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ABSTRACT

As part of the Geologic Survey Branch of the Georgia Environmental Protection
Division’s “Evaluation of the Miocene Aquifers in the Coastal Area of Georgia Project”,
the Department of Geological Sciences at Clemson Univer;ity conducted a pump test at
the Georgia Geologic Survey’s Evans County. well cluster, located on Beasley Farm,
Evans County, Georgia. A test of the Lower Brunswick was conducted from December 9
through December 31, 1998, pumping Evans Céunty #1. The test, single well with no
observation well in the pumped zone, had an average flowrate of five gpm. Calculations
indicate a transmissivity (T) of about 25 ft*/day (19 - 28 ft%/day depending on the curve
match). The water bearing zone was assumed to be fully screened, with the screen zone
‘ ranging from 265 ft to 325 ft. There are three additional wells at the site, though none are
screened in the Lower Brunswick. An aquifer thickness of 60 ft, based- on the screen
length, gives a hydraulic conductivity of 0.28 ft/day and a permeability of 100 millidarcys.
The well was monitored for one week prior to pumping with no discernable wa;cer level

trend.

e e e



INTRODUCTION

. .Purpose of the Evans County -
Miocene Aquifer
Performance Test -

Due to the hydrologic stress imposed on the Eocene 'to Oligocene age Upper
- Floridan Aquifer, the principal water source of -coastal Georgia, the Geologic Survey
Branch of the Georgia -Environmental Protection Divisioh 18 investig;atingvthe Miocene
- aquifers as an additional source of groqnd‘water forthe region. The test at Evans County
is the fourth of seven Miocene aquifer tests (Tybee Island, St. Marys, and Toombs County
were doné previously) to be conducted at selected sites in southeast Georgia. Four of the
seven test sites will be located in coastal counties, and three of the sites will be located
inland where agricultural ground-water use is prevalent. * The purpose of the Evans
County test is to estimate the transmissivity of the Miocene aquifer. The results from each
.of the seven sites will be utilized in combination with other. geologic data to determine if
the Miocene aquifers are viable alternatives to the Upper Floridan aquifer for smaller-
demand needs such as community water supply, golf courses, agricultural (lower demand

or supplemental), small industries, and non-contact cooling water.

Site Conditions
Location
The Evans County site is located about twenty-five miles south of Statesboro,
Georgia. The nearest town is Claxton, about five miles south of the site. Figure 1 is a
map of Georgia showing the location of the Evans County test site, Toombs County test

site, St. Marys tést site, and the Tybee Island test site.
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Figure 2. Map showing the Evans County test site, about five miles N of Claxton. The
well cluster is located about five 5 miles north of Claxton on Beasley Farm.

Hydrogeologic Setting
Thé litholoéié uhits underlying the site dip and thicken to the southeast. The
* Evans County well cluster is drilled into Coastal Plain sediments ranging in age from
Eocene to Miocene. The hydrostratigraphy penetfafed at the site consists principally of
four zones, the unconfined surficial aquifer, a confined zone equivalent to the Upper
Brunswick Miocene, a confined zone equivalent to the Lower Brunswick Miocene

(tested), and the Upper Floridan. The zones equivalent to the Brunswick aquifers produce



limited yields and are not economically viable water sources in the classical sense of the
term aquifer. The geophysical well logs are shown in Figure 3.

The Lower Brunswlck at the site, as defined by‘ tlle screen zone, 1s 60 ft of sands
with interbedded clays. The zone is confined vlzith a pressure head of 165 ft above the

-screen top (265 ft deep).

. Description of Wells Used for the Test
At the Evans County test site _four wells were drilled. Evans County #1 (PW,
, pumping well) was drilled and completed in the Lower Brunswick, Evans County #2 was
completed in the Upper Flondan Evans County #3 was completed in the Upper
Brunswwk and Evans County #4 was completed in the surficial aquifer. Schematic well

construction diagrams are shown in Figures 4, 5, 6, 7.

Site coordinates: .................. 31°13'07" lat.  81°52'59" long.

