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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

.2,

inch (in)
foot (ft)
mile (mi)
square mile (mi"~)
foot squared per day (ft^/d)
gallon per minute Cgal/min)
million gallons per day

(Mgal/d) 
million gallons per square

mile (Mgal/mi ) 
foot per second (ft/s) ~ 
cubic feet per second (ft /s) 
degrees Fahrenheit (°F)

By

25.40
0.3048
1.609
2.590
0.0929
0.06309
0.04381

1461.
0.3048 
0.02832 
5/9 (°F-32)

To obtain metric unit

millimeter (mm)
meter (m)
kilometer (km) 2
square kilometer (km ) ,-,
meter squared per day (m /d)
liter per second (L/s) ~
cubic meter per second (m /s)

cubic meter per square kilometer
(jn3/km2 )

meter per second (m/s) ~ 
cubic meter per second (m /s) 
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 mi . 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 the1 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 (19511; Cooper and others (1953); 
Stewart and Counts (1958); Stewart and Croft (1960); and Leve (1961a; 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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Figure 1. Location, topography, and drainage of the study area and
location of wells. Continued

11



30
° 

4
0

' 
h

N
I9

N
3(

§ 
W

E
LL

 A
N

D
 N

U
M

B
E

R
 

, '
N

7
0

 
«

N
90 SO

 
N

65
 

NC
SK

D
rE

N
A

N
D

IN
A

/ 
BE

AC
H

3
(f

 4
4
' 
t-

81
 

33

IN
S

E
T

 
B

IN
S

E
T

 
A

F
i
g
u
r
e
 
1
.
 
L
o
c
a
t
i
o
n
,
 
to
po
gr
ap
hy
, 

an
d 

d
r
a
i
n
a
g
e
 
of
 
th

e 
st

ud
y 

ar
ea

 
an
d

l
o
c
a
t
i
o
n
 
of
 
w
e
l
l
s
.
 
C
o
n
t
i
n
u
e
d



Extensive historical records on well construction, well reworking, 
plugging, pumping rates, water levels, and water quality were tabulated for 
two industrial well fields at Fernandina Beach by Duncan (written commun., 
1978) and R. W. Harden and Associates (written commun., 1978). A detailed 
investigation of water quality variations in an industrial well field in north 
Fernandina Beach was made by R. W. Harden and Associates (1979).
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DESCRIPTION OF STUDY AREA

2 
The study area, about 1,100 mi , is in northeastern Florida and

southeastern Georgia (fig. 1). The study area extends from latitude 
30°30'N northward into southeastern Georgia and from longitude 81°45'E 
eastward into the Atlantic Ocean. It includes eastern Nassau County 
and northern Duval County, Fla., and the southeastern part of Camden 
County, Ga.

In 1980, the population of Nassau County and Camden County was 32,894 
and 16,779, respectively. Nearly 40 percent of the population is located 
in incorporated areas, generally along the coast. Fernandina Beach in 
Nassau County and St. Marys in Camden County are the principal cities in 
the area. The population of the counties is expected to double by the 
year 2000.

Physiography

The study area is in the Coastal Lowlands physiographic division (Puri 
and Vernon, 1964). The topography of the area is largely controlled by a 
series of ancient marine terraces (Cooke, 1945; Leve, 1966; and Healy, 1975a) 
which were formed during Pleistocene time when the sea stood above its present 
level. Erosional processes have modified and obscured the remnants of these 
terraces. Altitude of land surface range from sea level along the coast 
to about 50 feet near the western edge of the study area. The land surface 
generally is less than 25 feet above sea level level (fig. 1).
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Surface drainage is principally through the Nassau, St. Marys, and 
Satilla Rivers and their tributaries. Much of the coastal area is drained 
by numerous small brackish-water streams that flow into the Intracoastal 
Waterway or into the ocean. Large parts of the area, generally associated 
with the relatively flat terraces, are-poorly drained and contain numerous 
small shallow lakes and swamps.

The average annual runoff of streams in the area ranges from about 10 
to 20 inches. The average annual runoff for the St. Marys River Basin is 
about 10 to 15 inches and for the coastal area between the St. Marys and 
St. Johns River, which includes the Nassau River, about 15 to 20 inches 
(Hughes, 1978).

Climate

The climate of the area is humid subtropical and is characterized by 
long, warm, relatively wet summers and mild, relatively dry winters. The 
mean annual rainfall for the area ranges from less than 52 inches to about 
54 inches. At Fernandina Beach, the mean annual rainfall for the period 
1947 to 1976 was about 53 inches and ranged from about 40 to 76 inches 
(St. Johns River Water Management District, 1977).

About 60 percent of the annual rainfall occurs from June through 
September, usually as showers of short duration and thunderstorms. Normal 
rainfall during this period ranges from about 6 to 8 inches per month. The 
relatively dry season occurs from October to May, when normal rainfall 
ranges from about 2 to 4 inches per month, and is usually associated with 
frontal activity.

The evapotranspiration within the area is estimated at 30 to 40 inches per 
year, with almost 60 percent occurring from April through September (JFairchild, 
1972; St. Johns River Water Management District, 1977; Miller and others, 1978).

HYDROGEOLOGIC FRAMEWORK

The geology of northeast Florida and southeastern Georgia is discussed 
in detail by Cooke (1945), Herrick and Vorhis (1963), Puri and Vernon (1964), 
Leve (1966), Stringfield (1966), and Cramer and Arden (1980). The geology 
of the area is summarized in table 2 and in the geologic section in figure 2.

The aquifer system considered here ranges in age from Paleocene to 
Holocene. Older rocks are not discussed. Miocene and younger sediments 
consist mostly of sand and clay Cfig- 3), which contain water in pore spaces. 
Paleocene, Eocene, Oligocene where present, and some Miocene sediments are 
limestone and dolomite where water occurs and moves principally in bedding 
and cross joints, and interconnected pore spaces commonly enlarged by ground- 
water solution. Some of the limestone units, especially in the Ocala Limestone 
of late Eocene age, are granular and bioclastic, and owe their high permeability 
mainly to high primary porosity.
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The stratigraphic section slopes and thickens gently to the east and 
northeast from the crest of an anticlinal structural high named the 
Peninsular Arch (Applin, 1951, p. 3). This northwest-trending structure 
in central Florida and southern Georgia affected the thickness and type 
of sediments in northern Florida from early Mesozoic until middle Late 
Cretaceous time. The Ocala Uplift which occurred later is parallel to and 
southwest of the Peninsular Arch. It affected the thickness and deposition 
of middle Eocene and younger sediments. In northeastern Florida and south­ 
eastern Georgia, a thick sequence of Mesozoic and Cenozoic deposits occur 
in a northeast plunging syncline called the Southeast Georgia Basin, which 
was the site of more or less continuous deposition since Jurassic time 
(Murray, 1961, p. 96-97; Miller and others, 1978, p. 14).

From aerial photographs, Vernon (1951, p. 48 and fig. 11) mapped a 
pattern of fractures and possible faults in northeastern Florida. The 
fractures consist of a primary set, trending northwest and a secondary 
set, trending northeast.

Leve (1978) showed two generally northward-trending inferred faults 
in central Duval County, Fla., that formed a graben with a maximum vertical 
displacement of more than 150 feet. The northern extent of the faults is 
not known. Gregg and Zimmerman (1974) showed two inferred faults in 
Brunswick, Ga., and three hypothetical faults nearby, and indicated that 
the displacement along these inferred faults could be as much as 50 feet. 
Several of the faults trend northward and form horsts and grabens.

GROUND WATER

Most stratigraphic units in the area yield some water to wells, but their 
water-bearing characteristics differ considerably. Units have been classified 
hydrologically as aquifers or confining beds. An aquifer is a formation, group 
of formations, or part of a formation that contains sufficient saturated 
permeable material to yield significant quantities of water to wells and springs. 
In the area, two aquifers have been recognized: (J.) the surficial aquifer, and 
(2) the Floridan (principal artesian) aquifer.

An extensive confining unit separates the surficial and Floridan aquifers. 
This confining bed yields little water to wells and retards inter-aquifer 
ground-water flow. However, this confining bed does transmit, or leak, some 
water from one aquifer to another. Confining beds also occur within the 
Floridan aquifer and locally divide the aquifer into discrete water-bearing zones

Table 2 presents the major hydrologic units underlying the study area and 
  stratigraphic equivalent.their stratigraphic equivalent
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Certain water-bearing properties, such as the transmissivity and the 
storage coefficient, can be estimated by comparing the type of material 
comprising the aquifer with laboratory measurements of hydraulic conductivity, 
and specific-yeild, and aquifer tests run on similar materials in nearby areas 
Hydraulic conductivity is the volume of water that will move, in unit time, 
under a unit hydraulic gradient through a unit area of aquifer measured at 
right angles to the direction of flow- Transmissivity is the rate at which 
water is transmitted through a unit width of aquifer under a unit hydraulic 
gradient and is equivalent to the hydraulic conductivity multiplied by the 
thickness of the aquifer. 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 static head. Specific yield is the ratio of volume 
of water that will drain by gravity from a saturated rock or soil to the 
volume of rock or soil.

Ground-Water Withdrawal

The principal source of ground water is the Floridan aquifer. The 
aquifer supplies all the ground water used for industrial and public supply 
and an undetermined amount of the rural supply. Small amounts of ground water 
are withdrawn from the surficial aquifer, primarily from a shallow rock zone, 
for rural domestic supply.

More than 90 percent of the ground water is used for industrial purposes: 
the remainder is for public and rural domestic supply. Little water is used 
for agricultural irrigation or livestock supply.

Prior to 1938, ground-water withdrawal in Fernandina Beach and St. Marys 
was less than 0.5 Mgal/d. Pumpage increased to about 3.5 Mgal/d between 
January 1, 1939 and December 1, 1939. After December 1, 1939, pumpage 
increased to more than 30 Mgal/d (Cooper and Warren, 1945). In 1970, 
ground-water use was about 54 Mgal/d in Nassau County, Fla. and by 1977, 
ground-water use increased some 20 percent to about 65 Mgal/d (table 3). In 
Camden County, Ga., ground-water use was 32 Mgal/d in 1970 and increased to 
40 Mgal/d in 1977. In 1980, it decreased to about 54 Mgal/d in Nassau County 
and 37 Mgal/d in Camden County.

Ground-water withdrawal in Nassau County is concentrated in Fernandina 
Beach, which accounted for 89 percent of the total water used in 1980; in 
Camden County, withdrawal is concentrated in St. Marys which used about 98 
percent of the water in 1980. Other important centers of pumpage adjacent 
to the study area include Jacksonville, Fla. and Brunswick, Ga. with average 
withdrawal rates of 200 and 105 Mgal/d, respectively (Johnston, 1978).
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Surficial Aquifer

The surficial aquifer, about 100 to 200 feet thick, consists of a 
series of relatively thin permeable zones separated locally by a number of 
relatively thin confining beds. Three water-bearing zones were recognized 
by Leve (.1966, p. 20): (1) sand and shell zone in the Holocene and Pleistocene 
deposits, (2) the shell, limestone, and sand zone in the Pliocene or upper 
Miocene deposits, and (3) limestone and sand zone in the clayey sand and 
sandy clay confining beds in the upper part of the Hawthorn Formation. The 
lithology of these deposits changes laterally as well as vertically and the 
permeable and nonpermeable zones are discontinuous.

