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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in) 2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (f) 0.0929 square meter
square mile (nf) 2.590 square kilometer
Flow
cubic foot per second {fs) 0.02832 cubic meter per second
million gallons per day (Mgal/d) 0.04381 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
inch per year (in/yr) 254 millimeter per year
Hydraulic Conductivity
foot per day (ft/d) 0.3048 meter per day
* Transmissivity
foot squared per day i) 0.0929 meter squared per day

Temperature in degrees Fahrenh¥H) (nay be converted to degrees Celsi@ @s follows:
°C=("F-32)/1.8.

Sea level: In this report, “sea level” refets the National Geodetic Vertit Datum of 1929 (NGVD of 1929)--a geodetic datum derived
from a general adjustment of the first-ortiasel nets of both the UniteStates and Canada, formeclgiled Sea Level Datum GB29.

Altitude: In this report, altitude refers to distance above or below sea level.

*Transmissivity: The standard unit for transmissivity is cubic foot ¢y per square foot timesdt of aquifer thickness [@bhj)/ﬁz]ﬁ. In
this report, the mathematicallycheced form, foot squared per day/d), is used for convenience.

Horizontal coordinte information is referced to the North American Datum of 1927 (NAD27).

Acronyms and additional abbreviations:

FDEP Florida Department of Environmental Protection
FGS Florida Geological Survey

po/L micrograms per liter

puS/cm microsiemens per centimeter at 25 °C

mg/L milligrams per liter

NWIS National Water Data |nformation System

RASA Regional Aquifer System Analysis

SIRWMD St. Johns River Water Management District
SFWMD South Florida Water Management District
USGS U.S. Geological Survey
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Hydrogeology and Water-Quality Characteristics of the
Lower Floridan Aquifer in East-Central Florida

By Andrew M. O’Reilly, Rick M. Spechler, and Brian E. McGurk

ABSTRACT

The hydrogeology and water-quality char-

aquifer generally is marked by an increase in
formation resistivity and by an increase in the
occurrence of fractureend solution cavities

acteristics of the Lower Floridan aquifer and the \yithin the carbonates. 8b. a noticeable increase

relation of the Lower Floridan aquifer to the
framework of the Floridaaquifer system were

in borehole flow often marks the top of the unit.
The bottom of the Lower Btidan aquifer is based

study area, a 7,500 squarele area of east-cen-
tral Florida, is underlaiby three principal hydro-
geologic units: the surficial aquifer system, the
intermediate confining unit, and the Floridan
aquifer system. The Floridan aquifer system, a
carbonate-rock aquifer siem composed of the
Upper Floridan aquifer, a middle semiconfining
unit, a middle confining ut) and the Lower Flori-

Ground-water in the Lower Floridan aqui-
fer generally moves ia southwest-to-northeast
direction across the study area. In September
1998, the altitude of thgotentiometric surface of
the Lower Floridan aqter ranged from about
16 to 113 feet above seadt, and altitudes in
May 1999 were about 2 tbfeet lower than those
measured in Septemb&998. The potentiometric

dan aquifer, is the major source of water supply tqyrface of the Floridan aquifer system is con-

east-central Florida. EhUpper Floridan aquifer

stantly fluctuating, mainlyn response to seasonal

provides much of the water required to meet the yariations in rainfall and ground-water withdraw-

current (2002) demand; wever, the Lower Flori-

als. Seasonal fluctuations in the Lower Floridan

dan aquifer is being uséagcreasingly as a source aquifer typically range &m about 2 to 10 feet.

of freshwater, particulaylfor municipal needs.

Water samples from 50 Lower Floridan

For this reason, a better understanding of the ang-quifer wells were cadicted during this study.

fer is needed.

The Lower Floridan aquifer is present
throughout east-central Flda. The aquifer is
composed of alternatingeds of limestone and

Most samples were analyzed in the field for tem-
perature, pH, and specittonductance, and in the

laboratory for major cations and anions. Specific
conductance ranged from 147 to 6,710 microsie-

dolomite, and is characterized by abundant frac- mens per centimeter. Chloride concentrations
tured dolomite zones and solution cavities. The ranged from 3.0 to 2,188 milligrams per liter; sul-

altitude of the top of # Lower Floridan aquifer

fate concentrations mged from 0.2 to 750 milli-

ranges from less than 600 feet below sea level ingrams per liter; and hdness ranged from 69 to
the northern part of the study area to more than 940 milligrams per liter. Water was least mineral-

1,600 feet below sea level in the southwestern

ized in the recharge areas of the Lower Floridan

part. Thickness of the unit ranges from about 91@quifer in the western part of the study area. The

to 1,180 feet. The top of the Lower Floridan

most mineralized water in the Lower Floridan

Abstract 1



aquifer occurred along pa of the Wekiva and ing units within the aquifesire regional in scope and
St. Johns Rivers and in much of the eastern and based on sparse data. Similarly, existing maps that
southern parts of the study area. show the areal distribution of poor quality water

The altitude of the base of freshwater in thewithin the Lower Floridan aquifer, as well as the loca-
Floridan aquifer system (where chloride concen- tion of the freshwater-saltwatgnterface, are based on
trations are equal to 250illigrams per liter) s~ ©only a few data points. Iresponse to the need for
variable throughout thewaly area. The estimated additional data, the U.S. Glegical Survey (USGS),
position of the 250 milligram per liter isochlor N cooperation with th&t. Johns River (SJRWMD)
surface is less than 200 feet below sea level in @nd South Florida Water Management Districts
much of the eastern part the study area, includ- (SFWMD), conducted a 6-year study (1995-2001) to
ing the areas along the. Sbhns River in Lake, evaluate the hydrogeology and water-quality condi-

Seminole. and Volusia Counties and near the tions of the Lower Floridan aquifer in east-central
Wekiva River in western Seminole County. The Florida.

altitude of the250 milligram per liter isochlor

exceeds 3,000 feet below sea level in the extremg,urloose and Scope

southwestern part dhe study area.

This report presents a summary of the hydro-
geologic framework and water-quality conditions in
INTRODUCTION the Lower Floridan aquifer ieast-central Florida. The
objectives of this report are to: (1) describe the hydro-
geologic framework of the Lower Floridan aquifer;
(2) refine maps by Miller (198 depicting the tops and
thicknesses of the Lower Floridan aquifer and semi-

system The Floridan aquifer system consists of two ONfiNing and confining unitsithin the Floridan aqui-
distinct production zones, the Upper and Lower Flori-T€" System; (3) delineate directions and gradients of
dan aquifers, separated by less permeable middle ground-water flow in the Lower Floridan aquifer;
semiconfining and middle canfng units. As recently (4) describe the areal and vertical distribution of water
as 1995, about 81 percenttbé total water withdrawn quality in the Lower Florieln aquifer; and (5) better
from the Floridan aquifer system was from the Upper approximate the depth of the freshwater-saltwater
Floridan aquifer (McGurk and Presley, in press). interface.

Therefore, previous data-collection efforts have been Comparison of the mas this report to those
focused on the Upper Floridamuifer, with relatively  presented in Miller (1986hows some discrepancies.
few wells drilled into the Lower Floridan aquifer. The willer's (1986) maps were regional in extent and
Lower Floridan aquifer, however, is being used based on limited data. Much of the data used to con-
increasingly as a source éshwater for the greater gyt the hydrogeologic maps presented in this
O_rlar_1do met_ropolltan area. mq“'fer IS hlghl_y trgns- report were collected aftdiller’s (1986) report was
missive and is not as susceptible to contamination published.

from the surficial aquifer system or from drainage . S
Information presented in this report was com-

wells in the Orlando area as is the Upper Floridan ] ) X e
piled from data collected during the investigation by

aquifer. > .
Hydrogeologic and wateguality information the USGS, SJIRWMD, and BAVID. Additional infor-

that can be used by water-resource managers to assé8alion was also obtaindcom published USGS,
the effects of current and future development of the SJRWMD, Florida Geological Survey (FGS) and pri-

Lower Floridan aquifer are insufficient. The aquifer  Vate consultants’ reports and from unpublished data of
framework, ground-water flow system, and water-  the USGS, SIRWMD, and [&5Data collected during
quality conditions are not Welefined. Existing maps this investigation included water-quality samples,

that depict the tops, thicknesses, and lithologic charaground-water level measurements, and lithologic and
teristics of the Lower Floridan aquifer and semiconfin-geophysical logs.

The east-central Florida area (fig. 1) continues
to experience rapid population growth. Virtually all of
the water required to meetunicipal, industrial, and
agricultural needs is pumpé&wm the Floridan aquifer

2 Hydrogeology and Water-Quality Characteristics of the Lower Floridan Aquifer in East-Central Florida
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Previous Investigations degrees, minutes, and seconds of latitude; the next
seven digits denote degrees, minutes, and seconds of
Although many reports describe the ground-  |ongitude; and the last twdigits denote a sequential
water resources of the Floridan aquifer system in easfymber for a site within ane-second grid. For exam-
central Florida, few studidecused specifically on the ple, well 283333081233501 is the first well invento-
hydrogeology of the Lower Floridan aquifer. Current yjed at latitude 28333" N, longitude 0812335" W.
conceptualization of the Lower Floridan aquifer is However, the latitudes andrigitude stored in NWIS
based on data compiled from numerous site-specific should be used rather thtrose defined by the 15-
drilling investigations published in USGS, SJRWMD, (igit site number becausie initial measurements
FGS, and private consultants’ reports. Unpublished may be inaccurate or successive measurements more

reports provided by the RIWMD were particularly — accurate. The site identification number is not revised
informative because theyquided detailed lithologic,  tg reflect a change ithe latitude or longitude.
geophysical, and chemicdata from the Lower Flori- The SJRWMD uses an identification system

dan aquifer at specific sites in east-central Florida.  gjmilar to the USGS for ihtifying wells, using lati-

The USGS Regional Aquifer System Analysis  tude and longitude as a prny identifier. They also
(RASA) program provided background information  yse a sequential local numkssigned to each well as
for this report. The RASArogram began in 1978, fol- jt s added to their networfiles. An abbreviation for
lowing a congressional mandate to develop quantita- the county where the well is located precedes the well
tive appraisals of the major ground-water systems of nymber and thus distinguishes it from a well having
the United States. The finalterpretive results of the  the same number in another county. The prefixes S,
RASA program are presented in a series of USGS PrgR, BR, L, OS, PO, and V, indicate a well drilled in

fessional Papers describing the geology, hydrology, Seminole, Orange, Brevard, Lake, Osceola, Polk and
and geochemistry of each regional aquifer system. Tholusia Counties, respectively.

hydrogeology of the RASA area (Florida, and parts of
Georgia, Alabama, and Stu€arolina) that includes o
the Floridan aquifer system was described by Miller Description of Study Area
(1986). Between the end of the RASA program and
the beginning of the present study, few data for the
Lower Floridan aquifer have been collected.

The study area encompasses about 7,500 square
miles (m?) in east-central Florida and includes all of
Brevard, Orange, and Seminole Counties and parts of
Lake, Marion, Osceola, Bo Sumter, and Volusia
Counties (fig. 1). Land-suate elevations range from
sea level along the coast of the Atlantic Ocean to more
. than 300 feet (ft) above sével in Polk and Lake
The authors gratefully acknowledge the assis- CountiesMajor rivers include ta St. Johns, Wekiva,

g"ﬁ;fne gt'r\:sr;t?é m::é/ g;ganl_zatlo?escgg ;Eil\gggalesr_ Palatlakaha, OcklawahBgonlockhatchee, and the
9 y peityeapp P Little Econlockhatchee Rivers; and major creeks

ation received from the St. Johns River Water Manage- : .
ment District and the South Florida Water Managemenﬂgjg?Taisse?gélﬁgénﬁféean'\ﬂdoE%geg%gsrjskzg;gé;)'

District. Cooperation fronthe numerous water utility Apopka, and Harris in the northern part of the study

departments and Iandowr_1e_rs who permitteq access t%rea, and Lakes Tohopekaliga and Kissimmee in the
their wells for data coIIectl_OIs greatly apprematgd, a5 south. Numerous karst features, including sinkholes
are datg an_d reports provided by numerous private and springs, are present in the study area. Sinkholes in
consulting firms. all stages of development are common throughout the
area and range from small depressions a few feet in
Well-Numbering System diameter to large lakes.r&holes can be dry or water-
filled, internally drained depressions that commonly
The USGS assigns a unigsi¢e identification are areas of high rechartgethe underlying aquifers.
number to each inventodewell. A 15-digit number Numerous springs, located mly in the northern half

Acknowledgments

based on latitude and lohgde is used to identify of the study area, discharge water from the Upper
wells in the USGS National Water Data Information Floridan aquifer into riverand streams that eventually
System (NWIS). The first six digits denote the flow into the Atlantic Ocean.
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The climate of the study area is classified as  these wells may or may not have been used to collect
humid subtropical. Summers are typically hot and wetpther types of data.
and winters are mild andydfTemperatures commonly
exceed 99F from June to September, but may fall
below freezing for a few days in the winter months.
Mean annual rainfall for the study area (1971-2000)

was about 51 inches (aeged from rainfall data Hydrogeologic units within the Floridan aquifer
reported by the National Oceanic and Atmospheric  system were delineated based primarily on the inter-
Administration). About 55 percent of the average  pretation of borehole geophysical data. Most geophys-
annual rainfall occurs in the summer (June through jcal logs were obtained from the files of the SJRWMD
September) during |0ca|,tifnse thunderstorms. Dur- and private consultants. w]ysica| |ogs ana|yzed
ing the summer months andrigdall, tropical storms  jncluded caliper, natural-gamma radiation, fluid veloc-
and hurricanes also can tgiheavy precipitation into  jty (flow meter), static and flowing fluid temperature
the area. Winter rainfall geradly is associated with  and resistivity, electric (normal, focused, and lateral
large, frontal-type, cold air masses that move from theesistivity), and neutron. Most of the wells, however,
northern latitudes southward. did not have a complete set of geophysical logs avail-
able. Lithologic and water-quality data, where avail-
able, also were used in combination with geophysical
logs.