Year of construction: ............. 1998
Ground elevation: .................. 140 ft MSL (estlmated from topographlc rnap)
Evans #1 .
Screenzone........................... 265 -3251t
Total Depth.......................... 330 ft
Evans #2
Openhole.........ccccoovieeinn. 450 — 500 ft
Total Depth...........c..ocooeie 500ft
Evans #3

"~ Screen zone................. e 185-220 1t
Total Depth.............ccoeeeennn 230 ft
Evans #4
Screenzone.......................... 45 - 80 ft

Total Depth.......................... 90 ft



Figure 3. Gamma ray and resistivity log from Evans County #2. The gamma ray scale is
at the top and the resistivity scale is at the bottom of the diagram. The screen zone is
shown from 265 - 325 ft. . : . :
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Figure 4. Schematic well construction diagram for Evans County #1.
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Figure 5. . Schematic well construction diagram for Evans County #2.
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Figure 6. Schematic well construction diagram for Evans County #3.
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Figure 7. Schematic well construction diagram for Evans County #4.
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METHODS
Test Logistics

The test took place from Deécember _9 to December 31, 1998. The Lower
Brunswick was pumped from Evans County #1. A one hp pump was installed at 178 ft,
78 ft below water (the static water level was 100 ft), on December 9 and a short thirty
minute trial pump test was conducted to determine optimum flow rate (Q) for the actual
test. The well was expected to yield 10 — 15 gallons per minute. An initial Q of 16 - 18
gpm pumped the well dry in about ten minutes. Back pressure was‘ increased by partially
closing the flow ’valve opening to decrease the flow rate. The well was able to sustain a
fate of 3 _ 4 gpm. The pump wasA shut off and background data was collected over the
next week. Qn December 16, the 1 hp pump was r»emove.:d and replaced by a %2 hp pump
that was set at 220 ft, 45 ‘ft above the Screen.. A shc&t test indicated the well would sustain
5 - 5.5 gpm at the set depth (though _the %2 hp pump would produce eight gpm without
back pressure). | |

Pumping began at 10:05 a.m. on Thursday December 17 and continued for 72
hours until the pump was turned off at 10:05 a.m. on Sﬁnday December 20. The average
flow rate for the test was five gpm. The rate was -variable in the early part of tﬁe test, due
to valve adjustments. - A rate of about 5.05 gpm was established as soon as possible,
thou;gh the rate continually declined with drawdoWn (due to ﬁumping against a greater
head) to 4.95 gpm at the end of tnhe test. An average rate of five gpm was estimated for .
the test, though the slightly varying flow rate (0.1 gpm decrease during the test) is
included for analysis.. Recovery data were recorded until Thursday December 31 at 7:00

pm.‘ Figure 8 shows the the flow rate plotted with time.
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Background:.................;.......December 9 to-December 17, 1998

Pumping: ............. e 10:05 December 17 to 10:05 December 20 (72 hours)
‘Recovery: ........... SO SO 10:05 December 20 to 19:00 December 31

Average Q:.......ccoooeviiiiiiiees 5 gpm

PW to OW distance................ no OW

Figure 8. Flow rate plotted as a function of time for the Evans County #1 test.
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Data Acquisition Methods

Wéter level readings ere recorded as pressure changee in' meters of water relative
to an in.itiai equilibrinm static weter level ‘condition“‘ For‘the duration ‘of a pump test
kbackground tnro.ugh' recovery); an -In Sitn, Inc. "’fROLL” tra.nsducer wes used to
measure 'and record water level Ichanees in the pumpinc; weil. Prescdre‘ readings Were
recorded as frequently as everyr one second at pump on and pump oﬁ' times to as

mfrequently as every ﬁve minutes when water levels changes are small. A 100 psi

"TROLL" transducer / data recorder was positioned one ft above the pump in the
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pumping well. -Water levels in the 3 other wells at fhe Evans site were monitored by
USGS recorders to determine if pumping the Lower Brunswick would affect zones above
and below.

A 1/2 HP submersible pump was installed below 10.5 joints (~220 ft) of 2" pipe','
placing it about 126 ft below the initial static water level. Discharge was monitored by a
portable Omega inline flow meter. Flow readings were recorded manually aﬁd are shown

in the Figure 8 above.

Analysis Methods

Trend Effect Corrections

One week of background data and over eleven days of recovery data were
collected in the Evans County #1 well. Background data are collected in oraer to
recognize any trends in water level change, such as those caused by extended rainy or dry

periods. Wéter level changes not related to pumping are filtered prior to analysis.

