


The hydrologic properties of selected aquifer systems underlying the %d%i%haven and Girard 
sites in Georgia were determined through a series of aquifer performance tests performed 
from October, 199% to J m u q ,  1995. At the Illlilhaven site, the systems under 
investigation consisted of the upper, middle and lower components of the Upper Floridan, 
the lower Dublin, md the lower Midville aquifers. At the Dublin site, only the lower 
Dublin and lower Mdville aquifers were tested. In addition, the hydrologic properties of 
the lower Wdville aquifer underlying the B, B and D Areas at the Savma& River Site 
were determined by a series 0%" aquifer tests conducted in 1993 and 1994. The tests 
generally consisted collecting water level and atmospheric data for 24 hours followed by a 
72 hour pump test and a subsequent 72 hour recovery period. These tests were designed 
to determine the aquifer properties over a large area, to determine whether any hydrologic 
boundaries existed in the area, and to find  ut ifleakance could be induced through the 
confining uni ts  which separated the aquifer units. 

Tiis investigation is part of a larger project entitled, "The Trans-Ever Project", which is 
managed by John Clarke of the Uo S. Geological Survey (USGS). It is a cooperative 
project with the USGS, the U* S. Department of Energy (USDOE), the Westinghouse 
Savannah River Company (IVSRC), the Georgia Geological Survey, andl other agencies. 
The initid work plan entailed performing approximately 40 pump tests, analyzing the data, 
and reporting the results to the USGS, USDOE, and WSWC. The results of the pump 
tests are to be utilized by the USGS to assist them in the development of a model to 
investigate the possibility of contamination of regional water supplies because of ground- 
water underflow from SRS beneath the Savannah River into Georgia. 
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Figure 1. 

Figure 2, 

Figure 3. 

Figure 4, 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Map showing the location of Millhaven, Sereven County, Georgia. 

Hydrostratigraphy of the Millhaven site. Locations of well screens and open- 
hole sections are shown. 

Map showing the location of the wells at Millhaven. 

Change in water level vs. time for pumping well TWl showing the pumping 
rate for the duration of the test. A t h e  weighted average of 53 gpm was 
estimated for the test. 

Change in water level vs. t h e  for Wl observation wells (TW2, 
TW3 and the core hole). The pumping rate for the test is shown in relation 
to the changing water levels. 

Theis-Jacob analysis (curve match) for well TW1 

Enlargement of Figure 6, showing greater detail of the curve matched portion 
of the well test data. The flow history of the test is shown for reference. 

Recovery data plot for the TW 1 test. The portion of the recovery c w e  based to 
compute the transmissivity of the aquifer lies between the t/t9 values of 10 and 
100. 
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As part of the USGS Trans-River Project, the Department of Earth Sciences at Clemon University 
conducts pump tests at selected localities in South Carolina and Georgia near or on the United States 
Department of Energy’s Savannah River Site (U. S. DOE/SWS). The test at Millhaven, located in Screven 
Countyy Georgia, was conducted from October 3 through 10, 1994 using the USGS’s TW1 well as the 
pumping well and three other wells from the cluster (TW& TW3, and the core hole) as observation wells. 
The pumping well (TW1) is screened in the upper zone of the Upper Floridan Aquifer. Since none ofthe 
monitoring wells were screened over the same hydrogeologic interval as the gumping well, a storativity of 
0.00 1 was estimated from Hodges (1994, written communication) and historical data of the region. A 
transmissivity of 172.8 %a%%/day (I  ,860 ftMay) was calculated from TW1 data. The 2 1.33 meter thickness 
of the upper zone of the upper Floridan at Millhaven yields a hydraulic conductivity of 8.1 m/day (27 
ftlday) from the TW1 data. The specific capacity ofthe well was 2.12 gpdft .  Other observation wells 
screened in successively deeper zones (TW2 in the middle zone ofthe Upper Floridan, TW3 in the lower 
zone ofthe Upper Floridan, and the core hole in the Meyers Branch Confking Unit) were monitored to 
detect vertical leakage across confining layers. Water level changes directly related to pumping were 
observed in the TW2 well, indicating leakage across the corfinimg unit separating the upper and lower 
zones of the Upper Floridan. No water level changes directly related to pumping were observed in well 
TW3 or the core hole, indicating no detectable leakage from the lower zone of  the Upper Floridan or 
across the Meyers Branch confining interval at the flow rate of 53 gpm. 

The format of this report is modified from Clarke (U, S. Geological Survey, written communication, 
1993, 

]I.% Purpose of the Millhavere Aquifer Performance Tests 

The United States Geological Survey (USGS) is creating a model to predict the rate and direction of 
groundwater flow in the vicinity of the United States Department of Energy’s Savannah River Site (U. S. 
DOE/SRS). The model will incorporate the hydraulic properties determined from aquifer performance 
tests at Millhaven. This is part of an overall effort to investigate the possibility of groundwater flow and 
contaminant migration beneath the Savannah River from SRS in South Carolina to Georgia (Trans-River 
Project). 