Data collection includebiannual water-level Geophysical logs are made by traversing various
measurements from September 1996 to May 1999 gec_)physmal tools vertlc_ally through the well bore. The
made in 105 wells, of which 69 tap the Lower Floridanca"per log shows the diameter of the borehole and can

aquifer. Water samples collected from 50 Lower I:|0ri_indicate the presence and size of fractures or solution
dan aquifer wells were alyzed for common inor- features. Where the forman is soft, the borehole

ganic constituents. Most wea-quality data were generally is large and relatively uneven. Where the for-

collected from 1996 through 2000. The locations of :natlor& IS h%rd’tt?ﬁ borehcli?mot[]e udnpl‘lolr)r_? N déa_me—
wells used for the collecth of water-level and water- ¢ @nd 1S about the sameeias the arifl bit used in

guality data are shown figure 2. Well construction gg::rgétlhcelanatugilsgﬁgggg:g:]a“gg k())gsi!; u:r?c(ij Ig) ers
data and general informati@bout the wells are pre- Y, PHosp g dep ' y

sented in appendix 1. Hydrogeologic maps were gen_of peat by recording the hurally occurring radiation

) . coming from the formation adjacent to the borehole.
erated by using data from borehole-geophysical logs Gamma radiation penetrates the well casing, so data
and lithologic logs. Site [mations for geophysical and '

. . : : can be collected in both the cased and open sections of
lithologic data are shown figure 3 and general infor- P

I . . . . the borehole.
mation is tabulated in appendix 2. The USGS partici- Fluid resistivity logs record the capacity of

pated in the collection of daa_i one test well (well 9, fluid in the borehole to conduct an electric current.
app. 1) drllleq by_ the EWMD in northemn Osceola The logs provide data about the concentration of dis-
Coun'ty. At this site, rockuttings were collected at solved solids in the fluid and aid in the identification
10-ft intervals and wate_r levels and water samples of production zones having different water-quality
were collected at 20-ft inteals to a depth of 2,210 ft.  -aracteristics. The several types of electric logs ana-
Separate well numbers (fig. 2 and app. 1) and |yzed generally show the combined electrical proper-
site numbers (fig. 3 and app. 2) were assigned becaus@s of both the formation anwater in the formation;
water-level and water-quality data were not always  therefore, a change in either lithology or water quality
collected from the same well as geophysical, litho-  can cause a variation in the electric log trace. However,
logic, or aquifer test data. For example, geophysical if fluid resistivity logs indcate negligible variations in
and lithologic data commoylere collected in multi-  the resistivity of the waten the formation and con-
ple boreholes at the samesand the boreholes were ductive mineral grains are not present (for example, a
later modified (backpluggear deeper well casing set) clay-free carbonate saturdtaith fresh or brackish
and completed as monitorimgells. Often, only one water), then formation resigity measured by an elec-
monitoring well was used for water-level and water- tric log primarily is a functia of the effective porosity
quality data collection. In addition, most aquifer tests of the formation (Keys, 1988, p. 46 and 108; and
involved the use of multipleells at the same site; Kwader, 1985).

Delineation of Hydrogeologic Units using
Borehole Geophysics

Data Collection
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Fluid velocity logs (flow meter) measured under profile measured under steady-state pumping or flow-
static and flowing or pumpg conditions are used in  ing conditions from that measured under static condi-
conjunction with caliper logto delineate flow zones. tions. Therefore, flow logsan be used not only to
Fluid velocity logs measurie velocity of the water ~ indicate the presence of flow zones, but also to deter-
moving up or down the borehole; given a constant mine which flow zones are most transmissive.
flow rate, fluid velocity in the borehole is inversely
proportional to the cross-sional area of the bore-
hole. Fluid velocity logs can be approximately cor- HYDROGEOLOGIC FRAMEWORK
rected for this borehole effect by assuming that the
caliper log represents the gliameter of a circular bore-Of sedimentary rocks that overlie deeper volcanic,
hole. A flow log, representing flow rate, can be calcu-atamorphic, and sedimentary rocks (Smith and Lord,
lated as the product of keeity (obtained from the 1997). The primary water-bearing sediments are com-
fluid velocity log) and cross-sectional borehole area, posed of limestone, dolomitshell, clay, and sand that
calculated from the caliper log. Analysis of flow logs range in age from latealeocene to Holocene.
can be used to infer the vertical profile of relative Descriptions of major sttigraphic units and corre-
transmissivity near the behole (Paillet and Reese,  sponding hydrogeologic units penetrated by wells are
2000). Relative transmissiy is directly proportional  provided in figure 4. The ground-water flow system
to the flow profile calculated by subtracting the flow beneath the study areaaisnulti-aquifer system. The

The study area is underlain by a thick sequence

SERIES | STRATIGRAPHIC LITHOLOGY HYDROGEOLOGIC
UNIT UNIT

Alluvium, freshwater marl, peats and muds in
Holocene stream and lake bottoms. Also, some dunes and
other windblown sand.

Surficial
iff i ) ) aquifer
Pleistocene Und(; e%'fsr}:?ted Mostly quartz sand. Locally may contain deposits system

of shell and thin beds of clay.

Interbedded deposits of sand, shell fragments,
Pliocene and sandy clay; base may contain phosphatic
clay.

Intermediate
Interbedded quartz, sand, silt and clay, often ntermedia

Hawthorn confinin
Miocene phosphatic; phosphatic limestone often found at . 9
Group A unit
base of formation.
Ocala Cream to tan, soft to hard, granular, porous,
Upper Limestone foraminiferal limestone. Upper
c Floridan
@ aquifer
@
7
8 Light brown to brown, soft to hard, porous to ol Middle
- . Q Y i
Q Middl Avon Park dense, granular to chalky, fossiliferous limestone | «= semiconfining
8 iadle Formation and brown, crystalline dolomite; intergranular 8. unit Middle
L gypsum and anhydrite. © confining
c unit
o]
S
o
Alternating beds of light brown to white, chalky, | T Lower
L Oldsmar porous, fossiliferous limestone and porous Floridan
ower Formation i i if
crystalline dolomite. aquifer
Cedar Keys Dolomite, with considerable anhydrite and )
Paleocene Formation gypsum, some limestone. Slé%';!gif:%an
unit

Figure 4. Generalized geology and hydrogeology of east-central Florida (modified from Tibbals,
1990; and Spechler and Halford, 2001).

8 Hydrogeology and Water-Quality Characteristics of the Lower Floridan Aquifer in East-Central Florida



lithostratigraphic units fan a multilayered sequence The water is used for dorstic supply primarily in

of aquifers and confining units. Each aquifer system rural areas where wells the Upper Floridan aquifer
has unique hydraulic charagstics that determine its yield water that is too ghly mineralized for human
potential for water supply. The principal water-bearingconsumption.

units in the study area are the surficial and Floridan The intermediate confing unit underlies the

aquifer systems (fig. 4). Trsarficial aquifer systemis  syrficial aquifer system, and throughout most of the
underlain by and separated from the Floridan aquifer study area, serves as a confining layer that restricts the
system by the intermede&confining unit, which vertical movement of water between the surficial aqui-
restricts the movement of water between the two aquie system and the Upperdfidan aquifer. The inter-
fers. Underlying the Floridan aquifer system are low megiate confining unit consists primarily of Hawthorn
permeability limestone armblomite containing con- Group sediments of Miocene age, and, in some areas,
siderable gypsum and anhydrite that define the bottory,,,, permeability beds of early Pliocene age (fig. 4).

of the Floridan aquifer system in the study area. Variarpe ynit consists of interbddd, locally highly phos-
tions in the distribution, thickness, and dip of the phatic, clay, silt, sand, ligstone, and dolomite. The
hydrogeologic units are depicted in generalized hydrgs 544 part of the intermizde confining unit com-

geologic sections (fig. Sponstructed primarily from 451y contains permeable zones of limestone and
geophysical and lithologic logs. dolomite.

Thickness of the intermeate confining unit is
highly variable throughout the study area due to past
erosional processes and dioke formation. Thickness
ranges from less than 25tfiroughout many parts of

The surficial aquifer system is the uppermost the study area, to more than 200 ft i_n parts qf south-
water-bearing unit in thewatly area. The unit generally eastern Orange and Osceola (?OUFI'[IGS (Schiner, 1993;
consists of quartz sand and varying amounts of shell Murray and Halford, 1996)'Reilly, 1998; Spechler
and clay of Pliocene to Hmcene age. The surficial and Halford, 2001; Knowles an_d others, in press). In
aquifer system is unconfined and the upper boundaryWestern Orange, western Seminole, southwestern
of the system is defined by the water table. Inthe ~ Volusia, and many parts of Lake County, some sink-
swampy lowlands and flathals, the water table gener- hole depressions are filledth permeable sands, and
ally is at or near land surface throughout most of the the intermediate confining itris relatively thin or
year. In areas of higher elevations, the water table geAbsent in such locations.
erally is a subdued reflection of land-surface topogra-
phy and can be tens of feet below land surface. The . ]
thickness of the surficialquifer system in the study ~ Floridan Aquifer System
area is highly variablera ranges from about 10 ft to . _ .
more than 150 ft along the high ridge areas of western ~ The Floridan aquifer system, the primary source
Orange and eastern Lake Counties and in a few area§f ground water in east-centtfdorida, underlies all of
in Osceola County (Schiner, 1993, p. 20; Murray and Florida, and parts of Alabama, Georgia, and South
Halford, 1996, p. 8). Carolina. In the study area, the aquifer is composed of

Recharge to the surficial aquifer system is pri- & Séquence of highly pegable carbonate rocks of
marily from rainfall and by upward leakage from the Eocene and Late Paleocene age that average about
underlying Floridan aquifesystem at locations where 2,300_ft in thlc_kness: The_ aqwfer system includes the
the altitude of the potentieetric surface of the under- following stratigraphic units inlescending order: the
lying aquifers is higher #n the water table. Other Ocala Limestone, the Avon Park Formation, the Olds-
sources of recharge include seepage from streams, mar Formation, and the upper part of the Cedar Keys
lakes, and irrigated lands. Discharge from the surficiaFormation (fig. 4).
aquifer system is principally by evapotranspiration or The Floridan aquifer system contains two per-
leakage to the Upper Floridaguifer. Some discharge meable zones, the Upper and Lower Floridan aquifers.
also occurs as seepage into lakes, streams, ditches, ahlde Upper Floridan aquifer generally consists of the
wetlands. The surficial aquifeystem provides small Ocala Limestone and the dolomite and dolomitic lime-
amounts of water for lawn irrigation and domestic use stones of the upper one-third of the Avon Park Formation.

Surficial Aquifer System and Intermediate
Confining Unit

Hydrogeologic Framework 9
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Permeable intervals of the Ocala Limestone are chardense dolomite (indicated by high formation resistiv-
acterized by vuggy to cavernous porosity. The permeity, figs. 6, 7, and 8) within the Avon Park Formation,
ability of the upper Avon Park Formation is primarily and contains abundant fractures and other secondary
due to fractures and intemenecting solution cavities. porosity features (indicated by caliper logs, figs. 6, 7,
Permeability of both units enhanced by dissolution and 8) (Spechler and Halford, 2001; McGurk and

of the rock along bedding planes, joints, and fracturesPresley, in press). Numerous reports describing pro-
The Lower Floridan aquifegenerally consists of the  duction well drilling and test drilling in the greater
lower part of the Avon Rk Formation, the Oldsmar  Orlando area indicate thabne B is the major source
Formation, and, locally, the upper part of the Cedar of water in the Upper Floridan aquifer.

