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Hydrogeology of the Surficial and Intermediate Aquifer
Systems in Sarasota and Adjacent Counties, Florida

By G.L. Barr

ABSTRACT

From 1991 to 1995, the hydrogeology of
the surficial aquifer system and the major
perineable zones and confining units of the
intermediate aguifer system in southwest Florida
was studied. The study area is a 1,400-square-
mile area that includes Sarasota County and parts
of Manatee, De Soto, Charlotte, and Lee
Counties. Lithologic, geophysical, hydraulic
property, and water-level data were used to
correlate the hydrogeology and map the extent of
the aquifer systems. Water chemistry was
evaluated in southwest Sarasota County to
determine salinity of the surficial and
intermediate aquifer systems.

The surficial aquifer is an unconfined
aquifer system that overlies the intermediate
aquifer system and ranges from a few feet to over
60 feet in thickness in the study area. Hydraulic
properties of the surficial aquifer system
determined from aquifer and laboratory tests, and
model simulations vary considerably across the
study area.

The intermediate aquifer system, a confined
aquifer system that lies between the surficial and
the Upper Floridan aquifers, is composed of
alternating confining units and permeable zones.
The intermediate aquifer system has three major
permeable zones that exhibit a wide range of
hydraulic properties. Horizontal flow in the
intermediate aquifer system is northeast to
southwest. Most of the stedy area is in a discharge
arca of the intermediate aquifer system.

Water ranges naturally from fresh in the
surficial aquifer system and upper permeable
zones of the intermediate aquifer system to
moderately saline in the lower permeable
zone.Water-quality data collected in coastal
southwest Sarasota County indicate that ground-
water withdrawals from major pumping centers
have resulted in lateral seawater intrusion and
upconing into the surficial and intermediate
aquifer systems.

INTRODUCTION

Demand for public, industrial, and domestic
water-supply is increasing in southwest Florida largely
due to an influx of new residents and increased devel-
opment in coastal regions. In southwest Florida,
ground water is the main source of potable water. In
1992, a variety of commuriity potable water systems,
ranging from county-owned water systems to indepen-
dent businesses in Sarasota County were permitted by
the Southwest Florida Water Management District
(SWFWMD) to withdraw ground water. The SWF-
WMD also requires permits by other independent
businesses that withdraw ground water for agricul-
tural, industrial, mining, and recreational purposes
when the outside diameter of the well casing is 6-in. or
greater, total withdrawal capacity from any source or
combined sources is greater than or equal to 1 million
gal/d, or the annual average withdrawal from any
source or combined sources is greater than or equal to
100,000 gal/d (SWFWMD, 1994). Withdrawals
reported by these permitted water systems ranged
from hundreds of gallons to more than 2 million gal-
lons per month. Domestic homes and private compa-
nies do not require water-use permits when the outside

Abstract 1
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diameter of the well casings is smaller than 6-in. and
withdraws are less than threshold pumpage rates,

Ground water is withdrawn from three main
aquifer systems in Sarasota County and neighboring
counties: the surficial aquifer system (SAS),
intermediate aquifer system (IAS), and Upper Floridan
aquifer (UFA). Manatee County withdraws much of its
potable water from the UFA. Southern Sarasota
County and counties to the south rely heavily on the
surficial and intermediate aquifer systems for their
potable water. Limited supplies of potable ground
water can be pumped from thin layers of the SAS and
the upper two permeable zones of the [AS in those
areas. Limited amounts of water can be withdrawn
from these potable water zones because they are thin
and have limited areal extent. Slightly saline to very
saline water is availzble in larger quantities from the
deeper permeable zones in the area. Slightly saline to
mederately saline water can be converted to potable
water by desalinization but at a relatively large
expense. Becanse of the need for large quantities of
potable water, 42 facilities for public water supply
were permitted for desalinization operations in the
Sarasota-Charlotte County area in 1993; 19 of the
facilities produced more than 100,000 gal/d (Mark
Hammond, SWFWMD, oral commun., 1994).

The IAS has a series of permeable zones and
confining units, Water quality in the zones depends on
the hydrogeologic setting, flow dynamics, well
construction, and pumping stresses on the aquifer
system, The confining units of the IAS limit
movement of water between the various permeable
zones. Many production wells are open to several
permeable zones of the IAS, allowing for an
interchange of water with significantly different water-
quality properties. Consequently, potable water in
upper zones can be degraded by saline water from
deeper permeable zones. Wells with corroded casings
also can allow interchange of water among the zones.
The withdrawal of ground water from production
wells near the coast increases the possibility of lateral
seawater intrusion because of the proximity to the
seawater/freshwater interface at the coast. Intense
pumping of an upper permeable zone also can canse
upconing of water with higher dissolved solids from
lower permeable zones.

A better understanding of the hydrogeology of
the SAS and the IAS is needed to evaluate the effects
of pumping on the entire aquifer system. Because of
insufficient hydrogeologic information of the
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individual permeable zones and confining units of the
IAS, the potentiometric surfaces of the individual
permeable zones of the IAS and the UFA is not well
defined. In October 1991, the U.S. Geological Survey
(USGS), in cooperation with the SWFWMD, began a
3-year study to define the hydrogeology of the surficial
and intermediate aquifer systems in Sarasota County

and adjacent counties (fig. 1). In 1993, Sarasota

County became a cooperator and the study was

extended through September 1995 and expanded to
include an evaluation of ground-water quality and ;
seawater intrusion along coastal Sarasota County, [
from Osprey to Englewood (fig. 1). !

Purpose and Scope

This report describes the hydrogeology of the
surficial and intermediate aquifer systems in southwest
Florida, focusing on the arca where the Venice Clay :
exists. The hydrogeologic framework is based upon !
lithologic, geophysical, head, water-quality, and :
hydraulic property data from many existing wells and
three test wells constructed in Sarasota County during
the study. Data from existing wells were from the files
of the USGS, SWFWMD, Florida Geological Survey
(FGS), Sarasota County Utility and Water
Departments, and private consultants’ reports.
Ground-water quality and the potential for seawater
intrusion in coastal Sarasota County between Osprey
and Englewood were determined from water collected
from wells open to the SAS and IAS.

Description of the Study Area

The study area is about 1,400 mi? and includes
Sarasota County and parts of Manatee, De Soto,
Charlotte, and Lee Counties (fig. 1). The areal extent
of the study area was selected by evaluating the
hydrogeologic framework and defining the landward
extent of the Venice Clay, a member of a confining
unit in the upper part of the IAS. A smaller part of the
study area in southwest Sarasota County, between
Osprey and Englewood and to the east in the general
vicinity of the Myakka River, was selected for
evaluation of ground-water quality, seawater intrusion,
and a general discussion of ground-water flow,

The study arca lies in parts of the Gulf Coastal
Lowlands, the lagoons and barrier chain, and the De
Soto Plain, all minor divisions of the Florida central or
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midpeninsula physiographic zone described by White
(1970). Land-surface altitude ranges from sea level
along Gulf coastal regiors to over 100 ft above sea
level in southeast Manatee County. The area is charac-
terized by gradually sloping plains and terraces
formed in shallow marine environments by advances
and retreats of the sea during Tettiary and Quaternary
petiods. Most inland areas are dry upland habitats with
an assortment of palustrine forested, scrub-shrub, or
palustrine emergent wetland habitats (U.S, Fish and
Wildlife Service, 1985). The area is marked with
springs and karst features including, sinkholes, depres-
sions, and relict-sink lakes.

Previous Investigations

Barly reconnaissance reports of Florida before the
mid-1980"s, which described geology or ground water in
the study area, reported the surficial or intermediate
aguifer systems in geologic or hydraulic terms. These
proposed descriptions and names for the surficial and
intermediate aguifer systerns as hydrogeologic units
were acknowledged by the Southeastem Geological
Society (1986). Terminology for the SAS has generally
undergone few changes and has usually been called the
non-artesian aquifer, unconfined aquifer, water-table
aquifer, or the surficial aquifer.

Descriptions of sediments of the IAS by
investigators have undergone a progression of
terminalogy. Stringfield (1936, p. 131) combined the
IAS with the Floridan aquifer in his investigation of
artesian water in Tertiary deposits of the southeastern
States and referred to both as “the main body of
water,” In 1966, Stringfield described the geology in
Florida and called the IAS the “local artesian aquifers”
of middle Miocene and younger aged sediments.
Parker and others (1955, p. 189) defined the Hawthomn
and Tamiami Formations as the “Florida aquiclude.”
Peek (1958) completed the first detailed geologic
study of Manatee County, noting that the Hawthom
Formation serves as a confining bed for the Floridan
aquifer. Clark (1964) investigated the hydrologic
conditions near Venice, Fla, and called the upper
Hawthom sediments the “first and second artesian
aquifers,” an early attempt to distinguish individual
permeable zones of the IAS.

Later, investigators began describing the IAS as
an aquifer system with discrete permeabie zones.
Sutcliffe (1975), investigating the water resources of
. Charlotte County, divided the Tamiami Formation and

other Miocene sediments into three discrete aquifer
zones. The hydrogeology and water quality of the three
discrete aquifer zone system of the Tamiami Formation
and Miocene sediments were further described by
Joyner and Sutcliffc (1976) for Sarasota County and
parts of Manatee, Hardee, De Soto, Charlotte, and Lee
Counties. Geraghty and Miller (1974, 1975)
investigated the hydrogeology of the “water table
aquifer” and the “upper artesian aquifer” at the Verna
well field in northeast Sarasota County, the
hydrogeology in central Sarasota County at the
MacArthur tract (1981), and at Verice Gardens (1985),
where the IAS was termed the *secondary artesian
aquifer.”” Wolansky (1978) reported the hydrogeology
of the unconfined aquifer in Charlotte County. In
Brown's reports of the water resources of Manatee
County (1981) and the Manasota basin (1982), he
called part of the IAS the “minor artesian aquifer.” In
the study by Sutcliffe and Thompson (1983), in the
‘Venice-Englewood area, Sarasota and Charlotte
Counties, the hydrogeology and water quality of five
aquifer zones were described for the surficial,
intermediate, and Upper Floridan aquifer systems.

A report by Wolansky (1983) describing the
hydrogeology of the Sarasota-Port Charlotte area
divides the Miocene and lower Pliocene sediments
into two hydrogeologic units called the lower
Hawthorn-upper Tampa aquifer and the Tamiami-
upper Hawthorn aquifer. These two hydrogeologic
units are called the “intermediate aquifers,” and
correspond to the upper two permeable zones of the
present day IAS. In a study of the hydrogeology of the
Verna well field in Sarasota County, Hutchinson
(1984) also used Wolansky's terminology for the
Miocene and lower Pliocene sediments of the IAS,
Campbell reported the geology of Sarasota County
(1985a) and De Soto County (1985b). A water supply
and development study by Dames and Moore (1985)
that included hydrogeology of central Sarasota County
(Ringling-MacArthur Reserve) notes a “secondary
artesian aquifer” within the Hawthorn and Tampa
Limestone. Duerr and Wolansky (1986) reported the
hydrogeology and water quality in the surficial and
intermediate aquifers in central Sarasota County
(Ringling-MacArthur Reserve).

Since 1987, the USGS has published biannual
potentiometric-surface map reports of the IAS in
southwest Florida Potentiometric surfaces are
contoured based upon Wolansky's (1983) two
permeable zones of the IAS. Reports show general
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head relations, but insufficient areal coverage and

_ composite-head data have resulted due to & paucity of
single permeable-zone head data. The first effort to
map the areal extent and upper and lower bounds of
the TAS was in a study of the geohydrology and water
withdrawals of the aguifer systems in southwest
Florida by Duerr and others (1988), Lithostratigraphic
work by Scott (1988) lead to an accurate
understanding of the Hawthorn sediments and
subsequent revision to group status. The SWFWMD
(1990} presented ground-water quality results in
Manatee, Hardee, Highlands, Sarasota, De Soto, and
Charlotte Counties of water samples from wells open
to the surficial, intermediate, and Upper Floridan
aquifer systems; all water-quality data from IAS wells,
however, were reported as composite data because
some wells were open to several permeable zones.
Hutchinson (1992) assessed the hydrogeology of
southwest Sarasota and west Charlotte Counties, and
reported on water quality of samples from springs and
wells open to the IAS and Upper Floridan aguifer;
some water-guality data were of samples from wells
open to several zones of the TAS.

Information about the hydraulic properties of
the SAS and IAS was also obtained from reports by
CH2M Hill (1978), Post, Buckley, Schuh, and
Jernigan (1981, 19824, and 1982b), and Ardaman and
Associates, Inc. (1992). Hydrogeologic and well-
construction data from the SWFWMD Regional
QObservation Monitoring Program (ROMP), Water
Resources Assessment Program (WRAP), Quality of
Water Improvement Program (QWIP), and
information from the data-resources, water-use, and
well-permitting departments were also used.

Methods for Describing the Hydrogeology

Files of the USGS, SWFWMD, FGS, Sarascta
County, and consultants’ reports were the sources of
lithologic, hydraulic, borehole geophysical, and head
data. From all the well data available, 61 wells were
selected to evaluate the hydrogeologic properties of
the SAS, Venice Clay, and the permeable zones and
confining units of the IAS in the study area.

The areal extent of the permeable zones of the
IAS has not been detetmined. In 1992, the Carlton
Reserve and South Venice test wells were drilled by
the FGS to collect hydrogeologic data that could be
used to provide benchmark information for the SAS,
Venice Clay, and the IAS. The Walton test well was

drilled in 1991 by the USGS for geologic
reconnaissance. At all three test wells (fig. 1),
continuous sediment and core samples were collected
using split-spoon (upper 10 to 30 ft) and wire-line
techniques. The Cazlton Reserve, South Venice, and
Walton test wells were drilled to depths of 580, 701,
and 304 ft below land surface, respectively. The
Carlton Reserve and South Venice test wells
penetrated the UFA, and the Walton test well was
completed into the IAS. The Carlton Reserve test well
was converted into a 4-in. monitor well with an open
hole interval of 175 to 190 ft below land surface.
Personnel from the FGS and USGS provided
lithostratigraphic and palecntologic descriptions from
samples collected at the test wells (Campbell and
others, 1993; Wingard and others, 1995). The FGS
conducted laboratory tests on selected cores of the
Carlton Reserve and South Venice wells using falling-
head permeameters to determine vertical hydraulic
conductivities. Borehole geophysica! data were
collected at the three test wells by the USGS.

Correlation techniques were used to construct
hydrogeological sections across the study area. The
data acquired during this study were used to construct
isopach maps of the surficial, intermediate, and Upper
Florida aquifer systems. At the three test wells, depth
intervals of hydrogeclogic units were determined and
correlated with lithologic descriptions and signatures
on the geophysical logs. Correlations subsequently
were made with log data from other wells on the
section line. Head data from 15 ROMP sites and 1
FGS well were used to define the depth intervals for
permeable zones and confining units of the TAS;
however, head data were interpreted with cantion
because of well construction techniques and seasonal
head changes that occurred during drilling periods that
sometimes exceeded 6 months.

