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CONVERSION FACTORS

For those readers who may prefer to use International System (metric)
units rather than inch-pound units, the conversion factors for terms used
in this report are listed below:

Multiply By To obtain metric unit
inch (in) 25.40 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 2 1.609 kilometer (km) 9
square mile (mi™) 2.590 square kilometer (km™) 2
foot squared per day (ft /d) 0.0929 meter squared per day (m~/d)
gallon per minute (gal/min) 0.06309 liter per second (L/s)
million gallons per day 0.04381 cubic meter per second (m™/s)
(Mgal/d)
million gallons per square cubic meter per square kilometer
mile (Mgal/ml ) l461. (m3 /km )
foot per second (ft/s) 0.3048 meter per second (m/s)
cubic feet per second (ft™/s) 0.02832 cubic meter per second (m”/s)
degrees Fahrenheit (°F) 5/9 (°F-32) degrees Celsius (°C)

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic
datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, called NGVD of 1929, is referred
to as sea level in this report.
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IMPACT OF DEVELOPMENT ON AVAILABILITY AND QUALITY OF
GROUND WATER IN EASTERN NASSAU COUNTY, FLORIDA,
AND SOUTHEASTERN CAMDEN COUNTY, GEORGIA

By David P. Brown

ABSTRACT

The primary source of water in Nassau County, Florida, and Camden
County, Georgia, is ground water from the Floridan aquifer. The aquifer
consists of upper, middle, and lower water-bearing zones of permeable
limestone and dolomite separated by semiconfining beds of hard, massive
dolomite and limestone of low permeability, all of which are confined
above and below by leaky confining beds. Development of the aquifer is
limited to the upper and middle zones, at depths of 530 to 1,000 feet and
1,200 to 1,700 feet below land surface. The transmissivity of the upper
zone ranges from 20,000 to 50,000 and that of the middle zone 40,000 to
60,000 feet squared per day. The lower zone, about 2,000 to 2,100 feet
below land surface contains very saline water with chloride concentrations
exceeding 8,000 milligrams per liter. Water levels in a monitor well open
to the lower zone do not appear to be affected by pumpage changes within
the upper and middle zones.

Development of the Floridan aquifer has been principally for industrial
supply and occurs primarily in the Fernandina Beach-St. Marys area in the
coastal part of the study area. Pumpage increased from about 30 million
gallons per day in 1940 to about 91 million gallons per day in 1980. The
pumpage, primarily from the upper zone, has resulted in (1) a long-term
decline in the potentiometric surface of about 25 feet in the western part
of the study area to more than 100 feet near the major pumping centers in the
coastal part of the study area; (2) an increase or decrease in head dif-
ferences between the surficial and Floridan aquifers, thereby increasing
recharge to and decreasing natural discharge from the Floridan aquifer; and
(3) an increase in ground-water inflow to the area and a reversal or modifi-
cation of the natural hydraulic gradient of the potentiometric surface
toward the east. There is also an increase in the initial head differences
among the water-bearing zones of the aquifer, thereby increasing leakage
from deeper zones of higher artesian heads to the upper zone.

The water quality in the upper water-bearing zone is fairly uniform:
concentrations of dissolved solids generally range from 400 to 600 milligrams
per liter, chloride 20 to 40 milligrams per liter, and sulfate 100 to 190
milligrams per liter. In Fernandina Beach, water from four wells tapping this
zone has relatively high chloride concentrations, as great as 190 milligrams
per liter. Based on existing water-quality data, there is no evidence of
saline water intrusion in the upper water-bearing zone of the Floridan aquifer
in the study area. In Fernandina Beach, water in the middle zone is more
mineralized than water in the upper zone. Chloride concentrations of water
from several wells more than 1,250 feet deep increased from less than 100 to
more than 1,000 milligrams per liter since 1952,



Future development of the Floridan aquifer within the study area,
in particular the coastal part, may be limited to the upper water-bearing
zone. The presence of relatively high chloride concentrations of water
from wells tapping the middle and lower zones in the coastal area limits
the development of these zones as a freshwater supply. Existing develop-
ment of the aquifer along the coast and the resulting declines in the
potentiometric surface may restrict the amount of future development from
the upper zone. In the western part of the study area, little is known
about the hydrogeology of the middle and lower zones and these zones may
be a potential source of freshwater.