Leakage

- Three other wells at the site were monitored during the test to detect water level
changes in zones above and below the pumped zone that might result from puxﬁpihg.
Evans County #2 is in the Upper Floridan (below the pumped zone), Evans County #3 is

in the Upper Miocene, and Evans Count #4 is in the surficial aquifer.

Well Analysis Methods

Data from the pumping well were used to calculate the transmissivity of the -

pumped zone and the skin factor of the well (the head loss caused by water being pumped

through the screen and altered formation near the well bore). The aquifer storativity was
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estimated at 0.0001..Pumping well data analysis is problematic because of three variables
(T, S, and skin-factor). If one of the three variables is known or can be estimated, the
other two can be calculated. The skin factor of the pumping well can be highly variable
. depending on well installation.” The storativity of the aquifer is less sensitive than either -
-the transmissivity. or skin factor, making it the obvious choice to estimate. With an
observation well in the same aquifer that is pumped, the. aquifers -storativity can be
calculated (assumes that water moves much more slowly at the OW and skin effects in the
OW are therefore minimal). With no OW, such as thé case at Evans County, an
intermediate storativity valué, 0.00bl, within the range 6bs_erved in confined aquifers,
0.005 — 0.00005, (Freeze and Cherry, 1979) is used as an estimate.

Variable'rate curve matching employs the superposition of the Theis solution
(1935) or Jacob strzii_ght-line-method (Cooper and Jacob, 1946) for vafi'able'ﬂow rates (as
discreet s;ceps), modified for the skin factor analysis’ of Van Everdingen (1953) for
confined ‘aquifers with ﬁJlly*pénétrating wells. The skin facto‘r' of the observation well is
assumed to be zero because of the much lower water velocity away from the pumped well.
For partial penetrating wells, ‘data are analyzéd Using the Hantush (1961, 1964) solution
for partial pene't.ratirig wells modified to account for the skin factor and multi'ple flow rate.
The screen zone at Evans County is considered to' be fully penetraﬁng based on the
gamma ray and resisti{/ity logs, Figure 3. Hydréulié éondu‘ctivity is calculated by dividing
the transmissivity by the effective aquifer thickness. Permeability can then be calculated
by multiplying the hydraulic condljctivity in m/sec by a factor of 104,000 to convert to

* darcys (at 20° C water temperature; Fetter; 1988).
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RESULTS
Water Level Readings
A fotal of 6528 data points were recorded in the pumping well. During the
pumping and recovery periods, values were recordéd as frequently as every éne second at
times of rapidly changing water levels (1.e. at the beginning and end of pumping phase of
the test), decreasing to every five minutes when w'atef level changes were relatively small.
A maximum drawdown of 31.947 meters (104.8 ft) was observed after 72.0 hours of

pumping, Figure 9.

Figure 9 Graph of water level data in the PW, Evans #1, December 9 through
December 31. The spikes on 12/9/98 and 12/16/98 are the 30 minute tests to determine
optimum flow rate for the three day test. An enlarged version is in Appendix 1A.
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Background water level data was taken for one week prior to the test at Evans
County. No trend changes wére oBserved (Figure 10), however, the well never recovered
to pre-pumping levels.l ‘Tflisbcould have been the result of a long term decreas_ing head in
the aquifer, though due to tﬁe eitrefnély lbw tre‘msmissivityy of .ther aquifer, it 1s more likely
the result of Véw siow reco%ry frorﬁ the 3 days c;f pu;nping since no trend Was observed

in the week prior to the tht. There was only a trace of rain during the test.

Figure 10. Time / drawdown curve from Evans County scaled to detect Iong term trends.
There was no trend observed during background data collection. Note the slow well

recovery which was recorded for 273 hours.
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Calculated Aquifer Properties

With no OW data available to calculate storativity, it was estimated at 0.0001,

The estimated value only affects the skin factor calculation, 'not the transmissivity. The
drawdown calculated for curve matching was based on several flow rates. A rate of 5.2
gpm was used from pump on (0 seconds) fo 8400 seconds (2 hrs and 20 minutés). From
8400 seconds to 86400 seconds (1 day), the flow rate was 5.05 gpm. During day two, the
rate was 5.0 gpm and during day three, the rate was 4.95 gpm. Multiple rate steps were
necessary to match the actual test data due to the gradual decline in flow rate during the
test (caused by the decline .of pump capability at progressively greater water depths). The
flow raté (Q) is shown in Figure 11, with the scale on the secondary y axis.

