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GEOHYDROLOGY OF INDIAN RIVER COUNTY, FLORIDA

By G.R. Schiner and C.P. Laughlin, U.S. Geological Survey;
and D.J. Toth, St. Johns River Water Management District

ABSTRAGT

The surficial aquifer system and the underlying Floridan aquifer
system are the sources of all ground water used in Indian River County,
Florida. The surficial aquifer system consists of a 100- to 150-foot-thick
section of unconsolidated clastic deposits termed the "clastic zone" that
overlies a 0- to 60-foot-thick section of mostly indurated carbonate rock
termed the "shallow rock zone.” The Floridan aquifer system consists of
about 2,800 feet of carbonate rocks, subdivided on the basis of perme-
ability, into the Upper Floridan aquifer (about 350-650 feet thick), the
middle semiconfining unit (about 20-120 feet thick), and the Lower Floridan
aquifer (roughly 2,000 feet thick). The surficial and Floridan aquifer
systems are separated by a 100- to 200-foot-thick low permeability rock unit
known as the intermediate confining unit.

Transmissivities of the surficial aquifer system range from 1,500 to
11,000 ft? /d (feet squared per day). Specific capacities range from 21 to
70 (gal/min)/ft (gallons per minute per foot) in eastern Indian River
County, and range from 9 to 36 (gal/min)/ft in the Vero Beach well field.

Pumpage in the Vero Beach well field approximately doubled during the
10-year period from 1975 to 1985 and peaked at about 9.5 Mgal/d (million
gallons per day) in the spring of 1981, during a major drought. A com-
parison of water levels in the Vero Beach well field area between April 1971
and May 1984 indicates a decline of about 15 to 19 feet since 1971.

Chloride concentrations in water from most wells that tap the surficial
aquifer system in the Vero Beach well field have changed little in recent
time. Between 1976 and 1983, the average chloride concentration in six
production wells increased about 36 mg/L (milligrams per liter). However,
chloride concentrations were unchanged in four others. The increase in
chloride concentrations is probably related to the increase in well field
pumpage from 5.44 Mgal/d in 1976 to 8.00 Mgal/d in 1983.

High yielding wells completed in the surficial aquifer system are most
likely to be found along the coastal ridge west of U.S. Highway 1 in the
eastern part of the county.

About 65 percent of all ground water used in the county is from the
Floridan aquifer system. The hydrology of the Floridan aquifer system is
complex. Considerable variation in yield and water quality may be found in
nearby wells of equal depth. The permeability of the Upper Floridan aquifer
generally is higher than that of the Lower Floridan aquifer.



Transmissivities of the Upper Floridan aquifer estimated from computer
model simulations range from about 65,000 ft%?/d to 200,000 ft2/d. However,
much higher transmissivities have been determined from aquifer tests at a
few sites. One such aquifer test at an injection well completed in the so-
called "Boulder Zone" of the Lower Floridan aquifer yielded a transmissivity
of 1.5 X 108 ft?/d. Specific capacities of 37 wells in the Floridan aquifer
system range from 1 to 200 (gal/min)/ft with a median of 67 (gal/min)/ft.
Measured flow rates of wells that tap the Floridan aquifer system range from
30 to 2,000 gal/min (gallons per minute) with a median of 650 gal/min.

Most wells completed in the Floridan aquifer system flow. In heavily
pumped areas and during "dry" years, water levels in May are as much as 15
feet lower than the levels in September. Water levels in the more developed
eastern part of Indian River County have declined about 16 to 24 feet in the
50-year period 1934 to 1984. 1In the less developed western part of the
county, water levels have declined about 8 to 10 feet. The countywide
decline is probably mostly due to regional pumping. The water-level data
indicate no significant water-level decline since the early 1970’s outside
of local heavily pumped areas.

Water from the Lower Floridan aquifer generally contains chloride and
dissolved solids in concentrations that exceed 250 mg/L and 500 mg/L,
respectively, but water from the Upper Floridan aquifer generally contains
less than 250 mg/L chloride in much of the southwestern part of the county
and in some areas along the Atlantic Coastal Ridge. High freshwater heads
in the Floridan aquifer system (generally 10 to 30 feet above land surface)
were, as of 1985, preventing saltwater in the Indian River, the Atlantic
Ocean, and the saline aquifers that underlie the freshwater from migrating
into the Floridan aquifer. The high heads also prevent contaminants on the
land surface from moving downward into the Floridan aquifer system. In most
of the county, chloride concentrations of wells that tap the Floridan aqui-
fer system have not changed significantly in the l5-year period 1968-83.
However, chloride concentrations in the water from two public-supply wells
in the Floridan aquifer system at Vero Beach increased 35 and 60 percent in
the past 6 and 9 years, respectively (1976 and 1979-85).

About 35 percent of the total area of Indian River County is in agri-
cultural use, of which about 75 percent is irrigated. Irrigation with-
drawals from the Floridan aquifer system amounted to 30 Mgal/d and con-
stituted 22 percent of the total water used for irrigation in in the county
in 1984. Inventoried irrigation wells range in depth from 233 to 1,272
feet--median depth is 700 feet. Changes in land use are affecting the
pattern of irrigation. Urban development is replacing groveland along
sections of U.S. Highway 1 and State Road 60 where irrigation water use is
decreasing.

In 1984, about 8.5 Mgal/d of ground water were used for public supply
in the county, mostly by Vero Beach. An additional 8 Mgal/d of ground water
were used for domestic supply. In June 1985, the county-owned reverse
osmosis treatment plant near Oslo has provided about 1 Mgal/d of water for
public supply to its service area south and west of Vero Beach from two
wells that tap the Floridan aquifer system.



INTRODUCTION

Background

The 1980 population of Indian River County (fig. 1) was about 60,000,
an increase of 67 percent from the 1970 population of 36,000. The estimated
1985 population was about 76,000--a 300 percent increase in the 25-year
period 1960-85 (University of Florida, 1986, p. 37). By the year 2000, the
population is expected to reach about 104,000. Most new residents in the
county have settled in the coastal areas, and this trend will probably
continue. The predicted large population growth in the near future will
cause a substantial additional demand for water from the shallow water-
bearing surficial aquifer system, which underlies the coastal area and
supplies much of the freshwater for public and private use. To augment
supplies from the surficial aquifer system, additional substantial with-
drawals from the commonly salty, deeper part of the Floridan aquifer system
will probably be made for conversion to freshwater by the reverse osmosis
process.

The surficial aquifer system and the Floridan aquifer system are the
sources of all ground water used in Indian River County. The two systems
contain ground water that ranges in salinity from fresh to brine. High
chloride concentration is the chief water-quality problem in the county.

Prior to this study, little was known about the severity of stress
imposed on the surficial and Floridan aquifer systems since large develop-
ments began in the 1970's. Drainage or diversion of surface water and
changes in land use that accompany development may have altered the histor-
ical water balance that existed in the past. The effect of saline water
flood irrigation on the water quality of the surficial aquifer system was
not known.

High water levels, substantially above sea level, have historically
kept saltwater in the coastal areas from moving laterally inland and in-
filtrating the potable water zones in the Floridan aquifer system. However,
excessive pumping and diminishing recharge caused by changing land use can
lower water levels enough to cause salty water to move into both the surfi-
cial and the Floridan aquifer systems.

The water-resources information needed to assess the effects of these
changes was either lacking or outdated, so a comprehensive and current
framework of water-resources information was needed to allow orderly
planning and management, and use of the resoutrce.

Purpose and Scope

The purpose of this report is to describe the principal water-bearing
and water-quality features of the surficial and Floridan aquifer systems.
The report includes descriptions of the geology and geography as they relate
to the geohydrology of the county. It contains information on the water
quality and hydraulic properties of the surficial and Floridan aquifer
systems and describes trends in water levels and chloride concentrations in
the aquifer systems.
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The section of the report describing the surficial aquifer system was
prepared by D.S. Toth, St. Johns River Water Management; the section
describing the Floridan aquifer system was prepared by Schiner and Laughlin
of the U.S. Geological Survey. The description of the surficial aquifer
system primarily describes the aquifer as it occurs in eastern Indian River
County. This report includes data from reports and files of both of these
agencies and from reports from other governmental agencies, and private
consultants.

Study Approach

During this study, water levels were measured periodically in about
60 wells. Water-level recorders were installed on five new observation
wells and reinstalled on two previously discontinued long-term observation
wells., Wells were inventoried and well logs obtained from owners and
drillers. Fifty-three geophysical well logs were run and 25 test wells were
drilled. Specific capacity tests were run on 35 wells that tap the Floridan
aquifer system. The water-quality characteristics of selected wells were
determined and about 300 wells were sampled for chloride analysis. 1In
addition, the existing water-quality data for about 125 wells were further
analyzed. Wells sampled during the 1958 and 1975 studies were resampled for
determination of chloride concentration. Specific conductance and field-
determined chloride concentration measurements were periodically made at
several sites on the canal system. Water-level and water-quality informa-
tion provided by the city of Vero Beach was collated and analyzed.

Figures 2 and 3 show, respectively, the locations of wells in the
surficial aquifer system and Floridan aquifer system used for data analyses
in this report. Data on the physical characteristics of the wells are given
in the sections Supplementary Data I (surficial aquifer system) and
Supplementary Data II (Floridan aquifer system) at the end of the report.
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Chalacombe, Planning and Human Resources, Indian River County. McLaughlin
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Well-Numbering Systems

Three numbering systems are used to identify wells in this report. A
number of up to three digits is used to identify wells and test holes in
illustrations and tables. In the text, the well number is suffixed by the
letters "S" or "F" to indicate an inventoried well in the surficial aquifer
system or a well in the Floridan aquifer system, respectively. A 15-digit
number based on latitude and longitude is used to identify wells in the U.S.
Geological Survey data storage and retrieval systems. The St. Johns River
Water Management District uses a similar identification system to the U.S.
Geological Survey, using latitude and longitude as a primary identifier.
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The 15-digit number is the customary ground-water site indentification
system (GWSI) of the U.S. Geological Survey, providing a unique number for
each station. The number consists of 15 digits, formed from the latitude
and longitude of the station location. The first 6 digits denote the
degrees, minutes, and seconds of latitude; the next 7 digits denote degrees
(always 3 digits beginning with 0), minutes, and seconds of longitude; and
the last 2 digits denote a sequential number for a station within a l-second
grid. Once assigned, a site identification number does not change even
though the locations determined by latitude and longitude may be revised
later. The site identification number is the major vehicle used in placing
and retrieving data from the U.S. Geological Survey'’s data management
system, the National Water Data Storage and Retrieval (WATSTORE) System.

GEOGRAPHY

Land Forms and Drainage

The major land forms in Indian River County evolved during Pleistocene
time and are of two general types--extensive terraces, and much less com-
monly, ridges. Terraces are steplike flatlands and scarps that were formed
by ancient seas that stood at several levels. The ridges represent shore-
line features such as offshore bars and relict beaches of the ancient seas.
The shape of the land surface has been little modified since Pleistocene
time. Figure 4 shows the major land forms found in Indian River County.

The Silver Bluff terrace extends from the coast to the Atlantic Coastal
Ridge. The terrace includes the Barrier Island and stands at altitudes
ranging from about 0 to 10 feet. The Pamlico terrace extends from the
eastern edge of the Atlantic Coastal Ridge inland about 24 miles to the
western edge of the St. Johns Marsh at generally near the 25-foot altitude.
The St. Johns Marsh covers the western half of the Pamlico terrace. The
Talbot terrace rises from the western edge of the St. Johns Marsh to
altitudes that range from about 25 to 75 feet but is generally near the
50-foot altitude.

