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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS, AND ACRONYMS

Multiply By To obtain

inch (in.) 25.4 millimeter

foot (f1) 03048 meter

foot per minute (ft/min) 0.3048 meter per second

mile (mi) 1.609 kilometer

foot squared per day (ft%/ d) 0.0290 meter squared per day
square mile (mi2) 2.590 square kilometer
million gallons per day (Mgal/d) 0.04381 cubic meters per second
galtlons per minute (gal/min) 0.06308 liter per second

Seu level: In this report "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada,

formerly called Sea Level Datum of 1929.
Abbreviated water-quality units:

mg/L  milligrams per liter
uS/cm  microsiemens per centimeter at 25 degrees Celsius

Acronyms
GIS = Geographical Information System
QWIP = Quality of Water Improvement Program
ROMP = Regional Observation and Monitor Well Program
SWFWMD = Southwest Florida Water Management District
USGS = U.S. Geological Survey
WUP = Water Use Permits
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The Potential for Water-Quality Degradation of
interconnected Aquifers in West-Central Florida

By P. A. Metz and D. L. Brendle

Abstract

Thousands of deep artesian wells were drilled
into the Upper Floridan aquifer in west-central Florida
prior to well-drilling regulations adopted in the
1970’s. The wells were usually completed with a
short length of casing through the unconsolidated sed-
iments and were ieft open to multiple aquifers contain-
ing water of varying quality. These open boreholes
serve as a potential source of water-quality degrada-
tion within the aquifers when vertical internal bore-
hote flow is induced by hydraulic-head differences.
This potential for water-quality degradation exists in
west-central Florida where both the intermediate
aquifer system and Upper Floridan aquifer exist.

Measurements of caliper, temperature, gamma,
fluid conductivity, and flow werg obtained in 87 wells
throughout west-central Florida to determine the
occurrence of interaquifer borehole flow between the
intermediate aquifer system and the Upper Floridan
aquifer. Flow measurements were made using an
impetler flowmeter, a heat-pulse flowmeter, and 2
video camera with an impeller flowmeter attachment.
Of the 87 wells measured with the impeller flowmeter,
17 had internal flow which ranged from 10 to 300 gal-
lons per minute. A heat-pulse flowmeter was used in
19 wells in which flow was not detected using the
impeller flowmeter. Of these 19 wells, 18 had internal
flow which ranged from 0.3 to 10 gallons per minute,
Additionally, water-quality samples were collected
from specific contributing zones in wells that had
internal flow.

Analysis of geophysical and water-quality data
indicates degradation of water quality has occurred
from mineralized ground water flowing upward from
the Upper Floridan aquifer into the intermediate
aquifer system through both uncased borehoies and

cotroded black-iron well casings. In areas where there
is a downward component of fiow, data indicate that
potable water from the intermediate aquifer system is
artificially recharging the Upper Floridan aquifer
through open bareholes.

A geographical area was defined where there is
a potential for water-quality degradation due to
improperly cased wells. This area was delineated
based on where there is an upward component of
ground-water flow and where there is an occurrence of
poor-quality water. The delineated area includes parts
of Hillsborough, Manatee, Sarasota, Charlotte,

De Soto, and Hardee Counties.

To prevent further contamination of the aqui-
fers, the Southwest Florida Water Management
District began the Quality of Water Improvement
Program in 1974 to restore hydrologic conditions
altered by improperly construcied wells or deteriorat-
ing casings. Asof May 1994, more than 3,000 wells
have been inspected and approximately 1,350 have
been plugged. To minimize interaguifer contamina-
tion, existing wells, especially ones with black-iron
casing, should be inspected and, if necessary, repaired
with new casing or plugged.

INTRODUCTION

Thousands of wells were drilled into the Upper
Floridan aquifer in west-central Florida from 1900 1o
the early 1970's to obtain water for irrigation. Because
potable water is also available in the intermediate
aquifer system, most early imigation wells that pene-
trated the more productive Upper Floridan aquifer
were constructed so that they also were open to the
intermediate aquifer system. The wells usually were
completed with a short length of casing through

Introduction 1
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unconsolidated sediments and were open to multiple
aquifers with varying water quality. A confining unit
exists between the two aquifers, but these open bore-
holes provide a conduit for ground water to move from
zones of higher head to zones of lower head, thus
shortcutting the slower route of leakage through the
confining units.

Suscliffe (1975) reported that, in Charloite
County, highly mineralized ground water had moved
up the boreholes of many abandoned irrigation wells
and had resulted in a deterioration of water quality in
the shallow zones. Florida administrative code
requires ncw wells to be constructed to prevent aquifer
interconnection. However, a large number of existing
multiple aquifer wells remains and the extent of aqui-
fer degradation and exact area affected are unknown.
In 1992, the U.5. Geological Survey (USGS), in coop-
eration with the Southwest Florida Water Management
District (SWFWMD), began a study to determine if
there was a potential for water-quality degradation due
to improperly cased wells. The arca of concern
includes the southemn half of the Southwest Florida
Water Management District where both the
intermediate aquifer system and Upper Floridan
aquifer exist. This area includes all of De Soto,
Hardee, Manatee, and Sarasota Counties and parts of
Charlotte, Highlands, Hillsborough, and Polk
Counties (fig. 1).

Purpose and Scope

This report describes the occurrence of inter-
aquifer flow and defines a geographical area in west-
central Florida where there is a potential for ground-
water quality degradation as a result of internal bore-
hole flow in welis that are open to multiple aquifers
containing water of varying quality. The occcurrence
of interaquifer borehole flow and the extent of water-
quality degradation between the intermediate aquifer
system and the Upper Floridan aquifer were deter-
mined by collecting and analyzing geophysical logs,
head difference maps, and water-quality data. The
report presents a description of the hydrogeologic
framework, aquifer head difference maps, well inven-
tory data, composite geophysical logs of wells open to
muitiple water-bearing zones, maps of wells with
interaquifer flow, a table of water-quality data, and
maps of water quality. A data basc of geophysical log
information was established during this study to
describe interaquifer flow characteristics.

Previous Investigations

The first study assessing the potential for water-
quality degradation of interconnected aquifers in this
area was done by Sutcliffe and Joyner (1966) who
suggested that selective casing of wells or plugging
could improve the quality of water produced from a
well. Sutcliffe (1975) reported that nonpotable
ground water had moved up the boreholes of many
abandoned irrigation wells in Charlotte County.
Boggess and others (1977) reported that saline water
intrusion was related to well construction in Lee
County. Wilson (1977) determined that the practice of
drilling irrigation wells with many hundreds of feet of
borehole open to multiple aquifers facilitated inter-
aquifer flow in De Soto County. Healy (1978) docu-
mented many uncontrolled flowing artesian wells and
concluded that the wells were the principal means for
the deterioration of freshwater in the area because of
upward leakage of saltwater into the shallow artesian
aquifers. La Rose (1990) investigated the effects of a
well-plugging program on the ground-water quality in
Lee County and reported a slight decrease in chloride
concentrations on a local scale. Hutchinson (1992)
documented numerous improperly cased weils in
Charlotte and Sarasota Counties that had upward inter-
nal borehole flow.
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Description of Study Area

The study area includes the southern helf of the
Southwest Fiorida Water Management District where
both the intermediate and Floridan aquifer systems
exist. This arca covers about 4,700 mi?, and includes
De Soto, Hardee, Manatce, and Sarasota Counties and
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parts of Charlotte, Highlands, Hillsborough, and Polk
Counties {fig. 1).

The study area lies entirely in the mid-peninsu-
lar physiographic zone described by White (1970) and
includes four subdivisions: the Polk Upland, the Lake
Wales Ridge, the De Soto Plain, and the Gulf Coastal
Lowlands, The subdivisions correspond approxi-
mately to several marine terraces or plains that were
formed by marine regressions during the Pleistocene
Epoch. The inland boundary of each subdivision is
delineated by a low scarp or break in slope that repre-
sents the position of a former marine shoreline
(Wilsen, 1977). The Polk Upland is a broad sandy
area that ranges in altitude from 100 to 245 ft above
sca level. On the eastern side of the Polk Upland lies a
part of the Lake Wales Ridge that ranges in altitude
from 100 to 245 ft above sea level. This long, narrow
ridge is a series of subparallel, eroded, sandy ridges
with intervening valleys that contain numerous lakes.
The De Soto Plain is a broad, gently sloping plain that
ranges in altitude from 30 (o 100 ft above sea level.
The Gulf Coastal Lowlands, which encompasses a
large part of the Peace River valley to the Gulf of
Mexico, consists of poorly drained, low-lying land at
altitudes of 30 to 40 ft above sea level in central and
southwestern De Soto County to less than 5 ft above
sea level along the coast (White, 1970).

The climate of the study area is subtropical
humid and is characterized by warm, relatively wet
summers and mild, relatively dry springs. Annual
rainfall averages about 53 in. and varies scasonally
with more that half the tota! rainfail occurring from
June through September (Palmer and Bone, 1977). In
addition to seasonal variations, rainfall also tends to be
distributed unevenly throughout the area at any given
time, especially during the summer. This uneven dis-
tribution occurs because most sumrmner rainfall in
Florida is derived from localized, convective thunder-
storms. Winter rainfall generally results from cold,
frontal-type air masses that move from north to south
and occurs over wide areas,

HYDROGEOLOGIC FRAMEWORK

The hydrogeologic units underlying the study
area consist of deposits of sand, clay, marl, and car-
bonate rocks that were primarily deposited in a marine
environment. Principal hydrogeologic units consist of
the sutficial aquifer, the intermediate aquifer system,
and the Floridan aquifer system (Southeastern

Geological Society, 1986). These hydrogeologic
units, their equivalent stratigraphic units, and brief
lithologic descriptions are presented in figure 2,

Surficial Aquifer

The surficial aquifer is contiguous with land sur-
face and overlies the intermediate aguifer system.
This aquifer is composed principally of unconsoli-
dated to poorly indurated clastic deposits
(Southeastern Geelogical Socicty, 1986). The
surficial aquifer consists of predominately fine sand,
interbedded clay, mart, shell, and phosphorite (fig. 2).
The water-bearing propertics of the surficial aquifer
are largely dependent npon aquifer thickness and
grain-size distribution of sediments within the aquifer
{Wilson, 1977). Thickness of the surficial deposits
ranges from about 350 ft in Highlands County to about
25 fi near the coast and in low-lying areas (Wolansky
and others, 1979; SWFWMD, 1994). Transmissivity
values for the surficial aquifer in the study area range
from 600 to 8,000 fi2/d (Wolansky and Corral, 1985).
Because of low yield to wells and the potential for
degradation, the surficial aquifer has timited use in
most of the study area and generally is used for lawn
and garden irrigation and for livestock watering.

Intermediate Aquifer System

The intermediate aquifer system includes all
water-bearing units (aquifers) and confining units
between the overlying surficial aquifer and the under-
lying Upper Floridan aquifer (Duerr and others, 1988).
The intermediate aquifer system consists of the undif-
ferentiated deposits of Pleistocene and Pliocene age
and the Hawthorn Group of Miocene age (fig. 2).

The intermediate aquifer system consists of
three or more hydrogeclogic units (fig. 2): (1) a clayey
and pebbly sand, clay, and marl upper confining unit
that separates the water-bearing unit in the intermedi-
ate aquifer system from the surficial aquifer; (2) one to
three water-bearing units composed primarily of car-
bonate rocks, sand, and discontinuous beds of sand
and clay; and (3) a sandy clay and clayey sand lower
confining unit that lies directly over the Upper
Floridan aquifer (Ryder, 1985). The diversity in
lithology of the intermediate aquifer system reflects
the variety of depositional environments that occurred
during the Miocene Epoch, These environments of

4 Potantisl for Waler-Qusiity Degradation of Interconnected Aquifers in West-Cantral Florida
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deposition included open-marine, shallow-water,
coastal-marine, fluvial, and estuarine {Gilboy, 1985).

The intermediate aquifer system underlies all of
the study area and is hydraulically scparated from the
overlying surficial aquifer by the upper confining unit.
The upper confining unit has a low vertical hydraulic
conductivity and, consequently, retards interaquifer
flow. However, for most of the study area, the upper
confining unit transmits, or leaks, water downward
from the surficial aquifer into the intermediate aquifer
system, and the system is referred to as a leaky-aquifer
system (Wilson, 1977). Water is also transmitted
upward through the upper confining unit into the
surficial aquifer and the Peace River in areas where
upward head gradients exist.

The water-bearing units of the intermediate
aquifer system consist of limestone and dolomite.
Clay beds of wide lateral extent and variable thickness
may occur interbedded within these water-bearing
units {(Duerr and Enos, 1991). Transmissivities of the
water-bearing units of the intermediate aquifer system,
reported from aquifer tests, range from less than 100
to 13,000 fi2 /d (Ryder, 1982). The wide range of
transmissivity values for the intermediate aquifer
system indicates formational heterogeneity that is sub-
stantiated by geophysical logs (Hutchinsaon, 1978).
The area of highest transmissivity coincides with areas
adjacent to the Peace River. This high transmissivity
indicates & more active flow system exists where
ground water moves upward into the river and
enhances development of secondary porosity in the
carbonate rock (Ryder, 1985). Thickness of the
intermediate aquifer system ranges from less than 100
ft in central Hillsborough and northern Polk Counties
to more than 800 ft in southem Charlotte County
(Duetr and others, 1988).