The USGS is continuing to drill well clusters in Georgia where aquifer performance tests (pump tests) will 
be conducted by the faculty and students of the Department of Earth Sciences at Clemson University. The 
data will be analyzed to estimate hydraulic properties of aquifers and confining units on the Georgia side 
ofthe Savannah River. The hydraulic property information available to the model on the South Carolina 
side of the Savannah River consists of data published by Siple (l967), South Carolina Water Resources 
Commission (SCWRC) reports (Logan, 1987: Logan and Euler, 1989). unpublished SRS reports, and 
ongoing research by Clemon University Hydrogeology faculty and graduate students. The Georgia side 
of the river has been studied by Brooks and others (%985), Clarke and others (1985) and Faye and 
McFadden (1986); however, the volume of data is not as extensive as the South Carolina side for the 
region, and thus, new well sites such as Millhaven must be completed and tested in order to make the 
model more comprehensive. 
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Figure 3. Map showing the location ofthe wells at Millhaven (Modified from C%arke, written 
communication, 1995). 
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t.2,f Pumping Well Data Acquisition Methods 

The pumping well, %'MI%, is screened in the upper part ofthe Upper Floridan Aquifer from 18.30 to 9.16 
m (30.04 to 60.04 ft) MSL (Figure 2). A 7 1/2 hp submersible pump was set at a depth of 12.80 m (42 
ft). Because of the depth at which the pump was set, a 1 00 psi transducer (chamber W4) was positioned at 
a depth of approximately 16.1 m (52.82 ft)* 

2 2 %  Observation Well Data Acquisition Methods 

There were no observation wells screened in the same aquifer zone (upper zone ofthe Upper Floridan) as 
the pumping well. Three other wells screened in successively deeper zones were monitored to detect 
vertical leakage, if present. Well TW2 is screened in the middle zone of the Upper Floridan from -13 -37 
to -28.61 m (-43.87 to -93,87 ft) MSE, and TW3 is screened in the lower zone ofthe Upper Floridan from 
-34,72 to -51.64 m (-1 13.92 to -169.42 ft) MSE. The core hole cased to a depth of 174.64 m (573 ft), 
below which no steps were taken to maintain an open hole. The relative screen positions are shown in 
Figure 2. The transducers for wells TW2, TW3, and the core hole were placed at 8.32 rn (27.3 1 ft), 3.89 
rn (12.75 ft), and 2.60 m (8.54 ft) below the water table in each respective well. 

.well transducer ## transducer psi rating 
TW1 4 I00 
TW2 l 45 
TW3 2 45 
CH 3 45 

2.3 Andysis Methods 

The initial analysis step is to correct the raw pressure data from the wells for changes in atmospheric 
pressure. These variations can mask the small response of an aquifer in an observation well. Removal of 
atmospheric pressure changes makes it easier to detect water level changes that result from pumping. 

Barometric corrections are made by subtractimg atmospheric pressure changes muliplied by the 
Barometric Efficiency (BE). The BE of an aquifer is the ratio of the change in hydraulic head in an 
aquifer (due to atmospheric changes) to the actual change in atmospheric pressure. A BE of 1 indicates 
that 100% of the atmospheric pressure changes have been transmitted to the aquifer., A BE of 0 would 
indicate that none of the atmospheric pressure changes have been transmitted to the aquifer. 

2.3.1 Observation We11 Analysis Method 

Data from an observation well screened in the same aquifer as the pumping well can be analyzed to 
calculate the storativity and transmissivity of the aquifer; however, there were no observation wells 
screened in the pumped interval at the Millhaven site. Therefore, this technique could not be used to 
determine the aquifer's physical parameters at this particular site, The observation wells used for the test 
were screened ifi successively deeper hydrologic units and qualitatively detect leakage, if present, by water 
level changes that result from pumping. 

2.3.2 Pumping Well Analysis Method 

Data from the pumping well is governed by three variables: the transmissivity and storativity of the 
aquifer, and the skin factor of the pumping well. If one of the three variables is known or can be 
estimated, the other two can be calculated. The skin factor ofthe pumping well is unknown and could be 
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The change in water level vs. time plot for TWI. (Figure 4) is a good graphical representation of the flow 
history for the test, 

32.2  Water Level Readings 

During the test, 1670 water level data points were recorded in the pumping and monitoring wells by the 
data acquisition system. Data points were recorded as frequently as every 5 seconds at times of rapidly 
changing water levels, decreasing to every 5 minutes when water level changes were relatively small. 
Figures 4 amd 5 show plots of change in water level vs. time for the pumping and observation wells, 
respee ti ve l y . 
The background data for the TW1 test was studied for possible water level trends or fluctuations which 
miby have affected the drawdown data during the pumping phase of the test. The pumping well showed a 
slight upward trend; however, the trend correction to be applied was miniscule when compared to the 
drawdown in the well. Thus, no correction was performed on the well test data. The observation well 
plots, however, showed a distinct tremd over the duration of the test. The TW2 and TW3 wells showed a 
recovery caused by a rain event preceding the TW1 test. The core hole also exhibited similar behavior, 
but the depth of the monitored interval makes it difficult to determine whether this phenomenon is caused 
by recharge to the Meyer’s Branch unit or by some sort of interaquifer communication beneath the 
Meyer’s Bramch. 