The sand and shell zone extends from land surface to depths of about 
25 to 50 feet. This zone is underlain by 0-50 feet of semiconfining 
beds. These beds are in turn underlain by the principal water-bearing 
zone of the surficial aquifer, the shell, limestone, and sand zone. This 
zone, the most laterally extensive in the area, and known locally as the 
shallow rock aquifer where it is limestone, is about 10 to 40 feet thick 
and is 50 to 100 feet below land surface.

The limestone and sand zone in the upper part of the Hawthorn Formation 
is generally thin and is discontinuous layers or lenses within the clayey 
sand and sandy clay beds of the upper confining unit. The zone occurs at 
depths between 150 and 200 feet below land surface and ranges in thickness 
from a few feet to about 40 feet. Ground water in this zone is confined.

Water-Bearing Properties

Little information is available on the water-bearing properties of the 
surficial aquifer in the area. Table 4 presents the range of hydraulic 
conductivity and specific yield of materials ranging from clay to gravel. 
The transmissivity of the sand and shell zone probably ranges from less than 
100 ft2/d for the fine grained, well sorted sand to about 1,000 ft/d for the 
sand and shell beds (table 5). Assuming a hydraulic conductivity of 3 to 
30 ft/d (from table 4) and a saturated thickness of 20 feet, the estimated 
transmissivity for a fine grained sand would be 60 to 600 ft/d.

In Duval County, south of Nassau County, Causey and Phelps (1978, p. 20) 
reported that calculated transmissivity values for the shallow rock zone 
ranged from 250 ft^/d to a maximum of about 1,300 ft^/d, assuming full artesian 
conditions. In east-central St. Johns County, Hayes (JL981) reported a trans­ 
missivity of about 7,000 ft^/d for a sand and shell bed, which may be equivalent 
to the shallow rock zone, about 50 to 100 feet below land surface.

2 
A transmissivity of about 700 ft /d was determined from an aquifer test

in the surficial aquifer near Kingsland, Ga. (Law Engineering, written commun., 
undated). The zone tested, 60 to 90 feet in depth, is probably equivalent to 
the shallow rock zone.
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Table 4. Average values of hydraulic conductivity and specific 
yield of various materials

[Modified from Valton, 1970]

Hydraulic Specific
conductivity yield 

Material____________________(f t/d)__________________(percent)

Clay, silt 0.00013-0.27 1-10
Sand 13-400 10-30
Gravel 130-2000 15-30
Sand and gravel 27-670 15-25
Sandstone 0.013-6.7 5-15
Shale 0.0000013-0.013 0.5-5
Limestone   0.5-5
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The specific yield of an unconfined aquifer generally ranges between 
0.1 and 0.3 (table 4). The average specific yield of an unconfined aquifer 
for long periods of draining is about 0.2 (Lohman, 1972, p. 8). The storage 
coefficient is estimated to be 0.2 for the water-table zone and the uncon­ 
fined part of the shallow rock zone. The storage coefficient of the confined 
part of the shallow rock zone and the water-bearing zones of the Hawthorn 
Formation is estimated to be about 1x10" to 1x10 .

Ground-Water Flow, Recharge, and Discharge

Ground water in the surficial aquifer occurs under unconfined and confined 
conditions depending on the water-bearing zone penetrated or the depth of the 
penetration.

Ground water in the sand and shell zone generally is unconfined. Water 
levels range from near land surface in the coastal and low-lying areas to 
more than 10 feet below land surface in the topographically higher areas 
such as in the beach ridge areas on Amelia and Cumberland Islands and in 
the western part of the study area. The average depth to the water table 
is about 5 feet below land surface. The water table is a slightly subdued 
replica of the topography. The water table is near sea level along the 
coast and streams, which are tidally affected, increasing to altitudes of 
about 20 feet in the flat, poorly drained meander plain in the central and 
western parts of the study area. The direction of ground-water flow is 
generally eastward towards the Atlantic Ocean. The altitude of the water 
table on Amelia and Cumberland Islands ranges from sea level at the coast 
to about 20 feet altitude along the beach ridges and interior parts of 
the islands.

Seasonal fluctuations of the water table are generally less than 5 
feet (fig. 4). Water levels generally are highest in September, at or near 
the end of the rainy season, and gradually decrease during the relatively 
dry season to their lowest levels in April or May.

Ground water in the shallow rock zone is generally unconfined. Water 
levels in wells that tap this zone are equal to or slightly less than the 
water table. They range from near land surface in the flat low-lying areas 
to more than 10 feet below land surface in topographically higher areas 
such as the beach ridges.

Ground water in the limestone and sand zone in the upper part of the 
Hawthorn Formation is confined. In eastern Nassau County, water levels in 
wells that tap this zone range in depth from about 8 to 14 feet below land 
surface.

The surficial aquifer is recharged primarily by local rainfall. Of 
the 52 to 54 inches per year average rainfall, an estimated 30 to 40 inches 
are lost to evapotranspiration. An additional 5 to 10 inches is storm 
runoff. The remainder infiltrates the soil and recharges the surficial 
aquifer which in turn returns nearly the entire amount to streams as base 
flow. Every inch of rainwater that reaches the aquifer represents 17.4 
Mgal/mi^ of recharge.
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Recharge to the surficial aquifer also results from upward leakage of 
water from the Floridan aquifer where the potentiometric surface of that 
aquifer is above the water table as well as by lateral ground-water flow 
from adjacent areas. Some recharge occurs as influent seepage from streams 
at high stage. An undetermined amount of recharge occurs as infiltration 
of irrigation water, discharge from septic tanks, and infiltration of water 
from flowing or improperly constructed wells.

Ground-water discharge from the surficial aquifer is largely by 
evapotranspiration and seepage into surface-water bodies. Additional 
discharge is by downward leakage to the Floridan aquifer where the water 
table is above the potentiometric surface, lateral ground-water flow to 
adjacent areas, and pumpage.

Upper Confining Unit

The upper confining unit lies between the surficial and the Floridan 
aquifers and consists of sand, shell, and limestone deposits of low to 
moderate permeability, separated by thin, clay beds of very low per­ 
meability. In the study area, this unit is about 400 feet thick and 
includes all or part of the Hawthorn Formation (table 2 and fig. 3).

Franks and Phelps (1979, p. 5) estimated the vertical hydraulic 
conductivity of the upper confining unit to be 1x10"^ ft/d based on 
laboratory analyses of cores from test wells in Duval County. A similar 
value was reported by Miller and others (1978, p. 95) for the Osceola 
National Forest area about 50 miles west of the study area.

The leakance coefficient is the ratio of vertical hydraulic conductivity, 
K 1 , and thickness, b 1 , of a confining bed. The leakance coefficient is 
estimated to be about 2.5xlO~" (ft/d)/ft, based on a confining bed thickness 
of 400 feet and a vertical hydraulic conductivity of 1x10 ft/d.

The specific storage is the volume of water released from or taken 
into storage per unit volume of the porous medium per unit change in head 
or simply, the storage coefficient per vertical unit of thickness. In 
Duval County, Franks and Phelps (J.979, p. 4) estimated a specific storage 
value of lxlQ~-Vft based on laboratory analyses of core samples and field 
extensometer tests of the Hawthorn Formation reported by Miller and others 
(1978, p. 95).

Floridan Aquifer

The Floridan aquifer, the principal source of potable water in the area, 
is a thick, stratified sequence of limestone and dolomite. The aquifer is 
about 1,600 feet thick and includes the following stratigraphic units in 
descending order; the Suwannee Limestone of Oligocene' age (the Suwannee is 
thin to nonexistent in the study area and for this report is included in the 
Ocala Limestone); the Ocala Limestone of late Eocene age; the Avon Park and 
Lake City Limestones (.undifferentiated Claibornian stage) of middle Eocene age; 
the Oldsmar Limestone of early Eocene age; and the upper part of the Cedar Keys 
Limestone of Paleocene age (table 2).
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The top of the Floridan 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 
northeast and generally corresponds to the top of the Ocala Limestone (fig. 5). 
The uppermost stratigraphic occurrence of persistent evaporite deposits in the 
Cedar Keys Limestone is generally recognized as the base of the Floridan aquifer.

The water-bearing zones within the Floridan aquifer consist of soft, porous 
limestone and porous highly fractured dolomite beds v The hard, massive dolomite 
and limestone are relatively impermeable and act as semiconfining beds that 
restrict the vertical movement of water within the aquifer. In the study area, 
the semiconfining beds appear continuous, thus isolating the water-bearing zones.

Three major water-bearing zones have been recognized in the study area 
(Bentley, 1979, p. 526). The upper and middle water-bearing zones, about 530 to 
1,000 feet and 1,200 to 1,700 feet below land surface, respectively, contain 
freshwater and are separated by relatively impermeable limestone and dolomite. 
A third, the lower water-bearing zone, about 2,000 to 2,100 feet below land 
surface contains very saline water with chloride concentrations in excess of 
8,000 mg/L. All the zones are not precisely defined depth-wise and may vary 
a few feet within the study area.

Water-Bearing Properties

The transmissivity, determined from aquifer tests of the upper water-bearing 
zone of the aquifer, ranges from about 20,000 to 50,000 ft2/d (table 5). At 
Fernandina Beach, Cooper and Warren (1945, p. 279) reported a transmissivity of 
20,000 to 21,000 ft2/d based on an aquifer test of short duration on wells pene­ 
trating about 500 feet of the aquifer. They also computed the transmissivity 
based on the shape of the large cone of depression around Fernandina Beach to 
be 25,000 ft2/d, slightly more than the aquifer test values. Bentley (1979, p. 531) 
reported a transmissivity of 30,000 ft /d for the upper water-bearing zone based on 
a nine-well aquifer test at Fernandina Beach; however, the results had to be modi­ 
fied to compensate for the effect of two of the wells which also penetrated the 
middle water-bearing zone of the aquifer.

Transmissivity of the upper part of the aquifer at Fernandina Beach was 
estimated by the closed contour method (X,ohman, 1972), using potentiometric 
maps constructed for 1946 and 1959 (Leve, 1966) and 1975 (Fairchild and Bentley, 
1977). The transmissivities estimated from the 1946 and 1959 maps were 37,000 
and 60,000 ft2 /d, respectively. During these periods, about 50 percent of the 
total pumpage was from wells that penetrated both the upper and middle water­ 
bearing zones, while the other 50 percent was from wells that penetrated only2 
the upper zone. The transmissivity estimated from the 1975 map was 25,000 ft /d. 
During this period less than one third of the total pumpage was from wells that 
penetrated both zones (R. W. Harden and Associates, 1979). In St. Marys, ^ 
Ga., Warren (1944, p. 104) reported an average transmissivity of 19,000 ft /d 
for the upper water-bearing zone and about 10 miles north of St. Marys, R. E. 
Krause (U.S.geological Survey, written commun., 1980) reported a transmissivity 
of 43,000 ft /d for a well penetrating 435 feet of the aquifer. Based on this 
information, the transmissivity of the upper water-bearing zone varies within 
the study area and ranges from about 20,000 to 50,000 ft2 /d (table 5).
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The transmissivities of the middle and lower water-bearing zones have not 
been determined by aquifer tests. However, values of transmissivity were deter­ 
mined for the combined upper and middle zones in the southern part of Duval 
County, about 15 and 20 miles south of the study area. Franks and Phelps (1979, 
p. 7) reported transmissivities of 100,000 and 30,000 ft2/d for 2 wells that 
penetrated about 700 feet of the aquifer (upper and middle water-bearing zones). 
However, based on considerations of anisotropy of the aquifer, well penetration, 
and details of the individual pumping tests, Franks and Phelps (1979, p. 6) reported 
an average transmissivity for the combined upper and middle zones (the main pro­ 
ducing zones of the aquifer in Duval County) to be an estimated 80,000 ft /d. 
Transmissivity of the middle zone alone is estimated to be in the range of 40,000 
to 60,000 ft 2 /d.

