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CONVERSION FACTORS AND VERTICAL DATUM

CONVERSION FACTORS
Factors for converting inch-pound units to the International System (SI) of units are given below:
Multiply by To obtain
Length
inch (in.) 25.40 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi2) 2.590 square kilometer
Volume
gallon (gal) 3.785x10™ cubic meter
3.785 liter
Flow
gallon per minute (gal/min) 6.309%107 cubic meter per second
0.06309 liter per second
million gallons per day 0.04381 cubic meters per second
(Mgal/d) 43.81 liter per second
cubic foot per second (ft*/s) 0.02832 cubic meter per second
Transmissivity
foot squared per day (ft2/d) 0.09290 meter squared per day

Hydraulic conductivity

foot per day (ft/d) 0.3048 meter per day
Leakance
gallon per day per cubic foot 0.1337 meter per day per meter
[(gal/d)/ft3]
foot per day per foot [(ft/d)/ft] 1.000 meter per day per meter
or, in reduced form (day'l)
VERTICAL DATUM

In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NG VD of 1929)--a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.



SELECTED GROUND-WATER DATA AND RESULTS OF
AQUIFER TESTS FOR THE UPPER FLORIDAN AQUIFER,
BRUNSWICK, GLYNN COUNTY, GEORGIA, AREA

By L. Elliott Jones and Morris L. Maslia

ABSTRACT

Ground water in the Brunswick, Glynn County,
Georgia, area has been the topic of a number of studies
since wells were first used as a source of fresh-water
supply more than one hundred years ago. Ground-
water withdrawal has resulted in a decline in ground-
water levels of more than 50 ft in wells open to the
Upper Floridan aquifer near centers of pumping in
Brunswick. Chloride contamination of the Upper
Floridan aquifer in the Brunswick area as a result of
pumping has been documented since the early 1960’s.
By the middle 1980’s, chloride contamination had
broadened so that within a five-square-mile area in
Brunswick, water pumped from this aquifer had a
chloride concentration exceeding 250 milligrams per
liter (mg/L), and some wells within that area yield
water having a chloride concentration exceeding
2,000 mg/L.

The U.S. Geological Survey (USGS) has collected
and maintains an extensive record of data relating to
ground-water conditions in the Upper Floridan aquifer
in the area. The data were collected as part of various
studies in the Glynn County area, and exist in several
forms, including, but not limited to: well-location and
construction information; geophysical logs; water
levels; and chloride concentration. In this report, well
locations and available construction information are
tabulated for 758 wells in Brantley, Camden, Glynn,
Mclintosh, and Wayne Counties, Ga. The altitude of
characteristic markers on natural-gamma geophysical
logs are tabulated for area wells that have been logged.
Ground-water level mm wells and chloride concen-
tration in ground water change over time; and thus,
long-term records of water levels and chloride concen-
tration are plotted for representative wells to illustrate
trends, For several historical time periods, all available
water-level and chloride-concentration data are tabu-
lated for wells in the area. These data can be used to
estimate regional ground-water conditions over time.

In 1978, a 2,720-foot-deep well was drilled on
Colonel’s Island in southern Glynn County to identify
the source of saltwater intrusion into the Upper
Floridan aquifer and montitor water quality with depth.
The relation between chloride concentration in ground
water and the depth of the sampling point is plotted for
the Colonel’s Island well.

Aquifer properties of the Upper Floridan aquifer
were determined from analyses of short-term declines
in water levels after increases in pumping rates.
Results of these analyses are summarized herein.

INTRODUCTION

Saltwater is intruding into the Upper Floridan
aquifer in the Brunswick area due to the lowering of
the potentiometric surface as a result of ground-water
withdrawal (Wait, 1965; Gregg and Zimmerman,
1974; Krause and Randolph, 1989; Maslia and
Prowell, 1990). The Upper Floridan aquifer is the
principal source of water supply in the area.
Understanding the relations between ground-water
withdrawal, lowering of the potentiometric surface,
and movement of saltwater is necessary to effectively
manage ground-water resources.

In the late 1950s, the U.S. Geological Survey
(USGS) entered a cooperative agreement with the city
of Brunswick, and Glynn County, Ga., to provide
information on the Upper Floridan aquifer in the area.
This information could be used to mitigate or reduce
saltwater intrusion and to evaluate other ground-water
and surface-water sources to determine their
suitability for future water supply. As part of this
agreement, the USGS has inventoried a large number
of wells in the area; conducted numerous borehole
soundings to provide geophysical information;
constructed new and modified old wells to create a
monitoring network; installed automatic recorders to
monitor water levels continuously; periodically
measured water levels in selected wells to characterize
the potentiometric surface and its variation over time;
and sampled water in selected wells to determine the
change in ground-water quality over time.

In 1978, a deep test well was drilled on Colonel’s
Island, southwest of the city of Brunswick. One of the
primary objectives of the test drilling was to define the
source of saltwater that was contaminating the Upper
Floridan and underlying aquifers. The test well was
drilled to a depth of approximately 2,720 ft, and
penetrated the entire thickness of Tertiary sediments.



Purpose and Scope

The purpose of this report is to present selected
ground-water data and aquifer properties of the Upper
Floridan aquifer in the Brunswick, Glynn County, Ga.,
area. Although much of the data herein have been
included in one form or another in other publications,
a primary intent of this report is to present hydrologic
data and conditions over time. Additionally, having
the data, without interpretation, as the topic of a report
allows a thorough discussion of their origins,
reliability, accuracy, and limitations, which often is
lacking. An appreciation of these points is critical for
proper data interpretation. Information in this report
can serve as a foundation for future interpretive studies
of ground-water hydrology in the area.

Data presented chiefly are from the Upper Floridan
aquifer, the primary aquifer used in the Brunswick
area and the aquifer in which chloride contamination
has occurred. To fully characterize the aquifer in that
area, however, data from wells open to water-bearing
units above and below the Upper Floridan aquifer are
presented. Also, data from wells throughout Glynn
County and the adjoining counties are included to
illustrate how hydrologic conditions in the Brunswick
area relate to regional characteristics. If available, data
tabulated for each well are: identification (well
number and local name); location; date drilled; depths
of the well and casing; land-surface altitude; and
altitudes of two characteristic markers on natural-
gamma geophysical logs. Periodic water-level data are
tabulated for 11 time periods from 1939-90, and long-
term records of water levels are plotted for
representative wells. Chloride-concentration data are
presented in three forms: a table of periodic data for
seven time periods from 1962-90; plots of long-term
(monthly to semiannual) records for select wells; and
a plot with depth in the Colonels Island well. Analyses
of aquifer tests, which resulted in estimates of aquifer
properties that characterize the Upper Floridan
aquifer, also are summarized herein.

Location of Study Area

The study area is in southeast Georgia in the
Coastal Plain and includes Glynn County and most of
bordering McIntosh, Wayne, Brantley, and Camden
Counties (fig. 1). Tidal marshes cover much of the
coastal counties (Camden, Glynn, and McIntosh),
which include four barrier islands (Cumberland in
Camden County, Jekyll and St. Simons in Glynn
County, and Sapelo in MclIntosh County). The five
counties cover an area of about 2,579 mi? (Hodler and
Schretter, 1986) and, in 1990, had a population of
134,740 (U.S. Bureau of Census, 1991) (table 1). In
Glynn County, there are two principal urban areas, the
city of Brunswick and the southern part of
St. Simons Island.