-3.23 

:A drawdown of about 4.82 meters (25.6 ft) was observed in TW1 during the 66 hour pumping period. 
The observation well screened in the lower zone of the Upper Floridan, TW2, drew down 0.02 meters, 
indicatimg a hydraulic connection between TWI. and TW2 (figure 5). Well TW3, screened in the lower 
zone of the Upper Floridan, and the core hole, completed in the Meyers Branch, showed no changes 
related to pumping well TW1. 

e 

Maximum Water Level Change (meters) During the Test 

Static water levels were measured by USGS personnel prior to Clemson’s pumping tests. 

.well 
TW1 
TW2 
TW3 
Core hole 

hvdrogeologic screened zone 
upper part of the Floridan 
middle part of the Floridan 
lower part of the Floridan 
Meyers Branch Confining 

static WL 
4.11 m 
4.61 m 
442 m 
unknown 

WL change 
4.82 m 
0.02 m 
0.00 m 
0.00 m 
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3.3.1 

Data Analysis Results 

Barometric Corrections 

Water level pressure data was corrected for the variations in atmospheric pressure by subtracting 
atmospheric pressure changes multiplied by the barometric efficiency. Pressure data from the pumping 
well and monitor wells were corrected for atmospheric pressure changes using the following barometric 
efficienc ies. 

Well 
TWI 
TW2 
TW3 
CH 

Barometric Effic iencv 
0.75 
8.60 
0 -40 
0.60 
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Figure 5. Change in water %eve% vs. t h e  for observation wells (TW2, TW3, and the core hole). 
The pumping rate for the test is shown in relation to the changing water %eve%s. 
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Figwe 6 Theis-Jacob analysis (curve match) for well TW 1 
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Figwe 8. Recovery data plot for the TWI test. The portion ofthe recovery curve used to 
compte  the transmissivity of the aquifer lies between the thy values 0% IO and IO0 
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%.2J Location 

The Millhaven site is located in the north-central portion of Screven County, Georgia, approximately 4-75 
'miles ('7-6 h) west of the Savannah River (Figure I). 

1 .%.2 Hydrogeologic Setting 

The Millhaven we%% cluster is drilled into Coastal Plain sediments ranging in age from Late Cretaceous to 
late Eocene. The sediments, interbedded sands, shales, and carbonates, were deposited over Paleozoic 
crystallines and Triassic red beds exposed by Late Cretaceous erosion. Regional dip is to the southeast 
and decreases upward from 48 Wmi (9mkm) at the base of the sectim to 15 ft/mi (3 dh) at the top of 
the middle Eocene beds (Snipes and others, 1993). At Millhaven, the thickness ofthe sediments is at least 
1450 ft (442 m). The hydrostratigraphy of the site is comprised of the Midville, Dublin, Miller's Pond, 
and Upper Floridan aquifers, the Appleton Confining Unit, and the Meyers Branch and Allendale 
Confining Systems. The major aquifer systems and confining units are shown in Figure 2. 

1.2.3 Description of Wells Used for the Test 

The TW2 well was used as the pumping well. Three other wells at the site (TW1, TW3, and the core 
hole) were used as observation wells for the test. Figure 2 relates the wells to the subsurface 
hydrogeology ofthe site. Figure 3 is a simplified site map showing the loeation of wells used for the test. 
The construction specifications of each well are given below: 

Pumping We%% (TW2): 

Total Depth (from ground): 
Effective Well Deuth (from aromd): 
Construction Date: 
Depth Screened Interval: 
Elevation Total Depth: 
Elevation Effective Well Depth: 
Elevation Screened Interval: 
Diameter (c asin@: 
Screened Geologic Unit: 
Screened Hydroaeoloaic Unit: 
Depth Static Water Level: 

Coordinates = Latitude 32"53 '25'' 
8 1'3 5 '43 '' 

Elevation (ground) = 
Elevation (TOC) = 

Longitude 
33.87 m (1 11 .I3 ft) MSL 
34.44m(112.99 ft) MSL 

64.61 m (21% ft) 
64.00 m (210 ft) 

47.24 to 62.48 m (155 to 205 ft) 

-28.61 m (-93.87 R) MSL 
-13.37 to -28.61 m (-43.87 to -93.87 fi) MSL 
0.152 m (6") from 0 to 64.00 m (0 to 210') 
Barnwell Group 
Upper Floridan (middle zone) 
4.61 rn (15.13 ft ) on 06/21/93 