Keys Formation. The aquifer layers are delineated on The middle semiconfing unit separates the
the basis of rock permeidty, not necessarily on the  Upper and Lower Floridan aifers. The middle semi-
basis of lithology, formation, or time-stratigraphic  confining unit (equivalento the middle confining
boundaries (Miller, 1986). unit | mapped by Miller (198, p. B57, fig. 11)) is
The surface of the Floridan aquifer systemis  composed of beds of softer, less permeable limestone
irregular and paleokarstic. Sinkhole-type depressions oand dolomite of variable itkness and coincides with
the surface are common. The Ocala Limestone is abseabout the middle one-third of the Avon Park Forma-
in some areas as a resulipaist erosional processes tion. Miller (1986) noted that the contrast in perme-
(Murray and Halford, 1996, p.11). Altitude of the top  ability between rocks of thmiddle semiconfining unit
of the Floridan aquifer system in the study area rangesand the Lower Floridan aquifer was less than that of
from about 100 ft above sea level in parts of northern any other semiconfining unit in the RASA area. Also,
Polk County to more than 300 ft below sea level in  the lithology of the semicoiming unit does not differ
extreme southeastern Brevard County (Scott and othersyuch from that of the Lower Floridan aquifer. This
1991; Schiner, 1993; O’'Rly, 1998; Spechler and unit is considered semicaning primarily because it
Halford, 2001; Knowles and others, in press). lacks abundant fracture zes and solution cavities.
The Upper Floridan aquifer in the study area  Although individual zones can yield moderate
is recharged primarily bglownward leakage from the amounts of water, the middle semiconfining unit is
surficial aquifer system, and where present, through seldom used as a direct source of water supply. Flow
the intermediate ¢dining unit. Relatively high rates  logs indicate that the middle semiconfining unit is
of recharge occur in areas with abundant sinkholes orconsiderably less transmissitrean either the Upper or

where the intermediate gfining unit is thin or Lower Floridan aquifers (figs. 6 and 7).
breqphed by collapse into underlying dissolution The top of the middle seiconfining unit ranges
cavities. from about 250 ft below sea level in the extreme north-

The transmissivity of the Upper Floridan aquifer western part of the studyrea to more than 800 ft
varies considerably throhgut the study area. Trans- below sea level in southern Brevard and southeastern
missivity estimates for the Upper Floridan aquifer, as Osceola Counties (fig. 9). The top of the unit gener-
determined from aquifer argpecific capacity tests, ally is recognized on geophysical logs by a sharp
range from about 1,200 feet squared per d&jdjftn decrease in formation rasivity compared to the

Seminole County to greater than 500,08(ftn overlying zone B and by a sharp decrease in flow as
Orange CountySpechler and Halford, 2001, p. 24). observed on flow meter logs (figures 6 and 7). Caliper
However, permeability wiih the Upper Floridan logs of boreholes penetrating the middle semiconfin-

aquifer in not uniform with depth (Spechler and Hal- ing unit often indicate an enlarged borehole, presum-
ford, 2001, p. 19McGurk and Presleyn press)Flow  ably because the rock is soft and contains few

logs from wells indicate thaivo distinct zones of dif- fractures or cavities. Compson of figure 9 to a map
ferent permeabilities (zondsand B) exist in the by Miller (1986, pl. 29) shows that the top of the mid-
Upper Floridan aquifer (figs. 6 and 7). Zone A corre- dle semiconfining unit lies at a lowaltitude than
sponds to about the upperasthirds of the aquifer, estimated by Miller (1986, pl. 29); in Miller (1986),
and generally coincides with the Ocala Limestone. the top of zone B of the Upper Floridan aquifer

Zone B is equivalent to about the lower one-third of appears to have been mapp@edhe top of the middle
the Upper Floridan aquifer and has a hydraulic con- semiconfining unit. Miller (1986), working with only
ductivity generally much lagy than that of zone A. a few data points, likely reasoned that the zone of high
The bottom of zone B marks the base of the Upper formation resistivity (zone B) observed on geophysi-
Floridan aquifer. Zone B gerally consists of hard, cal logs was a zone of low permeability dolomite.
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Figure 6. Selected geophysical logs and hydrogeologic units for site 150, near Orlando, Orange County, Florida (site number refers to figure 3).
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Figure 7. Selected geophysical logs and hydrogeologic units for site 171, near Oviedo, Seminole County, Florida (site number refers to figure 3).
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Figure 8. Selected geophysical logs and hydrogeologic units for site 136, near Kissimmee, Osceola County, Florida (site number refers to figure 3).
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Lithologic descriptions frm drillers’ and geologists’  low permeability is mostlyntergranular and appears
logs confirm that Zone B consists of hard, dense doloto fill preexisting pore spaces or voids in the rocks
mite. However, review of geophysical logs from wells (Navoy, 1986; and Miller, 1986). Hydraulic data show
drilled since the 1980’s inditas that zones of high that the middle confiningnit forms an essentially
formation resistivity commdmy are interspersed with  nonleaky confining bed that separates freshwater from
abundant fractures (as indicated by caliper logs), more mineralized water ithe underlying rocks

which yield considerable amounts of water (as indi- (Miller, 1986; and Navoy, 186). Within this confining
cated by flow logs), all of which are primary character-unit, however, thin, isolated zones of higher perme-
istics of zone B (figures 6 and 7). The map depicting ability can exist (Miller, 1986, p. B55; and Navoy,

the top of the middle semiconfining unit (fig. 9) delin- 1986, p. 23).

eates the contact between the zone of high formation The easternmost extent of the middle confining
resistivity in the Upper Fladan aquifer (zone B) and  unit, determined by usindata from recently drilled
the middle semiconfining unit. test wells, is shown in fige 11. The eastern extent of

Data points for estimating the thickness of the the middle confining unit dsely resembles the eastern
middle semiconfining unit are sparse in the study aredoundary as originally defined by Miller (1986). How-
and are found mostly in Orange and southwestern ever, water-quality and geologi@ata collected at a test
Seminole Counties. Approximate thickness of the  well near St. Cloud (well 9, fig. 2) indicate the pres-
middle semiconfining unit ramg from less than 300 ft ence of evaporites at 738 ft below sea level (800 ft
in the southern part of ¢hstudy area to more than below land surface), thereby extending Miller’'s
600 ft in south-central Orange County and parts of boundary farther to the east. The altitude of the top of
northwestern Osceola County (fig. 10). In most of thethe middle confining unit ithe study area (based on
study area, the thickness of the middle semiconfiningthe first occurrence of evaptes) ranges from about
unit was computed by subtracting the altitude of the 750 ft below sea level neds eastern boundary to
top of the middle semicoiming unit from the altitude more than 1,000 ft belovea level southwest of Lake-
of the top of the Lower Floridan aquifer. In the south- land (fig. 11).

western part of the study area, the thickness of the Some information is ailable on the thickness
middle semiconfining univas computed differently.  of the middle confining uhin the study area. Based
In this area, the middleonfining unitunderlies the on a few data points, tlegproximate thickness ranges

middle semiconfining uniand lying between these  from less than 150 ft in schetrn Lake County to 762 ft
two units is a permeable zone of unknown thickness. at a test well near Polk City (site 131, fig. 3) in north-
Through the use of selectgdophysical and lithologic eastern Polk County (fig. 12The thick area in north-
logs, the base of the permeable zone (top of the middleastern Polk County is thght to have been caused by
confining unit) often could be defined. However, suffi-incomplete dissolution of gypsum and anhydrite in
cient geophysical information generally was not avail-places where the deep flow system is very sluggish
able to distinguish the tagf the permeable zone (base (Miller, 1986, p. B56). Thinner areas represent places
of the middle semiconfiningnit). Therefore, in this where more vigorously circulating waters have dis-
report, the thickness ofélmiddle semiconfining unit  solved much of the unit’s interstitial evaporitic mate-
was computed by subtractitige altitude of the top of rial, thereby increasingorosity and permeability

the middle semiconfining unit from the top of the mid-(Miller, 1986, p. B56).

dle confining unit. The Lower Floridan aquifer underlies the mid-
As previously mentioned, a separate and distinctlle semiconfining unit (or wére present, the middle
second confining unit underlies the middle semicon- confining unit). Because it @eeply buried and suffi-
fining unit in the southwestern part of the study area cient water could be obtained from the Upper Floridan
(figures 4 and 5). The unit, referred to in this report asaquifer, the Lower Floridaaquifer has not been inten-
the middle confining unit (middle confining unit Il of  sively investigated. Consegntly, the hydraulic char-
Miller, 1986, p. B56), is composed primarily of anhy- acter of the aquifer is not well known. However,
dritic and gypsiferous doinite and dolomitic lime- because of the increase in water use in east-central
stone and usually corresponds to the middle part of thElorida, additional wells have been drilled since the
Avon Park Formation (Miller, 1986, p. B56). This unit early 1990’s to better define the hydrologic and water-
is considerably less perntga than the middle semi-  quality characteristics of éhLower Floridan aquifer.
confining unit that is founthroughout the study area. These characteristics are discussed in the following
The gypsum and anhydrite that is responsible for the sections of this report.

16 Hydrogeology and Water-Quality Characteristics of the Lower Floridan Aquifer in East-Central Florida
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HYDROGEOLOGY OF THE LOWER ing unit probably act as angjle confining unit within

FLORIDAN AQUIFER the main body of permeablimestone and dolomite
_ _ _ that constituents the Fload aquifer system. In the
The Lower Floridan aquifer consists of the southwestern part of the study area, hydrologic data
lower part of the Avon Park Formation of middle are sparse for the Floridan aquifer system. Whether or

Eocene age, the Oldsmar Formation of early Eocene not the zone of higher peeability exists in other

age, and the upper part of the Cedar Keys Formation freas where the middle semiconfining and middle con-
late Paleocene age. The dquis composed of alter-  fining units are present is unknown. Therefore, the
nating beds of limestone @lolomite and is charac-  phase of the middle confining unit (the deeper, less per-
terized by abundant fractured dolomite zones and  meaple unit) was defined in this report as the top of the

solution cavities. The hydgeology of the Lower Lower Floridan aquifer.
Floridan aquifer was evaluated by using water-level Limited data are available on the thickness of
and water-quality data, aquifer-test results, and geo- the | ower Floridan aquifelhickness values deter-
physical and lithologic logs from about 100 sites mined from eight test holes range from 910 to 1,180 ft
(figs. 2 and 3). in Seminole, Orange arsbuthern Lake Counties

(fig. 14). At two test holes in southern Brevard County,
Extent and Thickness the Lower Floridan aquifer was at least 1,330 and

1,889 ft thick, although neidr well penetrated the full
The Lower Floridan aquifer is present through- thickness of the aquifer. iNer (1986, plate 32) indi-
out east-central Florida. The altitude of the top of the cated that the thickness thie Lower Floridan aquifer
aquifer ranges from less th&A0 ft below sea level in increased from north to south into Osceola, northeast-
the extreme northwesternrpaf the study area to ern Polk, and southern Brevard Counties.
more than 1,600 ft below sea level in the southwestern The base of the Lower Floridan aquifer is char-
part (fig. 13). In much of Seminole and Orange Coun-acterized by an increased presence of less permeable
ties, the altitude of the top of the Lower Floridan aquitocks. This unit of lower peneability rocks, called the
fer is fairly consistent;anging from about 900 to sub-Floridan confining unit, consists of dolomite and
1,000 ft below sea level. In areas where the middle limestone that contain abdant evaporite minerals.
confining unit is absent (this occurs in most of the  The uppermost stratigraphic occurrence of persistent
study area), the top of the Lower Floridan aquifer wasevaporite deposits in the upper part of the Cedar Keys
defined as the base of the middle semiconfining unit. Formation generally is cegnized by Miller (1986,
The top of the Lower Floridan aquifer generally is  p. B74) as the top of the sub-Floridan confining unit.
marked by an increase fiarmation resistivity due to  Test drilling in Orange County, however, indicates
the increasing presence of dolomite, and by an that, based on hydraulic prepies, the top of the sub-
increase in the occurrenoéfractures and solution Floridan confining unit maie considerably shallower
cavities within the carbonagdfigs. 6, 7, and 8). In than mapped by Miller (198@)ate 33). At site 142 in
addition, a noticeable increameflow to the well com-  south-central Orange Countfjg. 3), minor amounts
monly marks the contact between the Lower Floridanof gypsum were first found at about 2,150 ft below sea
aquifer and the overlying unit (figs. 6 and 7). level (2,240 ft below land surface), and substantial
The top of the Lower Floridan aquifer was amounts at 2,240 ft below sea level (2,330 ft below
defined differently in the southwestern part of the land surface) (McGurk and Sego, 1999, p.15). How-
study area. As previously mentioned, the middle con-ever, packer tests completiecthe test hole indicated
fining unit underlies the midd semiconfining unitin  the presence of low permeability rocks below a depth
this area. At the Polk City well (site 131, fig. 3), of 1,990 ft below sea level (2,080 ft below land sur-
Navoy (1986) reported that the middle semiconfining face) (McGurk and Sego, 1999, p.19-20). Another test
unit is about 307 ft thickand the underlying middle  well in south-central Orange County (site 138,
confining unit is about 762 ft thick. Note that the fig. 3), drilled to a deptlof 2,467 ft, found gypsifer-
507 ft thickness of the middle semiconfining unit ous dolomite at abo,160 ft below sea level
shown on figure 10 also inglles approximately 200 ft (2,250 ft below land surface) (Boyle Engineering
of rock with higher permeabilities that Navoy (1986) Corporation, 1995, p. 16Pecreasing permeability,
described as separating the middle semiconfining unihowever, was reported in the dolomites and lime-
from the middle confining unit. Overall, however, both stones below a depth of 1,960 ft below sea level
the middle semiconfining unit and the middle confin- (2,050 ft below land surface).

20 Hydrogeology and Water-Quality Characteristics of the Lower Floridan Aquifer in East-Central Florida
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The altitude of the top dahe sub-Floridan con- data from lithologic, geophysical, and video logs and
fining unit in this report isnapped based on the first packer test results, McGurk and Sego (1999) identified
occurrence of evaporites (fig. 15). The first occurrencehree zones of differing relative permeability at site
of evaporites was chosen as the top of the sub-Floridai¥2 in south-central Orange County (fig. 3, app. 2).
confining unit because the evaporites are easily dis- At this location, the vertical sequence within the
cernible on lithologic logs. The top of the unit, how- Lower Floridan aquifer consists of two highly perme-
ever, may be better defined by identifying zones of lowable zones separated by a less-permeable zone or
permeability. Data indicatmthe first occurrence of semiconfining unit. The upper permeable zone is
lower permeability sediments, based on flow meter equivalent to the productiozone that supplies water
logs and packer tests, were included in figure 15 wheréo the Orlando area. The two highly permeable zones
available. Altitudes of the top of the sub-Floridan con-consist primarily of dolorite and dolomitic limestone
fining unit range from less than 1,900 to more than  and contain borehole zones where inflow or outflow
3,000 ft below sea level withthe study area. Little  was noted during logging. The formation resistivity of
change in altitude occursthe northeastern part of the both permeable zones idatively high, and caliper
study area, where the top of the unit averages about and video logs indicate rough borehole walls with
2,200 ft below sea level. The depth to the top of the abundant fractures and cavitién contrast, the semi-
sub-Floridan confining unit increases toward the confining unit contains priarily softer limestone and
south. is characterized by lower formation resistivity,

smoother borehole walls, @mo significant amount of

o observed fractures or borehole inflow or outflow. The
Transmissivity semiconfining unit was fouhin the interval from
approximately 1,535 to 1,745 ft below sea level. The
\ _ ) top of the upper permeable zone (top of Lower Flori-
a function of primary and secondary porosity of the 44 aquifer) at site 142 is 1,032 ft below sea level. The
aquifer. Secondary porositgsulting from fractures base of the lower permeabler® at site 142 is approx-
and solution features enhances permeability and pml?r'nately 1,990 ft below sea level. Specific capacity esti-
ably is the primary cause bigh transmissivity Zones aeqderived from packer tests of the semiconfining
in the Floridan aquifer system. However, because of |, .t \vere less than similg derived estimates from
the irregular distri'bu'tit')n oséecondar_y porosjty fe_a- the lower permeable zone. Static water-level measure-
tures, the transmissivity of the aquifer varies widely. ments made during packer tests indicated an upward