Little information is available on the transmissivity of the lower water­ 
bearing zone of the Floridan aquifer. The estimated transmissivity, based on 
1981 U.S. Geological Survey numerical modeling studies for the lower water-bearing 
zone in the study area is about 75,000 ft2/d (R. E. Krause, U.S. Geological Survey, 
written commun., 1981).

_The storage coefficient of most confined aquifers ranges from about 
1x10 to 1x10 (Lohman, 1972). In northeastern Florida and southeastern 
Georgia, the storage coefficient of the upper 200 to 700 feet of the Floridan 
aquifer, determined from aquifer tests, ranged from 1.5x10 to 2.1xlO~ 
(Cooper and Warren, 1945; Stringfield, 1966; Leve, 1968a; Franks and Fhelps, 
1979; and Bentley, 1979). In the Fernandina Beach-St. Marys area, the storage 
coefficient of the upper water-bearing zone ranged from 2x10 to 4xlO~ 
(Cooper and Warren, 1945; Bentley, 1979). The specific storage, based on 
aquifer test data, ranged from 4x10 to 7xlO~ per foot, somewhat less than 
the value of lxlO~6 per foot reported by Lohman (1972, p. 8) for confined 
aquifers. Franks and Phelps (1979, p. 6) determined a representative value 
of specific storage, lxlO~~" per foot, based on aquifer test data in Duval , 
County. The specific storage of the aquifer is estimated to be about 1.0x10 
per foot of thickness. The storage coefficients of the upper, middle, and 
lower water-bearing zones, based on specific storage of lxlO~~"/ft and thickness 
of 500, 500, and 100 feet, are estimated to be 5xlO~4 , 5xlO~4 , and IxlO"4 , 
respectively (table 5).

Semiconfining Zones

Within the Floridan aquifer, beds of dense, relatively impermeable 
limestone and dolomite confine ground water in three discrete water-bearing 
zones. These beds or semiconfining zones have relatively low hydraulic 
conductivities compared to the major water-bearing zones, yield very little 
water, and retard interzone ground-water flow in the aquifer. The 2 zones, 
about 200 and 300 feet thick, occur at depths of about 1,000 and 1,700 feet 
below land surface.
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The semiconfining zones, like aquifers, store water and transmit water 
but at a much slower rate. Water from zones of higher artesian head can 
leak through semiconfining zones to water-bearing zones of lower pressure. 
The rate of flow or leakage depends on the thickness, vertical hydraulic 
conductivity, and the hydraulic gradient across the semiconfining zone.

Pride-and others (1966, p. 68) reported vertical hydraulic conductivities 
of 1.3x10 to 2.7xlO~^ ft/d for cored samples of very hard, very dolomitic 
limestone from the Avon Park, Lake City, and Oldsmar Limestones in the Green 
Swamp area of central peninsular Florida. A vertical hydraulic conductivity 
value of 1.0xlO~3 is used in this study and is based on values determined 
during ongoing investigations (R. E. Krause, U.S. Geological Survey, oral 
commun., January 1982; E. C. Hayes, U.S. Geological Survey, oral commun., 
January 1982). This value is also within the range reported by Pride and 
others (1966). Based on a vertical hydraulic conductivity of lxlO~-* ft/d 
and thicknesses of 200 and 300 feet, the leakance coefficient is estimated 
to be 5.0x10 (ft/d)/ft for the upper semiconfining zone and 3.3x10 
(ft/d)/ft for the lower semiconfining zone. However, the actual value of the 
vertical hydraulic conductivity is unknown, but could range from 10~ to 10 .

The specific storage of the semiconfining zones is assumed to be equal 
to the specific storage of the water-bearing zones, about 1.0x10"" per foot 
of thickness because the zones have similar lithology as water-bearing zones.

Potentiometric Surface

The potentiometric surface, which represents the head, is an imaginary 
surface defined by the levels to which water will rise in tightly cased 
wells that tap an aquifer (Lohman, 1972). The regional configuration of 
the potentiometric surface of the upper part of the Floridan aquifer is shown 
in figure 6. The potentiometric highs on the surface represent areas of 
recharge. Potentiometric highs occur in areas in central Georgia, extending 
northeast into South Carolina and near Putnam County, Fla., as well as Valdosta, 
Ga. In these areas, the aquifer is at or near land surface, covered by permeable 
sediments, or the confining beds overlying the aquifer are breached by sinkholes.

Depressions in the potentiometric surface indicate areas of discharge along 
streams or near springs or ground-water withdrawals. The major depressions in 
the potentiometric surface (fig. 6) occurring in Jacksonville, Fernandina Beach- 
St. Marys, and Brunswick areas, are from ground-water withdrawals. The depressions 
near Green Cove Springs in Clay County, Fla. are from spring discharge.

The regional flow of ground water is generally from west to east and is 
perpendicular to and towards potentiometric contours of lower altitude. In 
the study area, the potentiometric surface ranged from about 40 feet above 
sea level in the western part to below sea level at Fernandina Beach and 
St. Marys. Positive heads of about 30 feet extend more than 50 miles offshore 
(Johnston and others, 1980).
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The potentiometrie surface of the upper part of the Floridan aquifer in 
May 1980, is shown in figures 7 and 8. Most wells in the area penetrate the 
upper 200 to 500 feet of the aquifer and tap the upper water-bearing zone. 
Some large industrial supply wells in Fernandina Beach and St. Marys penetrate 
700 to 1,200 feet of the aquifer and tap the upper and middle water-bearing 
zones. The potentiometric surface in this area may represent an integrated 
pressure surface of both zones. The surface ranges from more than 40 feet 
above sea level in the western part to more than 100 feet below sea level in 
the center of the cone of depression in Fernandina Beach. Pumping levels in 
some wells are more than 150 feet below sea level. Ground-water flow is 
toward the center of the cone of depression in the potentiometric surface.

Seasonal Fluctuations and Areas of Artesian Flow

Seasonal fluctuations of the potentiometric surface are in response to 
changes in recharge and discharge. Seasonal and year to year fluctuations 
during 1939-80 are shown in the hydrographs of selected wells in the study 
area (fig. 9). Fluctuations in the potentiometric surface are primarily 
caused by pumpage. Annual fluctuations of water levels range from less than 
2 feet in areas distant from the center of pumpage to more than 50 feet near 
the center of pumpage. The wide fluctuations in the potentiometric surface 
near the center of pumpage are a result of variations in the rate of with­ 
drawal from nearby industrial supply wells. Figure 10 shows the daily 
variation of water levels in well N-32 from January to September 1980. 
During this period, water levels ranged from about 37 feet below sea level 
to slightly above sea level. During a 24-hour period, fluctuations may range 
from less than 1 foot to more than 15 feet.

In the study area, wells will generally flow except in a relatively high 
topographic area near Yulee and within and near the cone of depression in the 
potentiometric surface at Fernandina Beach-St. Marys area.

Long-Term Trends

In the study area, the estimated potentiometric surface of the upper 
part of the Floridan aquifer prior to development ranged from about 60 to 
65 feet above sea level (fig. 11). Sellards and Gunter (1910) reported 
artesian pressures in wells that penetrated the upper part of the Floridan 
aquifer at Fernandina (now Fernandina Beach) and Callahan, just west of 
the study area, at 61 and 67 feet above sea level, respectively. Those 
observations agree with the estimated predevelopment potentiometric surface 
in the area.

Figure 12 shows the decline in the potentiometric surface of the upper 
water-bearing zone of the Floridan aquifer in the study area based on the 
difference between the estimated potentiometric surface prior to development 
(fig. 11) and May 1980 (fig. 7 and 8). In the northern, western, and southern 
third of the study area, declines were about 25 to 30 feet increasing to more 
than 100 feet towards the center of pumpage.
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Figure 7. Potentiometric surface of the upper part of the 
Floridan aquifer, May 1980.
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the Floridan aquifer prior to development, and the decline in 
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From 1939-40 to 1980, water levels in wells N-2, N-8, N-44, N-50, C-l, 
and C-2, located about 6 to 15 miles from centers of pumpage, declined 20 to 
40 feet (fig. 9). During the same period, water levels in well N-33, near 
the center of pumpage declined about 95 feet. Most of this decline in well 
N-33 (about 60 feet) occurred before 1960.

In 1975-76 and 1979-80, water levels in well N-33, based on monthly 
and bimonthly measurements, varied from about 50 feet below sea level to near 
sea level (fig. 9). Actual trends could not be determined accurately; however, 
there does not appear to be any decline in the water level in well N-33 from 
1975 to 1980.

Offshore about 30 miles east of Fernandina Beach, Johnston and others 
(1982) reported a slight head decline, probably less than 10 feet, at the 
JOIDES 1 hole. This assumption was based on the estimated predevelopment 
head and the reported head of 30 to 38 feet above sea level by Wait and Leve 
(1967, p. A127). Johnston and others (1982) also concluded that equivalent 
freshwater head calculations of 24 to 29 feet from drill-stem test data suggest 
that the decline in head is insignificant at the Tenneco site, about 50 miles 
east of Fernandina Beach.

Head Relationships and Vertical Flow

The first deep exploratory well (N-62) to penetrate the full thickness of 
the Floridan aquifer in the study area was drilled in 1945 just south of 
Fernandina Beach. It was drilled to a depth of 2,130 feet and was cased to 
567 feet below land surface. As the well was deepened from 567 to 2,130 feet, 
the hydraulic heads (artesian pressure) at different depth intervals were 
measured by packer tests (Scofield, 1945; Cooper and Peek, 1954). Table 6 
presents the depth interval tested and corresponding artesian pressure. The 
static head at depths above 1,050 feet, was about 20 feet above sea level. 
Below a depth of 1,050 feet, the static head ranged from 39 feet above sea 
level at the 1,100 to 1,130 foot interval to 52 feet above sea level at the 
1,772 to 1,802 foot interval.

Most production wells in the area prior to 1945 withdrew water from the 
upper water-bearing zone, above a depth of 1,050 feet. The head in the producing 
zone above 1,050 feet below land surface had been lowered about 40 feet from an 
estimated predevelopment head of about 60 feet above sea level. The artesian 
head in the middle and lower water-bearing zones not penetrated by production 
wells, had not been lowered appreciably by the pumping.