A lower confining unit lies at the base of the
intermediate aquifer system and to some extent
hydraulically separates the intermediate aquifer
system from the Upper Floridan aquifer. The lower
confining unit has a low vertical hydraulic conductiv-
ity and consequently retards interaquifer flow. How-
ever, for most of the study area, the lower confining
unit transmits, or leaks, water downward from the
intermediate aquifer system into the Upper Floridan
aquifer, and the system is referred to as a leaky-aquifer
system (Wilson, 1977). Water is also transmitted
upward from the Upper Floridan aquifer through the
lower confining unit to the intermediate aquifer system
where upward head gradients exist.

The intermediate aquifer system is used exten-
sively as a source of water for irrigation and public
and domestic supply. Wells open to the intermediate
aquifer system generally yield less than 300 gal/min
{Wilson, 1977). The yield to wells and total withdraw-
als of water from the intermediate aquifer system are
greater than those of the surficial aquifer, but are much
less than those of the deeper Upper Floridan aquifer.

Floridan Aquifer System

The Floridan aquifer system, as defined by
Miller (1986, p. 44), is a vertically continuous
sequence of carbonate rocks of generally high perme-
ability that are mostly of Tertiary age. The rocks are
hydraulically connected in varying degrees, and their
permeability generally is an order to several orders of
magnitude greater than that of the rocks bounding the
system above and below. In the study area, the
Floridan aquifer system consists of two aquifers: the
Upper Floridan aquifer which contains freshwater and
the Lower Floridan aquifer which contains highly
mineralized water. The Upper and Lower Floridan
aquifers are separated by the middle confining unit
(Miller, 1986). The Upper Floridan aquifer commonly

_ consists of a few highly permeable zones separated by

less permeable zones (Johnston and Bush, 1988).

The top of the Upper Floridan aquifer is the
horizon below which carbonate rocks persistently
occur. The middle confining unit, which is the base of
the Upper Floridan aquifer, is characterized by lime-
stone and dolomite that have reduced permeability as a
result of vertically persistent, intergranular evaporites
(Southeastern Geological Society, 1986). The rocks
below the middle confining unit have known or esti-
mated low transmissivity; therefore, freshwater flow is
limited to rocks above the section with intergranular
evaporites (Ryder, 1985). This report is limited to
ground-water flow in the freshwater part of the
Floridan aquifer system, or the Upper Floridan aquifer.

The Upper Floridan aquifer consists of the
Suwannee Limestone, the Ocala Limestone, and the
Avon Park Formation of the Oligocene and Eocene
series (fig. 2). Thickness of the Upper Floridan
aquifer ranges from approximately 1,000 ft in northern
Polk County to 1,200 ft in Charlotte and De Soto
Counties. The Upper Floridan aquifer consists of
limestone and dolomite that have solution-enlarged
fractures. These fractures commonly yield abundant
supplies of water to wells. The most productive part

&  Potential for Water-Quality Degradstion of Interconnectad Aquifers in Waest-Central Florida
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of the aquifer generally corresponds to dolomite
sequences within the Avon Park Formation. Trans-
missivity of the Upper Floridan aquifer ranges from
about 30,000 ft%d at the Gulf Coast to about 850,000
ft?/d in northeastern De Soto County (Ryder, 1985).

The Upper Floridan aquifer is the most produc-
tive and widely used aquifer in the study area and sup-
plies more than 10 times the amount of water pumped
from cither the surficial aquifer or the intermediate
aquifer system. Thousands of wells have been drilled
into this highly productive aquifer, and it is estimated
that about 10 percent of these wells are open solely to
the Upper Floridan aquifer. In the study area, most
wells completed in the Upper Floridan aquifer are also
open to the intermediate aquifer system (Metz, 1995).

The Upper Floridan aquifer is used extensively
as a source of water for industrial, itrigation, public,
and domestic supply and wells can yield as much as
5,000 gal/min (SWFWMD, 1994). However, the sig-
nificance of the Upper Floridan aquifer as a source of
potable water diminishes as the water quality degrades
in the southern and westem parts of the study area. In
these areas, the importance of the intermediate aquifer
system as a source of water increases (Duerr and oth-
ers, 1988). The term poor-quality water is used in this
report to indicate water having concentrations of chlo-
ride, sulfate, and dissolved solids that exceed 250,
250, and 1,000 mg/L, respectively.

FACTORS INFLUENCING VERTICAL
BOREHOLE FLOW

Vertical flow in an open borehole of a well is
influenced by well construction, the relative perme-
abilities of the aquifers, and the head differences
between aquifers open to the borehole (Keys and
MacCary, 1971). When a well is drilled into an aqui-
fer, the open borehole serves as a local conduit in the
aquifer matrix. Open boreholes may not affect
regional flow, but the borehole represents a substantial
local heterogeneity in the immediate flow field (Paillet
and others, 1994).

Improperly constructed and corroded wells may
serve as a source of water-quality contamination
within the aquifers. A schematic diagram of a prop-
erly constructed well that is open to a single aquifer
and a corroded well and an improperly constructed
well that are open to multiple aquifers is presented in
figure 3. Where heads in the Upper Floridian aquifer
are higher than heads in the intermediate aquifer

system, highly mineralized water may flow upward
from the Upper Floridan aquifer into the intermediate
aquifer system. Where heads in the intermediate
aquifer system are higher than heads in the Upper
Floridan aquifer, downward flow may occur through
the open borehole resulting in a loss of potable water
to the aquifer below.

The length of the casing in relation to the total
depth of the well is important in controlling the quan-
tity of water flowing intemally. The well casing pre-
vents the borehole from collapsing in unstable
lithologies and limits aquifer connectivity, thus pre-
venting interaquifer flow. Because potable water usu-
ally is available in the intermediate aquifer system,
most wells that penetrate the more productive Upper
Floridan aquifer are constructed so that they also are
open to the intermediate aquifer system. Sproul and
others (1972, p.10) reported that the intemal flow
within uncased parts of wells open to multiple aquifers
ranges from about 30 to nearly 100 gal/min in the
McGregor Isles area in Lee County.

The head gradient between the aquifers signifi-
cantly controls the potential for vertical borehole flow
in weils open 10 multiple aquifers. Head difference
information used in this study was obtained from
potentiometric-surface maps of the intermediate aqui-
fer system and Upper Floridan aquifer. The potentio-
metric surfaces of the intermediate aquifer system and
Upper Floridan aquifer in west-central Florida are
mapped semiannually by the USGS, in cooperation
with the SWFWMD, during periods when water levels
arc at their highest (September) and lowest (May).
These maps show potentiometric contours based on
synoptic measurements of water levels in hundreds of
wells open to either the intermediate aquifer system or
the Upper Floridan aquifer. The ARC/INFO GIS sys-
tem was used as an aid in the construction of the head
difference maps. GIS coverages were generated from
digitized potentiometric-surface contour lines. These
coverages were intersected with a 1-mi by |-mi grid
and head values were assigned to each cell by interpo-
lation methods. Head difference maps were generated
by subtracting the interpolated head values in the
Upper Floridan aquifer from those in the intermediate
aquifer system, Contours lines were drawn based on
equal head difference values.

The head differences between the intermediate
aquifer system and the Upper Floridan aquifer in
September 1993 (Mularoni, 1994 a,b; fig 4) represent
conditions at the end of the summer rainy season at a

Fattors infjuencing Vertical Borehole Flow 7




PROPERLY WELL WITH
CONTRUCTED CORRODED IMPROPERLY
WELL CASING CASED WELL

SURFICIAL
AQUIFER

CEMENT  § N
GROUT :

- -

OPEN
BOREHOLE

Frrrr ey
- -

LOWER g
CONFINING U
UNIT

sy

INTERMEDIATE
AQUIFER
SYSTEM
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time when the aquifers generally are unstressed by
irrigation pumpage. In September 1993, heads in the
intermediate aquifer system were as much as 70 ft
higher than heads in the Upper Floridan aquifer near
the corner of Hillsborough, Manatee, Polk, and
Hardee Counties. Water is transmitted downward
through the confining unit and recharges the Upper
Floridan aquifer. The head gradient reverses in the
southern part of the study area where the Upper
Floridan aquifer has higher heads than those of the
intermediate aquifer system by as much as 20 ft in
westemn Sarasota County and central Charlotte County.
In these areas, water is transmitted upward through the
lower confining unit and discharges to the
intermediate aquifer system.

The head differences between the intermediate
aquifer system and the Upper Floridan aquifer in May
1994 (Metz and Brendle, 1994 a,b; fig. 5) represent
conditions near the end of a dry season during which
extensive irrigation pumpage has occurred. In May
1994, heads in the intermediate aquifer system were as
much as 90 ft higher than heads in the Upper Floridan
aquifer near the corner of Hillsborough, Manatee,
Polk, and Hardee Counties. These greater head differ-
ences are due to large scasonal ground-water with-
drawals for irrigation from the Upper Floridan aquifer.
In the southern part of the study area, heads were
higher in the Upper Floridan aquifer than the
intermediate aquifer system by as much as 20 ft.

METHODOLOGY AND
INSTRUMENTATION

A well inventory was conducted to locate wells
that had a short length of casing; were open to both the
intermediate aquifer system and the Upper Floridan
aquifer; and were accessible for the collection of bore-
hole geophysical data. Several hundred wells were
inventoried to locate wells that met the necessary cas-
ing, depth, and accessibility ctiteria,

The determination of interaquifer flow was
accomplished by obtaining geophysical logs of cali-
per, gamma, temperature, flow, and fluid conductivity,
and by the collection of water-quality samples and
video borehole data. This information provided an
understanding of the welfl construction, contacts
between hydrogeologic units, zones of inflow and out-
flow, rates of interaquifer flow, chemical properties of
walter in the borehole, and locations of fractures and
cavities.

Three different flowmeters were used to deter-
mine interaquifer flow because of the sensitivity and
timitations of each meter. The three meters were: an
impeller flowmeter, a borchole video camera with an
impeller flowmeter attachment, and a heat-pulse flow-
metet.

In the initial survey of each well, flow measure-
ments were made using an impelier fowmeter. The
impeller flowmeter consists of a helical turbine, or
rotor, that is mounted on a vertical axis in a metal cyl-
inder (fig. 6). Measurements were made in a fixed
position at selected depth intervals in the open bore-
hole and were repeated at these intervals to verify
readings when internal flow was detected. To obtain
flowmeter measurements under static conditions in
artesian flowing wells, the flow was shut off using a
standpipe or a well capping device.

To calibrate the impeller flowmeter, the instru-
ment was raised and then lowered at a controlled
speed in the cased pant of a well with no internal flow.
Flowmeter responses were plotied against logging
speeds to obtain a velocity calibration curve. This cali-
bration method was performed in 4-, 5-, 6-, 8-, 10-,
and 12-in. diameter wells. Internal flow volume was
calculated using the relation of cross-sectional area
and measured borehole velocity. To account for
irregular borehole diameters as indicated by caliper
logs, all reported internal flow values were obtained
from calibrated diameters.

The advantage of utilizing the impeller flowme-
ter is that high velocities can be recorded with this
instrument. The limitations of the impeller lowmeter
are that the direction of flow (either upward or down-
ward) can not be distinguished accurately, and that the
lower detection limit of the meter is about 5 fi/min.
Additional geophysical-logging information on instru-
mentation, calibration, and standardization, is docu-
mented by Keys (1990).

In arcas where upward and downward flow
could not be distinguished, the impeller Bowmeter was
comnected to a video camera. This design enabled the
viewer to observe the direction of rotation of the
impeller assembly hanging approximately 20 in.
below the borehole video camera. The impetler blade
turning clockwisc indicated downward flow and coun-
terclockwise indicated upward flow. A view of a bore-
hole with the impeller flowmeter attachment is shown
in figurc 7. The advantages of this design are

that the viewer can; (1) observe a continuous profile of
the well borehole and the direction of flow; (2) locate

10 Potentla! for Water-Quality Degradation of interconnscted Aquifers In West-Central Florlds
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Figure 6. The components of the impeller
flewmeter.

fractures or cavities that may be associated with
ground water flow to wells; and (3) inspect the casing
for holes or breaks. The lower detection limit of this
instrument is also 5 fi/min.

To determine flow below the detection limit of
the impeller flowmeter, the USGS heat-pulse flowme-
ter developed by Hess (1990) was used. Measurable
fluid velocities for the heat-pulse flowmeter range
from about 0.1 to 20 fiymin. Rate and direction of ver-
tical flow, was determined with this flowmeter. Reso-
lution of flow direction was accomplished by using
two temperature sensors, one above and one below a
heater grid (fig. 8). When the heater grid received an
electronic pulse, a parcel of water was heated. If there
was internal flow in the borehole, cither the lower or
upper temperature sensor detected the heated water.
Flow concentrating divertors were utilized to direct
fluid flowing in the borehole through the flow sensor
tube. The limitation of this meter is that it can not
measure fluid velocity above 20 ft/min.

Water samples were collected from the borehole
to delineate differences in ground-water quality from
specific contributing zones in wells that had internal
flow. A thief sampler connected to the geophysical
logger was used to collect the discrete samples from
the specific contributing zones. Water quality constit-
uents analyzed from these samples included chloride,
sulfate, and dissolved solids.

RESULTS AND INTREPRETATION OF
GEOPHYSICAL WELL DATA

Borehole geophysical surveys were conducted
in 87 wells to assess the rate and direction of interaqui-
fer borchole flow in wells open to multiple permeable
zones. Well records with geophysical logs that were
obtained in each well are listed in table 1. Location of
wells with corresponding index number from table 1
are shown in figure 9. The measured wells consisted of
irrigation, municipal, recreational, industrial, and tem-
porary observation wells with depths and casing
lengths ranging from 335 to 1,679 ft and 16 to 454 fi,
respectively. The following sections of this report
describe composite geophysical logs of temperature,
gamina ray, caliper, fluid conductivity, and flow of
selected wells that characterize the nature of interaqui-
fer borehole flow.

