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AVAILABILITY AND QUALITY OF WATER FROM SHALLOW
AQUIFERS 1IN DUVAL COUNTY, FLORIDA

By
L. V. Causey and G. G. Phelps

ABSTRACT

The shallow-aquiter system in Duval County overlies the Floridan aquifer
and is composed chiefly of sand, clay, sandy clay, and limestone. Thickness
ot the system ranges from about 300 to 000 feet. The upper 150 feet of
deposits, consisting of the water-table and shallow-rock zones, are the
most dependable and economical source of supplemental water supply. The
principal shallow water-bearing zone is a limestone bed 40 to 100 feet below
land surtace.

Aquiter tests conducted at 13 sites in Duval County show that yields
trom the shallow aquiter vary from place to place within the county owing
chiefly to variations in lithology of the saturated rocks and sediments.
The limestone of the shallow-rock zone will yvield as much as 200 gallons
per minute to wells; the maximum yield at most of the sites tested was
between 30 and 100 gallons per minute. The water-table zone generally
vields 10 gallons per minute or less but at one site, where a water-table
well thp&‘d a shell bed near land surface, the well vielded more than 40
gallons per minute.

lhe quality of water in the shallow aquifer system in Duval County is
generally acceptable for most domestic, commercial, and industrial uses.
In some places, however, it has a high iron concentration and is hard.
The iron concentration exceeds 0.3 milligrams per liter in water from the
water-table or shallow-rock zones at 7 of the 13 aquifer test sites. The
hardness of water from the aquifer ranges from about 60 to about 180 milli-
grams per liter.




INTRODUCTION

Jacksonville, which includes most of Duval County, {is the largest
city in northern Florida. Rapid growth in parts of the city has created
a need for information on sources of water for future supplies. At the
present time (1977), practically all of the water used in Jacksonville
comes from wells in the Floridan aquifer. Potential sources of additional
treshwater in the area are surface streams and shallow aquifers above
the Floridan aquifer.

As part of a Metropolitan Jacksonville Water Resources Investigation,
the U.S. Army Corps of Engineers, Jacksonville District, is conducting an
investigation to determine the feasibility of utilizing various sources of
water in the area to supplement present supplies. The U.S. Geological Survey
is assisting the U.S. Army Corps of Engineers in obtaining data to determine
if using the shallow-aquifer system as a supplemental supply of fresh water
in Jacksonville is feasible.

For those readers who prefer metric units rather than U.S. customary
units, the conversion factors for terms used in this report are listed below:

Multiply U.S. customary unit By o obtain metric unit
inch (in) 25.40 millimeter (mm)

foot (ft) 0. 305 meter (m)

mile (mi) 1.609 kilometer (km)

gallon per minute (gal/min) 0.0631 liter per second (L/s)
feet per day (ft/d) . 305 meters per dav (m/day)
feet 2 'day (lbl“ 'd) .0929 meters squ.lrud per d.l)’

) /
(m~/davy)
Purpose and Scope

‘'he purpose of this investigation is to obtain information about the
shallow aquifer system, including the location of waterbearing zones, their
water-yielding characteristics, the quality of water obtained, the hydraulic
interrelation of zones within the shallow aquifers, and the variability of
all these. The information will be used by the U.S. Army Corps of Engineers
to evaluate the water-supply potential of the shallow aquifer system in
Duval County. To obtain information at as many sites as possible, numerous
small diameter test holes were drilled and cased. Casing diameters were 1 1/4
to 2 in. This report also outlines field procedures that can be used to
evaluate the potential yield of shallow aquifers at sites not studied in
this investigation.

ro




Area of Investigation

Duval County occupies about 840 mi? in northeastern Florida (fig. L)
Most of the county is within the corporate limits of the Consolidated City
of Jacksonville.

The county has a humid, semitropical climate and an average annual
rainfall of about 54 in. Rainfall is generally greatest from May to August
when summer thunderstorms may yield several inches of rain in one part of
the county and only a trace or none in other parts.