The effects of future development on the water levels of the upper
water—-bearing zone were estimated based on a mathematical model. Steady-
state drawdowns would be about 1.24 feet at 10,000 feet and 0.3 feet at
50,000 feet from a pumping well per 1 million gallons per day increase in
pumpage. Assuming a 50 percent increase in pumpage at each of the major
pumping centers from 82 to 123 million gallons per day within the study
area, the net decline in water levels in observation wells about 5 to 10
miles from the pumping centers were 9.9 to 17.4 feet. About 30 miles
offshore, west of the inferred position of the freshwater—saltwater
interface, the net decline was only 2 feet.

The surficial aquifer, consisting of thin permeable zones of sand, shell,
and limestone, provides water to wells at rates of 10-50 gallons per minute,
but is not considered a source for large ground-water supplies. The estimated
transmissivity ranges from less than 100 feet squared per day for the fine-
grained, well-sorted sand to 10,000 feet squared per day for the sand and shell
beds. Water is generally of acceptable quality for most uses except near the
coast and tide-affected streams that contain saltwater.

INTRODUCTION

The primary source of water supply in Nassau County, Fla., and
Camden County, Ga., is the Floridan (principal artesian) aquifer, an
excellent aquifer with several water-bearing zones. Significant
withdrawals began in 1939, principally for industrial supply with
minor amounts for other uses. Industrial use in 1940 was 30 Mgal/d
and increased to about 80 Mgal/d by 1962. Since about 1962, withdrawals
of water from this aquifer have remained constant at about 55 Mgal/d at
Fernandina Beach, Nassau County and increased from about 20 to 40 Mgal/d
at St. Marys, Camden County. As a result, artesian pressure in the aquifer
has declined in an area of more than 200 mi2. The decline near the center
of pumpage is more than 120 feet below the estimated artesian pressure in
1880 prior to development of the aquifer (Stringfield and others, 1941).

Increased salinity has been observed in water from a few wells in the
area. The increase has been most pronounced in the deeper wells below 1,200
feet in depth near the center of pumpage (Fairchild and Bentley, 1977).



Purpose and Scope

To determine the overall effects of continued withdrawals of ground
water in eastern Nassau County, Fla. and southeastern Camden County, Ga.,
the U.S. Geological Survey in cooperation with the Ocean, Highway and Port
Authority of Nassau County, Fla., conducted an investigation of the ground-
water resources. The purpose of the investigation was to provide water users
with data necessary for the prudent use and protection of the resource, and
to appraise sources of ground-water supplies that may be utilized in the
future. Major emphasis of the investigation was placed in areas of largest
ground-water withdrawal, Fernandina Beach, Fla. and St. Marys, Ga.

Specific objectives were to determine: (1) the amount, extent, rate,
and source of water-quality changes in the Floridan aquifer, especially in
the upper zone (Ocala Limestone); (2) the effects of future ground-water
development on the water quality and water levels of the Floridan aquifer;
(3) the maximum possible pumpage rate that will not cause significant water-
quality deterioration in the upper zone of the Floridan aquifer; and (4) the
availability of other sources of ground-water supplies.

The investigation, completed in 1980, is summarized in this report.
The report presents information on the geology and hydrology of the study
area. Major consideration was given to the principal aquifer in the area,
the Floridan aquifer. The report presents and interprets information on the
physical characteristics of the Floridan aquifer, the chemical quality of
water in the aquifer, and the quality and quantity of saline water in the
deeper water-bearing zones of the aquifer. The hydrogeology and water
quality of the overlying surficial aquifer was also investigated. This
aquifer can be an important source of water for recharge to the Floridan
aquifer. Also, locally, the surficial aquifer can be an alternative source
of water for rural domestic and small public supply.

Information presented in this report was obtained from data collected
during this investigation, unpublished data on file with the U.S. Geological
Survey, and published reports. Table 1 lists wells and gives pertinent data
on wells in which current and historical data were collected. The location
of the wells is shown on figure 1.

Previous Investigations

Water-level and water-quality records have been collected in southeast
Georgia and northeast Florida since 1936. The geology and the occurrence
of ground water have been described by Sellards and Gunter (1910); Matson
and Sanford (1913), Stringfield (1936); Stringfield and others (1941); Cole
(1944); Cooper (1944); Cooke (1945); Vernon (1951); Cooper and others (1953);
Stewart and Counts (1958); Stewart and Croft (1960); and Leve (196la; 1961b).
Detailed investigations of the geology and occurrence of ground water of
Nassau County were made by Leve (1966) and Fairchild and Bentley (1977).
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Chloride concentrations of water from wells N-43D, N-41D, and N-39D, that
tap the upper and middle water-bearing zones, decreased northward from well N-62
(fig. 23). 1In 1952, the maximum chloride concentration detected in well N-62
(completion interval 600 to 1,826 feet) was about 400 mg/L and in wells N-43D,
N-41D, and N-39D, the maximum concentrations were about 100, 70, and 37 mg/L,
respectively. By 1960, maximum chloride concentrations increased to more than
1,600 mg/L at well N-62 (plugged back to 1,100 feet in 1962), and to 150 mg/L
at N-43D, 130 mg/L at N-41D, and 60 mg/L at N-39D. 1In 1975, chloride concen-—
trations in wells N-43D, N-41D, and N-39D, increased to 925, 540, and 135 mg/L,
respectively.