The ridges from west to east are the Barrier Island, the Atlantic
Coastal Ridge, and the Ten-Mile Ridge. The Barrier Island is a ridge that
represents an ancient offshore bar in a section of the Atlantic Coastal
Ridge system. The ridge on the Barrier Island ranges in altitude from 0 to
about 25 feet but generally is less than 10 feet. The low area between the
Barrier Island and the Atlantic Coastal Ridge is an ancient lagoon now
occupied by the Indian River. The Atlantic Coastal Ridge ranges in altitude
from about 5 to 50 feet--mostly 20 to 30 feet. The Ten-Mile Ridge ranges in
altitude from 25 to 30 feet, and stands roughly 10 feet above the underlying
Pamlico terrace. Descriptions of the geologic history and modes of occur-
rence of the terraces and ridges are given by Cooke (1945), MacNeil (1949),
and White (1970).

Much of the surface drainage of Indian River County has been drasti-
cally modified since the 1900's and ongoing changes continue. Except for
the Talbot terrace and the ridge areas, most of the county prior to develop-
ment was marshland that drained northward. St. Johns Marsh comprised a
large part of the headwaters of the St. Johns River. 1In recent decades,
vast sections of the St. Johns Marsh and other marshy areas were diked,
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channeled, and drained to accommodate agricultural use. A comparison of
marsh areas in 1972 to predevelopment marsh areas (about 1900) is shown in
figure 5.

Natural drainage in the county is sparse, but the following natural
features were present in 1985. South Prong Sebastian Creek, paralleling the
western side of the Atlantic Coastal Ridge, is tributary to Sebastian Creek
that empties into the Indian River west of Sebastian Inlet. Blue Cypress
Creek and Padgett Branch flow into Blue Cypress Lake from the highland of
the Talbot Terrace west of the lake. Blue Cypress Lake has a surface area
of 10.2 mi? (square miles) and has no defined natural outlet. Discharge
from the northern end of the lake is controlled by a structure. A system of
levees and drainage ditches that surround Blue Cypress Lake allows the
adjacent land to be used for agriculture.

1900

EXPLANATION
B Marsh

Drained marsh

\\\\\\\\

0 10 20 MILES

0 10 20 KILOMETERS

Figure 5.——Comparison of marsh areas in the Upper St. Johns River basin, predevelopment (1900)
and 1972 (from Campbell and others, 1984).
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Presently (1985), most of the drainage in the county flows to the
Indian River through a system of drainage ditches comnected to three large
east-trending canals that discharge into the river (fig. 1).

Land Use

Indian River County has an area of 549 mi2. Land use in the county is
closely related to its land forms (fig. 4). The Barrier Island and Atlantic
Coastal Ridge are generally citrus groves, residential, and commercial
developments. Prior to the 1970's, the Atlantic Coastal Ridge and Barrier
Island were chiefly in citrus groves, but because of urban growth these
groves are being replaced by residential and commercial developments,
primarily along the major roadways--State Roads AlA and 60, and U.S.
Highway 1 (fig. 1). The Pamlico terrace is generally either in agricultural
use (citrus and some vegetable farming) or natural marshland. The Ten Mile-
Ridge is mostly in citrus groves. Large tracts of the St. Johns Marsh have
been drained for citrus and vegetable farming and for cattle rangeland.
Recently (1982-85) some of the drained rangeland is being developed for
citrus production. The Talbot terrace is generally rangeland or
undeveloped.

Climate

The climate of Indian River County is classified as subtropical humid,
characterized by long, warm, mostly wet summers and mild, generally dry
winters. The average annual air temperature is about 73 °F. High afternoon
temperatures frequently exceed 90 °F during the summer months. Most years
have a few days of frost or freezing temperatures with winter temperatures
lowest inland.

Rainfall is unevenly distributed throughout the year. Summer rainfall
is from local showers or thunderstorms that are random in occurrence.
Winter rainfall is generally associated with large, cold, frontal-type air
masses that move from the northern latitudes southward. These fronts cover
large areas so winter rainfall is more widespread than the summer rains.
Occasional tropical storms or hurricanes may add considerable amounts of
rainfall to the yearly average total rainfall. About 60 percent of the
annual rainfall occurs in the period June through October.

National Oceanographic and Atmospheric Administration records indicate
that rainfall is unevenly distributed areally within the county. Average
yearly rainfall at Fellsmere (about 55 inches) is about 3 inches more than
the average yearly rainfall at Vero Beach (about 52 inches). Annual rain-
fall for a station at Blue Cypress Lake for the period 1979 through 1985
averaged about 49 inches. Rainfall data at Vero Beach, Fellsmere, and Blue
Cypress Lake are shown in figures 6, 7, and 8. Drought conditions prevailed
throughout Florida during parts of 1980 and 1981, causing a 2-year
deficiency of about 19 inches from the average yearly at Vero Beach. At
Avon Park, in Highlands County (fig. 14), the 2-year deficiency was about
26 inches.
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at Blue Cypress Lake, 1979-~85.
14

Figure 8.——Annual rainfall and cumulative departure from monthly average rainfall
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GENERAL GEOHYDROLOGY OF THE GROUND-WATER SYSTEM

Geologic Framework

The availability and quality of ground water and surface water is
closely related to the geologic framework that underlies Indian River
County. Sedimentary rocks about 9,500 feet thick (Lloyd, 1985, p. 57) rest
on a basement complex of pre-Mesozoic volcaniec rock. The top 1,500 feet of
sediments, significant to this study, are part of the Tertiary and
Quaternary Systems that range in age from Eocene (oldest) to Holocene
(youngest). The uppermost geologic deposits of the 1,500-foot section
consist of unconsolidated post-Miocene deposits of sand, sandy clay, shell
material and thin carbonate sediments that average about 150 feet in
thickness. 1In descending order, the deposits consist of undifferentiated
Holocene deposits, the Fort Thompson and Anastasia Formations of Pleistocene
age, and the Tamiami Formation of Pliocene age. The unconsolidated deposits
are underlain by fine clastic rocks of the Miocene Hawthorn Formation that
range in thickness from about 70 to 250 feet in most of the study area. The
fine clastic rocks are in turn underlain by either Oligocene or Eocene
carbonate rocks about 1,000-feet thick that comprise the remainder of the
1,500-foot section. In descending order, the unit consists of the Suwannee
Limestone, the Ocala Limestone, and the Avon Park Formation.

Descriptions of the geologic formations penetrated by wells in Indian
River County are given in table 1. An interpretation of the subsurface
geology, indicated by distinctive features of the gamma-ray log of well 46F,
is shown in figure 9. (For location of well 46F, see fig. 47.) The hydro-
geologic sections shown in figures 10, 11, and 12 indicate the thickness and
extent of the geologic units located in the eastern part of the study area.
(See figs. 22 and 47 for location of lines of section.)

Hydrogeologic Framework

The hydrogeologic framework, through which ground water moves and is
stored, in the study area consists of two general types of rock units--
consolidated carbonate rocks and the overlying unconsolidated rock. Each
rock type contains aquifers with unique water-bearing properties that
determine its utility as a source of water supply. The unconsolidated
deposits contain the surficial aquifer system, commonly known as the surfi-
cial aquifer. The carbonate rocks contain the Floridan aquifer system,
formerly known as the Floridan aquifer. The two aquifer systems are
separated by a fine clastic unit that retards the exchange of water between
them and is known as the intermediate confining unit (thickness is shown in
fig. 13). The Floridan aquifer system has two major water-bearing zones
separated by a less permeable confining unit (Tibbals, 1981, p. 7). 1In
descending order, the aquifer system is divided into the Upper Floridan
aquifer, the middle semiconfining unit, and the Lower Floridan aquifer
(see fig. 9).

Geologic structure can be an important control in a ground-water flow
system in Indian River County. The top of the Floridan aquifer system
generally dips to the southeast and has an irregular, eroded surface.
Consequently, the continuity of water-bearing zones that are structurally
controlled may appear erratic in occurrence (fig. 41).
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Table 1.--Water-bearing characteristics and descriptions of the geologic units in Indian River Coumty

{gal/min = gallons per minute]

Sys- Formation Thickness Hydrogeologic
tem Series name (feet) Description Yield of wells unit
Holocene Undifferentiated 0-25 Variable mixture of sand, Varies widely E
2 deposits clay, coquina, and but mostly less
organic material than 100 galfmin | &
Pleistocene Fort Thompson 100-200 Coquina with variable Varies widely, Clastic zone
and Anastasia amounts of sand, silt from less than
Formations ard organic material 100 to about
700 gal/min) g
Pliocene Tamiami Formation 0-60  Fragmented to cemented Generally 100 to g Shallow rock
coquina ard limestone 700 gal/min zore
Miocene Hawthorn Formation 70-520 Silty to sandy clay, Gererally less INTERMEDIATE
thin shell and limestone than 100 gal/min CONFINING UNIT
beds, phosphatic
Oligocene  Suwarnee Limestone 0-190 Chalky to crystalline Generally less than
limestone 100 gal /min
Ocala Limestone 20-220 Limestone, dolomitic Varies widely, Upper Floridan
near base in places from about 100 aquifer
to more than
> 700 gal/min E‘
&
100-500 Limestone and dolomite Generally more than
700 gal fmin é
Eocene Avon Park 20-120 Dolomite, dolomitic Probably much less 5 Middle semicon -
Formation limestone, limestone, than 100 gal/min g fining unit
and some gypsum )
600-700 Limestone ard dolomite Gererally 100 to
more than
700 gal /min
Oldsmar Lower Floridan
Formation aquifer
About Limestone and dolomite Boulder zone used
1,000 as receiving unit

for injection wells
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Figure 9.——Gamma~ray log of well 46F showing geologic formations and
hydrologic units.

Miller (1982) reports that the small faults along Florida’'s east coast
have the overall effect of thinning the Floridan aquifer system on the up-
thrown side of the fault, but because displacement is small, the ground-water
flow system is little affected. Only one of several faults reported as
present in Indian River County by Bermes (1958, p. 8) was confirmed on the
evidence of geophysical and driller’'s logs collected during this study. The
fault extends approximately from the south-county line northward along the
Indian River to about Johns Island where it may trend northeast (fig. 41).
The displacement in the carbonate rock section is roughly 350 feet (fig. 11).
The effect of the fault on geohydrologic conditions identified in Indian River
County is considerable. On the downthrown side (east of the fault trace), the
upper part of the Floridan aquifer system contains brackish water. On the
upthrown side, water from the upper part of the system is relatively fresh.
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Figure 11.——Hydrogeologic sections I=I’ and J=J' showing formations of the
Floridan aquifer system (lines of section shown in fig. 47).
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Figure 12.——Hydrogeologic section K—K' showing formations of the
Floridan aquifer system (line of section shown in fig. 47).