The topography in Duval County is mostly flat, but slopes gradually
from sea level along the coast to about 190 ft above sea level in the

southwest corner. Salt marshes cover much of the eastern part of the |
county and many freshwater swamps occupy the flat upland areas.

Surface drainage is primarily through the St. Johns and St. Marys
Rivers, and their tributaries. The St. Johns River flows northeastward
through the county and empties into the Atlantic Ocean. It is affected
by tide throughout its length in Duval County.

Previous Investigations

Fairchild (1972) describes the geology, extent, some of the hydrologic
characteristics of the shallow aquifer system, and the general geography of
Duval County. Derragon (1955), Leve (1961; 1966), and Leve and Goolsby
(1969) cite general information on the shallow aquifer system and Cooke
(1945), Vernon (1951), Puri and Vernon (1964), and Leve (1966) describe the
formations that make up the system.

Well-Numbering System

Two well numbering systems are used in this report. The U.S. Geological
Survey identification number is based on latitude-longitude coordinates and a
sequential number for the particular area proscribed by the final digit of
seconds for those coordinates (table 1). Also used is a local well number
prefixed by the letters, DS, indicating a shallow well in Duval County. Any
available historic data may be obtained from computer files by using the
U.S. Geological Survey identification number. Inquiries regarding availa-
bility of such data may be made to the U.S. Geological Survey District Office
in Tallahassee, Florida.
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SHALLOW-AQUIFER SYSTEM

Ihe shallow-aquiter system overlies the Floridan aquiter and consists
chiefly of sand, clay, sandy clay, and limestone. It ranges in thickness
trom about 300 ft in the south-central part of the county to about 600 ft
in the northcentral part (figs. 2 and 3). The deposits between about 150
tt below land surface and the top of the Floridan aquifer are mostly clay
and sandy clay interbedded with thin, discontinuous layers or local lenses
of limestone and sand. Aquifers within that zone are not usually depend
able sources of water. Because the shallower zone is generally more pro
ductive and less expensive to develop than the deeper zone, this study
describes only the upper 150 ft of the shallow-aquifer system.

The sediments from land surface to a depth of about 25 to 50 ft comprise
the water table zone. Below the surficial sands of the water table zone,
heds of lower permeability occur in most parts of the county. These beds
are underlain by the principal shallow water-bearing zone, a limestone bed
40 to 100 tt below land surface. This limestone is absent along the coast
and locally in the south-central part of the county. In those areas the
principal shallow water-bearing zone is a medium- to coarse-grained sand.

Ihe principal shallow water-bearing zone is known locally as the shallow-rock

aquiter.

The permeability of the beds between the water table zone and the
shallow-rock aquifer zone varies widely throughout the county. In some
areas the shallow-rock aquifer is contined and is under artesian or leaky-
artesian conditions, whereas in other areas the water table and shallow-rock
zones function as a single hydrologic unit.

SHALLOW=AQUIFER TESTS
Method

Thirteen test sites were selected in Duval County (fig. 1, table 1)
to better define the hydraulic characteristics of the shallow system. Two
shallow-rock wells and one or two water-table wells were drilled at each
site. Because little was known about the thickness of water-bearing zones,
hydraulic characteristics, and yield of the shallow aquifer system, instru-
mentation and the tests were simplified so maximum areal coverage could be
obtained with available funding. Well logs showing well design, water level
on tbhe date of drilling, lithology, and principal aquifer at each site are
depicted tn tigure 4. The logs were prepared from driller's logs and exam-
ination of well cuttings. The completion depths of the shallow-rock wells
range from 46 ft to 104.5 ft except at site 10 where they are 210 and 241
ft. Mud-filled cavities in the limestone at depths ot 100 to 120 ft at
site 10 made it necessary to drill the wells deeper to obtain clear water.
the water table wells are 3.2 to 30 ft deep. Pertinent drilling and well-

construction information for each site is listed in table 2.
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West
100",

East
— 100"

} Land surface

Water table zone
Sea --’_—‘——-_-——-———-‘__-.— s..
Level Post-Hawthorn Formations ~~~ Level

100"_]
200
300"
z.oo'—w
500" —

L Shallow-rock zone _ _ _ ___

-~__-~
-
g -

b

— 100"

-—___---
-
~

.--—---‘———J

— 200"

— 300"
Hawthorn Formation

(Miocene)
L 400"
— 500"
Ocala Limestone (Eocene) 600"

600"

Geohydrology modified from Fairchild, 1972.