Table 1. Area and population of study-
area counties

Count Area Population

y (square miles)l (1990)2
Brantley 445 11,080
Camden 650 30,170
Glynn 412 62,500
McIntosh 425 8,630
Wayne 647 22,360
TOTAL 2,579 134,740

I'Hodler and Schretter, 1986.
2U.S. Bureau of Census, 1991.

Previous Investigations

The first investigations of the ground-water
resources of the Glynn County area were conducted by
McCallie (1898, 1908) as part of regional studies.
Construction data for municipal and privately owned
supply wells were described by Stephenson and
Veatch (1915). Warren (1944) presented maps of the
potentiometric surface of aquifers in the Coastal Plain
prior to development in 1880 and for 1942. Warren
(1945) also presented an inventory of wells listing
construction data, water levels, and well yields for the
entire coastal area of Georgia. Wait (1962, 1965);
Wait and Gregg (1973); and Gregg and Zimmerman
(1974) presented water-level and water-chemistry data
and investigated the occurrence of chloride con-
tamination in the Brunswick area. Krause and others
(1984) established an inventory of available wells that
could be used for monitoring purposes and proposed
sites for installation of additional monitoring wells in
the coastal area. Since 1977, annual USGS ground-
water data reports present continuous water-level data
from observation wells and depict interpretations of
periodic water-level and chloride-concentration data
for most years in the form of potentiometric-surface
and chloride-concentration maps (USGS, 1978;
Clarke and others, 1979; Matthews and others, 1980,
1981, 1982; Stiles and Matthews, 1983; Clarke and
others, 1984, 1985, 1986, 1987, Joiner and others,
1988, 1989; Peck and others, 1990; Milby and others,
1991; Peck and others, 1992; Peck and Cressler, 1993;
and Joiner and Cressler, 1994).

Hydrogeologic Units

The unconfined surficial aquifer is in undifferen-
tiated Pliocene- to Holocene-aged sand, gravel, clay,
shells, limestone, and marl that extend from land sur-
face to a depth of about 75 ft (Randolph and Krause,
1990) (fig. 2). Interbedded sand, clay, and limestone,
and sandy, phosphatic limestone and marl of Miocene
age (Hawthorn Formation) extend from about 75 to
505 ft. Two water-bearing zones (identified by Clarke
and others (1991) as the upper and lower Brunswick
aquifers) are in the Miocene-aged sediments.
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Construction data (dates drilled, casing and well
depths) compiled from USGS records are given in
table 2 (at the end of this report). Dates drilled were
reported by the well owner or driller. Depths of casings
and wells are values either reported by the owner or
driller, or measured during USGS logging operations.
Though some construction data are not available, the
data given in table 2 are as complete and up-to-date
as possible.

Altitudes of land surface at each well were
estimated and are listed in table 2 (at the end of this
report). Some land-surface altitudes were estimated by
leveling (considered accurate to within +0.01 ft), and
are reported in table 2 to the nearest 0.01 ft. All other
land-surface altitudes, which are reported in table 2 to
the nearest foot, were estimated by interpolation of
topographic contours on USGS 7 1/2-minute
quadrangle maps. These estimates generally are
considered accurate to within one-half the contour
interval (U.S. Geological Survey, 1975), which is 5 ft
on quadrangle maps in the study area, or within +2.5
ft. However, estimation errors could be as much as five
feet or more, considering the accuracy of the location
on the quadrangle maps and the possibility of well-site
alteration between the well-construction date and the
map-publication date. Publication dates of the 41
quadrangle maps used in the estimation of land-
surface altitudes all precede 1981 (only one has since
been photo-revised), and 11 of the dates precede 1962.
Uncertainty associated with the estimation of land-
surface altitudes is transferred to any analyses of well
data based on water-level measurements and
geophysical logs, which depend on an estimation of
the well’s land-surface altitude. An accurate estimate
of land-surface altitude at a well enhances the value of
data measured and logged at that well.

The type of measured data presented in this report
(geophysical, water-level, or chloride-concentration)
is indicated for each well in table 2 (at the end of this
report). Changes in well construction, possible errors
in measured data, and other pertinent information are
noted in table 2 under "Remarks."

NATURAL-GAMMA
GEOPHYSICAL LOGS

In the Glynn County area, three units within the
Miocene strata and one unit at the base of the
Oligocene strata (at the contact with the Eocene
limestone) typically are rich in radioactive elements
(mainly phosphate minerals) and have characteristic
expressions (spikes) on natural-gamma geophysical
logs (Wait, 1962) (fig. 2). These contacts probably
represent a depositional hiatus (unconformity) of con-
siderable time, because such a hiatus in an open marine
environment is commonly marked by a bed of radio-
active phosphatic debris (Maslia and Prowell, 1990).

10

The deepest of these units, at the base of the
Oligocene-aged strata, is identified with a "D" on the
natural-gamma geophysical log in figure 2, and is
referred to as the D marker. The altitudes of the D
marker have been identified for a number of wells in
the Glynn County area (Harold E. Gill, USGS, written
commun., 1984), and are listed in table 2 (at the end of
this report). Negative values indicate that the altitudes
of the D markers are below sea level. The deepest
Miocene-aged marker (labeled with a "C" in figure 2,
and referred to as the C marker) is at or near the
contact between Miocene strata and the underlying
Oligocene limestone. The C marker, however, may be
confused with the D marker (the Oligocene-Eocene
contact) where the Oligocene section is thin. An
intermediate B marker and an uppermost A marker
(labeled "B" and "A", respectively, in figure 2) are
thought to mark similar contacts. The B marker
represents a layer that varies considerably in thickness
(1 to 15 ft) and in radioactive intensity. The A marker,
however, is characteristically thin (1 to 3 ft) and highly
radioactive, producing a distinctive spike on natural-
gamma geophysical logs. The altitudes of the A
marker for wells in the Glynn County area have also
been identified (Harold E. Gill, USGS, written
commun., 1984), and are listed in table 2. Negative
values indicate that the altitudes of the A markers are
below sea level.

GROUND-WATER LEVELS

Fluctuations and long-term trends in ground-water
levels can be observed in records of measured water
levels. The USGS maintains records of water levels
measured manually at varying frequency and auto-
matically using continuous water-level recorders.
Water-level data presented in this section are: (1) a
table of water-level measurements for 11 selected time
periods; (2) long-term hydrographs of manually
measured water levels at select wells; and (3) graphs
of monthly mean water levels at pairs of wells
equipped with continuous recorders having one well
open to the upper water-bearing zone and the other
open to the lower water-bearing zone of the Upper
Floridan aquifer. Short-term declines in water levels
resulting from pumping increases can be used to
determine aquifer properties, and several short-term
water-level hydrographs are presented in the section
"Aquifer-test results".