Ground-Water Occurrence and Movement

Ground water in the surficial aquifer system is generally unconfined,
but in the Floridan aquifer system the water is confined. The water table
of the surficial aquifer system and the potentiometric surface of the
Floridan aquifer system fluctuate continuously in response to changes in
recharge and discharge. Most natural recharge to the surficial aquifer
system is local precipitation in Indian River County, but most recharge to
the Floridan aquifer system probably occurs in the Lake Wales Ridge area of
eastern Polk and western Highlands Counties (fig. 14). Heads in the
Floridan aquifer system are generally much higher than heads in the surfi-
cial aquifer system so recharge from the surficial to the Floridan aquifer
system cannot occur in the county. Natural discharge from the surficial
aquifer system generally occurs as evapotranspiration and subsurface flow
into the Indian River and St. Johns Marsh. Most of the county is in the
discharge area of the Floridan aquifer system. There, natural discharge is
largely by way of upward leakage through the intermediate confining unit and
probably some small amounts of discharge from the subcrop area beneath the
Atlantic Ocean.
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Wate ua

The amount, properties, and type of dissolved and suspended materials
in water often control its use. Water suitable for one use may be unsatis-
factory for other uses. For example, water having moderate amounts of
dissolved solids may be used for irrigation purposes, but may not be suit-
able in the manufacture of high-grade paper which requires low dissolved
solids. The chloride concentration and salinity of water in Indian River
County are the most important limiting factors for public supply and agri-
cultural use, which together account for more than 90 percent of the water
used in the county. Chloride concentration is used in this report as an
index to the overall quality of water in the county.

Chloride concentrations of water in the surficial and Floridan aquifer
systems vary both areally and vertically because the geohydrologic condi-
tions that control water quality differ to some degree from place to place.
In this report, water with a chloride concentration of 250 mg/L or less is
considered fresh; above 250 mg/L, the water is considered salty. Figure 15
is a graph showing the limiting concentrations of chloride recommended for
plants, animals, and industrial uses.

The terminology used to describe the salinity of water in the county is
a classification based on dissolved-solids concentration and uses the ter-
minology of Krieger and others (1957).

Estimates of dissolved-solids and chloride concentrations can generally
be obtained relatively easily and inexpensively by measuring an electrical
property of the water called specific conductance, which is a measure of the
capacity of water to conduct an electric current. Specific conductance
varies with the concentration of dissolved mineral matter, the degree of
ionization of the material, and the temperature of the water, and is
reported in microsiemens per centimeter at 25 °C. Figures 16 and 17 show,
respectively, the relation between chloride concentration, and specific
conductance and between specific conductance and dissolved-solids concentra-
tion. Data from Indian River County and nearby areas were used in plotting
the graphs. Note in figure 16 that specific conductance is roughly three
times the chloride concentration and in figure 17, that specific conductance
is about one-and-a-half times the dissolved-solids concentration. In some
less-mineralized waters, chloride may not be a major element and conductance
may be more closely related to other constituents. At the left side, or
low-range end of figure 16, the group of data indicating a change in slope
of this graph reflects waters not dominated by chloride concentration.

Hardness is expressed in terms of milligrams per liter of calcium
carbonate (CaCOz). Water is considered soft if its hardness value lies
between 0 and 75 mg/L, moderately hard between 75 and 150 mg/L, hard between
150 and 300 mg/L, and very hard for values above 300 mg/L of CaCO, (U.S.
Environmental Protection Agency, 1976).
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Figure 16.——Relation between chloride concentration and specific conductance.

GEOHYDROLOGY OF THE SURFICIAL AQUIFER SYSTEM

Hydrogeologic Framework

The surficial aquifer system consists of sediments of Pliocene age and
younger that overlie the intermediate confining unit (Hawthorn Formation) of
the Floridan aquifer system. In eastern Indian River County, the surficial
aquifer system consists of a relatively thin, indurated carbonate unit, and

an overlying relatively thick unit of unconsolidated clastic deposits. The
surficial aquifer system generally is unconfined, but in places, may be
semiconfined or confined where beds of low permeability are present. In

this report, the surficial aquifer system is divided into two hydrogeologic
units (table 1). The carbonate rock unit (Tamiami Formation) is termed the
"shallow rock zone" and the unconsolidated clastic unit (combined Holocene
deposits, Fort Thompson and Anastasia Formation) is termed the "clastic
zone."
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Figure 17.——Relation between specific conductance and dissolved—solids
concentration, and the classification of salinity of water.

In eastern Indian River County, the thickness of the surficial aquifer
system is related to the topography, so the system is thickest beneath the
higher areas such as the Ten-Mile Ridge and the Atlantic Coastal Ridge. The
system ranges in thickness from about 100 to 200 feet (fig. 18) and thickens
southward to its maximum south of State Road 60. The hydrogeologic sections
in figure 10 indicate the extent and thickness of the surficial aquifer
system in eastern Indian River County.

The Tamiami Formation is composed of interbedded limestone, coquina,
and sand and clay of Pliocene age. The formation, as much as 60 feet thick
(fig. 19), overlies the Hawthorn Formation and is confined to the eastern
part of the county. Its maximum thickness coincides with the Atlantic
Coastal Ridge north of Vero Beach--thickness decreases east and west of the
ridge. West of the Ten-Mile Ridge, the Tamiami grades into a "gray sand
zone" that consists of gray sand and shell interbedded with clayey sands.
The Tamiami Formation is often called "hardrock" by local well drillers.
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The Anastasia Formation consists primarily of shellbeds of Pleistocene
age that contain varying amounts of quartz sand, silt, and organic material.
The shellbeds range from uncemented to a moderately hard coquina. The
Anastasia Formation generally underlies the Barrier Islands and extends
inland about 3 to 10 miles to the vicinity of the Ten-Mile Ridge. There,
the composition of the Anastasia Formation changes from mostly shell to sand
(Bermes, 1958; Crain and others, 1975). West of the Ten-Mile Ridge, the
Fort Thompson Formation is equivalent to the Anastasia Formation and con-
sists of less cemented coquina lenses and progressively greater percentages
of sand and some very sandy limestone beds (Bermes, 1958).

The Anastasia Formation, and (or) the Fort Thompson Formation generally
is covered by thin Holocene sands, silts, and clay. The combined thickness
of Holocene and Anastasia or Fort Thompson deposits ranges from about 100 to
200 feet.

Hydraulic Properties

The hydraulic properties of the surficial aquifer system in eastern
Indian River County vary considerably from place to place depending on
characteristics such as grain size, sorting, packing, and cementation.
These properties are reflected in values of transmissivity, storage,
hydraulic conductivity and specific capacity that indicate the ability of an
aquifer to yield water to wells. Transmissivity is a measure of the rate
at which water moves through a unit width of an aquifer under a unit
hydraulic gradient. The storage coefficient is the volume of water an
aquifer releases from or takes into storage per unit surface area of the
aquifer per unit change in head. Leakance is the ratio of the vertical
hydraulic conductivity and the thickness of the confining unit and is a
measure of the ability of confining units to leak water to adjacent
aquifers. Hydraulic conductivity is defined as the rate of water flow
through a unit cross section of an aquifer under a unit hydraulic gradient.
Generally, the larger the value for transmissivity and hydraulic conduc-
tivity, the more productive the aquifer.

Specific capacity is defined as the well discharge per unit of draw-
down. Specific capacities of wells completed in the surficial aquifer
system in eastern Indian River County range from 21 to 70 (gal/min)/ft
(fig. 20). 1In the Vero Beach well field, specific capacities range from
9 to 36 (gal/min)/ft (fig. 21). Specific capacities tend to be highest in
the areas south of Main Canal and west of the airstrip but decrease to the
east and southwest.

Values of transmissivity, storage coefficient, and hydraulic conduc-
tivity for the surficial aquifer system at several locations are given in
table 2. Transmissivities range from 1,500 ft2/d at Winter Beach to 11,000
ft?/d at Sebastian Highlands where the aquifer is mostly shell deposits. At
Hobart Park, the aquifer also contains shell deposits, and the transmis-
sivity is 7,900 ft2/d. Transmissivity values tend to be lower in the shal-
low rock zone than in the clastic zone. At Vero Beach, where wells
penetrate both zones, transmissivities range from 2,400 to 6,300 ft2/d.
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Figure 20.—~—Specific capacity of wells completed in the surficial aquifer system and
location of aquifer test sites in eastern Indian River County.
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Table 2.--Aquifer-test results for the surficial aquifer system at four sites
in Indian River County

[ft2/d = feet squared per day; ft/d = feet per day]

Reference Transmis- Storage Hydraulic Source
letter Site sivity (T) coeffi- conductivity? of
(fig. 20) location (ft2/4d) cient (S) ft/d data?
4
A Vero Beach 2,400-6,300 2.3 x 10, 33-80 1
--- 1.5 x 10, ---

B Winter Beach  1,500-1,900 1.9 x 10 , 40-48 2

c Hobart Park 7,900 1.4 x 107, 110 3

D Sebastian 11,000 1.0 x 10 348 4

Highlands

lHydraulic conductivity estimated from transmissivity and thickness of
aquifer penetrated.
2Reference: (1) Gee and Jenson (1980).
(2) Estimated from the hydrograph of a cyclically pumped well
(Brown, 1963) using a well at Winter Beach.
(3) Geraghty and Miller (1978).
(4) Geraghty and Miller (198la).

Storage coefficients for the surficial aquifer system at four sites in
Indian River County range from 1.0 x 10 ¢ at Sebastian Highlands to 0.15 at
Vero Beach (table 2). At most of the sites, the zones tested in the surficial
aquifer system responded as a leaky artesian aquifer. At Vero Beach, the
aquifer at one of two sites tested in the surficial aquifer system acted as an
unconfined aquifer (storage coefficient is 0.15).

Hydraulic conductivities of the surficial aquifer system in Indian River

County are generally about 40 ft/d (feet per day), but some values may exceed
350 ft/d where shell deposits are extensive.

Description of Wells that Tap the System

For this study, 336 wells in the surficial aquifer system were inven-
toried (see Supplementary Data I and fig. 2). These wells represent only a
small number of the surficial wells that exist in Indian River County.
Uninventoried domestic and irrigation wells probably number in the thousands.

Wells that penetrate the clastic zone range from 35 to 90 feet in depth.
Well casings generally extend to the top of a producing zone--the remaining
depth of hole is commonly screened. Large-yield wells often tap both the
clastic zone and the underlying shallow rock zone of the surficial aquifer
system. The shallow rock zone is usually left as open hole in wells that
penetrate both zones.
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The location of production and monitor wells in the Vero Beach well
field is shown in figure 21. Supply wells in the Vero Beach well field are
80 to 140 feet deep, have 40 to 65 feet of casing, and are typically
completed as open-hole. Yields of wells in the Vero Beach well field range
from 250 to 1,200 gal/min. The larger yields are from wells that are deep
enough to tap both the clastic and the shallow rock zones, and where the
surficial aquifer system is thickest. The lowest yields in the county (less
than 10 gal/min) occur in marsh areas in the central part of the county.

Water Levels

Water levels in the surficial aquifer system in the eastern part of the
county fluctuate in response to seasonal changes in precipitation, evapo-
transpiration, and pumping. Water levels also may fluctuate in response to
manipulation of flows in these drainage network in the county.

Water levels have been monitored in several observation wells in the
surficial aquifer system (fig. 22). Hydrographs showing long-term
variations in water levels in the wells are shown in figure 24.

In the southwestern part of the county, at the western edge of the
Pamlico terrace (fig. 4), water levels are near land surface. The land
surface altitude is about 30 feet at well 134S (fig. 22) and during wet
periods water levels may rise above the land surface. Water levels in this
well fluctuate between 25 and 31 feet altitude but average about 28 feet
(fig. 23).