The decrease in chloride concentrations northward from well N-62 suggests
that the source of the relatively high chloride water is upward migration of
saline water from the lower zone through a leaky plug in well N-62 itself,
lateral migration of saline water from the south, or natural variations at
various depth levels,

In 1945, after several months of pumping well N-62 (completion interval
600 to 2,130 feet) chloride concentrations increased to 426 mg/L (Cooper and Peek,
1954) . 1In 1946, the well was plugged with alternating layers of sand, gravel, and
cement back to a depth of 1,826 feet (P. L. Duncan, ITT Rayonier, Inc., written
commun., 1978). 1Imn 1962, the well was again plugged back to 1,100 feet, where
the chloride concentration decreased from about 1,600 to 50 mg/L.

Chloride concentrations ranging from about 100-300 mg/L have been
reported in water from several wells that tap the upper and middle zones
in central and coastal Duval County south of the study area (Thomas H. Thompson,
written commun., January 1979; Paul Hampson, oral commun., January 1980). As
indicated on the May 1980 potentiometric map, ground-water flow in this area
is toward the cone of depression at Fernandina Beach (fig. 6).

Based on a study of the water quality in an industrial well field
in northern Fernandina Beach, R. W. Harden and Associates (1979, p. 1)
concluded that chloride increases in the water discharged by wells tapping
the poor-quality water (middle water-bearing zone) below 1,200 feet, were
caused by increased pumpage from wells that tap only the upper water-
bearing zone, accompanied by a reduction in pressure of the upper zone.
This increased head differential between the upper and middle zones caused
wells that tap both zones to draw a greater proportion of water from the
middle zone. Because water in the middle zone has a higher chloride
concentration, the deeper wells exhibited increasing chloride levels as
the shallow (upper zone) pumpage increased.

Figure 24 shows chloride concentrations of water sampled during
drilling of well N-62 and N-88 1in 1945 and 1959, respectively, and test
well N-117 in 1979. 1In 1979, chloride concentrations of water at test
well N-117 in the upper water-bearing zone from 632 to 1,071 feet below
land surface ranged from 25 to 34 mg/L, similar to concentrations detected
during drilling of test—production wells in 1945 and 1959. Chloride
concentrations of as much as 153 mg/L and 126 mg/L, were detected in the
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middle and lower water-bearing zones, respectively, in well N-62 in 1945
when the zones were first penetrated in the Fernandina Beach area. The
source of the water with relatively high chloride concentrations was
probably relatively salty water within the water-bearing zones which was
not completely flushed by the fresh ground-water flow system.

In well N-88 in 1959, chloride concentration of the water from the
middle zone (about 3.5 miles north of well N-62) was as much as 348 mg/L.
In the same well, chloride concentration of the water in the lower zone
was as much as 108 mg/L at a depth of 2,090 feet.

In 1979, the chloride concentration of water sampled from the middle
zone at testwell N-117 was as much as 710 mg/L. The chloride concentration
of water sampled in the lower zone was as much as 7,800 mg/L. This may
indicate that the chloride concentrations of water within the middle and
lower water-bearing zones are increasing with time and may reflect lateral
migration or upconing of the interface. It also may indicate natural
variations in the zone, which was tapped at three different locations.

If the very saline water in the lower zone were hydraulically connected
and in equilibrium with the freshwater in the upper zones, a lowering of the
water levels in the freshwater part of the aquifer would result in an upward
migration or upconing of the freshwater-saline water interface. Within the
study area, semiconfining beds effectively separate the freshwater in the
upper zone from the middle and lower zones containing saline to very saline
water, and tend to prevent upconing.