Only a few values of transmissivity have been calcu- hydraulic gradient with severieet of head difference
lated for the Lower Floridan aquifer in the study area between the two permeable zones

(fig. 16). A transmissivity of about 82,006/ was Lithologic, geophysical, and video logs from

reported in northweste@range County, just south- site 154 (fig. 3, app. 2) icentral Orange County also

west of Altamonte Spring@Barnes, Ferland and o . A >
pring indicated the presence ofrtieal stratification within

Associates, Inc., 2000b). Transmissivity estimates : . . X :
! i ’ ) 1SSty estl the Lower Floridan aquifeAt this location, a thick

exceeding 500,000%d were reported from several - narilv of hard. f d
aquifer tests conducted south of Orlando (Lichtler and!PPer zone consisting primarily of hard, fractured
others, 1968, p. 136; and Szell, 1993, p. 193). Model_dolomlte is separated from a deeper zone with similar

derived transmissivity values for the Lower Floridan Ccharacteristics by approximately 300 ft of softer dolo-

Transmissivity of the Lwer Floridan aquifer is

aquifer ranged from about 5,000 to 700,08t mitic_ Iime_st_one W.ithOUt appant fra(_:tures. The softer
(Sepliveda, 2002, p. 73). semiconfining unit was fouhin the interval from
approximately 1,520 to 1,820 ft below sea level. The
top of the upper permeable zone (top of the Lower
Vertical Variations in Lithology and Floridan aquifer) at site 154 was found at 970 ft below
Permeability sea level. The base of tlosver permeable zone of the
Lower Floridan aquifer was at approximately 1,970 ft
Lithology and permeabilityvithin the Lower below sea level. Video and heat-pulse flow meter

Floridan aquifer are not homogeneous throughout its logs indicated that saline water was entering the
thickness. Although only aviewells within the study  borehole within the lower permeable zone, flowing
area have penetrated the entire thickness of the Lowearpward through the middle, less permeable zone, and
Floridan aquifer, borehokédata from some wells indi- re-entering the formation aethe base of the upper
cate that layers of differqmpermeability exist. Using  permeable zone.
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82°00’ 50’ 81°00’ 50’ 40’ 80°30’
29°10' i
29°00'—
_1‘ —————————————
!
1 Lake
| Eustis
50" | 796,
|
I

40'

30’

I
20 East L &ke
lI AN Topdpekaliga
N A
L.
. -
—_—
\
1
, \
10'— L
|
1
Lo ———
i~ A
2
N <o
A
28°00'— Y
L
<
) Lake
\ Kissimmee
14
27°50'l | -
Base modified from U.S. Geological Survey digital data; 1:100,000, 1985 0 5 10 15 MILES

Albers Equal-Area Conic projection
Standard parallels 29°30" and 45°30', central meridian -83°00

0 10

EXPLANATION

— 2000— STRUCTURE CONTOUR -- Shows altitude of the
top of the sub-Floridan confining unit, based on first
occurrence of evaporites, in feet below sea level.
Dashed where approximate. Contour interval 100 and 200 feet

L ]
1988 WELL - Top number is first occurrence of low permeability
sediments, in feet below sea level.
Bottom number is first occurrence of evaporites, in feet
below sea level; -- data not available; >, greater than

Figure 15. Altitude of the top of the sub-Floridan confining unit, based on the first occurrence of evaporites.
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Figure 16. Locations of aquifer tests and transmissivity values for the Lower Floridan aquifer (modified from Spechler
and Halford, 2001).

Hydrogeology of the Lower Floridan Aquifer

25



The characteristics of the semiconfining unit  wells tapping the Upper Flioan aquifer) to depict
found within the Lower Floridan aquifer at sites 142 ground-water flow patterns and the seasonal change in
and 154 match those of th@ddle confining unit VIII  head distribution in the lweer Floridan aquifer. Area-
described by Miller (1986). Miller mapped this layer wide potentiometric surface maps for the Lower Flori-
(Miller, 1986, fig. 24) throughout southeastern Flor- dan aquifer have not been constructed in the past
ida; however, he mapped the northern extent of this because of the scarcity of observation wells. However,
layer only as far as southeastern Orange County. At a number of Lower Floridan aquifer monitoring wells,
present (2002), there are not sufficient data to considgsrimarily in Orange and Senwle Counties, have been
extending the northern boundary of middle confining drilled in recent years. The potentiometric surface
unit VIII throughout Orang€ounty. Borehole data maps presented in this repare based on water levels
from the other test wells ie study area that pene- measured in about 60 wetlspping the Lower Flori-
trated the entire thickness of the Lower Floridan aquidan aquifer. Water levels were measured when the
fer (sites 138, 143, 148, 184, fig. 3, app. 2) do not  pumps were not operating and the water levels had
clearly indicate the presence of middle confining unit recovered to static levels. Most of the wells were
VIIl. However, data from these wells do show signifi- unsurveyed and measuring point datums were esti-
cant vertical variations ifithology and geophysical mated from topographic maps.
log signatures within the Lower Floridan aquifer. Maps showing the potentiometric surface of
These variations with depth qualitatively signify the o | ower Floridan aquifer for September 1998 and
existence of permeability variations due to variations y1ay 1999 (figs. 17 and 18, respectively) were con-

in the development of secondary porosity. structed based on water léveollected during this
Analyses of static and pumping flow logs indi- inyestigation and on trendsom potentiometric sur-

cate that the vertical profile of transmissivity inthe  tace maps for the Upper Floridan aquifer (Bradner,

Lower Floridan aquifer is qte variable, and that most  1999: and Bradner and Knowles, 1999). Comparisons

of the water pumped from wells in the Lower Floridan of potentiometric-surface maps for the Lower Floridan

aquifer is produced from disgte zones. For example, aquifer and those of the Upper Floridan aquifer indi-
at site 150 in southwestern Orange County (fig. 6), th@ate that the potentiometrsmirfaces of the two aqui-
most transmissive zone of the Lower Floridan aquiferfa s gre similar. Regional ground-water flow in both

penetrated by the well is between the depths of 1,450, 4 jifers generally is from southwest to northeast
and 1,480 ft below land surface (1,300 to 1,330 ft across the study area.

below sea level). Less transmissive flow zones occur , ,
: . : The September 1998 potentiometric surface rep-
above and below this zon&t site 171 near Oviedo, T
resents conditions nearetlend of the wet season,
the zone between the depths of 1,240 and 1,280 ft . . -
when withdrawals from the aquifer were near mini-

below land surface (1,178 to 1,218 ft below sea level) :
g o mum and water levels generally were near their sea-
has a much greater trangsivity than the remaining : :
. . . sonal highs (fig. 17). In September 1998, water-levels
approximately 550 ft of the Lower Floridan aquifer measured in Lower Floridaaquifer wells ranged from
enetrated by the well (fig. .7t is important to note
b y (fig. .7 P bout 16 to 113 ft above sea level. The May 1999

that anomalous spikes on the flow profiles in figures 62 : . .
and 7 (for example, at depths of 420, 920, and 1,340 1;Botentlometrlc surface reqenentg conditions near the
in figure 6) are artifacts of the process used to calcu- end of the dry season, when withdrawals from the

late the flow profile based on fluid velocity and caliper aquifer were near maximum a_nd water levels generally
logs and should be ignored. were at their seasonal lows (fig. 18). In May 1999,

water-levels measured in Lower Floridan aquifer wells
ranged from about 13 to 111 ft above sea level. Water

Ground-Water Elow Patterns levels in May 1999 were abbA to 7 ft lower than the
water levels measured in September 1998.
Flow patterns and fluctuations of ground-water The potentiometric surface of the Lower Floridan

levels in the Lower Floridan aquifer were evaluated aquifer is constantly fluctuag, mainly in response to
using water-level data from a network of wells distrib-seasonal variations in rainfall and ground-water with-
uted across the study area. Ground-water levels weredrawals. Fluctuations of watkevels in six wells open to
measured in the Lower Floridan aquifer in Septemberthe Lower Floridan aquifen Seminole, Orange and
1998 and May 1999 (concurrent with measurements ivolusia Counties are shown in figures 19 and 20.
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Figure 19. Water levels at wells 60 and 116, open to the Lower Floridan aquifer (well number refers to figure 2).

Seasonal fluctuations range from about 2 to 10 ft. ~ Vertical Distribution of Water Levels

Water-level data exceeding 30 years of record for

wells tapping the Lower Floridan aquifer are sparse in Heads in the Floridan aquifer system typically
east-central Florida. A long-term hydrograph for well j,crease with depth in discharge areas and decrease
116 (fig. 19) indicates a general downward trend of \yith depth in recharge areas. The magnitude of head
water Ievgls in the Iate_ BO’s and_ early 1970, due differences between the Upper and Lower Floridan
probably in partto an increase in pumpage and to aquifers is directly related to the character of the

long-term below averageirdall. Based on limited e : . .
. confining units separating the aquifers. In areas not
data, water levels at well 60 appear to have declined _
affected by pumpage, greater head differences

primarily in the 1960’s and again in the late 1990’s ,
(fig. 19). At sites with wells monitoring both the between the two aquifers generally are found where

Upper Floridan and Lower Floridan aquifers, water- the confining unit is less permeable, such as where
level trends in Lower Florigh aquifer wells generally the middle confining unit exists. Water-level data
mimic the trends observed in the Upper Floridan aquifrom the study area show a wide variation in the
fer (fig. 20), indicating thathe aquifers, at these loca- magnitude of head differences between the Upper
tions, are hydraulically connected. and Lower Floridan aquifers (figs. 20 and 21).
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Figure 20. Water levels in selected Upper Floridan and Lower Floridan aquifer well pairs (well number refers to
figure 2).
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Upper Floridan aquifer headyenerally were about 0  well because the test wells took several weeks to sev-
to 12 ft higher than headls the Lower Floridan aqui-  eral months to complete. Large differences between
fer in May 1999 at 13 well i (fig. 21). However, in  drill stem and annulus water levels for the four wells
the southwestern part of the study area where the migfig. 22) correspond to depths where water samples

dle confining unit is present, Upper Floridan water levpptained from the drill sterimdicate significant
els at two wells were estimated to be 16 and 30 ft increases in mineralation of the water.

higher than those in the er Floridan aquifer. Lower Variations in the densitgf ground water will
Floridan aquifer heads were about 0 to 6 ft higher tharéffect the water level measuat in a well. This can be
the heads measured in the Upper Floridan aquifer at
eight other well pairs. An wpard head gradient within
the Floridan aquifer system exists in much of Semi-
nole County, whereas a downward head gradient
occurs in much of Orangéounty. Head differences

particularly problematic wheevaluating vertical head
differences between wells that tap zones of different
water quality, because densdifferences can signifi-
cantly change or even reverse the measured water-

between the Upper and Lower Floridan aquifers also level difference. The magnitude of the effect of density
can be affected by localized pumpage. For example differences on water levels is proportional to the depth

the variation in the upwartead gradient between the of the well and the differar in density between fresh-
Upper and Lower Floridaaquifers at the Oviedo water and the mineralized water in the zone monitored

monitor wells (fig. 20) probably is caused by ground- Py the well. Lusczynski (1961) describes the use of
water withdrawals from the Upper Floridan aquifer at environmental-water headsrfthe calculation of verti-

this location. cal head gradients in wateith variable density. The
Variations in water levels with depth can be environmental-water headtise head that would be
illustrated by considering tcollected during the measured in a column of water with a density distribu-

drilling of four test wells (fig. 22). Two types of water- tion identical to that in thaquifer. The required data
level measurements were abed in the test wells: a  are measured water level, land-surface altitude, well
water level within the drill stem and a water level in  depth, and the vertical profile of ground-water density,
the well annulus (the anfawn space between the drill  from which the density at a point and the average den-
stem and the well casing borehole wall). The annu- sity for a depth interval cave calculated (Lusczynski,
lus water level represents the average head for the 1961, equation 4a). The opanerval of the well is

entire open-hole portion a@lfie well. If the bottom of assumed to be small seetheads represent a point

the borehole is hydraulitip isolated from the shal-  measurement. Environmental-water heads were calcu-
lower part of the borehole, the drill stem water level |ated for the drill-stem water-level data collected dur-
represents, at least approxteig, the discrete head at jng drilling of a test well near St. Cloud (well 9, fig. 2).
the bottom of the t_aorehole near the drill bit. Differ-  The vertical density prié was estimated from the
ences between drill stem and annulus water levels — gneific conductance of water samples collected at the
might indicate that the drill s_tem water _Ievel is a dis- same depths water levels were measured. A linear
crete measurement or posyithat there is a differ- regression of density and specific conductance was

ence in density between water near the drill bit and . ey
. ... developed (correlation coefficiemt,of 0.97) based on
water in the well annulus. Water levels measured in the

drill stem in several test wells decreased about 32 ft data from 51. Floridan afer system wells in north-
over the interval from 48to 2,366 ft below land eastern Florida reported by Spechler (1994, app. 1),
surface at well 21; about 11 ft from 403 to 1,488 ft at and was used to estimate estical density profile at
well 51: about 40 ft from 250 to 2,498 ft at well 39: the St. Cloud test well. A comparison of head differ-
and about 12 ft over the interval from 249 to 1,983 ft atSNces between the Uppephtlan aquifer and the

well 87 (fig. 22). Water-level data presented in figure @dvancing depth of the drétem using both environ-
22 were not adjusted for ahges in water levels with mental-water heads and unadjusted drill-stem water
time, nor for density differences between freshwater levels illustrates the importance of accounting for den-
and mineralized water in siaus zones within each  sity differences (fig. 23). The environmental-water
well. Regional changes tiie potentiometric surface  heads show an upward head difference throughout
during the duration of drilling each test well could the Lower Floridan aquifer and little head difference
have affected the true head-depth relation within eachin the middle semiconfining and confining units.
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Figure 23. Water-level and water-quality data collected during drilling of well 9 near St. Cloud, Osceola County, Florida
(well number refers to figure 2).