Flow traverses made in well N-62 after completion, indicated that with 
the well flowing 1,900 gal/min, the upper water-bearing zone yielded no water 
to the well, but instead, about 350 gal/min flowed through the well bore into 
this zone from the deeper zones of higher artesian head. When the well was 
shut in at the surface, an estimated 700 gal/min entered the upper water-bearing 
zone from the deeper zones (Leve, 1966).

39



Table 6. Artesian pressure at selected depth intervals determined 
by Packer tests during drilling of well N-62 at Fernandina Beach

[From Scofield, 1945]

Depth interval in feet Artesian pressure 
below reference point3________ in feet of water

Depth of packer

636
1,100
1,200
1,262
1,380
1,500
1,772

Depth of well

666
1,130
1,230
1,322
1,410
1,530
1,802

above sea level

20.5
39.3
44.0

U50.2
£41.5
b42.0
52.0

Q

Reference point is 17 feet above sea level. 
Packer did not seal depth interval tested.

Leve (1966, p. 30) noted similar head differences and flow characteristics 
in wells in central and coastal Duval County, indicating that the confining beds 
are extensive and the zones are separated and somewhat isolated from each other.

The maximum artesian pressure measured in the middle zone during drilling 
of well N-62 was about 50 feet above sea level (Scofield, 1945). This was 
slightly less than the artesian head in the lower zone which was estimated to 
be 52 feet above sea level.

Before the deepening of well N-88 in an industrial well field at the 
north end of Fernandina Beach in 1959, the artesian pressure in the upper 
water-bearing zone was below land surface. After the well was deepened to 
1,232 feet (top of the middle water-bearing zone) it began to flow, indicating 
a higher artesian pressure in the middle water-bearing zone (R. W. Harden and 
Associates, 1979).

During this investigation, test well N-117 was completed to a depth of 
2,102 feet. Periodic water-level measurements were made at selected depth 
intervals during construction of the well (table 7). Water levels in the 
568 to 632 foot and 568 to 695 foot intervals (upper water-bearing zone) 
were 68 and 70 feet below land surface, respectively. Water levels ranged 
from 36 feet below land surface at the 568 to 1,746 foot interval to about 
20 feet below land surface at the 568 to 1,856 foot interval (upper and 
middle water-bearing zone). The combined water level of the middle and upper 
zones was apparently greater than the artesian head of the upper zone exclusively 
The water level in the middle water-bearing zone is at least 30 feet higher than 
the water level in the upper zone.
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Table 7. Water level in well N-117 during drilling

Date
Depth interval 

(ft)
Water levela 

(ft below land surface)

12/15/78
12/18/78
1/22/79
1/24/79
2/02/79
2/05/79
2/13/79

568-632
568-695
568-1,746
568-1,856
568-1,914
568-1,945
568-2,080

68
70
36
20
23
22
34

water levels affected by nearby pumping wells.

During construction, a flow-meter traverse of the well was made at 
a depth interval of 567 to about 2,000 feet prior to the well being drilled 
into the lower water-bearing zone. No flow was detected below a depth of 
about 1,710 feet. Flow increased from about 55 gal/min at a depth of 1,710 
feet to a maximum of about 160 gal/min at a depth of 1,240 feet. Flow 
decreased from a depth of about 1,240 feet to zero flow at a depth of about 
780 feet. Water from the middle water-bearing zone had a higher water level and 
flowed up the well bore into the upper water-bearing zone of lower water level.

Based on this information, the water level in the middle water-bearing 
zone is probably near or above sea level in the Fernandina Beach area and 
is estimated to be about 40 to 50 feet above sea level elsewhere in the 
study area.

A static water-level measurement in the lower water-bearing zone, below 
2,000 feet, was not determined during drilling of well N-62 in 1945. However, 
static water-level measurement of 52 feet above sea level was measured for the 
1,772 to 1,802 foot interval during drilling of the test well. Thus in 1945, 
the water level in the lower zone was at least equal to and was probably 
greater than 52 feet above sea level.
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From July 18, 1979 to September 30, 1980, daily high water levels 
in test well N-117 (completion interval 2,000-2,102 feet) ranged from about 
15 feet to about 25 feet above sea level. Based on density differences 
between freshwater and the mineralized water found in the monitored zone, 
the equivalent freshwater head of the monitored zone ranged from about 30 
to 50 feet above sea level.

From January to September 1980, equivalent freshwater heads increased 
from 44 to 52 feet above sea level (fig. 10). The apparent decrease of 
observed water levels of well N-117 during February and June were the result 
of increased salinities of the water in the cased section of the well after 
sampling. From January to September 1980, daily high water levels in well 
N-32 which penetrates only the upper water-bearing zone and is about 2 miles 
south of the well N-117, were about 16 to 36 feet below sea level except 
during periods of reduced pumpage when water levels recovered to near or 
slightly above sea level. There was no apparent fluctuation in the equivalent 
freshwater water levels of the well N-117 during May 11-17 and August 23 to 
September 15 compared to fluctuations of about 30 feet in well N-32. Thus, 
in this area, the lower zone is effectively isolated from the upper water­ 
bearing zone and probably the middle zone also.

Lower Confining Unit

The lower confining unit consists of gray, hard, dense to porous dolomite 
grading downward to a soft, granular, oolitic limestone which is impregnated 
with evaporites (Cole, 1944; Chen, 1965; Leve and Goolsby, 1966). As stated 
previously, the uppermost stratigraphic occurrence of persistent evaporite 
deposits in the Cedar Keys Limestone is generally recognized as the base 
of the Floridan aquifer (table 2).

About 8 miles south of the study area, a test well penetrated about 
500 feet (from about 1,990 to 2,486 feet below land surface) of the lower 
confining unit (Leve and Goolsby, 1966). The unit was described as decreas­ 
ing in permeability with depth and yielding very little water. A fluid 
velocity log of the well made after completion showed no measurable flow 
entering or leaving the borehole below 2,050 feet. Freshwater extended down 
to about 2,100 feet. Below 2,100 feet, the water contained up to 7,700 mg/L 
chloride and 4,000 mg/L total hardness.

In northeastern Nassau County, about 10 miles west of the study area, 
a deep oil-test well penetrated rocks of Paleocene age and older. Saltwater 
was encountered between 2,095 and 2,120 feet below sea level, about 100 feet 
below the Oldsmar Limestone-Cedar Keys Limestone contact and is thought to 
be within the lower confining unit. A sample of this water contained about 
1.5 times the chloride concentration of seawater (Cole, 1944).
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WATER QUALITY

Ground water contains dissolved minerals in varying amounts that 
affect its quality and use. The mineral constituents and the degree of 
mineralization depend upon the quality of water recharged to the aquifer, 
the composition and solubility of the soil and rock through which the water 
passes, and the duration of contact. In coastal areas, the quality is 
affected by the mixing of freshwater with seawater. In the study area, the 
quality may be degraded where freshwater is mixed with saline water from 
deeper water-bearing zones of higher artesian head or with residual seawater 
that is within a water-bearing zone.

In coastal areas, where aquifers are hydraulically connected to the sea, 
a zone of contact or a freshwater-saltwater interface is formed between the 
lighter freshwater flowing to the sea and the heavier underlying seawater. 
Because of natural forces such as tidal action, and wet or dry periods, as 
well as manmade forces such as pumpage, static conditions do not exist in 
aquifers. Instead, a zone of diffusion or dynamic equilibrium exists where 
fresh and saltwater are mixed. A sharp interface does not exist (Cooper and 
others, 1964, p. Cl). The depth to the interface is related to the height 
that freshwater stands above sea level. Pumping lowers the water level in 
the aquifer resulting in a decrease of freshwater flow seaward. With decreased 
freshwater flow, the freshwater-saltwater interface moves landward to a point 
of new dynamic equilibrium. This phenomenon is called saltwater intrusion.

Wells in the area are commonly constructed with tens to hundreds of 
feet of open-hole section and water pumped from these wells may come from 
one or more water-bearing zones. Thus, the quality of water pumped from a 
well depends upon which zones are tapped and the proportion of water derived 
from each zone (Wilson, 1977).

The source and significance of various constituents and properties 
of ground water are discussed in detail by Hem (1970): those constituents 
and properties that have a practical bearing on water use are summarized 
in "Water Resources Data for Florida Water Year 1979" (U.S. Geological 
Survey, 1980).

The recommended limits for selected chemical constituents and physical 
properties of water for public water supplies and for some industrial and 
agricultural uses are listed in tables 8 and 9, respectively.

The amount of the dissolved minerals in the water is indicated by the 
dissolved solids concentration. In the study area the dissolved solids 
comprise primarily calcium, magnesium, sodium, bicarbonate, sulfate, and 
chloride. The total concentration of dissolved solids in water is ordinarily 
determined from the weight of the dry residue remaining after evaporation at 
180°C or it may be calculated if the concentrations of each of the major ions 
is known. In the study area, dissolved-solids concentration is approximately 
equivalent to 0.7 times the specific conductance. Specific conductance is 
the capacity of the water to conduct an electric current and is a measure 
of total mineral concentration.
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Table 8. Recommended quality standards for public water supplies

Limit not to be exceeded 
____Chemical substance____________________EPAa DPCb_____

Physical

Color 75 Pt-Co units
pH 5.0-9.0 units 6.0-8.5 units
Turbidity 50 units

Chemical 
(in mg/L)

Chloride 250 250
Fluoride0 1.4-2.4 1.4-1.6
Iron 0.3 0.3
Nitrite nitrogen 1.0
Nitrate nitrogen 10
Sulfate 250
Dissolved solids (residue) 500

*a

,U.S. Environmental Protection Agency (1976, 1977). 
Florida Department of Pollution Control (1973).
The concentration of fluoride should be between the limits expressed, 
depending on the annual average of maximum daily air temperatures at a 
location being considered.
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The U.S. Geological Survey has assigned terms for waters of high 
dissolved solids as follows (Hem, 1970, p. 219):

Dissolved solids 
[milligram per liter (mg/L)]

Slightly saline 1,000 - 3,000
Moderately saline 3,000 - 10,000
Very saline 10,000 - 35,000
Briny More than 35,000

Water hardness is caused by polyvalent cations, primarily calcium and 
magnesium. Total hardness is defined as the sum of all polyvalent cations 
present in solution, expressed as the equivalent quantity of calcium carbonate.

The classification of hardness used by the U.S. Environmental Protection 
Agency (1976) is as follows:

Description Total hardness, mg/L as CaCO^

Soft 0-75
Moderately hard 75-150
Hard 150-300
Very hard 300

The detrimental effects of hard water include use of extra soap and 
detergent to create suds, formation of scale deposits, yellowing of fabrics, 
and toughening of vegetables when cooked. No limit was recommended in the 
National Primary or Secondary Drinking Water Regulations (U.S. Environmental 
Protection Agency, 1977). Recommended limits of total hardness for some 
industrial uses are listed in table 9.

Chloride in ground water may be derived from several sources including 
recharging rainwater, intrusion of saltwater into the aquifer, solution of 
minerals containing chloride, and from activities of man such as disposal 
of sewage or industrial waste. Aquifers also may contain salty water that 
in part is connate water (water of deposition) or that was introduced during 
high stands of the sea subsequent to deposition. In either case, such 
aquifers have not been completely flushed by freshwater circulation. Chloride 
in concentrations of 300 mg/L or more in combination with sodium gives a salty 
taste to water, and increases the corrosiveness of water.