Since the early 1940's ground-water development in the area has
gradually lowered water levels in the upper zone and increased the head
differences between the upper and deeper zones of the aquifer, thereby
increasing leakage through the semiconfining beds. The amount of water
leaking upward from the deeper zones cannot be determined accurately.
However, if only a vertical flow system between all the zones is considered,
a very rough estimate could be determined by assuming an average leakance
coefficient for the upper and lower semiconfining zones and the middle
water-bearing zone of 1x10~° (ft/d)/ft (based on an estimated average
vertical hydraulic conductivity of 1x10-2 ft/d and a thickness of 1,000
feet) (R. E. Krause, U.S. Geological Survey, wrltten commun., January 1982).
The rate of leakage is estimated to be about 280 ft 3/d per foot of head
difference per square mile. Within the Fernandina Beach area the head
difference between the zones ranges from about 50 to more than 200 feet and
averages about 75 feet in a 24 miZ area (fig. 8). 1In this area, about 3.7
Mgal/d could leak upward into the upper zone. However, if the vertical
hydraulic conductivity was 1x10-3 ft/d, the leakance coefficient would be
1x10-6 and leakage to the upper zone would be 28 ft3/d per foot of head
difference per square mile, about 0.37 Mgal/d in the 24 mi2 Fernandina
Beach area.

The estimated pumpage from the upper water-bearing zone in the
Fernandina Beach area was about 45 Mgal/d in 1979. An estimated 0.8 to
8 percent of the water could be derived from leakage based upon the above
calculations. These represent ratios of about 1:120 to 1l:11 of water
contributed from the lower zone.
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It is possible that some of the increase in chloride concentratiomns
of water from wells tapping both the upper and middle water-bearing zone,
may be due to the upward leakage of water through the semiconfining beds
from the lower zones. However, it is likely that most of the intrusion
is through improperly constructed or plugged well bores within the area,
which penetrate the lower and middle water-bearing zones containing water
having a higher chloride concentration, and possible structural features
such as faults and fractures. Faults and fractures or improperly constructed
or plugged well bores, which penetrate the upper, middle, and lower water-
bearing zones, provide conduits for the upward movement of saline water from
the lower zone to the upper zone.

There is no evidence of faults or fractures in the rocks comprising
the Floridan aquifer in the Fernandina Beach-St. Marys area. However,
inferred or concealed faults have been reported north and south of the
study area and may be present in the study area. In detailed studies
of saltwater contamination in Jacksonville, Fla., Thomas H. Thompson
(U.S. Geological Survey, written commun., July 1981) and G. Warren Leve
(U.S. Geological Survey, written commun., January 1982) concluded that
contamination of the freshwater zones of the Floridan (primcipal artesian)
aquifer is caused by the high-chloride water rising vertically from the
moderately saline to briny water-bearing zones or aquifers through faults
and fractures to the upper freshwater zones and not by lateral seawater
intrusion. The presence of inferred and concealed faults in nearby areas
and the possibility of undetected faults and fractures create the potential
for upward movement of saline water and movement laterally within the
upper and middle zones towards the major pumping centers. However, such
saline water movement has not been detected to date by any existing wells
tapping the aquifer within the study area.

In summary, there is no discernible trend in chloride concentration
of water from the upper water-bearing zone. The increase in chloride
concentration of water from wells tapping both the upper and middle
water-bearing zones may represent: (1) the lateral migration of saline
water within the zone, (2) vertical migration of saline water from the
deeper zones of the aquifer through fractures or improperly plugged well
bores in the semiconfining zone, (3) naturally occurring variation within the
zone, (4) natural upconing, (5) interference effects due to increased pumpage
in the upper zone, or (6) a combination of two or more of the above. The
increase in chloride concentration in the lower zone probably represents either
lateral or vertical (upconing) saline water intrusion or a combination of both.

Effects of Future Development

In the coastal part of the study area, future development of the Floridan
aquifer may be limited to the upper water-bearing zone. The presence of
relatively high chloride concentrations of water in the middle and lower water-
bearing zones limits future development of freshwater supplies from these zones
in this area. Extensive development of the Floridan aquifer, in particular the
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upper water-bearing zone in the Fernandina Beach-St. Marys area, has resulted in
water-level declines of about 25 to more than 100 feet and pumping levels in
some industrial supply wells of as much as 200 feet below land surface. This
development may restrict the amount of future development of the upper zone in
coastal areas. Existing data indicates that there has been no deterioration of
the quality of water from wells that exclusively tap the upper water-bearing
zone due to lateral or vertical saline water intrusion. Thus, increases in
pumpage from the upper zone may be possible. In the western part of the study
area, the upper water-bearing zone is not extensively developed and it is

a potential source of water for future development. In this area, little is
known about the hydrogeology and quality of water of the middle and lower zomnes
of the aquifer and these zones also may be a potential source of water.