13 April 1993 

-30,74 FI$ (-100.87 R) MSL 
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2 
G a m m a  

(rip% Units) 

Depth 
(feet) 

400 

500 

400 

800 

1000 

1400 

I500 
1: 

TD=1517 
0 2 

Gordon Aquifer 

Ivriner's Pond Conkimg 
- Ivliller's P o d  Aquifer 

Meyefs Brmh Comnfming 

Dubh Aquifer 

Middle Aquifer 

Figure 2. Hydrostratigraphy of the Millhaven site. Locations sf well screens and open 
hole sections are shorn. 
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Effective Depth: 
Elevation Screened Interval: 
Diameter (c as ing 1: 
Screened Geologic Unit: 
Screened H-vdroneologic Unit: 
Depth Static Water Level: 
Distance from PumDinn Well: 

Effective Depth: 
Elevation Screened Interval: 
Diameter (casing): 
Screened Geologic Unit: 
Screened H.vdrogeologic Unit: 
Distance from PumDinn Well: 

METHODS 

Elevation (ground) = 
Elevation (TQC) = 

33.54 m (110.04 ft) MSL 
3410 %a% (1111.88 43.) MSL 

24.38 m (80 ft) 
18.30 to 9 J 6  m (60.04 to 30.04 fi) MSL 
0.152 m (6") from 0 to 26.82 rn (0 to 88 ft) 
Barnwell Group 
Upper Floridan (upper zone) 
4.11 m (13.49 ft) on 06/21/93 
25.14 m (82.5 ft) 

Elevation (ground) = 
Elevation (Toe) = 

33 -86 m (1 11.08 ft) MSL 
34-42 m (1 12.92 ft) MSE 

85.49 m (280.5 ft) 

0.152 m (6") from 0 to 68.58 m (0 to 225 ft) 
MsBeadSantee 
Upper Floridan (lower zone) 
6.86 m (22.5 ft) 

-34.72 to -5 1,64 III (-1 13.92 to -169.42 In) MSL 

2 .% 
Hdeally, a pump test is composed of three periods of data collection: background, pumping, and recovery. 
Background data is used to determine if the aquifer is in an equilibrium condition and the extent to which 
it is being affected by inconsistent external forces. It is also used to determine the barometric efficiency of 
the monitored aquifers so test data can be corrected for changes in atmospheric pressure. The aquifer is 
then pumped, creating a pressure drawdown cone extending radially from the pumping well. After 
pumping stops, the aquifer is allowed to recover to pre-test conditions. 

Each of the Millhaven aquifer tests was originally scheduled to be conducted over a period of seven days. 
Clemon University Earth Sciences Department personnel transported the SCUREF Data Acquisition 
Facility to each well site and set up equipment to monitor the well during the pump tes.t. During this test, 
background data were collected for 26.2 hours, followed by 37,O hours of pumping and 34.9 hours of 
recovery data. 

2 .% Data A c ~ p i s i t i ~ n  Methods 

Water level readings are recorded as pressure changes in meters of water relative to an initial equilibrium 
static water level condition, For the duration of a pump test (background through recovery), quartz crystal 
transducers monitor and record water level changes in the pumping well and observation wells. Relative 
water level changes are recorded automatically on the computer data acquisition system at operator 
specified intervals ranging from 5 seconds to 5 minutes throughout the test. An additional transducer 
monitors and records changes in atmospheric pressure which are removed from the well data prior to 
aquifer parameter analysis. The transducers are calibrated to a maximum of 0.005% of full scale (1.5 mrn 
for a 45 psi transducer) for repeatability and hysteresis. The resolution of a 45 psi transducer is normally 
about 0.2 mm. 
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transmissivity and is estimated as the storativity calculated from a nearby observation well. Since there 
was no observation well screened in the same hydrogeologic unit for this test, a value for storativity was 
estimated as 0.000 1 (Hodges, written communication, 1994). Curve matching of drawdown data yields a 
transmissivity value for the aquifer and a skin factor for TW2 using superposition of the Theis solution 
(1935) or Jacob straight-line method (Cooper and Jacob, 1946) for variable flow rates modified for the 
skin factor analysis of Van Everdingen (1953) for confined aquifers with fully penetrating wells. Once a 
value for the transmissivity had been obtained, the hydraulic conductivity of the aquifer may be 
determined by dividing the value for transmissivity by the aquifer thickness. The hydraulic conductivity is 
then multiplied by 104,000 d s  to obtain the permeability of the aquifer media in darcys (Freeze and 
Cherry, 1979). 