Other well data used in the correlation of
hydrogeologic units included reliable lithologic
descriptions from core or cutting samples, geophysical
logs, and heads collected during drilling. Natural
gamuma and electric logs were used to establish
geophysical profiles for the SAS and [AS. The most
comprehensive data for defining the Venice Clay were
from the Carlton Reserve, South Venice, and Walton
test wells, and from ROMP sites 22, TR 5-1, and TR
7-2. Samples of the Venice Clay at these sites were age
dated by fossil identification, and mineral content was
analyzed by x-ray diffraction in samples at the three
test wells, Selected data from the key weils, presented
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Figure 2. Lithologic, hydrogeologic, and geophysical data at the Carlton Reserve test well.

in figures 2-4, include lithology, hydrogeologic unit,
bead, and borehole geophysical logs.
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HYDROGEOLOGIC FRAMEWORK

The surficial and intermediate aquifer systems, a
series of unconsolidated and consolidated marine
sediments from the land surface downward are more
than 700 ft thick in the study area. The hydrogeologic
units in these sediments range in age from Quaternary
to early Tertiary. The hydrogeologic framework of the
study area is presented in figure 5, The locations of 10
hydrogeologic sections are shown in figure 6 and the
sections are shown in figures 7-16. A summary of well

records, vertical hydraulic conductivities, and
hydraulic properties of the SAS and IAS are listed in
table 1,

Surficlat Aquifer System

The SAS consists of permeable, unconsolidated,
clastic sediments and some locally consolidated basal
carbonates that range in age from Holocene to
Pliocene. The sediments are composed of fine to
medium quartz and phosphatic sand, clayey sand, clay,
sandy clay, shells, limestone, and dolostone, and
become increasingly phosphatic and clayey with
depth. Carbonate sediments usually are components of
deeper aquifers, but when clay and confining materials

Hydrogeologic Framework 7
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Figure 4. Lithologic, hydrogeologic, and geophysical data at the Walton test well,

are not present, the carbonates may be part of the base
of the SAS. The SAS is contignous with land surface
and extends to the top of laterally extensive and
vertically persistent sediments of much lower
permeability (Southeastern Geological Society,

1986). Data collected during this study indicate that
the SAS ranges in thickness from a few feet to more
than 60 ft (fig. 17).

Sediments of the SAS have a wide range of
hydraulic properties because of variations in grain size
and texture, porosity, depositional environment, and
degree of fluid saturation. Previous investigations
show the hydraulic properties vary considerably
across the study area (table 1). Transmissivities from
aquifer tests at eight wells in Sarasota County range

] Hydrogaology of the Surficial and Intermediste Aquifer Sy

from 150 to 1,800 ftzld, and in western and
northwestern Charlotte County from 1,340 to greater
than 3,340 £t%/d (table 1). Storage coefficients in
Sarasota County from aquifer tests at two wells in the
Carlton Reserve and the Verna well field 2E7 range
from 0.1 to 0.19. Horizontal hydraulic conductivity
values from 15 wells in Sarasota County range from 2
x 103 to 159 f/d and in western and northwest
Charlotte County ranges from 47 to 60 ft/d.

The water table of the SAS generally follows
land-surface topography; however, the water table
varies in altitude seasonally because of recharge from
precipitation and the effects of pumping. The water
table is generally O to 5 ft below land surface, and is at

% in §i
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Figure 5. Hydrogeologic framework in the study area.
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land surface where surface-water bodies such as lakes,
streams, and swamps exist.

Intermediate Aqulfer System

The IAS “includes all rocks that lie between and
collectively retard the exchange of water between the
overlying surficial aquifer system and the underlying
Floridan aquifer system” (Southeastern Geological
Society, 1986, p. 5). Three major permeable zones are
recognized within the study area (fig. 5). Permeable
zones 1, 2, and 3 (PZ1, PZ2, PZ3), respectively, are in
the upper, middle, and lower parts of the IAS. The
zones are distinguished as separate units by
intervening confining units, and by differences in
water quality and water levels. The major permeable
zones of the complex IAS may be thick sequences of
permeable sediments, or successive layers of
permeable and semi-permeable sediments that
function as a single hydrogeologic unit. Boundaries of
the major permeable zones and their confining units
also may transverse chronohorizons (sediments of the
same age). Some layers of clastic or carbonate
sediments within major confining units are more
permeable and are capable of producing small
quantities of water to wells than other layers of
sediments; however, the layers may be thin or not
areally extensive, and incapable of sustaining long-
term ground-water withdrawals.

Lithology and Age

Sediments of the IAS in the study area include
fossiliferous limestone and dolostone, quartz and
phosphate sand, clayey sand, clay, sandy clay, and
chert, ranging in age from Pliocene to Oligocene
(fig. 5). The relation between the stratigraphic and
hydrogealogic units shown i figure 5 is developed
based on limited lithologic control in the study area
and is, therefore, subject to change with more data.

The confining unit below the SAS, the upper
confining unit, is the top of the IAS (fig. 5). The upper
confining unit consists mostly of clay with varying
percentages of quartz and phosphatic sand, silt,
carbonates, and micro- to macrofossils, and sometimes
dense, low-to-very-low-permeability carbonates.
Permeable zone 1 lies below the upper confining unit
(fig. 2) and consists primarily of limestone, dolostone,
and sand with varying percentages of guartz and

phosphatic sand, silt, clay, fossils, and accessory
minerals.

The confining unit below PZ1 consists primarily
of clay with varying percentages of quartz and
phosphatic sand, silt, and accessory minerals, chert,
and low permeability sandstone and carbonates.
Within this confining unit and sometimes composing
the entire confining unit (figs. 10 and 16) is the Venice
Clay (fig. 5). The name Venice Clay was probably first
used by Joyner and Sutcliffe (1976), and later by
Sutcliffe and Thompson (1983), and Miller and
Sutcliffe (1985) to describe a previously unnamed clay
unit. No outcrops of the Venice Clay exist, but
presumably, below-water-surface exposures are
present at about 50 ft below land surface in Warm
Mineral Springs in southern Sarasota County (about
9 mi northeast of Englewood) where Pleistocene to
Miocene sediments are exposed along the open spring
vent wall.

For this study, the Venice Clay is defined as a
green to gray, magnesian clay composed of illite-
smectite, sepiolite, and palygorskite with little or no
quartz, phosphate, or carbonates, Due to sampling
techniques, previous descriptions may have included
materials in contact above and below the Venice Clay.
The USGS conducted x-ray diffraction analyses of
Venice Clay samples from the Carlton Reserve, South
Venice, and Walton test wells, Analyses showed that
the primary components of the Venice Clay are
magnesian clays composed of illite-smectite, sepiolite
and palygorskite, containing little or no carbonate or
quartz (Lucy McCartan, USGS, Reston, Va,, written
commun., 1992). The Venice Clay possesses swelling
properties; several core samples collected at the South
Venice test well expanded about two times the length
of the collection interval upon removal from the core
barrel. Substantial amounts of quartz, phosphate, and
carbonates were observed in sediments suprajacent
and subjacent the Venice Clay. Mixing of the Venice
Clay with these sediments during previous sampling
could explain earlier descriptions of the Venice Clay
as being dolomitic.

Geophysical data can indicate lithologic
characteristics of the sediments, Natural garoma and
electric geophysical log data for 3 wells are given in
figures 2 to 4. The Venice Clay is identified on the
natural gamma log at the area of low intensity, Natural
gamma radioactivity is relatively low (25-30 counts
per second) in the Venice Clay because of low or no
phosphate content,

10  Hydrogeology of the Surficial and Intermediate Aquifer Systems in Sarasota and Adjacent Counties, Florida
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Based on FGS and USGS evaluations of the
cores from the Carlton Reserve, South Venice, and
‘Watton test wells and lithologic data from selected
wells, Scott (1992) proposed that the Venice Clay be
recognized as a member of the Arcadia Formation,
Hawthorn Group. The Venice Clay previously was
defined as the basal part of the Tamiami Formation.
Paleopalynologic evaluations of Venice Clay samples
from the Carlton Reserve, South Venice, Walton,
ROMP 22, and TR 5-1 wells by Lucy E. Edwards
(USGS, Reston, Va., written commun., 1994);
Wingard and others (1993) reported the presence of
dinoflagellate assermblages that range in age from
early or middle Miocene.

Permeable zone 2 underlies the confining unit
that contains the Venice Clay (fig. 5) and i3 composed
primarily of limestone and dolostone with varying
percentages of guartz and phosphate sand, silt, clay,
fossils, and accessory minerals, The confining unit
below PZ2 is composed primarily of clay with varying
percentages of quartz and phosphate sand, silt, and
dense, low-to-very-low permeability carbonates.

Permeable zone 3 underlies the confining unit
below P22 (fig. 5) and is composed primarily of
" limestone and dolostone, and varying percentages of
quartz and phosphate sand, silt, clay, fossils, and
accessory minerals. The confining unit below PZ3, the
lower confining unit, is the base of the IAS. The lower
confining unit is composed of clay with varying
percentages of quartz and phosphate sand, silt, and
dense, low-to-very-low permeability carbonates.

Areal Extent and Thickness

The IAS exists throughout the entire study area;
however, some hydrogeologic units of the system are
not arcally extensive. The IAS is thinnest in Manatee
County and thickest in Lee County, ranging in
thickness from 221 to 745 ft (figs, 7-16), The altitude
of the top of the IAS can be extrapolated from the SAS
thickness map (fig. 17); for example, where the SAS is
20 ft thick, the top of the IAS is at 20 ft below land
surface. The bottom of the IAS coincides with the top
of the UFA and ranges in altitude from less than 300 to
greater than 700 ft below seca level (fig. 18).
Structurally, the IAS and its associated hydrogeological
units have a gentle slope and dip one degree or less
generally toward the south in the study area.

Permeable zone 1 is not extensive throughout the
study area but exists in a part of western Manatee,
southern and westem Sarasota, and western Charlotte

Counties (fig. 19). Permeable zone 1 may exist in
eastern Charlotte and Lee Counties, although the extent
of it in those counties was not determined during this
study. This is generally the thinnest permeable zone of
the IAS, averaging 80 ft or less (fig. 19). Where
present, PZ1 always overlies the Venice Clay.

Permeable zone 2 extends throughout the study
area and beyond, ranging in thickness from 20 ft to
greater than 190 ft (fig. 20); the zone is thickest in
eastern and southern Sarasota, and eastem Manatee
Counties. Permeable zone 2 is always below the
Venice Clay.

Permeable zone 3 extends throughout most of
the study area except in northern and eastern Manatee
County (fig. 21); it probably extends beyond the study
area to the south. Thickness ranges from 0 feet in
central and western Manatee County to greater than
300 £t in southwest Sarasota County. Permeable zone 3
is generally the thickest permeable zone of the IAS in
the study area.

Upper, lower, and intervening confining units
always separate the permeable zones of the IAS. In
some locations however, the various confining units
merge and function as a single confining unit (figs. 7-
16). This condition is most prevalent in the northern
part of the study arca, where permeable zones narrow
progressively to extinction in Manatee County. The
result may be very thick confining units between thin
permeable zones. The upper confining unit generally
is thickest in the southern part of the study area,
ranging in thickness from about 5§ to 150 ft. Various
middle confining units that separate PZ1, PZ2, and
PZ3 range in thickness from about 15 to 240 ft,
depending on whether or not they merge with other
confining units. Because the Venice Clay is an,
important hydrogeologic unit, it is delineated as a
discrete unit within the study area. The Venice Clay is
a convenient marker bed that separates PZ1 from PZ2;
the Venice Clay’s stratigraphic position helps drillers
to locate these zones. The Venice Clay occurs in
southern and western Manatee, Sarasota, western De
Soto and western Charlotte Counties, and probably
extends under the Gulf of Mexico (fig. 22). The Venice
Clay ranges from O to 29 ft thick and averages about
11 ft thick. The lower confining unit, generally
thickest in the southern part of the study area and
where it merges with middle confining units (figs. 7-9,
16), ranges in thickness from about 10 to 240 ft.

Hydrogeologic Framework 11
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Hydraulic Properties

The IAS is a heterogeneous unit because of
local variations in sediment composition and
depositional environments, and in the diagenetic
{physical, chemical, and biological) processes that
have altered those sediments since they were
deposited. As a result of these variations, hydraulic
properties of the hydrogeologic units of the JAS vary
greatly among and also within hydrogeologic units.
Hydraulic properties of the IAS reported by previous
investigators were sometimes determined from wells
that were open to several permeable zones. Only
values representative of discrete permeable zones and
confining units are given in table I,

The principal hydraulic properties summarized
in table 1 for the permeable zones and confining units
are transmissivity, leakance coefficient, storage
coefficient, and vertical and horizontal hydraulic
conductivitics, Some values of leakance coefficients
for various confining units are given as values fora
permeable zone reported by other investigators; their
intent was to repott leakage away from the permeable
zone. Permeable zone 1 has transmissivities ranging
from 1,100 to 8,000 ft/d, leakance coefficients
ranging from 3.6 x 10 to 1.2 x 10°! (f/d)/ft, and
storage coefficients ranging from 1.6 x 105 t0 6.5 x
10*. Few hydraulic conductivity values are available
for permeable material in any of the major permeable
zones, except on the Carlton Reserve tract where
horizontal hydraulic conductivity for two wells in PZ1
ranged from 17 to 56 ft/d; the wells were reported to
be SAS wells, but well construction data suggest these
wells are open to PZ1, Permeable zone 2 has
transmissivities ranging from 200 to 5,000 ft2/d,
leakance coefficients ranging from 2 x 103 to 1.1 x
10°3 (fr/d)/ft, and storage coefficients ranging from 6 x
1010 6.2 x 10, Permeable zone 3 has
transmissivities ranging from 5,600 to 15,400 fi*/d,
one reported leakance coefficient of 3.5 x 1075 (fv/d)/f,
and storage coefficients ranging from 8.5 x 10 to 6.4
x 104, All hydraulic conductivity values for sediments
from the three test wells constructed during the study
were determined by the FGS using a falling-head
permeameter. Vertical hydraulic conductivity values
for confining material within PZ1, PZ2, and PZ3 in the
three test wells ranged from less than 3.6 x 101010 2.4
x 103 f/d. Vertical hydraulic conductivity values of
the various confining units between PZ1, PZ2, and
PZ3 ranged from 1 x 103 to less than 3.6 x 10710 fi/d.
The hydraulic conductivity values of less than 3.6 x

12 Hydrogeology of the Surficial and Intsriadi
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10710 fi/d noted above were from samples that did not
saturate in the permeameter after 31 days or more; the
sediments have very low hydranlic conductivity, and
the values should be used with caution. Vertical
hydraulic conductivity for the confining units above
and below permeable zone 3 at well TR 5-2 were

0.1 ft/d and 10 ft/d, respectively, and were estimated
by model simulations (Hutchinson and Trommer,
1992).

Geologic Faulting

Geologic faulting has been reporied in the IAS
and the UFA (Hutchinson, 1992) in scuthern parts of
the study area and may have important implications
for ground-water quality and movement in the IAS, If
faulting extends into the IAS, results could include:

1) breaks in confining units and direct paths for
upward flow of ground water from lower permeable
zones; 2) major permeable zones may be in direct
contact with each other and water quality of one
permeable zone may be affected by the chemical
properties of water in an adjacent permeable zone; and
3) conduit flow may occur and natural ground-water
flow rates and directions may differ from estimates
derived from aquifer tests and model simulations that
assume porous media flow, Hutchinson (1992)
presents evidence for an east-west fault extending
from the lower IAS to the base of the Suwannee
Limestone in southern Sarasota and northern Charlotie
Counties. Based on observations during this stndy,
faulting appears to extend into the upper parts of the
1AS between the South Venice and TR 4-2 wells and
nearby areas (fig. 7). The Venice Clay gently slopes in
the study area usually from 0.01 to 0.1 degree. In
southemn Sarasota County a slight deviation of the
slope to about 0.3 degree between the wells may be an
indication of faulting that extends to shallow depths.
The South Venice well is on the down-thrown side,
and the TR 4-2 well is on the up-thrown side of the
fault described by Hutchinson (1992). The Venice
Clay appears to be at the expected depths. Data from
wells near TR 4-2, although not included in the section
lines, were used to corroborate depths of the Venice
Clay and showed inconsistency with the expected fault
displacement. Although not conclusive evidence, the
depths of the Venice Clay at these wells suggest
additional fault lines or more complex faulting has
taken place in the region north of Englewood.