Curve matching of pumping and recovery data suggests a transmissivity (T) 25
ft*/day (Figure 11). Based on an aquifer thickness of 60 fi, the hydraulic conducﬁvity is
0.42 ft/day with a corresponding permeability of 0.14 darcys (assuming 20° C water). The
" match of pumping data is best from 8400 seconds through the end of the test, after the
flow rate change to 5.05 gpm. The low flow rate and large well bore storage, limit the
~ usefulness of the early time data. Note that the curvés of calculated and measured data on

Figure 11 are difficult to distinguish due to the excellent match.
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Figure 11 Theis-Jacob curve match for. Evans County #1, T of 25 fi%day. An

- enlarged version is in Appendix 1b.
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An average flow fafe of five gpm created a 105 ft drawdown after 72 hours of

pumping. This équates to a'speciﬁc capacity of 0.05 gpm/ft.

Leakage

Considering the low flow rate of five gpm and the and the relative screen zones of

the wells at Evans County (Figure 12), detectable leagage was not expected. Water level

data for Evans County # 3 (screened in the Upper Miocene) and #4 (water table) were

provided by the USGS and are shown in Figures 13 and 14. The sharp rise in water level

of about 0.1 ft in well #3 and 0.2 ft in well #4 on December 28, 1s the result of a slight

movement of the water level recording device as data are downloaded.” The slight water

level rise in the surficial well (#4) during pumping is probably the result of mounding from

the discharge water.
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Figure 12. Schematic section of the Evans County well cluster. Gamma ray and
resistivity logs are superimposed on Evans County #2. Screen zones are indicated for

wells #1, 3, and 4. Stratigraphic units from Clarke, 1999.
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Figure 13. Water depth vs time for Evans County 43

Evans Co. #3 (Upper Miocene)

12/8/98 12/11/98 12/14/98 12/17/98 12/20/98 12/23/98 12/26/98 12/29/98 1/1/99
10:05 10:05  10:05 10:05 _ 10:05  10:05  10:05  10:05 10:05

76.5

76.6
76.7 pump

- . - . - On - - . . - R N
76.8 . : A\
76.9 ' -
77.0 +—tenr ﬁ\vﬁhm

77.2

dep‘th to water [ft}

. 773

Figure 14. Water depth vs time for Evans County #4.
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DISCUSSION

Test Logistics

A low flow raté of five gpm created a drawdo;wn of 105 ft in the Lower Brunswick
aquifer. The large drawdown caused the flow to vary slightly over the test due to pump
capacity.

Analysis

The analysis yielded a transmissivity value of 25 ft*/day. The storativity of 0.0001
was estimated based on intermediate values for confined aquifers of the type tested. There
was no observation well screened in the pumped zone. Based on an aquifer thickness of
60 ft, a hydraulic conductivity of 0.42 ft/day and permeablity of 0.14 darcys were
calculated. These are not promising results for even small usage demands. Relativé to the
~previous sites (Table 1), the hydraulic conductivity at the Evéns giie is' very low. |
However, the zone may be locally variable. Conversations with a local farmer, indicated
that a well ~3 miles to the north produces in excess of 100 gpm from about 230 ft. This

information was not confirmed.

Table 1

Summary of test results for Tybee Island, St. Marys, Toombs County, and

Evans County.

Site Aquifer T (ft¥/day) |K (fi/day) | Qlepm] |[s[fi] [SC [epm/ft
Tybee Island | Floridan 21,000 4300 - 100 32 3.13
St. Marys Miocene 500 13.5 71 55 1.30
Toombs Miocene 400 6.5 35 47 0.75
Evans Miocene 25 0.42 5 105 0.05
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APPENDIX 1A. Enlarged Figure 9. Graph of water level data in the PW, Evans #1,
December 9 through December 31. The spikes on 12/9/98 and 12/16/98 are the 30
minute tests to determine optimum flow rate for the 3 day test.
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APPENDIX 1B. Enlarged Figure 11. Theis-Jacob curve match for Evans County #1, T

of 25 ft*/day.
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