Sulfate in ground water is derived from solution of rocks and soils 
containing gypsum, iron sulfides and other sulfur compounds. High sulfate 
concentrations are difficult to treat and may cause severe scaling problems in 
pipes and boilers, and in drinking water may produce undesirable laxative effects,



Surficial Aquifer

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

In the upland areas and the western part of the study area, the water 
from the. sand and shell zone contains less dissolved solids and is generally 
not as hard as water from other zones of the surficial aquifer. The sulfate 
concentration is low and the magnesium concentration is considerably less than 
the calcium concentration; however, the water is moderately to slightly acidic. 
In some places, iron concentrations exceed 0.3 mg/L, the recommended limit.

Causey and Phelps (1978, p. 28) presented field analyses of water from 
test wells tapping the sand and shell zone in Duval County. The range of 
selected constituents and properties of the water is listed below:

Constituent or property 

Specific conductance

Iron 
pH

42-340 micromhos per centimeter
at 25°C 

0.02-12 mg/L 
4.8-6.2 (units)

Water in the sand and shell zone is of marginal quality for drinking 
throughout the coastal area where saline water is predominant. Local fresh, 
shallow, ground-water lenses containing potable water do occur in the area 
(Frazee and McClaugherty, 1980).

The chemical quality and physical properties of water from selected 
wells that tap the shallow rock zone are presented in table 10. Areal 
distribution of selected constituents are shown in figure 13. The quality 
of water in the shallow rock zone varies significantly between the upland 
areas near Yulee and the lowlands of the estuarine marsh and islands near 
the Intracoastal Waterway. The quality is similar to that of the freshwater 
of the sand and shell zone, but it is generally more mineralized. With the 
exception of locally high iron concentrations, water from wells tapping the 
shallow rock zone is generally potable except in areas where the aquifer 
has been intruded by seawater.

Little information is available on the water quality of the permeable 
limestone and sand beds in the upper part of the Hawthorn Formation. Water 
from these beds presently is used for some domestic and small irrigation 
supply; thus, the water is probably suitable for most purposes.
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Figure 13. Chemical analyses of water from selected wells 
tapping the surficial aquifer.
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Floridan Aquifer

Water in the Floridan aquifer is generally more mineralized and harder 
than water from the surficial aquifer. The concentrations of most chemical 
constituents vary within the aquifer both areally and vertically. Natural 
variations also exist within the individual water-bearing zones and are 
primarily related to the detailed lithologic and hydraulic characteristics 
of the individual water-bearing units within the larger water-bearing zones. 
Regionally, the water quality of water from wells tapping similar units or 
zones show some consistency. However, significant variations in concentra­ 
tions of various chemical constituents may occur with depth within the larger 
water-bearing zones. Other factors such as length of pumping prior to 
sampling, pumping rate, period of time a well was inactive prior to sampling, 
adequacy of prior plugging, well construction, and interference effects from 
other wells may effect the water quality of samples from wells.

In the study area, most information on the quality of water in the 
Floridan aquifer is limited to the upper water-bearing zone. Few wells in 
the area penetrate more than 600 feet of the aquifer except in the Fernandina 
Beach-St. Marys area. In this area, probably less than 10 public and industrial 
supply wells penetrate from 700 to 1,300 feet of the aquifer tapping both upper 
and middle water-bearing zones. Only two exploratory-production wells (since 
destroyed), and one test-monitor well have penetrated the upper, middle, and 
lower water-bearing zones (about 1,600 feet of the aquifer).

Upper Water-Bearing Zone

Representative chemical analyses of water from wells tapping the upper 
water-bearing zone of the Floridan aquifer are presented in table 11. 
Additional historical data are available for some of the wells in table 11 
and other wells in the area. The areal distribution of selected constituents 
is shown in figure 14. The wells sampled were less than 1,180 feet deep and 
generally cased to about 350 to 550 feet below land surface. Most water 
samples were collected at the well head.

The quality of water is fairly uniform in the study area. It is primarily 
a calcium-magnesium bicarbonate-sulfate type water with total hardness concen­ 
trations ranging from 240 to 340 mg/L. In general, the total hardness and 
mineral content of the water increase toward the north and coastal area. 
Dissolved solids concentrations range from less than 400 mg/L in the south­ 
western part to about 600 mg/L near the coast. Chloride concentrations 
generally range from about 20 to 25 mg/L in the southern and southwestern 
part of the study area to about 40 mg/L in the northern and coastal areas. 
Sulfate concentrations range from 100 to 190 mg/L, generally increasing to 
the north and east.
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In the Fernandina Beach area, about four wells that draw from the upper 
water-bearing zone but may not exclusively, have water generally more mineral­ 
ized and slightly harder than water from nearby wells. Dissolved solids 
concentrations range from about 600 to 740 mg/L; total hardness as CaCC- ranges 
from about 340 to 380 mg/L; chloride concentrations range from 60 to about 
190 mg/L; and sulfate concentrations range from 160 to 190 mg/L. The increase 
in dissolved mineral content probably results from interzone flow through the 
well bore of wells tapping deeper and more mineralized water or wells having 
uneffective plugs or seals that previously penetrated deeper zones.

Middle Water-Bearing Zone

Within the study area, no wells exclusively tap the middle water-bearing 
zone. From 1945 to 1978, as many as 14 wells in the Fernandina Beach-St. Marys 
area penetrated both the upper and middle water-bearing zones. In 1979, only 
6 wells penetrated both zones. The remaining wells were either plugged to 
land surface or plugged to depths less than 1,200 feet below land surface. 
The water from wells that penetrate both zones of the aquifer is generally 
more mineralized and harder than water from wells that penetrate only the 
upper zone (table 12). These multizone wells range in depth from about 
1,200 to 1,800 feet below land surface and are cased to depths of 550 to 
600 feet. Analyses were performed on water samples collected at the well 
head and thus represent composites of water derived from both zones. The 
exact quantity of water derived from each zone is not known.

During construction of test wells in 1945, 1959, and 1979, water 
samples were collected at selected depth intervals or through the drill 
stem as the wells were deepened. Table 13 presents the chemical analyses 
of water sampled at selected depth intervals by packer tests during drilling 
of well N-62 in 1945 (Scofield, 1945). The water quality in the middle 
water-bearing zone (about 1,200 to 1,700 feet deep) varied with depth, but 
it was more mineralized and harder than water from the upper water-bearing 
zone. Chloride concentrations ranged from 36 mg/L at a depth of 1,500 to 
1,530 feet to 153 mg/L at a depth of 1,260 to 1,320 feet. Sulfate, total 
hardness, and total solids concentrations showed similar variations.

Table 14 shows the concentrations of chloride and total hardness of 
water sampled from the drill stem as the well was deepened from 1,564 to 
2,130 feet. Relatively high concentrations of chloride and total hardness 
were detected at 1,592 and 1,623 feet within the middle water-bearing zone. 
Chloride concentrations were 140 and 125 mg/L and total hardness concentrations 
were 632 and 587 mg/L, respectively. These results are not always indicative 
of the true quality of water in the formation. This is because some water 
could move down the borehole to the drill bit from zones already penetrated 
during drilling. This is especially true when drilling through less permeable 
to impermeable formations or zones.
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Table 13. Chemical analyses of water from selected depth intervals

Depth 
interval

1100-1130
1200-1230
1260-1320
1380-1410
1500-1530
1770-1802

567-1050
567-1410
567-1802
567-2130

during

Total
solids 
(mg/L)

423
529

1,022
676
518
547

495
750
860
909

drilling

Total
hardness
as CaCO 
(mg/L) J

270
323
586
402
342
328

329
449
515
519

of well N-62 at Fernandina Beach

Chloride
Cl 

(mg/L)

Packer tests

26
43

153
62
36
39

Composite samples

29
91
96

102

Sulfate
S04 
(mg/L)

136
162
360
230
175
170

168
264
317
325

Alkalinity
as CaCO- 
(mg/L) J

_
162
152
159
161
165

165
 
 
 

pH 
(units)

7.8
7.7
7.5
7.4
7.3
7.4

7.9
7.4
7.3
7.2

Table 14. Concentrations of chloride and total hardness of water
obtained through the drill stem as well N-62 was deepened from
1,564 to 2,130 feet

Depth
of

well
(ft)

1,564
1,592
1,623
1,653
1,684
1,713
1,742
1,770
1,830

Chloride
(mg/L)

70
140
125
80
55
60
60
60
58

Total
hardness
as CaCO
(mg/L) J

414
632
587
457
376
388
393
399
384

Depth
of

well
(ft)

1,860
1,890
1,921
1,950
1,978
2,008
2,039
2,101
2,130

Chloride
(mg/L)

57
58
57
53
53
 
55

126
120

Total
hardness
as CaCO-
(mg/L) J

384
385
 
363
 
346
367
543
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Composite water samples were also collected at land surface as the well 
was deepened. Partial chemical analyses were made of samples at depth 
intervals of 567-1,050 feet, 567-1,410 feet, and 567-1,802 feet (table 13). 
The mineral content and hardness increased substantially as the well was 
deepened from 1,050 to 1,410 feet. Chloride concentrations increased from 
29 to 91 mg/L and total hardness, from 329 to 449 mg/L. From 1,410 to 1,802 
feet, the mineral content and hardness increased only slightly, probably 
because this interval produced little additional water to the well bore.

Well N-88, originally drilled to a depth of 1,140 feet and cased to 580 feet 
was deepened to 2,105 feet and cased to 1,432 feet in 1959 (R. W. Harden and 
Associates, 1979). The well was deepened using the air lift reverse-circulation 
method and water samples were collected during drilling. Concentrations of 
chloride and total hardness as CaCO« ranged from 31 to 348 mg/L and from 250 
to 670 mg/L, respectively. Relatively high chloride concentrations (109 to 
348 mg/L) were detected at a depth interval of 1,240 to 1,460 feet. Below 
1,460 feet to a depth of about 1,800 feet, chloride concentration varied and 
ranged from 36 to 72 mg/L. Total hardness showed similar variations with depth 
ranging from 282 to 492 mg/L. The depth intervals in which higher concentrations 
of chloride and total hardness occurred were similar to those detected in well 
N-62 in 1945.

In 1979, test well N-117 was completed to a depth of 2,102 feet below 
land surface. Water samples were obtained through the drill stem during 
drilling by reverse air rotary method from 632 to 2,094 feet. Table 15 
lists the chloride concentrations of water during drilling from 632 to 2,094 
feet and table 16 lists specific conductance of water during drilling from 
1,476 to 2,080 feet.

