aquifer system well fields), or proximity to a 
WTP. Little effort has been made to link information 
collected from each site into a regional hydrogeologic 
analysis. Additional tools and data are needed to make 
informed decisions that incorporate constraining 
hydrogeologic factors in the placement and construc-
tion of ASR sites in southern Florida.

This study is part of the USGS South Florida 
Place-Based Studies Program, which was established 
for the purpose of providing physical and biological 
science data and information on which to base ecosys-
tem restoration management decisions. The purpose of 
Introduction 5
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Figure 2.  Storage zone aquifers for aquifer storage and recovery sites in southern Florida.
6 Inventory and Review of Aquifer Storage and Recovery in Southern Florida



this study was to compile data on existing ASR sites in 
southern Florida and identify various hydrogeologic, 
design, and management factors that control the recov-
ery of freshwater recharged into ASR wells. 

Purpose and Scope

The purpose of this report is to inventory well 
construction, hydrogeologic, and operational data on 
ASR sites in southern Florida and assess site perfor-
mance. A secondary purpose is to identify hydrogeo-
logic, design, or management factors that influence the 
success of ASR. Recovery efficiency, defined as the 
percent of recharged freshwater that is recovered for 
each cycle, is used to evaluate this performance. Four 
ASR case studies are described to determine possible 
technical factors that influence the success of ASR. 

The study area includes all of southern Florida 
and includes Charlotte, Glades, Lee, Hendry, Collier, 
Monroe, Miami-Dade, Broward, Palm Beach, and 
Martin Counties, and parts of Okeechobee and St. 
Lucie Counties (fig. 1). The 27 ASR sites located in 
the study area represent the source of data for this 
study. However, this report focuses on the 23 ASR 
sites in which the Floridan aquifer system serves as the 
storage zone. Principal hydrogeologic and construc-
tion related attributes determined for each ASR site are 
graphically and spatially illustrated to provide a com-
parative analysis.

Previous Studies

It has been nearly 20 years since Merritt and 
others (1983) provided a retrospective overview and 
status of ASR well development in southern Florida. 
Merritt and others (1983) presented data from three 
experimental ASR sites that are also included in this 
report, and Meyer (1989b) published additional data 
on experimental ASR sites in southern Florida. Other 
experimental ASR test data were obtained in reports or 
written communications for the Jupiter site (fig. 1, 
map no. 21; J.J. Plappert, Florida Department of Envi-
ronmental Protection, written commun., 1977), the St. 
Lucie County site (fig. 1, map no. 27; Wedderburn and 
Knapp, 1983), the Lee County site (fig. 1, map no. 9; 
Fitzpatrick, 1986), the Hialeah site (fig. 1, map no. 15; 
Merritt, 1997), and the Taylor Creek/Nubbin Slough – 
Lake Okeechobee site (fig. 1, map no. 20; Quiñones-
Aponte and others, 1996). Theoretical investigations 

into the feasibility of cyclic injection of freshwater in 
southern Florida have been described in reports by 
Khanal (1980) and Merritt (1985). Merritt (1997) also 
included numerical simulations of the salinity of 
recovered water in his study of Hialeah ASR site.

Some regional or local hydrogeologic studies of 
the Upper Floridan aquifer that encompass or include 
part of southern Florida are Bush and Johnston (1988), 
Meyer (1989a), Miller (1986), Reese (1994), Reese 
(2000), and Reese and Memberg (2000). The reports 
by Meyer (1989a), Reese (1994; 2000), and Reese and 
Memberg (2000) are specific to southern Florida. 

Factors Affecting Optimal Recovery of 
Freshwater in Aquifer Storage and 
Recovery

Recovery of freshwater stored in brackish- to 
saline-water aquifers is controlled by a wide variety of 
factors that pertain to hydrogeologic conditions, well 
or well field design, and operational management. The 
hydrogeologic factors of a storage zone that are impor-
tant to recoverability include (1) ambient salinity, (2) 
aquifer permeability and distribution, (3) aquifer 
thickness, (4) confinement, (5) ambient hydraulic gra-
dient, and (6) structural setting. Important design and 
management factors to consider are (1) thickness and 
location of the storage zone within the aquifer, (2) vol-
ume of injected water, (3) duration and frequency of 
cycles and cycle storage periods, (4) well performance 
problems such as wellbore plugging, and (5) multiple-
well configurations. Most of these factors and their 
control on recoverability have been numerically simu-
lated (Merritt and others, 1983; Merritt, 1985); how-
ever, conclusions on some factors,  95 discussed in the 
following sections, came from consulting reports and 
other literature.

Hydrogeologic Factors

During recharge of water by an ASR well, a 
radial zone of mixing forms around the well in the 
aquifer. This zone, referred to as the transition zone 
(Merritt, 1985), separates native water from an inner 
flushed zone containing mostly injected water, and this 
inner zone can be described as a freshwater bubble 
Introduction 7
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recovery phase, such stratification increases mixing. 
Buoyancy stratification should be considered possible 
when the ambient ground water has a dissolved-solids 
concentration greater than 5,000 mg/L (Pyne, 1995); 
in the Floridan aquifer system of southern Florida this 

AQUIFER STORAGE AND RECOVERY W

CONFINING UNIT

CONFINING UNIT

AQUIFER

UNINVADED
ZONE

TRANSITION
ZONE

(ZONE OF
MIXING)

FLUSHED ZONE FLUSHED ZONE
C

A
S

IN
G

C
A

S
IN

G

Figure 3.  Aquifer storage and recovery well in a confined aqu
idealized flushed and transition zones created by recharge. Flu
contains mostly recharged water.
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equates to about 2,500 mg/L 
chloride concentration (Reese, 
1994). On the basis of numeri-
cal simulation, recovery effi-
ciency has been shown to 
decrease with increasing salinity 
in saline aquifers only because 
of dispersive mixing in the tran-
sition zone − no buoyancy strati-
fication (Merritt, 1985). 
Ambient water salinities mod-
eled in Merritt’s study, as 
defined by chloride concentra-
tion, were 2,000, 7,000 to 8,000, 
and 19,000 mg/L (seawater-like 
salinity).

The permeability or 
hydraulic conductivity of the 
storage zone may greatly affect 
recoverability. The probability 
of buoyancy stratification 
increases as permeability 
increases (Merritt, 1985). Addi-
tionally, mechanical dispersion 
is related to the distribution of 
permeability within the storage 
zone. Higher permeability can 
equate to higher dispersive mixing, and an increase in 
this dispersion lowers recovery efficiency (fig. 3). 
Thus, recovery could be better in a sand aquifer of uni-
form permeability where dispersion results primarily 
from flow through intergranular pore spaces, as 
opposed to a limestone aquifer having diffuse and con-
duit flow components, particularly if thin zones of 
high permeability occur within the limestone aquifer.