Hydrographs of daily maximum water levels in wells 239S, 316S, and 217§
are shown in figures 23 and 24. At well 239S near Fellsmere (fig. 22) the
land surface altitude is about 27 feet. Water levels in that well fluctuate
by as much as 2 feet monthly and declined from an altitude of about 26 feet
to about 23 feet between September 1982 and May 1983. During the interval
between September 1984 and May 1985, levels remained close to an altitude of
25 feet.

At well 316S in Roseland (fig. 22), water levels declined from above 17
to 15 feet altitude between September 1982 and July 1983. Since April 1984,
the altitudes of water levels in this well have been above 14.5 feet. At
Wabasso School (well 217S, figs. 22 and 24), the altitude of the water level
declined from about 9 feet in May 1983 to near 6.5 feet in September 1984,
Between March and May 1985, water-level altitudes fluctuated from below 7 to
above 11 feet, and averaged 9 feet. The wells at Roseland and Wabasso
School are located just west and east of the Atlantic Coastal Ridge where
land surface altitudes are 19 and 12 feet, respectively.

The effect of nearby pumping on water levels in the surficial aquifer
system was observed at well 39S (see fig. 22 for location). Water-level
altitudes in well 39S averaged about 16 feet between May 1983 and April
1984, 14 feet between May and November 1984, and approximately 7.5 feet
during January through March 1985. 1In April 1985, water levels had declined
to an altitude of 4 feet. The 10-foot decline in the water level in this
well coincided with the startup of a nearby well at Vero Beach (well 46S).
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Water Levels in the Vero Beach Well Field

Water levels in the Vero Beach well field during May 1981 (an unusually
dry year) and May 1984 (a year of about average rainfall) are shown in
figures 25 and 26. Water levels were measured in monitor and production
wells, when pumps were operating, and therefore illustrate the general
pattern of the cone of depression caused by well-field pumping. In May
1981, water levels were as low as 39 feet below sea level (fig. 25). Water
levels were lowest east and north of the airstrip. In May 1984 water levels
at pumping centers were as much as 28 feet higher than in May 1981. Water
levels continued to be lowest east and north of the airstrip. The dif-
ference in water levels between the first half of 1981 and 1984 is clearly
shown in the hydrograph of well 121S in the Vero Beach well field (fig. 27).
In 1981, water levels at production well 121S reached more than 37 feet
below sea level, but rebounded to near sea level during periods of average
rainfall (see rainfall graph in fig. 30). Part of the rise in water level
is probably caused by a change in the pattern of pumping in the well field.

Some observation wells, such as 145S and 100S in the Vero Beach well
field, are apparently little affected by pumping. Monitor well 145S is west
of the well field and monitor well 100S is located adjacent to Main Canal
(fig. 22). Water levels in monitor well 145S were lowest during the summer
of 1981 and spring of 1985 (fig. 30). Both time intervals coincide with
much below-average rainfall periods. Levels in 1455 remained high in 1982
when rainfall was above average.

Yields of many wells in the Vero Beach well field decreased in 1981 due
to the large drawdowns in the surficial aquifer system caused by long-term
continuous pumping. The problem was alleviated by implementing a well-field
management program that involved alternating withdrawals between sets of
wells spaced far enough apart so as to minimize interfering drawdowns. In
addition, a few wells were deepened to penetrate the shallow rock zone, and
several wells were installed to replace wells previously abandoned because
of low yield. The hydrograph of observation well 151S (fig. 24) illustrates
the effect of nearby pumping from production wells prior to mid-1982, and
the effect of well field expansion and management since mid-1982.

Figure 28 shows the average monthly daily pumpage for the Vero Beach
well field from 1975 to 1985. Pumpage approximately doubled during the
10-year period from 1975 to 1985 and peaked to about 9.5 Mgal/d in the
spring during the 1981 drought. Coinciding with the increase in pumpage,
however, water levels have declined in the vicinity of the Vero Beach well
field. A recent downward trend is shown by the hydrograph of well 1518 also
in the Vero Beach well field (fig. 24). Water levels reached a low of
5 feet below sea level in June 1982 but rebounded to an altitude of 9.5 feet
in September 1982. Since December 1982 water levels have declined and by
October 1984 were 1 foot below sea level. A comparison of water levels in
the surficial aquifer in the vicinity of the Vero Beach well field in
April 22, 1971, (Crain and others, 1975, fig. 28, p. 55) with water levels
in May 1984 (fig. 26), indicates a decline of about 15 to 19 feet.
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Figure 27.——Water level and chloride concentration of water in well 121S in the
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Figure 28.——Monthly pumpage from the Vero Beach well field, 1975-85.
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WATER LEVEL,

Recharge and Discharge in the System

The surficial aquifer system in Indian River County is recharged mostly
by infiltration of rainfall and by some downward percolation of irrigation
water. The aquifer system receives little recharge from the underlying
Floridan aquifer system because a thick confining unit of low permeability
strata (the Hawthorn Formation) effectively separates the surficial and
Floridan aquifer systems. Discharge from the surficial system occurs as
seepage to the ocean, lakes, rivers, and canals, evapotranspiration, and
withdrawals from wells.

Some recharge to the surficial aquifer system may occur from the canal
system. For example, maximum stage fluctuations in Main Canal and water-
level fluctuations of monitor well 100S (adjacent to Main Canal) are strik-
ingly similar (fig. 29). When maximum stage is greater than the water level
in well 100S, such as in the spring of 1981-82, water in Main Canal probably
recharged the surficial aquifer.

The water level in the surficial aquifer system rises and declines
during wet and dry periods in response to recharge and discharge. The
hydrograph of well 145S (fig. 30) illustrates the relation between monthly
rainfall at Vero Beach and water levels in the well. The water level in
well 145S rose 5.7 feet in response to the rainfall of 16 inches in
August 1981 and an attendant reduction in pumpage.

CHLORIDE CONCENTRATION,
IN MILLIGRAMS PER LITER
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Figure 29.——Water level and chloride concentration of water in well 100S,
and stage of Main Canal, 1980-84.
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Figure 30.——Water level and chloride concentration of water in well 145S, and
monthly rainfall at Vero Beach, 1980-85.

In places, head differences in the clastic and shallow rock zones allow
ground-water movement from one zone to the other. To observe the head-
difference relations, observation wells were installed in both the shallow
rock zone and the clastic zone at several sites throughout the county. The
well locations, well numbers, and selected water-level data are given in
table 3 and figures 1 and 21. Comparison of water levels in the shallow
rock and clastic zones at Vero Beach Elementary School (39S, 38S), South
Gifford Road (162S, 1615), Wabasso (1785, 177S), and Roseland (316S, 317S)
show little head difference (table 3). However, at the South Canal (318,
32S), Winter Beach (168S, 167S), Wabasso School (217S, 216S), and Fellsmere
(239S, 240S) the heads in the zones differ. This difference in head and
location of wells can be used to define a pattern of recharge and discharge.
West of the Atlantic Coastal Ridge, in wells 239S, 240S, 168S, and 167S,
water levels are higher in the clastic zone than in the shallow rock zone;
therefore, in this area, the clastic zone recharges the underlying shallow
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Table 3.--Water levels in wells in the clastic zone and shallow rock zone

Well Water level, in feet above sea level
No. Location Aquifer Feb-Mar 1983 Dec 1983 April 1984 March 1985
31S South Canal Shallow rock zone 9.8 9.6 8.1 6.6
328 Clastic zone 7.8 6.7 6.1 5.4
398 Vero Beach Shallow rock zone 19.1 17.0 18.3 11.1
385 Elementary School Clastic zone 19.2 17.6 18.1 10.9
162S South Gifford Shallow rock zone 19.9 17.0 16.2 14.4
161s Clastic zone 20.1 17.3 16.7 15.1
1685 Winter Beach Shallow rock zone 16.4 14.7 14.8 13.8
1678 Clastic zone 18.1 16.1 17.0 15.3
178S Wabasso Shallow rock zone 18.2 16.5 16.7 15.0
177s Clastic zone 19.9 16.7 17.3 15.2
2178 Wabasso School Shallow rock zone 13.6 11.7 11.7 10.8
2168 Clastic zone 11.7 10.6 10.6 10.2
239S Fellsmere Shallow rock zone 25.6 24.1 24.9 23.6
2408 Clastic zone -- 24.7 25.9 24.3
316S Roseland Shallow rock zone 17.9 16.8 16.7 16.6
3178 Clastic zone 18.3 16.8 17.4 16.0

rock zone. East of the ridge, in wells 31S, 32S, 217S, and 216S, water
levels are higher in the shallow rock zone than in the clastic zone; here
the shallow rock zone discharges to the overlying clastic zone.

Water Quality

General

In coastal areas, ground water in the surficial aquifer system may be
very saline as a result of lateral saltwater intrusion. In agricultural
areas, the salinity of surficial ground water may be high because of the
salinity of irrigation water or contamination of the shallow ground water
with deeper, more saline water, through deteriorated or leaking well
casings.

Table 4 lists representative analyses of water from 8 wells in the
shallow rock zone, 7 wells in the clastic zone, and 1 well in the shallow
rock zone (1S) that probably contains intruded saltwater. Also given in the
table are ranges of concentrations of selected constituents in water from
39 wells in the shallow rock zone (depth >75 feet) and 51 wells in the
clastic zone (depth <75 feet).

43



Table 4.--Representative analyses and ranges in concentrations of constituents

in water from wells completed in the clastic and shallow rock zones of the

surficial aquifer system

[Concentrations are in milligrams per liter]

REPRESENTATIVE ANALYSES

Well Depth Potas- Cal-  Magne- Hard- Bicar- Chlo- Sul-
No. (feet) Sodium sium cium sium Iron ness bonate ride fate
Clastic zone (<75 feet in depth)
32s 53 26 0.7 105 6.5 0.92 289 330 48 21
38s 55 12 .6 76 4.3 .67 208 224 16 9
1618 53 39 13.3 158 7.9 2.9 428 540 51 <1
1678 53 32 2.4 54 3.2 1.6 148 464 65 20
1778 41 18 .4 87 2.5 .3 227 366 40 0
2168 49 67 .9 84 2.9 .05 222 310 120 40
3178 35 14 2.8 5.1 3.2 .13 25.9 26.8 26 1
Shallow rock zone (>75 feet in depth)
18t 147 14,000 500 630 1,900 22.0 9,393 922 30,250 4,000
31s 143 30 5.6 63 9 1.5 194 291 41 <1
398 123 43 4.5 90 8.7 5 261 322 60 <1
1628 150 44 1.9 112 8.4 2.9 315 372 73 <1
168S 144 19 3.7 84 3.9 8.2 226 464 25 0
1788 137 39 2.0 78 6.0 3.1 220 337 40 0
2178 133 26 7.1 26 18 4 139 239 35 0
2398 140 44 10 27 16 .6 133 209 45 0
3168 134 35 2.9 36 21 1.2 176 197 50 0
RANGES OF CONCENTRATIONS
Potas- Cal- Magne- Hard- Bicar- Chlo- Sul-
Range Sodium sium cium sium Iron ness bonate ride fate
Clastic zone (51 wells <75 feet in depth)

Low 11 2 21 2 0.3 180 169 20 0
High 520 13.3 158 76 8.1 328 540 535 280
Shallow rock zone (39 wells >75 feet in depth)

Low 16 0.5 24 0.5 0.3 240 154 10 0
High 160 10 162 53 8.2 434 390 415 185

1Indicates lateral intrusion.
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Occurrence of Chlorides

Chloride concentrations of water from wells more than 75 feet deep in
the surficial aquifer system in eastern Indian River County are below
100 mg/L, except in an area along Sebastian Creek and along the Indian River
near the Vero Beach well field, where concentrations are above 250 mg/L
(fig. 31). 1In this figure, the 250 mg/L chloride line generally parallels
the Indian River but bows inland toward the Vero Beach well field. Chloride
concentrations increase from about 250 mg/L just east of the Vero Beach well
field to more than 20,000 mg/L near the Indian River.