In Sarascta and Adjscem Cournties, Florida




GROUND-WATER USE

- In coastal southwest Sarasota County, ground-
water withdrawals from individual aquifers is reported
to the SWFWMD by major pumping centers and
permitted users, to aid the evaluation of water quality
and ground-water flow in that area. Ground water is
primarily used for domestic, agricultural irrigation,
and public supply. A large part of ground-water use in
southwest Sarasota County is for public supply. Major
pumping centers are defined by this report as
commurity potable water systems that pumped
50,000 gal/d or more. The water systerms were either a
utility company with a consolidated network of
production wells, or a municipality with several
dispersed well ficlds. Many private wells used for
domestic supply in southwest Sarasota County pump
less than 50,000 gal/d. In 1992, there were four major
pumping centers in southwest Sarasota County that
produced 50,000 gal/d or more from either the SAS or
the IAS for public supply (fig. 23 and table 2).
Average daily withdrawal rates for 1992 ranging from
about 50,000 to 4,038,000 gal/d from these pumping
centers are shown in table 2 (SWFWMD, written
commun., 1993), The major pumping centers, due to

“development preferences and population density in

southwest Sarasota County, have been constructed
within 5 mi of the Gulf of Mexico.

Table 2. Ground-water withdrawais from the surficial and
intermediate aquifer systems at major pumping canters,
southwest Sarasota County, 1982
l'Majotpumpmg conlers are community potable water mpply e
-Wwaler p m
W'thﬂnwal Tales were reported as avme values (Soul.lxwut Florida
‘Water Management District data filey). SAS, surficial Aqmﬁer sytem; IAS
PZ1, mmrmednmnquu-:yalgm.pmblam-l PZ2, intermedi-
amaquar:{hwm.pmlbumz,m PZ3, inteninedinte aquifer sys-
zone 3; gal/d, gallons per day]

Productiol

Major pumping center " mh‘(’m

Englewood Water District:
SAS 93,000
IAS PZ1 90,400
1AS PZ1 103,100
1AS PZ1 722400
IASPZ3 1,655,300
Plantation Utility IASPZ3 278,900
City of Venice well field IASPZ2 27,000
IASFZ3 4,038,000
Venice Gardens Utility IAS PZ2 268,100
IAS PZ3 2,176,100

The SAS yields freshwater, which is used
primarily for public and domestic supply, and lawn
and agricultural irrigation. Because of low
transmissivity of the SAS and because most wells are
small in diameter, withdrawal rates usually are less
than 50 gal/min, If the wells are located close to the
coast, withdrawal rates are intentionally decreased to
reduce the possibility of seawater intrusion. Use of
water from the SAS varies among the cormunities in
the study area depending on the availability of other
water sources. In Englewood and areas to the south,
the SAS is used mostly for public and domestic
supply; north of Englewood, the SAS is used more
extensively for lawn and agricultural irrigation. Water
from the SAS usually requires treatment to remove
dissolved solids. The LAS yields larger quantities of
freshwater than the SAS or the UFA, although the
UFA yields larger quantities but with greater
concentrations of dissolved solids in southwest
Sarasota County. Water from the lower part of the IAS
is more saline than water in the upper part;
consequently, community potable water systems and
other public facilities use desalinization or reverse-
osmosis processes to treat the water.

GROUND-WATER QUALITY

Ground-water quality was evaluated in this
study over a 155-mi® arca of coastal southwest
Sarasota County between Osprey and Englewood, and
at the Carlton Reserve and South Venice test wells
(fig. 1); this was done because of potential ground-
water degradation from upconing and lateral intrusion
of seawater. Southwest Sarasota County had a
sufficient number of wells in which water could be
sampled and evaluated from discrete permeabls zones;
other parts of the study area lacked the required data
sites. Lateral intrusion of seawater in Florida's aquifer
systems within this century has become a derivative of
coastal metropolitan development, and Sarasota
County is no exception. Ground-water withdrawals
from the IAS in the county also have caused upconing
of saline water from the UFA. Ground-water flow in
the IAS in the study ar¢4 at most times has an upward
flow component, and consequently, pumping from one
aquifer allows water in the next lower aquifer to move
up through the system at a faster rate. Deeper
hydrogeologic units are the source of vertically
intruded water containing higher dissolved-solids
concentration.

Ground-Water Quallty 13
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Constituents that included chloride, sulfate, and
dissolved-solids concenirations, and temperature, pH,
and specific conductance mieasurements were used as
precursors to evaluate lateral seawater intrusion from
the Gulf of Mexico and upconing of saline water from
the UFA into the IAS. In order to characterize the
ground-water quality in southwest Sarasota County
between Osprey and Englewood, 96 wells open to the
SAS, and-individual permeable zones and confining
units of the IAS were sampled from June to November
1993 (fig. 24).

Only water from wells open to discrete
permeable zones as defined by this study was sampled.
Well records and ground-water quality data for 96
wells (26 SAS, 23 PZ1, 28 PZ2, and 19 PZ3 wells) are
given in table 3. Water samples from B5 of these wells,
including five SAS wells drilled by the USGS using a
solid-stem auger rig in areas where data were not
available, were collected by USGS personnel. During
the period June to November 1993, the USGS, using
production pumps, water taps, and portable centrifugal
and submersible pumps, collected one water sample
from each of the 85 wells. Water samples were
collected after 2 to 3 casing volumes of water were
evacuated and field measurements had stabilized.
Field measurements included temperature, pH, and
specific conductance. Water samples were then sent to
the USGS Water-Quality Laboratory, Ocala, Florida,
and analyzed for chloride, sulfate, dissolved solids,
and nitrogen. Selected water-quality data for samples
from 11 wells, collected and analyzed by private
sources, also were evaluated and are given in table 3.
The water-quality data were evaluated with respect to
secondary maximum contaminant levels (SMCL) of
the recommended secondary drinking-water regula-
tions (U.S. Environrnental Protection Agency, 1988)
for chleride, sulfate, and dissolved solids as follows:

Conastituent &G;Tm:“mmm
Chloride 250 mg/L
Dissolved solids 500 mg/L
Suifate 250 mg/L

Water samples were collected from the IAS at
selected intervals of clay within the major permeable
zones and from the confining units between major
permeable zones at the Carlton Reserve and South
Venice test wells (fig. 24). The water samples were
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collected from cores during drilling of the test wells.
The purpose of cellecting the samples was to evaluate
interstitial water quality in confining mnaterial and to
demonstrate the capacity of a pore-squeezing
apparatus to extrude water from sediments in Florida,
The pore-squeezing technique and apparatus used in
this study were adapted from techniques used in the
petrolenm industry and described by various
investigators including Swarzenski (1959),
Lusczynski (1961), Manheim (1966), Manheim and
others (1985), Pucci and Owens (1989), and Pucci and
others (1992).

The pore-squeezing apparatus used in this smdy
included a stainless-steel hollow eylinder (3 in. in
length by 2.5 in. in diameter) with matching piston,
seals, gaskets, and a 0.45 pm filter. A small sediment
sample, about 1.5 in3, was taken from the interior of
the unconsolidated core material immediately upon
removal from the well bore, inserted into the cylinder,
and pressed into the chamber by the piston. A
manually cranked bar-clamp was used to apply the
force needed to extrude interstitial water from the core
sample in the apparatus into a polyethylene tube or
collector syringe. Volumes of water collected from
each core sample ranged from 3 to 14 mL. Extraction
times ranged from 5 to 50 minutes.

Water samples were analyzed by the USGS
Ocala Laboratory for cations, anions, iron, strontium,
nitrogen, hardness, specific conductance, pH, and
alkalinity. No field measurements were made.
Standard laboratory analytical procedures and induced
coupled plasma/mass spectrometry methods were
nsed. Water samples were collected from eight core
samples at the Cariton Reserve test well and 6 samples

 at the South Venice test well. Some analyses were not

made when limited volumes of sample water were
available; laboratory alkalinity and pH measurements
were performed only on water from the Carlton
Reserve test well. Alkalinity concentrations for the
South Venice test well were not analyzed by field or
laboratory titrations, but were approximated by
calculating the difference between cations and anions
in millicquivalents per liter and converting to
milligrams per liter of calcium carbonate,

Surficial Aquifer System
Most of the 26 SAS wells from which water
samples were collected produce water with chloride

and sulfate concentrations below U.S. Environmental
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Protection Agency (USEFPA) recommended secondary
drinking-water regulations SMCL (figs. 25 and 26).
About half the water samples exceeded the SMCIL, for
dissolved solids; all water samples analyzed except
one have dissolved-solids concentrations greater than
or equal to 300 mg/L and specific conductances
greater than 500 mg/L (fig. 27). Nitrogen
coneentrations were also analyzed in water from wells
open to the SAS, Nitrogen (NO,+NO;) concentrations
from most samples were less than the detection limit
of laboratory analytical equipment (less than
0.02 mg/L). The pH of SAS water ranged from 4.8 to
8.9. Water in the SAS is usnally acidic due to contact
with carbon dioxide in the air and sediments; however,
some SAS water is alkaline because of dissolution of
accessory shell and calcium materials. Temperatures
of the water samples ranged from 23.6 to 32.4°C.
Wells within 2 mi of coastal or estuarine
environments have concentrations of chloride, sulfate,
and dissolved solids that approach or exceed the
USEPA recommended secondary drinking-water
regulations. Water from wells in the study area more
than 2 mi from coastal or estuarine environments
usually had chloride and sulfate concentrations within
- the recommended limits. Water samples from the SAS
in the central region of the water-quality study arca
had dissolved-solids concentrations less than
500 my/L. The dissolved-solids concentrations greater
than 500 mg/L that were detected more than 2 mi
* inland were in an area centered around major pumping
centers that include the Englewood Water District,
Plantation Utility, and the City of Venice well fields
(fig. 27). Coastal and estuarine areas occasionally are
subjected to short durations of flooding by high tides
that result in inundation by sea water with high
dissolved-solids concentrations. Inlets, creeks, and
canals allow further contamination by seawater into
arcas beyond coastal margins. Chloride concentrations
on some barrier islands such as at the Casperson
Beach well (fig. 25; index no. 10) may be less than
expected due to local recharge. Detectable nitrite plus
nitrate nitrogen concentrations (0.09 to 0.85 mg/L,
table 3) in water from four wells may be due to
fertilizers in inland areas, or natural concentration
levels in coastal areas.

intermediate Aquifer System

Ground water from wells tapping all permeable
zones of the IAS is predominately calcium

bicarbonate, calcium sulfate, or sodium chloride type
(Hutchinson, 1992), although water of other types
exists in the study area. Water from the 1AS is glightly
saline with chloride and dissolved-solids
concentrations generally increasing with depth. Water
in the IAS in most parts of the water-quality study area
is not suitable for drinking without treatment because
the water exceeds the SMCL for dissolved solids
(USEPA, 1988).

Permeable Zone 1

Twenty-three wells open to PZ1 were sampled
during the study (table 3). The distribution of chloride,
sulfate and dissolved-solids concentrations, and
specific conductance measurements in PZ1 are shown
in figures 29-32. Chloride concentrations ranged from
45 to 1,520 mg/L., Sulfate concentrations ranged from
less than 0.2 to 1,200 mg/L.. Dissolved-solids
concentrations ranged from 431 to 3,410 mg/L.
Temperatures ranged from 23.6 to 28.1°C, The pH
ranged from 6.6 to 7.8. Specific conductances ranged
from 674 to 5,250 uS/cm. Chloride concentrations
exceeded USEPA regulations at five wells (index nos,
103, 107, 164, 168, and 169), sulfate at five wells
(index nos. 90, 93, 164, 176, and 183), and dissolved
solids for all wells except for three wells (index nos.
97, 108, and 188).

Wells at or near coastal and estuarine
envirenments and major pumping centers generally
produce water that exceeds USEPA regulations for
chloride, sulfate, and dissolved solids (figs. 29-31).
Water from PZ1 wells within 2 mi of coastal and
estuarine environments usually exceeded USEPA
regulations for chloride and sulfate; wells within 5 mi
had dissolved-solids concentrations greater than
500 mg/L. Water from PZ1 wells that were 2 mi or
more from coastal and estuarine environments had
specific conductance measurements that were less than
1,000 pS/cm; some of the highest specific
conductance measurements (table 3) were in water
from wells at or near coastal or estuarine environments
(fig. 32).

Chloride, sulfate, and dissolved-solids
concentrations have been determined for water
samples from well 164 (EWD EPZ 9) since 1987
(fig. 41). Although a variety of sampling techniques
have been used by the Englewood Water District
personnel over the years, the effects of varying
pumping rates are also apparent. Concentrations of
chloride, sulfate, and dissolved solids are relatively
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stable when pumping rates are low, but increase during
periods of increased pumping (Roger Quick, the
Englewood Water District, oral commun., 1993), such
as in 1991, Water from the area argund the EWD well
field generally exceeds the USEPA reguiations for
chloride and dissolved solids (figs. 29 and 31). In the
arca of the Englewood Water District well ficlds, high
chloride and sulfate concentrations probably result
from a combination of lateral seawater intrusion and
upconing of saline water from deeper permeable
Zones.

High chloride, sulfate, and dissolved-solids
concentrations in ground water from an area centered
at the Venice well field could be related to lateral
seawater intrusion induced by pumping. Pumping
from PZ2 and PZ3 in the Venice well field (table 3}
may also cause upconing of saline water that migrates
into PZ1 because of an upward hydraulic gradient.

Permeable Zone 2

Most of the 28 PZ2 wells evaluated and sampled
are in the northern half of the study area; few wells
open to PZ2 were available in the southern half of the
arca. Chloride concentrations in water from these
wells ranged from 48 to 4,920 mg/L. Sulfate
concentrations ranged from 16 to 1,600 mg/L.
Dissolved-solids concentrations ranged from 316 to
10,300 mg/L. Temperatures ranged from 24.4 to
27.5 °C. The pH ranged from 6.5 to 7.7, Specific
conductances ranged from 515 to 15,100 pS/em.
Chloride concentrations exceeded USEPA regulations
at five wells (index nos. 56, 74, 108, 192, and 194,
table 3 and fig. 33), for sulfate from all except 9 wells
(index nos. 70, 97, 146, 158, 182, 185, 187, 197, and
221, table 3, and fig. 33), and for dissolved solids from
all except 3 wells (index nos. 182, 185, and 193, table
3, and fig. 34).

Concentrations of chloride, sulfate, and
dissolved solids generally are highest along the coast
and at major pumping centers (figs. 33-35). Lateral
intrusion of seawater probably takes place in coastal
regions. Wells Jocated more than 2 mi from coastal or
estuarine environments generally have concentrations
of chloride, sulfate, and dissolved solids less than
USEPA regulations. Maps showing concentrations of
water-quality parameters indicate upconing of saline
water from PZ3 in the Venice well field,

High concentrations of dissolved solids in
inland areas is due to the interchange of water among

- several permeable zones through muitiple-zone wells.

Water from many multiple-zone wells in the study
area can have local or regional effects on water
quality. An example of possible local effect is water
from well 74 (table 3 and figs. 33-35) which had
higher than expected concentrations of chloride,
sulfate, and dissolved solids, and high specific
conductance. A well with high dissolved-solids
conceniration, about 400 ft away from well 74, may be
open to PZ2 and deeper permesble zones, thus
allowing saline water to enter PZ2 and into well 74.

Water quality at some pumping centers can
fluctuate widely due to changes in withdrawal rates
from the pumping wells. Long-term concentrations of
chloride, sulfate, and dissolved selids in water from
three wells open to PZ2 are shown in figures 42-44.
Well locations are shown in fig, 24. Increases in
concentrations of chloride, sulfate, or dissolved-solids
concentration in water from Venice Gardens (VG 9)
and Plantation MW4 coincided with increases in
pumping rates on one¢ or more cccasions. Data from
VG 9 (index no. 185, figs. 33-35) and MW4 (index no.
182, figs. 33-35) indicate that water-quality changes in
inland areas probably are the result of upconing of
saline water from deeper aquifer units. At the
Southbay Utility well PZ2 (fig. 44) both lateral
seawater intrusion and upconing probably are
occurring due to elevated concentrations of chloride,
sulfate, and dissolved solids.