Explanation--Dashed lines represent approximate lower limit of the
respective shallow-aquifer zones.

Sertes Formation

Holocene Holocene
and
Plelstocene

Pletstocene Deposits

Pliocene
Pliocene or
ot Upper Miocene
Miocene Deposits

Hawthorn
Miocene
Format ton

Lithologic Description

Sand, tan to vellow, loose, medium to tine quartz, sometimes with shells
and/or minor clay content--often has hardpan layer of {ron oxide
cemented, rusty red to dark brown medium to tind sand in upper part ot
section--source of water to shallow sandpoint wells.

Upper part-tan to buft, tine to coarse sand and gray to light gray sandy
clay, clayey sand, and shell beds; clay often contains abundant mol lusk
shells.

Lower part-limestone, tan to yvellow, often highly sandy, porous, and
cavernous--also few thin beds of brown crystalline, dolomitic, lime
stone--section (s major source of water to shallow wells.

Gray to blue-green and olive-green clay, sandy clay, and sandy limestone
usually phosphatic with abundant, well-rounded, polished, granules and
pebbles of phosphate. Format{on not usually considered a good source
of water; some wells tap lenses of sand and li{mestone {n the upper part.

Figure }.--Schematic geohydrologic section showing stratigraphic units of the
shallow-aquifer system.
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Site 10 EXPLANATION
Depth,
B Land surface
- o o Static water level
)
ell casing |
l creen
40
Open hole
(318
- T [
I
! -
80 _L%;t;
Limestone
= .
100 |
1 PN ~ N~ ]
o i ~—~ A 1
e ~N N |
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140— —— =
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Filgure 4.--Well logs showing well design and geohyvdrology of the shallow-rock
and water-table aquifers at the shallow aquifer test sites.
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At each site, one shallow-rock well was pumped and the other wells were
used as observation wells. The aquifer tests varied in length from 1.7 hours
to 13.5 hours at pumping rates of 4 to 45 gal/min (gallons per minute). Data
from the shallow-rock aquifer tests are summarized in table 3. !

After the completion of the shallow rock-aquifer tests, one water-table
well was pumped at each site. Except at site 2, the tests were of short
duration because low yields indicated that the water table zone would not

be a useful source of municipal or industrial supply. At site

2, the water-

table well yielded a relatively large quantity of water and was sumped for

a longer period. The water-table zone at site 2 is composed of a permeable {
shell bed which yielded more water than the shallow-rock zone. Except for

well yields no data from the water-table tests are reported herein.

Analyses of Aquiter Tests

Because the shallow-rock aquifer zone in Duval County is relacively
thin, heterogencous, and discontinuous, the aquifer characteristics deter-
mined are approximate and are valid only for the site tested. They cannot
be used to designate broad areas of high or low potential ground-water
vield. For the same reason, the yields which might be observed after
long-term (many days) pumping probably cannot be predicted accurately
from the aquifer parameters determined in this investigation.