12 Potential for Water-Guallty Degradation of interconnected Aquifers in West-Central Florida
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Table 1. Selecied data for measured wells

[Data type: C. caliper; G, garmma; K, fluid-conductivity, T, iemparature; E, electric; FS, impeller lliowmeter survey; V, video; VFS, video
tiowmeter survey] Di, diameter of well in inches

Depth .
index Sts rame omte v ‘s D mew  Omatpe  rewovions
land  {leet) ment per minute
suttsce
! ROMP TR3-3 Ocaia 265531 B2) 948 1.066 120 8 (2-25-86 FS 45
2 Venetia (Berry 9) 270153 822126 620 224 6 06.27.87 FS 11
3 Venetia (Berry 4) 270203 822137 608 207 6 06-27-87 F§ 10
4 Sormenia Shores 270932 822835 669 3os 6 06-27-87 FS 30
$  4-Star Tomaio Packing 27312) 823217 543 200 4 040792 CGTF 0
& Dave Lewis 273214 822896 370 18 8 040792 C.GTEFS o
7 Bobby Jones No. 3 272039 822918 574 38 10 040992 C.GKFV 0
8  Oscar Scherer Stare Park 271032 B22745 728 294 B 04-10-92 C.GKTFS, 0
9 ROMP 20 271138 822846 ga3 73 12 (41492 COGKTEFS 110
19 Norris Brothers 270535 813745 534 4 6 41792 C.GT.FS 3l
I VemaP? 372248 821907 604 140 10 043092 CK.K.T.FS, g
12 Griffin Deep near Parrish 273536 822603 576 43 8§ 050192 C.GKT.EFS [i}
13 City of Sarasota: Boal Ramp 272052 823254 603 196 6 050692 CGKTEFS o
td Tropical River Groves: [4 271416 813746 1,492 193 12 050792 C.GKFS 0
15 Marshall Deep 272010 814325 437 134 5 060592 CGKTEFS 1}
16 Pioneer Park 273006 814300 611 35 8 060892 C.GTEFS o
17 Florida Power and Light 273718 823155 930 104 12 061092 C.G.KTEFS o
18 ROMP 57 275411 813720 381 160 6 06-11-92 C.GTEFS o
19 Smith 273103 813637 840 66 5 06-18:92 C.GKTEFS o
20 ROMP 123 274031 821504 620 nz B 07-2992 C.GK.T.FS§ 0
21 Walker Farms 271931 822608 668 238 6 08:03.92 C.T.E rs 0
22 City of Sarasota. Hickory St. 272129 823302 99 46 6 080492 CKTF.V 300
23 City of Sarasoua, 2131 S, 272120 823227 548 »7 4 080692 C.GKTEFS 0
24 Busby Deep 273605 B20711 996 153 12 08-13-92 €. G.K. T.EF5.VFS 0
25 Stephens Deep 272442 820152 730 146 )10 082192 C.G.TF§ o
26 Rusty Pot No. 2 27]646 821122 1.017 148 10 08-2692 C.GT.FS 0
27 Rushing 270633 822204 N 13 6 08-31-92 C.T.F§ 0
28 Rusty Pot No. | 271713 821230 409 83 8 0950392 CFS 0

Results snd Intrapretation of Gaophysical Wali Data 15
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Table 1.

[Data type: G, caliper; G, gamma; K, fluid-conductivity; T, temperature; E, slectric; FS, impeller ilowmeler survey: V, video: VFS, video

Selected daia for measured wells --Continued

flowmeter survey) Di, diameter of well in inches

Depth
Ir:::x Sits name IuL:t:;:; m ?:I:— o] I'I?o.::uor'o- Date type lrml;.r":’l::r
land {leet) ment per minuts
suriace

29  Schroeder Manatee Ranch No. 44 272338 822127 562 1g 12 090392 C.GKTFS 0
0 Kitchen Fish Farm No. 2 270559 815046 570 87 8 0908-92 C.G.T.Fs

3 Kilchen Fish Farm No. | 270559 815101 591 88 8 090892 C.F§ a
32 Schroeder Manaiee Ranch No. 26 272525 §2232% 1225 2 12 090992 C.GTFS 0
33 Schroeder Manates Ranch No. 38 272255 822349 1.276 454 8 091092 CGTFS 0
34 2X4 Ranch No. | 2708038 14647 545 158 19 092192 C.F5 0
35 2X4 Ranch No. 3 270443 Bl 4546 1.679 i26 12 09-21-92 CGTFs 0
36 Schroeder Manatee Ranch No. 8 272651 822625 703 64 B 09-22.92 CGKTFS o
37 Big Hog 272040 823258 555 90 12 (9-30-92 C.GKTFs 0
38 City of Sarasola: Alameds No. 2 272113 823302 537 306 8 10-05-92 lC. G.K.T.Fs 0
39 Phillipi Esiates Park 271613 823201 611 243 5 10-16.92 C.G. K. FS o
4 Florida Suaie Fish pond No. 2 265615 815435 622 136 10 10-15-92 C.G XK TEFS o
41 Utopia No. | 2719352 822056 1260 43 12 10-23-92  C.G.K.T.FS. 180
42 ROMP 43X 2736)5 812849 1003 8 8§ 10-2992 C.G K TVFS 0
43 Powell Deep 274813 822236 335 2% 6 11-18-87 CGKTEFS 0
44 Hi Hat No. 12 27173: 821849 494 nz [2 b1-16-92 C.G.T.FS fi}
45 Jaceranda Blvd. 270002 522205 454 64 6 11-18.92 C.TFS 0
46 Sunrise Golf Course 275530 822728 453 127 % 04-25-84 C.G.K.T.EFS VFS i}
47 Manatee County Duclte 273303 820641 1,184 184 12 12-02-92 C.G K TFS 140
48 Verna Production No. § 272256 821837 611 140 10 12049 C.KT.F§ 0
49 Trey's 270429 815644 498 78 6 12-08-92 C.GKTFS 0
50 Kibler Deep 272838 821422 1,129 208 & 12-09-92 CGRKTFS a
51 Babeock 265316 814334 "7 114 4 _I2-I7-92 C.G.KT.FS 58
52 City of Winter Haven 280356 §la454 1.000 87 12 121792 VF§ 0
53 E&D Catileranch 272014 815070 1o 104 12 122192 C.GKT.VFS a
54 Machaw 275510 812768 812 199 12 122297 C.GT.KFS 0
35 ELAP 274114 823037 475 29 8 12-23-92 CGTKFS a
56 Parrish Grove 273459 822532 583 102 6 12-28-92 C.GT.K.F5 VF§ 0
57 Cargill Phosphate 275850815129 954 204 20 122997 C.G.T.VFS 0
58 Vema T 04 272020 821948 500 140 6 020993 C.G.TKFS 0

16 Potential for Waler-Guality Degradation of inlerconnected Aquifers in West-Central Florida
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Table 1. Selected data for measured wells --Continued

[Data type: C, caliper; G, gamma; K, fluid-conductivity; T, temperalure; E, electric; FS, impeller flowmeter survay; V, video; VFS, video
fiowmeter survey] Di, diameter of wellin inches

Depth
k:::x Site name l:.nt:allll'::c m 'fn.: Di rr::t:uﬂ- Date type :r::e '.','.'u'm
land  (feet) ment par minute
surface
59 Amax Deep No, 3 271538 820023 1,547 340 B 02-18-93 C.G.T.FS§ 0
&)  Mc Cormmick Grove 271721 815220 1,004 420 12 0340393 C.GTFS o
&1 Hudson Fams 270046 815541 1256 368 12 03-2693 C.GTKFS 0
62 Verna P-1§ 272248 821808 550 141 8 04-1293 C.G.TK.FS 0
63 City of Sarasota 11th and Oregon 272049 823244 479 43 6 04-14-88 C.GY.KFS 0
64 Verna Production No. 23 17247 521702 492 192 10 041993 C.TK.EFS [}
65 ROMP 9 270432 820857 760 17 6 04-2793 C.G.T.KFS 50
66 City of Sarusota Corehole No. | 272042 823223 1,102 355 4 05-2193 C.GTKEFSV 43
67  Vemna Production No. | 272305 521903 592 136 10 05-26-93 C.GTKFS 0
63 Verna Production No. 5 172248 821846 589 142 10 05-26-93 C.G.T.KFS o
o9 Brewer 270536 815237 532 74 3 061793 C.GT.XKFS o
70 V.C. Hollingsworih 271339 815920 603 63 8 062993 CGTKFS 0
7t ROMP 5 (temporary well) 265643 814835 1,000 124 6 120293 CGTKFS 60
72 Ansin 265643 815500 765 108 4 02-1494 CGTKFS' 16
73 Verna P-20 272248 821719 520 142 10 02-15-94 C.G.T.K.FS 0
74 Verma KME-02 272301 821914 833 350 6 02-15-94 C.GTKFS 0
75 DEP No. 8 274812 814846 810 121 6 02254 C.G.T.F§ 0
76 ROMP 7-2 272612 823301 06 3% 12 03-18-M  C.GTKFS a
77 Fisheating Creek Dairy 270237 812721 1,602 230 16 0502.94 C.TFS 0
78 Reeder 273850 823135 600 206 8 050594 C.G.TFS 0
7% Gereral Development No. 8 270554 820038 1,137 269 15 06:0:94 C.G.T.X F§ 0
80  General Development Ne. 1¢ 270609 820104 . 1,070 62 8 060194 C.GTKFs 0
81 Boggess No. 19 270454 820157 716 84 10 060294 C.GTKFS h
82  CFindustries UF4 273453 820103 339 L] & 0%11.84 CGTKFS 0
83 Da Costa 265830 B15655 928 178 5 09-21.94 C.GTFS o
84  Port Manatee Authority 173753 823241 590 209 6 110994 CGTFS 0
85 Sarasota Co.Siormwater Util. 272016 822606 26 82 2 10-4.%4 C.GTKFS 0
86  Vema Production No. 35 272218 821527 600 142 10 0I-2695 C.GT.KFS 0
87 ROMP TR-SA-1 272049 823245 1,208 98 10 042194 CGTKFS 139

Resuits and Intrepretation of Geophysical Well Date 17
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impeller Flowmeter Well Log Analysis

All 87 wells were measured with the impeller
flowmeter; 17 (20 percent) of these wells had internal
flow that was detectable with this meter. Internal flow
rates ranged from 10 to 300 gal/min (fig. 10). Dis-
ttnct patterns in areal distribution of internal flow were
not observed. It was not unusual to find a well that
was flowing intemally and another well in cloge prox-
imity in which no intemnal flow was detected. Varia-
tions in internal flow rates could be attributed to
differences in well construction, relative permeabili-
ties of hydrogeologic units open to the wells, and head
differences in the aquifer open to the wells.

Examples of wells in Sarasota County in which
internal flow was controlled by well construction were
the Regional Observation and Monitor Well Program
(ROMP) 20 well and Cscar Scherer State Park well
(fig 9. and table [). ROMP 20 was a temporary flow-
ing monitor well, that had 73 ft of casing and a total
depth of 843 ft. A composite geophysical log for
ROMP 20 {fig. 11) shows the effects of a short cased
well open to multiple producing Zones. Analysis of
the gamma log suggests that the hydrologic contact
between the intermediate aquifer system and the
Upper Floridan aquifer occurs where gamma-ray
activity subsides at approximately 500 ft. The temper-
ature log indicates mixing of slightly warmer water
with cooler water at the formation contact that sug-
gests an inflow point. The temperature remains
nearly constant as the water moves up the borehole.
Fluid conductivities are highest at the bottom of the
well, and as the mineralized water moves up the bore-
hole, it mixes with the fresher water in the zones
above. The flow log indicates upward borehole flow,
and the inflow appears to be from a producing zone
located near the formation contact. The flow contin-
ues up the borehole until the water exits a large cavity
at approximately 80 fi. The internal flow rate was
measured at approximately 80 gal/min in a 10-in.
diameter section of the well. This composite log anal-
ysis is typical of wells that have a short length of cas-
ing, are open to multiple producing zones, and have an
upward component of bor¢hole flow.

A composite geophysical log for a well that has
a relatively long length of casing is shown in figure 12.
The Oscar Scherer State Park well is 2 mi south of
ROMP 20. Well information is listed in table 1 and
the well location is shown in figure 9. The well is 728
ft deep and has 294 ft of casing. The head differences,
water chemistry, and aquifer characteristics are similar

to ROMP 20 but the Oscar Scherer State Park well is
cased to a deeper depth. The composite geophysical
log indicates that the casing length of 294 feet limited
the aquifer connectivity; consequently, no internal
flow was detected using the impeller flowmeter. Cas-
ing beyond the upper permeable zones prevented
highly mineralized water from entering these zones.
The heat-pulse flowmeter data is discussed in a later
section of this report.

For several wells that had internal flow, the flow
rates were determined to be affected by the head dif-
ferences between the aquifers. Internal borchole flow
controlled by head differences is illustrated by com-
posite geophysical logs shown in figures 13, 14 and
I5. Utopia No. 1 well is in northern Sarasota County
and is 1,260 f deep with 45 ft of casing (fig. 13). Well
information is listed in table | and the well location is
shown in figure 9. The gamma log indicates that the
contact between the intermediate aquifer system and
the Upper Floridan aquifer is at approximately 450 fi.
The temperature and fluid conductivity logs indicate
mixing at approximately 100, 200, 450, and 890 ft;
these inflections in the log may represent hydrologic
contacts or water exiting or entering the borehole.
Downward flow was detected below a depth of 200 ft
in the intermediate aquifer system at a rate of approxi-
mately 75 gal/min in & 12-in. diameter section of the
borchole, The flow was observed to continue down-
ward to the bottom of the hole, This flow direction was
verified using a video camera with the impeller flow-
meter attachment (fig. 7).