Permeable Zone 3

Nineteen wells tapping PZ3 were sampled in the
northern half of the study area. Wells in the water-
quality study area used for public supply commonly
are not completed in PZ3, except for those wells used
for reverse-osmosis treatment and agriculiural
irrigation, becanse the water has high concentrations
of sulfate and dissolved solids. Chloride .
concentrations ranged from 33 to 4,200 mg/L. Sulfate
concentrations ranged from 388 to 2,500 mg/L,
Dissolved-solids concentrations ranged from 1,120 to
7,700 mg/L. Temperatures ranged from 25.6 to
28.4°C. The pH ranged from 6.4 to 7.5. Specific
conductances ranged from 1,347 to 10,370 uS/cm.
Chloride concentrations in water samples exceeded
USEPA regulations for drinking water for all except
six wells (index nos. 109, 112, 114, 123, 124, and 308,
table 3 and fig. 37). Sulfate and dissolved-solids
concentrations in water from all the wells exceeded
the standards.
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Water with the highest concentrations of
chloride and dissolved solids was generally from wells
in the sonthern part of the study area (figs. 37 and 39).
However, sulfate concentrations were much lower in
the southern part of the area. Specific conductance
measurements of more than 2,000 uS/cm were
common in water from wells in the study area
{fig. 40); the distribution of specific conductance
followed the samie pattern as concentrations of
dissolved solids.

Water in PZ3 has naturally higher
concentrations of chloride, sulfate, and dissolved
solids than water in PZ1 and PZ2 in the study area.
Pumping from PZ3 causes lateral seawater intrusion in
coastal regions and upconing from the UFA, resulting
in increased mineral concentration. Plots of chloride,
sulfate, and dissolved-solids concentration from 1983
to 1994 for water from four wells open to PZ3 are
shown in figures 45-48. In southern Sarasota County,
chloride, sulfate, and digsolved-solids concentrations
in water from EWD RO Production well 1 (index no.
147 in table 3 and figs. 37-39) generally increased
from 1983 to 1993. Pumpage from PZ3 at the
Englewood Water District well field 4 increased from
about 585 Mgal/d in 1983 to about 1,358 Mgal/d in
1993 (a 132-percent increase). The increases in
chioride, sulfate, and dissolved-solids concentrations
at the Englewood Water District RO Production well 1
in late 1992 and early 1993 are probably due to a
pumipage increase at the Englewood Water District
well field 4 from 1.4 Mgal/d in September 1992 to
1.9 Mgal/d in January 1993 (EWD data files).
Monthly fluctvations of chloride, sulfate, and
dissolved-solids concentrations in water from
Plantation MW?3 (fig. 46), Sarasota County Utilities
PZ3 (fig. 47), and Southbay Utilities PZ3 (fig. 48) are
similar to concentration changes in water from well
EWD RO 1 (fig. 45) and probably are related to
changes in pumping rates.

Cariton Reserve and South Venice Test Wails

Comparisons were made between chloride, sul-
fate, and specific conductance data for water samples
from the IAS at different intervals in each borehole
(figs. 49 and 50). Major-ion diagrams for water sam-
ples from the Carlton Reserve and South Venice test
wells are shown in figure 51 and the data are shown in
table 4.

Water from the IAS at the Carlton Reserve test
well is a calcium bicarbonate type in the upper confin-

ing unit through the upper part of permeable zone 2, a
magnesium bicarbonate type in the lower part of per-
meable zone 2, and a calcium sulfate type in perme-
able zone 3 through the lower confining unit (fig. 51).
Water from the IAS at the South Venice test well is a
calcium bicarbonate type in the upper confining unit
between permeable zones 2 and 3, a sodium-magne-
sium chloride-bicarbonate type in the lower part of the
confining unit between permeable zones 2 and 3, and a
calciurm sulfate type in permeable zone 3 (fig. 51).
Chloride, sulfate, and hardness concentrations,
and specific-conductance values generally increased
with depth in the IAS at both test wells (table 4 and
figs. 49-51). At both test wells, chloride concentra-
tions were below the USEPA SMCL in 2l evaluated
hydrogeologic units of the IAS. Whereas most sulfate
concentrations were below the SMCL in PZ2 and
upper zoncs at both test wells, sulfate concentrations
of 270 and 280 mg/L were detected in water from the
Venice Clay at the Carlton Reserve test well. The
highest sulfate concentrations at both test wells were
detected in water at depths below PZ2. The higher
chloride, sulfate, and hardness concentrations, and
specific conductance in the lower permeable zones can
be attributed to upward ground-water flow from the
UFA at both test wells, and also to lateral flow due to
proximity to the Gulf of Mexico at the South Venice
test well, Specific conductance measurements ranged
between 920 and 2,120 pS/cm at the Carlton Reserve
test well and 550 and 2,080 yLS/cm at the South Venice
test well; the highest specific conductance measure-
ments were in water from PZ3 at both test wells
(table 4 and figs. 49-51). Generally, the water is
slightly acidic or slightly alkaline at the Carlton
Reserve test well and pH ranged from 6.3 to 7.9, Iron
concentrations were usually less than the USEPA
SMCL (0.3 mg/L) at both test wells, but were
1.1 mg/L. in permeable zone 2 and 0.4 mg/L in the
lower confining unit at the Carlton Reserve test well.
Strontium concentrations, ranging from 1,200 to
14,000 pg/L at the Carlton Reserve test well, and 620
to 13,000 pg/L at the South Venice test well, increased
with depth, but some exceptions were detected. Nitite
plus nitrate showed no discernible trend with depth;
concentrations as nitrogen ranged from .14 to
2.8 mg/L at the Carlton Reserve test well and less than
0.02 to 0.42 mg/L at the South Venice test well, and
were always below the USEFA SMCL (10 mg/L).
The chemical composition of water samples
from various depths in the two test wells was also com-
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pared to the composition of water from other wells tap-
ping the same hydrogeologic units. Although the
Carlton Reserve test well is slightly east of the water-
quality study area (fig. 24), chloride, sulfate, and spe-
cific-conductance values for water from the Carlton
Reserve test well were similar to or slightly lower than
the values for water from well 70 in PZ2 and wells 114
and 124 in PZ3 (tables 3 and 4). Chloride, sulfate, and
specific-conductance values at the South Venice test
well were similar or slightly lower than values for
régional PZ1 and PZ3 water (tables 3 and 4).

GROUND-WATER FLOW

Ground-water flow, described for the IAS in the
study area, occurs under confined conditions.
Horizontal ground-water flow through the IAS in the
study area is generally from northeast to southwest, as
indicated in the composite potentiometric surface
maps in May and September 1993 (fig. 52). Data used
to define head altitudes on the potentiometric maps
were from wells open to all or only parts of the LAS.
The seasonal low (May) and high (September) water-
level periods, typical for the study area are also shown
in figure 52. The potentiometric surface fluctuates in
response to hydraulic charagteristics of the sediments,
recharge, discharge, and pumping stresses. A recharge
area can be defined as that part of a ground-water flow
system that has downward head gradients, whereas a
discharge area has upward head gradients. A two-
dirensional conceptual mode] of the flow system,
shown in figure 53, represents a discharge area of the
IAS in southwest Sarasota County. All IAS confining
units in the study area allow vertical leakance. Most of
the study area is in the discharge area of the IAS.
Some parts of the study area in Manatee, Hardee, and
De Soto Counties may be recharge or intermittent
discharge areas of the IAS.

The IAS has verticel ground-water flow in the
siudy area. An upward flow in the major permeable
zones of the TAS results in hydraulic heads that
generally increase with depth in the study area. The
general head relation between the SAS, IAS, and UFA
at ROMP TR 5-2 in Sarasota County is shown in
figure 54. Head data from the wells shown in figures
2-4 indicate a graduat head increase in the IAS with
depth, and sometimes significant head increases occur
when major permeable zones are penetrated during
drilling. Water-level relations between the SAS, major
permeable zones of the IAS, and the UFA are not

completely understood in the study area due to

insufficient head data for discrete permeable zones of

the IAS.

Water withdrawn from the IAS will probably
result in changes in the chemical composition and
availability of the ground water. The ability of ground-
water managers to detect these changes can be
enhanced by the use of numerical models. Conceptuat
ground-water flow models, used to design numerical
madels, may sometimes use simplified assumptions
about the hydrogeology. If the hydrogeology is
complex, as in the case of the IAS in the study area,
more complex assumptions should be employed. The
following assumptions should be considered when
numerical models are used to evaluate ground-water
flow of the IAS in the study area:

1. The IAS is heterogeneous, Although this study
shows that a broad range of hydraulic properties
exist for major permeable zones of the IAS, val-
ues reported by this and previous reports appear
reasonable and could be used for modeling pur-
poses.

2, Two or three major permeable zones of the IAS
exist in the study area. The IAS should be evalu-
ated as a multilayer flow system.

3. Permeable zones 1 and 2 are only several tens of
feet thick in some areas; thus, pumping may have
a greater effect on water-level drawdowns in
these areas. Models should be designed that con-
sider the effects of ground-water withdrawals
from major pumping centers that withdraw
50,000 gal/d or more.

4. Major permeable zones of the IAS have unique

water chemistry. Different concentrations of dis- -

solved solids in the zones are important if parti-
cle-tracking simulations are performed.

5. Adeguate head data of major permezble zones of
the IAS are lacking in the study area because of
nonuniform distribution of monitor wells. Obser-
vation wells outside the study area also are
needed for the collection of head data. Head data
are necessary for evaluating model assumptions,
boundary conditions, water budgets, and ground-
water fluxes in and out of the aquifer units.

SUMMARY

Demand for ground water for public, industrial,
agricultural irrigation, and domestic usc has intensi-
fied the need to understand the hydrogeology of the
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surficial and the intermediate aquifer systems in south-
west Florida. The surficial, intermediate, and Upper
Floridan aquifers are the main aquifer systems in Sara-
sota County and neighboring counties. In southern
Sarasota County and countjes to the south, limited
supplies of potable water can be pumped from the
surficial and intermediate aquifer systems.

An investigation was conducted in southwest
Floridz from 1991 to 1995 to evaluate the hydrogeo-
logy of the surficial aquifer system and the major per-
meable zones and confining units of the intermediate
aquifer system in a 1,400-square-mile area that
includes Sarasota County and parts of Manatee, De
Soto, Charlotte, and Lee Counties. Lithologic, geo-
physical, hydraulic property, and water-leve! data from
61 wells were used to correlate the hydrogeology and
map the extent of the surficial and intermediate aguifer
systems in the study area. In southwest Sarasota
County, water chemistry was evaluated to determine
salinity or saline character of the surficial and interme-
diate aguifer systemns. Furthermore, ground-water flow
within the major permeable zones of the intermediate
aquifer system was described.

The surficial aquifer is an unconfined aquifer
systemn that overlies the intermediate aquifer system
and ranges from a few feet to over 60 feet in thickness
in the study area. Pliocene and younger surficial aqui-
fer systemn sediments are composed mainly of uncon-
solidated clastics and carbonates. Hydraulic properties
of the surficial aquifer system determined from aquifer
and laboratory tests, and model simulations vary con-
siderably across the study area.

The intermediate aquifer system is a series of
Pleistocene to Oligocene age sediments composed of
fossiliferous limestone and dolostone, quartz and
phosphatic sand, clayey sand, clay, sandy clay, and
chert, The intermediate aquifer system, a confined
aquifer system that lies between the surficial and the
Upper Floridan aquifers, is composed of alternating
confining units and permeable zones. The intermediate
aquifer system, a complex heterogeneous system, has
three major permeable zones that exhibit a wide range
of hydraulic properties.

The surficial aquifer system and major perme-
able zones of the intermediate aquifer system have dis-
tinct water-quality characteristics that range naturally
Trom fresh in the surficial aquifer system and upper
permeable zones of the intermediate aquifer system to
moderately saline in the lower permeable zone. Water-
quality data collected in coastal southwest Sarasota

County indicate that ground-water withdrawals from
major pumping centers have caused lateral seawater
intresion and upconing into the surficial and interme-
diate aquifer systems.

Water.level data indicate that horizontal flow in
the intermediate aquifer system is northeast to south-
west. Most of the study area is in a discharge area of
the intermediate aquifer system. Data from this study
indicate an upward heal gradient in the intermediate
aquifer system, where heads increase with depth.

SELECTED REFERENCES

Ardaman and Associates, Inc., 1992, Geotechnical
evaluation, hydrogeological survey and groundwater
monitoring plan, Sarasota Central Landfill Complex,
Sarasota County, Florida: Consultant’s report in the
files of Sarasota County.

Brown, D.F,, 1981, Water resources of Manatee County,
Florida: U.S, Geological Survey Water-Resources
Investigations Report 81-74, 112 p.

1982, Water resonrces and data-network assessment
of the Manasota basin, Manatee and Sarasota Counties,
Florida: 1.8, Geological Survey Water-Resources
Investigations Report 82-37, 80 p.

Campbell, K.M., 19853, Geology of Sarasata County,
Flarida: Florida Geological Survey Open-File Report
10, 16 p.

1985b, Geology of De Soto County, Florida: Florida
Geological Survey Open-File Report 11, 13 p.

Campbell, K.M,, Scott, TM., Green, R.C., and Evans, W.L.
111, 1993, Sarasota County intermediate aquifer system
core drilling and analysis: Florida Geological Survey
Cpen-File Report 56, 21 p.

CH2M Hill, Inc., 1978, Investigation of water availability
for proposed well field no. 3, the Englewood Water
District: Consultant’s report in the files of the
Englewood Water District, Sarasota County, Florida.

1980, Drilling and testing of wells for reverse

osmosis water supply: Englewcod Water District:

Consultant’s report in the files of the Englewood Water

District, Sarasota County, Florida.

1938, Drilling and testing of the deep injection well
system at North Port Charloite, Florida: Consuitant’s
repart to the Florida Department of Environmental
Regulation, file no. FC15920.C2.

Clark, W.E., 1964, Possibility of salt-water leakage from
proposed istracoastal waterway near Venice, Florida
well field, Florida Geological Survey Report of
Investigations 38, 33 p.

Covington, J.M., 1993, Eogenc nanofossils of Florida in
Zullo, V.A., Harris, W.B,, Scott, T.M., and Portello,
R.W.,, eds., The Neogene of Florida and adjacent

20 Hydrogeology of the Surficlal and Intermaediate Aquifer Systems In Sarasots and Adjacent Counties, Florida




__ Page 27|

regions, Proceedings of the third Bald Head Island
Conference on Coastal Plains Geology: Florida
- Geological Survey Special Publication 37, p. 43-44.

Dames and Moore, Inc., 1985, Water supply development
project, Ringling-MacArthur Reserve: Consultant's
report in the files of Sarasota County,

err, A.D., Hunn, J.D., Lewelling, B.R., and Trommer,

* LT, 1988, Geohydrology and 1985 water withdrawals
of the aquifer systems in southwest Florida, with
emphasis on the intermediate aguifer system; U.S.
Geological Survey Water-Resources Investigations
Report 87-4259, 115 p.

Duerr, A.D., and Wolansky, R.M., 1986, Hydrogeclogy of
the surficial and intermediate aquifers of central
Sarasota County, Florida: U.S. Geological Survey
‘Water-Resources Investigations Report 86-4068, 48 p.

Geraghty and Miller, Inc., 1974, A reconnaissance appreisal
of the water potential of the upper artesian aquifer at
the Verna well field, Sarasota, Flotida: Consultant's
report in the files of Sarasota County.

1975, Ground-water resources of the Vermna well

field, Sarasota, Florida: Consultant’s report in the files

of Sarasota County.

1980, Hydrogeologic investigation of the upper

aquifer systems in the Venice Gardens area, Phase 1

and Phase IT: Consultant’s report to the Florida

Department of Environmental Regulation, file no.

U058-116725.

1981, MacArthur tract hydrologic and water-supply

investigation, Phase I: Consultant’s report in the files

of Sarasota County.

1985, Construction and testing of the injection well
at Venice Gardens: Consultant’s report to the Florida
Department of Environmental Regulation, file no.
UD58-90595, 25 p.

Hutchinson, C.B., 1984, Hydrogeology of the Verna well-
field area and management alternatives for improving
yield and quality of water, Sarasota County, Florida:
1.8, Geological Survey Water-Resources
Investigations Report 84-4006, 53 p.