Several factors limit the accuracy with which the shallow-aquifer tests
can be analyzed. First, pumping stress was limited by small well casings
(2-in diameter) and by use of a suction pump (limited to about 25 ft of
pumping lift). Also, the shallow-aquifer system in Duval County cannot
be described accurately as either an unconfined or a leaky confined aquiter
for the purpose of mathematical analysis. A comparison of depth-to-top of
shallow-rock zone and water level of wells in table 3 shows that the water
level at each site rises above the top of the principal water-bearing zone
owing to confining pressure. However, the beds which overlie the shallow-rock
zone are thin and discontinuous and do not form a uniform confining bed
which is assumed to be present in a confined aquifer system. Finally, the
response of the surficial aquifer system to pumping will differ from
theoretical responses because the aquifer is not homogencous and because
the principal water-bearing zone is not continuous over a large area. For
these reasons conventional analytical techniques did not yield consistant
results.

A method of estimating transmissivity (the rate at which ground water
is transmitted through a unit width of an aquifer under a unit hydraulic
gradient) using the specific capacity of a well was described by Theis
(1963) and Brown (1963). In this method a variable T' can be calculated ',
and transmissivity estimated from a family of transmissivity curves plotted ]
on a scale of T' versus specific capacity (Theis, 1963, fig. 99). For “
water table aquifers

T' = ¢ (K - 264 lngl() 58 + 264 lnp;lol)
(Theis, 1963, p. 333)



For artestan aquiters

T' « C (K - 264 l"-"‘ll) (H8 X ll\‘) t Jod lngl) t)
(Brown, 1963, p. 33)) {

where C = apecitic capacity, gal/min/tt
K = a tactor depending on distance trom the pumped well
t = l(‘l\glh ot the tent, Jdavs,

Caleulatfons of tvansmiasivity were made for all sites using both the
artestan and water-table tormulas.  Attestan cond{tfons generally predomfnate
(except at sfite 5, (table 1)) but {1t s asaumed that the values calculated
bracket the tranamfasivity of the aquiter. Values of T' were also caleulated
widng the apecitic capacity of the observation wells an a cross check to help

determine tt losses due to turbulence wete a tactor (n the caleulat fons. At
most sites both calculattons of transmiss{ivity were consistant . At alte 4,
however, turbulent tlow probably occurred.  Caleulated transmisstivity values

tanged from about 250 (07 "day o oa maximum ot about 1300 (¢~ ‘day, assuming

tull artestan condttions,

Lo some arveas, pumpiog the shallow-rock zone caused drawdowns (o the
water-table wells (table 1) s (ndtcaten that the beds between the
water table and the shallow rock sones ave highly permeable, an fwpovtant
consfderatfon (t the water table zone (s susceptible to pollution trom,
tor example, septic tanks, storm vrunott, ov brackish water.

WATER LEVELS AND RECHARGE

Recharge to the shallow aquiter svatem occurs by downward percolat fon
ol preciplitatton, and, (n some areas, by upward leakage fvrom the undevlving
Flovidan aquiter. The ddtterence between the water levels (n the waten
table and shallow-rock zones and (o the Flortdan aquiter (ndfcates the
drectton ot the vertical hvdraul{c gradfent (table 4).  An upward gra
dient would tndicate upward leakage: and a downward gradient , dowaward
leakape. the teat altes with a downward hydraulic gradfent between the
shallow rock zone and the Flor{idan aquiter cofnefde, (n gencral, with
areas of recharge to the Flovidan aquiter an mapped by Causey (1975%)
(fig. 3).

Although the hydraulic relationship between the shallow-rock zone
and the under iy fng Flovtdan aguiter was not fnvestigated in this study,
some hyvpotheses can be made.  Shovt-term pumping of the shallow-aquiter
system probably has a negligible ettect on the potent fometric surtace
of the Flortdan aquiter.  However, (n aveas where the potentiomety (o
surface of the Flovrtdan aquiter (s lowet than that ot the shallow-tock
cone, pumping the shallow-rock zone could reduce recharge to the Flootdan
ut et Alaso, (f watet levels (o the shallow-tock zone werte lowered (n
areas where upward leakage trom the Flovfdan aquiter occurs, the magndtude
ot the upward gradlent would {nervease, petrhaps tesult {ng (0 (ncreased upward
leakage trom the Flovidan aquiter.  Caleulating the eftfect of such changes (o
leakage on the potentfometric surface of the Flovidan aquiter (s a complex

v

« )
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problem not within the scope of this study. However, if large quantities
of water were pumped from the shallow aquifer system over a large area, and
pumpage from the Floridan aquifer were not decreased, the potentiometric
surface of the Floridan aquifer might decline.