Seasonal flowmeter measurements were made
in Utopia No. 1 well, from October 1992 through
October 1994, using the impeller flowmeter to deter~
mine the effects that head differences had on internal
flow rates (figs. 14 and 15). It was observed that the
flow rates increased and decreased in response to head
differences between the intermediate aquifer system
and the Upper Floridan aguifer. For example, as
shown in figure 14, the flow rates and an accompany-
ing hydrograph indicate that when an approximate
10 fi head gradient exists between the aguifers, as in
May, the flow rates increased to 150 gal/min in a
12-in, diameter section of the borehole. Lowering the
head in the Upper Floridan aquifer, as a result of
ground-water development, increased head differences
between the two aquifers and increased the downward
flow rate. Conversely, when the aquifers are
unstressed by irrigation, water levels rebound, such as
occurs during the summer months, and the head

Resuvits and Intrepratation of Geophysical Well Data 19
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difference is minimal between the Upper Floridan
aquifer and the intermediate aquifer system. For
example, as shown in figure 15, the flow rates and an
accompanying lydrograph indicate that, when an
approximate 2 ft head gradient exists between the
aquifers as in late June, internal flow was not detected
with the impeller flowmeter.

In addition to seasonal changes in flow rates,
shallow and deep producing zones were also affected
by the head gradient fluctuations. For example, in
October 1992, berween 46 and 190 ft, no flow was
detected in the upper producing zones (fig. 14). In
subsequent flow measurements, evidence of detectable
flow occurs at varying depths. These variations in
flow rates can be attributed to changes in head gradi-
ents between producing zones. When the shallower
producing zones were in equilibrium with lower pro-
ducing zones, as in July 1993, no internal flow
occurred. When shallower producing zones were not
in equilibrium with lower producing zones, as in May
1993, internal flow occurred to compensate for the
head differences. Internal flow in May 1993 also
occurred gt a shallower depth (between 80 and 100 ft)
than it did in October 1992 because of larger head dif-
ferences. Lower producing zones were also affected
by head gradient fluctuations-- for example, as shown
in figure 14 for August and October 1993 between the
interval 450 and 900 ft.

During the course of this study, several wells
had internal flow that was caused by nearby municipal
or irrigation pumping. Hickory Street well is a moni-
tor well for the city of Sarasota and is 599 ft deep with
46 ft of casing. Production No. 3 well for the city of
Sarasota is 549 ft deep with 260 ft of casing and is 30
ft from the monitoring well. The composite geophysi-
cal log for Hickory Street well when the nearby
Production No. 3 well was under pumping and non-
pumping conditions in shown in figure 16. The
gamma log does not indicate an apparent hydrologic
contact between the intermediate aquifer system and
the Upper Floridan aquifer because there is no subsid-
ence in gamma activity. The temperature log indicates
that there is slightly warmer water mixing with cooler
water at approximately 80, 260, and 550 ft. Fluid
conductivity is approximately 3,000 pS/cm from 80 to
550 ft and increases to 12,500 pS/cm &t the bottom of
the borehole. The contact between the intcrmediate
aquifer system and the Upper Floridan aquifer may be
inferred to be at 550 fi because of changes in the tem-
perature and fluid conductivity at this depth. There

was no measurable internal borehole flow in the moni-
toring well using the impeller flowmeter during non-
pumnping conditions of the nearby production well.

A composite geophysical log for Hickory Street
well with the nearby production well pumping approx-
imately 350 gal/min is shown in figure 16, A sharp
interface where the 260-ft casing depth for the produc-
tion well ends is shown by the temperature, fluid con-
ductivity, and flow logs (fig. 16). The borehole flow in
the monitoring well was teasured using the impeller
flowmeter at a maximum rate of 300 gal/min. Fleid
conductivity increased from approximately 12,000 to
15,000 uS/cm at the bottom of the hole. The compos-
ite well log analysis indicates that the nearby pumping
well induced upward borehole flow to occur within the
menitor well and caused upward movement of highiy
mineralized water. This highly mineralized water may
miigrate into shallower formations when the pump is
turned off.

Heat-Puise Flowmeter Well Log Analysis

A heat-pulse flowmeter was used in 19 wells
throughout the study area to measure low flow veloci-
ties in wells open to multiple permeable zones. Well
information is listed in table 2 and the well locations
are shown in figure 9. The heat-pulse flowmeter was
used in wells that did not have detectable flow with the
impeller fowmeter. The measured wells had depths
and casing lengths ranging from 335 to 1,547 ft and 26
to 398 fi, respectively. Of the 19 welis measured, 18
(95 percent) had detectable internal borehole flow with
maximum values ranging from 0.3 to 10.0 gal/min.
Well locations and maximum recorded flow values are
shown in figure 17.

Distinct regional pattems of internal flow were
not observed using the heat-pulse flowmeter and for
several wells fiow direction did not follow regional
trends from the head difference maps (figs. 4 and 5).
In addition, several wells had multiple flow zones with
opposing flew directions. Flow rate and direction
were very localized for cach well. In some instances,
localized flow was influenced by a discharge area,
such as a nearby river, municipal pumping, or agricul-
tural pumping.

A number of factors must be considered when
analyzing heat-pulse flowmpeter data which include: 1)
turbulent thermal convection and other secondary flow
circulations occur within the borehole; 2) actual flow
regimes are often changing with time as measurements

26  Polential for Water-Quality Degradaiion of interconnacted Aguifers in Wast-Central Florida
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Table 2. Records for wells using the heat-pulse flowmeter

Heat-
Depth pulse

Index no. Site name |m m %:'n,g "I;-'.ll-m rr::':u:fe- :l::

land {Inches) ment gallons
surface per

i minute
8 Oscar Scherer State Park 271032 822745 728 294 3 02-16-94 i.2
19 Smith 273103 813637 849 66 H 02-22-94 0.3
20 ROMP 123 274031 821504 620 nz 8 11-06-92 1.0
21 Walker Farms 271931 822608 668 238 6 03-05-93 1.0
24 Busby Deep 273605 82071 996 153 12 02-19-94 8.5
26 Rusty Pot No. 2 271646 821122 1,017 148 10 02-21-94 10.0
36 Schroeder Manates Ranch No. 8 272651 822625 703 64 8 03-05-93 0.
3? Big Hog 272040 823258 555 90 12 11-06-92 0.3
42 Romp 43X 273615 812849 1,005 398 8 02-22-94 0.0
43 Powell Deep 274813 822236 335 26 6 13-05-92 10.0
50 Kibler Deep 272838 821422 1,129 208 8 03-04-93 0.5
56 Parrish Grove 273459 822532 583 102 6 03-03-93 1.0
58 Verna T 04 272020 821948 500 140 6 02-16-94 0.8
59 Amax Deep No, 3 271538 820023 1,547 340 8 02-18-94 2.0
6l Hudson Farms 270046 815541 1.256 368 12 02-26-94 LXH
72 Ansin 265643 815500 766 108 4 02-17.94 24
73 Yema P20 272248 821719 520 142 10 02-15-94 2.7
4 Verna KME-02 272301 821914 833 350 16 02-15-94 238
75 DEP No. 8 274812 814846 610 12! 6 02-25-94 0.8

are made; and, 3) not all permeable intervals may be
producing vertical flow under ambient conditions.
These factors are described in detail by Crowder and
others (1994) and Paillet and others (1994).

A composite geophysical log of the Oscar
Scherer State Park well in Sarasota County in which
the impeller and heat-pulse flowmeters were used to
determine the occurrence of interaguifer flow is shown
in figure 12. This analysis indicates that even though
flow was not detected using the impeller flowmeter, a
small amount of internal flow was detected in this well
with the more sensitive heat-pulse flowmeter. The
heat-pulse flowmeter data indicate two zones of inflow
and two zones of outflow. From below 500 ft, inflow
of approximately 1.2 gal/min occurs and continucs up
the borehole until the flow exits the borehole near 500
ft. Above 400 fi, a second flow zone produces vpward
flow of }.0 gal/min. Analysis of the heat-pulse flow-
meter data and accompanying geophysical logs indi-
cate that highly mineralized water flows upward from

the bottom of the well and exits a cavity near 500 fi.
Upward flow is also present between 330 and 400 feet
and exits above 225 feet, indicating a leaky casing.

Figure 18 is a composite geophysical log of
Schroeder Manatee Ranch No. 8 well in Manatee
County. The well is 703 ft deep and has 64 ft of casing
(table 2 and fig. 9). The gamma log indicates that the
hydrologic contact between the intermediate aquifer
system and the Upper Floridan aquifer is at an approx-
imate depth of 360 ft. Analysis of the heat-pulse flow-
meter data and accompanying geophysical logs
indicates that a smzll amount of flow occurs at the bat-
tom of the well and increases slightly at approximately
560 ft. The low volume flow continued up the bore-
hole and the rate increased between 250 to 100 ft,
Flow between these depths is also indicated on the
temperature and fluid-conductivity logs.

The heat-pulse flowmeter proved to be a useful
tool in detecting low-flow volumes and locations of
the low-flow contributing zones. Of the 19 wells
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measured with the heat-pulse flowmeter, 18 (95 per-
cent) had measurable internal borehole flow, in com-
parison, with the 87 wells measured using the impelter
flowmeter in which 17 (20 percent) had measurable
internal borehole flow. Further data collection are
needed, using the heat-pulse flowmeter, to determine if
internal flow could be detected in all wells penetrating
multiple permeable zones.

WATER QUALITY

The water chemistry in the intermediate aquifer
system and the Upper Floridan aquifer is contralled by
the lithology and mineralogy of units within each
aquifer, the residence time of water in contact with the
aquifer matrix, and the different sources of water that
recharge each aquifer. The lithology that controls the
hydrochemistry of the water in the intermediate aqui-
fer sysiem consists of limestone, dolomite, sand, clay,
and phosphorite. Major sources of recharge water to
the aquifer include downward leakage from the
surficial aquifer in the northern half of the study area
and upward leakage from the Upper Floridan aquifer
in the southern half.

The chemical composition of water in the
intermediate aquifer system is distinctly different in
areas where it is recharged by the surficial aquifer, as
compared to areas where the Upper Floridan aquifer
discharges into the intermediate aquifer system.
Ground water in the surficial aquifer within the study
area is a mixed calcium bicarbonate and sodium chlo-
ride type; in the Upper Floridan aquifer it is a mixed
calcium magnesium sulfate and sodium chloride
type. The chemistry of the water it the intermediate
aguifer system is a transitional type of ground water
between the twa sources of water moving into the
aquifer (Berndt and Katz 1992).

The hydrochemistry of water in the Upper
Floridan aquifer is controlled by the lithologic compo-
sition of limestone, dolomite, and gypsum, and by the
sources of water that recharge the aquifer. In the study
area, sources of recharge to the aquifer include down-
ward leakage from the intermediate aquifer system
and the lateral, westward flow of the regional ground-
water system. The major jon concentrations of water
in the Upper Floridan aquifer is affected predomi-
nately by processes such as dissclution of gypsum and
dolomite, calcite precipitation, and seawater mixing
(Katz, 1992). In the study area, there is a general
increase with depth in dissolved solids and sulfate

concentration (Wilson, 1977). This increase in major
ion concentrations with depth in the Upper Floridan
aquifer is supported by the concept that, as tempera-
tures increase with depth, both the solubility and the
rate of dissolution of most rock minerals increase
(Hem, 1989).

The chemical characteristics of the water in the
intermediate aquifer system and in the Upper Floridan
aquifer are presented in table 3. The water-guality
data used in this report are from analyses of water
samples collected during the course of this study, from
historical data of the USGS, and from the Ambient
Ground-Water Quality Monitoring Program of
SWFWMD. Analyses are grouped according to the
principal aquifer yielding water to each well. In a
number of water-quality analyses for the Upper
Floridan aquifer, wells also were open to the
intermediate aquifer system. However, because the
intermediate aquifer system contributes only a fraction
of the water to a well that also penetrates the more pro-
ductive Upper Floridan aquifer, the chemical analyses
are probably more representative of the water in the
Upper Floridan aquifer.

The principal chemical constituents in ground
water within the study area that affect potability are
chloride, sulfate, and dissolved solids. Generalized
maps of chloride, sulfate, and dissolved solids concen-
trations in water from the intermediate aquifer system
and the Upper Floridan aquifer were developed to
delineate areas of potential water-quality degradation
as a result of interconnected aquifers (figs. 19-24).

Chioride

Chloride is one of the predominant anions in
water from the intermediate aquifer system and the
Upper Floridan aquifer in the study area. Chloride in
ground water may be derived from several sources
including dissolution of aquifer minerals that contain
chloride; saltwater intrusion; degraded water sources
such as septic tank seepage, agricultural activities, and
industrial wastes; and rainfall that contains a small
amount of chloride ions. In addition, aguifers may
contain saline or brackish water. which, in part, is
relict seawater that has not been completely flushed by
freshwater circulation (Wilson, 1977).