1992, Assessment of hydrogeologic conditions with
emphasis on water quality and wastewater injection,
southwest Sarasota and west Charlotte Counties,
Florida: U.S. Geological Survey Water-Supply Paper
2371, 74 p.

Hutchinson, C.B., and Trommer, J.T., 1992, Model analysis
of hydraulic properties of a leaky aguifer system,
Sarasota County, Florida: U.8. Geological Survey
‘Water-Supply Paper 2340, p. 49-62,

Joyner, B.E, and Sutcliffe, H., Ir., 1976, Water resources of
Myakka River basin area, southwest Florida: U.S.
Geological Survey Water-Resources Investigations
Report 76-38, 87 p.

Lusczynski, N.J., 1961, Filter-press method of extracting
water samples for chloride analysis: U.S. Geolegical
Survey Water-Supply Paper 1544-A, B p.

Manheim, ET., 1966, A hydraulic squeezer for obtaining
interstitial water from consolidated and unconsolidated
sediments: U.S, Geological Professional Paper 550-C,
p- 256-261.

Manheim, F.T., Peck, E.E., and Lane, C.M., 1985,
Determination of interstitial chloride in shales and
consolidated rocks by a precision leaching technique:
Society of Petroleum Engineers Joumal, October 1985,
p. 704-710.

Miller, R.L., and Sutcliffe, H,, Jr., 1985, Water-quality and
hydrogeologic data for three phosphate industry waste-
disposal sites in centyal Florida, 1979-80: U.S.
Geological Survey Water-Resources Investigations
Report 81-84, 77 p.

Missimer, T.M., McNeill, D.F., Ginsburg, R.N., Mueller,
P.A., Covington, J.M., and Scott, T.M., 1994, Cenozoic
record of global sea level events in the Hawthorn
Group and Tamiami Formation on the Florida
platform: Ahstract, Geological Society of Ametica,
Annual Meeting, Seattle, Wash., Program with
Abstracts, p. A-151.

Mularoni, R.A., 1994a, Potentiometric surfaces of the
intermediate aquifer system, west-central Florida, May
1993: U.S. Geological Survey Open-File Report 94-34,
1 sheet.

1994b, Potentiometric surfaces of the intermediate
aquifer system, west-central Florida, September 1993:
U.S. Geological Survey Cpen-File Report 94-80,

1 sheet.

Parker, G.G., Ferguson, G.E., Love, S.K,, and others, 1955,
‘Water resources of southeastern Florida, with speciat
reference to the geology and ground water of the
Miami area: U.S. Geological Survey Water-Supply
Paper 1255, 965 p.

Peek, H.M., 1958, Ground-water resources of Manatee
County, Florida: Florida Geological Survey Report of
Investigations No. 18, 99 p.

Post, Buckley, Schuh, and Jemigan, Inc., 1981, Aquifer test
engincering report, The Plantation, Sarasota County,
Florida: Consultant’s report to the Florida Department
of Environmental Regulation, file no. U058-109386.

19824, Test of second artesian and Floridan aquifers,
City of Venice, Sarasota County, Florida: Consultant’s
report in the files of the City of Venice.

———1982b, Floridan aquifer test engineering report, The
Plantation, Sarasota County, Florida: Consultant’s
report in the files of the Plantation Uhilities.

Pucci, A.A., and Owens, J.P., 1989, Geochemical variations
in & core of hydrogeologic units near Freehold, New
Jersey: Ground Water, November-December 1989,

v. 27, no. 27, p. 802-812.

Selected Reforsnces 21




Pucci, A.A., Ehlke, T.A., and Owens, J.P,, 1992, Confining
unit effects on water quality in the New Jersey Coastal
Plain; Ground Water, May-June 1992, v. 30, no. 3,

p. 415-427,

Ryder, P.D., 1982, Digital model of predevelopment flow in
the Tertiary limestone (Floridan) aquifer system in
west-central Florida: U.S. Geological Survey Water-
Resources Investigations Report 81-54, 61 p,

Scott, T.M., 1988, The lithostratigraphy of the Hawthorn
Group (Miocene) of Florida: Florida Geological
Survey Bulletin 59, 148 p.

1992, Neogene lithostratigraphy of the Flosida
peninsula-problems and prospects: The third Bald
Head Island Conference on Coastal Plains Geology,
Abstract volume p. 34-35.

Scott, T.M., Wingard, G.L., Weedman, $.D., and Edwards,
L.E., 1994, Reinterpretation of the peninsular Florida
Oligocene: A multidisciplinary view: Abstract,
Geological Society of America, Annual Meeting,
Seattle, Wash., Program with Abstracts, p. A-151.

Southeastern Geological Society, 1986, Hydrogeological
units of Florida: Florida Bureau of Geology Special
Publication 28, 9 p.

Southwest Florida Water Management District, 1990,
Ground-water quality of the Southwest Florida Water
Management District: Southem region: Brooksville,
351 p.

1994, Florida Administrative Code: Rules of the
Southwest Florida Water Management District,
Chapter 40D-2, Part 2.041, Consumptive Use of
Water--Permits Required, p. 2-2,

Stringfield, V.T., 1936, Artesian water in the Florida
Peninsula: U.S. Geological Water-Supply Paper 773-C,
p. 115-195,

— 1966, Artesian water in Tertiary limestone in the
southeastem States: U.S. Geological Survey
Professional Paper 517, 226 p.

Sutcliffe, H., Jr., 1975, Appraigal of the water resources of
Charlotte County, Florida: Florida Geological Survey
Report of Investigations 78, 53 p.

Sutcliffe, H., Ir., and Thompson, T.H., 1983, Occurrence
and use of ground water in the Venice-Englewood area,
Sarasota and Charlotte Counties, Florida: U.S.
Geological Survey Open-File Report 82-700, 59 p.

Swarzenski, W.V,, 1959, Determination of chicride in water
from core samples: American Association of
Petroleum Geologists Bulletin, v. 43, no. 8, p. 1995-
1998.

U.S. Environmental Protection Agency, 1988, Secondary
maximum contaminant levels (section 143.3 of part
143, National secondary drinking-water regulations):
U.S. Code of Federal Regulations, Title 40, parts 100
10 149, revised as of July 1, 1988, p. 608,

U.S. Fish and Wildlife Service, 1985, Wetlands and
deepwater habitats of Florida: U.S. Fish and Wildlife
Service National Wetlands Inventory, 1 sheet.

U.8, Geological Survey, 1984, Aquifer test at Manatee
Junior College, Venice, Florida: U.S. Geological
Survey Open-File Release, in files of the U.S.
Geological Survey, Tampa, Florida.

1986, Aquifer test at ROMP TRS5-2, Sarasota
County, Florida: U.S, Geological Survey Open-File
Release, in files of the U.S., Geological Survey, Tampa,
Florida.

White, W.A,, 1970, The geomorphology of the Florida
Peninsula: Florida Burean of Geology Bulletin 51,
164 p.

Wingard, G.L., Sugarman, P.J., Edwards, L.E,, McCartan,
L.E., and Feigenson, M.D., 1993, Biostratigraphy and
chronostratigraphy of the area between Sarasota and
Lake Okeechobee, southern Florida: An integrated
approach: Geological Society of America, Abstracts
with programs, v. 25, no. 4,78 p.

‘Wingard, G.L., Weedman, S.D., Scott, TM., Edwards, L.E.,
and Green, R.C., 1995, Preliminary analysis of
integrated stratigraphic data from the South Venice
corehole, Sarasota County, Florida: U.S. Geological
Open-File Report 95-3, 129 p,

Wolansky, R.M., 1978, Feasibility of water-supply
development from the unconfined aquifer in Charlotte
County, Florida: U.S. Geological Survey Water-
Resources Investigations Report 78-26, 34 p.

———1983, Hydrogeology of the Sarasota-Port Charlotte
area, Florida: U.S. Geological Survey Water-Resources
Investigations Report 82-4089, 48 p.

Wolansky, RM_, and Corral, M.A., 1985, Aquifer tests in
west-central Florida, 1952-76: U.S. Geological Survey
Water-Resources Investigations Report 844044,

127 p.

22  Hydrogeclogy of the Surficial and intermadiste Aquifer Systams In Sarasola and Adjacent Countles, Florida




82°48° 8215 81°45°
~ I T .. -
ci B e
Perico
27730 _E HARDEE COUNTY -1
——————————— ST
W-13727
- a’ -
DE SOTO COUNTY
H’
ROMP 17
27°00'
[ 0} LEE COUNTY
EXPLANATION MQ
A-A’ HYDROGEOLOGIC SECTION LINE 4 Q
TRa3 WELL AND NAME y
w3 . 7]
\ O
10 MILES 8
0 5 10KILOMETERS o
| | 1
Base from U.S, Geological Survey digital date, 1:2,000,000, 1872
Albere Equal-area Conic projaction
Standard Parallela 29°30’ and 453, central merdlan -83°00"
Flguro. 8. Lacation of hydrogeologic sections In the study area.
Figures 23




logical Survey Rpt. 96-4063 tif

A
T
o
i
w
EPF.
T T g,
i a%%ﬁ
- o N:E
2 o &sgig
FEETE Q EEIE«)
100

W-16999 (1,2,4)

s 3
m -
= 8

o0
Thi
zﬁg'i
UEBS3E

SORRENTO SHORES {2)

s < 7

F & ] :
T < - 8
5 5 g8 & s
IR 1B
TR H I

Surficial aquifer system
Intermediate aquifer system

] coniining unit
. Venice Clay
’ Permeable zone 1

- Permeable zone 2
Bl Femeablezone 3

Upper Floridan aquifer
Estimated

VERTICAL SCALE GREATLY EXAGGHAED [ 5 10 MILES

EXPLANATION

0 5 10 KILOMETERS

Data used for interpretation:
{1) Lithologlc log
(2) Gamma log
(3) Elteciric log
(4) Haad

Flgure 7. Hydrogeologic section A-A’ In southwest Florida. (Line of section is shewn In figure 6.)

24 Hydrogeciogy of the Surficial and intermediate Aquifer Systems in Sarasota snd Adjacent Counties, Florida




 Cylene McPeeks - U.S Geological Survey Rpt. 96-4

a F- U I

] 8 3 |
a < = 3 g ?.

s F g3 & fsz ol : |
aguﬁs & € o g? i
SN BN I A
i oz E 3 & $ £ & 3 i

VERTICAL SCALE GQREATLY EXAGGERATED

1] 5 10 MILES
EXPLANATION 0 5 10 KILOMETERS
Surficiel aquifer system Data usad for intenpratation:
Intermaciiate aquifer system (1) Lithalogic log
) {2) Gamma log
D Confining unit (3) Electric log

IR veniceclay {4) Head
B remoabiazons 1
. Permaable zons 2
Ml Femeabiezone 3

Upper Floridan aquifer
Estimated

Figure 8. Hydrogeologic section B-B’ in southwest Florida. (Line of section ls shown in figure 8.)

Figurea 25




100
SEA
LEVEL

100

200

0

W-3612 (SECTION E-E(1)
COQ.

ROMP 22 {SECTION F-F)(1,2,3.4}

MYAKKA RIV, SP {SECTION G-G9(2)

BLACKBUEN (SECTION H-H'){2,3)

RMR OM-41{2,3)

SARASOTA CO.
“S—MYAKKA RANCH (2}

EXPLANATION
Surficlal aguifer system
Intermediate aquifar system
D Confining unit
- Venice Clay
' Permeable zone 1
H Permenble zone 2
Permeable zone 3

Upper Floridan aquifer
Estimated

VERTICAL SCALE GREATLY EXAGGERATED 0 5 10 MILES

cl
T )
Z z
og;m Q "
E(. 53 )
Hol a8 a
=3 & ¥
g3 E e

_\_

0 5 10 KILOMETERS

Data used for interpretation:
(1) Lithoiogic log

{2) Gamma Jog

(3) Electric log

(4) Head

Figure 9. Hydrogeologic section C-G* in southwest Florida. (Line of section Is shown in figure 6.)

26 Hydrogeology of the Surficlal and intermedinte Aquifer Systams In Sarasota and Adjacent Counties, Florida




Page 33 |

b g

- _ 3
I g8 & 7
= =k o = _
8 ) g g - S 3
B 1 B oz . Bs i
188y sBF 8 & da ¢
3 oe T § 2 g P 229 g
3 323 §¢g s g 258 $2% o
3¥5f Y3z 3 & B g3 @

100

SEA
LEVEL

100

500

TR1-2(1.2)

VERTICAL SCALE GREATLY EXAGGERATED o 5 10 MILES

gt
[+] 5 10 KILOMETERS

EXPLANATION
Surflclal aquifer syslem Data uaed for intarpratation:
Inlermediate aquiter systern (1) Lithologic log
{2) Gamma log
D Confining unit (3} Electriclog
- Venice Clay (4) Hoad

- Permealle zone 1
- Permeabie zone 2
. Pemeablezone 3

Upper Floridan aguifer
=== [Estimated

Figure 10. Hydrogeologic section D-D* in southwest Florida. (Line of section is shown In figure 6.)

Figures 27




_ Page 34

FEET
100

SEA
LEVEL

100

m
m

ROMP 33 (SECTION D-DY (1,24)

PERICO ISLAND (2,3)
TR 7-2 (SECTION A-A} {1,2.4)
MS & (SECTION B-B} (2,3)
W-3612 (SECTION C-C') (1)

TR7-4(1,24)

VERTICAL SCALE GREATLY EXAGGERATED

0 5 10 MILES
EXPLANATION ¢ 5 10 KILOMETERS
Surficial aquifer system Data used for interpretation:
Intermediate aquifer system (1) Lithologic log
(2) Gamma log
[:l Confining unit (3) Elactriclog
W verceciay ' (4} Head

. Permeable zona 2
BB Pemeablazone 3

Upper Floridan aquifer
Estimated

Figure 11. Hydrogeologic saction E-E* In southwest Florida. (LIne of section ia shown In figure 6.)

28 Hydrogeology of the Surficial and Intermediate Aqullni Systema In Sarasota and Adjacent Countles, Florida




_Cylene McPeeks - US Geological Survey Rpt. 96-4063.4F . Page 35

-
]

. . N
i o
o < =
bl g 2
g = 3
o 3 z %
g € & g & 18 B
5 ;. W g Sim o
g i, 5 e & & s
2 z Z lE &
- Iy £ 8 i ]
& 2 - § Y -8
: I E % w 5% (=3
Feer = ] g G g
100
PZt
SEA
LEVEL

100

200

800 A i
VERTICAL §CALE GREATLY EXAGGERATED 5 10 MLES
EXPLANATION b T T
0 5 10 KILOMETERS

Surficlal aquifer systam Data used for interpretation:
Intermediate aquifer system (1) Utholegic log

. (2) Gamma log
I:I Conflning unit {3) Electriclog
- Venice Clay {4) Head

n Permeable zone 1
H Parmeable zone 2
n Parmeable zone 3

Upper Floridan aquifer
=== Estimated

Figure 12. Hydrogeologlc section F-F* in southwest Florida. (Line of section is shown in figure 6.)

Figures 29




G’

MYAKKA RIVER S.F. (SECTION C-C) (2)
RAUSTY POT RCH, (SECTICN D-D') (2}

ROMP 20 (SEGTION A-A) (1,2,4)
WALTON (SECTION B-B) {1.2,3)

W-8585 (1,2,3}
W-13727 (1)

W-11088 (1,2,3)

VERTICAL SCALE GREATLY EXAGGERATED

? LO MILES
EXPLANATION 0 5  10KLOMETERS |
Surficial aquifer systam Data used for intarpretation:
Intermediate aquifer systom (1) Litholagic log
(2) Gamma log
D Gonfhlng unit (3) Electric IDQ
W venicscay @) Hoad

Bl rermeatlezone 1
B Pemcavio zone 2
Bl Permeablezone 3

BB urper Fordan aquifer
-=-«~ Estimated

Figure 13. Hydrogeclogic section G-G' in southwest Florida. (Line of section is shown In figura 6.)