Chloride concentrations ranged from 25 to 35 mg/L to a depth of 1,071 
feet. In the interval between 1,102 and 1,195 feet, the chloride concentra­ 
tion increased from 47 to 620 mg/L. From 1,195 to 1,509 feet, chloride 
concentrations varied from 470 to 710 mg/L. Below 1,509 feet, chloride 
concentrations decreased to 61 mg/L at 1,600 feet and again increased to 
440 mg/L at 1,663 feet. Chloride varied slightly, ranging from 320 to 
440 mg/L to a depth of 1,819 feet, decreasing to 50 mg/L at 2,008 feet. 
Specific conductance showed similar fluctuations ranging from 1,000 to 
3,600 umhos/cm at 25°C to a depth of 1,991 feet. The depth intervals, in 
which higher concentrations of chloride and specific conductance occurred 
were similar to those detected in the two wells drilled earlier.

The presence of lower chloride water in the lower part of the middle 
water-bearing zone below about 1,540 feet suggests that various parts of 
the zone are less permeable than others. If the high chloride water occurs 
in the more permeable parts of the zone, its presence may be due to 
relatively recent lateral movement of saline water. However, if the 
high chloride water occurs in the less permeable parts, it may represent 
residual seawater or connate water that has not been completely flushed by 
the fresh ground-water flow system.
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Table 15. Chloride concentrations of water samples obtained through the
drill stem as well N-117 was deepened from 632 to 2,094 feet

Depth 
(ft)

632
664
695
727
758
789
820
851
883
914
945
977

1,006
1,039
1,071
1,102
1,133
1,164
1,195
1,226
1,258
1,290
1,322
1,353
1,384

Chloride 
(mg/L)

31
31
35
30
30
31
28
25
30
30
32
29
30
30
34
47
120
190
620
710
700
700
650
690
560

Depth 
(ft)

1,460
1,446
1,477
1,509
1,538
1,569
1,600
1,631
1,663
1,694
1,726
1,756
1,788
1,819
1,851
1,882
1,914
1,945
1,976
2,008
2,039
2,071
2,084
2,094
 

Chloride 
(mg/L)

710
640
470
470
160
150
61

110
440
390
420
320
350
360
210
260
270
270
240
50

100
912

4,800
7,800
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Table 16. Specific conductance of water samples obtained through the
drill stem as well N-117 was deepened from 1,476 to 2,080 feet

Date

1/16/79

1/17/79

1/18/79

1/19/79

1/22/79

Depth 
(ft)

1,476
1,517
1,536
1,545
1,577
1,600
1,632
1,642
1,652
1,663
1,673
1,683
1,694
1,712
1,726
1,733
1,744
1,757
1,767
1,777
1,788
1,798
1,808

Specific 
conductance 

(umhos at 25°C)

1,600
2,100
1,900
1,500
1,000
1,000
1,220
1,420
1,380
2,090
1,850
1,850
1,880
2,200
1,750
1,850
1,700
1,580
3,600
1,680
1,800
1,760
1,700

Depth 
Date (ft)

1/23/79 1,820
1,830
1,840
1,861

2/01/79 1,866
1,882
1,887
1,891

2/02/79 1,914
1,935
1,944
1,945

2/05/79 1,960
1,976
1,991

2/12/79 2,013
2,018
2,025
2,040
2,054
2,060
2,064
2,074
2,080

2/13/79 2,080

Specific 
conductance 

(umhos at 25°C)

1,690
1,540
1,560
1,280
1,500
1,500
1,600
1,500
1,440
1,500
1,650
1,500
1,580
1,420
1,490
1,430
1,230
1,160
1,380
1,140
1,060
1,080
5,200

15,000
22,000
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Lower Water-Bearing Zone

The first well to penetrate the lower water-bearing zone was well N-62 
in 1945. During drilling of this well, chloride concentrations of water 
sampled through the drill stem increased from 55 mg/L at a depth of 2,039 
feet to 126 mg/L at 2,101 feet (table 14). Hardness also increased from 
367 to 543 mg/L at the same depths (Scofield, 1945). In October 1945, 
several months after the well (depth interval 600-2,130 feet) had been in 
use as a-supply well, water samples were collected at selected depth intervals 
by lowering a 3/4-inch diameter pipe into the well (Cooper and Peek, 1954). 
The samples represent composites of water below the sampled depth. Chloride 
concentrations increased markedly from 164 mg/L at a depth interval of 
1,302 to 2,130 feet to 322 mg/L at 1,785 to 2,130 feet. A maximum chloride 
concentration of 426 mg/L was measured at 2,100 to 2,130 feet. The increase 
in chloride concentration may indicate lateral movement of saltwater in 
the well through the permeable zone just above 2,100 feet CCooper and Peek, 
1954, p. 25), since flow meter traverses showed that little or no water 
entered the well below 2,100 feet.

Increases in mineral content in 1946 necessitated grouting (plugging) 
back the well from a depth of 2,130 to 1,826 feet, and the chloride concen­ 
tration of the water decreased to an estimated 90 mg/L (P. L. Duncan, ITT 
Rayonier, Inc., written commun., 1978).

In 1959, well N-88 penetrated the lower water-bearing zone to a 
depth of 2,105 feet below land surface. From 2,000 to 2,090 feet, chloride 
concentrations of water samples obtained through the drill stem generally 
increased from 43 to 108 mg/L (R. W. Harden and Associates, 1979). The 
completion interval of the well was 1,432 to 2,105 feet. From 1959 to 
1964, chloride concentrations fluctuated from about 60 to 130 mg/L. The 
well was grouted (plugged) to land surface in 1973.

Only one well, test well N-117, presently penetrates the lower water­ 
bearing zone (.2,000 to 2,102 feet) of the aquifer. Table 17 lists the 
chemical analyses of water taken from the well between March 1979 and June 
1980. The water is very saline (.about 20,000 mg/L dissolved solids) and is 
classified as a sodium-chloride type. Chloride concentrations ranged from 
8,100 mg/L in March 1979 to 9,600 mg/L in March 1980, about half the chloride 
concentration of seawater. Sulfate concentrations ranged from 1,600 to 
1,700 mg/L.

During drilling of test well N-117, water samples were obtained through 
the drill stem as the well was deepened. Chloride increased markedly below 
2,039 feet to a maximum of 7,800 mg/L at 2,094 feet (table 15). Specific 
conductance showed a similar increase from about 1,100 umhos/cm at 25°C at 
2,054 feet to a maximum of 27,000 umhos/cm at 25°C at a depth of 2,080 feet.
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GROUND-WATER DEVELOPMENT 

Surficial Aquifer

An estimated 1 to 2 Mgal/d of water are derived from the surficial 
aquifer in the study area. The water is primarily used for rural domestic 
and livestock supply, lawn irrigation, and in heat exchange units for 
heating and air conditioning.

Water in the surficial aquifer is generally obtained from the shell, 
limestone, and sand zone. Most wells drilled into the aquifer are 2 inches 
in diameter and range in depth from 50 to 150 feet. The casing is either 
driven or jetted to the top of the zone and an open hole is then drilled 
into the zone below the casing. Typical 2-inch diameter wells yield 20 
to 50 gal/min. A few 5-inch diameter wells in Fernandina Beach yield 50 
to 80 gal/min (Leve, 1966, p. 23).

Some water is obtained from the sand and shell zone in the Pleistocene 
and Holocene deposits by sandpoint wells from 0.5 to 2 inches in diameter. 
The casing is either driven or jetted to a depth of 10 to 30 feet. Wells 
1.25 inches in diameter normally yield between 10 and 15 gal/min. However, 
some wells in relatively thick and permeable beach sands along the coast 
yield as much as 25 gal/min.

Where the sand, shell, and limestone zones in the upper Miocene and 
younger deposits yield insufficient quantities of water or poor quality 
water, supplies often are obtained from the limestone and sand zone in the 
upper part of the Hawthorn Formation. Wells generally are drilled to depths 
of 200 to 250 feet and cased to a depth of 120 to 150 feet. Wells 2 inches 
in diameter yield from 30 to 50 gal/min.

The surficial aquifer has the potential for being a dependable source 
of water for small public and domestic supplies because it is readily 
recharged by precipitation. Near the coast and on barrier islands, 
water quality may limit development of the aquifer, primarily because 
of lateral or upward migration of saltwater underlying the freshwater 
parts of the aquifer.

Aquifer properties can be used to estimate drawdown in the unconfined 
aquifer at varying distances from a pumped well and at any time in a well 
after pumping begins. Using the Theis equation for nonsteady flow without 
vertical leakage (Lohman, 1972, p. 15), distance-drawdown curves and time- 
drawdown curves were developed for an unconfined aquifer having a transmis- 
sivity of 1,000 ft2/d and a storage coefficient (specific yield) of 0.2 
(fig. 15). Simulated drawdowns based on the Theis equation are very nearly 
correct as long as the drawdown is small in comparison to the saturated 
thickness of the unconfined aquifer.
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As shown in figure 15, distance-drawdown curves were developed for 
a single well pumping at rates of 50 and 100 gal/min for a pumping period 
of 180 days. At distances of 100 and 1,000 feet from the pumped well, pro­ 
jected drawdowns were about 4.0 and 0.7 feet, respectively, at a rate of 50 
gal/min, and about 8.1 and 1.5 feet, respectively, at a rate of 100 gal/min,

A time-drawdown curve was developed for a single well pumping at a 
rate of 100 gal/min (fig. 15). At a distance of 100 feet from the pumping 
well, simulated drawdowns were 3.8, 7.2, and 10.8 feet at 10, 100, and 
1,000 days since pumping began.

Estimated drawdowns generally represent optimum values obtained 
under ideal conditions, since many of the assumptions for the Theis 
equation (Lohman, 1972, p. 15) are not adequately satisfied in the study 
area. These assumptions include (1) a homogeneous and isotropic aquifer, 
(2) the aquifer is of infinite areal extent, (3) the discharging well 
penetrates the entire thickness of the aquifer, and (4) the water removed 
from storage is discharged instantaneously with decline in head (constant 
storage coefficient).

The surficial aquifer supplies water to numerous domestic and small 
irrigation wells in the study area; however,, it has only limited use as 
an alternative source of water for public and industrial supply. The 
aquifer is thin and heterogeneous, has low values of transmissivity, and 
has low yields to pumping wells. Near the coast, the aquifer is subject 
to saltwater intrusion and inundation by seawater during tidal flooding.

Floridan Aquifer

The Floridan aquifer is the principal source of potable water in 
northeast Florida and southeastern Georgia. In the Fernandina Beach- 
St. Marys area, water from the aquifer primarily is used for industrial- 
self supply. Minor amounts of water are used for public and rural supply.

Yields of wells that tap the Floridan aquifer range from less than 
500 gal/min for wells 6 inches or less in diameter that are completed in 
only the upper water-bearing zone, to more than 5,000 gal/min for wells 
12 inches or more in diameter that are completed in the upper or both the 
upper and middle water-bearing zones of the aquifer.