The maximum chioride concentration permitted
for public drinking water supplies in Florida is 250
mg/L (Florida Department of Environmentat
Reguiation, 1985). Throughout most of the study
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Table 3. Chioride, suifate, and dissolved-solids concentrations in water from selected wells

[ Aq. squifer: JA. intermediate aguifer sysiem; UF, Upper Floridan aguifer; - no data}

i m oot Chio- Dissci-
Site name dentification  Semple | below Aq ride SuMate ved  Sourceof
number date land (ma/L) {mg/L) solids data
(mg/L)
surface  surface
Babcock well 265316081433401 03-12-93 a7 300 A 380 200 1326 USGS
Englewood well |4 265834082202401 09-22-87 55 “ 1A 320 44 980 UsSGS
Englewoad 1ect well C-8 265927082195201 04-09-31 1o 56 1A 410 13 1030 USGS
Englewood tes welt C-7 270018032201 301 -05-81 120 Ly 1A 250 14 590 UsGs
Venctia (Berry 8} 1003208220580 4-10-81 33 52 1A 830 430 2170 USGS
Venetia {Berry 7) 2700570812 10561 04-09-81 185 43 1A 190 210 97 Lsas
Englewood deep zone weil 1 27010608221410) 051587 15 10% 1A 70 14 Jog UsSGs
Englewood test well C-9 270112G82201200 04-09-81 120 63 1A 0 16 56 UsGs
Englewsod production well § 2710412082213300 Ql-14-30 W0 58 1A 110 —— 531 UsGs
Englewood production welf 5 2I0013082223302 08-05-88 kL] 40 1A 130 26 a3 USGS
Venetia {Berry J) 270203082210101 0l-31-84 35 212 kA 380 600 1.200 USGS
Venelia (Berry 5) 220205082284001 01-30-84 4n 290 1A 680 850 1.700 USGS
Manaize Jr. Colleye south well 270219082 1 85301 03-2)-44 274 102 1A 100 840 2,900 USGS
Manatee Jr. Colege middle welt 270223082185701 03-21-84 |58 4§ 1A 110 30 300 UsGs
ROMP TR4-2 7024008223570t 05-19-82 475 460 1A 250 70 1.600 usGs
Plantation monitor well 280403082220001 03-11-87 180 &6 LA 69 53 36 LSGs
Planfation monitor wel! 2 27040408221 3801 03-11-87 &5 52 1A % 198 b7 UsGs
Piantation RO test well 2 270407082215801 05-16-82 J6b 228 1A 358 972 2058 UsGs
Venice Gardens injection menitor 400 270420082230503 061685 400 200 1A 642 1320 1930 UsGs
Venige RO b 270534082 260001 06-13-82 44 206 1A 300 1200 1,750 USGS
Venice well 2 270536082253000 06-05-32 140 n 1A 130 413 1240 USGS
Venice well 35 270542082261801 11-20-87 163 % 1A 10 0 660 UsGs
ROMP TRS5-1 Hawlhom well 270808082270502 11-13-87 n9 s A 33 1.260 1,400 usGs
Henry Ranch | 270822082231101 04-01-61 186 40 1A 0 1.300 1,900 USGS
ROMP TR5-2 upper Hawthom wel) 2790919082234202 05-06-38 120 100 1A 54 ™ 1,300 LUSGS
ROMP TR3-2 lower Hawthom wetl 270919082214203  03-06-85 265 5 [EN 36 L1080 1,700 usGs
ROMP TRS-2 Tumpn well 270919082234204 05-06-86 400 350 1A 3 1,500 300 USGS
Ewing Ranch (Holland) 0931082252901 0100-86 25 Ly 1A 40 1.500 2,200 USGS
ROMP 19 WS 2959082203003 02-13-82 47 32 A 56 - 0 USGs
Sarasola County Historical Society 271222082293201 02-98-82 24 41 1A ¥ 1,100 1700 USGS
DT Brown 15 (46-41} 2702460814 24301 091588 408 74 A 130 62 438 usGs
Hichols Ranch {15} 7035908 | 464401 09-15-37 i 4 iA 33 25 - usas
Bill Athey {Foster) 17041208 1474901 00.03.87 “o 112 1A o0 38 kL] USGS
Rob Lane {Russell) 27041 7081575601 09-03-87 41l 0 A 220 190 &1 UsGs
NAFCO Groves 270340081333101 03-08-89 0 1op A 360 19 1,090 USGS
Gen. Development T-2 270540082001102 09-12-88 496 k) 1A 140 230 737 USGS
Dees—while drilling UF 21072508 | 500700 02-20-88 430 284 1LY 9 130 472 uscs
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| Aq, aquiter; LA, intermediale aquifer sysiem, UF. Uppet Floridan aquiler; — no data)

Table 3. Chloride, sulfate, and dissolved-solids concentrations in water from selected wells --Continued

Identlfication  Sampie m;. ‘:;":” Chio- Suli P
s rame e Rt e weow ko S g s
tand land img/L}
surface  surface (ma/L)
Hancock Groves (Branily} 27089308 1502401 08-16-38 418 ” [A 120 %0 205 USGS
G.P. Wood Hospital 27081008 1481201 09-19-85 385 0 1A 7 281 o644 USGS
Red Hawk Ranch (Nunez) THB5308158220] 09-12-98 418 63 1A S0 160 ni USGS
Blocker 271010081 503301 09-15-88 450 420 1A 57 0 L LISGS
Bright Hour Ranch £5-21 271015081432101 08-19-88 306 9% 1A 39 15 431 USGS
‘Viance Stansel 2T1058081471601 O8-13-88 s 110 1A 49 3 365 LSGS
Minue Maid (44) D-69 2T1113081542301 06-17-87 384 [ 1A £8 87 548 USGS
ROMP |6 Hawthorn 2T1115081462702 072485 340 300 1A 11 . 214 USGS
Bright Hour Ranch 51-08 271151081410801 08-19-88 335 105 1A w 3 %6 USGS
Bright Hour Ranch 28-11 228081371401 08-19-38 291 126 A 14 2 347 USGS
Ciry of Arcadia No. 4 27124408 1304201 08-F5-88 5 112 1A 49 15 3BQ USGS
City of Arcadia No. 2 27130R081522601 07-25-8% n W3 1A 47 16 344 LSGS
City of Arcadia No. 1 27131008152270) 02.24-R9 250 34 1A 435 25 a1s USGS
AMAX (Hallingsworth 716) 27140708200040! 08-16-88 430 40 1A 51 L] 465 USGS
Joshua Tier Bamn 271512081344701 08-18-88 300 L) 1A 33 1 4R} USGS
Carl Regan I71517081502201 -10-87 n 34 1A 4?7 27 a2 USGS
Allen Bunischer {704} 11517081542201 08-16-88 30 30 1A 53 | 490 USGS
Joshua Tier Bam | {TRG) 271320081394201 08-18-88 94 105 1A 76 17 I 1USGS
Joshua Tier Bam 2 {TRG) 271521081374300 08-18-88 300 150 1A a3 42 424 LSGS
Canw Chanysizh Ne. 3 27152408 1 520001 03-03-87 08 80 1A 24 60 831 USGS
LH. Brack {50)4D-122) 2713001504904 06-17-87 257 47 1A s no L) LSGS
ROMP 26 Hawthorn 271757081493002 07-)i-B5 180 140 1A 3 il s USGS
D.F. Marshail 372612081 482501 07-21-45 478 nar 1A 21 197 525 USGS
Hellingsworth 751 272014081595701 022489 a0 144 1A 13 17 326 USGS
Haze? Withams 27210308 148070! 02-24-89 19 124 A 14 4 307 USGS
Hallingsworh 620 27210808 582601 02-24-89 135 146 2] 20 250 593 USGS
ROMP 3| Hawthom 2727 14081545902 03.29-88 150 130 1A Ly Te 550 USGS
Wilbur Roberisan (20) 272715081401601 11-2-87 M3 103 1A Q 40 217 USGS
Thomas Spuckler J72TIB0R1342401 03-08-89 2 o Y @ 53 1% USGCS
ROMP 30 Tampa 27272808 1474702 08-14-85 e 280 tA 25 142 L USGS
Willism Andersan 21191708 1453901 09-05-87 180 42 TA 14 15 198 LRGS
JefT Surreney (Manens) 272932081452001 09-09.87 7t 34 1A ] 1o 189 UsSGS
Scoir {T.C. Hart) 604 1924081495701 09-10-87 a2 82 1A LH] 0 i USGS
Rowelt 273 156081451401 08-15-85 67 W 1A L] 9 194 USGS
Charlie Stevens 273)45081371701 02-14-89 25 100 WA 3 | i UsGs
Ed McCleland 273356081371701 02-24-89 26 10 1A 7 22 138 usGs
Ed Fernigan (26) 273401081494701 11-23-87 208 il 1A ? 1 191 UsGs
Haroid McClelland 2342081371700 02-24-80 210 1o 1A 9 h] 169 HSGS
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Table 3. Chlorice, sultate, and dissolved-solids concentrations in water from selected weils -Continued

[ Aq. aquifer: | A, intermediate aquifer system, UF, Upper Floridan aquifer; -+- no data]

oo iowt Chio- Dissol-
Site name lentrication  Sample (%) 80 CR% Sumate  ved  Source of
number dse  Deow Moo (mon; (MOL) solids  data
surface  surfece (mai)
Henderson (Geiger) (624) 27341508 1444001 Fr-A2-87 m 10% A 2 no kLX) USGS
Dewey Waters 2735430813590301 12-06-87 400 % 1A 27 14 251 USGS
Paynes Creek Historical 273714081483 101 09-08-87 130 1% 1A 39 L F] 304 UsSGS
Sweat well Hillsborough HRSX4 2TA533082)1 55202 0301.89 0 156 1A 4 \ - USGS
Polk ROMP 55 Suwannee 274730081333801 07-14-87 250 212 1A B 7 - USGS
Babcock Flonida Corp. 2126 26532108 1442601 12-22-93 404 a2 1A n 1 486 SWFWMD
Pon Charloue Deep 270133082034601 03-29-94 is0 2 1A 145 n2 1,698 SWFWMD
Pon Chariotte Uility Deep 28592008204 5601 03-29-94 156 128 1.3 k) 1) kL SWFWMD
Punta Gorda Heigtis 265141082002201 01-12-9% 125 B4 A n n 953 SWFWMD
ROMP 10 Hawihom (Flowing) 270152082002801 03-2)-%4 210 no 1A k1 158 878 SWFWMD
ROMP 10 Tampa 27015208200280} 03-21-94 488 303 [E3 451 242 1.157 SWFWMD
ROMP 11 Desp 2065827081561101 03-29-94 335 220 1A 695 150 1,535 SWFWMD
ROMP TR |-2 L Hawthom 26502608 1 5E3401 01-12:94 600 320 1A L2} Pt 2014 SWFWMD
ROMP TR |-2 U, Inermediate 26502608 1 555401 01 12-94 258 213 A 476 138 1134 SWFWMD
ROMP TR 3-1 . Hawthom 2656380821 30701 03-25-%4 400 130 1A 640 460 1.8 SWFWMD
ROMP TR 3-1 U. Intermediate 2656380821 30701 03.25-94 160 140 1A 950 9 1.1 SWFWMD
ROMP TR 3-3 L. Hewthom 26553 1082194801 032004 410 170 1A 1858 433 5443 SWFWMD
ROMP TR 3-3 U. Infenmediane 26553 1082194801 03-20-94 175 185 1A 1,107 149 LI01 SWFWMD
Rotunds Water Plant 18 265158082111701 03-21-94 148 t21 1A 4,500 456 8,600 SWFWMD
State Hwy 74 Dp Well 26564008 1554501 01-24-94 230 194 1A 122 1m 549 SWFWMD
USGS C-1 263127081532501 02-25-94 264 214 1A 1,170 287 2440 SWFWMD
USGS C-3 263 504082000601 03.30-04 205 153 1A M 4 156 SWFWMD
USAS Tuckers Comer 26512408 1433701 12-21-9} 235 02 1A KE] 1 354 SWFWMD
GDU Well T-2 270340082001101 03-14-04 496 9 A 142 2\ 479 SWFWMD
NAECO Groves Intenmediate 270340085335101 al-0e-94 300 100 A 213 13 812 SWFWMD
Prairic Creck L. Intennediate 2024508 1465101 01-06-94 L] bl A 144 59 639 SWFWMD
Rob Lane {G.V. Rusself) 27041 7081575601 03-31-94 a1k 0 1A 300 175 a9 SWFWMD
ROMP 14 270058081211101 08-21-92 1249 8% 1A 3 L] 2% SWFWMD
ROMP 1% 172207081 260401 02-03-93 1060 200 1A ) 2 93 SWFWMD
Bradburn Well 115223082195001 12-28-93 R0 13 1A 32 15 M5 SWFWMD
ROMP TR 9-1 274421082275400 12-21.93 28% 124 1A 3 358 778 SwFwMD
Riverside Villege 2742120822649G1 12-21-93 197 40 1A 42 442 909 SWFWMD
El Conguistador North Well 272558082350601 12-20-93 kL 44 1A ki 536 1,524 SWFWMD
Harse Shoe Loop Term Ceia 2137082254100 01-10-54 4 ¥ 1A 12 LX) 1,303 SWFWMD
‘Manatee Fairgrounds 2131 )4082 344501 12-20-9} m 216 1A 251 n 1729 SWFWMD
Palma Sola-Wayne Davis 273055082394701 12-20-9} bl 196 1A 689 492 20718 SWFWMD
ROMP 23 $niermediate Z71852082104101 01-t1-94 383 3 A 1Y 5 206 SWFWMD
ROMP TR 7-1 272510082345%01 03-09-04 340 320 tA 19 364 B4 SWFWMD
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Table 3. Chloride, sulfate, and disscived-solids cancentrations in water from selected wells --Continued

[ Ag. aguifer; |A. intermediale aquifer system; UF, Upper Floridan aquifer; — nodata)

ol ey ono Disso-
Site name Identilication  Sample balow below Aq  ride SuMtate wed Source of
number dais land land mgy (ML) solids data
surtace  surface (mgit)