In contrast, the unadjusteltill-stem water levels

WATER-QUALITY CHARACTERISTICS OF

show an apparent downward head difference inthe THE LOWER FLORIDAN AQUIFER
middle confining unit and in the Lower Floridan aqui-

fer below about 2,050 ft; these downward head differ-
ences do not indicate downward flow in these interval:?
but are caused by density differences. The static fluid

The geochemical properties of ground water are
affected by many factors. Some of these factors
nclude the initial chemid composition of water

C - : _ entering the aquifer, theomposition and solubility of
conductivity log indicates higher, yet relatively con- 4 aquifer material through which the water moves,
stant values of fluid conductivity (compared to values gnq the length of time the water remains in contact
obtained when the well petrated only the Upper with the aquifer. In addition, the quality of water may
Floridan aquifer) between depths of 400 and 1,970 ft,pe affected by the mixing of freshwater with relict sea
implying upward flow of higher conductivity water in - water in the aquifer.

this interval, which is condisnt with the upward head The principal chemicatonstituents of ground
differences based onwronmental-water heads. water that affect potability in the study area are chlo-
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ride and sulfate. The Florida Department of Environ- pH were determined in the field. Samples collected to
mental Protection (FDEP) has established primary  determine the dissolved-constituent concentrations were
drinking-water regulations for the quality of drinking filtered through a 0.45-micrometer pore-size disposable
water distributed by public water-supply systems capsule filter. Major ion ahtrace constituent samples
(Florida Department of State, 1989). Secondary drinkwere analyzed at the USGS Laboratory in Ocala, Fla.

ing-water standards, pertaigj to the aesthetic quali-
ties of water, set recommerttémits for both chloride

and sulfate concentrations at 250 milligrams per liter

(mg/L) and for dissolvedolids concentration at
500 mg/L. Increasing chloride concentrations have
received the most attentidrom water managers, but

Chemical Composition

Water samples were analyzed for major cat-
ions and anions and theace constituent strontium
(table 1). Concentrations tfese constituents within

in the southwestern part of the study area, sulfate corthe Lower Floridan aquiferaried widely across the

centrations can be more of a concern than chloride
because they exceed the recommended limits.
During this investigation, water samples from
33 wells tapping the Lowdtloridan aquifer were ana-
lyzed by the USG$®r major chemical constituents. In
addition, water-quality data collecteg SIRWMD

study area. Maps of specific conductance, chloride,
sulfate, and hardness of t&afrom the Lower Floridan
aquifer were constructed to delineate areas of poor
water quality. These mapsrggally depict the quality
of water in the upper part of the Lower Floridan aqui-
fer, which is the intervahost commonly tapped by

(seven wells), FDEP (four wells), and private consult-Lower Floridan aquifer pule supply wells in east-

ants (six wells) also wemmpiled and are included in
table 1. Although most dhe water samples were col-
lected in Orange and Bénole Counties, a few sam-
ples also were collected in Brevard, Lake, Osceola,
and Volusia Counties (fig. 2).

The wells sampled durirtpis investigation gen-
erally tapped only the Lowéiloridan aquifer. In a few
cases, wells that were cagetb the lower part of the
middle semiconfining unénd open to the Lower

central Florida. Water in thdeeper parts of the Lower
Floridan aquifer generally will be of similar or poorer
water quality. In some parts of the study area where
water in the Lower Floridaaquifer is highly mineral-
ized, few wells have been drilled and little is known
about the water quality.

The extent of mineralization of water in the
Lower Floridan aquifer is indicated by its specific con-
ductance. In the wells sampled, specific conductance

Floridan aquifer also were included in the monitoring ranged from 147 to 6,710 microsiemens per centimeter
network and were sampled. Wells open to the Upper (1S/cm) (fig. 24 and table 1). Water having specific

Floridan aquifer or to most of the middle semiconfin-

ing unit or middle confining unit were not sampled

conductance less than 2f8/cm generally occurs in
southwestern Seminole County, west-central Orange

because water samples collected from these wells wefeounty, and south-central ke County. Specific con-
not considered to be representative of water from theductance values exceeding 2,3%0cm generally

Lower Floridan aquifer. Because most of the water
samples were collectedthe wellhead, the samples

occur along much of the Wekiva and St. Johns Rivers,
and in much of the eastern and southern parts of the

represent a composite of teafrom the open-hole sec- study area.

tion of the aquifer. Water samples generally are repre-

sentative of water in the upper part of the Lower
Floridan aquifer because most wells sampled were
only open to this zone.

Although specific conductance values cannot
be used to determine piisely the dissolved-solids
concentrations in naturalaters, they can provide
a practical estimate. The linear regression between

Many of the wells sampled are in nearly contin- specific conductance andsdiolved-solids concen-
uous use. Such supply wells are equipped with deep trations for 45 ground-wateslamples representative

well turbine pumps and wesampled after at least
three casing volumes of water had been pumped.

of the Lower Floridan aquifer in the study area has
a correlation coefficient (r) of 0.993 (fig. 25). For

Other wells were pumped by using a submersible elethe range of specific conductance values measured,
tric pump. Those wells alspere sampled after at least multiplication of the specific conductance by 0.61
three casing volumes of water had been pumped andgives a reasonable approximation of the dissolved-
after field measurements (specific conductance, tem-solids concentration.Alus, specific conductance

perature, and pH) had stabilized.
Water samples were pregsed at the time of

values (fig. 24) indicate that water in much of the
eastern and southern padf the study area exceeds

collection using standard USGS protocol described byhe 500 mg/L recommended limit for dissolved sol-
Wood (1976). Specific conductance, temperature, and ids (Florida Department of State, 1989).
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Table 1. Chemical and physical data for water from Lower Floridan aquifer wells in east-central Florida
[Source of data: CR, consultant’s report; FDEP, Florida Deyaant of Environmental Protection; SJRWMD, St. Johns River Wéagragement District; USGS, U.S. Geological Survey. Samples analyzed

by the USGS are dissolved; samples with an asterisk (*) @lectmcentration. In ground water, dissolved and total constit@e comparable if particulate matter is negligfifle degrees CelsiugS/cm,

microsiemens per centimeter atZ5 mg/L, milligrams per literpg/L, micrograms per liter; --, not analyzed less than. Site numbers are fronpApdix 1; locations shown in figure 2]

Hard-
Well USGS site Source Water Specific Dissolved pH ness, Silica Calcium Magne— Sodium Potassium Strontium Chloride Sulfate Fluoride Alkalinity
num- identification of Date  tempera- conduc- solids (stan-  total  (mg/L (mg/L stum (mg/Las (mg/Las (pg/Las (mg/Las (mg/Las (mg/Las (mg/L as
ber number data ture ¢C) 1ANC€ gy dad (malas ooy (Molkas o K) ) cl) S0,) ) CaCO3)

(uS/cm) units) as SiO,) Mg)

CaCO,)
3 280655081002904 USGS 08/25/00 27.0 3,600 2,040 7.8 510 15 100 61 500 16 7,200 930 170 0.32
5 280858080435501 CR 07/16/98  29.0 3,600 2,300 7.2 710 - 170 88 480 10 - 1,200 250 -
8 281058081495004 USGS 11/04/80  26.0 1550 1,340 7.0 780 11 290 12 3.8 .9 1,100 5.9 750 .20
9 281506081194501 USGS 01/06/00  28.9 3,510 2,280 8.0 900 12 210 90 410 15 5,900 730 630 49
16 282300081165501 CR 04/27/99 - - 360 7.5 268 - 66 - - - - 17 132 .28
17 28240608109360USGS 04/25/00 27.8 2,130 1,590 7.6 840 18 230 61 200 7.1 12,100 370 570 .19 142
18 28241108121130USGS 04/06/99 27.6 410 258 7.6 180 14 53 12 9.1 13 1,900 15 63 .20 119
20 28251508116260CR 11/29/95  -- -- 290 7.5 190 -- - - 11 -- -- 15 71 <.20 190
21 28252008143400 SJRWMD 02/15/00 25.0 341 210 7.4 -- *6.2  *45 *11 *6.7 *1.2 *621 8.3 20 .20 146
23 28253008106560 USGS 04/25/00 27.5 2,290 1,460 7.4 700 18 190 52 220 8.0 12,600 390 440 .15 158
26  282533081082204 USGS 04/25/00 234 893 533 8.2 360 20 110 17 44 2.3 10,400 81 140 A7
27  282650081262502 CR 07/31/76  23.0 250 185 - 120 4.8 38 5.8 8.4 - -- 3.0 2.0 .20
28  282657081230401 USGS 04/12/99  26.5 294 174 7.7 130 12 39 8.1 7.3 1.0 920 11 15 .19
30 282745081283501 USGS 03/28/00 24.1 230 125 7.6 99 9.3 27 7.4 4.7 .60 620 8.1 16 17
36 282912081182901 FDEP 08/05/96  26.2 280 - 7.4 -- 13 39 8.5 7.5 1.0 1,200 9.8 4.3 A7
37 28293108128590 USGS 04/29/99 27.1 264 156 7.9 120 11 33 8.4 5.1 .80 620 8.5 14 .15 110
38 28300608127410USGS 03/28/00 25.5 270 149 7.4 120 11 35 8.1 5.2 .90 650 8.3 9.7 17 109
40 28300708112270 SJRWMD 10/31/99 27.1 1,259 = [25 = = 85 28 122 55 = 226 136 = 139
42  28301108115240 USGS 05/27/99 255 280 162 7.6 140 12 40 8.3 8.2 .90 830 11 11 .19 125
46 28304808119480 USGS 03/28/00 24.9 340 184 7.4 150 11 45 9.3 8.4 11 320 11 5.5 .14 150
51 283126081064502 USGS 04/14/99  28.1 5,050 3,280 7.3 940 14 210 100 640 23 6,500 1,200 590 14
52 283216081320901 FDEP 05/07/96  25.1 220 - 7.8 - 11 29 7.2 4.2 .60 91 5.6 2.8 12
55 283236081290901 USGS 04/03/00  24.6 220 121 7.2 100 9.7 26 8.8 4.3 11 64 7.2 4.0 .14
58 283322081415401 USGS 03/30/00  24.9 147 111 7.6 69 9.8 17 6.5 2.8 .50 30 4.8 11 <.10
59 283327081223201 USGS 03/28/00 -- 280 154 7.5 120 10 35 8.2 8.2 1.0 230 12 55 31

104
110

98

87

209
126
121
82
117

130
105
98
68
118
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Table 1. Chemical and physical data for water from Lower Floridan aquifer wells in east-central Florida--Continued

[Source of data: CR, consultant’s report; FDEP, Florida Depattaf€Environmental Protection; SIRWMD, St. Johns River Wderagement District; USGS, U.S. Geological Survey. Samples analyzed
by the USGS are dissolved; samples witlasterisk (*) are total concentration.ground water, dissoéd and total constitiés are comparable if particulate matter is negligiile degrees CelsiugS/cm,
microsiemens per centimeter atZ5 mg/L, milligrams per literpg/L, micrograms per liter; --, not analyzed; <, less than.r&itebers are from Appendix 1; locations shown in figure 2]