Few ground-water-level measurements are avail-
able in Glynn County before 1938. In the period from
December 1938 to October 1939, the USGS inven-
toried hundreds of wells in Glynn County, and, as part
of this survey, the water level in each well usually was
measured using a pressure gage. Records indicate
nearly all wells open to the Upper Floridan aquifer in
the study area flowed at that time. Published (Meinzer
and others, 1940; Warren, 1945) and unpublished



water-level measurements for that period are listed in
table 3 (at the end of this report, p. 67-84) under the
column "1939". Meinzer and others (1945) reported
several water levels measured in Glynn County in July
1943. These water levels are tncluded with other un-
published measurements in table 3. These early water-
level data are limited to the accuracy of the pressure
gages, which are delicate instruments that decrease in
accuracy due to unavoidable jarring in field conditions
and should be calibrated frequently (U.S. Geological
Survey, 1980). Water levels measured using a pressure
gage are accurate to within no less than 0.5 ft, and may
be subject to errors of as much as several feet,
depending on expertise and calibration frequency.

Manual water-level measurements (usually
monthly) were made by the USGS at many wells in the
study area beginning in the late 1950’s and early
1960’s. A monitoring-well network was established in
the early 1960’s and automatic water-level recorders
were installed at some wells, Since the early 1960’s,
less frequent (usually annual or semiannual) manual
measurement of water levels by the USGS has
continued for a large number of wells in and around
Glynn County to the present (1994). Manual water-
level measurements were made using a variety of
methods and devices. Water levels at flowing wells
were measured using a pressure gage, a mercury
manometer, or simply a vertically extended hose
attached to the discharge point of the well. Water
levels in wells that were not flowing were measured
using a wetted steel tape. Although measurements
made using pressure gages may not be accurate to
within 0.5 ft, measurements made using a mercury
manometer or an extended hose are considered
accurate to within 0.1 ft, and measurements made
using a wetted steel tape are considered accurate to
within 0.01 ft (U.S. Geological Survey, 1980).
Beginning in January 1958, and separated by two- to
six-year intervals, nine time periods having a
substantial number of water-level measurements were
selected and the data are presented in table 3 (at the end
of this report). A negative value in table 3 indicates a
water level below sea level.

Hydrographs of water levels at six wells having a
long period of record (fig. 7) illustrate long-term
trends in water levels in the area. The wells are all open
to the upper water-bearing zone of the Upper Floridan
aquifer and are located in Glynn County away from the
centers of pumping in northern Brunswick. Wells
32HO001 and 32J002 are in western Glynn County; well
34G020 is on Jekyll Island; wells 34H205 and 34H328
are on St Simons Island; and well 34J009 is in northern
Glynn County. Although water levels in wells open to
the upper water-bearing zone of the Upper Floridan
aquifer typically fluctuate more rapidly than the
intervals between measurements, the measured points
are connected by straight lines for visualization.

1

Wells equipped with automatic water-level
recorders provide a more complete record of water-
level fluctuations having measurement intervals that
range from 15 minutes to an hour. Simple statistical
computations can be performed on the recorded water
levels allowing determination of an average condition
for a chosen period. In figure 8, monthly mean water
levels are shown for three pairs of adjacent wells
equipped with recorders in Brunswick. One of the
wells in each pair is open to the upper water-bearing
zone of the Upper Floridan aquifer (on the left side in
figure 8) and the other to the lJower water-bearing zone
of the Upper Floridan aquifer (on the right side in
figure 8). These graphs are intended to illustrate short-
term (seasonal) fluctuations in water levels and
differences in water levels between the two water-
bearing zones. Paired wells 33H133-33H127 are in
northwestern Brunswick; paired wells 34H344-
34H334 are in northeastern Brunswick; and paired
wells 34H371-34H403 are in southern Brunswick.

CHLORIDE CONCENTRATION
IN GROUND WATER

The occurrence and movement of saltwater in an
aquifer can be indicated by the chloride concentration
in ground water sampled from wells open to that
aquifer. The USGS maintains a record of chloride
concentration in ground water sampled periodically
from wells in the Brunswick area since the 1960’s.
Water from most wells open to the Upper Floridan
aquifer in Glynn County has a chloride concentration
of about 20 milligrams per liter (mg/L). In this report,
chloride-concentration data greater than 50 mg/L are
considered elevated with respect to background
conditions in the area. Chloride-concentration data
presented in this section are (1) a table of chloride
concentration in ground water for seven selected time
periods; (2) plots of chloride concentration over time
for wells having elevated chloride concentration; and
(3) a table of wells yielding ground water having less
than 50 mg/L chloride concentration. Also, a plot of
chloride concentration in ground water and depth is
given for the 2,720-foot-deep test well on Colonel’s
Island (well 33H188).

Beginning in the early 1960’s and continuing to the
present day (1994), chloride concentration was
measured in water sampled periodically from a
number of wells in the Glynn County area. Samples of
water were collected from wells that were pumped
sufficiently to remove at least two casing volumes.
The source of the water is the entire open interval of
the well (see table 2, at the end of this report). Prior to
1966, water samples were analyzed at the laboratories
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of Hercules, Inc.,’! (then Hercules Powder Company)
in Brunswick. After 1966 but before 1983, chioride
concentration was determined by the USGS using field
titration with silver nitrate. Since 1983, all water
samples were analyzed at the USGS laboratory in
Ocala, Fla. Beginning in 1962 and separated by three-
to six-year intervals, seven time periods were selected
and chloride-concentration data are given for each
period in table 4 (at the end of this report, p. 85-91).

Chloride-concentration data of water from wells in
the Brunswick area were reviewed for elevated
chloride concentration (more than 50 mg/L). Eighty-
eight wells open to the Upper Floridan aquifer, and six
wells open to zones below the Upper Floridan aquifer
(more than 1,200 feet) had at least one elevated
measurement. For each well in these two categories,
chloride concentration over time is plotted in figures
9-23 and figure 24, respectively (at the end of this
report. p. 92-107). Although chloride concentration
may fluctuate in the intervals between sample-
collection periods, measured points on these plots are
connected by straight lines for visvalization. Two
wells, 33H108 and 33H117, had single elevated
chloride measurements (70 mg/L in November, 1976;

TAny use of firm names is for descriptive purposes
only and does not imply endorsement by the U.S.
Government.

and 91 mg/L in July, 1966, respectively) which were
not plotted. Wells having a record of chloride
concentration near background levels (less than
50 mg/L) are useful in delineating the maximum areal
extent of elevated chloride concentration. Such wells
in the Brunswick area are identified in table 5 along
with the period of record and maximum recorded
chloride concentration.

During the drilling of the 2,720-foot-deep test well
on Colonel’s Island (33H188), water discharging from
the well bore was sampled every 5 to 10 ft below a
depth of 645 ft. Chloride concentration in the water
samples is plotted with depth in figure 25. These
chloride-ccncentration data probably reflect the
"weighted" quality of the water in the formation at the
depths shown; however, water can enter the well bore
over the entire open interval. In an inset in figure 25,
chloride concentration for the depth interval 645-
2,145 ft is plotted at an expanded horizontal scale to
better illustrate its variability in this interval. A sharp
rise in chloride concentration is evident in the interval
2,145-2,320 ft, indicating an interface between
comparatively freshwater above and saltwater below.
At 2,145 ft, the measured chloride concentration was
282 mg/L, at 2,150 ft, it increased to 2,716 mg/L, and
at a depth of 2,320 ft, the chloride concentration
reached 16,500 mg/L. Freshwater and saltwater
probably are mixed in the depth interval
2,145-2,320 ft.