Loss of injected freshwater could occur if a stor-
age zone is not well confined. Injected water may 
move upward or downward out of the storage zone, or 
saline water may move up into the storage zone during 
recovery. 

Recovery efficiency is greater in a thin aquifer 
than in a thick aquifer because of the lower vertical 
extent of the transition zone along which mixing 
occurs. However, this effect can be partially offset by 
increasing the volume of water recharged during a 
cycle. Minimizing the thickness of the storage zone 
within a thick aquifer can also be beneficial depending 
on the aquifer’s distribution of vertical hydraulic con-
ductivity. 



Downgradient movement of a bubble of 
recharged water due to the background hydraulic gra-
dient could reduce recovery efficiency. Based on an 
estimated gradient at the Hialeah ASR site in the 
Upper Floridan aquifer, reduction in recovery due to 
this effect was simulated to be minor for a storage 
period of 6 months, but not for 5 years (Merritt and 
others, 1983). The average velocity of ambient flow, 
referred to as the average linear velocity, is a function 
of both hydraulic conductivity and porosity as well as 
the background hydraulic gradient (Freeze and Cherry, 
1979).

The structural setting of the storage zone at an 
ASR site could be important to recovery (Water 
Resources Solutions, Inc., 1999a). Freshwater recov-
ery at a site located in an area that is structurally high 
or where the dip is low could be more favorable than in 
an area that is in a structural depression or where the 
dip is relatively high due to the tendency of the bubble 
of recharged water to move updip because of buoy-
ancy forces. This factor is likely to be more important 
as the contrast in salinity and fluid density increases. 
Structural deformation may influence storage zone 
confinement due to fracturing, faulting, or vertical dis-
solution features.

Design and Management Factors

The location of the storage zone relative to the 
aquifer may be important. If a storage zone extends 
over only a portion of an aquifer’s thickness, this could 
negatively affect recovery. Merritt (1985) simulated 
recovery in a case where the ASR storage zone 
extended only over the lower part of the important 
flow zone (zone with high permeability) near the top 
of the Upper Floridan aquifer. Results indicated that 
recovery efficiency was virtually unaffected compared 
to the case with the well open to the full thickness of 
the zone. However, the low ambient salinity (1,200 to 
1,300 mg/L chloride concentration) and the moderate 
hydraulic conductivity values that were used in the 
simulation prevented any appreciable buoyancy effects 
from occurring (effects that could cause vertical flow 
and mixing to increase).

The volume of injected water affects the recov-
ery efficiency. On a per cycle basis, recovery effi-
ciency generally increases as the total volume of 
injected water increases (Merritt, 1985). However, the 
effect is much less beneficial when interlayer disper-
sion (the transverse dispersion between layers of dif-
fering hydraulic conductivity in the aquifer) increases. 

Interlayer dispersion causes mixing between injected 
and ambient waters in addition to the mixing in the 
transition zone. 

Recovery efficiency increases with repeated 
cycles. Twelve successive cycles of injection and 
recovery, with recovery of up to only 250 mg/L chlo-
ride concentration for each cycle, were simulated for a 
variety of longitudinal and transverse dispersivity 
coefficients. Recovery efficiency improved substan-
tially for all cases with repeated cycles, but the rate of 
improvement diminished with increasing cycles 
(fig. 4). Recovery efficiency improves with repeated 
cycles because much of the recharged water from a 
previous cycle is left in the aquifer, and during the next 
cycle, recharged water mixes with water of a lower 
salinity.

Well plugging can occur during recharge in the 
Upper Floridan aquifer, reducing the recharge rate and 
freshwater recovery. This plugging is usually caused by 
deposition of particulate matter in the injected water or 
by the formation of a precipitate or sludge caused by 
reactions that occur at the wellbore face or in the aqui-
fer. One method used to restore formation injectivity is 
periodic backflushing of the well during the recharge 
phase. At the Hialeah site, well backflushing produced 
very fine particles of calcite and an iron compound that 
had precipitated (Merritt, 1997). Plugging at the Lee 
County site is attributed to suspended material in the 
injected water and bacteriological growth at the open 
borehole face (Fitzpatrick, 1986). Well plugging may 
affect one flow zone in an open-hole interval more than 
another, reducing overall recovery. During recovery, 
the less affected zone contributes most of the flow, and 
the salinity of water from this zone exceeds the limiting 
salinity level before all the recoverable freshwater from 
the plugged zone is obtained.

Various numbers and configurations of multiple 
storage wells at a site were modeled by Merritt (1985). 
In that study, the number of wells were varied from 
one to nine, and the well patterns were varied from a 
linear array to eight wells in an octagonal pattern with 
an additional well in the center. Greatest recovery effi-
ciencies were attained in arrays consisting of a central 
well surrounded by perimeter wells. Though in all 
cases, the recovery efficiencies for the multiple-well 
configurations were no better than the single-well case 
injecting the same total volume as the array of wells. 
Recovery efficiency could improve, however, when the 
total volume injected increases as the number of wells 
injecting at a site increases. 
Introduction 9



Hydrogeology

The three principal hydrogeologic units in 
southern Florida are the surficial, intermediate, and 
Floridan aquifer systems. These aquifer systems in the 
western part of the study area (Lee, Hendry, and 
Collier Counties) are described in figure 5. Water-
bearing rocks in the intermediate aquifer system grade 
or pinch out to the east, and in southeastern Florida the 
intermediate aquifer system becomes the intermediate 
confining unit. The Floridan aquifer system consists of 
the Upper Floridan aquifer, middle confining unit, and 
Lower Floridan aquifer. Three of the aquifers used for 
ASR in southern Florida are shown in figure 5; 
namely, the sandstone and mid-Hawthorn aquifers of 
the intermediate aquifer system and the Upper Flori-
dan aquifer.

The Upper Floridan aquifer is 500 to 1,200 ft 
thick in southern Florida (fig. 5; Reese, 1994 and 
Reese and Memberg, 2000). This aquifer is well con-

fined above by thick units in the Hawthorn Group con-
sisting of clay, marl, silt, or clayey sand; hydraulic 
head in the aquifer is above land surface. The middle 
confining unit of the Floridan aquifer system underlies 
the Upper Floridan aquifer and provides good to leaky 
confinement. This confining unit consists of micritic 
limestone (wackstone to mudstone), dense dolomite, 
and in some areas, beds of gypsum (fig. 5). The upper 
and lower boundaries of the middle confining unit are 
difficult to define, but its thickness has been estimated 
to range from 500 to 800 ft in southwestern Florida.