The effects of future development on the water levels of the upper water-
bearing zone were determined from a mathematical model of the aquifer system.
Using the Hantush modified method and assuming steady-state conditions, the
calculated drawdown in an observation well that penetrates the same water-bearing
zone or aquifer as the pumped well, is a function of the withdrawal rate of the
pumped well. Based on a well pumping 5 Mgal/d, the calculated drawdowns or
decline in water level would be 6.4 feet at a distance of 10,000 feet and
1.5 feet at a distance of 50,000 feet from the pumped well (fig. 18). This
represents a decline of 1.24 feet at 10,000 feet and 0.3 feet at 50,000 feet
per 1 Mgal/d of pumpage.

Table 19 shows the projected drawdown in selected wells in the study
area if pumpage from the upper water-bearing zone at the four major pumping
centers in the Fernandina Beach-St. Marys area increased from 82 to 123
Mgal/d, 50 percent above the estimated average daily pumpage for the period
1975 to 1979, and pumpage in Jacksonville and Brunswick remained constant.
Projected water-level declines in wells N-44 and N-8 (fig. 19) located away
from the center of pumpage are 43.3 and 35.3 feet, respectively, under steady-
state conditions. Based on the estimated predevelopment water level in each
well (table 18) and the projected declines, the water levels in wells N-44 and
N-8 would be 20.7 and 25.7 feet above sea level. In well C-1, the projected
decline was 57.3 feet, 5.7 feet above sea level. The projected decline in
well N-33 near the center of pumpage is 138.4 feet or 77.9 feet below sea
level. This represents net declines in water levels in observation wells
of 9.9 to 17.4 feet about 5 to 10 miles from the major pumping centers and
40.5 feet less than 2 miles from the major pumping centers. The projected
decline at the JO1DES 1 test hole, about 30 miles east of Fernandina Beach,
is 7.7 feet. This represents a net decline of 2 feet.

As water levels decline in the upper water-bearing zone there would
be a decrease in the natural discharge from the aquifer to the ocean and
also of upward leakage to the surficial aquifer. The expanding cone of
depression would also increase lateral movement from adjacent areas in
the aquifer and might induce downward leakage of water from the surficial
aquifer and upward leakage from the middle water-bearing zone.
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Table 19.--Calculated water-level declines in selected observation
wells if pumpage at major pumping centers within the study area
increased 50 percent (from an estimated 82 to 123 Mgal/d)

Predevelopment Calculated water—level decline (in feet)
Well water level At existing If pumpage increased Net
number (in feet) pumpage 50 percent declined
N-44 64.0 30.6 43.3 12.7
N-33 61.5 97.9 138.4 40.5
N-8 61.0 25.4 35.3 9.9
c-1 63.0 39.9 57.3 17.4
OIDES-1 45.0 5.7 7.7 2.0

It is possible that further declines in water level of the upper
water-bearing zone due to increased pumpage could result in a deteriora-
tion of water quality at some future time depending on the amount of
increase and the degree of interconnection between the water-bearing
zones. The decline would increase water-level differences between the
upper and lower zones and also increase the rate of upward leakage or
movement through faults and fractures if present. It is also possible
that if water levels were reduced significantly in the middle and lower
zones because of increased leakage from these zones into the upper zone,
saline water could move laterally into these zones and then move upward
into the upper freshwater zone.

Also, coastal wells, that are in areas of shifting shorelines, may be
offshore now or in the future. In areas where the potentiometric surface
is below sea level, wells that are open or have corroded casings would serve
as direct conduits for seawater to flow into the aquifer.

WATER MANAGEMENT CONSIDERATIONS

Through an understanding of the hydrology of the study area and use
of various management and conservation techniques, it is possible that
a large part of the ground-water resource will be available for future
development. This investigation has shown that there is no immediate
danger of saline water intrusion into the upper zone of the Floridan
aquifer at Fernandina Beach-St. Marys area; however, it is possible that
lateral and upward migration of saline water may be detected in the
future by additional studies or a monitoring network. If so, it could
be controlled by a number of water management techniques that have been
used in other coastal areas. For example, drawdowns could be reduced by
controlled pumpage or decentralization of well fields, which would reduce
or slow down any saline-water intrusion into the well fields. Wells that
are open to both the saline water and freshwater zones of the aquifer act
as conduits for migration of saline water into the freshwater zomes. The
sealing or plugging back of these wells would prevent the migration of
saline water through open well bores into freshwater zones (Fairchild and
Bentley, 1977, p. 20). Several wells in the Fernandina Beach area have
been plugged back, usually to depths of less than 1,200 feet, resulting
in a substantial reduction in chloride concentrations. However, improperly
plugged wells are a potential source of saline water contamination, and
care must be taken to insure a proper seal.
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The various water-bearing zones of the Floridan aquifer, each with
distinct water quality, artesian head, and yield characteristics, could be
developed for particular uses. For example, the middle and lower zones of
the aquifer near and west of Fernandina containing higher chloride concen-
trations could be used for supply in which water quality is not critical.
This would reserve the freshwater zones primarily for supply in which
water quality is critical.