Table 5. Wells in the Brunswick, Ga., area having near-background chloride concentration

[Period refers to period of record; max. is the maximum chloride concentration for the period of record, mg/L is milligrams per liter]

max., max., max.,
Well Period in Well Period in Well Period in
mg/L mg/L mg/L
33G005 11/84-5/90 41 33H178 4/81-10/93 23 34H097 6/66-10/93 21
33G006 11/84-5/90 41 33H179 11/84-5/90 21 34H130 4/90 20
33G008 3/67-10/93 25 33H180 4/75-3/83 24 34H133 3/81-10/89 33
33G026 11/84 28 33H183 4/81-10/93 25 34H134 3/81-10/93 37
33HO13 11/84-5/90 23 33H190 5/90-10/93 23 34H160 3/81-3/83 24
33HO16 3/81-3/83 22 33H193 5/90 19 34H204 11/84 15
33H038 11/84-5/90 21 33H207 2/83-10/93 26 34H344 3/64-10/93 34
33H101 2/76-5/89 28 33H209 11/84 19 34H358 11/84 18
33H102 12/75-4/93 30 33H210 3/83 18 34H368 4/75-11/84 32
33H103 8/75-10/93 28 33H211 4/85-10/93 21 34H371 10/66-10/93 33
33H104 10/75-10/93 30 33H220 11/85-4/86 31 34H372 7/68-10/93 28
33H105 10/75-10/93 28 34G004 11/84 21 34H381 11/84 16
33H111 11775 20 34G016 10/62 16 34H383 11/84 25
33H112 11/75 42 34G017 9/74-10/88 24 34H392 3/81-5/90 22
33H119 7/66-3/83 27 34G041 5/90 26 34H410 11/84 26
33H135 6/66 24 34HO012 4/93-10/93 28 34H436 1/84-10/93 31
33H139 11/84-5/90 19 34H025 3/81-10/88 30 34H442 11/85-5/90 26
33H141 11/66-10/88 24 34HO062 4/81-3/83 40 34H444 5/90 18
33H164 11/84 18 34HO085 6/66-4/86 30 34H445 10/88-4/93 17
33H173 8/81-3/83 28 34H091 7/67-5/88 45 34H449 5/90-10/93 23
33H175 4/75-11/84 36 34HO095 3/83-10/93 30 34H450 11/90-10/93 18
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AQUIFER-TEST RESULTS

An aquifer test is a method of estimating aquifer
properties from water-level observations in the
vicinity of a pumped well. In this section, equations
are presented for conducting aquifer-test analyses of
confined and semiconfined aquifers. The physical
dimensions of variables used in the equations are
given in square brackets. Following the equation
development, results of four aquifer tests conducted in
the Brunswick, Glynn County, Ga., area are
summarized. All results have been approved by the
Director of the USGS, and are considered the best
available estimates of properties of the Upper Floridan
aquifer and adjoining semiconfining units in the area.

In an infinite, confined aquifer, increased pumping
from a fully penetrating production well will cause the
water level 1n a nearby observation well to decline at a
characteristic rate. Bear (1979, p. 320) expresses
water-level decline (drawdown) in an observation
well, due to a time-varying pumping change, O, in a
production well, as:

1 0 () [ %S

P EO 4T (r— 1)

Jdt, )

—exp
t—7
where,

s is the drawdown [L.] in the observatlon well,

T is the aqulfer transm1ssw1ty [L2T ],1

Q isthe increase in pumping rate [L3T ') at the
production well,

S 1s the aquifer storage coefficient [dimen-
sionless],

r 18 the distance [L] from the production well
to the observation well,

t is the time [T] since pumping started, and

T is the variable of integration [T].

Theis (1935) gives the following solution for (1) when
0 1s constant:

s(rt) = —W(u) (2)

where W( u) is the well function [dimensionless] of
u = Sr’/4T: for a fully confined aquifer (Jacob,
1940). From equation (2), the transmissivity and
storage coefficient are:

r= 2w, 3)
4A7ts

and

S = —u. @
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McElwee (1980) presents a technique and an
algorithm to automatically fit experimental aquifer-
test data to the Theis equation by obtaining the "best"
T and S, in the least-squares sense, using sensitivity
analysis. In this method, initial estimates of 7and S are
made. Then, the change in head that would be
produced by a small change of either T (called AT) or
S (called AS) is expressed as the product of the change
in property value and a sensitivity coefficient (that is,
Ahp=UpAT and Ahg=UAS, respectively). These
sensitivity coefficients are obtained from equation (1)
by applying Leibnitz's rule, and are written:

0 o (-T2,
T2 P 41"’

where,

Ur is the sensitivity coefficient LT for
aquifer transmissivity,

and

os

I’ S
U, = — = _ 6
ST 35 an TS x ( 4Tt) ©

where,

Uy is the sensitivity coefficient {L] for aquifer
storage coefficient.

McElwee (1980) computes these sensitivity
coefficients for each data point consisting of a time
(t,,) and a measured drawdown (s,,,). In addition, using
equation (1), a theoretical drawdown (s,) is determined
for each time a measurement was taken. The original
estimates of 7 and S then are changed by the quantities
AT and AS, respectively, resulting in a better fit of the
measured data. The changes are determined by:

SUTDIF — SUTUS X AS

T = , 7
SSUT 0
and
as - SSUSXSUSDIF - SUTUS X SUTDIF o
SSUSx SSUT— (SUTUS) 2
where,
ssus = Y U(),
i
SSUT = Y U1,
I}
SUTUS = zUS(tl.)UT(ti),
SUSDIF = zUS(r () —s,(r)],and

SUTDIF = ZU,(r,.) [s, () —s,(:) 1.



Using AT and AS to update the previous estimates,
McElwee (1980) repeats the process until the
quantities AT and AS are insignificant, and the "best" T
and S are obtained. To complete the automated Thens
type-curve matching procedure, match point values r
and s , corresponding to chosen values of /4" and
W(u)", are determined from equations (4) and (3),
respectively, using the "best" 7 and S from the
sensitivity analysis.

Most (semi)confining units have some finite
permeability and allow some quantity of water to enter
the aquifer. Considering this, Hantush and Jacob
(1955) derived the following dimensionless equations
for non-steady radial flow in an infinite, leaky
(semiconfined) aquifer:

oo

4nsT 1 '—y—v2
5 =2k~ [ Sew (D)4 )
v2/u
where,

K(2v) is the modified, zero-order Bessel function of
the second kind of 2v [dimensionless], and
v is the variable of integration [dimension-
less],

and,
Ay (10)

where,

v is the parameter [dimensionless] associated
with leakance on Hantush-Jacob leaky-
aquifer type curves,

K’ is the vertical hydraulic conduct1v1ty [LT 1]
of the semiconfining unit, and

b' is the thickness [L] of the semiconfining
unit,

As described by Cooper (1963), if the right-hand
side of equation (9) is represented by L(«,v), equation
(9) may be written:

<
4JtsL (u, v)

T = (11)

where,

L(u,v) is the leakance function [dimensionless] of
u and v.