Seasonal fluctuations in water Jaevels in the two shallow zones and
in the Floridan aquifer are also apparent in table 4. Rainfall in Jack-
sonville in 1976 (fig. 6) was less than average and more erratically dis-
tributed in time than usual. In general, however, water levels were lower
at the end of the dry season (May) and rose with the onset of the summer
wet season. Water levels rose at some sites and declined at others, depending
upon their proximity to recharge areas, withdrawal areas, and the areal
distribution of raintall.

AVAILABILITY OF WATER

Yields from the shallow aquifers vary from place to place within the
county owing chiefly to variations in lithology of the saturated sediments.
The water-table zone, comprising sediments from land surface to a depth of
about 25 to 50 ft, yields 10 gal/min or less to 2-in diameter wells in most
parts of the county. At site 2 the water-table well taps a shell bed at a
depth of about 10 ft below land surface and yields 40 gal/min.

The shallow-rock zone yields as much as 200 gal/min to individual wells;
the maximum yield in most parts of the county is between 30 and 100 gal/min.
Table 5 lists maximum potential yields from the shallow-rock zone. The vields
are based on specific capacities obtained by pumping from 2-in diameter wells
with a shallow~well pump which has a maximum intake 1ift of about 22 to 25
feet. The table lists both the maximum yields for artesian conditions and
for water-table conditions at each site. Under artesian conditions, vield
is directly proportional to drawdown as long as the potentiometric surtace
does not drop below the top of the aquifer. Yield was calculated based on
the Thiem equilibrium formula (Ferris and others, 1962, p. 91) and the max-
imum available drawdown (drawdown from the static water level to the top of
the principal water-bearing zone). Yield is not proportional to drawdown
in a water-table aquifer because part of the aquifer is dewatered during
pumping. Maximum available drawdown is the difference between the static
water level in the well and the level at which the well would go dry. A
graphic technique described by Johnson (1966, p. 107) which relates draw-
down, yield, and specific capacity, was used to calculate the maximum poten-
tial yield for water-table conditions. As mentioned previously, the shallow-
rock zone cannot be analyzed accurately as either an unconfined or confined
aquifer. However the potential yields for artesian and water table condi-
tions as shown in table 5 will bracket the potential yield at each site. The
variation in yield from predictions for either water-table or artesian con-
ditions is a function of the variation in vertical hydraulic conductivity of
the overlying beds.

T ————

Yields could be increased by increasing the diameter of the wells.
Increasing well diameter from 2 fnch to 8 inch would increase the yield
about 14 perceant, according to Johnson (1966, p. 107). A more important
factor would be decreased friction loss in the larger pipe. Anderson
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(1975, p.34) reports that for a pumping rate of 40 gal/min in a 2-inch
pipe, friction head loss would be about 4 ft, while in a 8-inch pipe,
friction loss would be effectively zero.

These potential maximum yield rates are based on pumping tests of less
than 24 hours duration. As stated in the section on analyses of aquifer tests,
the rates may be different from those obtained from tests of larger wells and
of longer duration.

Some speculations about water levels after long-term pumping were made
for the lower and upper range of calculated transmissivity. Using the Theis
equation for nonsteady flow without vertical leakage, curves were plotted {
showing estimated drawdown after 30 days of pumping at rates of 10 and 50 &
gal/min (fig. 7). For these calculations an artesian value of storage
coefficient of 2x10™% was used. Although actual drawdown would be expected |
to be less because leakage undoubtedly occurs, by comparing the estimated
drawdowns with the maximum available drawdowns from table 5, it can be seen
that at some sites water levels would drop below the top of the aquifer
and artesian conditions would no longer apply. The relationship between
drawdown and distance is of interest because it gives information about
how wells should be spaced to avoid interference.