The aquifer test data were entered into a Microsoft Excel spreadsheet designed to graphically estimate the 
aquifer transmissivity and skin factor for the well, using the modified Theis solution of van Everdingen 
( 1953, The values for transmissivity and skin factor were iteratively changed until the slope and position 
of the theoretical drawdown plot matched a plot generated from the actual data collected from the test. 
The hydraulic characteristics for the aquifer were then taken directly from the spreadsheet, The validity 
of the spreadsheet used to generate these values was verifkdl by Moore ( 1994). 

2.33 Recovery Data Analysis Methods 

Changes in water level recorded during the recovery period of an aquifer test may be used to determine the 
transmissivity and storativity values for the aquifer. Since no wells were screened in the same interval as 
the pumping well at Millhaven, only a transmissivity value may be calculated from the recovery data. The 
transmissivity is determined by plotting the residual drawdown (the difference between the static water 
level and the amount of recovery since shutting the pump down.) against the logarithm of the ratio (t/t’)? 
where t is the time since pumping began and t’ is the time since pumping stopped. The transmissivity is 
calculated by using the Jacob equation: T=0.183Q/ds9, where Q is the pumping rate (nG/day) and ds’ is 
the slope o f a  “best-fit” straight line drawn between two consecutive logarithmic cycles on the s’ vs. t/t’ 
plot. The values obtained from this analysis may then be compared to the puniping phase analysis. 
Theoretically, the drawdown and recovery analyses should be identical if the aquifer conditions conform 
to the basic assumptions of the Theis (1935) equation (Driscoll, 1986). 

3.1 Duration of the Test 

The pump test took place over a four day span in %he middle of November, 1994, Specific times for each 
phase of the test are given below: 

Background Data 
Pump On 
Recovery (pump off) 
Total test time 

26.2 hours 
319.0 hours 
34.9 hours 
98.1 hours 

(l6:47 1 1/11 1/94 to 19:OO 1 1/12/94) 
(l9:OO 11/12/94 to 07519 11/14/94) 
(07519 11/14/94 to 1852 11/15/94) 
(16:419 11/11/94 to 1852 11/15/94) 

8 The pumping phase of the aquifer test lasted only 37 hours because the TW2 well had to be 
retested due to difficulties encountered with an earlier 72-hour test. The data from the first test 
were unable to be analyzed. 
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3.3.2 Calculated Aquifer Properties 

8 

Q 

b 

A Theis-Jacob cuwe m t c k  for TW2 is shown in Figlase 6. 

An enlarged portion of the cuwe match is shown in Figure 7. 

Barometric Efficiency 
Q.80 
0 3 5  
0.35 
0.50 

Hydraulic conductivity and permeability calculations are based on an effective aquifer 
thickmess of 24.4 8 meters (80 ft) for the middle zone of the Upper Floridan Aquifer (Figure 2). 

A plot of the recovery data obtained during the TW2 test is shown in Figure 8. A transmissivity of 
789 nQ/day (8,494 ft2/day) was calculated from the recovery analysis, The portion of the recovery 
curve used in the analysis lies between the t/t' values of 10 and 100. 

Storativity 

Transmissivity (pumping) 

(recovery) 

Hydraulic Conductivity 

Permeability 

0.8001 (estimated) 

518.3 .nQ/day 
( 5 3  80 ft2/day) 

789 nQ/day 
(8,494 ft2lday) 

21.3 mlday 
('90 ft/day) 

25 darcys 

3.3.3 Calculated Skin Factor and Well Efficiency 

A pseudo skin factor (does no% consider effects of partial penetration) of 7.7 was calculated for the 
pumping well. 

The well efficiency for the TW2 test was calculated by dividing the theoretical drawdown after 24 hours 
(3.90 m) by the actual drawdown after the same amount of time (6.65 m). This equates to a well 
efficiency of 59%. 

3.3.4 Specific Capacity 

A flow rate of217 gpm resulted in a 6.65 meter (21.8% ft) water level change after 24 hours in well TW2. 
This equates to a specific capacity of approximately 9.97 g%sdfta 
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Figwe 7 .  Enlargement of figwe 6, showing greater detail 0% the curve matched portion of 
the well test data. 
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D%SC&TSS%ON 

4.1 Leakage 

Leakage was detected between the upper and middle zones of the Upper Floridan Aquifer. Water level 
changes in the upper zone of the Upper Floridan Aquifer (Figure 5, TWl) can be directly related to 
pumping of the middle zone of the Floridan. Additionally, the drawdown in the middle zone is le!s than 
expected at late pumping times (Figure 6). Observation wells screened in adjacent parts of the section, 
TW3 (lower zone of the Upper Floridan) and the core hole, exhibited no water level changes during 
pumping of the upper zorie of the Upper Floridan. The relatiomship of changing water levels to changing 
flow rates for all observation wells is shown in Figure 5. 

4.2 c s  mme wts 

Q In a subsequent reportt, data from the test will be numerically modeled using MOBFLOW (USGS) to 
determine a vertical hydraulic conductivity for the leaky confinhg unit within the Upper Floridan 
Aquifer. 