Hydrogeologic conditions in the western part of the study area may be
suitable for enhancing aquifer recharge by means of connector wells--wells
that connect the surficial aquifer with the upper water-bearing zone of the
Floridan aquifer. Because of natural and pumpage-induced head differences
between the aquifers, water from the surficial aquifer would move down by
gravity flow, through the well, and into the upper water-bearing zone
(Wilson, 1977, p. 93).

Water from the Floridan aquifer is constantly being discharged from
numerous flowing wells in the study area. A program for installing or
repairing controls on flowing wells that are in use and the plugging of
abandoned flowing wells could prevent a substantial amount of water from
discharging at the surface unused.

ADDITIONAL STUDIES

The results of this investigation and those of Leve (1961b and 1966)
and Fairchild and Bentley (1977) provide a basis for the understanding of
the hydrogeology, ground-water quality, the possible source and significance
of saline-water intrusion, and the use of the ground-water resources of the
area and, in particular, Fernandina Beach. Increased knowledge and under-
standing of the hydrologic system by additional investigations and a continued
and improved monitoring network, could provide a data base for more effective
management of the ground-water resources.

The ability to simulate aquifer response to various pumping rates
over extended periods of time and increased development is necessary for
the effective management of the ground-water resources. The mathematical
model used in this report provides a means of evaluating the response of
the upper water-bearing zone to various stresses--assuming steady-state
conditions. This represents the first phase and considers only a small part
of the total ground-water flow system of the area.

SUMMARY AND CONCLUSIONS

The Floridan aquifer is the primary source of water in eastern Nassau
County, Fla. and southeastern Camden County, Ga. In 1977, ground-water use
in the two counties was an estimated 105 Mgal/d, primarily for industrial use
and to a much lesser extent for public supply. Small amounts of ground water
are withdrawn from the surficial aquifer primarily for rural domestic supply.

The area is underlain by a thick sequence of sedimentary rocks and
unconsolidated sediments of two principal types: (1) unconsolidated sand
and clay (Miocene age and younger rocks); and (2) limestone and dolomite
(Paleocene to Eocene age). All stratigraphic units in the area are capable
of yielding some water to wells, and based on their water-bearing character-
istics, have been classified as aquifers or confining beds. Two aquifers
and several confining beds have been recognized in the area.
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The surficial aquifer, about 100 to 200 feet thick, consists of a
series of relatively thin permeable zones of sand, shell, or limestone
separated locally by a number of relatively thin confining beds of clay or
marl. It provides from 10 to 50 gal/min under unconfined or semlconflned
conditions. The estimated transmissivity rangeE from less than 100 ft /d for
the fine-grained, well sorted sand to 10,000 ft“/d for sand and shell beds.

Water in the surficial aquifer is generally of acceptable quality for
most uses. It is low in mineral content, contains few impurities and
generally does not require treatment. Near the coast and tide-affected
streams, where saltwater intrusion to the aquifer has occurred, the water
increases in mineral content and approaches that of seawater.

The upper confining unit consists of about 400 feet of dense, impermeable
beds of clay, marl, limestone, and dolomite that separates the surficial and
Floridan aquifers. These beds have low hydraulic conductivity and retard
inter-aquifer ground-water flow; however, they do leak some water from one
aquifer to another. The leakgnce coefficient of the upper confining unit is
estimated to be about 2.5x107° (ft/d)/ft.

The Floridan aquifer is a stratified sequence of limestone and dolomite
(Eocene age) about 1,600 feet thick in the study area. The top of the aquifer
ranges from about 400 feet below sea level in the western part of the study
area to about 600 feet below sea level in the northeastern part of the study
area. A simplified model of the Floridan aquifer consists of upper, middle,
and lower water-bearing zones of porous limestone and dolomite beds separated
by semiconfining beds of hard, massive dolomite and limestone, all of which
are confined above and below by confining beds.