The pumping rates obtained and low values of transmissivity determined
tor the 13 sites, together with the fact that the shallow-rock zone is thin
and heterogeneous, show that the shallow-rock zone is not similar to the
Floridan aquifer as a major source of freshwater. However, shallow-rock
wells have been used successfully for many years for domestic supply and
are an important supplemental source of water in Duval County.

QUALITY OF WATER

[ Information from this investigation and from a report by Fairchild (1972)
indicate that the water in the shallow aquifers generally is acceptable for
most domestic, commercial, and industrial uses although in some places in the
county, iron concentration is high and the water is hard.l/ Field analyses
of water from the 13 sites are listed in table 6 and laboratory analyses in
table 7.

The general distribution of water with given hardness, and dissolved
solids, chloride, and iron concentration in water in the shallow aquifer
system in Duval County is shown in figures 8, 9, 10, and 11. Local vari-~
ations in quality may occur because of the heterogeniety of the aquifer
system.

1/

~"Water having an iron concentration in excess of 0.3 mg/L generally stains
laundry and plumbing fixtures, and may have an undesirable taste. Hardness
of water is classified by the U.S. Geological Survey (Durfor and Becker,
1964) as soft, up to 60 mg/L; moderately hard, 61 co 120 mg/L; hard, 121 to
180 mg/L; and very hard, over 180 mg/L.
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SUMMARY

Duval County, which occupies about 840 mi? in northeastern Florida,
has a humid semitropical climate and an average annual rainfall of about
54 in. The area is mostly flat with salt marshes along the coastal part
of the county and many freshwater swamps in the remainder of the county.

The shallow-aquifer system in Duval County overlies the Floridan aquifer,
and is composed chiefly of sand, clay, sandy clay, and limestone. It ranges
in thickness from about 300 to about 600 ft in Duval County. The upper 150
tt of deposits, which are the most dependable source of water, comprise
the water-table and shallow-rock zones of the aquifer system. The water-table
zone is composed mostly of sand from land surface to a depth of about 25 to
50 ft. The shallow-rock zone extends below the water-table zone to a depth
of about 150 ft and is composed of sand, clay and limestone.

Aquifer tests were conducted at thirteen sites in Duval County. The
shallow-rock zone tests ranged in length from about 2 hours to more than
13 hours. The water-table zone tests were of short duration because of
low yvields, except at site 2 where the water-table zone yield was high.
Analyses of pumping tests are considered valid only for the sites tested
because the lithology of the shallow aquifer system is heterogeneous and
some beds are discontinuous. Testing of any prospective shallow-rock-zone
well sites using the methods described in this report would be useful to
determine the availability of water at those particular sites.

Transmissivity of the shallow-rock zone is several hundred ftz/day.
The field pumping rates and low estimated values of transmissivity show
that although the shallow-rock zone is not nearly as productive as the
Floridan aquifer as a source of potable water, it is an important supple-
mental source of water supply in Duval County.

Yields from the shallow aquifers vary from place to place within the
county owing chiefly to variations in lithology of the saturated sediments
and rock. The principal shallow water-bearing zone, a limestone bed 40
to 100 ft below land surface, yields as much as 200 pal/min to wells; the
average maximum yield at most of the sites tested is between 30 and 100
pal/min. Yields can be increased by increasing the well diameter. The
water-table zone generally yields 10 gal/min or less.

Water in the shallow aquifer system in Duval County is generally of
acceptable quality for most uses but in localized areas it may have a high
iron concentration and be very hard. The iron concentration exceeded 0.3
mg/L in water from efther the water-table zone or shallow-rock zone, or both,
at 7 of the 13 aquifer test sites. The hardness of water from the shallow
aquifer system ranges from soft (less than 60 mg/lL) to very hard (more than
180 mg/L), but is very hard in most parts of the county.
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