Chloride concentrations of water from wells 40 to 75 feet deep in the
clastic zone also increase in an easterly direction, but values are not as
high along the Indian River (fig. 32). Chloride concentrations west of the
Indian River are generally less than 250 mg/L. Between the Vero Beach well
field and the Indian River, chloride concentrations range from 50 to
100 mg/L. Concentrations greater than 250 mg/L occur in a small area
bisected by Main Canal west of the Vero Beach well field, in the Sebastian
Creek area, and on the Barrier Island.

Many wells in the Floridan aquifer system are cased to the top of the
Hawthorn Formation, are more than 20 years old, and were constructed with
steel casing that may be corroded through. Eastern Indian River County is a
discharge area of the Floridan aquifer system and corroded-through casings of
wells that tap the system could allow water from the Floridan aquifer system
to intrude into the surficial aquifer system. Six cross sections in the
eastern part of the county (fig. 33) show the relation between chloride
concentration in ground water and the depths of wells (figs. 34-37). Inter-
pretation of data shown in the cross sections indicates several patterns of
chloride occurrence. Water from a few wells deeper than 80 feet have higher
chloride concentrations than adjacent wells of near the same depth (figs. 34
and 35). The high concentrations may be due to intrusion of the shallow rock
zone by more saline water from nearby wells in the Floridan aquifer system.

Sections E-E’ and G-G’' (figs. 35 and 36) show high chloride concentra-
tions in water from a few wells less than about 80 feet deep. Along cross-
section E-E’ (fig. 35), chloride concentrations of water in three wells in
the surficial aquifer system with depths less than 25 feet equal or exceed
180 mg/L. Along section G-G’' (fig. 36), the lowest chloride concentration in
water from the nine wells plotted in the Floridan aquifer system is 180 mg/L.
The high chloride concentrations found in water from these relatively shallow
wells in the surficial aquifer system may be due to downward seepage of
irrigation water from the Floridan aquifer system or from wells in the
Floridan aquifer system with corroded-through casings near the water table.
The city of Vero Beach and the St. Johns River Water Management District have
plugged several wells in the Floridan aquifer system that were leaking
relatively high chloride concentration water into the surficial aquifer
system through corroded casings. A common practice in the development of
citrus groves into an urbanized area has been to bury existing wells in the
Floridan aquifer system. As a consequence, the location of many wells in the
Floridan aquifer system that potentially could cause intrusion problems is
unknown.
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rock zone {depths greater than 75 feet), 1982-83.
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Figure 36.——Chloride concentration in water and depth of wells in the surficiql and Floridan
aquifer systems along line of section G—G’ (line of section shown in fig. 33).

Areal patterns of occurrence and depth of occurrence of high chloride
concentrations in water from wells often suggest a particular source for the
high concentration. For example, when the chloride concentrations of water
from wells increase with depth and are anomalously high, such as in the

Sebastian Creek area, the cause may be intrusion by leakage, at depth, of

water from wells that tap the Floridan aquifer system. Also, in areas where

the chloride concentration of water is higher in a shallow well than in

nearby deeper wells, such as west of Vero Beach straddling State Road 60, the
cause is probably downward infiltration of Floridan aquifer system irrigation
water or seepage from system wells. Along the coastal sections of Indian
River County, the high chloride concentrations of water in many of the wells

greater than 40 feet deep is probably due to the lateral intrusion of
seawater.

Occurrence of Chlorides in the Vero Beach Area

Chloride concentrations in water from observation wells in the Vero
Beach well field change in response to water-level fluctuations (see figs. 29
and 30) caused by pumping (discharge) and by recharge. Concentrations
generally increase when water levels decline and decrease when water levels
rise. However, in monitor well 100S, located just south of Main Canal,
chlorides have increased though water levels are trending upward. Between
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Figure 37.——Chloride concentration in water and depth of wells in the
surficial aquifer system along line of section H—=H’ (line of section
shown in fig. 33).

September 1981 and June 1982, chloride concentrations increased linearly to
about 300 mg/L, and through 1983 and 1984 averaged about 300 mg/L (see
figs. 39 and 40). The high chloride concentration found in well 100S and
observation wells 84S and 95S may indicate a plume of high chloride water
moving toward the southeast (fig. 39). Chloride concentrations of 320 and
144 mg/L also occurred south of Main Canal in observation wells 955 and 84S,
respectively, (fig. 21) in June 1984 (fig. 40). The high chloride concentra-
tion in water from wells 100S, 95S, and 84S may be due to leakage from the
corroded-through casings of wells in the Floridan aquifer system or recharge
of high chloride concentration water from the canal when ground-water levels
are periodically lower than the maximum stage of Main Canal (fig. 29).

Chloride concentrations during the period 1979 to 1984 are shown for
three salinity observation wells (wells 1195, 1255, and 126S, fig. 23) in
figure 38. 1In June 1981, water in salinity observation well 126S, located
between the Vero Beach well field and the Indian River (fig. 21), had a
chloride concentration of 4,900 mg/L. A year later, following the 1981
drought, the concentration increased to 14,000 mg/L. However, during above
normal precipitation periods in 1983 and 1984, chloride concentrations were
about 4,500 mg/L (fig. 38). The rise and fall of chloride concentrations in
well 126S indicates that the position of the freshwater-saltwater interface
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probably fluctuates in response to rainfall and withdrawals from wells.
During extremely dry periods, the interface moves toward the well field. The
amount of movement, however, may be small. Chloride concentration in salin-
ity observation well 125S, located 1,000 feet west of 126S, remained vir-
tually unchanged between 1979 and 1984 (fig. 38).
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Figure 38.——Chloride concentrations in water from three salinity
observation wells, 1979—84.

Chloride concentrations in the Vero Beach well field in June 1981 and
June 1984 are shown in figures 39 and 40. Excluding the area east of the
well field, the highest chloride concentrations generally occur south of Main
Canal. Concentrations are lowest in the area of the airstrip (fig. 39),
coincident with the area of maximum drawdown in the well field. The low
chloride concentrations in the area of maximum drawdown may be due to a high
recharge rate that captures relatively high quality rainfall in that area.
Pumping, therefore, causes the water table to decline and thus provides room
for fresh recharge water to be stored. A comparison of the chloride maps in
figures 39 and 40 indicate that the position of the 1,000 mg/L chloride line
did not change appreciably between 1981 and 1984.

Chloride concentrations of water in most wells in the Vero Beach well
field have changed little in recent time, (see fig. 27 as an example).
Between 1976 and 1983, the average chloride concentration increased about
36 mg/L in six production wells and was unchanged in four others. The
increases in chloride concentrations were from scattered wells and are
probably related to the increase in well field pumpage from 5.44 Mgal/d in
1976 to 8.00 Mgal/d in 1983 (fig. 27).
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Potential Development

Tibbals (1978, p. 11) related evapotranspiration to the depth of the
water table in east central Florida. Assuming this expression is valid for
Indian River County where the water table averages 2 feet below land surface,
evapotranspiration in the county is about 42 in/yr (inches per year). If the
42 in/yr of evapotranspiration is subtracted from an average rainfall of
about 52 in/yr for eastern Indian River County, and assuming no runoff, the
remainder of about 10 in/yr is net natural recharge to the surficial aquifer
system in eastern Indian River County.

On the basis of hydrologic characteristics of the 140-mi? area that lies
between U.S. Highway 1 and I-95, and assuming the surficial aquifer system
receives 10 in/yr of natural recharge in that area, about 67 Mgal/d of water
is theoretically available for withdrawal from the system in eastern Indian
River County. It should be recognized that the estimate of availability was
obtained from a simplified solution of a complex problem. The theoretical
and actual amount of water available for withdrawal may differ considerably
due to the many factors not considered. For example, not all the theoretical
amount of water available can be withdrawn--some water is retained in the
aquifer. Also, if the natural recharge rate is altered by development,
additional or lesser amounts of water may be available. However, the amount
indicated implies that sufficient water for public supply may be available
for future use in the county if withdrawals are properly managed.

In east Indian River County, high-yielding wells completed in the
surficial aquifer system are most likely to be found along the Atlantic
Coastal Ridge west of U.S. Highway 1. In places, however, water quality
there may not be acceptable because of high concentrations of undesirable
constituents. Wells that tap both the clastic zone and the shallow rock zone
will probably be the most productive.

In places, uncontrolled flowing wells that tap the Floridan aquifer
system have apparently allowed high-chloride water to intrude into the
surficial aquifer system. Some of these wells have been plugged by the St.
Johns River Water Management District as part of their well plugging program.
Problems relating to saltwater intrusion of the surficial aquifer system
could possibly be avoided or lessened if (1) all new wells are tested for
saltwater during installation and production, (2) all unused wells are
plugged from bottom to top to prevent the upward migration of saltwater and,
(3) the current (1985) monitoring program is continued.

GEOHYDROLOGY OF THE FLORIDAN AQUIFER SYSTEM

Description of the Hydrologic Units

About 65 percent of all ground water used in the county is from the
Floridan aquifer system. In this report, the terminology and definitions
relating to the Floridan aquifer system used by Miller (1986) are closely
followed but with a few exceptions. The Floridan aquifer system consists of
limestone and dolomite, about 2,800 feet thick, that commonly yields abundant
supplies of water to wells. Previous to a recent study of the Tertiary
limestone aquifer system in the southeastern states, the Floridan aquifer
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system was termed the "Floridan aquifer" (Miller, 1986, p. B44). Miller
(1986, p. B45) describes the Floridan aquifer system as a vertically
continuous sequence of generally high permeability carbonate rocks, mostly of
middle and late Tertiary age, that are several orders of magnitude more
permeable than the rocks that bound the system above and below.

Though the Floridan aquifer system is reported to generally cross
formation and age boundaries, Miller (1986, p. B46) reports that, regionally,
the top of the system is the Suwannee Limestone, but if absent, is the Ocala
Limestone. Accordingly, in Indian River County, the Floridan aquifer system
in descending order consists of the Suwannee Limestone (where present,
fig. 41), Ocala Limestone, Avon Park Formation, Oldsmar Formation, and part
of the Cedar Keys Formation (Miller, 1986, p. B46). The lower part of the
Avon Park Formation was formerly known as the Lake City Limestone. Because
of sparse control and the interfingering of key marker beds, the base of the
Floridan aquifer system is difficult to ascertain. One oil test well (well
172F) drilled to basement rock, and one injection well (well 32F) finished in
the Oldsmar Formation are the only wells known to penetrate below the Avon
Park Formation in Indian River County.