In southwestern Florida, the Upper Floridan 
aquifer includes the lower part of the Hawthorn Group, 
Suwannee Limestone, Ocala Limestone, and in some 
areas, the upper part of the Avon Park Formation 
(fig. 5). In southeastern Florida, the Suwannee Lime-
stone and Ocala Limestone are commonly absent 
(Reese, 2000; Reese and Memberg, 2000). In both 
eastern and western areas, the top of the Upper 
Floridan aquifer usually is contained within a basal 
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Hawthorn unit, which is defined by an overlying 
marker unit composed of micritic limestone or marl 
(fig. 5; Reese and Memberg, 2000). In some areas 
along the east coast, the Suwannee Limestone is either 
interpreted as being absent (Miller, 1986; Reese and 
Memberg, 2000) or present in the lower part of this 
basal Hawthorn unit.

The Upper Floridan aquifer generally consists of 
several thin water-bearing zones of high permeability 
(flow zones) interlayered with thick zones of much 
lower permeability. Commonly, only one or two major 
flow zones provide the bulk of the productive capacity. 
These flow zones are often less than 20 ft thick each and 
tend to be in the upper part of the Upper Floridan aqui-
fer, typically at or near the top of the Suwannee Lime-

stone, Ocala Limestone, and Avon Park Formation. 
Unconformities that formed at the end of the Oligocene 
and Eocene Epochs are present at these contacts (Miller, 
1986), and zones of dissolution occur in association 
with these unconformities in southern Florida (Meyer, 
1989a). In southwestern Florida, the most important 
flow zone tends to be associated with the top of the 
Suwannee Limestone, whereas in southeastern Florida 
it is the top of the Avon Park Formation or, if present, 
the top of the Ocala Limestone. In both of these areas, 
the basal Hawthorn unit lies above this contact.

The basal Hawthorn unit is shown in an east-
west hydrogeologic section that extends across Palm 
Beach County near the southern end of Lake 
Okeechobee (figs. 6 and 7). This unit is thickest along
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 the coast and thins toward the center of the peninsula. 
Also shown on the section (fig. 7) are the depths of the 
saltwater interface in the Floridan aquifer system and a 
unit composed mostly of dolomite and dolomitic lime-
stone referred to as the dolomite unit (Reese and 
Memberg, 2000). The saltwater interface (fig. 7) is 
defined as the depth below which total dissolved solids 
concentration is greater than 10,000 mg/L.

The dolomite unit of the Floridan aquifer system 
generally is considered to be within the uppermost per-
meable unit of the Lower Floridan aquifer in southern 
Florida (fig. 7; Meyer, 1989a). In some areas of Palm 
Beach County, however, the top of this unit is as high as 
1,200 to 1,300 ft below sea level, as shown (for exam-
ple) by wells PB-1172 and PB-1173 in figure 7. In these 
areas, it is uncertain whether all of the dolomite unit 
would be included in the Lower Floridan aquifer.

The altitude of the basal contact of the Haw-
thorn Group (same as the base of the basal Hawthorn 
unit) was mapped for most of southern Florida in three 
previous studies (Reese, 1994, fig. 6; Reese, 2000, 
fig. 7; and Reese and Memberg, 2000, fig. 6). Deter-
mination of the depth of this contact was primarily 
based on lithology and gamma-ray geophysical log 
patterns. As described above, this contact does not 
necessarily correspond with the top of the Upper Flori-
dan aquifer, but the most important flow zone(s) in the 
Upper Floridan aquifer is typically associated with the 
contact. The altitude of this contact varies consider-
ably in southern Florida, ranging from less than 600 ft 
to greater than 1,200 ft below sea level. Local relief 
can be as much as several hundred feet, particularly in 
southwestern Florida.

Complex structure in the Hawthorn Group has 
been identified in Lee and Hendry Counties along the 
Caloosahatchee River (Cunningham and others, 2001). 
The wavy configuration patterns of seismic reflection 
data show this structure, and these patterns are proba-
bly related to karstic collapse of deeper limestone that 
could be in the Floridan aquifer system.
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INVENTORY OF WELL AND TEST DATA

Well data were inventoried and compiled for all 
wells at existing and historical ASR sites in southern 
Florida, and cycle test data (also available for many 
sites) were synthesized. Consulting reports on the con-
struction and testing of wells and on cycle testing pro-
vided much of these data. The consulting reports used 
to compile these data are listed in the selected refer-
ences section at the back of this report.

Historical and current ASR sites are listed in 
table 1 along with the utility or operator of the site, the 
aquifer being used for the storage zone, site status, 
type of source water used for injection, and number of 
wells drilled at each site. The locations of these sites 
are shown in figure 1. The number of injection (stor-
age) wells at each site ranges from one to five, and 
most sites have at least one monitoring well in the stor-
age zone.

The type of source water used for injection in 
southern Florida has included treated drinking water, 
raw ground or surface water, and reclaimed water 
(table 1). Treated drinking water is the most common 
source water type, but raw ground water also is used, 
or has been proposed for use, at a number of sites on 
the east coast. The source water planned for the CERP 
ASR program is raw or partially treated ground water 
or surface water (table 1, Western Hillsboro Canal, 
site 1). Special permits, obtained through the FDEP 
Underground Injection Control program and the U.S. 
Environmental Protection Agency, are required to 
inject raw surface or ground water because these 
waters sometimes exceed maximum contaminant 
levels for primary or secondary drinking water stan-
dards for some constituents.

Construction and Testing Data

Construction and testing data were compiled 
into three main categories. These categories are well 
identification, location, and construction data; hydrau-
lic well-test data; and ambient formation water-quality 
data.
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Well Identification and Construction Data

For the purpose of this study, all ASR storage 
and associated monitoring wells were assigned a 
USGS number, and data from these wells have been 
stored as part of the USGS Ground-Water Site Inven-
tory (GWSI) database. Well identification, location, 
and construction data are given in table 2 (at end of 
report). The construction information includes total 
hole depth, ending date of construction, casing depth 
and diameter, type of each casing string set in the well, 
and the completed (constructed) open interval and its 
diameter. In most cases, the completed interval is open 
hole, but a gravel-packed screen was installed in a few 
wells. At many sites, the first well drilled was plugged 
back to the selected storage zone after being drilled 
deeper to test other potential zones or to determine 
water-quality changes with depth. In many instances, 
the latitude and longitude provided herein were 
obtained from the construction permit, and this loca-
tion is representative of the storage well only; how-
ever, in some instances, the latitude and longitude 
were more precisely determined for all wells at a site 
by the use of a hand-held global positioning system 
(GPS) (see footnote 1 in table 2 at end of report). 

The thickness of the open interval ranges from 
45 ft at the Marco Lakes (well C-1206) and Marathon 
(well MO-189) sites to 452 ft at the West Well Field 
site (well G-3706) (fig. 8; table 2 at end of reort). Open 
intervals for ASR wells in the Floridan aquifer system 
average 172 ft thick. The diameter of the open interval 
ranges from 5.125 in. at the St. Lucie County site to 
29 in. at the West Well Field site in Miami-Dade 
County. Large diameter open intervals are constructed 
for the purpose of obtaining a high rate of flow. Each 
of the storage wells at the West Well Field site is 
designed for a pumping rate of up to 5 Mgal/d.