Rearranging equations (4) and (10), leakance is

expressed as:

K _ v2 _ S(Vz/“)
o= AT =

where,

K'/b' is the leakance [T™'] of the semiconfining
unit,
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Usmg the match-point values (s", L(uv)", .
and v") determined manually by Hantush-J acob type-
curve fitting of time-drawdown data for each
observation well, and applying equations (11}, (4), and
(12), respectively, estimates of transmissivity, storage
coefficient, and leakance can be determined for each
observation well.

In addition to the uncertainty associated with the
estimation of type-curve match points, whether the
curve matching is performed manually or by an
automated procedure, there also can be uncertainty in
estimation of other parameters necessary for
determining hydraulic properties. As noted in the
"Well-site data" section, reported well coordinates
(table 2) are accurate only to within plus or minus five
seconds. Although most reported well locations
probably are more accurate than the five-second
tolerance, there could be substantial error in the
estimation of distances between pumping and
observation wells if latitudes and Iongitudes are used.
Additionally, estimation of the magnitude of pumping
changes may constitute another source of error in
aquifer-test calculations. These estimates often are
based on the rated capacity of the pumps; whereas,
actual capacities of pumps in the field may differ
markedly from their rated capacities.

December 1962 Aquifer Test

The test site is in northwestern Brunswick in the
well field of Brunswick Pulp and Paper Company
(BP&P, now a subsidiary of Georgia-Pacific, Inc.). On
or around December 2, 1962, BP&P placed production
well 33H118 into continuous operation. In January
and February 1963, BP&P also began using
production wells 33H112, 33H113, and 33H114. All
the pumped wells are open to the entire thickness of
the Upper Floridan aquifer (upper and lower water-
bearing zones). To calculate the hydraulic parameters,
a centroid of pumping is assumed 1o be located at well
33H118 and all pumping was assumed to start on
December 2, 1962 (L. Elliott Jones, USGS, written
commun., 1993). Water-level measurements are not
available for the pumped wells. Sixteen observation
wells in Glynn County ranging from 15,400 to 71,400
ft (2.9 to 13.5 mi) from the centroid of pumping were
used for this aquifer test. The observation wells are
listed in table 6, and construction data for all the wells
are listed in table 2. Latitude and longitude estimates
for all wells are assumed accurate to within plus or
minus one second; thus, the distances to the centroid of
pumping in table 6, which are based on those
estimates, are considered accurate to within about
+200 ft. All observation wells were open to the upper
water-bearing zone of the Upper Floridan aquifer,
although wells 32H024, 32H026, and 33H003 also
were open 1o strata overlying the upper water-bearing
zone. At the time of the test, all the observation wells
were flowing (artesian conditions).



Table 6. Match-point values and computed aquifer-property values for the December 1962 aquifer test,

Glynn County, Ga.

[Centroid of pumping assumed at well 33H118 (lat 31°10°08”N., long 81°30°58”"W.); total pumpage, about 20 million gallons per
day; (-), dimensionless; match-point fit: E, excellent; G, good; F, Fair]

Distance to

Match-point values T

Well number ce?troid W p W] s . (feet squared per (‘?)
(Feet) ) (days) ) (feet) t day)
32H024 48,600 1.0 15.1 1.0 1.91 E 111,000 2.8x107
32H026 38,400 1.0 25.6 1.0 3.22 G 66,000 4.6x1073
32J002 71,400 1.0 107 1.0 4.39 F 48,000 4.1x1073
33H003 28,800 1.0 39.4 1.0 3.29 G 65,000 1.2x1072
33H036 20,500 1.0 12.4 1.0 3.67 G 58,000 6.8x107
33H052 19,300 1.0 4.40 1.0 2.39 F 89,000 4.2x1073
33H078 15,800 1.0 12.0 1.0 3.26 E 65,000 1.3x102
34G013 52,800 1.0 35.3 1.0 2.30 F 92,000 4.7x1073
34G017 36,100 1.0 16.6 1.0 3.55 F 60,000 3.1x1073
34H097 15,400 1.0 2.48 1.0 1.33 E 160,000 6.7x10°3
34H205 39,700 1.0 37.7 1.0 3.17 E 67,000 6.4x107
34H328 43,400 1.0 16.4 1.0 2.94 G 72,000 2.5x1073
34J001 61,200 1.0 6.58 1.0 1.97 G 108,000 7.6x107
341009 53,400 1.0 3.42 1.0 1.49 E 143,000 6.8x10™
35H012 49,500 1.0 28.4 1.0 3.82 G 56,000 2.6x1073
35H037 44,700 1.0 48.0 1.0 3.86 G 55,000 5.3x107

From December 1962 through August 1963,
monthly and bimonthly water levels were measured at
all observation wells using a manometer. Hydrographs
of water levels in all observation wells are shown in
figures 26, 27, and 28. Although water levels in the
Upper Floridan aquifer typically fluctuate over periods
that are shorter than the intervals between measure-
ments for this test, the points on the hydrographs are
connected with straight lines for visualization.

Although the magnitude of the pumping increase
created by bringing four BP&P wells into production
is unknown, an estimate of 20 Mgal/d is used for the
December 1962 aquifer test. This estimate 1is
determined by comparison of water-level response
following the December 1962 through February 1963
pumpage increase with water-level response following
a pumpage reduction in July 1982, which is known to
have been about 15 Mgal/d. In nearby wells, the total
recovery in 1982 was about 75 percent of the total
drawdown in 1962-63. The estimated 20 Mgal/d
pumpage increase is assumed to have begun on
December 2, 1962, and the centroid of pumping is
assumed to be located at well 33H118, which is near
the center of the four-well cluster. Because individual
pumping rates for the four production wells are
unknown, determination of a weighted-average
location for the centroid is impossible.