ROMP TR 7.2 U Hawthormn 272612082320101 02-09-04 105 1] 1A 73 47 e SWFWMD
ROMP TR 8| Upper Hawthorn 273458082324701 01-07-94 160 L) 14 L 1] 36 514 SWFWMD
City of Saresoea 27th Swreet 272133082324701 Fi-18-92 343 45 A 178 320 767 SwWFWMD
Englewood Prod. No. 5 Hawthom 2701 13082213301 O3-11-94 70 40 IA L1533 132 1.823 SWFWMD
Knigins Trail Upper intermediare 2709450822440 02-03-94 140 [ 1A &7 212 6% SWFWMD
Mubry Caslian No. 6 27) 227082084801 03309 69 M 1A 4% 32 642 SWFWMD
Macarthur Tract [4DS 2707082123001 05-31-91 210 40 1A rl 32 - SWFWMD
Manpsota Deep Well 14 0137082235301 03-22-94 308 183 A 54 31 363 SWFWMD
Planation Hewthom No. 126 27040608222010) 02-24-94 166 b6 1A &4 18 304 SWFWMD
ROMP 13 WUAM 2709390821203001 03-02-94 205 87 A L] 56 503 SWFWMD
ROMP 20 Lower Hawthorn 2711380822846 03-10-94 370 50 1A 13 1530 2436 SWFWMD
ROMP 20 Upper Hawthom 2711380R2284601 03-10-94 125 75 IA g 698 1.333 SWFWMD
ROMP 22 L. Intermadinie 271813082204 201 02-18.94 250 230 1A 148 TF 632 SWFWMD
ROMP TR 5-| Tanipa XI080808227050) 03-11-94 289 s 1A M 1.004 i.oed SWFWMD
ROMP TR 5-2 L. Hawilhom 270919082234201 02-16-94 265 245 A kL 1.062 1.78% SWFWMD
ROMP TR -1 Tampa 2715010823 30501 02-09-94 318 300 1A 478 1,093 2514 SWFWMD
Sararote Hisworical Society 271222082295201 03-10-94 24 44 tA 19 1.158 1.9% SWFWMD
Southbay Unilines Deep 271035082285901 02-03-94 450 20 1A 243 1653 3.035 SWFWMD
Tes1 18 Blackburn Welr 2707 14082155207 03-15.94 351 82 1A 172 540 1.218 SWFWMD
USGS Well 3% a1 Venice 2705420822601 501 03-04-94 163 8 A 130 7 L SWFWMD
VO Na. 3 270853042090101 03-22-9% is0 3z A 262 448 1.267 SWFWMD
Venice Shallow Wellfisld 53 27055808224 150) 03-04-94 Mg 76 1A 153 301 9IF SWFWMD
Whitaker Bayou Well 2721 19082325101 02:07-94 7 54 14 153 1% 737 SWFWMD
Babeock well 26531608 1433401 03-12%3 917 700 UF 920 310 2,020 USGs
ROMP TR3-3 Suwannee well 26551 1082194803 05-28-87 900 480 UF 8.000 1.106 14,000 USGs
ROMP TR3-1 Suwannee well 263638082130700  02-02-8¢ 420 00 UF 410 470 1.50¢ USGS
Englewood injection monitor MW- ] 265716082205 102 02-04-86 550 $00 UF 2400 04 4,450 USGS
North Pon onsite monitor well 27005BC82152302 1-13-87 750 730 UF 7.910 1,450 15,000 USGS
North Port onsite inonitor well 270058087152503 1i-13-87 600 360 UF 5400 973 10.900 UsGs
Venetia 2 (Berry 4) 2702030822137 02-0)-84 608 207 ’ Ur 460 730 1,300 USGS
Planiation zone 4 moniior wedl 2704060822 15901 03-11.87 650 830 UF 892 1.250 1.510 UsGs
Wenice Gardens injection monitor 800 2704 10082230502 05-10-83 500 710 UF 1.1é 1320 3.780 USGS
ROMP TRS-t Suwannee well 270808082210502 11-23-8% 510 492 UF 54 1.400 1600 USGS
ROMP TRS-1 Suwannee wel 2709 19082214205 05-07-36 700 5l0 UF 41 1.700 2,500 USGS
ROMP TRS-2 Ocala well 2709190822 4206  05-06-86 890 830 UF W0 1.600 2.400 uUsGs
Attantic Utilities lest/injection well 1785308228000  03-19-88 1.240 1130 UF 1?7 1,040 1,806 USGS
Hancock and Lawrence 27025608 1472801 07-00-87 900 700 UF 340 150 934 UsSGs
Emeraid Isiand Farms O 2703130813%1001 o9-13-88 1,500 &0 UF 20 1% 954 usGs
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Table 3. Chloride, sulfate, and dissolved-solids concentrations in water from selected wells --Continued

[ Aq. squifer; 1A, intermediate aquifer systemn: UF. Upper Floridan aguifer; - no data}

E':?a",' c(i':::)n chi Dissol-
Site name Identilication  Sample Lol olow  Aq rld:- Sullste ved  Source of
number date land land (mgiL) {mp/) solids dats
surisce  surtece {ma/L}
Smith (Aborgis) W-6073 IOINVRI4TIION  06-17-87 1211 685 vF 40 190 1240 usGs
NAFCO Groves FLRD 270347081342901 03-08-89 1.520 150 UF %0 130 839 USGS
Lenuce Lake 2704 14081534701 08-05-85 1180 105 UF 1] 207 T29 USGS
Cromwell No. | 27044008 1434401 08-13-86 1.500 666 UF 92 72 -7 USGS
Roper Groves T0M2081404001 061687 Li9 40 UF 260 160 854 Usas
Gen. Developinent M-2 270540082001101 09-12-88 897 605 ur o8 450 NS USGS
Genenal Development 770354082003601  08.19-50 1411 1326 uF 200 0 1090 USGS
Dees (C. Harrison) THTISEIS0T01  D2-11-B9 L2680 054 uF 120 260 23 usas
Carllon 2 by 4 No. 5 271023081462301 08-17-8% 1500 340 UF 54 360 184 USGS
D.L. Cullifer U085 02.13.49 1.315 51 UF 40 340 ™1 UsGs
ROMP |6 Floridan DIISORIM2I01 06-17.87 942 257 UF » 20 616 UsGS
Bright Hour Ranch 35-25 7135081372501 08-19-88 1478 IR0 UF 3 10 az USGs
ROMP 15 Eloridan 22081392200 H-05-85 1360 575 UF » 9 658 uUsas
Avant Geaves INII0B1445901 Db 16e87 1432 030 UF 15 0 34 UsGs
Joshua )- 14 (TRG) 271416081374601  OR-15-88 1492 193 UF 3 30 728 USGS
Cunningham AMAX NFFO 4 610081565401 08-01-85 1,040 350 uF 0 #1140 UsGs
W.F. Underhill (Conper) 27165308 1464701 06-17-87 1,300 460 UF 29 86 R4 USGS
Sorell Groves $7-26 I7171708 1522601 06-17-87 893 sl UF 16 B20 1.460 USGS
Joshua - 18.1 (TRGY 2TIMI0BIIAC01  0B21-85 98 17 UF 12 16 6n usGs
Joshum J-36 (TRG) 271M48081345101  0B-18-88 1381 180 uF 16 00 m USGS
ROMP 26 Floridan 271757060493002  0B-07-85 1320 380 UF 16 87 701 UsSGS
Davis 10 Mi Grade 2 7206081384701 12-14-88 1250 450 UF 12 330 637 UsGS
Davis 10 Mi Grade | IOARIIMT0N 121488 1.200 200 UF 13 29 508 USGS
Circle 5 Runch (Bowen) 272118081473401 06-30-88 1,345 580 UF 4 3 271 UsGs
Schoorcver 27240308 1410501 12-14-83 1261 415 uf 7 240 485 USGS
Edwin Sasser IMTN081S01T01 06-30-88 1.280 419 uF 3 65 297 UsGS
ROMP 31 Floridan 2T2714081545901 08-14-85 E152 460 UF 12 101 ise USGS
ROMP 30 Fleridsn IIIIBOBIATAI0N  OB1485 1266 380 UF 1 2 83 USGS
Zolfo Springs N, 1 ITIMBTM0N 120987 1002 1o UF 18 170 54 USGS
Zolfa Springs No. 2 1945681474101 12-09-87 93 150 uF T 180 466 USGS
Albert Carlion 2730330B1513801  12-13-88 1.280 630 uF n n 314 UsGS
M.A. Smith 273103081363701 092585 B9 6 ur 6 T 136 USGS
Doyle Cariton Ir. 2TINBIWSH01 12138 1360 %00 UF » n m UsGS
City of Waschula No. 4 ITI254061430600  12.09-97 LISZ 20 uF 10 20 535 usas
Fioyd Smith IMIEI0L 022389 1119 ] UF 10 0 206 USGS
Peace Valley Groves 273608082023001 12-14-38 L 160 450 UF 14 o 283 USGS
C.F. Induswries A 273744081565301 12-09.87 1,205 SO0 UF 7 T0 258 USGS
CF. Industries C 213821081566701  12-09-87 950 00 ur 9 n m UsGS
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Table 3. Chioride, sulfate, and dissolved-solids concentrations in water irom selected wells --Continued

[ Aq. aquifer; 1A, intermediate aquifer system: UF, Upper Floridan aguifer; --- no data)

MT ‘3?-'.'.?“ chi Diasal-
Site name iertiication  Sample  (foet) b.lo:r Ay ride SuMsle  ved  Sourceof
number date land land (mgiL) (mg/l) solids data
surlace  surtace (mgiL)

City of Bowlinp Green 4 27382108149390] 12-09-87 1.218 418 UF [[v] 130 L] USGS
Cliarlotte ROMP TR3-1 Suwannes 2656380821 30706 02-02-84 820 SO0 UF 410 470 - USGS
Charlatte ROMP 10 Deep Creek 917 2013082002801 02-02-86 a? 396 UF 180 410 - USGS
De soto Hancock and Lawrence 27025608 1472801 07405-87 900 00 UF 0 180 - USGS
Sarasoia ROMP TRS-2 2709 19082234205 10-06-87 T00 510 UF 4 1400 - USGSs
De Soro ROMP 16 Ceaba 171115081462701 06-17-87 942 57 UF 39 eyl - USGS
D¢ Sato ROMP 26 271 157081453002 02-0%-86 530 132 UF 14 k1] - USGS
Coca Cala well Highlunds 2724080%1232501 05-11-89 595 6 UF e 3 - USGS
Manatee ROMP 32-2 ITIR14082034302 11.02-87 400 60 UF 0 i —_ USGS
Hardee Zolfo Springs | 27294408 1474001 020586 1.000 350 UF "n 180 - USGS
Hillsborough Sun City | 274318082202801 02-04-86 800 mn UF n 190 - USGS
I-lillnbomugll ROMP 48 274427082083701 02-03-86 4 s UF 15 42 - USGS
Polk Lake Garfield Nurseries 27431008145220i1 02:03-86 87 316 UF 8 16 - USGS
Pebbledale Rond 275005081540%0 02.23-39 30 288 Ur 10 28 - UsGs
ROMPF TR 1-2 SWiNN 265026081585401 01-12.94 1,184 980 UF 994 204 2.H0 SWFWMD
ROMP TR 3-1 SWKN 265638082130701 03-25-94 620 &0 UF 454 458 1.532 SWFWMD
ROMP TR 3.3 SWNN 205531082 194801 03-20-54 900 680 UF 8.130 1,103 14,990 SWFWMD
Cromwell Well No. 4 27044008 1424401 03-31-94 1,500 666 UF 380 135 Q69 SWFWMD
DT Brown G-36 27022308 14211014 08.12.9] 925 632 uF Hutr 58 652 SWFWMD
Emerakd Island Farms 2703130813900} 03-31-94 1,300 610 UF 163 140 (1] SWFWMD
GDU well M-2 270540082001 0+ 03-14-94 897 605 ur 103 344 BO7 SWFWMD
Gen Develapmem Comy Avon Park 2705543200360t 03-24-94 41 1,326 UF 2716 285 1.008 SWFWMD
Hancock & Lawrence 27025608 147280} 02-25-04 900 700 UuF e 162 308 SWFWMD
Morgan Decp 2704 10081555201 03-30-94. 1010 208 UF 0 il 679 SWFWMD
ROMP 15 Deep 211 232081392200 03-25-94 1.360 536 UF 31 M5 734 SWFWMD
ROMP 7 SWNN 271026081583601 01 -06-94 LY 620 UF [ 382 327 SWFWMD
ROMP 28 TR01081260401 12-12-91 2,060 634 UF 11 5 211 SWFWMD
ROMP [23 Deep 2740310821 50401 01-06-94 620 117 UF i3 16 265 SWFwMD
ROMPF 48 2744 27082083701 020854 541 215 . UF 12 46 135 SWFWMD
ROMP 49 SWNN 2743460821 51601 01-13-94 2 419 UF 13 $6 270 SWFWMD
ROMP 50 2742400872 12701 01-06-94 562 200 UF 1 165 428 SWFWMD
ROMP TR 12-3 28003408232370) - 16-92 M5 310 iF 290 59 842 SWFWMD
ROMP TR 9-2 Ocala 27455408223380) 01-24.94 677 622 UF 367 432 1.0 SWEWMD
ROMP TR 9-2 Suwannes {Pump) 274554082233801 01-24.-94 460 ‘250 UF 172 n 946 SWFWMD
ROMP TR 9-3 Suwannee 2T4428082251301 01-28-94 525 89 UF 413 208 221 SWFWMD
Florida Power & Light a1 Piney Point 2737180823 15501 03-14-04 s i04 uE 367 566 1.658 SWFWMD
Manaiee Fruit No, 3 272807082401501 01-10.%4 492 262 UF bH3 550 2010 SWFWMD
Munatee Fruir-Midway 272138082384701 12-2093 511 415 UF 198 196 B57 SWFWMD
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Tabla 3. Chleride, sulfate, and dissolved-solids concentrations in waler from sslected wells —-Continued