Because less-permeable carbonate rocks consistently occur as a unit
within the Floridan aquifer system in peninsular Florida, Miller (1986,
p. B45) separated the system in descending order into the Upper Floridan
aquifer, a middle semiconfining unit, and the Lower Floridan aquifer. The
Upper Floridan aquifer ranges in thickness from about 350 feet in the south-
western part of the county to about 650 feet in the northeast. The top of
the Upper Floridan is the Suwannee Limestone in the eastern part of Indian
River County and the Ocala Limestone in the west (fig. 41). The top general-
ly slopes to the southeast and ranges in altitude from about -200 to -500
feet. The surface is apparently irregular due to erosion and dissolution.
East of the Indian River fault trace (fig. 41), the altitude of the top of
the Floridan aquifer system is as low as -650 feet (in the southeast corner
of the county)--about 250 feet lower than the surface west of the fault trace
(fig. 11).

For this investigation, the middle semiconfining unit is identified as a
dense dolomitic zone of variable thickness and low permeability and porosity
that generally occurs near the middle of the Avon Park Formation. Geophysi-
cal logs indicate that the middle semiconfining unit ranges from about 20 to
120 feet in thickness. The logs also suggest that the top of the unit ranges
widely in altitude (-613 to -1,450 feet).

According to Miller (1986, p. B65), the Lower Floridan aquifer consists
of a zone of low and high permeability subzones that lie between the middle
semiconfining unit and the Sub-Floridan confining unit (lower confining unit
of Miller, 1986) that underlies the Lower Floridan aquifer. The Sub-Floridan
confining unit is a massively bedded anhydrite of extremely low permeability
that is in the upper part of the Cedar Keys Formation (Miller, 1986, p. B46).
Little information is available on the thickness of the Lower Floridan
aquifer. Miller (1986, pl. 32) shows that the Lower Floridan aquifer in
Indian River County ranges from about 1,600 to 2,000 feet in thickness and
thickens to the northwest. Well 172F is the only well known to completely
penetrate the Cedar Keys. There, the altitude of the base of the Lower
Floridan aquifer is about -3,100 feet.
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Hydraulic Properties

The hydraulic properties of the middle semiconfining unit and the Lower
Floridan aquifer of the Floridan aquifer system are poorly known, so
discussion of these properties relates mostly to the better-known character-
istics of the Upper Floridan aquifer. Variations in the hydrologic charac-
teristics of the rock strata within the Floridan aquifer system are complex
and are closely related to the geologic framework of the system. The
porosity and permeability of the rock strata that comprise the system result
from combinations of (1) the original texture of the rock; (2) processes
that have acted on the rock, such as dolomitization and recrystallization;
(3) joints, fractures, and faults; and (4) mineral solution or precipita-
tion. Most of the hydraulic (and water-quality) variations found in the
Floridan aquifer system in Indian River County probably occur because of one
or a combination of the above factors. The combinations that are in effect
may cause considerable variation in yield and water quality in nearby wells
of equal depth. Flow-meter data show that water-producing zones within a
borehole are typically discrete and may occur at different altitudes in
adjacent boreholes. However, some boreholes contribute water throughout.

The permeability of the Upper Floridan aquifer is reported to be
generally higher than that of the Lower Floridan (Miller, 1986, p. B54).
The most productive water yielding zones are probably in the Avon Park
Formation. The rate of ground-water circulation is relatively high in the
Upper Floridan aquifer compared to circulation in the Lower Floridan
aquifer, but flow logs indicate some wells that penetrate the Lower Floridan
obtain a high percentage of their yield from that part of the aquifer
system. Except east of the Indian River fault trace, (on the downthrown
side of the fault), wells more than 700 feet deep in the eastern part of the
county are probably completed in the Lower Floridan aquifer. These deeper
wells were probably installed because the Upper Floridan could not supply
sufficient water for a particular need (chiefly citrus irrigation).

Yields of wells that tap the Floridan aquifer system can be related to
the specific capacity of the well, and in an approximate manner, to the
transmissivity of the penetrated aquifer.

Transmissivity and associated data that can be used to determine
hydraulic properties of the Floridan aquifer system are available for five
test sites in Indian River County (fig. 42 and table 5). In addition,
Tibbals (1981, fig. 6) determined a model-derived transmissivity range of
100,000 to 200,000 ft2?/d for the Upper Floridan aquifer in Indian River
County based on a regional-scale model calibration. Planert and Aucott
(1985, p. 19) reported a transmissivity of 10,000 ft2/d for well site 216F
in Brevard County near northwestern Indian River County. For a model
calibration, the area bordering northern Indian River County was assigned a
transmissivity value of 65,000 ft2/d by Planert and Aucott (1985, p. 47) for
both the Upper and Lower Floridan aquifers.

The highest transmissivity reported in the county (1.5 x 10® ft2/d) was
from an aquifer test run on an injection well (32F) completed in the Boulder
Zone (Kohout, 1965)--a zone within the Lower Floridan aquifer consisting of
high permeability, fractured, and cavernous dolomite near the base of the
Oldsmar Formation. The Boulder Zone at that site occurs at a depth interval
of about 2,400 to 3,000 feet. Miller (1986, p. B68), reports that the
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Table 5.--Transmissivities of the Floridan aquifer system at five sites in
Indian River County

[ft2/d = feet squared per day]

Refer- Depth of
ence Well Site Transmis- Storage well (feet
letter No. identification sivity coeffi- below land Source of data
(fig. 42) No. (ft2/4d) cient surface)
A 32F 273510080285502 1,500,000 --- 4 13,005 CH2M Hill (1979)
B 37F 273526080240701 50,000 4 x 10° 745 Geraghty and
4 Miller (1981b)
40F 273536080240101 56,800 3.9 x 10, 704 Do.
C 137F 274445080235901 7,500 5x 10 4 1,000 Bermes (1958)
138F 274447080235301 4,800 1x 10, 860 Do.
D 150F 274524080240801 17,600 6 x 10° 960 Seaburn and
Robertson (1983a)
154F 274532080241801 44,100 .- s 1,000 Do.
E 186F 274659080244301 19,400 1.4 x 10 4 700 Bermes (1958)
187F 274700080243901 20,100 1x10 4 1,000 Do.
188F 274700080245101 20,100 1.4 x 10~ 860 Do.

!Interval tested was the 2,400- to 3,005-foot depth.

Boulder Zone is commonly found at depths of about 2,500 to 3,000 feet in
south Florida, and that the transmissivity of the entire thickness of the
zone may exceed 107 ft2/d. The zone contains saline water, and is widely
used as a receiving unit for municipal and other liquid wastes along the
southeast coast of Florida.

Specific capacity data are more easily determined than transmissivity
data, and are therefore more frequently available. The range of values of
specific capacities of wells in the Floridan aquifer system in the county is
large (fig. 42) and shows little areal pattern. The variability of specific
capacity values is probably related to well diameter and depth of
penetration but is probably due primarily to the irregular distribution and
permeability of producing intervals in individual wells. Specific
capacities of 37 wells range from 1 to 200 (gal/min)/ft and the median is
67 (gal/min)/ft (table 6). The map showing specific capacities (fig. 42)
suggests lower than average specific capacities in the western part of the
county, higher than average values in the central part, and probably low
values east of the Indian River fault trace.

Flow rates of individual wells are usually indicative of the hydraulic
characteristics of the aquifer penetrated, so high and low flow rates from
wells of equivalent depth and diameter generally indicate correspondingly
high and low specific capacities or transmissivities of the aquifer.
Measured flow rates of wells that tap the Floridan aquifer system range from
30 to 2,000 gal/min with a median of 650 gal/min. The largest reported flow
rate in the county is about 6,000 gal/min from an injection well (well 30F)
at a depth of 1,350 feet (CH2M Hill, 1979). Flow rates of wells are not
only related to hydraulic characteristics of the yielding zones of the
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Table 6.--Specific capacity test data of selected wells that tap the Floridan

aquifer system

[gal/min = gallon per minute; (gal/min)ft

gallon per minute per foot]

Shut-in  Flowing
water water
Well Well Casing level level Draw- Flow- Specific
No. identification diam- (feet (feet down rate capacity
No. eter above above (feet) (gal/ [(gal/
(inches) land land min) min) /ft]
surface) surface)
7F 273335080280901 8 12 0 12 650 54
12F 273357080274901 8 12 1 11 700 64
20F 273423080332201 8 13 4 9 850 94
21F 273430080195601 6 30 0 30 30 1
26F 273459080401201 12 15 10 5 1,000 200
28F 273501080302101 8 12 1. 10.5 1,600 152
42F 273539080301901 4 12 6 6 400 67
47F 273615080283501 8 10 1 9 300 33
53F 273633080364301 20 14 4 10 1,800 180
54F 273639080261501 6 8 1 7 450 64
57F 273710080230601 8 29 4 25 450 18
61F 273726080371501 10 16 4 12 1,800 150
64F 273741080382701 10 15 7 8 800 100
72F 273814080245201 4 10 6 4 50 12
76F 273819080260101 4 11 6 5 70 14
77F 273821080273901 4 9 5 4 50 12
80F 273827080322001 8 12 5 7 240 34
84F 273833080461901 6 12 10 2 40 20
95F 273927080465701 8 13 1 12 600 50
102F 274008080255301 8 9 1 8 750 94
104F 274023080291401 10 11 0 11 1,700 154
107F 274055080281301 5 13 4 9 285 32
110F 274115080291401 10 11 0 11 1,700 154
112F 274121080241701 6 28 16 12 750 62
115F 274156080344301 12 15 9 6 1,000 167
117F 274203080292901 12 13 0 13 2,000 154
119F 274210080400301 10 22 17 5 800 160
123F 274250080354401 12 13 8 5 950 190
126F 274302080371501 10 20 14 6 1,000 167
134F 274350080364501 12 16 11 5 1,000 200
136F 274436080395801 10 20 15 5 800 160
140F 274449080240001 5 24 16 8 280 35
149F 274522080304301 4 14 10 4 125 31
151F 274528080395801 10 20 15 5 600 120
155F 274534080251101 6 36 8 28 200 7
167F 274607080264001 6 21 1 20 150 7
180F 274642080453601 3 11 4 7 50 7
216F 275119080482401 12 -- -- 8.9 280 32
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wellbore, but also to pipe and wellbore hydraulics. Generally, the largest
flow rates are from large-diameter wells (10 inches or more) and large
diameter (8 inches or more) discharge pipes. Most wells that tap the
Floridan aquifer system are capable of yielding several hundred gallons of
water per minute without significant drawdown.

Description of Wells that Tap the System

The records of 250 wells in the Floridan aquifer system, which are
stored in the Geological Survey computer files and shown in Supplementary
Data II, represent only a small percentage of the wells that have been
drilled in the study area. Uninventoried wells probably number several
thousand. Some general observations pertaining to wells that tap the
Floridan aquifer system in Indian River County can be made from field
observations and from available records.

Depths of wells in the Floridan aquifer system in Indian River County
are generally constrained by drilling costs and the potential of degradation
of water quality with increased depth. The proposed use of water and the
productivity of a well are the chief considerations for any well
installation. Therefore, wells are generally drilled to meet or to most
closely approximate required yields and water-quality needs within economic
limits. Inventoried wells range in depth from 233 to 1,272 feet with a
median depth of 700 feet. A report by Bermes (1958, p. 32) indicates that
in about 1950 wells in the Floridan aquifer system on the mainland were
about 600 to 700 feet deep. Records of new wells (drilled since the 1981
drought) indicate that typical depths have increased--many wells extend to
depths of 900 feet or more. The probable reason for the deeper wells is the
demand for higher yields.

Wells completed in the Floridan aquifer system that yield excessively
saline water are usually plugged or abandoned. However, in places where a
modest amount of acceptable water can be obtained from the upper part of the
well, it may be more feasible to plug the bottom section of the well to seal
off the lower saline zone rather than abandoning the well.