In the study area, the wells are cased to the top of the aquifer, 
350 to 600 feet below land surface and completed as open holes to depths 
of about 500 to 1,800 feet, depending on the quantity and quality of water 
needed. Small diameter domestic wells are generally 2 to 4 inches in 
diameter, 500 to 700 feet in depth, and cased to 450 to 500 feet. Large 
diameter industrial wells are generally 18 inches or more in diameter, 
1,000 to 1,500 feet in depth, and cased to about 550 to 600 feet.
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In 1979, about 92 Mgal/d was pumped from 2 industrial supply well 
fields in Fernandina Beach and one at St. Marys (fig. 16). In 1980, pumpage 
decreased to 80 Mgal/d (Richard Marella, St. Johns River Water Management 
District, written commun., Nov. 15, 1982). One well field is in the northern 
part of Fernandina Beach and includes 7 active wells that produced an estimated 
28.7 Mgal/d in 1979 and 24.46 Mgal/d in 1980, 3 inactive wells used for 
monitoring purposes, and 3 wells which have been plugged and abandoned 
(R. W. Harden and Associates, 1979, p. 3). A second well field is in the 
southern part of Fernandina Beach and includes 8 active wells that produced 
an estimated 25.4 Mgal/d in 1979 and 20.07 Mgal/d in 1980, 1 monitor well, 
3 wells which are either inactive or abandoned, and 2 wells that have been 
plugged and abandoned. The well field in St. Marys has 6 active wells that 
produced an estimated 38 Mgal/d in 1979 and 35 Mgal/d in 1980.

Development of the Floridan aquifer is limited to the upper and middle 
water-bearing zones in the Fernandina Beach-St. Marys area. In 1980, only 
3 active wells in Fernandina Beach, with combined pumpage of 10 Mgal/d, tapped 
both zones. Four wells in St. Marys, with an estimated yield of 24 Mgal/d, 
are thought to tap both the upper water-bearing zone and the upper most part 
of the middle water-bearing zone. No production wells draw from the lower 
water-bearing zone of the aquifer.

HYDROLOGIC EFFECTS OF DEVELOPMENT OF THE 
FLORIDAN AQUIFER

Ground-Wat er Flow

A simplified conceptual model of the Floridan aquifer consists of three 
highly permeable water-bearing zones separated by semiconfining beds of 
relatively low permeability, all of which are confined above and below by 
confining beds (fig. 17). Estimated hydraulic parameters of the various 
units of the model are presented in figure 17.

An analytical method for evaluating layered aquifers or zones has been 
described and modified by Hantush (1956; 1960). The Hantush modified 
method takes into account the effects of storage in, and leakage through 
confining beds overlying and underlying an aquifer or zone (Hantush, 1960, 
p. 3714-3717, case 1).

Using the Hantush modified method, time-drawdown and distance-drawdown 
curves were computed for the upper water-bearing zone (fig. 18). The curves 
were developed for a single well pumping at 5 Mgal/d and an average trans- 
missivity of 30,000 ft^/d. A Theis curve for nonleaky conditions is shown 
on the distance-drawdown graph for comparison.

The equations of Hantush (1960) for computing drawdowns are applicable 
only within certain time ranges that depend on the hydraulic parameters of 
the confining and semiconfining beds. Drawdown solutions for the upper 
water-bearing zone were obtainable for times less than 4 days and more than 
8,000 days, about 22 years. Drawdowns for intermediate times were obtained 
by interpolating between the two segments.
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At a distance of 10,000 feet from the pumping well, drawdowns would be 
about 3.0 feet after 10 days and about 5.9 feet after 365 days of pumping. 
After pumping 8,000 days, equilibrium would be established with a maximum 
drawdown of 6.4 feet reached.

Based on the distance-drawdown curve developed for a pumping period of 
8,000 days, maximum drawdowns were about 14.5, 6.4, and 1.5 feet about 
1,000, 10,000, and 50,000 feet, respectively, from the pumping well.

Calculated drawdowns, based on the mathematical model and estimated 
hydraulic parameters of the upper water-bearing zone and the overlying 
and underlying confining beds, were compared with historical water-level 
declines in selected wells. Four wells penetrating the upper water-bearing 
zone were selected (fig. 19) and the decline was calculated for the period 
from the estimated predevelopment head about 1880 to 1980 and for the 
period 1938-39 to 1980. A decline was also determined for the JOIDES 1 
test hole (fig. 6).

The maximum drawdown for each pumping well is effectively reached and 
maintained after about 5 years independent of the pumping rate (Franks and 
Phelps, 1979). During 1976-79, total pumpage of the major pumping centers 
in the study area averaged 95 Mgal/d and ranged from 94 to 100 Mgal/d.

Major pumping centers in the study area and in nearby Jacksonville, Fla. 
and Brunswick, Ga. were identified and the distance between the pumping centers 
and each observation well was measured. The daily pumping rates for each 
pumping center were then calculated based on 1975-79 water-use data and 
adjusted to include only pumpage from the upper water-bearing zone. An 
estimated 82 Mgal/d was calculated for Fernandina Beach-St. Marys area and 
100 Mgal/d each for Jacksonville (.E. C. Hayes, U.S. Geological Survey, 
oral commun., 1980) and Brunswick. To simplify calculations, pumpage at 
each center was assumed to be from one well and drawdown at each observa­ 
tion well is the sum of the drawdowns caused by each pumping center. 
Drawdowns were calculated both by the Hantush (.I960) modified leakance 
formula and the Theis nonleaky equation for confined aquifers (Lohman, 1972) 
which provided an upper limit for drawdown (table 18).

The Hantush modified method is a more realistic approximation of the 
aquifer system than the Theis equation because it includes the effects of 
leakage from confining beds. Calculated drawdowns using the Hantush modified 
method were similar to measured drawdowns based on the difference between 
the estimated predevelopment heads and the 1980 measurements. The calculated 
drawdowns are considered reasonable estimates of observed water-level changes 
in the northern and western parts of the study area. However, the calculated 
drawdowns are less than the observed water-level changes in the southern part 
of the study area (veil N-8). It appears that one or more of the estimated 
hydrologic parameters of the aquifer such as transmissivity or leakance, are 
lower in the southern part of the study area than in the northern part.
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Other discrepancies in the calculated versus measured drawdowns 
in the observation wells may be due in part to: (1) variable discharge 
rates of the major pumping centers which have extended periods of reduced 
pumpage; (2) the assumption that the pumpage from each center is from one 
well, drawdowns near a pumping center would be less for a group of pumping 
wells than for a single well pumping that amount of water; and (3) 
interzone ground-water flow through uncased bore holes or possible 
geologic structures such as faults and fractures through the confining 
beds would modify leakance values.

The estimated hydrologic parameters of the upper water-bearing zone 
and adjacent confining and semiconfining beds are considered representative 
and can be used to evaluate the response of the zone to future rates.

The decline of the potentiometric surface of the upper water-bearing 
zone indicates that part of the water was derived from aquifer storage 
until a new dynamic equilibrium was established. Based on an estimated 
storage coefficient of 5.0x10"^ of the upper water-bearing zone, about 
100,000 gallons would be removed from the aquifer for each foot of head 
decline over a square mile. Assuming an approximate average long-term 
artesian^pressure decline in the upper zone of about 30 feet over the 
1,100 mi study area, about 3,300 Mgal of water from storage was discharged 
from the upper zone during the period from about 1880 to 1980. The declines 
in artesian pressures in the middle and lower water-bearing zones are not 
known. The volume of water removed from storage in the upper zone is about 
0.3 percent of the estimated total pumpage of 1.1x10" Mgal.

Initially, water is derived principally from storage; however, as the 
cone of depression around a well pumping from an artesian aquifer spreads 
out, the water ultimately is obtained from increased recharge and decreased 
natural discharge.

The lowering of the water level in the upper water-bearing zone may 
reduce leakage from the Floridan aquifer to the surficial aquifer where the 
head in the Floridan aquifer is above the head in the surficial aquifer. 
In these areas, pumpage from the Floridan aquifer reduces the water-level 
difference and also the amount of upward leakage. If the potentiometric 
surface is lowered sufficiently, such as within the cone of depression 
around Fernandina Beach, the flow direction can reverse and water can leak 
downward from the surficial aquifer to the upper water-bearing zone. The 
amount of leakage between aquifers or zones is a function of the leakance 
coefficient and the head differences between the adjacent aquifers or zones.

Based on a leakage coefficient of 2.5x10"^ (ft/d)/ft for the upper 
confining unit, the amount of water recharged to or discharged from the 
Floridan aquifer from or to the surficial aquifer, respectively, is 
estimated at 70 ft^/d or 520 gal/d per foot of head difference per 
square mile, a relatively small amount of water. However, assuming that
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the artesian head of the upper zone of the Floridan aquifer has declined 
an estimated 30 feet over the 1,100 mile study area, this would result 
in a reduction of natural discharge or an increase in effective recharge 
of about 17.2 Mgal/d. This volume of water is about 21 percent of the 
estimated daily pumpage of 82 Mgal/d from the upper zone.

Development of the upper water-bearing zone lowered the water level 
in this zone and has increased the initial head differences between it and 
the other water-bearing zones in the Floridan aquifer. This has increased 
the amount of leakage from the underlying middle and lower zones to the 
upper zone.

Based on a leakance coefficient of 5x10 (ft/d)/ft for the upper 
semiconf ining zone (.between the upper and middle zones) , the rate of upward 
leakage of water from the middle water-bearing zone to the upper zone is 
estimated at 140 ft-Vd per foot of head difference per square mile. The 
head difference between the two zones probably ranges from less than 10 
feet in the western part of the study area to more than 30 feet in the 
Fernandina Beach area. In the 1,100 mi study area, an estimated 1.15 Mgal/d 
would be recharged to the upper zone by upward leakage per foot of head difference

The amount of water derived from aquifer storage or leakage is based mostly 
on estimated and assumed values of the hydraulic parameters of the aquifers or 
zones and the confining beds. Thus, the amount of water from storage or leakage 
is a very rough estimate itself.

Saline Water Contamination

A potential effect of ground -water development in coastal areas is lateral 
or upward migration of salty water into the fresh, water-bearing zones. Mod­ 
erately saline to briny ground water, containing more than 3,000 mg/L chloride, 
underlies the study area at about 2,000 feet below sea level along the coast. 
The depth to salty water generally increases inland.

Under natural and undisturbed conditions, ground water discharges 
to the Atlantic Ocean. Where aquifers are hydraulically connected to the 
sea, the depth to saltwater is related to the height that freshwater stands 
above sea level. When freshwater and saltwater are in equilibrium, the 
Ghyben-Herzberg relation can be used to calculate the approximate depth 
of the freshwater-saltwater interface. The Ghyben-Herzberg relation as 
given by Walton (1970) is:

Pf h

where h0 is the difference between the elevation of the surface of the
o

ocean and the elevation of the interface, pf is the freshwater density, 
ps is the saltwater density, and hf is the difference between the elevation 
of the surface of the ocean and the^elevation of the water table or potentio 
metric surface. If ps = 1.025 g/cm and pf = 1.000 g/cm3 , then hs = 40 hf .
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Equilibrium conditions do not exist in the aquifer and a zone of 
diffusion exists between saltwater and freshwater. When a zone of diffusion 
exists a cyclic flow is generated in the saltwater, from the floor of the 
sea into the zone of diffusion and back into the sea, which tends to lessen 
the landward extent to which saltwater moves in the aquifer (Cooper and 
others, 1964, Cl).