30  Hydrogeology of tha Surficial and Intermediate Aquifer Systsms in Saresota and Adjscent Counties, Florida




Page3d7

H &

o
' g 4
I 8§ «
z o =
E §
moEy
2 3 uw
2 g 2
8 3 8
= W 3
FEEI‘EE%

100

100

H surticial aquifer system
Intermediate aquifer system
I:I Confining unit

. Venice Clay

- Parmeabig zone 1
- Permeable zone 2
. Permeabla zone 3

Upper Floridan aquifer
-- Estimated

BLACKBURN (SECTION G-C} 2,3)

GD DEEP TEST (2,3)

VERTICAL SCALE GREATLY EXAGGERATED

EXPLANATION

H!

a8

o

8

E <

I @
o

< <

g =
o
=
[s]
-4

3 1I0 MILES

o0

5 10 KILOMETERS
Data used for interprotation:

{1} Lithologic log

{2) Gamma log

(3) Elactric log

(4) Head

Figure 14, Hydrogeclogic section H-H' in southwest Florlda. {Line of saction Is shown In figure 6.)

Figures 31




Cylene McPeeks - U.S Geological Survey Rpt. 96-4063.tit e .. PRQE 38

! a r
g 4 s = _
s 8 = 3
- 3 :
& 4 248 Eg
5 § 08:u.| Ol ey
g3 GEE Sp8
8 & |90 ?ge 7
g 232 128 £
E 3 853 23 %
FEET @« OO0
100

SEA
LEVEL
100
200
300
400
500
600
VERTICAL SCALE GREATLY EXAGGERATED g 5 10 MILES
[ — A ]
EXPLANATION | 5 10 KILOMETERS
Surficial aqulfe:
aqulfer systam Data used for Interpretation:
Intermediate aguifer system {1} Litnalogle log
I:l Confining unit (2) Gamma log
(3) Electric log
Il verios Cay (4) Head
Il Pomeabiozone 1
B Fermeabis zone 2
Bl rermesbiezone 3

Upper Floridan aquifer
Estimated

Figure 18. Hydrogeologic section I-I* in southwest Florida. (Line of section is shown in figure 6.)

32  Hydrogsclogy of the Surficial and Intsrmediate Aquifer Systems In Sarasota and Adjacant Countles, Florida




.. Page 39

FEET
100

SEA
LEVEL

100

200

600

700

Figure 16.

J s

<

of

@ ) &

- = o

g g 5

3 : :

=] — o g

E € E

2 & 2 5 ]

@ < g 8 = B
g = 8 o

% a, % 5 % 3

£ E E 2 z £

VERTICAL SCALE GREATLY EXAGGERATED ]

(I) 5 19 MILES
Sudficial aquiter system  EXPLANATION 0 5 10 KILOMETERS
Intermediate aquifer system Data used for Interpretation:
[:l Confining unit n ghe log
(2) Gamma leg
Bl vericoCiay (3) Electriclog
B rermecbiozons 1 (4) Head

- Permeable zone 2
- Permeable zons 3

Upper Floridan agulfer
Estimated

Hydrogaeologic section J-J in southwest Florida. (Line of section is shown in figure 6.)

Figures 33




 Cylene McPeeks - U.S Geological Survey Rpt. 96-4063.f

82°45 8215 8145

[= =4
T
1
'
I
'
i
'
I
.
t
1
|
1
|
1
|
1
|
'
i
'
|
)
]
)
I
'

'I

t

‘

!

1]
i

1

]

[

i

1
|
)
|
)
1
'
!
|

o |
’ P i
(7=~ MANATEE COUNTY i
i N\ QP P { HARDEECOUNTY o
o » {
RSN $ £ ;
------------ :
10 i
& i
| o K \\
) W
.g% AR \'
=

EXPLANATION

=—30+-= GENERALIZED LINE OF EQUAL a
THICKNESS QF THE SURFICIAL
AQUIFER SYSTEM--Imterval is 10 % v
feel, Dashed where approximate.
Hachures indicate thinner beds

2630 - a
¢ 5 10 MILES \ Bo
0 5 10KILOMETERS -

I ] |
Base from U.8. Geological Survey digital data, 1:2,000,000, 1972
Albers Equal-area Conic projection

Standard Parallals 29°30° and 45°3(¥, central meridian -83*00

Figure 17. Generalized thickness of the surficial aquifer system In southwest Florida,

34 Hydrogeology of the Surficial and Intermedlate Acuifer Systems In Sarascta and Adjecent Countles, Florida




 Cylene McPeeks - U.S Geological Survey Rpt. 96-4063 tif

820487 82°1% 81°45"
.{’ A | A A z
Z !
!
1
e, MANATEE COUNTY ]
2730 - “iaph ! HARDEE COUNTY —
I
1
|
i
&0 b e I
|
|
| -
i
----------- 4
| DE SOTO COUNTY
[}
T, i
COUNTY !
E
--------------- (oo nememem s ’
21°00’ J/a )
CHARLOTTE :
R COUNTY ;
2N A
< LEE GOUNTY
EXPLANATION @ g
D
=—.500— GENERALIZED LINE OF EQUAL a
ALTITUDE OF THE BASE OF THE
INTERMEDIATE AQUIFER SYSTEM- Q
In feet below sea level, Intervel
Is 100 fasat
26°30° . .
\
10 MILES ;’
0 & 10 KLOMETERS @
] { !
Bess from U.5. Geological Survey dighal daia, 12,000,000, 1972

Albers Equal-area Conic projaction
Standard Parallels 29°30" and 45°30°, central meridian -83°00°

Figure 18, Generalized altitude of the base of the intermediate aquifer system in southwest Florida.

Flgures 35




MANATEE COUNTY
27°% |- '

2700 -

& o) LEECOUNTY
EXPLANATION &e

==3)= GENERALIZED LINE OF EGLAL a
THICKNESS OF PERMEABLE
ZONE 1 OF THE INTERMEDIATE % O
AQUIFER SYSTEM--Interal is 10
feat. The zera-foot ling

the extont of the unlt. Hachumnes D
Indicate thinner beds

[¢+)
9 5 10 MILES \

0 5 10KILOMETERS

[ | |
Base from U.5, Geological Survey dighal data, 1:2,000,000, 1972

Albers Equal-ama Conic prjection

Standard Parallals 29°30° and 45°30", central meridlan -83°00°

Figure 19. Generalized thickness and extent of permeable zone 1 of the Intermediate aquiter system in
southwest Florida.

36  Hydrogeology of the Surficial and Intermediats Aquifer Systeme In Sarasota and Adjecent Countles, Florida




Cylene IVIcPeeks U S Geological Survey Rpt. 96-4063.tif

27°30

200

26730 [

0

EXPLANATION

==g0=— GENERALIZED LINE OF EQUAL

THICKNESS OF FERMEABLE

ZONE 2 OF THE INTERMEDIATE
AQUIFER SYSTEM~Intenals are 20,
40, and 80 feet. Hachures indicate
thinnar bads

10 MILES
10 KILOMETERS

g\ LEE COUNTY

.

A\

9
a

Flgure 20, Generalized thickness of permeabie zone 2 of the intermediate aquifer system in scuthwest Florida.

] [
Bage from U.S. Geological Survey digital data, 1:2,000,000, 1972
Albers Equal-area Conic projaction
Standard Parallels 29°30" and 45°3, central meridian -83°00°

Figures

a




. Page 44|

82°45" 82915
o 8 T ]
27790 |~
27°00° [~
EXPLANATION o S
=200 — GENERAUZED UNE OF EQUAL
THICKNESS OF PERMEABLE
ZONE 3 OF THE INTERMEDIATE
AQUIFER S M--1 ae 50
and 1 Hachures indicate
thinner beds
26°30 -
10 MILES
¢ 5 10KLOMETERS

)

HARDEE COUNTY -

N it b

DE SOTO COUNTY

Albers Equal-arsa Conic projection
Standard Parallels 29°30° and 45°3¢, central meridian -33°00"

Figure 21. Generalized thickness of parmeable zone 3 of tha intermediate aquifer system in southwest Florida.

38 Hydrogaclogy of the Surficial and Intermadists Aquifer Systams In Sarasota and Adjacent Counties, Florida

] 1
Basa from U.S. Gevlogical Survey digital data, 1:2,000,000, 1972




Cylene McPeeks - U.S Geological Survey Rpt. 96-4063.6¢ oo P3geds)

8i045' g1y 81745
S
) T 68 - | —
2730 —\ HARDEE COUNTY =
........... A
DE SOTO COUNTY
2700 -
CHARLOTTE
COUNTY i
T
o y
(o] 2y LEE COUNTY
EXPLANATION GQ
w= 10 = GENERAUIZED LINE OF EQUAL a :
THICKNESS OF THE VENICE i
CLAY~Intsival I 10 foel. The zero- % Q
{oct lina represents the extant of tha
Venice (b::ivs Hachures Indlcata
thinner
2630 [ =
0 3 10 MILES
0 5 10 KILOMETERS
| 1 ]

Bage from U.S. Geological Survey digital data, 1:2,000,000, 1972
Albers Equal-area Gonic projection
Standard Paralials 29°30° and 4530, central meridlan -83°00°

Figure 22, Generalized thickness and extent of the Venice Clay In southwest Florida.

Figures 29




8230 82715
)
27°15— -
VENICE .
¢ FIELD VENICE GARDENS ;
umuTtYy :
1
i
. ?
PLANTATION ;
unuTY b
EXPLANATION :
2700 . MAJOR PUMPING CENTER--
. Wall fleld or wtility
ENGLEWOOD WATER '
DISTRICT WELL FIELD 2
1
ENGLEWOOD WATER !
o ?ifNTglfT WELL FIELDE e
1 H
0 SMILES \\ Ml 7 SARASOTA €O, P
[ T CHAR[OTTE CO. !
! 0 5 KILOMETERS |

Base from U.S. Geological Survey digital data, 1:2,000,000, 1972
Mbers Equal-amea Conle projection
Standard Parallels 29°30° and 45°3(, central merdian -83°00°

Figure 23. Major pumping centers in eouthwest Sarasota County,
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Flgure 26. Suliate concentration in water from wells open to the surficial aquifar system in southwest Sarasota
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Flgure 27. Digsoived-solids concentration in water from wella open to the surficial aqulfer system in southwest
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Figura 32. Specific conductance of water from wells open to the intermadiate aquifer system, permeable zone 1, In
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Figure 33. Chloride concentration in water from wells open to the intermediate aquifer system, permeable zone 2, in
southwest Sarasota County.
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Figure 34. Sulfate concentratfon in water from wells open to the intermediate aquifer system, permeable zone 2, in
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Figure 35. Dissolved-solids concentration in water from walls open to the intermediate aquifer system, permesable
zone 2, in southwest Sarasota County.
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Figure 36, Specific conductance of water from wells opan to the Intermediate aquifer system, permeable zone 2, In
southwest Sarascta County.
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Figure 37. Chloride concentration in water from wells open to the Intermediate aquifer system, permeable zone 3, in

southwest Sarasola County.
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Figure 38. Sulfate concentration in watar from wells open fo the intermadiate aquifer system, permeable zone 3, in
southwest Sarasota County.
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Figure 39. Disolved-solids concentration in water from wells open to the intermediate aquifer system, parmeable
zone 3, in southwest Sarasota County.
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Figure 40. Specific conductancs of water from wells open to the intermediate aquifer system, permeable zone 3, in

southwest Sarasota County.
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Figure 41. Chioride, suifate, and disscived-solids concentrations in water from intermediate aquifer system,
parmeable zone 1, at the Englewood Water District well EPZ 9, 1987-93. (Data coftacted by Englewood Water District

personnel.)

58  Hydrogeology of the Surficlal and Intermediate Aquiter Systems In Sarssota and Adjacent Counties, Florida

i




%.gj 250 . . . , . . S ; .
=
é s ——Weli fieid production
=r 200 - ralea were increased N
i
i
s2
150 [ ]
Q
0% 1
ws bt Y . ]
o4 1ol ]
=
o=
il Z m L 1 L 1 1 L i 1 L 1 1
Q 1983 1084 1985 1986 1687 1988 1989 1950 1991 1992 1983 1984
g TR ; T T T T T r Y r T T
E5 i Well field product
EE’ 100 |- 7 rates ward Increased )
S wl —
He
O
=z = 80 - -
Qg -
oL
a0 40 -
w3
=3
& s 20 fv _
-J -
C?ﬂ __z_ 4] L 1 1 1 L 1 1 L L 1 )
1983 1984 1085 1986 1067 1988 1089 1980 1991 1982 1993 1804
z
Qo
=
Eﬁ GED ’ T | T T T L) ¥ L) T T
5 ————— Wel| fleld production
8[:_:' 800 | fates wars incraased 4
g8 |
Op ¥t ]
e VENICE GARDENS 9
88 w0 : Mol e 3
= & E CASING 88 F?Eq
8 g b BEPTH 123 FEET
= 450 [ .
S
35 400 C - 1 1 1 1 L 1 1 L 1 1
8 1983 1964 1985 1686 1987 1088 1989 1990 1881 18@2 1903 1984
[7/]
o YEAR
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Figure 43. Chloride, sulfate, and dissolved-sofitis concentrations !n water from imermediate aquifer system,

permeabls zone 2, at the Plantation monitor well MW4, 1887-94. (Data collected by Plantation personnel.}
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Figure 44. Chloride, sulfate, and dissolved-solids concantrations in water from intermediate aquifer system,
permeable zone 2, at the Southbay Utility well PZ2, 1883-54. (Data cotlected by Southbay Utility personnel.)
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Figures




EE m T T T 1 T L) T T H
EL—
- §00 | ]
ES
i
B 4o &
gE
O ol :
ws
g2 2ol ]
o= 1
S
I_ 1m P p— 1 L ' N N ! LY
G 1985 1986 1987 1088 1986 1890  1e@1  1s@2 1993 1984
g-m 2lm T T T T 1 T T T T
EE
= 2000f ]
én: 000 :
EE 1,500 F
Q9 Ut
82 ]
O 1,000 o ~
ws [
3 sof ]
L= :
a; o L 1 l { 1 1 A 1 1 1
1985 1988 1967 1989 1989 1990 1931 9892 1993 1694
E 3-500 r T T T ol i L) 1 T T
E ¢ ]
BT 3000k 1
20K [
D58 ss0f ]
AEe ™ ‘
] g t
ggc 2oo0p g;n.asowz.acgcggywunuwna 3
z-n
AET 300
©Qd tswf SOFeET E
av=E [
Z 1,000 C S R 1 L " ' 1 1 L
1685 1986 1987 1888 1089 1990 1991 1992 1993 1994

YEAR

Figure 47, Chioride, sulfate, and dissolved-golids concentrations in weter from intermed|ate aquifer system,
permeable zone 3, at the Sarasota County Utility well PZ3, 1985-94. (Data collected by Sarasota County personnet.)
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Figure 48. Chloride, suliate, and dissolved-sclids concentrations in water from intermedlate aquifer system,
parmesble zone 3, at the Southbay Uity well PZ3, 1989-83. (Data collected by Southbay Utility personnel.)
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Carlton Reserve 1est well.
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Figure 51. Major-ion concentratione of water from the intermediate aquifer system at selected intervals below land surface at the
Carlton Reserve and South Venice test wells.
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Table 1. Summary of well records and hydraufic properties of the surficial and intermediate aquifer systems at selected sltes and areas in soumﬁest Florida  «
[EWD, Englewood Water Diistrict; FGS, Flodda Geological Survey; SWFWMD, Southwest Florida Water Management District; ROMP, Regional Observation Monitor Program; USGS, U.S. Geological Sur-
vey; B, feet; Ad, feet squared per day: (ft/d)/ft, feet per day per foot; ft/d, feet per day; <, less ﬂun'.>.gm¢;thm;-—.nudan]