[ Aq, aquifer; 1A, intermediate aquifer system; UF, Upper Floridan aquifer; — no data]

Casing
Identification o fleot)  (tee) Chio- "
Site name number s::z belew  below Aq  ride m .o"":‘ s°:‘: of
and  land (mgit)
suriscs  surisce (mgL)
Manates Injection Weil 172705082373501 03-09-94 LI150 980 UF 3750 1,259 7.890 SWFWMD
Midway Groves 2428082328201 03-08-94 k) n UF 9% 500 987 SWFWMD
Myakks Head No. 5 272715082083401 03-04-54 300 514 UF 12 97 326 SWFWMD
Perico Island Well 272949082404001 12-2093 600 170 UF S46 507 1,380 SWFWMD
ROMF 23-1 Deep 271852082 104100 01-10-94 1,000 04 UF 1] 48 BI3 SWFWMD
ROMP 32 Avon Park ITIRIAC8203480] Ot-11-9%4 1,213 909 UF 1n 81 - SWFWMD
ROMP 33 Suwsnree 272TIR082152901 03-11-94 750 UF 17 &9 361 SWFWMD
ROMP 19 Avon Park 2127280824 50301 03-25-94 1.120 950 UF 12 18 0 SWFWMD
HOMP 39 SWNN 2727280821 50501 D4-08-54 100 1 UF 15 127 164 SWFWMD
ROMP TR 7-2 §h U Flondan 27261 2682330101 02-09-94 08 358 UF pxlid m 1,346 SWFWMD
ROMP TR 7-4 SWNN 272539082292001 01-26-94 800 500 UF 3 i 22 SWFWMD
ROMP TR 7-4 Tampa 271539082292000 01-26-94 500 380 UF 9 30 46 SWFWMD
ROMP TR 3-1 Ocala 2734580823 24701 010794 580 &40 UF o7 479 1,015 SWFWMD
ROMP TR 8-t Suwannez - pumped 7343808234701 -07-94 530 %0 UF 147 490 1,090 SWFWMD
ROMP TR B-1 Upper Avon Park T13458082324701 01-07.94 940 900 UF L3007 ki 3,163 SWFWMD
Snead's Island 21X150082373101 01-10-94 528 200 UF 3 663 1,490 SWFWMD
ROMP 40 Avan Park 2TIB5 1082031501 01-27-94 1.140 408 UF 1] “ x4 SWFWMD
City of Ssrasow 215t and RR Weil 2721 2008232211 02-09-94 557 120 UF m 835 1,699 SWFWMD
U Florida Cilies Test Weli 271619082240200 010794 446 104 UF 40 m 1.06% SWFWMD
Mucarthur Tract 10H N2420821 71701 03-03-94 2 mn uF 2 154 ™0 SWFWMD
Macarthur Tract 14FS 210807082123001 02-24-94 550 500 UF 112 459 L107 SWFWMD
OM-41 2700280821 72400 03-28-94 750 T00 UF b1 753 1,283 SWFWMD
Plantstion Manitor Wel Suwannee 20406082220101 022494 850 810 UF 366 1.302 3468 SWFWMD
ROMP 18 SWNN ITHIATORZO4B01 03-30-94 343 305 UF 33 218 L) SWFWMD
ROMP {9 ELAM 271021082151 601 03-03-94 423 410 UF n 326 1017 SWFWMD
ROMP 19 WLAM 2T0355082200001 03-03-94 420 410 UF k1| BOZ 1,347 SWFWMD
ROMP 20 Ocala-Avon Park 271 138082284501 03-10-94 1,363 1,108 UF 1,363 1.820 4753 SWEWMD
ROMP 20 SWNN 27H 38082284601 0-10-94 840 UF 57 1154 1413 SWFWMD
ROMP 22 SWNN 71813082201 201 02-18-04 635 00 UF n 38 767 SWFWMD
ROMP TR &2 2024008223570 07-19-93 478 460 iJF 136 m 1761 SWFWMD
ROMP TR 3-1 Suwannee 27080R0822T2501 03-11-4 510 492 UF ki 1,552 2438 SWFWMD
ROMP TR 5-1 Ocala 270919082234201 02-16-94 %0 &30 UF i) 1.645 2,5M SWFWMD
ROMEP TR 5-2 SWNN 270519082234201 02-16-94 630 510 UF 43 L0 27704 SWFWMD
Sanysotx Co. Tent Well No. | 2723 16082302601 020994 581 330 UF 1] 495 1.009 SWFWMD
Venice 2E 2707T05082250101 D304-94 580 54 UF n 1.%01 2,047 SWFWMD
ROMP 14 70858081211101 a7-08-92 1249 589 UP 6 150 SWFWMD
ROMP 28 272207081 260401 $2-10:91 2,060 504 UF 3 L3 prid SWFWMD
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area, the chloride concentrations in water from the
intermediate aquifer system and the Upper Floridan
aquifer are less than 50 mg/L (figs. 19 and 20, respec-
tively). Chloride concentrations increase towards the
coast, and in water from many wells in Charlotte,
Sarasota, Manatiee, and De Soto Counties, concentra-
tions exceed 250 mg/L in water from both aquifers.
Chleride concentrations range from 3 mg/L in the cen-
tral and eastern regions of the study area to about
4,500 mg/L in southern Charlotte County in water
from the intermediate aquifer system, and from 6 mg/
L in the central and eastern regions of the study area to
approximately 8,000 mg/L in southern

Charlotte County in water from the Upper Floridan
aquifer.

Sulfate

In the intermediate aquifer system, sulfate is
derived mostly from upward flow of high-sulfate
water from the Upper Floridan aquifer and limited
amounts from pyrite oxidation. In the Upper Floridan
aquifer, sulfate is derived from mixing of seawater
with freshwater and from the dissolution of gypsum
and anhydrite {calcium-sulfate minerals) contained
principally in the Aven Park Formation (Wilson,
1977). Two other identified sources of sulfate in
recharge arcas of the intermediate aquifer system and
the Upper Floridan aquifer are oceanic aerosols and
the atmospheric oxidation of sulfides (Rye and others,
1981).

The maximum sulfate concentration recom-
mended for public water supplies in Fiorida is
250 mg/L (Florida Department of Environmental Reg-
ulation, 1985). Throughout most of the study arez, the
sulfate concentrations in water from the intermediate
aquifer system are less than 100 mg/L. Sulfate con-
centrations in water from the intermediate aquifer sys-
tem range from approximately |1 mg/L in many parts
of the study area to slightly more than 1,600 mg/L
south of the city of Sarasota. The areal distribution of
sulfate in water from the intermediate aquifer system
is highly variable (fig. 21). This highly variable distri-
bution of sulfate in water from the intermediate aqui-
fer system may be from upwelling of high-sulfate
ground-water from the Upper Floridan aquifer;
improperly cased wells open to multiple aquifers con-
taining water of varying quality; or through leaky and
corroded well casings in areas of poor-quality water.

Throughout most of the study area, the sulfate
concentrations in water from the Upper Floridan
aquifet are greater than 100 mg/L (fig. 22). Sulfate
concentrations in water from the Upper Floridan
aquifer range from approximately 2 mg/L in the cen-
tral region of the study area to about 1,800 mg/L near
the city of Sarasota.

Along the coast and in the Peace River Valley,
water with high concentrations of sulfate has dis-
charged into the intermediate aquifer system from the
deeper Upper Floridan aquifer, as indicated on figures
21 and 22. In Hardee and De Soto Counties, many
deep irrigation wells tap the Avon Park Formation
where high concentrations of sulfate occur {Wilson
1977). Pumping weils that tap these deep formations
containing high sulfate concentrations may facilitate
mixing and cause contamination of the upper zones
when wells are open to muitiple units,

Dissolved Solids

Dissolved solids in ground water is a measure of
the sum of concentrations of dissolved mineral constit-
uents contained in the water. The predominant
sources of dissolved solids in ground water in the
study area are mineral dissolution reactions and mix-
ing of scawater with freshwater. Dissolved solids con-
centrations generally increase with depth because as
rock temperature increases with depth, the solubility
and the rate of dissolution of the rock minerals
increase.

The maximum dissolved solids concentrations
recommended for public water supply in Florida is
500 mg/L (Florida Department of Environmental
Regulation, 1985). However, use of water with con-
centrations of up to 1,000 mg/L has been permiited
when no other source is available. The areal distribu-
tion of dissolved solids concentrations in water from
the intermediate aquifer system is highly variable (fig.
23). For approximately half of the study area, the dis-
solved solids concentrations in water from the inter-
mediate aquifer system are less than 500 mg/L..
Dissolved solids concentrations range from approxi-
mately 100 mg/L in northeastern Hardee County to
more than 8,600 mg/L along the coast in southern
Charlotte County. Dissolved solids concentrations in
water from the intermediate aquifer system tend to
increase along the coast and the Peace River Valicy,
which are natural discharge areas for the underlying
Upper Floridan aquifer (fig. 23).
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Throughout most of the study area, the dis-
solved solids concentrations in water from the Upper
Floridan aquifer are greater than 500 mg/L and range
from approximately 130 mg/L in northeastern Hardee
County to 15,000 mg/L in southern Sarasota County
(fig. 24). The areal distribution of dissolved solids
concentrations closely matches the areal distribution
of chloride and suifate in water from the Upper
Floridan aquifer. In areas where mixing with seawater
has occurred, chloride is the major component of dis-
solved solids. In arcas where there is a high rate of
dissolution of gypsum, suifate is the major component
of dissolved solids.

POTENTIAL FOR WATER-QUALITY
DEGRADATION

Degradation of water quality may occur in both
the intermediate aquifer system and Upper Floridan
aquifer from improperly cased wells open to multiple
aquifers containing water of varying quality, through
leaky and corroded wel! casings in zones of poor-qual-
ity water, and from saltwater intrusion. Degradation
of water quality in the intermediate aquifer system
may also occur from the natural discharge of highly
mineralized water and from ground-water develop-
ment in the undertying Upper Floridan aquifer.

The Avon Park Formation is a highly productive
water-bearing unit in the Upper Floridan aquifer.
Numerous irrigation wells [0 to 16 in. in diameter are
open to this formation and yield 8s much as 5,000
gal/min. In the southern part of the study arca, water
in the Avon Park Formation is highly mineralized and
may degrade the fresher zones within the Upper
Floridan aquifer and intermediate aquifer system when
wells are open to multiple zones. Induced head gradi-
ents could result from irrigation pumpage which
would increase the amount of upwelling of highly
mineralized ground water.

in many parts of the study area, particularly in
Manatee, Sarasota, and Charlotic Counties, the use of
tlack-iron casing for well construction has been wide-
spread. This type of casing deteriorates relatively rap-
idly because of the corrosive effects of high chloride
and sulfate concentrations in the ground water. These
corroded welis may leak highly mineralized water into
overlying fresher zones in areas where there is an
upward component of flow. In addition, contamina-
tion of underlying aquifers has occurred from down-
ward flow of saltwater through the corroded casings of

wells drilled in areas adjacent to tidal water bodies in
Lee County (Boggess and others, 1977).

Ground-water development may affect the mag-
nitude of flow, the natural flow direction, and the water
quality between the aquifers. In the southern part of
the study area where the Upper Floridan aquifer dis-
charges into the intermediate aquifer system, upward
flow would be reduced during irrigation periods
because head differences are less between the two
aquifers. During nonirrigation periods, the Upper
Floridan aquifer heads recover and the upward head
gradient and flow rate increase between the two aqui-
fers (Mctz, 1995). In this discharge areg, flow rates of
highly mineralized water would increase during nonir-
tigation periods. In the northern part of the study area,
which is a recharge arca, the opposite condition exists.
During irrigation periods, the downward head gradient
and flow rate increase between the intermediate aqui-
fer system and Upper Floridan aquifer. In the study
area, the downward flow gradient could be reversed
and could extend the area in which upward flow of
poor-quality water occurs.

A geographical area was delineated to deter-
mine where a potential for water-quality degradation
exists because of improperly cased wells. This area
was delineated based on the location of poor-quality
water and where there is an upward component of flow
from the Upper Floridan aquifer. The arca of poor-
quality water was defined by maps of the Upper
Floridan aquifer where chloride concentrations were
greater than 250 mg/L (fig. 20), sulfate concentrations
were greater than 250 mg/L (fig. 22), and dissolved
solids concentrations were greater than 1,000 mg/L
{fig. 24). The upward component of flow was based
on head difference maps between the intermediate
aquifer system and Uppet Floridan aquifer (fig. 4 and
5). The area where a potential for weter-quality degra-
dation exists includes parts of Hillsborough, Manates,
Sarasota, Charlotte, De Soto, and Hardee Counties
(fig. 25).