Hubbert's (1940) modification of the Ghyben-Herzberg principle takes 
into account the dynamic nature of the ground-water flow system. The 
interface, which is in a state of dynamic equilibrium, is considered to 
be stable, with freshwater flowing over it toward the ocean. The Rubbert 
interface relation states that the depth below sea level to the base of 
freshwater is about 40 times the altitude of the freshwater head on the 
interface. Because the lines of equal head are curved, the head on the 
interface differs from that vertically above it. However, assuming that 
the interface has a slight slope and the lines of equal head are nearly 
vertical, then the freshwater heads at the interface would be similar to 
those measured anywhere in the freshwater section.

Before development of the aquifer, water level of the Floridan aquifer 
along the coast was about 60 feet above sea level (fig. 11). Based on the 
Hubbert's interface relation, the freshwater-saltwater interface would have 
naturally occurred at a depth of about 2,400 feet below sea level along the 
coast. However, pumpage from the aquifer since the 1940's in the Fernandina 
Beach-St. Marys area has lowered the potentiometric surface in the upper 
water-bearing zone below sea level locally reversing the natural hydraulic 
gradient that sloped toward the sea (_fig. 7). However, the regional ground- 
water flow is still seaward.

Johnston and others (1982) concluded that little or no decline in the 
potentiometric surface in the upper water-bearing zone of the Floridan aquifer 
has occurred from about 30 to 50 miles offshore and east of Fernandina Beach. 
This was based on comparing estimated predevelopment water-level measurements 
with measurements made by Wait and Leve (1967, p. A127) at JOIDES 1 test hole 
30 miles east of Fernandina Beach (fig. 20) and with measurements at the 
Tenneco test hole 50 miles east of Fernandina Beach by Johnston and others 
(1982). Therefore, it appears that the potentiometric surface has remained 
sufficiently high seaward of the study area to maintain the freshwater-saltwater 
interface in the upper zone far offshore. From this, there appears to be little 
threat of lateral saltwater intrusion landward.

It is possible that significant lateral migration of salty water has 
occurred in the middle water-bearing zone. The estimated 1980 water level 
in this zone ranged from about 40 to 45 feet above sea level near Fernandina 
Beach. The freshwater-saltwater interface estimated by the use of the 
modified Ghyben-Herzberg relation would occur at a depth of about 1,600 
to 1,800 feet below sea level in the lower part of the middle water-bearing 
zone, once a new equilibrium position was reached.
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The equivalent freshwater water level in the lower water-bearing zone 
at Fernandina Beach is about 50 feet above sea level. Based on the modified 
Ghyben-Herzberg relation, the freshwater-saltwater interface would occur at 
a depth of about 2,000 feet. Chloride concentrations of water from test well 
N-117, which taps this zone (2,000 to 2,100 feet) are about 9,600 mg/L. This 
would suggest that the interface in the lower water-bearing zone in the study 
area is onshore.

Figure 21 shows the inferred position of the freshwater-saltwater 
interface based on salinity of water samples obtained from three holes 
JOIDES J-l (Wait and Leve, 1967); JOIDES J-2 (G. W. Leve, U.S. Geological 
Survey, written commun., 1980); and Tenneco LB 427 (Johnston and others, 
'1982). The depth of the interface between these wells was interpolated 
using the Hubbert interface relation (Johnston and others, 1982). The base 
of the freshwater in the Floridan aquifer is at a depth of about 2,000 feet 
below sea level just east of Fernandina Beach decreasing in depth seaward. 
About 60 miles offshore, the base of the freshwater is at a depth of about 
1,000 feet below sea level. If the major water-bearing zones of the Floridan 
aquifer are continuous and isolated to about 60 miles offshore, the freshwater- 
saltwater interface in the upper water-bearing zone is estimated to be about 
50 to 60 miles east of Fernandina Beach. A zone of transition between the 
relatively freshwater, having a chloride concentration of less than 1,000 mg/L, 
and saltwater, having a chloride concentration of 19,000 mg/L, probably ranges 
from about 30 to 60 miles offshore. About 20 to 50 miles east of Fernandina 
Beach, the inferred position of the interface ranges from a depth of about 
1,700 to about 1,200 feet below sea level (middle water-bearing zone?).

Chloride is the major anion of saltwater and moves through aquifers at 
nearly the same rate as intruding water (Hem, 1970). In areas where other 
sources of saline contamination do not exist, high chloride concentrations 
in ground water are an index to saline water or saltwater contamination.

Relatively high chloride concentrations have been detected in the ground 
water from about four wells tapping the upper water-bearing zone of the Floridan 
aquifer in Fernandina Beach. Chloride concentrations of water from these wells 
ranged from 60 to about 190 mg/L during the period 1975-80 (jfig. 14). Of the 
four wells, which have yielded water having relatively high chloride concentra­ 
tions, two of the wells CN-110 and N-62DD) once tapped both the upper and middle 
zones and were plugged back. Low-volume leaks in the plugging materials in the 
wells themselves may be the cause of the relatively high chloride concentrations. 
Water samples from well N-106 were collected by an electronically controlled 
downhole sampler and do not represent water quality from a pumped or flowing 
well. Chloride concentrations of water from well N-30 increased from 30 mg/L 
in 1962 to 109 mg/L in 1978. The well is located about 1,800 feet north of well 
N-43D and 1,700 feet south of well N-41D. Wells N-41D and N-43D tap both the 
upper and middles zones of the aquifer. Elsewhere in the study area, chloride 
concentrations ranged from about 20 to 40 mg/L, similar to values reported in 
the 1940's (fig. 14). Figure 22 shows chloride concentrations of water from 
selected wells tapping the upper water-bearing zone based on periodic sampling 
from 1940 to 1979. Chloride concentrations of water from these wells varied from 
less than 10 to 33 mg/L during the period of record but there was no apparent 
long-term trend or increase in chloride concentrations during that period.
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The upper water-bearing zone appears to be effectively separated from 
the more mineralized water in deeper zones of the aquifer by semiconfining 
beds of low vertical hydraulic conductivity, although uncased or improperly 
plugged, deeper well bores have provided avenues of migration of more 
mineralized water in some wells. The water level in well N-117 which taps 
the lower zone showed no measurable effect from pumpage from nearby industrial 
wells that tap the upper zone exclusively or both the upper and middle zones. 
The estimated equivalent freshwater water level in test well N-117 was more 
than 50 feet above sea level compared to a water level of more than 30 feet 
below sea level for a nearby observation well and pumping levels in some 
industrial supply wells of as much as 200 feet below sea level less than one 
mile away. Also, during construction of the test well in 1979, water levels 
rose significantly, about 30 feet, when the well tapped both the upper and 
middle zones compared to when it tapped only the upper zone exclusively. 
R. W. Harden and Associates (1979, p. 2) reported that the chloride concen­ 
tration of water in wells tapping only the upper zone at a well field in 
northern Fernandina Beach was the same in 1979 as in 1940. They concluded 
that the upper zone is isolated from the lower zones containing the more 
mineralized water. Based on existing data, there is no evidence of saline 
water intrusion in the upper water-bearing zone in the coastal or western 
part of the study area.

Chloride concentrations of 675 to 1,000 mg/L were reported for water 
samples from the upper part of the Floridan aquifer (the upper water-bearing 
zone) at the JOIDES 1 test hole about 30 miles offshore. The volume of 
water which would have to be removed to bring the water at JOIDES 1 to the 
Fernandina Beach-St. Marys area is about 5.9x10^ Mgal. This represents 
displacing the water in a cylinder around a well 500 feet high, 30 miles 
in radius, and a porosity of 20 percent. Based on a withdrawal rate of 
100 Mgal/d, it would take about 1,600 years to remove the necessary 
amount of water. This is based on the assumption that the saline water 
is moving laterally in the upper zone and that there is no leakage of 
water into the zone from above or below and no recharge.

Figure 23 shows the chloride concentrations during the period 1952 
to 1979 of water from selected wells that tap (or formerly tapped) both 
the upper and middle water-bearing zones of the Floridan aquifer. Chloride 
concentrations of water in these wells are generally higher than concentra­ 
tions measured in the upper zone and several wells show a gradual increase 
in concentration.

From 1952 to 1962, chloride concentrations of water from well N-62 
(completion interval 600 to 1,826 feet) increased from about 400 to more 
than 1,600 mg/L (fig. 23). Chloride concentrations in water from well 
N-43D (completion interval 546 to 1,820 feet), about 3,600 feet north of 
well N-62, increased from 102 to 925 mg/L during 1952-75. Similar increases 
occurred in wells N-41D and N-39D, about 7,200 feet and 7,900 feet, respect­ 
ively, north of well N-62. Chloride concentrations in water from well N-41D 
(completion interval 546 to 1,840 feet) increased from 65 to 560 mg/L during 
1952-77 and in water from well N-39D (completion interval 535 to 1,700 feet), 
chloride increased from 37 to 260 mg/L during 1952-79. The chloride concentra­ 
tions are based on analyses of water sampled at the well head and represent a 
composite of water from both zones or water from the highest head zones tap 
from the well including plugged-back portions of the lower water-bearing zone.
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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). In 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. In 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). In 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). In 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 Cupper zone) pumpage increased.

Figure 24 shows chloride concentrations of water sampled during 
drilling of well N-62 and N-88 in 1945 and 1959, respectively, and test 
well N-117 in 1979. In 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 LxlO~2 ft/d and a thickness of 1,000 
feet) (R, E. Krause, U.S. Geological Survey, written commun., January 1982). 
The rate of leakage is estimated to be about 280 ft^/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 mi^ area Cfig. 8). In this area, about 3.7 
Mgal/d could leak upward into the upper zone. However, if the vertical 
hydraulic conductivity was lxlO~3 ft/d, the leakance coefficient would be 
lxlO~6 and leakage to the upper zone would be 28 ft^/d per foot of head 
difference per square mile, about 0.37 Mgal/d in the 24 mi^ 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 1:11 of water 
contributed from the lower zone.
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It is possible that some of the increase in chloride concentrations 
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 (.principal 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, (3) 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 zones 
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-l, 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 J01DES 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)

Well 
number

N-44
N-33
N-8
C-l

JOIDES-1

Predevelopment 
water level 
(in feet)

64.0
61.5
61.0
63.0
45.0

Calculated water-level decline (in feet)
At existing 

pumpage

30.6
97.9
25.4
39.9
5.7

If pumpage increased 
50 percent

43.3
138.4
35.3
57.3
7.7

Net 
declined

12.7
40.5
9.9

17.4
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 zones. The 
sealing or plugging back of these wells would prevent the migration of 
saline water through open well bores into freshwater zones (Pairchild 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.

100



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 semiconfined 
conditions. The estimated transmissivity ranges 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 leakance coefficient of the upper confining unit is 
estimated to be about 2.5x10 (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 zones (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 zone, about 75,000 ft2/d. 
Based on a specific storage of lxlO~° per foot of aquifer thickness, the 
storage coefficients of the upper, middle, and lower water-bearing zones 
are estimated to be 5x10~^, 5x10 , and 1x10"^, 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 
conductivity of the semiconfining zones is unknown but could range from 
10 to 1Q~5 ft/d. Based on a vertical hydraulic conductivity of lxlO~3 ft/d, 
the leakance coefficient is estimated to be 5.0xlO~° per day for the upper 
semiconfining zone and 3.3xlO~" per day for the lower semiconfining zone.
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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 Clower 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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