8 

Tidal effects OB water levels (earth tides) were detected with the high resolution transducep A small 
"wave" of approximately 0.0 1 to 0.05 m is seen in water level data for all wells (Figure 5). 

Unfortunately, there was no observation well screened in the same zone as the pumping well and 
aquifer storativity had to be estimated. 

The recovery data analysis produced a value for the transmissivity of the middle zone of the Upper 
Floridan that was approximately 52% higher than the pumping data analysis. A possible explanation 
for this difference is that when the pump was shut down at the end of the pumping phase of the test, 
the water remaining in the vertical piping to the surface was instanteously reintroduced into the well. 
This effect produced an artificial recharge event, distorting the recovery of the well. For this reason, 
the transmissivity obtained from the pumping analysis is considered more valid. 
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Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Map showing the location of Millhaven, Screven County, Georgia, 

Hydrostratigraphy of the Millhaven site. Locations of well screens and open- 
hole sections are shown, 

Map showing the location of the wells at Millhaven. 

Change in water level vs. time for punaping well TW3 showing the pumping 
rate for the duration of the test. A time weighted average of 207.5 gpm was 
estimated for the test. 

Change in water level vs. time for TW3 observation wells (TW2, 
TW4 and the core hole). The pumping rate for the test is shown in relation 
to the changing water levels. 

Theis-Jacob analysis (curve match) for well TW3 

Enlargement of Figure 6,  showing greater detail of the curve matched portion 
of the well test data. The flow history of the test is shown for reference. 

Recovery data plot for the TFw3 test. The portion of the recovery curve used to 
compute the transmissivity of the aquifer lies between the (thy) values of IO and 
100. 
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As part of the USGS Trans-River Project, the Department of Earth Sciences at Clemon University 
conducts pump tests at selected localities in South Carolina and Georgia near or on the United States 
Department of Energy’s Savannah River Site (U. S, DOE/SRS). The test at Millhaven, located in Screven 
County, Georgia, was conducted from November 3 through 11, 1994 using the USGS’s TW3 well as the 
pumping well and three other wells from the cluster (TW2, TW4, and the core hole) as observation wells. 
The pumping well (TW3) is completed as an open hole in the limestone of the lower part of the Upper 
Floridan Aquifer. Since none of the monitoring wells were screened over the same hydrogeologic inierval 
as the pumping well, a storativity of 0.000% was estimated from Hodges (1994, written communication) 
and historical data of the region. A transmissivity of I2 1 m2/day ( I  ,302 ftYday) was calculated from 
TW3 data. The 30.48 meter thickness of the lower zone of the Upper Floridan at Millhaven yields a 
hydraulic conductivity ofa.96 m/&y (13 Wday) from the TW3 data. The specific capacity of the well was 
4.14 gpm/ft. Other observation wells screened in adjacent zones (TW2 in the middle zone of the Upper 
Floridan, TW4 in the lower Dublin, and the core hole in the Meyers Branch Confhing Unit) were 
monitored to detest vertical leakage across confining layers. No water level changes directly related to 
pumping; were observed in any of the observation wells, indicating no detectable leakage to the lower zone 
of the Upper Floridan Aquifer at a flow rate of 207.5 gpm. 

The format of this report is modified from Clarke (U. S. Geological Survey, written communication, 
1993). 

Purpose of the Millhaven Aquifer Performance Tests 

The United States Geological Survey (USGS) is creating a model to predict the rate and direction of 
groundwater flow in the vicinity ofthe United States Department of Energy’s Savannah River Site (U. S. 
DOE/SRS). The model will incorporate the hydraulic properties determined from aquifer performance 
tests at Millhaven. This is part of an overall effort to investigate the possibility of groundwater flow and 
contaminant migration beneath the Savannah River from SRS in South Carolina to Georgia (Trans-River 
Project) 9 

The USGS is continuing to drill well clusters in Georgia where aquifer performance tests (pump tests) will 
be conducted by the faculty and students of the Department of Earth Sciences at Clemson University. The 
data will be analyzed to estimate hydraulic properties of aquifers and confining units on the Georgia side 
ofthe Savannah River. The hydraulic property information available to the model on the South Carolina 
side of the Savannah River consists of data published by Siele (1967), South Carolina Water Resources 
Commission (SCWRC) reports (Logan, 1987; Logan and Euler, 1989), unpublished SRS reports, and 
ongoing research by Clemon University Hydrogeology faculty and graduate students. The Georgia side 
of the river has been studied by Brooks and others (1985), Clarke and others (1985) and Faye and 
McFdden (1986): however. the volume of data is not as extensive as the South Carolina side for the 
region, and thus, new well sites such as Millhaven must be completed and tested in order to make the 
model more comprehensive. 
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Figure 1 Map showing the location of Millhaven, Screven County, Georgia (Modified 
fi-om Clarke and others, 1994, in press). 
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Figure 3 Map showing the location of the wells at Millhaven (Modified from Clarke, written 
communication, 1995). 
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2.2.1 Pmping Well Data Acquisition Methods 

The pumping well, TW3, is completed in the lower zone ofthe Upper Floridan from -44.72 to -51 -64 m (- 
113.92 to -169.42 ft) MSE (Figure 2). A 25 hp submersible pump was selected and set at a depth of 57.60 
m (189 ft). A 200 psi transducer (chamber #4) was positioned approximately 6.46 m (2120 ft) below the 
pump in the well. 