ESTIMATED MAGNITUDE OF
INTERAQUIFER FLOW

An evaluation was performed to estimate the
potential magnitude of interaquifer flow in wells open
to multiple aquifers within the study area. Information
that was needed for this evaluation was the distribu-
tion of wells open to multiple aquifers and the open
borehole flow rates, A well inventory was performed,

48 Potential for Water-Quality Degradation of Interconnected Aquifers in West-Ceniral Florida
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using the Water Use Permitting (WUP) data base of
SWFWMD, to determine the occurrence and distribu-
tion of interconnected aquifer wells in the study area.
Water use permits do not delineate wells by aquifer;
therefore, selection of wells was based on well-con-
struction data, including total depth and cased interval,
and aquifer depth. Many wells in this data base did
not have reported casing depths. Metz (1995), con-
ducted a detailed inventory of Upper Floridan aquifer
wells in Hardee and De Soto Counties and concluded
that 10 percent of wells are open only to this unit; the
remaining wells are open to both the intermediate
aquifer system and Upper Floridan aquifer. Therefore,
for the purpose of this evaluation, wells that had no
reported casing depth were considered open to both
the intermediate aquifer system and Upper Floridan
aquifer. From this above approach, approximately
8,000 wells were reported and estimated to be open to
both the intermediate aquifer system and the Upper
Floridan aquifer (fig. 26). This inventory is consid-
ered incomplete because some wells were instalied
prior to well permitting regulations and well informa-
tion is unknown or was not reported correctly. Even
though this information is incomplete, it gives an indi-
cation of the number and distribution of wells that may
provide a conduit for ground water to move from
zones of higher head to zones of lower head, thus cir-
cumventing the slower route of leakage through the
confining units.

In this evaluation, interaquifer flow rates
obtained from the measurements made by the impeller
and heat-pulse flowmeters were uscd to ¢stimate the
potential magnitude of interaquifer flow. A degree of
error must be considered to be inherent in this evalua-
tion because interaquifer flow rates in wells were not
measured concurrently. For the flow rates to be accu-
rate in this method of evaluation, all measurements
must be made concurrently because flow rates may
increase or decrease scasonally.

A Geographical Information System (GIS) was
used to aid in the estimation of interaquifer flow rates
in wells open to both the intermediate aquifer system
and the Upper Floridan aquifer. The ARC/INFO GIS
system was used for the input data-base design and the
calculation of interaquifer flow rates for the approxi-
mate 8,000 wells. A 1-mi by 1-mi grid was used to
assign a location to ¢ach well and to total the number
of wells in each grid cell (fig. 27). An interpolated 3-
dimensional flow surface was created with measured
flow rates from both the impeller and heat-pulse flow-

meters (fig. 10 and 17). Flow rates were assigned
either an upward or downward flow direction based on
field observations and head difference maps. This
interpolated flow surface was then intersected with the
grid network containing the apportioned wells. The
total number of wells in each grid cell was multiplied
by the assigned fiow rate to obtain a cumaulative flow
rate for each cell. Cumulative flow rates were then
summed for upward and downward flow direction.

Using this approach, an estimated cumulative
downward flow rate of 127 Mgal/d is being lost to the
Upper Floridan aquifer from the intermediate aquifer
system through interaquifer wells. This loss of water
to the Upper Floridan aquifer may result in a loss of
artesian pressure in the intermediate aquifer system
and may change the natural flow gradient in some
regions of the study area. Since the water of the
intermediate aquifer system is of better quality than
that of the Upper Floridan aquifer, this downward flow
should not adversely affect the water quality of the
Upper Floridan aquifer.

An estimated curnulative upward flow rate of
85 Mgal/d is discharging into the intermediate aquifer
system from the Upper Floridan aquifer through inter-
aquifer wells. The location of upward and downward
flow through open boreholes in gallons per day is
shown in figure 27. The estimated upward flow is
considered low in Sarasota County because there are
no records for many of the wells in the central part of
the county. In Charlotte County, many wells were
plugged, well records were nonexistent, or many wells
were not drilled into the deeper Upper Floridan aquifer
because the water was highly mineralized. In the
majority of this designated area of upward flow, con-
centrations of chloride, sulfate, and dissolved solids
exceed 250, 250, and 1,000 mg/L, respectively, and
this upward borehole flow is contaminating the inter-
mediate aquifer system.

QUALITY OF WATER IMPROVEMENT
PROGRAM |

Southwest Florida Water Management District
began the Quality of Water Improvement Program
(QWIP) in 1974 to restore hydrologic conditions
altered by poorly installed wells or deteriorating
casings. More than 3,000 wells have been inspected
and approximately 1,350 have been plugged (fig. 25)
as of May 1994. Hutchinson (1992) concluded that

48 Potential for Water-Guality Degradation of Inlerconnscied Aquifers in West-Centrel Florida
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dissolved solids concentrations in water from a supply
well decreased 50 percent afier a nearby uncontrolled
flowing artesian well was plugged.

Suicliffe and Joyner (1966) conducted a detailed
study in Sarasota County using packers in wells for
isolating various strata within an existing well for the
collection of water samples and measurements of
water levels. They concluded that: (1) better quality
of water may be obtained in some arcas by selectively
casing wells; (2) contamination of the water within the
various producing zones of a well may occur cven
though the well has flowed continuously; and 3)
improperly cased flowing wells, which are capped and
contain water of poor quality, rapidly contaminate all
the strata in the area to the extent that the strata that
formerly contained good water no longer contain
potable water.

Through an understanding of the hydrogeologic
system in the study area, various techniques can be
evaluated and undertaken to promote the most ffi-
cient and beneficial use of the ground-water resource.
Alternative techniques that could help prevent further
contamination of the aguifers include: (1) accurate
reporting of well construction and use by land owners
and well drillers; (2) selective casing of wells 1o obtain
better water quality; (3) continued plugging of wells,
and (4) inspection and monitoring of wells with black-
iron casing in areas of poor-quality water.

SUMMARY AND CONCLUSIONS

Thousands of deep artesian wells were drilled
into the Upper Floridan aquifer in west-central Florida
prior to the adoption of well-drilling regulations in the
1970's. The wells usnally were completed with a
short length of casing through the unconsolidated sed-
iments and were left open to multiple aguifers contain-
ing water of varying quality. Thesc open borcholes
serve as a source of water-quality degradation within
the aquifers when vertical flow is induced by hydrau-
lic-head differences. The area where there is a poten-
tial for water-quality degradation because of
interconnected aquifers includes the southern half of
the Southwest Florida Water Management District
where both the intermediate aquifer system and Upper
Floridan aguifer exist.

_ The hydrogeologic units underlying the study
area consist of deposits of sand, clay, marl, and car-
bonate that were deposited primarily in a marine envi-
ronment. Principal hydrogeologic units are the

surficial aquifer, the intermediate aquifer system, and
the Upper Floridan aquifer. The Upper Floridan
aquifer is the most productive aquifer in the study area
and supplies more than 10 times the amount of water
pumped from either the surficial aquifer or the inter-
mediate aquifer system. Most wells that penetrate the
Uppet Floridan aquifer are constructed so that they are
also open to the intermediate aquifer system.

In wells open to multiple aquifers, we!l con-
struction, the relative permeabilities of the aquifers,
and the head differences between aquifers control the
magnitude of vertical borehole flow. In September
1993, heads in the intermediate aquifer system were as
much as 70 ft higher than heads in the Upper Floridan
aquifer near the corner of Hiilsborough, Manatee,
Polk, and Hardee Counties. Water is transmitted
downward through the confining unit and recharges
the Upper Floridan aquifer. The head gradient
reverses in the southern part of the study area where
the Upper Floridan aquifer has higher heads than those
of the intermediate aquifer system by as much as 20 fi
in western Sarasota County and central Chariotte
County. In these areas, water is transmitted upward
through the lower confining unit and discharges to the
intermediate aquifer system.

The head differences between the intermediate
aquifer system and the Upper Floridan aquifer in May
1994 represent conditions near the end of a dry season
during which extensive irrigation pumpage has
occurred. In May 1994, heads in the intermediate
aquifer system were as much as 90 ft higher than
heads in the Upper Floridan aquifer near the corner of
Hillsborough, Manatee, Polk, and Hardee Counties.
In the southemn part of the study area, heads were
higher in the Upper Floridan aquifer than the
intermediate aquifer by as much as 20 fi.

The determination of interaquifer low was
accomplished by obtaining geophysical logs of cali-
per, gamma, temperature, flow, and fiuid conductivity,
and by the collection of water-quality samples and
video borehole data. Three different flowmeters were
used to determine interaquifer flow-- an impeller flow-
meter, a heat-pulse flowmeter, and a borehole video
camera with an impeller flowmeter attachment
because of the sensitivities and limitations of each
meter. The advantage of the impeller flowmeter is that
it can be used to measere high velocities. The limita-
tions of the impeller flowmeter are that the direction of
flow (either upward or downward) can not be distin-
guished accurately, and the meter has a lower detec-
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tion limit of about 5 ft/min. The advantage of the
heat-pulse flowmeter is that low-flow volumes and
locations of the low-flow contributing zones can be
detected. The limitation of the heat-pulse flowmeter is
that velocities greater than 20 ft/min can not be mea-
sured accurately. In arcas where direction of internal
borehole flow could not be distinguished, the impeller
flowmeter was connected to a video camera. The
design proved to be useful in this study and enabled
the viewer to observe a continuous profile of the well
borehole and the direction of flow, to locate fractures
or cavities associated with ground-water flow, and to
inspect the casing for holes or breaks.

Borehole geophysical surveys were conducted
in 87 wells throughout the study area to assess the
nature of interaquifer borehole flow in wells open to
multiple permeable zones, During the initial survey of
each well, flow measurements were made using an
impeller flowmeter. Of the 87 wells, 17 (20 percent)
had detectable intemal flow using the impeller flow-
meter. The internal flow rates ranged from 10 to 300
gal/min. A heat-pulse flowmeter was used in 19 wells
in which flow was not detected using the impeller
flowmeter. Of 19 wells measured, 18 (95 percent) had
detectable internal borehole flow, with values ranging
from 0.3 to 10 gal/min.

Composite geophysical logs of fluid conductiv-
ity, caliper, temperature, gamma, and flow and water-
quality data indicate that mineralized ground water
from the Upper Floridan aquifer has moved upward
through many open boreholes into the overlying
fresher water zones in areas where there is an upward
component of flow. Composite geophysical logs and
water-quality data also indicate potable water from the
intermediate aquifer system is artificially recharging
the underlying Upper Floridan aquifer in arcas where
there is a downward component of flow. Monthly
measurements of internal flow were made using the
impeller flowmeter and indicate that flow rates change
in response to seasonal head differences between the
intermediate aquifer system and the Upper Floridan
aquifer. Head changes between the aquifers, as a
result of ground-water development, may increase
techarge, reduce discharge, or may reverse the nawral
flow dircction between the intermediate aquifer sys-
tem and Upper Floridan aquifer.

The chemical composition of water in the inter-
mediate aquifer system is distinctly different in areas
where the surficial aquifer recharges the intermediate
aquifer system as compared to arcas where the Upper

Floridan aquifer discharges into the intermediate aqui-
fer system. The intermediate aquifer system contains
a transitional type of ground water with chemistry
reflecting the two sources of water moving into the
aquifer and the water can be characterized as a mixed
calcium bicarbonate, calcium magnesium suifate, and
sodiurn chloride type. Water in the Upper Floridan
aquifer can be characterized as 2 calcium magnesium
sulfate and sodium chloride type. The chemistry of
the water in the Upper Floridan aquifer is predomi-
nately affected by processes such as dissolutjon of
gypsum and dolomite, calcite precipitation, and sea-
water mixing.

Ground water in the intermediate aquifer sys-
tem and the Upper Floridan aquifer with the lowest
chloride, sulfate, and dissolved solids concentrations
occurs in recharge arcas in northeastern Polk County
and Highlands County. Ground water in the interme-
diatc aquifer systemn and the Upper Floridan aquifer
with the highest chloride, sulfate, and dissclved solids
concentrations occurs in discharge areas along the
coast and in the Peace River Valley. For most of the
study arca, water in the Upper Floridan aquifer is more
mineralized than that in the overlying intermediate
aquifer system.

Degradation of water quality can occur in the
intermediate aquifer system from the natural discharge
of highly mineralized water from the underlying
Upper Floridan aquifer. Degradation of water quality
may also occur in both the intermediate aquifer system
and Upper Floridan aquifer through saltwater intru-
sion, improperly cased wells open to multiple aquifers
containing water of varying quality, and leaky and cor-
roded black-iron well casings in areas of poor-quaiity
water, A geographical area where there is a potential
for water-quality degradation because of improperly
cased wells was defined. This area was delineated
based on an upward component of flow and the occur-
rence of poor-guality water. The delineated arca
includes parts of Hillsborough, Manatee, Sarasota,
Charlotte, De Soto, and Hardee Counties.

An evaluation was performed to estimate the
potential magnitude of interaquifer flow in wells open
to muitiple aquifers within the study area. This evalu-
ation used a Geographical Information System to esti-
mate interaquifer flow rates in wells open to both the
intermediate aquifer systetn and the Upper Floridan
aquifer. An estimated cumulative downward flow
rate of 127 Mgal/d is artificially recharging the Upper
Floridan aquifer from the intermediate aquifer system
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through interaquifer wells. An estimated cumulative
upward flow rate of 85 Mgal/d is artificially discharg-
ing into the intermediate aquifer system from the
Upper Floridan aquifer through interaquifer wells. In
most of this area of upward flow, concentrations of
chloride, sulfate, and dissolved solids, exceed 250,
250, and 1,000 mg/L., respectively, and this upward
borehole flow may be contaminating the upper zones.

In 1974, Southwest Florida Water Manageinent
District began the Quality of Water Improvement
Program to restore hydrologic conditions altered by
poorly installed wells or deteriorating casings. As of
May 1994, more than 3,000 wells have been inspected
and approximately 1,350 have been plugged. Studies
indicate that better guality of water may be obtained in
some arcas by plugging wells and by selectively cas-
ing wells in zones of poor-quality water,
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