Hard-
Well USGS site Source Water Specific Dissolved pH ness, Silica Calcium Mggne— Sodium Potassium Strontium Chloride Sulfate Fluoride Alkalinity
num- identification of Date tempera- conduc- solids (stan- total - (mg/L (mg/L sium (mg/Las (mg/Las (ug/Las (mg/Las (mg/Las (mg/Las (mg/L as
ber number data ture ¢c) 1BNC€ gy dad o (moL as oo (molkas Tl K) ) cl) S0,) ) CaCOs)
(uS/cm) units) as SiO,) Mg)
CaCOs)
60 28333308123350USGS 08/25/00 24.3 176 97 8.3 69 1.6 20 4.6 7.6 3.4 130 8.7 <.20 .10 79
65 28335308118580USGS 03/28/00 24.3 280 160 7.6 130 9.5 38 8.3 6.8 .80 200 9.7 6.6 13 123
66 28335308122240USGS 04/12/99 25.4 261 152 7.7 120 11 34 8.1 6.2 .90 210 9.4 5.0 .14 117
67 28335708127220USGS 03/28/00 24.9 230 123 7.6 100 9.8 29 7.6 4.5 .70 84 7.2 3.8 .10 100
69 28354808118140USGS 04/03/00 24.9 280 152 7.7 120 10 37 7.8 6.5 .90 180 9.5 5.4 .15 120
70  283555081300801 USGS 04/03/00 24.8 210 116 7.3 98 11 28 6.8 3.8 .70 57 6.0 1.7 <.10 98
71 283623081230501 USGS 04/03/00  24.3 255 138 7.5 120 9.0 33 7.9 5.9 .90 91 9.7 8.2 .13 106
72 283702081183901 USGS 03/29/00 24.8 260 145 7.5 120 10 34 7.6 6.2 .90 180 9.4 5.7 .16 113
73  283742081235701 CR 10/27/99 - 247 194 7.9 - - - - 5.0 - - 15 20 .13 -
77 283818081291201 CR 04/29/88 - 207 172 8.2 92 - 24 8.0 3.2 1.2 - 6.3 6.1 .09 59
79 28381908129260USGS 05/04/99 245 237 139 8.0 110 9.2 29 8.8 5.7 .80 73 7.1 7.8 A1 108
80 28384808122130USGS 03/29/00 24.0 230 124 7.3 100 9.1 29 7.3 4.5 .70 79 7.6 4.2 12 98
81 28390608129000USGS 03/30/00 25.1 220 120 7.5 100 10 28 7.9 3.8 .80 74 6.2 34 A1 101
82 28391708125450 USGS 03/29/00 24.2 220 122 7.3 100 9.5 29 7.5 4.1 .70 110 6.6 2.6 .15 100
85 28393308112310USGS 08/29/00 25.9 1,890 1,060 8.0 270 10 53 34 270 9.3 760 480 79 .16 114
88 283936081162804 SJIRWMD 04/10/99  23.7 246 150 8.4 -- - *34 *8.4 *5.8 *1.0 - 9.6 .51 - 116
90 284052081212605 SJRWMD 03/07/00  24.6 220 125 8.0 -- - *28 *7.5 *5.1 *1.0 - 6.7 2.6 -- 94
91 284057081191901 USGS 03/29/00 24.8 225 125 7.4 100 9.9 29 7.3 4.8 .80 120 7.8 3.3 .14 100
93 284128081320901 FDEP 05/07/96  25.9 500 - 7.6 - 11 68 17 5.0 1.0 1,270 7.3 130 .25 109
98 284407081215503 SJRWMD 02/11/99  25.0 267 170 -- 4.3 45 8.2 4.7 .70 143 11 9.8 .82 111
100 28440708132160USGS 03/30/00 25.6 420 276 7.7 210 11 56 17 6 1.0 890 8.8 100 .20 110
104 28482208152060USGS 08/30/00 24.8 270 157 7.3 130 12 40 8.0 4.6 .80 66 7.3 .30 A1 133
106 28492308123480 SJRWMD 02/20/00 25.4 5710 3,175 7.5 = -- *190 *102 *821 *27 - 1,532 493 -- 100
109 28544208118140 FDEP 02/19/00 23.4 6,710 4,478 7.6 - - 242 144 840 11 - 2,188 58 - -
110 28552408113240 SJRWMD 11/17/99 24.8 988 573 7.5 = - 57 45 56 3.1 - 200 35 = 155
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Figure 24. Generalized distribution of specific conductance of water from the Lower Floridan aquifer.
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Dissolved solids = 0.61 _f, duct Sulfate concentrations of
Issolved solids = 0. X specitic conauctance . . .
- 7,000 | Correlation coefficient: r=0.993 - water in the Lower Floridan aqui-
w fer range from less than 0.2 to
@5 6000 1 750 mg/L (fig. 27 and table 1).
ST Sulfate concentrations less than
oL 5,000 | 1 R
Ha 10 mg/L occur primarily in south-
a 2 4000 | | western Seminole C(_)unty, west-
> < e central Orange, and in parts of
Jcc P
Q© 3000 1 central and south-central Lake
7o 2000 P Counties. Sulfate concentrations
oz 27T L ) generally exceed the 250 mg/L
= 1,000 |- | recommended limit for drinking
water along parts of the Wekiva
ol ! ! ! ! ! and St. Johns Rivers, and in much
0 2,000 4,000 6,000 8,000 10,000 12,000

SPECIFIC CONDUCTANCE. of the eastern and southern parts of

IN MICROSIEMENS PER CENTIMETER the study area. The highest sulfate
concentration sampled during this

investigation was 750 mg/L in
northeastern Polk County (well 8).

Chloride concentrations of water sampled from Primary sources of sulfate in ground water
the Lower Floridan aquifer range from 3.0 to include the mixing of relict seawater with freshwater
2,188 mg/L (fig. 26 and table 1). The lowest concen- and the dissolution of suliatearing minerals, such as
trations, generally less thd® mg/L, occur primarily  gynsum or anhydritén much of the eastern part of the

in the recharge areas_in the central z_;md western parts Qﬂ(udy area, the source of sulfate is primarily from mix-
the study area. Chloride concentrations of 25 to ing of relict seawater witfreshwater. In the south-

250 mg/L occur primarily in a narrow, northerly trend'western part of the sty area, the high sulfate
ing area from southern Oran@eunty to northeastern . . . .
concentrations in water from the Lower Floridan aqui-

Lake County. Chloride concentrations generally . . )
exceed the 250 mg/L recommended limit for drinking fer is due to.the pre§ence of evaporites in the overlying
middle confining unit.

water along the Wekiva and St. Johns Rivers, and _
throughout much of the eastern and southern parts of The source of sulfate in ground water some-
the study area. Althouginly a few water samples times can be identified by considering the relation
have been collected in areas where the quality of watdretween the mass ratio ofifstie to chloride and the
is poor, chloride concentrats likely exceed 1,000 mg/L  sulfate concentration (Rightmire and others, 1974)
along the St. Johns River and throughout much of  (fig. 28). One trend represents sulfate derived from the
Brevard, eastern Orange, eastern Seminole, and Soutixing of fresh ground water with seawater, and the
eastern Volusia CountieSround water having a chlo- qther trend represents sulfate derived from the dissolu-
][ldedc_orll_cent;atlon exc_ezdln_gll,ooo mg(/ijls ur?SL_“t_"J‘bl(?ion of gypsum within the Floridan aquifer system.
or drinking, for many In u_sla uses, and for the Irri- Water samples that plot on or near the seawater-mixing
gation of most crops (Schiner, 1993). . , - .
o _ line (fig. 28) indicate seawater as a possible source of
Chloride in ground water can be derived from .
. . . . ., sulfate in ground water. Water samples that plot on or
several sources, including the dissolution of chloride X . . .
. . . - : near the dissolution of the gypsum mixing-trend line
minerals in the aquifer, obamination from septic tank . ' i .
indicate that gypsum in tHeoridan aquifer system is

effluent, agricultural activities, industrial waste, and _ ,
small amounts contributed by rainfall. Most of the ~ the major source of sulfate. Points between the two

mineralized water in the Fliolan aquifer system in the trend lines indicate both seawater and gypsum as pos-
study area is probably a mixture of freshwater and ~ Sible sources of sulfate in ground wa@ypsum was
relict seawater that enterthte aquifer system during a found in the study area mostly in the rocks of the mid-
higher stand of sea level in the geologic past. dle confining unit and sub-Floridan confining unit.

Figure 25. Relation between specific conductance and dissolved-solids
concentrations of water from the Lower Floridan aquifer (data from table 1).
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1,000

EXPLANATION

@ Lower Floridan aquifer sample

A Ground water with sulfate concentration = 2.0 milligrams per liter and
chloride concentration = 5.9 milligrams per liter from the Upper Floridan
aquifer in western Orange County

—_
o
o

-
o

—_
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11 IIIIIII

SEAWATER

. ¢ * Q/

SEAWATER MIXING TREND

RATIO OF SULFATE TO CHLORIDE,
IN MILLIEQUIVALENTS PER LITER

o
-y
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1 10 100 1,000 10,000
SULFATE CONCENTRATION, IN MILLIGRAMS PER LITER

Figure 28. Relation between sulfate to chloride equivalent ratio and sulfate concentration in water from the Lower
Floridan aquifer.

Water samples collected from the Lower Flori- cium, magnesium, and bicarbonate ions, generally
dan aquifer wells also wesmalyzed for hardness. occurs in inland areas. Thigter type results from the
Hardness ranges from 69 to 940 mg/L (fig. 29 and  dissolution of the carbonatecks that form the aqui-
table 1). Water having a hardness of 100 mg/L or lesSer; water likely travels along relatively short flow
genera”y occurs in extresrsouthwestern SeminOIe paths that Originate in orear h|gh recharge areas
County, in west-central Orange County, and south  \yhere the aquifer contains a thick layer of freshwater.
Lake County. Low hardness concentrations, along  The change in cation distribution from calcium to
with low concentrationsf chloride and sulfate calcium-magnesium probablyiislated to an increase
(figs. 26 and 27), indicate potentlal areas of high of dolomite in the carbonate sequence of the aquifer.
recharge to the Lower Floridan aquifer. Hardness The second d-water t . iched i Ici

ground-water type is enriched in calcium,

values exceeding 500 mg/L generally occur in much . . . o
of the eastern and southern parts of the study area. magnesium, and sulfate. The increased mineralization
&rimarily is due to thelissolution of gypsum. Cal-

Hardness concentration exceeding 500 mg/L may exi )
in other parts of the study area, such as along parts ofiUmM-magnesium-sulfate type water probably travels

the Wekiva and St. Johns Rivers: however, no data ardond longer and deeper flow paths than the fresher
available to confirm this hypothesis. calcium-magnesium-bicarbonate type water. The third

Chemical ana|yses of ground_water Samp|es ground'Water type, dominated by sodium and Chloride,
from wells tapping the Lowdfloridan aquifer indicate occurs primarily in the eastern part of the study area.
differences in the ionic composition of the water. The sodium-chloride waterg represents the mixing
Three chemical types of ground water occur in the  of freshwater with entrapperelict seawater or from
study area (fig. 30). The first type, dominated by cal- the upwelling of salingvater from deeper zones.
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Figure 30. Chemical composition of water from selected wells open to the Lower Floridan aquifer.

Vertical Distribution of Chloride however, a change in water quality with depth may not
Concentrations be detected. This conditioasults if the permeability
of the rock being drilled itow so that little of the
Delineation of the vertical water-quality return flow originates from #hformation at or near the

changes underlying the studrea was accomplished
by evaluating the distribution of chloride concentra-
tions in water samps collected during well drilling.
Wells in the Floridan aquifer system in east-central . .
Florida are commonly instad using the reverse-air C.ountles were collected as the yvells were drll'led
rotary method, where air igjected into the drill pipe. ~ (figs- 31 and 32). In gendrahloride concentrations

The injected air provides the lift needed to bring the Increased with depth; wate the Lower Floridan

fluid and drill cuttings up the drill pipe to the surface aquifer was more mineralized than in the Upper Flori-
(return flow). Water samplesf this return flow, com-  dan aquifer, especially in areas where chloride concen-
monly called drill-stem sampdeare collected at regu- trations exceed 250 mgih the Lower Floridan

lar intervals during drilling. Under certain conditions, aquifer (fig. 26).

drill bit. Rather, most of the flow comes from a perme-
able zone higher in theole. Drill-stem samples at
eight selected sites in Seminole, Orange, and Osceola
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Figure 31. Chloride concentrations in water samples obtained through the drill stem during drilling of monitoring wells 3,
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39, 51, and 87 (data from the files of the St. Johns River Water Management District; and Post, Buckley, Schuh, and

Jernigan, Inc., 1990). (Well number refers to figure 2.)
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CHLORIDE CONCENTRATION, IN MILLIGRAMS PER LITER

Figure 32. Chloride concentrations in water samples obtained through the drill stem during drilling of monitoring wells
90, 106, 99, and 85 (data from the files of the St. Johns River Water Management District; and Spechler and Halford,
2001). (Well number refers to figure 2.)
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Ground water having chloride concentrations collected in the mid to ta 1990's (McGurk and oth-
less than 100 mg/L extendsdonsiderable depths in  ers, 1998).

the Floridan aquifer systethroughout much of the The altitude of the top of the 250 mg/L isochlor
study area. At all the monitoring wells shown in fig-  surface is variable throughbiie study area (fig. 33).
ures 31 and 32, except well 3, chloride concentrationshe estimated position ofé250 mg/L isochlor sur-

in the Upper Floridan aquifevere less than 100 mg/L. face is less than 200 ft below sea level in much of the
As the wells were deepenétdo the middle semicon-  eastern part of the study area, including areas along the
fining unit, chloride concentrations at six of the eight St. Johns River in Seminole, Lake, and Volusia Coun-
sites either remained constar decreased slightly.  ties and near the Wekiva River in western Seminole

At well 106, a large abrupt change in chloride concen€ounty. The altitude of the top of the 250 mg/L isoch-
trations (increasing from about 10 to 800 mg/L) was |or surface exceeds 3,000 ft below sea level in the
observed near the contdetween the Upper Floridan extreme southwestern part of the study area. However,
aquifer and middle semiconfining unit, whereas in  the freshwater zone probabiconsiderably thinner

well 85, the observed chlalé concentration increased south and west of the lineahdemarcates the inferred
gradationally. At most of thdrilling sites, increases in  eastern extent of the middtenfining unit (fig. 11).
chloride concentrations weobserved in the Lower  The limited data available indicate that beneath the
Floridan aquifer. At severalf the sites, increases in  middle confining unit the aentration of total dis-
chloride concentrations were observed near the contagblved solids could be too high (due to the high con-

between the middle seaanfining unit and Lower centrations of sulfate) tconsider the ground water
Floridan aquifer. At two locations (wells 39 and 106), fresh, even though the chloride concentrations are low.
where the entire thickness of the Floridan aquifer The estimated altitude of the top of the 5,000 mg/L
system was penetrated Jafide concentrations isochlor surface ranges from less than 200 ft below sea
exceeded 10,000 mg/L in the Lower Floridan aquifer. jeve| in northeastern Seminole and northern Brevard
Where the middle confining unit is present, Counties and in a small area northwest of DelLand in

vertical changes in water quality coincide well with  \oblusia County. The altitude of the top of the 5,000 mg/L
the different hydrogeologienits. During the drilling  isochlor surface exceeds 2,800 ft below sea level in

of well 9, located near St. Cloud, a large increase in the extreme southwestern part of the study area. The
sulfate concentration was observed between 760 and5,000 mg/L isochlor was mapped because in east-cen-
800 ft below land surface (fi@3). This increase in tral Florida it is assumed to represent the position of
sulfate concentration marks the approximate contact the base of the freshwater flow system based on the
where evaporites are first found, which is considered following reasons (McGurk and Presley, in press):

to be the top of the midiel confining unit. Between (1) the 5,000 mg/L chloride concentration approxi-
1,180 and 1,220 ft below larsdirface, a sharp increase mately represents the badary between moderately

in chloride concentration was observed, along with a brackish water and very brackish to saline water; and
moderate decrease in st concentration. This (2) the thickness of theansition zone between the
change in water quality cosponds witta change in 5,000 and 10,000 mg/L chloride concentrations is rela-
head difference and apparently marks the base of thetively small.

middle confining unit (the top of the Lower Floridan A comparison of the altitudes of the top of the
aquifer). 5,000 mg/L isochlor surface (fig. 34) and the top of the
Generalized maps showgrsochlor surfaces Lower Floridan aquifer (fig. 13) indicates that the

depicting the altitude of water with chloride concentrafreshwater-saltwater interfads located above the top
tions of 250 and 5,000 mg/L were compiled (figs. 33 of the Lower Floridan aquifer along much of the

and 34, respectively). The maps are based primarily o8t. Johns and Wekiva Rivers. The freshwater-saltwater
chloride concentrations efater samples collected interface also is above thep of the Lower Floridan

from monitoring and test vils, and to a lesser degree, aquifer in eastern and southern Volusia Counties and
time domain electromagneticeasurements that were the northern half of Brevard County.
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Figure 33. Estimated altitude of water in the Floridan aquifer system having chloride concentrations greater than
250 milligrams per liter (from McGurk and others, 1998).
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Figure 34. Estimated altitude of water in the Floridan aquifer system having chloride concentrations greater than
5,000 milligrams per liter (from McGurk and others, 1998).