2.22 Observation We%% Data Acquisition Methods 

There were no observation wells screened in the same aquifer zone (lower zone of the Upper Floridan) as 
the pumping well. Thee  other wells screened in adjacent zones were monitored to detect vertical leakage, 
if present. Well TW2 is screened in the middle zone of the Upper Floridan from -13.37 to -28.61 rn (- 
43.8’7 to -93.87 ft) MSE, and TW4 is screened in the lower Dublin. from -227.39 to -242.63 m (-746.07 to 
-796.0’7 ft) MSE. The core hole is cased from the surface to a depth of 573 ft, below which no steps were 
taken to maintain an open hole. The relative screen positions are shown in Figure 2. The transducers for 
well TW2, TW4, and the core hole were placed at 2.83 m (9.29 ft)9 11.48 m (37.67 ft)* and 2.77 m (9.10 
ft) below the water table in each respective well. 

.wdJ transducer # transducer txi rating 
TW2 2 45 
TW3 4 200 
TW4 1 45 
CH 3 45 

2.3 hallysis Methods 

The initial analysis step is to correct the raw pressure data from the wells for changes in atmospheric 
pressure. These variations can mask the small response of an aquifer in an observation well. Removal of 
atmospheric pressure changes makes it easier to detect water level changes that result from pumping. 

Barometric corrections are made by subtracting atmospheric pressure changes muliplied by the 
Barometric Efficiency (BE). The BE of an aquifer is the ratio of the change in hydraulic head in an 
aquifer (due to atmospheric changes) to the actual change in atmospheric pressure. A BE of 1 indicates 
that 100% of the atmospheric pressure changes have been transmitted to the aquifer: A BE of 0 would 
indicate that none of the atmospheric pressure changes have been transmitted to the aquifer. 

2.3.1 Observation Well Analysis Method 

Data from an observation well screened in the same aquifer as the pumping well can be analyzed to 
calculate the storativity and transmissivity of the aquifer. The wells at Millhaven were screened in 
adjacent aquifer zones, therby not allowing observation well analysis for transmissivity and storativity. 
The observation wells screened in adjacent hydrologic units qualitatively detect leakage, if present, by 
water level changes that result from pumping. 

2.3.2 Pumping Well Analysis Method 

Data from the pumping well is governed by three variables: the transmissivity and storativity of the 
aquifer, and the skin factor of the pumping well. 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 is unknown and could be 
highly variable, depending on well installation. The storativity of the aqianifer is less sensitive than the 

54 



Millhaven TW3 Test Page 9 of 1'7 

The change in water level vs. time plot for TW3 (figure 4) is a good graphical representation of the flow 
history of the test, 

3.2.2 Water Level Readings 

During the test, 2467 water level data points were recorded in the pumping and monitoring wells by the 
Clemson system. Data points were recorded as frequently as every 5 seconds at times of rapidly changing 
water levels, decreasing to every 5 minutes when water level changes were relatively small. Figures 4 
and 5 show plots of change in water level vs. time for the pumping and observation wells, respectively. 

The background data for the TW3 test was studied for possible water level trends or fluctuations which 
may have affected the drawdown data during the pumping phase of the test. The pumping well showed no 
noticeable trend, The observation well plots, however, showed distinct trends over the duration of the 
test. The W2 and TW4 wells exhibited a downward trend unrelated to pumping during the TW3 test. 
The core hole showed an upward trend, but the depth of the monitored interval makes it difficult to 
determine whether this phenomenon is caused by a recharge event or by some sort. of interaquifer 
communication beneath the Meyer's Branch. 

3.2.3 Maximum Water Level Change (meters) During the Test 

A drawdown of about 15.91 meters (52.19 ft) was observed in TW3 during the 53.6 hour pumping period. 
-The observation wells used for the test, TW2 (middle zone of the Upper Floridan), TW4 (lower Dublin), 
rand the core hole (Meyers Branch), showed no water level changes related to pumping well TW3. 