18

Transmissivity and storage coefficient for the
December 1962 aquifer test are computed from time-
drawdown data for each observation well using the
automated procedure of McElwee (1980), which is
based on the Theis non-leaky aquifer model for a fully
penetrating well. U*sing ihe*compuied T and §, match-
point values (W(u) , 1/u , s , and t ) are calculated for
each observation well from equations (3) and (4).
Time-drawdown plots for the observation wells are
plotted with the corresponding Theis type curves (fig.
29), and the quality of fit for each well is rated
as follows:

excellent. . all data points closely match the type

curve;

good..... one or two data points fall off the type
curve; and

fair...... more than two data points fall off the

type curve, making determination

of wunique match-point values
questionable.
Match-point  values, quality-of-fit rating, and

computed aquifer-property values for each of the
observation wells are summarized in table 6. Using the
estimated pumpage of 20 Mgal/d, transmissivity for
the December 1962 aquifer test ranged from 48,000 to
160,000 ft2/d and had a geometric mean of 82,000
ft2/d. Storage coefficients ranged from 6.8x10™ to
1.3x10°2 and had a geometric mean of 5.0x10°3,
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Figure 26. Monthly water levels, Upper Floridan aquifer, Glynn County, Ga., 1962-63, in observation wells
32H024, 32H026, 32J002, 33H003, 33H036, and 33H052.
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Figure 27. Monthly water levels, Upper Floridan aquifer, Glynn County, Ga., 1962-63, in observation wells
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Figure 28. Monthly water levels, Upper Floridan aquifer, Glynn, County, Ga., 1962-63, in observation wells
34J001, 34J009, 35H012, and 35H037.
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Figure 29. Logarithmic plots of time and drawdown and matched Theis type curves for the December 1962
aquifer test. (Modified from Maslia and Prowell, 1990)
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For the December 1962 aquifer test, the pumping
wells were open to both the upper and lower water-
bearing zones of the Upper Floridan aquifer and the
observation wells were open to only the upper water-
bearing zone. The contribution of each of the two
water-bearing zones to the total volume pumped is
uncertain. Because of this uncertainty, and the
uncertainty of the total pumping rate, the values of
transmissivity and storage coefficient listed in table 6
are not an absolute characterization of aquifer
properties at any specific well site. This conclusion is
supported by a comparison of these test results with
the results for later, more highly controlled tests
(presented in the next three sections) that relate only to
the upper water-bearing zone and for which pumping
rates are known to be accurate. The importance of this
test is its applicability to an analysis of aquifer
anisotropy, which was discussed by Maslia and
Prowell (1990).

The large scatter of the transmissivity and storage-
coefficient results for the December 1962 aquifer test
may be attributed to several factors. Pumping
variations at wells other than the four BP&P
production wells may have locally influenced the
ground-water-flow system. In an aquifer-test analysis,
pumping at all wells other than the specified
production wells is assumed constant for the duration
of the test. However, there were numerous other
production wells in the study area at the time of the

test, and there may have been considerable pumping
variations capable of locally affecting the flow system.
Also, there may have been substantial leakage from
deeper water-bearing zones. This upward intrusion of
water also may be capable of locally affecting the flow
system. Finally, for the relatively large areal extent of
this aquifer test, it may be inappropriate to consider the
upper water-bearing zone a homogeneous, isotropic,
porous medium.

July 1985 Aquifer Test

The test site is in northeastern Brunswick in the
well field of Hercules, Inc. At about 2:55 p.m. EST on
July 13, 1985, four well pumps were turned on at
Hercules, Inc., after routine well-field maintenance.
The four production wells were all pumped at the rated
capacity of the pumps, which were 1,930 gal/min (well
34H065); 1,580 gal/min (well 34H(073); 3,000 gal/min
(well 34H079); and 1,850 gal/min (well 34H413).
Total pumpage was 8,360 gal/min. To calculate
hydraulic parameters, the total pumpage was
assumed to occur at a centroid, based on a weighted-
average location of the four pumping wells, at
lat 31°09°53.3”N., long 81°2846.7"W. (L. Elliott
Jones and Morris L. Maslia, USGS, written commun.,
1987). Sixteen observation wells ranging from 700 to
12,700 ft from the centroid of pumping were used for
this test. Observation wells are listed in table 7 and
construction data for all wells are listed in table 2.

Table 7. Match-point values and computed hydraulic-property values for the July 1985 aquifer test,

Brunswick, Ga.

[Centroid of pumping located at lat 31°09°53.3”N., long 81°28'46.7”W.; total pumpage, 8,360 gallons per minute;

(-), dimensionless; match point fit: E, excellent; G, good; F, fair]

Match-point values

Well Distance to T S K'/p"
number centroid ¢ Liuv] s v o (feet sguared O (feet per day
(feet) ()  (@ays) O (feey () per day) per foot
33H100 12700 1.0 320 10 17 035 G 75,300 4.2x10™ 2.3x107
33H133 7900 1.0 130 10 205 25 G 62,500 3.6x107 2.5x10™
34H062 2,100 1.0 47 10 20 04 G 64,000 1.9x107 9.5x10™
34H076 1,400 1.0 18 10 22 04 G 58.200 1.5x10% 2.0x10™4
34H078 700 1.0 02 10 23 012 E 55,700 6.3x10™ 6.4x107
34H125 6,100 10 80 1.0 23 20 E 55,700 3.3x10™ 2.3x107
34H344 1,600 1.0 44 10 232 052 E 55,200 2.6x107% 2.3x10™4
34H371 10,500 1.0 295 1.0 185 30 F 69,200 5.1x10™ 2.2x1074
34H374 6300 1.0 100 10 3.1 135 F 41,300 2.9x10™* 7.6x10™
34H392 7900 1.0 110 10 17 225 F 75,300 3.7x10™* 2.4x107
34H205 6,000 1.0 43 10 15 125 G 85,400 2.8x10™ 1.5x10™
34H412 4,000 1.0 19 1.0 20 125 G 64,000 2.1x10™ 2.5x10™
34H424 4200 10 25 10 19 12 E 67,400 2.7x107 2.2x1074
34H425 2,500 1.0 10 10 195 07 G 65,700 2.9x10% 2.1x1074
34H427 5300 1.0 45 1.0 19 175 E 67,400 3.0x10™4 2.9x10™4
34H469 6300 10 71 1.0 20 225 E 64,000 3.2x107 3.2x10%

IRefer to equation (12), p. 17.
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Latitude and longitude estimates for the observation
wells are assumed accurate to within plus or minus one
second; thus, the radial distances in table 7, which are
based on those estimates, are considered accurate to
within about £200 ft.

Manual depth-to-water measurements were made
by the wetted-steel-tape method in observation wells
34H062, 34H076, 34HO078, 34H392, 34H401,
34H412, and 34H425. For the manually measured
wells, the initial measurement interval at the start of
the July 1985 aquifer test was one minute, and the
measurement interval increased to a maximum of
about 18 hours over the course of the test. Continuous
water-level measurements in all other observation
wells were made at regular time intervals ranging from
15 minutes to three hours using digital and analog
water-level recorders. Hydrographs of water levels in
all the observation wells are shown in figures 30, 31,
and 32. Although water levels in the Upper Floridan
aquifer typically fluctuate over periods that are shorter
than the intervals between manual measurements for
this test, the points on the hydrographs of manually
measured wells are connected with straight lines
for visualization.