: Casing/depth or Leakance Hydrautic
s"'n"u:“'b".r"“" Site Identification ""‘":9“;‘1’"’9"’ Interval below land T"‘“&) coefficient s“", 9% conductivity Reference
surfacs {ft) Y L] {frd)
Carlton Reserve  270803082210301 SAS ‘2 - - - Toost Campbell and others,
test well (1993)
SAS 215 .- - - ? 00233 Do.
SAS 219 - - - 7.673 Do.
; CU PZLPZ2 239 - - - 7 001 Do.
i (Venice Clay)
1AS PZ2 (confining ER11]| - - - 7 00394 Do.
material) -
1AS PZ2 (confining 122 - - - 4 0024 Do.
material)
CU FZUPZ3 3165 - - - 7 000196 Do.
CUPZUPZ3 3179 -~ - - 7 000155 Do.
CU PZ2/PZ3 3206 - - - 8 <. 00000000036 Do.
TAS PZ3 (confining 3402 - - - & 00000000036 De.
‘material)
IAS PZ3 (confining 3413 - - - 8 £ 00000000036 Deo.
material)
CU PZ3/UFA Y426 - - - 70000155 Do.
CU PZAUFA 3441 - - - 8 00000000036 Do.
CU PZ3/UFA 2460 - - . B 200000000036 Do.
South Venice tsst 2703400822554 CU SAS/PZ1 iz - - - 7 o282 De.
well
CU SAS/PZ1 138 - - - 7 00385 Do.
CU 5AS/PZI 259 - - - 7 gosa2 Do.
CU SAS/PZI 276 - - - 7 00592 Do.
IAS PZ1 {confining 2111 - - . T p0g28 Do.
material)
CU PZi/PZ2 2126 - - - 19.000265 Do,
{Venice Clay)
IASFZ2 (confining 3¢ - - - 70000002 De.
material)
IAS PZ3 (confining 416 - - - 00523 Do.
mateial)
IAS PZ3 (confining 3sa3 - - - 7 000332 Do.
material)
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Teble 1. Summary of well records and hydraulic properties of the surficial and intermediate aquifer systems at selected sites and areas in southwest Florida —Continued

[EWD, Englewood Water District; FGS, Florida Geological Survey; SWFWMD, Southwest Florida Water Management District; ROME, Regi

W)’:R.ﬁe(;ﬁzld.feusquuedperday:(ﬁfd)lﬂ.feﬂpudnypﬁfoot;fﬂd.fbetpﬂday:cleum;:.wm;—,mdau]

l Cbservation Monit

Program; USGS, U.S. Geologica! Sur-

Caalng/depth or Hydraulic
Site nartelweell st iaentiication Hydrogoclosic imsrval below land ﬂrv';v"‘('“ﬂéz) coofficient :dﬂcm'g'm conductivity Referance
surtace (#t) {(FLAdytt] (feFel)
Walton testwell 2711430822403 CU SAS/PZ1 225 - - . 0.000229 FGS, written comm.
, i (1991)
1IAS PZ2(confining %50 - - - £ 00000752 De.
material)
1AS P22 (confining 3114 - - - 0000454 Do.
material)
CU rz2/PZ3 1182 - - - £ 000000752 Do.
CU PZPZ3 3 200 - - - 0000324 Do.
1AS PZ3 (confining 3249 - - — 7 00342 Do.
material)
CU PZ3/UFA 3285 ~- - - 7 00139 Do.
Gasparilla Island - SAS 124 340-1,870 - - 47-60 Sutctiffe (1975)
well field (west
Charlotte Co.} ‘
Gasparilla Island - SAS - 12y 140-»3,340 - - 53 Do.
well field {north-
west Charlotte Co.)
Carlton Reserve - SAS - 1,800 - 4019 Ss6 Geraghty and Miller, Inc.
(central Sarasota (1981)
Co)
Carlton Reserve - SAS - 1,100 - ‘toas B Do.
{central Sarasota
Co.)
Sarasota Central - SAS 5-10/10-16 - - - 515.159 Ardaman and Assoc.,
Landfifl Complex Inc. {1992)
{12 wells, central
Sarasota Co.)
Vema well-ficld
(northeast Sarasota
Co.):
14E4 272247082175301 SAS a1/67 430 - - - Geraghty and Miller, Inc.
1975
2E7 272248082190302 SAS 2185 250 - 4ltgy  Slly3g Do,
1288 272255082180201 SAS 10/30 470 - - - Geraghty and Miller, Inc.
(1981)

41890796 1dx ASaing [€0150[059) §' - $%99dON SUSIAD |
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Table 1. Surnmary of well records and hydraulic properties of the surficial and intermediate aquifer systems at selected sites and areas in southwest Florida --Continued . K
. . 3 i
[EWD, Englewood Water District; FGS, Florida Geological Survey; SWFWMD, Southwest Florids Water Management District,; ROMP, Regional Observation Monitor Program; USGS, U.S, Geological Sur- !
vey; ft, feet; R%d, feet squared por day; (f/dWI, feet per day per foot: fisd, feet per day; <, less than; >, greater than; —, no data] C
- . m
Casingfdepth or Leakance Hydraulic o
%“:MI Site identificati Hydrou?‘;?logic int 1| batow land Jmh’é, tHick Storage condutivity Ret O
mber surfacs (1) Httidym] soefficient (fvd) %
120bs 272255082180202 SAS - 530 - - - Geraghty and Mille, Inc. “‘g
(1981) @
6E2 272256082183701 SAS 21/42 160 - - - Do. .
9E3A 272257082181702 SAS 20440 150 - - - Do. 5 E
Englewood Wiler *qu ;
District (southwest Pk
Sarasota Co.): ‘9._
EWD 265722082210301 IAS PZ1 25140 7,800 - 0.00005 - ‘Wolansky and Corral iy
Production 27 (1985) : 8 :
EWD 2657350822057 IAS PZ1 49/55 5,500 0.0007 00011 - Do. N
Production 9 8:
EWD 270015082311301 IAS PZ1 31175 1,260 A2 00087 - CH2M Hill, Inc. {1978) (A Y
Production test 2 5; :
EWD RS 270019082213701 IAS PZ1 M 8,000 0005 0004 - Do. ;
EWDR3 270021082221301 IAS PZ1 42443 6,250 D004 0003 - Do.
EWD 270033082214201 IAS PZ1 3510 3,320 000036 000016 - Do.
Production test 4
EWD C-10 270036082214101 IAS PZ1 42110 3,800 00024 00017 - ‘Wolansky and Corral
. (1985)
EWD 2700380822 11301 IAS PZ1 35170 1,525 005 000058 - CH2M Hill, Inc. {1978)
Production test 5
EWD 270104082214101 IAS PZ1 42170 1,608 - - - Do.
Production test 3
EWD 270107082211201 IAS PZ1 43/70 2,970 013 00065 - Do.
Production test 1
Venice well field 32 270536082253901 IAS PZ1 42/59 1,100 0009 - - Clark (1964)
Carlton Rescrve - IAS PZ2 817205 2,670 00013 0001 - Geraghty and Miller, Inc.
(central Sarasota {1981)
Co.)
Manates Jr. Col-  270219082185801 1AS PZ2 1102720 200 - 00002 - USGS test (1984)
lege, south well
Plantation Utility ~ 270403082220501 IAS PZ2 70180 2200400 120000196 - - Post, Buckley, Schuh,
3A ’ .000038 and Jernigan, Inc, (1981)

1]
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Table 1. Summary of well records and hydraulic properties of the surficial and intarmediate aquifer systems at selected sites and areas in southwest Florida —Continued

[EWD, Eaglewood Water District; FGS, Florida Geological Suxvey; SWFWMD, Southwest Flotide Water Management District; ROMP, Regional Observation Monitor Progratn; USGS, 1.8, Geological Sur-
vey; &, feet; B2/, feet squared per day; (f/d)/Ht, feet per day per foot: fi/d, Foet per day; <, lsss than; >, greater tham; -, no data]

Casing/depth or Lsakance Hydraulle
Site name/well Sitw identification Hydrou:;t:loglc int | beiow land m‘l’i'"mvl(;l‘lzl;;) P Stoug:m Juctivity Ret
surface (ft) [ferdre) (fid)
Plantation Utility 4  270405082215601 IASPZ2 66/180 12350 300 120,000045- - - Post, Buckley, Schuh,
00001 and Jernigan, Inc. (1981)
Plantation Utility 5 270406082215602 IASPZ2 68/180 300 - - - Do.
ROMP TRS5-2  270919082234200 IAS PZ2 60/100 5,000 - - - USGS test (1986)
ROMP 18-1 271137082074801 iAS PZ2 57223 183,600 - - - Geraphty and Miller
(1980)
ROMP 18-2 271137082074802 IAS PZ2 571223 193 700 - - - De.
ROMP 20 271137082284501 IASPZ2 751125 1,800 - 0.00006 - SWFWMD data files
Venice well-field 2  270536082253901 IAS PZ2 771140 $50 0005 000042 - Post, Buckley, Schuh,
and Jernigan, Inc.
(1982b)
Venics Gardeas  270322082234701 1AS PZ2 60/160 12600-650 - - - Geraghty and Miller
well-fieldTPVG-1 (1980}
Venice Gardens ~ 270322082234702 1AS P22 617160 12450-550 12 00021. 00017- - Do.
well-field 0011 00062
MWVG-1
Venice Gordens  270430082221501 IAS P22 61160 400 - - - Do.
well-fieldTP-49
Venice Gardens  270430082221502 IAS PZ2 60160 400 - 000006 - Geraghty and Miller
well-field MW-49 (1980)
Venice Gardens  270508082223301 1AS PZ2 60/160 650 - - - Do.
.well-fi]ld TPN-1
Venice Gardens  270508082223302 IAS P22 61/160 600 00043 - - Do.
well-field MWN-1
Veanice Gardens - IAS P22 870 1,120 - 000248 - Geraghty and Milter, Inc,
well-field 1A (1974)
Venice Gardens - 1AS P22 971150 610 - - - Do.
weli-field 2A
Venice Gardens - IAS P22 107106 720 - - - Do.
well-ficld 3A
Verice Gardens - IAS PZ2 85/130 790 - 000175 - D,
well-field SA
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Table 1. Summary of well records and hydraulic properties of the surficial and Intermediate aquifer systems at sslacted sites and areas in southwest Florida --Continued

[EWD, Englewood Water District; FGS, Florida Geological Survey; SWFWMD, Southwest Florida Water Management District; ROME, Regional Observation My Program; USGS, U.5. Geologécsl Sur-~
vey; ft, feet; ft2/d, feet squared per day; (R/ADVR, feet per day per foot; R/d, feet per day; <, less than; >, greater than; —, no data]

segey

73

- Casing/depth or . Leakance Hydraulic
s"'ﬂ';::::"‘" Site identification """’:ﬁ;‘;"’g"’ nterval below land Jﬂ";’g,z, coefficlant 5“”:.9;“ conductivity Reference
surface (ft) [(rrdyn) coeffi {id)
Plantation Utility ~ 270407082215801 IAS PZ3 2281366 5,600 0.000035 0.00033 - Post, Buckiey, Schuh,
RO-2 . and Jernigan, nc.
(1582b)
EWD Production  2657140822(:3301 IAS PZ3 260/425 8,200 - 000085 - CH2M Hill, Inc. (1980}
RO-2
ROMFP TR 5-2 270919082234200 TAS PZ3 2407410 10,000 - - - USGS test (1986)
ROMP 20 271137082284501 I1AS PZ3 250/370 1,700 - .00013 - SWEWMD data files
Venice well field 2705340822609 IAS PZ3 206/441 15,400 - 00064 - Post, Buckley, Schuh,
RO-5 and Jernigan, Inc.
(19828)
(Sarasota Co., digi- - CU SAS/FPZ1 - - 00002 - - Ryder {1982)
tal flow model) 0004
ROMP TRS5-2  270919082234200 CU PZ2PZ3 1007230 - - - 401 Huichinson and
Trommer (1992)
(Sarasota Co., digi~ - CU PZ3/UFA - - 000027- - - Ryder (1982)
tal flow model) 0000067
ROMP TRS5-2  270919082234200 CUPZ3UFA 410/500 - - - 510 Hutchinson and
Trommer (1992)

'Explanstion: SAS, surficial aquifer system; IAS PZ1, intermediate aquifer system, permeabic zone 1; IAS PZ2, intermediate aquifer system, permeable zone 2; IAS PZ3, intermediate aquifer system,

permtable zone 3; CU SAS/PZL, confining unit between SAS and TAS PZ1; CU PZUPZY, confining unit between IAS PZ1 and IAS P72; CU PZ2/PZ3, confining unit between IAS PZ2 and 1AS PZ3; CU
PZNUFA, confining unit betwoen IAS PZ3 and UFA; and, UFA, Upper Floridan aquifer.
Z5plit-spoon sample, in feet below land surface
3Cove eamiple, in foet below land aurface

“Specific yisld
- Ty 3t

T of 3

ductiviey
ductivity el simalati

ESample did not saturate after 31 duys or more
“Sample may have been disturbed in permeameter
10Avernge of several anatytical methods for one test
1 Averagn from 5 equifer tests

2 Average from nuiltiple aquifer tests
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Table 3. Well records for ground-water sampling network and ground-water quality data in southwest Sarasota County, 1993

['C.deg'emcdﬁu;EWD.EngizwdeMDimemicmﬁunempetcenﬁnmnzs'&n%mﬂﬁgnmsperﬁmqlmlhm;—,mdm;ROMP.Regicn:JObsewnﬁmMmimergmuu
SAS, surficial aquifer system; IAS PZ1, intermediate aquifer system permeable zone 1; IAS PZ2, intermediate aquifer system permeable zone 2; LAS PZ3, intermediate aquifer systtm permeable zone 3; index

numbers refer to fig. 24]
ndex St o Smeam e gevogc coleton ek  condumos (P Ciode Sutms DS wotwo'
(feet) unit date < {nSiem) (mg/L)

10 27032582262501 Casperson Beach " SAS 11-4-93 28.2 785 6.7 32 18 508 0.16

11 2704010821912¢1 Rambler’s Rest 5 SAS 11-4.63 - 1,090 74 68 874 <0.02

12 270542082261804 Venice Test 38 2526 SAS 8-26-93 20 610 74 58 5 33 0.18

13 270722082281001 Nokomis Beach 112 SAS 114-93 %.6 22,000 73 7,000 1,000 14,800 ‘085

14 271052082294401  Blackburn Point 112 SAS 11-4-93 287 630 19 19 72 441 -

15 271152082264601 Palmer Ranch " SAS 11-4.93 276 1.460 6.5 192 10 920 <0.02

40 265714032212301 Comm. Presby. Charch —42 SAS 7-2993 262 606 69 3 & 393 0.02
130 271137082284505 ROMP TR 20 SAS 1232 SAS 6-23-93 239 1,867 6.7 265 100 1,240 <0.02
131 270511082271701  Beach Comber Apis 40V46 SAS 81193 265 1,444 69 224 a8 988 <0.02
139 265839002211301  Ethier 25 SAS 802-93 324 516 89 g n 319 0.9
142 265950082183401 Myakka Pines Golf Club 42/50 Sas 7-20-93 286 1,200 6.7 124 28 863 <0.02
145 270919082234201 ROMP TR 5-2 SAS #13 SAS 6-23.93 6.5 652 63 13 3 467 <0.02
159  270113082223303 EWD EWT-5 118 SAS 6.24-93 236 681 7.1 43 <02 452 <002
170 265834082202402 EWD TH-14A 120 SAS 62493 243 102 6.4 7 10 60 0,02
180 265712082205702 EWD SA-1 16726 SAS 62493 258 325 6.8 33 15 300 0.02
196 270732082252101  Faith Baptist Charch B U] SAS 8-19-93 297 1,862 5.3 140 840 1,530 <0.02
198  270642082264201 Venetia Bay Plaza -10 SAS 8-26-93 N 13,600 78 4,250 750 8,760 <0.02
195  265910082220101 Cannon -0 SAS 9.21-93 26.7 1,260 617 132 60 855 <002
200 270416082250501 Gasporvich 25 SAS 9-22-93 256 648 71 19 21 397 «0.02
201 265925082240501 Matisen 10 SAS 9-22.93 273 13,000 70 3,500 490 8,260 <0.02
207 270017082231001 Nea Yung ~f30 SAS 9:-22.93 07 613 49 156 2 413 <0.02
203 270116082243601 Samamco -f14 SAS 92293 252 Tz 6.6 54 20 452 <002
204  23033408225350F Schrage --f19 5a8 9-22-93 267 43 48 186 34 471 <0.02
205 270300082212801 Pantation -14 SAS 9-23.93 213 1,250 64 68 160 989 <0.02
206 270920082283101 Casas Bonitas 20 SAS 92793 26,4 2,860 6.3 145 860 2,760 «0.02
207 270720082215801 Besosa --20 SAS 5-28-93 26.1 m 70 38 1 514 <002

B4 27114108229340t Cobb 30/55 IAS PZ1 7-07-93 251 1,078 13 64 250 %7 -
. 88 270841082261301  Pixley 45/68 IAS PZ] 7-09-93 247 883 18 48 200 625 -

90 270716082273101  Balls 42175 IAS PZ1 7-02-93 251 2,340 70 210 810 1,850 - .