Hydraulic Well-Test Data

Reported data describing hydraulic tests were 
compiled for ASR well systems. The data include the 
reported results of packer tests conducted during drill-
ing, step drawdown tests, single-well constant rate 
recovery tests, and multiwell constant rate tests 
(table 3 at end of report). Tests of other permeable 
intervals at a site that are shallower or deeper than the 
interval selected to be the storage zone are also 
included (table 3 at end of report). Water-level data 
were not analyzed as part of this study; rather, all of 
the analytical results given in table 3 (at end of report) 

came from consulting reports in the selected refer-
ences listed at the back of this report.

Some tests reported in table 3 (at end of report) 
are single-well step drawdown tests run to determine 
the specific capacity of a well. These tests provide 
insight into the productive capacity of a well and are 
used to determine the size and depth of a pump to be 
used in the well for a multiwell test or for long-term 
operation. At some sites, the transmissivity of the 
tested interval was estimated from a step drawdown 
test using the specific capacity at each step. At the 
Marco Lakes ASR site, transmissivity was determined 
during a step drawdown test of ASR-3 by analyzing 
the resulting drawdown data from nearby wells using 
the Cooper and Jacob (1946) solution. Transmissivity 
was estimated at the Boynton Beach East WTP site 
from a step drawdown test of ASR-1 using the Cooper 
and Jacob (1946) solution, but without any monitoring 
wells. Specific capacity determined from step draw-
down tests of storage zones range from 2.7 gal/min/ft 
at the Marathon site to 390 gal/min/ft at the West Palm 
Beach site, well ASR-1 (table 3 at end of report). Spe-
cific capacity was reported to be 1,600 gal/min/ft on 
the basis of a multiwell test at the Taylor Creek/Nub-
bin Slough (Lake Okeechobee) site.

Packer tests are tests of open-hole intervals con-
ducted during drilling using inflatable packers set on a 
string of drill pipe for the purpose of isolating the 
interval to be tested. Often, only specific capacity data 
are reported for packer tests (table 3 at end of report). 
However, transmissivity can be estimated either from 
the specific capacity results, or from analysis of the 
recovery of water level after a period of constant rate 
pumping during a packer test. This latter method, 
known as the Theis (1935) residual drawdown or 
recovery analysis, gives a more reliable estimate than 
the specific capacity method. Packer test results can be 
unreliable because of partial penetration, a low pump-
ing rate, a short pumping period, or incomplete isola-
tion of the interval tested (leaky packers).

Hydraulic properties determined from a multi-
well, constant rate, drawdown test include transmissiv-
ity, storage coefficient, and leakance. Solutions 
commonly used to analyze water-level data from this 
type of test include Theis (1935) and Cooper and 
Jacob (1946) for confined aquifers and Hantush and 
Jacob (1955) and Walton (1962) for semiconfined, 
leaky aquifers. Depending on the amount of drawdown 
(pumping rate) and the degree of background varia-
tions in water level, such as tidal fluctuations, 
Inventory of Well and Test Data 15
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Figure 8.  Thickness of open interval in storage wells at aquifer storage and recovery sites in southern Florida. 
All wells represent first storage well at each site (see table 2).
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background water-level measurements should be made 
for at least 1 day prior to the beginning of the pumping 
test, and these measurements should be subtracted 
from the drawdown water-level data collected during 
the test. Single-well constant rate tests usually provide 
only an estimate of transmissivity, and solutions used 
to analyze the recovery water-level data from these 
tests include the Theis (1935) solution for residual 
drawdown and the Cooper and Jacob (1946) solution.

Multiwell constant rate tests of the storage zone 
were performed at 16 of the ASR sites (table 3 at end 
of report), and not including packer tests, single-well 
constant rate recovery tests of the storage zone were 
run at 4 sites, 2 of which also had a multiwell-test run. 
Constant rate test results could be affected by pretest 
well treatment designed to increase specific capacity. 
Acidization of the ASR well prior to the multiwell test 
was done at the Springtree WTP and West Well Field 
sites. The Western Hillsboro site planned recharge 
well (EXW-1) also was acidized after the reported step 
drawdown test (table 3 at end of report).

Hydraulic properties determined from tests of 
storage zones may apply only to the storage zone or to 
a thicker interval if the aquifer containing the storage 
zone is thicker than the storage zone. In the case where 
the aquifer is thicker than the storage zone, the hydrau-
lic conductivity of a storage zone will be less than that 
obtained by dividing the transmissivity determined 
from a test by the thickness of the storage zone. How-
ever, in the Upper Floridan aquifer where thick zones 
of relatively low permeability separate flow zones, 
tests of part of the aquifer are typically not influenced 
by the entire thickness of the aquifer. Thus, the value 
of transmissivity obtained is less than the total trans-
missivity of the aquifer (Wedderburn and Knapp, 
1983). 

For 18 sites where the storage zone is in the 
Floridan aquifer system, the most reliable or represen-
tative values for transmissivity from storage zone tests 
were selected and then plotted on a map of southern 
Florida (fig. 9). In most cases, these values came from 
drawdown analysis of constant rate multiwell tests; if 
performed, the leaky aquifer solution was used. The 
storage zone is in the Upper Floridan aquifer in all 
cases, except at the Taylor Creek/Nubbin Slough (Lake 
Okeechobee) and the West Well Field sites. At the Lake 
Okeechobee site, this zone is in the Lower Floridan 
aquifer (Quiñones-Aponte and others, 1996), and at the 
West Well Field site, some of the mid-Hawthorn aqui-
fer in addition to the upper part of the Upper Floridan 

aquifer is included in the storage zone. Transmissivity 
values range from 800 ft2/d at the Lee County site to 
nearly 590,000 ft2/d at the Lake Okeechobee site. The 
highest value in the Upper Floridan aquifer is 108,000 
ft2/d at the West Palm Beach WTP site. The average 
value for sites in the Upper Floridan aquifer is 21,100 
ft2/d, and values greater than 30,000 ft2/d are consid-
ered to be high in this study.

The high transmissivity estimate at the Lake 
Okeechobee site (fig. 9) is a function of the large thick-
ness of the open interval and the dominant lithology in 
this interval, which is dolomite. The storage zone con-
tains several highly permeable flow zones that may 
have secondary fracture permeability. The open inter-
val in the ASR well for the Lee County WTP site is 
confined to the lower Hawthorn producing zone of the 
basal Hawthorn unit (Reese, 2000). A second ASR site 
was later constructed at the same location (Olga WTP 
site). The Olga WTP site storage zone is deeper in the 
Upper Floridan aquifer and is contained within the 
Suwannee Limestone, about 150 ft below the top of 
this formation (Water Resources Solutions, Inc., 
2000a). The estimated transmissivity for the Olga stor-
age zone is 9,400 ft2/d (fig. 9; table 3 at end of report).