Well casings generally extend only to depths that allow the wellbore to
remain open--usually into the Hawthorn Formation. Therefore, the bottom 600
to 800 feet of many wells in the Floridan aquifer system is frequently
"open-hole" or uncased. Casing diameters range from 2 to 24 inches. Wells
drilled since 1981 are generally 8 to 12 inches in diameter. Casings are
made of steel, black iron, or plastic. Corrosion of metal well casings have
caused many older wells to fail, so the use of plastic casing has become
more prevalent in recent years. Burns (1983, p. 30) reports that in Lee
County (southwest Florida) the life expectancy of steel-cased wells is 20 to
25 years, and that the corrosion of steel casing is most intensive at the
upper part of the surficial aquifer system. As mentioned previously,
corroded-through well casings could cause intrusion of water from the
Floridan aquifer system into the surficial aquifer system.

More than 90 percent of the inventoried wells in the Floridan aquifer
system are used for irrigation. Twelve wells are used as a source of water
for reverse osmosis treatment for public-water supply. The city of Vero
Beach blends water from two wells in the Floridan with water from the
surficial aquifer system for public supply.
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Few wells are equipped with pumps because water levels of most wells in
the Floridan aquifer system stand above land surface. Water from the wells
would discharge freely if not valved shut. Wells generally flow at
sufficient rates to supply needed yields. In this report, wells that
discharge freely are termed "flowing wells." When valved shut, flowing
wells are termed "shut-in."

Potentiometric Surface

The potentiometric surface of the Upper Floridan aquifer fluctuates in
response to changes in rates of recharge and rates of discharge. The major
components that cause water-surface fluctuations are rainfall, pumpage, and,
near the coast, tidal changes. Generally, short-term components are
superimposed on long-term changes in the potentiometric surface of the Upper
Floridan aquifer. Pumpage and rainfall can cause long- and short-term
changes in the potentiometric surface.

The regional configuration of the potentiometric surface of the Upper
Floridan aquifer in May 1981 is shown in figure 14. 1In Indian River County,
the direction of water movement in the Upper Floridan aquifer is mainty
eastward. Figures 43 and 44 show the potentiometric surface of the Upper
Floridan aquifer in the county for May 1981 and May 1983. Comparison of the
May 1981 potentiometric surface map (reflecting the 1980-81 drought) and the
May 1983 map (reflecting above-average rainfall for 1982-83) shows that the
potentiometric surface generally ranged 2 to 4 feet lower in May 1981 than
in May 1983. The mound shown on the potentiometric surface in May 1981
(fig. 43) is probably residual from the previously high levels.

In the recharge area of the Floridan in Indian River County on the Lake
Wales Ridge (fig. 14), September is normally the last month of the wet
season and May is the last month of the dry season. Generally, the Upper
Floridan aquifer is most stressed by pumping in May because, by then, the
dry season has extended for about 7 months, and agricultural irrigation is
heaviest. The potentiometric surface in May generally ranges in altitude
from about 30 feet along the coastline to about 40 feet near the western
county line. The depressions in the potentiometric surface in the eastern
half of the county, as shown by the May 1983 potentiometric surface
(fig. 44), reflect pumping stress from irrigation. In Indian River County,
potentiometric contours generally shift slightly eastward toward the
Atlantic Ocean between May and September because of the recharge from summer
(wet season) rains and the associated curtailed local irrigation pumping.

Water levels

General

Water levels in wells in discharge areas typically rise as the depth of
penetration of the well increases, but few data are available to quantify
differences in the levels in shallow and deeply penetrating wells in the
Floridan aquifer system in the county. Geraghty and Miller, Inc. (1981b)
reported that the water level of a well that is 901 feet deep (well 41F) was
3.5 feet higher in December 1980 than that in a nearby well 740 feet deep
(well 37F). Water levels of wells cased into the Lower Floridan aquifer are
probably at least several feet higher in altitude than the levels of wells
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in the Upper Floridan aquifer. However, most wells in the Upper and Lower
Floridan aquifers are cased only into the Hawthorn Formation; so water
levels, particularly in the Lower Floridan, are resultant combination heads.

The hydrographs of two long-term observation wells completed in the
Floridan aquifer system illustrate water-level fluctuations in a heavily
irrigated area (well 23F in fig. 45) and the fluctuations in an area little
affected by pumping (well 168F in fig. 46). (See fig. 47 for locations.) A
comparison of the hydrographs and analysis of water-level data collected for
compilation of biannual potentiometric surface maps show that September
water levels generally range from 2 to 5 feet higher than May levels.
However, in heavily pumped areas, water levels may decline as much as 15
feet between September and May if rainfall is deficient. The rainfall
deficiencies of about 12 inches in 1980 and about 7 inches in 1981, and the
probable effects of regional pumping, resulted in a record low May 1981
water level altitude (36.67 feet) in well 168F (fig. 46). Water levels in
many other wells in the county also fell to record lows in May 1981.

Water-Level Trends

In Indian River County, long-term trends of water levels in the
Floridan aquifer system are due to prolonged change in recharge and to
water-use activities such as pumping for irrigation and public supply
(development). Long-term trends due to development are difficult to
ascertain because trends may be masked by the effect of variations in
recharge. Water levels in the mostly undeveloped western part of the county
are about 8 to 10 feet lower than those estimated for predevelopment time in
the early 1930’s.

Water-level data in table 7 shows that levels in the Floridan aquifer
system in eastern Indian River County have declined about 16 to 24 feet in
the 50-year period 1934 to 1984. The greatest decline occurred in the
period 1934 to 1971. Since 1971, levels have apparently stabilized. At
Avon Park in Highlands County, which is in a recharge area of the Floridan
aquifer system, water levels show a similar, but greater, pattern of
decline. There, water levels declined about 28 feet between 1934 and 1978.
The hydrograph of well 168F (fig. 46) indicates no overall trend in the
period 1976 to 1985. Brown and Reece (1979, pl. 3) reported no significant
upward or downward trend of water levels in the Floridan aquifer system in
the period 1970 to 1977 in adjacent St. Lucie County. The hydrograph of
well 23F (fig. 45), in the Indian River Water Control District, suggests a
downward trend from 1959 to 1971 and possibly an upward trend since 1972.

In the future, water levels in the Floridan aquifer system may decline
in the Fellsmere area because of added stress on the system by planned
expansion of agricultural irrigation. Water levels may also decline in the
vicinity of the county's Oslo Road reverse osmosis plant as pumpage there
for public supply increases. However, in some areas of the county water
levels in the Floridan aquifer system probably will rise because of reduced
irrigation pumpage due to urbanization. In the Indian River Water Control
District and the Wabasso Beach area (fig. 1), for example, water levels will
probably rise because irrigation pumpage will continue to decline as more
citrus groves are replaced with urban-type developments that use public-
supply systems. The amount of water used for public-water supply is not
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expected to equal the amount previously used for irrigation in the
foreseeable future; so, in those places, water levels will probably rise
unless additional demands are placed on the aquifer.

46 T T T T T T T T T

sl WELL 168F ]
44 | -
43

42

41

40

IN FEET ABOVE SEA LEVEL

39

38 .

37 I .

WATER LEVEL,

36 f f f i } f 4 } f
1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

Figure 46.——Water level in well 168F (USGS Observation Well IR 189), 1976—85.

Water Quality

General

Most of the water that recharges the Floridan aquifer system in Indian
River County originates as rainfall on the Lake Wales Ridge, to the west, in
Polk County (fig. 14). The mineralization of the water increases as it
moves eastward toward the coast and by the time it reaches the discharge
area that includes Indian River County, the water quality in the Floridan
aquifer system contains relatively high concentrations of dissolved-solids.
Saline water ranging from slightly saline to brine is present at varying
depths beneath the entire county. 1In places, water in the Upper Floridan
aquifer is fresh, particularly in the upper part. Salinity increases with
depth and is a function of flushing out of the ancient seawater trapped in
the sediments during an earlier geologic time (Sprinkle, 1982). Water
movement is generally sluggish (Miller, 1986, p. B63) in the Lower Floridan
aquifer where little flushing has occurred and the water is briney.
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Table 7.--Ground-water levels at selected sites in Indian River and
Highlands Counties, 11934, 1951, 1971, and 1984

[Water levels are in feet above sea level]

Avon Park
Year Vero Beach Fellsmere Sebastion (Highlands Co.)
1934 48 (Feb)! 55 (Aug)? 46 (Aug)!? 105 (Feb)?
1951 40 (Oct) 48 (Oct) 37 (Oct) 92 (Apr)
1971 28 (May) 34 (May) 30 (May) --
1984 30 (May) 31 (May) 30 (May) 78 (May)

1From Stringfield (1936).
2Estimated from nearby measurements made in Highlands and Polk
Counties.

The water quality of a well completed in the Floridan aquifer system is
a composite of the quality of water in the various producing zones
penetrated by the open borehole. Water-quality data from Bermes (1958),
Crain and others (1975), and unpublished data indicate that water from the
Floridan aquifer system is generally hard and relatively high in dissolved
solids. Most water is of the sodium chloride type. Chloride, bicarbonate,
and sulfate are the major anions, and sodium, calcium, and magnesium the
major cations. Potassium and strontium are common minor constituents.
Trace amounts of other ions are also present. The distribution and values
of salinity as measured by dissolved-solids concentrations are similar to
chloride concentrations in the Floridan aquifer system. Concentrations of
chloride and dissolved solids commonly exceed the Florida Department of
Environmental Regulation (1982) maximum contaminant level for public
drinking water systems (250 mg/L for chloride and 500 mg/L for dissolved
solids where alternate supplies of lower concentration are available),.

Lateral intrusion of saltwater from the Indian River or the Atlantic
Ocean into the Floridan aquifer system is not possible under current
conditions because of the aquifer’s high head along the coast (at about the
30-foot altitude), and because the freshwater-saltwater interface 1is a
considerable distance offshore. The high Floridan heads, responsible for
discharging conditions throughout the county, also prevent pollutants on the
land surface from moving downward into the Floridan. Pollutants could be
introduced into the aquifer from recharge areas, mostly outside the county,
or heavy pumping could cause local upconing of very saline water from depth.

Variations of Chloride Concentration in Wells

Sprinkle (1982) reports that significant chemical differences may be
found in the water from nearby wells, or from the same well from year to
year, in the area that includes Indian River County. Therefore, recognition
of a trend in chloride concentration in the water from individual wells is
difficult to ascertain. An example is the water from well 20F (fig. 48) in
which chloride concentrations of water from well 20F (fig. 48) ranged from

71



IN MILLIGRAMS PER LITER

CHLORIDE CONCENTRATION,

700

600

500

300

200

300

200

100

600

500

400

300

200
900

800

700

600

Figure 48.——Chloride concentrations in water from continuously flowing
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210 to 540 mg/L during a l4-month sampling period. Fluctuations of chloride
concentration in the water from a well may be related to head changes and
changes in flow contributions of producing zones. Also, pumping during the
dry season could lower heads enough to cause some upconing of saline water--
particularly in wells completed in the Lower Floridan aquifer. Variations
in the chloride concentration of water from a well sampled periodically may
also be due to sampling technique or to the geohydrologic characteristics of
the well.