’ o =
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Table 3. Well records for ground-water sampling network and ground-water quality data in southwest Sarasota County, 1993 —Continued : . %
[ G, degrees Celsint; EWD, Englewood Water District; mS/in, microsicmens per centimeter at 25 C; mg/L, milligrams per Liter; <, less than; —, no data; ROMP, Regional Observation Monitor Progfam;t - ~ 1
SAS, surficisl aquifer system; IAS PZ1, intevmediate aquifer system permesble zane 1; JAS PZ2, istermedisle aquifer system permeable zone 2; LAS PZ3, intermediate aquifer system permesble zone 3; index C
bors efec o g, 241 . o0
hex S Same e wegc coleoion emum oo [ Ohoe Sutm S04 wonnos o
_ (o)  wnit  dae (D) (uSfom) (mah) 3
91  27053208227080] Mimnerly G0/65  1AS PZI 70793 253 966 74 62 T3 619 - =3
93 270635082253101  Shannon 42165  IASFZ1 7.07-93 248 1874 72 170 600 1420 - : gf
97 270427082240201 Reinban 4480 TASPZ1 740793 46 789 72 45 03 468 - o
103 270041082230401 Englewoed Tennis Club 99130  IASPZ1 70252 256 1,140 78 252 15 721 - c
105 265856082215001 Cascaddan 6370 IASPZL 20693 246 674 14 5 2 431 - g ;
107 265959082183701 Myskks Pines Golf Club 42100 IASFZI 81993 250 2,860 7.1 710 110 1,780 - ;
160 270113082223302 EWD EPZ-S am  IASPZI 6-24-93 236 1162 72 176 2 766 - 2]
162 265717082210301 EWD Prod 14 S8z IASP2L 62293 257 820 75 76 130 515 - ©
163 270111082211602 EWD EPZ-1 102130 TASPZ) 70293 2.1 810 72 54 14 si1 - ‘.JJ:
164 270004082223801 EWD EPZ-9 W0 IASPZ1 62893 26.1 5,250 74 1520 260 3410 - O
168 265826082201301 EWD TH-13 4990  IASPZI 62891 241 1,980 7.6 510 1 1270 - 8
169 265800082194001 EWD TH-6 4565 IASPZ1 62493 219 2020 66 480 0 1,330 - =
174 270140082240701 Iapanese Gardens 7 6VI4  IASPZ1 72993 250 Loss 77 144 7 1,410 - :
176 170808082270504 ROMP TR 5-1 UH V59 IASPZI 6229 268 LACO 7l 160 280 1,046 -
181  270406082220104 Plantation MW2-PZI 5265 IASPZ1 1-06-93 260 914 76 104 160 593 -
183 27074508225560L Revels 450 IASPZI 7-16-93 244 2,600 72 185 1,200 2,250 -
184 265943082183901 Myakka Pines Galf Club 4vés  IASFZI 7-30.99 260 1651 67 230 55 1,080 -
188 270637082235701 Marston 30 IASFZ1 8-10-93 244 701 12 4% 20 456 -
189 270429082253701 Shinsky 45155 LASFZ 8-05-93 269 1229 12 144 8 813 -
190 270216082245201 Bexkovich S5m0 IASFPZI 81093 252 802 72 54 a2 519 -
$3  271125082292901 Desn 6895  IASPZR2 62893 258 2,150 74 8 1.000 1,95 -
54 271137032284504 ROMP 20 UH IS125  IASPZZ 7-30.93 248 1,79 74 a5 740 1,500 -
56  270926082250501 Lippincott 6194  IASPZ2 62893 255 3670 70 375 1,600 3,400 -
57  271150082284501 Hansen 42108 TASFZ2 80493 247 1302 72 100 200 1,000 -
. 58 270001082281101 Coegan BVI  IASPZZ 6-25-93 258 1464 72 124 320 1100 -~
Py 62 270922082261801 Verdral 5§16 TASPZZ 628.93 256 1276 67 9% 310 961 -
? 63 270925082243901 Brock 3890 IASPZ2 70233 244 1331 67 60 440 1,070 -
” 6  ZT0447082270801 Love BVISO  IASPZ2 70293 259 1.092 7.2 ) 260 m -
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Table 3, Well records for ground-water sampling network and ground-water quality data in southwest Sarasota County, 1993 —~-Continued
['C, degrees Celsius; EWD, Englewood Water District; mS/cm, microtiemens pet centimeter at 25 C: mg/L, milligrams per lites; <, less than; —, no data; ROMP, Regional Observation Monisor Program;
SAS, surficial aquifer system; IAS PZ1, intermediate aquifer system pernmeabie zane 1; IAS FZ2, intermediate aquifer system permeable zone 2; IAS PZ3, intermediste aquifer system permeable zone 3; index
nombers refer to fig. 24)
M S o Smmme  dwph  oeogc coleion e comdumncs (O Chode Sue DU wotwol
(feet} unit date (-] (sSicm} (mgA)
70 270720082220501  Holland Landscaping 42783 IASFZ2 6-29-93 248 831 72 4% 180 601 -
71 270633082231301 Butks S¥108  IAS PZ2 62993 249 2,3% 70 165 1,100 2,220 -
74 270344082214001 Industrial Space, Inc, 70160  IASPZ2 71693 252 2,910 72 400 £30 2,190 -
87 270305082252801 Knocks 61185 IASPZ2 7-07-93 254 613 16 49 25 404 -
108 265817082232501 Couchot 1507166 IASPZ2 806-93 256 15,100 14 4,920 360 10,300 -
146 270227082253201 Rinchart 139159  TASPZ2 70293 251 208 76 164 v 367 -
155  270940082283201 Sorrento Shoces 2 6387 IASPZ2 293 251 2,760 71 155 1,400 2,680 -
157  27084%082273501 Lake Village, Inc. 6094 IASPZ2 £22.93 256 1,860 71 135 680 1.580 -
158 270842082252701 King's Gate, Inc. 3 63140 IASPZ2 62393 252 1 6.5 51 25 376 - ]
171 Z70545082234201 Vemice Ranch, Inc. s0m5  IAS P22 #2093 263 1,730 74 20 40 1.260 - o=
182 270406082220103  Planiation MW4-PZ2 661180 IASPZ2 7-06-93 257 515 7.7 57 30 316 -
185 270432082231901 Venice Gardens 9 8123 IASPZ2 8.02-93 252 537 7.4 50 18 M2 -
186 271022082235701 Austin 6381 IASPZ2 $05-93 252 1,202 72 %0 260 837 -
187 270816082223301 Gmant 4280 IASPZ2 804-93 253 913 73 56 180 680 -
191 Z70619082271601 Hunter W26 IASPZ2 20693 250 2,020 15 130 440 1,750 -
192 2706180822435801 Venice Ball Park 51 7097  IASPZ2 80693 253 2,540 75 265 940 2070 -
193 270213082223301 Circlewood S  IASPZ2 8-10-93 249 596 7.6 &1 16 398 -
195 270731082251901 Faith Baptist Ch. Desp ©m6  IASPZ2 8-19-93 75 3,100 74 260 1,500 2740 -
220 271037082285901 Southbay Utility PZ2 6100  IASPZ2 '6-30-93 - - - 143 1,100 2,190 - §
221 2712230825260t  Clentral Co, Utility P22 63200 LASPZ2 lg-01-93 - - - 103 5 615 -
109 271137G82284503 ROMP20LH 250370 IAS PZ3 62393 256 2,600 64 &0 1,600 2,640 -
112 ZFOR08082270503 ROMPTR S-1LH 275280  IASPZ3 62293 72 2,170 71 33 1,200 2,120 -
114  270919082234204 ROMPTR 5-2TPA 3604400  IAS PZ3 62393 284 2,520 69 38 1,500 2,620 -
115 270607082262701 Venice RO 2 2500450  IAS PZ3 8-06-93 262 4,680 71 766 1,500 3,810 -
117 270432082254001  Venice By-Pass Park 0479 IASFZI 7-09-93 262 2,260 72 275 720 1,710 -
123 270847082253101  Alakna 300555  IASPZ3 80493 26.0 1,47 75 52 490 1120 -
124  270628082244601 Capri Isles Golf Club 300/606  JAS PZ3 $-19-93 256 2,700 70 170 1,400 2,420 -~
126  270241082213601 Taylor Ranch Elem. Sch. 00590 IASPZ3 70993 258 3,320 7.5 655 700 2,280 -
3




seqeg

Table 3, Well records for ground-water sampling network and ground-water quallty data In southwest Sarasota County, 1993 --Continued
[C, degrees Celsius; EWD, Englewood Water District; mS/om, microsiemens per centimeter at 25 'C; mg/L, milligrams per liter; <, less than; —, no data; ROMP, Regional Observation Monitor Progra=, .. -

SAS, surficial squifer system; IAS PZ1, 3 aquifer system p ble zone 1; IAS PZ2, intermediate aquifer system permeable zooe 2; IAS PZ3, intermediate aquifer system permeable zone 3; index
numbers refer to fig. 24]
S Smmam | del  ege clesn e oo S Ol Sume TCSY wotwor
{test) et date (c) (nSécm} (mgL)
147 265713082204401 EWD RO Prod 1 260425  1AS FZ3 6-28-93 265 10370 15 3.250 400 7.320 -
156 270905082280201 Sotrento Shores 10 302320 IASED 6-21-93 257 3,39 69 315 1,700 3,310 -
301 265721082204501 EWDRO Prod 9 312 IASFZ3 xno - - - 3,690 388 5,033 -
302 265722082205101 EWD RO Prod 4 375 1ASPZ3 262293 - - - 4,200 582 7,700 -
303 270408082215501  Plantation MW3 245380  IASPZ3 17.06-93 260 3,700 74 589 1,150 2710 -
304 2F0SIE0R2260401  Venice RO 7 2300439  IASPZ3 3269 - - 12 350 900 1,960 -
305 270546082261701 Venice RO 4 230/450 IAS PZ3 33-10-9‘3 - - 7.3 625 1,625 2,710 -
306 270605082262101 Venice RO 2A 230450  LAS PZ3 321093 - - 72 665 2,125 3,180 -
307 2Z70646082245101 Venice 1E 260/405  IASPZ3 33.10.93 - - 73 a55 2,500 2,660 -
308 Z70723082243201  Venice 3E 197360  IASPZ3 3.20.93 - - 73 100 1,700 1,720 -
309 271029082285901  Southbay Ukility PZ3 200446 1AS PZ3 15-30-93 - - - 202 1,650 2,540 -

!Sample collected by uiility pervonnel and analyzed by private lsboratocies
2Sample callected and analyzed by Englewood Water District well-field persouncl
3Sample collected and snalyzed by City of Venice well-fisld pecsonnel
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Table 4. Ground water-quallty data collected with a pore squeezer at the Carlton Reserve and South Venice tast wells, Sarasota County, Florida, 1992

[Uncomsalidated clay materiad is the source of all water samples. Alkalinity ations from the South Venice test weall are not labortory data, but were approximated, SAS, surficial aquifer system; [AS,
intermediste aquifer system; V.C,, Venice Clay; PZ1, permesble yone 1; PZ2, permesble zone 23 PZ3, permeable zone 3; CU SAS/PZL, confining unit betweens SAS and 1AS PZ1; CU PZ1/PZ2, confining unit
between 1AS PZ1 and IAS PZ2; CU PZYFZ3, confining unit between 1AS FZ2 and IAS PZ3; CU PZY/UFA, confining unit between IAS PZ3 and upper Floridan aquifer; ft, feet; wS/cm, microsiemens per
ceatimeter at 25°C; mg/L, milligrams per liter; mg/L, micrograms per liter; <, less than; —, 50 data]

Sample oo, Specific .

SiteName Site identification d:g;h H”d";g;.‘t’l"g“‘ mnmkm mugcsct{:;a pH (uxits) m" H"“:“m":z?‘“'
Carlton  270803082210301 20 CU SAS/PZ1 42892 1,160 66 476 350
Reserve

40 CU PZLPZ2 42892 1240 6.5 443 375
(v.C)
43 Do. 42992 1220 6.8 249 168
94 PZ2 43092 920 7.2 300 287
148 De. 50292 940 79 512 294
162 Do. 5-02-92 1,120 70 256 256
350 PZ3 52792 2,000 7.1 238 1,068
432 CU PZ3/UFA 5-28-92 2,120 63 443 615
South Venice  270340082255401 27 CU SAS/PZ1 7-26-92 1,040 - 448 367
‘ 72 PZ1 8-04-92 640 - 334 270
125 CUPZLPZ2 8-08-92 550 - 252 218
(Ve
291 CU PZAPZ3 81992 870 - 268 297
304 Do. 8-20-92 1,060 - 25 331
373 PZ3 8-21-92 2,080 - 286 1,067
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Table 4. Ground-water quality data collected with a pore squeezer at the Cardton Reserve and South Vanice test wells, Sarasota County, Florida, 1892-Continued
[nconsolidated clay material is the source of all water samples. Alkalinity concentrations from the South Venice st well are not laboeatory data, but were approximated. SAS, surficial aquifer system; [AS,
intermediate aquifer sysem; V.C., Venice clay; FZ1, permeable zone 13 PZ2, 1 bl zone 2; PZ3, p ble zone 3; CU SAS/PZ1, conflning nnit between SAS and IAS FZ1; CU PZL/PZ2, confining unit
between LAS PZ1 and [AS PZ2; CU PZ2/PZ), coalining unit between IAS PZ2 and [AS PZ3; wmmmhmgmmmmmwwnmqumfmmMWM.mmmpu
centimeter; mg/L, milligrams per liter; pg/L, micrograms per liter; <, less than;—, no data]

_ Sumgle Cilclum, Magoesium,  Sofium,  Poussium,  Chlorde, o, bon,  Swomm, 0T
Site Name depth dissolved dissolved dissolved dissolved dissolved  dissolved  dissolved  dissolved dissolved
) (mgfl) (mg/L) (mg/t) (mg/L} {mg/L) (mg/L) (neL) (g/L) (mg/L)

Carlton Reserve 20 110 18 42 4.6 © 45 140 300 1,200 0.70

40 100 30 61 54 65 280 6 1,300 0.80

48 110 4 48 - 52 270 80 1,900 0.52

94 68 28 46 6.8 69 31 40 2,000 0.28

148 110 52 54 14 66 46 1,100 3,000 0.14

162 50 k)| 44 8.2 52 52 20 - 2.80

330 240 110 38 24 20 840 <5 14,000 0.38

432 140 62 140 11 75 660 400 8,800 2.50

South Venice 27 130 10 70 83 87 37 140 870 <0.02

72 92 9.5 24 4.2 34 4.0 <5 720 <0.02

125 64 14 24 4.8 45 48 130 620 0.30

291 58 36 .50 ] 8.7 100 49 <5 3,900 0.42

34 63 41 69 13 140 90 80 4,700 035

373 240 110 86 10 160 760 30 13,000 0.22
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