Development of the aquifer in 1980 was primarily from the upper water-
bearing zone (530 to 1,000 feet). A few wells tap both the upper water-bearing
and the middle zonmes (1,200 to 1,700 feet below land surface). No production
wells tap the lower water-bearing zone about 2,000 to 2,100 feet below
land surface.

Within the study area, the transmissivity of,the upper water-bearing
zone is estimated to be about 20,000 to 50,000 ft“/d; the middle zone,
about 40,000 to 60,000 ft2/d; and the lower zome, about 75,000 ft2/d.
Based on a specific storage of 1x10~ -6 per foot of aquifer thickness, the
storage coefficients of the uppera middle, and lower water-bearing zones
are estimated to be 5x10~% , 5x1077, and lxlO‘4, respectively.

The upper and lower semiconfining zones within the Floridan aquifer
confine ground water into three discrete water-bearing zones and retard
interzone ground-water flow. The 2 zones, about 200 and 300 feet thick,
occur at depths of about 1,000 and 1,700 feet below land surface. The
semiconfining zones leak water from water-bearing zones of higher water
level to zones of lower water level. The actual value of vertical hydraulic
con uct1v1t of the semiconfining zones is unknown but could range from
107“ to 10 ft/d. Based on a vertical hydraulic conductivity of 1x10~3 ft/d,
the leakance coefficient is estimated to be 5.0x107° per day for the upper
semiconfining zone and 3.3x100 per day for the lower semiconfining zone.

102



The lower confining unit, consisting of hard, dense dolomite, soft
granular limestone and persistent evaporite deposits of the Cedar Keys
Limestone (Paleocene age), retards the vertical movement of highly
mineralized water from deeper water-bearing zones to the Floridan aquifer.

The potentiometric surface of the upper 600 feet of the Floridan
aquifer ranges from more than 40 feet above sea level in the western part
of the study area to more than 50 feet below sea level in the center of
the cone of depression in Fernandina Beach. Pumping water levels in some
wells are more than 200 feet below sea level. Water levels of about 30 feet
above sea level extend more than 50 miles offshore. Ground-water flow in
the study area generally is toward pumping centers or cones of depression
in the potentiometric surface.

The decline in the potentiometric surface of the upper water-bearing
zone, based on the difference between the estimated surface prior to
development (about 1880) and May 1980 ranged from about 25 to 30 feet
in the northern, western, and southern third of the study area to more
than 100 feet towards the center of pumpage.

In the Fernandina Beach area, the hydraulic heads of the three major
water-bearing zones of the Floridan aquifer increase with depth. Systematic
and consistent water-level differences within the Floridan aquifer have been
observed in other areas. These conditions set up the potential for vertical
ground-water flow from zones of higher artesian head, through leaky confining
beds or wells, to zones of lower head. The water level in the upper water-
bearing zone is below sea level in much of the area. The water level in the
middle zone is probably well above sea level in Fernandina Beach and is
estimated to be about 40 to 50 feet above sea level in the western part of
the study area. The equivalent freshwater water level of the saline water
lower zone is estimated to be about 50 feet above sea level.

Water in the Floridan aquifer generally is more mineralized and harder
than water from the surficial aquifer. The concentrations of most chemical
constituents vary within the aquifer both areally and vertically with depth
of penetration. The quality of water in the upper water-bearing zone is
fairly uniform. The water is primarily a calcium-magnesium bicarbonate-
sulfate type with total hardness concentrations ranging from 240 to 340 mg/L
and dissolved solids concentrations ranging from about 400 to 600 mg/L. In
general, the total hardness and mineral content of the water increases toward
the north and east. Chloride concentrations generally range from about 20 to
40 mg/L and sulfate ranges from 100 to 190 mg/L. The occurrence of relatively
high chloride concentrations ranging from 60 to 190 mg/L in four wells in
Fernandina Beach was probably due to upward migration of more mineralized water
from uncased or improperly plugged well bores. There is no evidence of saline-
water intrusion in the upper water-bearing zone of the aquifer.