Water-Quality Characteristics of the Lower Floridan Aquifer 49



SUMMARY ing unit is composed of beds of relatively less perme-
_ able limestone and dolomité variable thickness and
The hydrogeology and water-quality character- cojncides with about the mitilone-third of the Avon
istics of the Lower Floridan aquifer and the relation of p5rk Formation. The middle semiconfining unit con-
the Lower Floridan aquifer to the framework of the  {5ins primarily softer limestee or dolomitic limestone
Floridan aquifer system were evaluated during a 6- than the aquifer units aboaad below, and is consid-
year (1995-2001) study. The study area encompassegeq a semiconfining unjirimarily because it lacks

about 7,500 square miles in east-central Florida. It 41,ndant fracture zonesdisolution cavities. The
includes all of Brevard, Orange, and Seminole Coun-5nqrqximate thickness of the middle semiconfining
ties and parts of Lake, Marion, Osceola, Polk, Sumten it ranges from less than 3fit in the southern part
and Volusia Counties. Thgincipal water-bearing of the study area to more than 600 feet in south-central
umt; in the study area are t_he s_,urf|C|aI and_FIorldan Orange County and parts of northwestern Osceola
aqwfer systems. The surfld:laquer system Is under- County. In the southwestepart of the study area, the
lain by and separated frometloridan aquifer system middle confining unit underlies the middle semicon-

by th_e intermediate coming unit, & unit which fining unit. Composed primarily of anhydritic and
restricts the movement of water between the two aqui

' i o gypsiferous dolomite andiolomitic limestone, the
fers. The Floridan aquifer system, the principal sourc%yp ! u ! e h

of ground water in east-central Florida, underlies all o iddle confining unit usuallgorresponds to the mid-
Florida, and parts of Alabama, Georgia, and South dle part of the Avon Park Formation. The top of the

Carolina. The aquifer system is composed of a middle confining unit ranges from about 750 feet

sequence of hiahlv permeable carbonate rocks of below sea level near its eastern extent to more than
d gnly p 1,000 feet below sea level southwest of Lakeland.

SThickness of the unit rangé®m less than 150 feet in

across the study area. Thefidian aquifer system is southern Lake County to 762 feet in northeastern Polk

divided into two aquifers afelatively high permeabil- Count
ity, the Upper Floridan aquifer and the Lower Floridan Y- _ o

aquifer. These aquifers are separated by a less perme-  1he Lower Floridan aquifer is present through-
able middle semiconfining unit that restricts the verti- OUt east-central Florida. ®raquifer consists of the

cal movement of water, and additionally by a very low!Ower part of the Avon Park Formation of middle

permeability middle confiningnit in the southwestern EOcene age, the Oldsmar Formation of early Eocene
part of the study area. age, and the upper part of the Cedar Keys Formation of

The Upper Floridan aquifer consists of the late Paleocene age. It israposed of alternating beds

Ocala Limestone and the dolomite and dolomitic lime©f limestone and dolomitend is characterized by
stones of the upper one-third of the Avon Park Forma@Pundant fractured dolomignes and solution cavi-
tion. Permeable intervals of the Ocala Limestone are ti€S- The altitude of the top of the Lower Floridan
characterized by vuggy dreavernous porosity. The aquifer ranges frorfess than 600 feet in the northern
permeability of the upper An Park Formation prima- Part of the study area to more than 1,600 feet below
rily is due to fractureand interconnecting solution ~ S€@ level in the southwestepart. In much of Semi-
cavities. Flow logs from wellshow that two distinct ~ nole and Orange Counties, @ilétude of the top of the
zones of different permeability exist in the Upper ~ Lower Floridan aquifer is fairly consistent, ranging
Floridan aquifer (zones A and B). Zone A corresponddrom about 900 to 1,000 febelow sea level. The top
to about the upper two-thirds of the aquifer, and geneff the Lower Floridan aquifer generally is marked by
ally coincides with the €ala Limestone. Zone B is an increase in formationgistivity due to the increas-
equivalent to about the lower one-third of the Upper ing presence of dolomite, and by an increase in the
Floridan aquifer and has adnaulic conductivity that  occurrence of fractures asdlution cavities within the
can be much larger than in zone A. The bottom of zonéarbonates. In addition,rticeable increase in bore-
B marks the base of the Upper Floridan aquifer.  hole flow often marks the contact between the Lower

Zone B generally consists of hard, fractured dolomite Floridan aquifer and the overlying middle semiconfin-

within the Avon Park Formation. ing or middle confining unitThickness of the Lower
The middle semiconfining unit and, where Floridan aquifer ranges fro about 910 to 1,180 feet.
present, the middle confitg unit separate the Upper Ground water in the Lower Floridan aquifer

and Lower Floridan aquifers. The middle semiconfin- generally moves in a soutkest-to-northeast direction
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across the study area. In September 1998, water levelRiver in western Seminole County. The altitude of the
measured in the Lower Fidan aquifer monitoring 250 milligram per liter isochlor exceeds 3,000 feet
wells ranged from about 16 to 113 feet above sea levehelow sea level in the extreme southwestern part of the
Water levels measured in the Lower Floridan aquifer study area. The altitude tfe top of the 5,000 milli-
monitoring wells in May 1999 ranged from about 13 gram per liter isochlor suate ranges from less than

to 111 feet above sea levélater levels in May 1999 200 feet below sea level mortheastern Seminole and
were about 2 to 7 feet lower than water levels mea- northern Brevard Counties and in a small area north-
sured in September 1998. The potentiometric surfacewest of DeLand in Volusi County to more than

of the Lower Floridan aquifés constantly fluctuating, 2,800 feet below sea levelihe extreme southwestern
mainly in response to semsal variations in rainfall part of the study area. \téa in the Lower Floridan

and ground-water withdrawals. Seasonal fluctuations aquifer in the southwestern part of the study area,
typically range from about 2 to 10 feet. The water- however, may not be considered fresh, even though
level trends observed in Lower Floridan aquifer wells chloride concentrations arew. Limited data indicate
also generally mimic thegnds observed in nearby ~ that the water may be very mineralized due to high
wells tapping the Upper Floridan aquifer, indicating concentrations of sulfate.

that the aquifers, at thekeations, are hydraulically

connected.

During this investigation, water samples from
33 wells tapping the Lowetloridan aquifer were ana- Applin, P.L., and Applin, E.R., 1965, The Comanche Series
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Appendix 1. Wells used for collection of water-level and water-quality data

[--, no data. Abbreviations for aquifeldF, Upper Floridan aquifer; MSCU, middéemiconfining unit; MCUmiddle confining uit; LF, Lower Floridan
aquifer; SFCU, sub-Floridan confining ubbreviations for data type: qw, waterality sample; wl, ground-water level. Algviations for source of data:
CR, consultant’s report; FDEP, Florida Dep@ent of Environmental Protection; SIRWMSt. Johns River Water Management Disti¢SGS, U.S. Geo-
logical Survey. Well locations shown in figure 2]

Bottom

Well _ US(_B_S sit_e _ _ of Depth of Primary Source
num- identification Station name Aquifer . well data of County
ber number casing (feet) type data
(feet)
1 280655081002901 Bull Creek 0S-0022 UF/MSC 700 900 wl USGS, SJRWMD Osceola
2 280655081002902 Bull Creek OS-0023 UF 396 520 wl USGS, SJRWMD Osceola
3 280655081002904 Bull Creek OS-0025 LF 1,473 1,483 qgw,wl USGS, SIRWMD Osceola
4 280823081210301 OSF-53 near Alcoma /MSCU 180 963 wl USGS Osceola
5 280858080435501 Melbourne Lake Washington LF 1,180 1,204 qgw,wl CR Brevard
BR-0910
6 281057081495002Polk City ROMP 76A UF 264 315 wl USGS Polk
7 281058081495001Polk City USGS inner monitor MSCU 840 908 wil USGS Polk
8 281058081495004Polk City USGS core hole 2  MCU/LF 1,000 1,996 qgw,wl USGS Polk
9 281506081194501St. Cloud OSF-0081 LF -- -4 qw USGS Osceola
10 281714081093001Lake Joel OSF-0022 UF/MSCU 394 750 wl USGS Osceola
11 281937081245901 Bermuda Avenue OSF-0009 /M3IEU/LF 280 1,200 wl USGS Osceola
12 282215081230001 So. Regional MW-2A SFCU 2,050 2,467 wil USGS Orange
13 282215081230003 So. Regional MW-2B LF 1,125 1,725 wl USGS Orange
14  282220081225401 So. Regional MW-1A LF 1,160 1,705 wl USGS Orange
15 282220081225402 So. Regional MW-1B MSCU 761 781 wil USGS Orange
16 282300081165501Southeast #2 LF 1,045 1,441 qw CR Orange
17 282406081093602Cocoa R OR-0611 LF 1,098 1,205 qw,wl USGS Orange
18 2824110812113010range Test Well LF 1,098 1,424 qw,wl USGS Orange
19 2825110812717010rangewood #4 UF 129 400 wl USGS Orange
20 282515081162601Southeast testell near Lake  LF 1,090 1,399 qgw,wl CR, USGS Orange
Nona OR-0636
21 282520081434001 Lake Louisa State Raflk729 LF 1,295 1,410 qw SJRWMD Lake
22 282520081434002 Lake Louisa State Park L-0730 UF 385 465  other SIRWMD Lake
23 282530081065601 Cocoa OR-0614 LF 1,170 1,256 qw,wl USGS Orange
24 282530081065602 Cocoa OR-0615 MSCU 900 1,050 wl USGS Orange
25 282530081065603 Cocoa OR-0613 Cocoa S LF 1,428 1,500 wl USGS Orange
26 282533081082204Cocoa C Zone 3 LF 1,218 1,224 qgw,wl USGS Orange
27 282650081262502Sand Lake Road LF 2,005 2,030 gw,wl CR,USGS Orange
28 282657081230401Sky Lake #2 LF 960 1,390 gw,wl USGS Orange
29 282718081405601Conserv Il 4W-3 UF/MSCU 157 1,000 wil USGS Lake
30 282745081283501Southwest #3 (P-2) LF 1,003 1,455 qw,wl USGS Orange
31 282758081392801 Conserv Il 1W-2 UF/MSCUJ/LF 146 1,402 wl USGS Lake
32 282811081392901 Conserv Il 1W-3 UF 178 536 wil USGS Lake
33 282821081382601 Conserv Il 1W-5 UF/MSCU 236 1,020 wl USGS Orange
34 282839081383501 Conserv Il JR2-F MSCU 554 1,056 wl USGS Orange
35 282910081181301 Orange Conway #3 UF/MSCU 148 700 wil USGS Orange
36 2829120811829010range Conway #4 OR-0560 LF 1,100 1,400 qw,wl FDEP, USGS Orange
37 282931081285901Hidden Springs #4 LF 1,250 1,401 gw,wl USGS Orange
38 283006081274101Kirkman #3 LF 983 1,400 qw,wl USGS Orange
39 283007081122703Wastewater TP East OR-0668 LF 1,490 1,537 wil SJRWMD Orange
40 283007081122704Wastewater TP East OR-0676 LF 1,269 1,300 qw, wl SJRWMD, USGS Orange
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Appendix 1. Wells used for collection of water-level and water-quality data--Continued

[--, no data. Abbreviations for aquifer: |WBpper Floridan aquifer; MSCU, middéemiconfining unit; MCU, middle confining unLF, Lower Floridan

aquifer; SFCU, sub-Floridan confining unibbreviations for data type: qw, watguality sample; wl, grourwater level. Abbeviations for source of data:
CR, consultant’s report; FDEP, Florida Department of Environah&rotection; SIRWMD, St. Johns River Water Management Rist8GS, U.S. Geo-
logical Survey. Well locations shown in figure 2]