Leakance of the tested aquifer was determined 
at eight sites in the Floridan aquifer system by multi-
well aquifer tests, and values are higher than expected 
(table 3 at end of report). Leakance is a measure of the 
degree of aquifer confinement and is defined as the 
vertical hydraulic conductivity of a confining unit, 
divided by the thickness of the confining unit. How-
ever, leakance determined from an aquifer test applies 
to both the upper and lower confining units of the 
aquifer, unless it is known that one of the confining 
units is nonleaky. Leakance estimates ranged from 3.9 
x 10-5 1/d at the West Well Field site to 6.3 x 10-2 1/d 
at the Deerfield Beach West WTP site. Leakance esti-
mates less than 1 x 10-3 1/d have been used to indicate 
confining conditions in the surficial aquifer system in 
southern Florida (Reese and Cunningham, 2000). Of 
the eight values determined for leakance (table 3 at 
end of report), five exceed this limiting value. Lea-
kance was greater than 4.0 x 10-2 1/d at the Deerfield 
Beach West WTP, Olga WTP, and the St. Lucie 
County sites. Leakance may also be high at the West 
Palm Beach WTP site. The confined aquifer Theis 
(1935) solution was used to analyze the multiwell-test 
data collected at this site, despite a large observed 
departure below the type curve during the latter part of 
the test indicating a leaky aquifer.
Inventory of Well and Test Data 17



The high leakance estimates from the Upper 
Floridan aquifer are probably best attributed to leakage 
from below the tested interval rather than from above 
because of the good confinement generally accepted as 
being present above the aquifer in southern Florida 
(Bush and Johnston, 1988). This leakage either origi-
nated from intervals lower in the Upper Floridan aqui-
fer or from the middle confining unit of the Floridan 
aquifer system.

Ambient Water-Quality Data

Ambient water-quality data were collected from 
storage and monitoring wells at ASR sites (table 4). 

The inventoried data describe formation water salinity 
and include the sampled interval, sample date, specific 
conductance, dissolved chloride concentration, dis-
solved solids concentration, temperature, and dis-
solved sulfate concentration. The sampling methods, 
listed in order of increasing reliability, include (1) col-
lected during drilling by the reverse-air rotary method, 
(2) collected from packer tests, (3) collected from a 
pump out test of an open interval below casing before 
final construction of the well, and (4) collected from a 
completed open interval. Intervals sampled include the 
storage zone, intervals deeper and shallower than the 
storage zone, and intervals that include more than the 
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selected storage zone (table 4). Upper Floridan aquifer 
ASR sites in southwestern Florida were usually sam-
pled from shallower permeable zones of the intermedi-
ate aquifer system.

The chloride concentration of ambient water in 
ASR storage zones in the Floridan aquifer system is 
shown on a map of southern Florida (fig. 10). Samples 
used for this map were selected from table 4 based on 
the most reliable sampling method as described above. 
Chloride concentrations ranged from 500 mg/L at the 
Lee County WTP site to 11,000 mg/L at the Engle-
wood South Regional WWTP site. At most sites, the 
chloride concentration ranged from about 1,000 to 

3,000 mg/L, and the average concentration was about 
2,300 mg/L. Storage zones containing water with 
3,000 mg/L or greater were considered to have high 
chloride concentration in this study. The highest value 
found in the east coast area was 3,600 mg/L at the 
Springtree WTP site. The highest chloride concentra-
tion found in the upper part of the Upper Floridan 
aquifer in southern Florida based on three previous 
studies was 8,000 mg/L in northeastern Palm Beach 
County; the lowest concentration found was 400 mg/L 
in Lee County (Reese, 1994; Reese, 2000; and Reese 
and Memberg, 2000). 
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Cycle Test Data

Cycle test information was obtained from con-
sulting reports, other published reports, monthly oper-
ating reports (MOR) required by the FDEP as part of 
the permitting process during operational testing, and 
in several cases, from daily records provided by a 
WTP. These data were compiled and are given in 
table 5. All of the test data given are only for the first 
storage well (ASR-1) at a site, except for the West 
Well Field site. Only 18 of the 27 ASR sites listed in 
table 1 are included in table 5; other ASR sites have 
not initiated operational testing or test data were not 
available. Cycle testing at the Olga WTP and North 
Reservoir sites was postponed due to inadequate 
treated drinking water supplies that will be used for 
recharge. The number of days of storage in table 5 
includes only the time between the recharge and 
recovery periods; it does not include days during the 
recharge period in which injection ceased due to a lack 
of source water or other operational problems. The 
MOR provided insufficient data to calculate recovery 
efficiencies at some ASR sites because the water qual-
ity of recharged and recovered water was not reported; 
these data are not required by the FDEP in the report.

Two recovery efficiency numbers were deter-
mined for each cycle (table 5). The first is total recov-
ery efficiency, and it is the percent recovery at the end 
of the cycle. The chloride concentration of the recov-
ered water at this point is also given in table 5. The 
chloride concentration at the end of the cycle is usually 
in the range of 250 to 400 mg/L. The second recovery 
efficiency number is the potable water recovery effi-
ciency. It is the percent recovery when the chloride 
concentration of the recovered water reaches only 250 
mg/L. Potable water recovery efficiency numbers 
(potable recovery efficiencies) are used in this report 
for performance comparisons between sites. 

Chloride concentrations of recharged and recov-
ered water for the West Palm Beach WTP site were not 
reported or made available, and only the total recovery 
efficiencies are given in table 5. At the West Well Field 
site, two storage wells were active during the second 
cycle and all three storage wells were active during the 
third cycle. However, water was not recovered from 
well ASR-3 during the cycle 3 recovery period. For 
cycle 3, recovery efficiencies were determined for 
individual storage wells and also for all three wells 
combined (table 5). 

The Boynton Beach East WTP site underwent 
16 recharge-recovery cycles (table 5). The Marathon 
site had 11 cycles, and the Marco Lakes and Spring-

tree WTP sites had 5 cycles each; the number of cycles 
was 4 or less at all other sites. Additional cycles were 
conducted at the Manatee Road site, but were not 
reported. Recharge volume per cycle ranged from as 
low as 0.6 Mgal for cycle 1 at the Lee County WTP 
site, to as high as 714.33 Mgal during cycle 3 at the 
West Well Field site. The longest storage period was 
181 days for cycle 3 at the Hialeah site.