At Fernandina Beach, the water quality in the middle water-bearing
zone varies with depth, but the water is more mineralized and harder than
water from the upper water-bearing zone. Chloride concentrations of water
sampled in the middle zone, sampled during drilling of test well N-117,
ranged from 61 to 710 mg/L. The chloride concentration of water from several
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wells deeper than 1,250 feet increased from less than 100 mg/L to more than
1,000 mg/L since 1952. The high chloride concentration of water from wells
tapping both the upper and middle zones and the continuing increase in concen-
tration indicate that (1) highly mineralized water is either moving upward
from the lower water-bearing zone, below 2,000 feet, where artesian pressure
is relatively high, through uncased or improperly plugged well bores, or
through fractures in the semiconfining zone, or moving laterally within the
middle zone; (2) naturally occurring variations in chloride concentrations
occur within the zone; or (3) chloride increases were caused by interference
effects due to increased pumpage from wells tapping the upper water-bearing
zone, which caused wells tapping the upper and middle zones to draw a greater
proportion of their water from deeper zones having a higher chloride concentration.

Water in the lower water-bearing zone is very saline--of the sodium-chloride
type. Dissolved solids concentrations of water from test well N-117 are about
20,000 mg/L and in 1979-80, chloride concentrations ranged from 8,100 to 9,600
mg/L, about half the concentration of seawater. Well N-62 first penetrated this
zone in 1945; and chloride concentrations at that time were as much as 126 mg/L.
The apparent increase in chloride concentration may be due to (1) lateral
migration of highly saline water which apparently occurs near the Fernandina
Beach coastline, (2) the vertical intrusion (upconing) from deeper water-bearing
zones below the Floridan aquifer, or (3) the natural variation in chloride
concentrations with depth.

Development of the Floridan aquifer, in particular the upper water-
bearing zone, has modified the ground-water flow system resulting in an
increase in ground-water recharge, a decrease in natural ground-water
discharge, and a decline in the potentiometric surface. The decline in the
potentiometric surface has increased the head differences between the
surficial and Floridan aquifers in areas where that surface is below the
water table and has also increased recharge ‘and decreased natural discharge
from the aquifer. Development of the upper water-bearing zone has increased
the water-level differences among the zones in the aquifer thereby increasing the
amount of leakage from the lower zones of higher water level to the upper zone.

The inferred position of the freshwater-saltwater interface in the Floridan
aquifer decreases in depth seaward and ranges from a depth of about 2,000 feet
below sea level (lower water-bearing zone) just east of Fernandina Beach to a
depth of 1,000 feet below sea level (upper water-bearing zone?) about 50 to 60
miles east of Fernandina Beach.

Future development of the Floridan aquifer may be limited to the upper
water-bearing zone. In the coastal part of the study area, the presence of
relatively high chloride concentrations of water in the middle and lower
water-bearing zones limits development as a freshwater supply from these
zones. Also, present development of the aquifer, in particular the upper
water-bearing zone, may restrict the amount of future development. In the
western part of the study area, the upper water-bearing zone is a potential
source for development. The middle and lower zones may be a potential source

in this area, but little data is available on the hydrogeology or water quality
of these zones.
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The effects of future ground-water development on the water levels of
the upper water-bearing zone were estimated based on a mathematical model of
the Floridan aquifer. Assuming a 50 percent increase in total pumpage from
the major pumping centers from 82 to 123 Mgal/d within the study area, the
projected steady-state drawdowns in an observation well less than 2 miles
from 2 major pumping centers, was 40.5 feet below the estimated drawdown based
on existing pumpage. In observation wells about 5 to 10 miles from the major
pumping centers, projected net declines were 9.9 to 17.4 feet. About 30 miles
offshore, west of the inferred position of the freshwater-saltwater interface,
the projected drawdown is 7.7 feet, a net decline of only 2 feet.

Further declines in the artesian head of the upper water-bearing zone of
the Floridan aquifer due to increased pumpage would most likely result in:
(1) a decrease in natural discharge and an increase in recharge from surficial
aquifer; (2) an increase in head differences among the zones of the aquifer,
thereby increasing upward leakage; and (3) a further deterioration of water
quality in wells that tap both fresh and saline water zones.

The maximum possible increase in pumpage that would not cause significant
water—quality deterioration and significant drawdowns in water levels in the
upper zone of the Floridan aquifer cannot be determined with present data. Wells
that penetrate the upper zone exclusively and that are not near deep wells, show
no increase in chloride concentrations. Thus, the semiconfining beds, where not
breached, appear to be effective barriers to upward migration of saline water.

If additional studies or monitoring programs indicate that saline-water
intrusion is occurring in the upper zone of the aquifer in the future, a
number of management and conservation techniques could be considered depending
on the type and extent of intrusion. Some of these include: (1) the sealing
or plugging back of wells which penetrate both saline water and freshwater
zones of the Floridan aquifer; (2) reduction of pumpage and decentralization
of well fields; (3) development of certain zones of the aquifer and areas for
particular uses; and (4) control of flowing wells.
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