Bottom

Well . USC_S_S sit_e _ _ of Depth of Primary Source
num- identification Station name Aquifer . well data of County
ber number casing (feet) type data
(feet)
41 283007081122705 Wastewater TP East OR-0678 UF 425 470 other SJRWMD Orange
42  283011081152401 E. Regional LFMW LF 1,100 1,385 qgw,wl USGS Orange
43  283011081152402 E. Regional IFMW MSCU 850 950 wil USGS Orange
44  283012081152301 E. Regional UFMW UF 210 550 wl USGS Orange
45  283026081224101 So. Fruit/Pineloch Man. Corp. LF 1,100 1,250 wl USGS Orange
46 283048081194801Conway #3 LF 1,063 1,350 qw,wl USGS Orange
47  283102081223401Kuhl #1 W-4664 LF 953 1,283 wl USGS Orange
48 283135081155201Rio Pinar MW LF 1,000 1,120 wil USGS Orange
49 283135081234301Layne Atlantic W-1607 LF 1,170 1,232 wil USGS Orange
50 283126081064501Long Branch near Bithlo UF 210 550 wl USGS, SJIRWMD Orange
OR-0617
51 283126081064502 Long Branch near Bithlo LF 1,140 1,280 qw,wl USGS, SIRWMD Orange
OR-0618

52 283216081320901 South #1 OR-0559 LF 800 1,450 qw FDEP Orange
53 283215081321201 South #2 LF 810 1,450 wl USGS Orange
54  283224081210201 Primrose #2 LF 993 1,146 wl USGS Orange
55 283236081290901 Oak Meadows #4 MSCU/LF 707 1,260 qw,wl USGS Orange
56 283249081463201Seminole Avenue L-0019 MSCU/LF 517 840 wl USGS Lake
57 283308081415501Greater Hills South MSCU/LF 561 1,315 wil USGS Lake
58 283322081415401Greater Hills North LF 828 1,320 qw,wl USGS Lake
59 283327081223201Highland #7 LF 943 1,415 qw,wl USGS Orange
60 283333081233501Lake Adair 9 OR-0009 MSCU/LF 601 1,281 qw,wl USGS Orange
61 283333081233502 Lake Adair 10 OR-0046 UF 103 400 wl USGS Orange
62 283340081222801 Lake Ivanhoe Interface OR-0465 LF or SFCU 2,060 2,089 wl USGS Orange
63 283340081222802 Lake Ilvanhoe OR-0467 LF 1,300 1,350 wl USGS Orange
64  283340081222803 Lake lvanhoe OR-0468 UF 189 450 wl USGS Orange
65 283353081185801 Navy #1 LF 1,080 1,370 qgw,wl USGS Orange
66 283353081222401Highland #2 LF 945 1,450 qw USGS Orange
67 283357081272201Pine Hills #1 LF 1,000 1,414 qw,wl USGS Orange
68 283441081203301Glenridge Deep LF 1,209 1,300 wil USGS Orange
69 283548081181401University/FTU Blvd. MSCU/LF 700 1,354 qw,wl USGS Orange
70 283555081300801Forest Oaks #3 LF 1,192 1,450 qw,wl USGS Orange
71 283623081230501 Wymore & Lee Rd. #5 LF 1,163 1,275 qgw,wl USGS Orange
72 283702081183901 South S-2 MSCU/LF 600 1,200 qgw,wl USGS Seminole
73 283742081235701 Keller Road 6A LF 850 1,350 qw CR Orange
74 283800081115501 Lake Hayes S-1215 MSCU/LF 582 904 wil USGS Seminole
75 283802081252001 Riverside #4 MSCU/LF 502 1,231 wl USGS Orange
76 283813081292101W. Regional #2 LF 1,037 1,455 wil USGS Orange
77 283818081291201W. Regional MW LF-1 LF 1,031 1,580 qw,wl CR,USGS Orange
78 283818081291202W. Regional MW UF-1 UF 116 419 wl USGS Orange
79 283819081292601W. Regional #1 TP-1 LF 1,032 1,450 qw,wl USGS Orange
80 283848081221301A. S. #2, well #11 MSCU/LF 722 1,130 gw,wl USGS Seminole
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Appendix 1. Wells used for collection of water-level and water-quality data--Continued

[--, no data. Abbreviations for aquifeldF, Upper Floridan aquifer; MSCU, middéemiconfining unit; MCUmiddle confining uit; LF, Lower Floridan
aquifer; SFCU, sub-Floridan confining ubbreviations for data type: qw, waterality sample; wl, ground-water level. Algviations for source of data:
CR, consultant’s report; FDEP, Florida Dep@ent of Environmental Protection; SIRWMSt. Johns River Water Management Disti¢SGS, U.S. Geo-
logical Survey. Well locations shown in figure 2]

Bottom

Well _ US(_B_S sit_e _ _ of Depth of Primary Source

num- identification Station name Aquifer . well data of County

ber number casing (feet) type data

(feet)

81 283906081290001 Sheeler Oaks MSCU/LF 600 1,200 qgw,wl USGS Orange

82 283917081254501 A. S. #5, well #14 MSCB 700 1,200 qw,wl USGS Seminole

83 283933081123102 Oviedo S-1189 MSCU 500 600 wl USGS Seminole

84 283933081123103 Oviedo S-1193 UF 87 220 wl USGS Seminole

85 283933081123105 Oviedo S-1078 LF 1,230 1,288 qw,wl USGS Seminole

86 283936081162801Citrus Road S-1056 UF 156 365 wl USGS Seminole

87 283936081162802Citrus Road S-1257 MSCU 600 698 wl USGS Seminole

88 283936081162804Citrus Road S-1329 LF 1,050 1,150 gw,wl SJIRWMD, USGS Seminole

89 284052081212601Charlotte Street/North St. S-10.UF 142 300 wl USGS Seminole

90 284052081212605Charlotte Street/North St. S-10.LF 1,246 1,506 qw,wl SJIRWMD, USGS Seminole

91 284057081191901 North N2400 MSCU/LF 600 1,200 qgw,wl USGS Seminole

92 284126081280801 Bent Oaks #2 UF/MSCU 92 850 wl USGS Orange

93 284128081320901 Apopka Grossenbacher, #4 MSCU/LF 660 1,400 qw,wl FDEP, USGS Orange
OR-0554

94  284132081303601 Apopka Grossenbacher, #2 MSCU/LF 588 1,260 wl USGS Orange

95 284134081564201 Sunshine Peat near Cason UF -- - wl USGS Lake

96 284135081565501Sunshine Peat Deep near CastMSCU/LF 483 754  wl USGS Lake

97 284407081215502Lake Mary S-1407 UF 320 401 other SJRWMD Seminole

98 284407081215503Lake Mary S-1406 LF 1,020 1,080 qw SIJRWMD Seminole

99 284407081215504Lake Mary S-1351 LF 1,260 1,323 other SJRWMD Seminole

100 284407081321601Apopka Northvest, well #1 LF 859 1,303 qw,wl USGS Orange

101 284407081321701 Apopka Northwest, UFM-1 UF 155 446  wl USGS Orange

102 284634081262003 Rock Springs State Res OR-0652 MSCU 450 506 wl USGS Orange

103 284634081262004 Rock Springs State Res OR-0662 UF 150 180 wil USGS Orange

104 284822081520601 Leesburg #14 LF 851 938 qw,wl USGS Lake

105 284855081520401 Herlong Park UF 100 105 wil USGS Lake

106 284923081234801Yankee Lake S-1225 LF 950 1,054 qgw,wl SJIRWMD, USGS Seminole

107 284923081234802Yankee Lake S-1230 UF 122 403 wl USGS Seminole

108 2854420811814010range City Tower V-0196 UF 95 230 wl USGS Volusia

109 2854420811814020range City Tower V-0780 LF 710 800 qw,wl FDEP, USGS Volusia

110 285524081132401Galaxy V-0774 LF 740 780 qw,wl SJRWMD,USGS \olusia

111 285524081132403 Galaxy V-0772 UF 100 140 wl USGS Volusia

112 290153080550101 NSB MW R-1 V-0262 MSCU 750 900 wil USGS \olusia

113 290153080550102 NSB MW R-2 UF 150 180 wil USGS Volusia

114 290541081132902 USGS 04 TW near DeLand UF/MSCU 94 575 wl USGS Volusia
V-0081

115 290541081132903 USGS 05 TW near DeLand LF 639 1,200 wl USGS \olusia
V-0012

116 290541081132904USGS 06 TW near DeLand  LF 1,275 1,290 wl USGS Volusia
V-0100
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Appendix 2. Geophysical, lithologic, and aquifer test data-collection sites

[Abbreviations for data type: a, aquitest; g, geophysical logs; |, lithologicgoAbbreviations for source of data: GRnsult-
ant's report; FGS, Florida Geological Survey; SJIRWMD,)8hns River Water Management District; SFWMD, South Florida
Water Management District; USGS, U.S. GeolagBurvey. Site locations shown in figure 3]

Site ' . ' Primary Source

number  atitude - Longitude Site name data of County
type data

117 274742 805853 Hayman g USGS Osceola
118 275314 815142 Romp site 59 W-12640 I FGS Polk
119 275411 814656 Armour W-1801 I FGS Polk
120 280125 820018 US Gypsum W-10253 | FGS Polk
121 280130 803603 Port Malabar IW g SJRWMD  Brevard
122 280209 803617 Harris Corporation IW g SJRWMD  Brevard
123 280226 803300 South Beaches IW g SJRWMD  Brevard
124 280406 803840 West Melbourne IW g SJRWMD  Brevard
125 280555 815420 US Gypsum W-10254 g FGS Polk
126 280655 810029 Bull Creek TM g SJIRWMD  Osceola
127 280823 812103 OSF-53 near Alcoma g SJIRWMD  Osceola
128 280826 810318 Holopaw g CR Osceola
129 280900 804359 Melbourne Lake Washington g CR Brevard
130 281015 803952 D. B. Lee IW g SJRWMD  Brevard
131 281058 814950 Polk City monitor well USGS Polk
132 281506 811945 St. Cloud W-18109 g SFWMD Osceola
133 281714 810930 Lake Joel g USGS Osceola
134 281810 814006 NE Polk County g USGS Polk
135 281814 813600 Indian Ridge g CR Osceola
136 281937 812459 Bermuda Avenue g SFWMD Osceola
137 282128 813426 RCID g CR Orange
138 282215 812300 Southern Regional a,g CR Orange
139 282254 811657 Southeast a, g CR Orange
140 282332 814932 Arnold #1 oil test well W-275 g FGS Lake
141 282411 812113 Orange test well a,g CR Orange
142 282515 811626 Southeast near Lake Nona a,g SJRWMD Orange
143 282520 814340 Lake Louisa State Park g SIRWMD  Lake
144 282530 810656 Cocoa S g SJRWMD  Orange
145 282533 804223 Merritt Island g SJRWMD  Brevard
146 282533 810822 Cocoa C g USGS Orange
147 282617 813024 Dr. Phillips g USGS Orange
148 282650 812625 Sand Lake Road IW g USGS Orange
149 282700 812307 Sky Lake g SJIRWMD  Orange
150 282747 812850 Southwest a, g CR Orange
151 282758 813929 Conserv Il g CR Lake
152 282805 811301 George Terry #1 g USGS Orange
153 282845 810215 Texaco Deseret Farms 1 g USGS Orange
154 283007 811145 Wastewater TP East g SJRWMD  Orange
155 283011 811524 Eastern Regional g CR Orange
156 283050 811943 Conway a,g CR Orange
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Appendix 2. Geophysical, lithologic, and aquifer test data-collection sites--Continued

[Abbreviations for data type: a, aquifer test; g, geophysicg Ip lithologic log. Abbreviations for source of data: €Bnsult-
ant’s report; FGS, Florida Geological Survey; SJIRWMD, StnddRiver Water Management District; SFWMD, South Florida

Water Management District; USGS, U.S. Geological Survey. Site locations shown in figure 3]

Site _ ' . Primary Source

number  Latitude  Longitude Site name data of County
type data

157 283138 810645 Long Branch near Bithlo g SJRWMD  Orange
158 283215 813212 Ocoee South g CR Orange
159 283225 812051 Primrose a CR Orange
160 283340 812228 Lake Ivanhoe g SJIRWMD  Orange
161 283350 812720 Pine Hills g SJIRWMD  Orange
162 283353 811858 Navy g USGS Orange
163 283353 812224 Lake Highland a SJRWMD  Orange
164 283555 813008 Forest Oaks a,g CR Orange
165 283623 812305 Wymore and Lee Road SJRWMD  Orange
166 283742 812357 Keller Road CR Orange
167 283800 811155 Lake Hayes g CR Seminole
168 283812 811710 Consumers 3 g CR Seminole
169 283813 812928 Western Regional a CR Orange
170 283818 812914 Western Regional g CR Orange
171 283933 811231 Oviedo g CR Seminole
172 283936 811628 Citrus Road g SJIRWMD  Seminole
173 284052 812126 Charlotte Street/North Street g SJRWMD  Seminole
174 284102 813323 Plymouth drainage well g CR Orange
175 284135 815655 Sunshine Peat g USGS Lake
176 284238 812758 Wekiva Springs g SJRWMD  Orange
177 284407 812155 Lake Mary g SJIRWMD  Seminole
178 284407 813216 Apopka Northwest a,g CR Orange
179 284412 810711 Geneva g SJRWMD  Seminole
180 284634 812620 Rock Springs State Reserve g SJRWMD  Orange
181 284718 811936 Sheriff Rifle Range g SJIRWMD  Seminole
182 284827 815133 Leesburg g SJIRWMD  Lake
183 284840 811157 Osteen g SJIRWMD  \olusia
184 284923 812348 Yankee Lake g SJIRWMD  Seminole
185 284944 811910 Lake Monroe/Zoo g SJRWMD  Seminole
186 285211 811316 Snook Road near Osteen g SJIRWMD  \olusia
187 285442 811814 Orange City Tower g SJIRWMD  \olusia
188 285543 811338 Galaxy g SJIRWMD  \olusia
189 285940 815220 Weirsdale Marion County USGS Marion
190 290103 805519 NSB Smith Street SJIRWMD  \olusia
191 290153 805501 NSB MW R-1 g CR \olusia
192 290210 811002 Sun Oil Company W-1118 g FGS \olusia
193 290541 811329 USGS well near DeLand g USGS \olusia
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