The highest reported first cycle potable recovery 
efficiency was 47 percent for the Boynton Beach ASR 
site. The first cycle recovery efficiency of the Cork-
screw WTP site is greater but is not considered here 
due to the potable nature of water in its storage zone. 
Except for the Jupiter site where no potable water was 
reported to be recovered on the first cycle, the lowest 
potable recovery efficiency was 2 percent at the San 
Carlos Estates site. Of the 16 sites in table 5 with pota-
ble recovery efficiencies calculated, 9 sites had a pota-
ble recovery efficiency of well over 10 percent during 
the first cycle. The seven exceptions include Fiveash 
WTP, Manatee Road, North Reservoir, San Carlos 
Estates, Lake Okeechobee, Jupiter, and St. Lucie 
County sites. Two of these, the Manatee Road and 
Jupiter sites, showed improvement to a level substan-
tially higher than 10 percent in succeeding cycles. The 
Fiveash, San Carlos Estates, and Lake Okeechobee 
sites did not; however, few cycles were conducted at 
these three sites (two, two and four, respectively). 
Only one cycle was run at the North Reservoir and 
St. Lucie County sites.

Ten sites achieved a potable recovery efficiency 
exceeding 30 percent during at least one cycle; how-
ever, at the Shell Creek WTP site, the recovery effi-
ciency diminished to 9 percent during the third cycle 
when the recharge volume was greatly increased. The 
highest potable recovery efficiency of 90 percent was 
during cycle 4 at the Boynton Beach East WTP site, 
but the recharge volume reported for this cycle could 
be too low. This recharge volume is based on flow 
totalizer equipment readings, but calculation of the 
recharge volume based on reported daily flow rates 
gives a higher number. The second highest recovery 
efficiency was 84 percent for cycle 16 at the Boynton 
Beach site. Recovery efficiency was 72 percent for 
cycle 4 at the Marathon site; however, the storage zone 
at this site is within a siliciclastic sandstone aquifer. 
Because of lower dispersive mixing, recovery from a 
siliciclastic aquifer may be larger, having only inter-
granular porosity as compared to carbonate rock 
storage zones that probably also have secondary, con-
duit type porosity (Merritt, 1985).
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CASE STUDIES OF SELECTED AQUIFER 
STORAGE AND RECOVERY SITES

Detailed information regarding four sites is pre-
sented in this section. For the most part, the sites were 
selected on the basis of the number of cycles that were 
conducted. Two sites are located in southeastern Flor-
ida, and two are in southwestern Florida. The selected 
sites illustrate the contrast in hydrogeology between 
the coastal areas. Each case study includes a graphical 
representation of the hydrogeology at the site and well 
construction information. 

Boynton Beach East Water Treatment 
Plant

The Boynton Beach East WTP ASR site 
located on the east coast in Palm Beach County is 
operated by Boynton Beach Utilities. The source of 
water for recharge is treated drinking water from the 
WTP. The location of the storage zone in relation to 
lithology, geophysical log signatures, and hydrogeo-
logic units at the Boynton Beach site is shown in fig-
ure 11. Also shown are the location of flow zones as 
determined by flowmeter, fluid resistivity, and caliper 
logs for the interval extending from a depth of 804 to 
1,200 ft below land surface. The flow zones in this 
interval primarily occur in the basal Hawthorn unit 
(Reese and Memberg, 2000) or near its base. The 
flow zones are thin, they tend to coincide with forma-
tion resistivity peaks possibly indicating cementation 
and secondary porosity, and they occur just below 
intervals of higher gamma-ray response. These inter-
vals of higher gamma-ray response indicate beds 
high in phosphate sand content. The base of the 
Upper Floridan aquifer was not penetrated in the 
ASR well but is estimated to be at a depth of at least 
1,500 ft below land surface.

The thickness of the storage zone open interval 
at the Boynton Beach site is 105 ft (fig. 9); transmis-
sivity is reported to be about 9,400 ft2/d (fig. 9; CH2M 
Hill 1993), and ambient water had a chloride concen-
tration of 1,900 mg/L (fig. 10). The site is located in a 
structurally high area along the east coast where the 
altitude of the Hawthorn Group basal contact is 930 ft 
below sea level (Reese and Memberg, 2000).

Cycle testing at the Boynton Beach site began in 
late 1992, and by early 2000, 16 recharge-recovery 
cycles had been conducted for an average of about 
2 cycles per year (fig. 12). Potable recovery efficiency 
increased rapidly during the first four cycles to 
90 percent per cycle; however, as noted previously, the 
90 percent recovery for cycle 4 is questionable. During 
the next three cycles, recovery efficiency decreased to 
less than 30 percent, possibly because of longer stor-
age periods. Recovery efficiency for cycles 8 to 16 
generally increased to greater than 80 percent.

Percent recovery is plotted against the chloride 
concentration of recovered water during each cycle in 
figure 13. For most cycles, water was recovered until 
the chloride concentration in the recovered water 
slightly exceeded 300 mg/L (also see table 5). During 
cycle 14, however, recovery continued until chloride 
concentration increased to about 1,000 mg/L, con-
tributing to a lower recovery rate for cycle 15. The 
data points for cycle 15 are shifted to substantially 
lower recovery percentages than for cycle 14 
(fig. 13). The recovery efficiency for cycle 16 is the 
best obtained, with the exception of cycle 4, which 
has a recharge volume that could be higher than 
reported. However, the storage period for cycle 16 
was only 4 days, and the recovery efficiency for this 
cycle could have benefited from the large recharge 
volume (111 Mgal) and incomplete recovery (recov-
ery up to a chloride concentration of only 146 mg/L) 
for cycle 15.

Potable water recovery efficiencies for test and 
operational cycles at the Boynton Beach site appear to 
be greater than for all other Floridan aquifer system 
ASR sites in southern Florida. However, the number of 
cycles conducted at most other sites are limited, and 
the chloride concentration of the recharge water used 
at the Boynton Beach site is only about 50 mg/L 
(table 5). Several hydrogeologic, and design and man-
agement factors are favorable at this site that may 
explain the higher recovery efficiencies. The storage 
zone is located at the top of the Upper Floridan aquifer 
and is thin in comparison to the average storage zone 
thickness (about 180 ft) for wells in the Floridan aqui-
fer system (fig. 8). Transmissivity and ambient salinity 
of the storage zone are moderate, being less than 
30,000 ft2/d and 3,000 mg/L of chloride concentration, 
respectively, and the site is located in a structurally 
high area. 
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Springtree Water Treatment Plant

The Springtree WTP ASR site located in Bro-
ward County is operated by the City of Sunrise. 
Treated drinking water is used for recharge. The loca-
tion of the storage zone in relation to lithology, geo-
physical log signatures, and hydrogeologic units at the 
Springtree site is shown in figure 14. Geophysical 
logs, such as the flowmeter, used to identify flow 

zones in the well were not run. Unlike the Boynton 
Beach site, the storage zone is not located at the top of 
the Upper Floridan aquifer. Casing was set through 
virtually all of the basal Hawthorn unit. The thickness 
of the storage zone open interval at the Springtree site 
is 160 ft (fig. 8). A photograph of the Springtree site 
wellhead site is shown in figure 15.