Time-drawdown plots for each observation well in
the July 1985 aquifer test are matched manually to the
Hantush-Jacob leaky-aquifer type curve (fig. 33).
Using the Hantush-Jacob model for a fully-penetrating
well allows estimation of the parameter v (indicated at
the end of each curve in figure 33), which is related to
leakance K'/b', by equation (12). Match- -point values
(I/u  f, L{uy), s , and v') are determined, and the
quallty of fit for each well is rated as follows:

excellent . . all but one or two data points closely

match the type curve;

good ..... several points of data fall off the type
curve either early in the test or late
in the test; and

fair....... several points of data fall off the type
curve and tidal influences late in the
test make determination of a unique
match-point and leakance values
questionable,

Transmissivity, storage coefficient, and leakance are
computed using equations (11), (4), and (12),
respectively. Match-point values, quality-of-fit rating,
and computed hydraulic-property values for each of
the observation wells are summarized in table 7.
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Transmissivity for the J ul¥ 1985 aquifer test
ranged from 41,300 to 85,400 ft/d (table 7), and had
a geometric mean of 63,100 ft*/d. The low and high
extreme values are for wells 34H374 and 34H401,
respectively, for which the curve fits are rated fair and
good, respectively. Drawdown response at these wells
could have been affected by leakage. The rest of the
transmlssmty values ranged from 55,200 to
75,300 ft%/d.

Storage coefﬁcnents for the July 1985 aquifer test
ranged from 6. 3x107 10 5.1x10™* (table 7), and had a
geometric mean of 2.9x10" 4. The lowest value is for
well 34HO078, which is a Hercules, Inc., water-supply
well. The curve fit for well 34HO078 is rated excellent,
but the well is located close to the pumped wells and
calculated results probably are affected by the
assumption that the total pumpage occurred at a
centroid location. The rest of the storage coefficients
ranged from 1.6x10"* to 5.1x10™.

Leakance (K /b') for the Jul I 1985 aquifer test
ranged from 6.4x107 to 3.2x10°# fy/d/ft (table 7) and
had a geometric mean of 2. 0x107* f/d/ft. These values
are much higher than previous results reported by Wait
(1965) and Wait and Gregg (1973). The pumping
wells described in those reports were open to the upper
and the lower water-bearing zones of the Upper
Floridan aquifer, but the July 1985 aquifer test used
pumping and observation wells considered open to
only the upper water-bearing zone. Although pumping
wells 34HO073 and 34HO079 and observation wells
34H076 and 34H078 were open to a fractured
transition zone between the upper and lower water-
bearing zones of the Upper Floridan aquifer, which
extends from about 890 to 912 ft below land surface
(fig. 2), the wells responded as upper-water-bearing-
zone wells. These wells are considered upper-water-
bearing-zone wells for this analysis. Based on data
from Wait (1965, p. E48), K/b' is about 9x1077 fud/ft
for leakage from the lower to the upper water-bearing
zone and 4x10°7 f/d/ft for leakage from the surficial
aquifer to the upper water-bearing zone in the area of
pumping. Values obtained in this analysis are at least
two orders of magnitude higher than those of
Wait (1965).
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Figure 30. Water-level fluctuations, upper water-bearing zone of the Upper Floridan aquifer, Brunswick,
Ga., July 11-21, 1985, in observation wells 33H100, 33H133, 34H062, 34H076, 34H078, and 34H125.
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Figure 31. Water-level fluctuations, upper water-bearing zone of the Upper Floridan aquifer, Brunswick,
Ga., July 11-21, 1985, in observation wells 34H344, 34H371, 34H374, 34H392, 34H401, and 34H412.
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Figure 32. Water-level fluctuations, upper water-bearing zone of the Upper Floridan aquifer, Brunswick,
Ga., July 11-21, 1985, in observation wells 34H424, 34H425, 34H427, and 34H469.

27




100 E T T IlIIlI' T ¥ l‘l”ll T T l}lllll T ¥ ll!llll T L l[llnl T T ll'lli 100 § T 13 lllllll T T lllllll T T |l|l||| T L) Illl(l' T T llllll{ 1 T IIII@
- Hantush-Jacob curve . L Hantush-Jacob curve .
i match points ] i match points 34H076 ooa |
10 +33H100 E 10 F +34H062 O 0.04 3
'ﬁ x 33H133 0.25 E 3 x 34H076 - ° E
A x 0.35 - 5 ) 4
1k 33H133 - 1F 34H062 -
i 33H100 i i i
0.1 F 4 o01F E
o 7 o 3
C ] C ]
001 -l |‘|l||| Il ! lllllll 1l lllllll 1 lllllll i l]llllll 1 1 h1a1id 001 W N 41111 1 .1 IIIIIII F - Illllll 11 Illllll 1} lllJlll 1 1 1 LElxy
0.1 1 10 100 1,000 10,000 100,000 0.1 1 10 100 1,000 10,000 100,000
100 ; LI |‘l“|| LI} ||”"l LI III|III 1 Illilll TTT1T|TI[ T 7T III!IE 100 g T Illlllll T 7T IIIH!] T 7T Illllll T T fllnll T T llll”] L IIIIE
- . - Hantush-Jacob curve .
i 0.012 7] i match points i
10 E 3 10 F +34H344 0.052
F 020 3 E x 34H371 ]
- . r + 0.30 1
i ] i 34H344 x T
E R 3 S 3
: ] g ;
— - Hantush-Jacob curve N B 34H371 a
w 01 F match points 3 01 F E
L 3 +34H078 E 3 3
ot ¥ x 34H125 ] ¥ © 3
Z L ;. L -
z 0.01 y aaanal ool el s el vooesand oo 0.01 v el vl v aagaul e aouul Looarnnt Loigaily
; 0.1 1 10 100 1,000 10,000 100,000 O.1 1 10 100 1,000 10,000 100,000
8 100 E T 1 IIII"] L | Illllll T T IIIIIII L Illlll' LI ll|llll LIS IIIII-‘ 100 E T 7T llll"] T T Illllll T 1 IIIIIII 1 t lllllll LI | Illllll LA TlTTT?
= E Hantush-Jacob curve E E Hantush-Jacob curve E
é match points match points
0 10F +34H374 o135y 10 F +34H401 =
- x34H392  34H374 3 F X 34H412 7
- + 0.225 - B
B x ] K ]
- 34H392 ] 2 ]
01 §F q 01 F & E
E 3 = o 3
C o - B :
0'01 J 1 lllllll l 1 1Jllll] . | llllll] 11 Illllll L L IIlIIlI L1 1 hsild 0.01 11 lllllll o | lllLlll L1 IlIIlIl J 1 lll“ll Ll lIllIlI L 1 1hhil
0.1 1 10 100 1,000 10,000 100,000 0.1 1 10 100 1,000 10,000 100,000
100 E LR |‘||”I L | ||||"l L | illlll[ T "1]1”] T T1Yllll| LI} lllllE 100 E T IIIIIIII L | lllllll 1 r TTIIIII T T Illllll T ¥ llll"l T T TTT &
E Hantush-Jacob curve . - Hantush-Jacob curve .
match points i i match points 1
10 F +34H424 : 007 3 10 E +34H427 3
: X 34H425 012 3 F X 34H469 3
1F 34H425 1 1F 34H427 E
3 ] - 3
s 34H424 ] - ]
01 F 5 01 F E
0.01 [ | Illlll| S | lllllll 14 Jllllll 1 1 lIllIll L Ll]lllll 1 1 13413 0.01 R Llllllll L1 lllllll L lllllll |- llIlIII 1 L IIIIIII 1.1 0. 018981)
0.1 1 10 100 1,000 10,000 100,000 O.1 1 10 100 1,000 10,000 100,000