Water-quality sampling techniques are designed to provide data that are
representative of water in the aquifer. For this study, samples were taken
from either shut-in or actively flowing wells. Samples from shut-in wells
were taken at the wellhead by opening a valve and allowing water from the
well to flow. Samples from flowing wells were taken from the discharge pipe
or from a spigot on the well. Most sampling was done periodically--
generally for chloride concentration determinations.

An important factor in sampling is to ensure that only native aquifer
water is sampled. Barraclough (1962, p. 75) reports that in Seminole County
(central Florida), the most important index of chloride concentration in
water from some flowing wells is not changes in water level but the period
the well is allowed to flow prior to sampling. Chloride concentrations of
water from an observation well in Seminole County ranged from 65 mg/L at a
flow period of 5 minutes to 290 mg/L for flows longer than 5 minutes.

For this study, prior to sampling, a shut-in well was allowed to dis-
charge at least long enough to evacuate and replace the water stored in the
wellbore with fresh formation water. For example, for an 8-inch-diameter
well 1,000 feet deep that discharges 500 gals/min, the required time is
about 5 minutes. Wellhead discharge waters that have attained a steady
temperature or specific conductance generally indicate that the wellbore has
been completely flushed.

Most wells that tap the Floridan aquifer system in Indian River County
are periodically used during dry weather periods and freeze periods. When
not in use, the wells are shut-in to prevent needless discharge. Chloride
concentrations of water in these periodically shut-in wells appear to vary
more than the concentration in wells that flow continuously.

Periodically, open wells may allow high chloride concentration water in
a deep-producing zone of the Floridan aquifer system to invade an upper,
better quality zone during shut-in periods. As mentioned previously, deep-
producing zones in Floridan aquifer system have higher heads than the
shallow producing zones. Many irrigation wells tap the Lower Floridan
aquifer but are cased only to about the middle of the Hawthorn Formation.
This can allow the higher head, more mineralized, water from a producing
zone in the Lower Floridan aquifer to move into and contaminate a better
quality producing zone in the Upper Floridan aquifer. Figure 49 illustrates
the hypothetical paths of water movement in a periodically open well that
penetrates the Upper and Lower Floridan aquifer. Head differentials
indicate that a significant potential exists for water from the Floridan
aquifer system to intrude into the surficial aquifer system through a break
in a casing (fig. 49).
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Figure 49.——Hypothetical paths of ground—water movement in wells that penetrate both
the Upper and Lower Floridan aquifer.
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The volume and quality of water that moves into or intrudes a receiving
zone (fig. 49) in a shut-in or flowing well is directly related to head
differentials, transmissivities, water density, the water quality of the
producing zones, and to time. If a shut-in well is allowed to flow, the
time required to evacuate the intruded zone in the Floridan will be longer
than the time the well was shut-in. This is due to blending of the water in
the intruded zone and the hydraulics of flow in the zone.

The plot of the chloride concentrations in water from well 148F
(fig. 48) illustrates the effect of shutting-in a flowing well for a period
of time. Prior to being shut-in, chloride concentrations ranged from 650 to
680 mg/L. But after the well was shut-in (January 1984), the chloride
concentration began to rise, reaching 860 mg/L by mid-February. The
chloride concentration remained at 860 mg/L for several months with the well
shut-in. After the well was opened and allowed to flow, the chloride
concentration declined rapidly to 710 mg/L and continued to decline with
time thereafter until it reached the previous concentration of open
conditions. The decline in chloride concentration is probably due to the
slow release of mixed-quality water from an upper-producing zone that had
been intruded by relatively high chloride water from a lower zone.

Many wells that flow continuously appear to reach an equilibrium of
hydrologic conditions in which temporal and recharge-discharge changes have
little influence on the chloride concentration of water in the wells.
Chloride concentrations in water from flowing wells 84F, 132F, and 194F
(fig. 48) show little fluctuation though their period of record covers
several seasons and include seasonal variations in precipitation and
pumpage. Water from wells periodically open and wells recently drilled may
exhibit considerable variations in chloride concentration because
equilibrium conditions have not been attained. (See well 20F in fig. 48, a
relatively new well, for example.) Chloride concentrations of the water in
recently drilled wells may often increase with time and concomitant decline
in head. The period of time required for a well to reach water-quality
constancy may vary with the hydrologic environment of the individual well
and its use and could be years.

Distribution of Chlorides

Chloride concentrations of water in the Floridan aquifer system may
vary considerably both areally and vertically as well as temporally.
Predictions of chloride concentration at a particular location cannot be
made with certainty, but generalizations can be made based on patterns of
occurrence.

Figures 50 and 51 are highly generalized maps that show the
distribution of chloride concentrations of water from wells that tap the
Upper Floridan aquifer and both the Upper and Lower Floridan aquifers,
respectively. Most of the data used to compile the maps were collected in
1983--some data are from the 1984-85 period. The wells that tap both the
Upper and Lower Floridan aquifers probably derive most of their yield from
the Lower Floridan which generally contains more highly mineralized water.
Chloride concentrations generally increase slightly with depth in the Upper
Floridan aquifer but may increase rapidly with depth in the Lower Floridan.
Therefore, the concentrations shown for water mostly from the Lower Floridan
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aquifer are more variable than for water in the Upper Floridan aquifer
because differences in well depths may cause large differences in chloride
concentration. The highest concentrations for both aquifers are found on
the east (downthrown) side of the fault along the Indian River.

Chloride concentrations in water from wells that yield mostly from the
Upper Floridan aquifer range from 20 to about 1,400 mg/L. The lowest
concentrations are in the area of the Talbot terrace (figs. 2 and 50).
Concentrations less than 250 mg/L are found in about half the county--
generally in the western, southwestern, and central part. Areas of less
than 250 mg/L concentration occur as patches oriented parallel to the coast
along the trace of the Atlantic Coastal Ridge (figs. 2 and 50). These
patches may be pockets of freshwater that were trapped in the aquifer during
a low stand of the sea during the Pleistocene Epoch (Tibbals, in press), or
as theorized by Crain and others (1975, p. 49), may represent areas of
recharge to the Upper Floridan aquifer. The highest concentration of
chloride in water from the Upper Floridan is between the Talbot terrace and
the Atlantic Coastal Ridge in the northern part of the county (figs. 2
and 50). The high chloride concentrations found in water from some Upper
Floridan aquifer wells may be in those places where the underlying middle
semiconfining unit is relatively permeable, thin, or breached. There,
pumping could more readily cause upconing of high chloride concentration
water from the Lower Floridan aquifer into the Upper Floridan aquifer.

Chloride concentrations in water from wells that yield mostly from the
Lower Floridan aquifer range from 290 to 2,920 mg/L. 1In the eastern half of
the county, water from these wells generally have chloride concentrations
higher than 500 mg/L. Chloride concentrations ranging from 700 to 1,050
mg/L occur in a large area between the Atlantic Coastal Ridge and the Ten-
Mile Ridge (fig. 51). Concentrations of 400 mg/L or less occur as a narrow
band along the trace of the Atlantic Coastal Ridge in the northern half of
the county and a northeast oriented band of 300 mg/L or less is centered at
the junction of State Highways 60 and 512.

The high chloride concentrations of 910 mg/L in water from well 154F
(near Wabasso Beach) and 1,050 mg/L in well 47F (south of State Highway 60
and east of I-95, figs. 1 and 51) may have been caused by their relatively
heavy pumping and their greater depth than nearby wells.

Trends in Chloride Concentrations

The recognition of any time trend in chloride concentrations of water
from wells is essential to management of the county’'s water resources.
Figure 52 shows the chloride concentrations of water from 26 wells in the
Floridan aquifer system. These same wells were sampled at three time
intervals during the period 1951-84. The following table gives the average
chloride concentrations for the time intervals.

Sampling period Average chloride concentration (mg/L)
1951-52 369

1968-71 424 (increase of 15 percent)

1983-84 451 (increase of 6 percent from

1968-71 and 22 percent
from 1951-52)
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Chloride concentrations increased more than 10 percent in 11 of the 26
wells between the period 1951-52 and 1968-71, but concentrations increased
more than 10 percent in only 5 wells between the period 1968-71 and 1983-84.

Crain and others (1975, p. 53) compared chloride concentrations of
water from wells in the Floridan sampled in 1951-52 to that of samples
collected in 1968-71 and found a small increase in chlorides in the eastern
part of the county north of Winter Beach and a small decrease in chlorides
south of Winter Beach. Data obtained for this study in 1983-84 shows that
chloride concentrations increased about 25 percent in T33S (Township 33
South), R39E (Range 39 East), south of Vero Beach, between the periods
1951-52 and 1983-84. (See fig. 1 for Township and Range locations.) In
T32S, R39E--the Vero Beach area--the increase was about 18 percent. In
T31S, R39E--the Sebastian area--the chloride concentration decreased by
11 percent. The decrease may be due to the plugging of unused flowing
wells. The overall increase in chloride concentration in the three town-
ships was only 9 percent between the 1951-52 and the 1983-84 period.
Average chloride concentrations in the townships for the three sampling
periods are given in the following table.

1951-52 1968-71 1983-84

Township Number Average Number  Average Number Average

and of wells chloride of wells chloride of wells chloride

range sampled  (mg/L) sampled _ (mg/L) sampled (mg/L)
T31S, R39E 45 488 13 462 23 436
T32S, R39E 21 313 16 334 17 370
T33S, R39E 23 424 14 450 18 529
Total 89 --- 43 --- 58 ---
Average of

all samples 408 415 445

Data from four Floridan aquifer system wells in a grove at Wabasso
Beach show no increase in chloride concentration from the 1940's to 1984.
However, the chloride concentration of water from well 177F, completed in
the Lower Floridan aquifer, rose from 378 mg/L in 1951 to 540 mg/L in 1983.
The chloride concentration in 1969 was 535 mg/L.

Chloride concentrations of water in the Upper Floridan aquifer are
increasing in the Vero Beach area. In the city well field, the chloride
concentration of water from well 94F increased from 285 mg/L in November
1976 to 384 mg/L in May 1985 (35 percent increase). Chloride concentrations
of water from well 93F increased from 300 mg/L in April 1979 to 476 mg/L in
May 1985 (59 percent increase). Except for 1950, the following table shows
a progressive upward trend in chloride concentration since 1921 in water
from well 73F at the old Vero Beach Power Plant.

Year 1921 1924 1949 1950 1951 1983
Month Aug. Oct. -- Oct. Jan. Dec. July
Chloride (mg/L) 270 291 455 625 550 630 790

80



Well 73F has been out of service and shut-in for many years. High
chloride concentration water from the lower part of the well may have
substantially infiltrated the upper, better-quality zones.

On a countywide basis, the chloride concentrations of water from wells
in the Floridan aquifer system have apparently not changed significantly in
the 15-year period 1968 to 1983. Brown and Reece (1979, pl. 6) report that
chloride concentrations of water from wells in the Floridan aquifer system
did not change significantly during the 20-year period 1957-77 in the area
that includes St. Lucie County--the adjacent county south of Indian River.
A few localities and some individual wells have shown increases in chloride
concentration, but the increases probably reflect a local condition rather
than a general trend.

Effect of Irrigation Water from the Floridan Aquifer System
on the Quality of Canal Water

Crain and others (1975, p. 53) reported that major canals that drain
the eastern part of the county had similar water quality. Large quantities
of relatively poor quality irrigation water from wells in the Floridan
aquifer system commonly mix with higher quality surface water and water from
the surficial aquifer system in the canals. However, the quality of water
present in a canal at a given time varies widely with the relativ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>