Storage zone transmissivity at the Springtree 
site is reported to be about 5,700 ft2/d (table 3 at end 
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Figure 14.  Location of the storage zone in relation to gamma-ray geophysical log and geologic and 
hydrogeologic units for aquifer storage and recovery well G-2914 at the Springtree Water Treatment 
Plant site in Broward County.
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of report; Montgomery Watson, 1998a). This value is 
lower than at surrounding sites (fig. 9), perhaps 
because only a small part of the basal Hawthorn unit is 
included in the open interval. The chloride concentra-
tion of ambient water in the storage zone is 
3,600 mg/L (fig. 10). The altitude of the Hawthorn 
Group basal contact is 1,105 ft below sea level, and the 
site is located at the edge of a structurally low area 
(Reese, 1994).

Cycle testing at the Springtree site began at the 
end of July 1999, and five recharge-recovery cycles 
had been completed by the end of November 2000 
(table 5). The ending chloride concentration for all 
cycles was 225 mg/L or less. The increase in recovery 
efficiency during the first four cycles was not as great 
as the Boynton Beach East WTP site, increasing from 
20 percent for the first cycle to 37.5 for the fourth 
cycle. Although the volume recharged for the fifth 
cycle (120 Mgal) was at least three times that 
recharged in each of the first four cycles, recovery effi-
ciency diminished to 27.5 percent. The lower recovery 
efficiencies at the Springtree site relative to the Boyn-
ton Beach East WTP site could be explained by high 
storage zone ambient water salinity and the storage 
zone position relative to the top of the aquifer.

Marco Lakes

The Marco Lakes ASR site located on the west 
coast in Collier County is operated by Florida Water 
Services for the City of Marco Island. The source of 

recharge water is partially treated surface water. The 
storage zone at the site straddles the contact between 
the basal Hawthorn unit and the Suwannee Limestone 
(fig. 16). The Suwannee Limestone is thick and well 
developed in the area, unlike southeastern Florida 
where the formation is thin or absent. The thickness 
and diameter of the open interval for the storage zone 
in well ASR-1 at the Marco Lakes site are 45 ft and 
10 in., respectively (fig. 8; table 2 at end of report). By 
comparison, these dimensions are 44 ft and 12.25 in., 
respectively, for well ASR-2 (fig. 16; table 2 at end of 
report).

Transmissivity of the storage zone is reported to 
be about 9,100 ft2/d (fig. 9; ViroGroup, Inc., 1998b). 
Storage zone ambient water is brackish; the reported 
chloride concentration is about 2,600 mg/L (fig. 10; 
well DZMW, table 4). Chloride concentration ranged 
from about 2,500 to about 3,700 mg/L in other wells 
completed in the storage zone at the Marco Lakes site 
(table 4). The site is located in a structurally high area 
where the altitude of the Hawthorn Group basal con-
tact is 742 ft below sea level (Reese, 2000).

Five recharge-recovery cycles were conducted 
at the Marco Lakes site in ASR-1 between June 1997 
and July 2000 (table 5). The ending chloride concen-
tration for the recovery period used for comparison of 
cycles was 350 mg/L (Water Resources Solutions, 
Inc., 2000d), and the recovery efficiencies at this chlo-
ride concentration level increased from 31 percent for 
the first cycle to about 51 percent for the fifth cycle. 
The total volume of water recharged per cycle 

STORAGE
WELL

STORAGE
WELL

Figure 15.  Wellhead piping, 
valves, and control system for 
the aquifer storage and 
recovery well at the Springtree 
Water Treatment Plant site in 
Broward County. Storage well 
on left side of concrete pad as 
shown by arrow.
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increased from about 20 to 132 Mgal, respectively. 
The potable water recovery efficiency increased from 
22 to almost 36 percent for the same two cycles.

Percent recovery was compared with the chloride 
concentration of recovered water during each cycle at 
the Marco Lakes site (fig. 17). On the basis of numerical 
simulation, the erratic recovery curve and poor recovery 
efficiency for cycle 2 is attributed to preferential well 
plugging during recharge of one of two receiving inter-
vals (flow zones) in the storage zone (Water Resources 

Solutions, Inc., 1999c). Calcium carbonate is the likely 
precipitate causing plugging, and acidification of the 
recharge water prior to injection has reduced or elimi-
nated the problem in later cycles.

The Marco Lakes recovery efficiencies at an 
ending chloride concentration of 350 mg/L rather than 
those at 250 mg/L concentration could serve as a better 
comparison with the Boynton Beach East WTP site 
potable recovery efficiencies. The chloride concentra-
tion of the recharge water at Marco Lakes averages 
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Figure 16.  Location of 
storage zone in relation to 
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log, flow zones, and 
geologic and hydro-
geologic units for aquifer 
storage and recovery well 
C-1208 (ASR-2) at the 
Marco Lakes site in Collier 
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120 mg/L (table 5), whereas the concentration at 
Boynton Beach averages about 50 mg/L. Perhaps cal-
culations of recovery efficiencies based on a mass-bal-
ance approach would provide a better means of 
comparison between these two sites. These calcula-
tions would include the chloride concentrations of 
both the ambient and recharged water. Although the 
Marco Lakes site is in early phases of testing and oper-
ation, several factors could explain the moderate to 
good recovery efficiencies. The storage zone is thin 
and located near the top of the Upper Floridan aquifer 
(fig. 16). The storage zone has moderate transmissiv-
ity, and the site is located on a structural geologic high.

San Carlos Estates

The San Carlos Estates ASR site located near 
the west coast in Lee County is operated by Bonita 
Springs Utilities. Treated drinking water is used as the 
recharge water source. The storage zone at the site is 
located within the basal Hawthorn unit (fig. 18). The 
top of the Suwannee Limestone was not reached in any 
of the wells at the site. The thickness of the ASR well 
storage zone is only 51 ft (fig. 8).

Compared to the Marco Lakes site, transmissiv-
ity of the storage zone at the San Carlos Estates site is 
high; it is reported to be about 70,000 ft2/d (fig. 9; 
CH2M Hill, 1999b). The chloride concentration of 
ambient water in the storage zone is only 1,100 mg/L 
(fig. 10). The site may be located in a slightly low area 
structurally (Reese, 2000); however, additional wells 
that intersect the basal contact of the Hawthorn Group 
are required to confirm this setting. 