TIME, IN MINUTES

Figure 33. Logarithmic plots of time and drawdown and matched Hantush-Jacob type curves for the July
1985 aquifer test. (Modified from Maslia and Prowell, 1990)
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December 1986 Aquifer Test

The test site is in northeastern Brunswick in a
municipal well field in Coffin Park. At about 1:30
pm. EST on December 22, 1986, the city of
Brunswick began testing their new production well,
34H445, which is open to the upper water-bearing
zone of the Upper Floridan aquifer. The well was
pumped at a rate of 1,530 gal/min for 24 hours.
Continuous water-level measurements were made
using recorders in two observation wells, 34H085 and
34H344, located 420 ft and 3,570 ft, respectively, from
the pumped well (Robert B. Randolph, USGS, written
commun., 1987). These distances are estimated from a
street map of the city of Brunswick and are considered
accurate to within £50 ft. The measurement interval
was 15 minutes for well 33H085 and five minutes for
well 34H344. The observation wells are listed in table
8, and construction data for all the wells are listed in
table 2. Hydrographs of water levels in the observation
wells are shown in figure 34.

Using time-drawdown plots (fig. 35) and manual
type-curve matching, transmissivity and storage
coefficient were determined for the two observation
wells. The time-drawdown data for well 34H085 do
not indicate leakage (departure from the Theis non-
leaky aquifer type curve at later times), and are fitted
to a Theis type curve. The time-drawdown data for
well 34H344, however, show the effects of leakage,

and are, therefore, fitted to a Hantush-Jacob leaky-
aquifer type curve, allowing estimation of v (indicated
at the end of the curve in figure 35). There is a good fit
of the data to the type curves for both wells, but tidal
fluctuations cause a large number of points to fall off
the curve, especially at well 34H344 where the total
drawdown due to the pumping change was small
(about one foot). Match-point values determined from
the manually fitted type curves and computed
hydraulic-property values are summarized in table 8.

Although the December 1986 and the July 1985
aquifer tests both use production and observation
wells open to only the upper water-bearing zone of the
Upper Floridan aquifer, some results of the two tests
differ. Transmissivity determined for well 34H344 for
the December 1986 aquifer test (23,400 ft2/d) is lower
than that determined for the same well for the July
1985 aquifer test (55,200 ft%/d); and transmissivity
determined for well 34HO85 for the December 1986
aquifer test (32,400 ft2/d) is lower than all values
determined for the July 1985 aquifer test. Storage
coefficients for the December 1986 aquifer test are
consistent with storage coefficients for the July 1985
aquifer test. Leakance (K'/b") derived for well 34H344
for the December 1986 aquifer test (1.2x1073 ft/d/ft) is
higher than the mean leakance (2.4x10™ fvd/ft)
derived for the July 1985 aquifer test.

Table 8. Match-point values and computed hydraulic-property values for the December 1986 aquifer test,

Brunswick, Ga.

[Pumped well located at lat 31°09°02”N., long 81°28’43"W.; pumpage, 1,530 gallons per minute; (-), dimensionless; match-point

fit: E, excellent; G, good; F, fair]

Distance to Match-point values r !
erflir puvf/rzzrljfd 1/u ( mt- o olr'[g}[vt{ ] Vo g (feet squared (‘?) (feet per day
(feet) O R ; N ) (feet) (- per day) per foot
34H100 420 1.0 0.92 1.0 0.72 -- G 32,500 4.7x10™ -
34H344 3,570 1.0 55 1.0 1.0 04 G 23,400 2.8x107 1.2x1073

IRefer to equation (12), p. 17.
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100 T T T T T T T T AT T T T T

L)

Theis-curve
match point
+34H085

10 Hantush-Jacob curve

match point
*34H344

IIIIIII', T llllllll

DRAWDOWN, IN FEET

0.1

1 Illllll

1

001 1 L llllll] F] 1 ||||11l 1 LIlIIIlI

T

1 IIIIIII

»o1opoagaat

T T T 7 VU717

0.40

Il TS T N I |

i lllllll L 1 lIlIIII 1 lllLllLl i L1 1 11t

0.1 1

10 100

TIME, IN MINUTES

1,000

10,000

Figure 35. Logarithmic plots of time and drawdown and matched type curves for

the December 1986 aquifer test.

30



April 1990 Aquifer Test

The test site is in northern Brunswick in a
municipal well field in Goodyear Park. At about
6:30 p.m. EST on April 13, 1990, the city of
Brunswick began testing their new production well,
34H449, which is open to the upper water-bearing
zone of the Upper Floridan aquifer. The well was
pumped at a rate of 2,080 gal/min for 24 hours.
Continuous water-level measurements were made at
regular 30-minute intervals using a recorder in
observation well 34H133, located 86 ft from the
pumped well (Reggina Garza, USGS, written
commun., 1991). This distance was measured by steel
tape and is considered accurate to within 2 ft. The
observation well is listed in table 9, and construction
data for both wells are listed in table 2. A hydrograph
of water levels in the observation well is shown in
figure 36.

Using a time-drawdown plot and manual Hantush-
Jacob leaky aquifer type-curve matching (fig. 37),
match-point values (including v, indicated at the end
of the curve in figure 37) are determined for
observation well 34H133 for the April 1990 aquifer
test. Although there is a good fit of the time-drawdown
data to the upper part of the Hantush-Jacob type curve,
determination of a unique match point for this test is
hampered by the lack of water-level measurements in
the first half-hour of the pumping period. Thus,
match-point values and computed aquifer-property
values given for this test in table 9 may be less
accurate than corresponding values for the other
aquifer tests. Well 34H133 is not used as an
observation well in any other aquifer test, but the
results in table 9 are well within the range of values
determined for nearby wells for the July 1985
aquifer test.

Table 9. Match-point values and computed hydraulic-property values for the April 1990 aquifer test,

Brunswick, Ga.

[Pumped well located at lat 31°10°35”N.,, long 81°28’57”"W.; pumpage, 2,080 gallons per minute; (-), dimensionless; match-point
fit: E, excellent; G, good; F, fair]

Distance to Match-point values

T k!
Well umped S
number P well)l 1/u (min Lluv] s v fit (feet squared o (feet per day
(feet) ) ntes) (-)  (feet) (-) per day) per foot
34H133 86 1.0 0.016 1.0 0.56 0.01 G 57,000 3.5x10™ 1.2x1073

IRefer to equation (12), p. 17.

2 ' T - 1
1F Aquifer test duration, E
ofF 34H133 E

WATER-LEVEL ALTITUDE, IN FEET

6 F 3

. . | . | .
-7
2400 1200 2400 1200 2400 1200 2400
13 14 15
April 1990

TIME, IN DAYS AND 24-HOUR TIME

Figure 36. Water-level fluctuations in observation well
34H133, upper water-bearing zone of the Upper
Floridan aquifer, Brunswick, Ga., April 13-15, 1990.
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Figure 37. Logarithmic plot of time and drawdown and matched type curve for the

December 1986 aquifer test.
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Tables 2, 3, and 4 and figures 9-24 follow.
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