Two cycles, one a short test cycle, were con-
ducted at the San Carlos Estates ASR site (table 5). 
Despite a second cycle recharge volume of 138 Mgal, 
potable recovery efficiency has been no greater than 
about 3 percent. High transmissivity of the storage 
zone and the distribution of permeability within it may 
explain the poor recovery efficiency obtained thus far. 
Flowmeter log data indicate that most flow in the stor-
age zone occurs within a 4-ft-thick interval between 
698 and 702 ft below land surface (fig. 18). The high 
permeability of this thin flow zone may cause high dis-
persive mixing within the storage zone resulting in the 
poor recovery.
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SUMMARY AND CONCLUSIONS

Aquifer storage and recovery (ASR) wells were 
constructed at 27 sites in southern Florida with most 
sites located in coastal areas. Twenty ASR were con-
structed by local municipalities or counties in southern 
Florida in the 1990’s and 14 since 1996. Six of the 27 
sites were experimental in nature and are no longer 
active. The storage zone at 23 of the 27 sites is con-
tained within the Floridan aquifer system; of these 23 
sites, 22 are in the Upper Floridan aquifer and 1 is in 
the Lower Floridan aquifer

Regional ASR in southern Florida has been pro-
posed in the Comprehensive Everglades Restoration 
Plan (CERP) as a cost-effective water-supply alterna-
tive that can help meet needs of agricultural, munici-
pal, and recreational users and help provide ecological 
benefits. About 330 high capacity wells have been pro-
posed for southern Florida, with most to be sited 
inland, such as around Lake Okeechobee. Water salin-
ity in the Upper Floridan aquifer, the hydrogeologic 
unit of interest in the CERP, is brackish to saline at all 
current ASR sites in southern Florida. The ambient 
salinity of water contained in the storage zone can sub-
stantially affect recovery of water recharged and 
stored.

This study was performed to inventory construc-
tion, hydrogeologic, and operational data on ASR sites 
in southern Florida and to compare site performance to 
hydrogeologic, design, or management factors that 
may influence their degree of success. Each ASR 
cycle includes periods of injection of freshwater, stor-
age, and recovery, with each period lasting days or 
months. Potable water recovery efficiency of individ-
ual cycles at a site is the primary measure used to eval-
uate the performance of sites, and this efficiency is the 
volume of water recovered when chloride concentra-
tion reaches 250 as a percent of the volume recharged.

The basal contact of the Hawthorn Group lies 
close to the top of the Upper Floridan aquifer, and the 
most important flow zones in this aquifer commonly 
occur at or near this contact. The altitude of this con-
tact varies considerably in southern Florida, ranging 
from less than 600 ft to greater than 1,200 ft below sea 
level. Local relief on this contact can be as much as 
several hundred feet.

Well data were inventoried and complied for all 
wells at existing and historical ASR sites in southern 
Florida. Construction and testing data were compiled 
into four categories: (1) well identification, location, 
and construction data; (2) hydraulic well-test data; (3) 

ambient formation water-quality data; and (4) cycle 
testing data. Intervals for which data were inventoried 
and compiled include the ASR storage zone interval 
and deeper and shallower intervals. 

Factors important to efficient ASR operation 
vary widely between the sites. The thickness of the 
open storage zone ranged from 45 to 452 ft. Open 
intervals in the 150 to 200 ft range are most common. 
Transmissivity of the Upper Floridan aquifer storage 
zone for 17 sites ranged from 800 to 108,000 ft2/d. 
Transmissivity at the Taylor Creek/Nubbin Slough 
(Lake Okeechobee) site, completed in the Lower Flori-
dan aquifer, was reported to be 590,000 ft2/d. Storage 
zone transmissivity for most sites ranged from 5,000 
to 30,000 ft2/d; greater than 30,000 ft2/d is considered 
high. Leakance of storage zone confining units, deter-
mined from multiwell aquifer tests at seven sites in the 
Upper Floridan aquifer, ranged from 3.9 x 10-5 to 6.3 x 
10-2 1/d; of these, five had leakance greater than 1 x 
10-3 1/d, indicating that confinement is poor in some 
areas. These high leakance estimates are probably best 
attributed to leakage from below the storage zone 
rather than from above. Chloride concentration of 
ambient water from storage zones in the Upper Flori-
dan aquifer ranged from 500 to 11,000 mg/L. At most 
sites, the chloride concentration ranged from about 
1,000 to 3,000 mg/L; greater than 3,000 mg/L is con-
sidered to be high.

Cycle test data were compiled for 18 ASR sites, 
and potable water recovery efficiencies were calcu-
lated at 16 of these sites. To date, the Boynton Beach 
East WTP site has experienced the highest number of 
recharge-recovery cycles (16 cycles). Recharge vol-
ume per cycle ranged from as low as 0.6 to as high as 
714 Mgal. Cycle 3 at the Hialeah site had the longest 
storage time (181 days). The highest potable water 
recovery efficiency for the first cycle was 47 percent at 
the Boynton Beach East WTP site, and except for one 
site with incomplete information, the lowest was 2 
percent at the San Carlos Estates site. Nine of the 16 
sites had a recovery efficiency above 10 percent for the 
first cycle, and 10 sites achieved a recovery efficiency 
above 30 percent during at least one cycle. The highest 
recovery efficiency achieved was 84 percent for cycle 
16 at the Boynton Beach East WTP site. Recovery 
efficiencies for test and operational cycles at Boynton 
Beach appeared to be better than all other Floridan 
aquifer system sites. However, the number of cycles 
conducted at most other sites was limited, and the 
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chloride concentration of the recharge water used at 
Boynton Beach was low (about 50 mg/L). 

The increase in potable water recovery effi-
ciency during the first five cycles at the Springtree 
WTP site was not as favorable as at the Boynton Beach 
East WTP site. Recovery started at 20 percent for the 
first cycle and ended at 27.5 percent for the fifth cycle, 
despite a recharge volume for the fifth cycle (120 
Mgal) that was three or more times greater than in all 
previous cycles. Recovery efficiencies at the Marco 
Lakes site for the first five cycles increased from 22 to 
36 percent, with 132 Mgal recharged during cycle 5. 
However, these numbers may not be comparable to 
those from the Boynton Beach and Springtree sites 
because the chloride concentration of the recharged 
water at the Marco Lakes site was two or more times 
higher than at the other two sites, lowering the potable 
water recovery efficiencies.

Based on review of four case studies and review 
of data from other sites, several hydrogeologic and 
design factors appear to play a substantial role in the 
performance of ASR in the Floridan aquifer system in 
southern Florida. Recovery efficiency appears to be 
maximized if the storage zone is thin and located 
within the uppermost part of the Upper Floridan aqui-
fer, and transmissivity (less than about 30,000 ft2/d) 
and ambient salinity (less than 3,000 mg/L chloride 
concentration) of the ASR storage zone are moderate. 
The structural setting of a site could also be important 
because of the potential for updip migration of 
recharged freshwater or the lessening of overlying 
confinement due to deformation. Avoiding areas that 
lie within a structural low or which are structurally 
complex or have higher dip could improve recovery 
efficiency.
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