" 0 Static water levels were measured by USGS personnel prior to Clemson's pumping tests. 

yeJ hydrogeologic screened zone static WL WL change 
TW2 I middle part of the Floridan 4.61 m 0.08 m 

.TW3 lower part of the Floridan 4.42 m 15.91 m 
TW4 lower part of the Dublin -12.35 m* 0.00 In 
Core hole Meyers Branch Confining -2.78 m* 0.00 m 

* Denotes artesian head above land surface 

3-3 Data Analysis Results 

3.3.1 Barometric Corrections 

Water level pressure data was corrected for the variations in atmospheric pressure by subtracting 
atmospheric pressure changes multiplied by the barometric efficiency. Pressure data from the pumping 
well and monitor wells were corrected for atmospheric pressure changes using the following barometric 
efficiencies. ' 

Well 
TW2 
TW3 
TW4 
CH 

Bammetric Efficiency 
0.65 
0.35 
0 q60 
0.65 
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1.2 Site Conditions 

1.2,I Location 

The Millhaven site is located in the worth-central portion of Screven County, Georgia, approximately 4.75 
miles (7.6 h) west of the Savannah River (Figure I). 

1.2.2 Hydrogeo1ogic Setting 

The Millhaven well cluster is drilled into Coastal Plain sediments ranging in age from Late Cretaceous to 
late Eocene. The sediments, interbedded sands, shales, and carbonates, were deposited over Paleozoic 
crystallines and Triassic red beds exposed by Late Cretaceous erosion. Regional dip is to the southeast 
and decreases upward from 48 f t h i  (9dkm)  at the base of the section to 15 ft/mi (3 dh) at the top of 
the middle Eocene beds (Snipes and others, 1993). At Millhaven, the thickness of the sediments is at least 
1450 ft (442 m). The hydrostratigraphy of the site is comprised of the Midville, Dublin, Miller's Pond, 
and Upper Floridan aquifers, the Appleton Colffining Unit, and the Meyers Branch and Allendale 
Confining Systems. The major aquifer systems and confining units are shown in Figure 2. 

1.2.3 Description of W'ells Used for the Test 

The TW4 well was used as the pumping well. Three other wells at the site (TWX TW5, and the core 
hole) were used as observation wells for the test. Figure 2 relates the wells to the subsurface 
hydrogeology of the site, Figure 3 is a simplified site map showing the location of wells used for the test. 
The construction specifications of each well are given below: 

Pumping Well (TW4): Coordinates = Latitude 32'53'25" 
8 1 "3 5 '43 '' 

Elevation (ground) = 
Elevation (TOC) = 

Longitude 
33.81 m (1 10.93 ft) MSL 
34.42 m (1 12.93 ft) MSL 

Total Depth (from ground): 
Effective Well Depth (from ground): 
Construction Date: 01 September 1993 
Depth Screened Interval: 

277.96 m (9 I2  ft) 
276.44 m (907 ft) 

261.20 to 276.44 m (857 to 907 ft) 
Elevation Total Depth: 
Elevation Effective Well Depth: 

-244.15 m (-801.07 ft) MSE 
-242.63 III (-796.07 ft) MSL 

Elevation Screened Interval: 
Diarne ter (casing): 
Screened Geologic Unit: 
Screened Hydrogeologic Unit: 
Depth Static Water Level: 

-227.39 to -242.63 m (-744.07 to -794.07 ft) MSL 
0.152 m (6") from 0 to 277.96 m (0 to 91%') 
Black Creek Group 
Dublin (lower zone) 
-112.35 m (-40.51 ft: ) on 09/21/93" 

* A negative value for water level indicates artesian head above the ground surface 
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Ibservation Well (TWS): 

Effective Depth: 
Elevation Open Interval: 
Diameter (casing): 
Screened Geologic Unit: 
Screened HvckogeoloPic Unit: 
Distamce from Pum~ing Well: 

Observation Well (TW5): 

Effective Depth: 
Elevation Screened Interval: 
Diameter (casing): 

Screened Geologic Unit: 
Screened Hydrogeologic Unit: 
Distance from Pumping Well: 

METHODS 

Elevation (ground) = 
Elevation (TOC) = 

33 -86 rn (1 11.08 ft) MSL 
34.4% m (112.92 ft) MSE 

85.49 m (280.5 ft) 

0.152 rn (6”) from 0 to 68.58 rn (0 to 225 ft) 
McBeadSantee 
Upper Floridan (lower zone) 
13.15 m (43M ft) 

-34.72 to -51.64 m (-%13.9% EO -169.42 ft) MSE 

Elevation (ground) = 
Elevation (TOC) = 

33.53 rn (110 fi) MSL 
33.84 m (1 11 ft) MSE 

420.60 rn (1380 ft) 

0.152 m (6”) from 0 to 393.17 m (0 to 1290 ft) 
0.102 rn (4”) from 393.17 to 425.18 (1290 to 1395 ft) 
M idde ndo r f 
Midville (lower aone)/Appleton Confining Unit 
6.48 m (21 2 5  ft) 

-374.89 to -387.08 IT.I (-1230 10 -1270 fi) MSL 

2 .I Test Logistics 

IdeallygP., a pump test is composed of three periods of data collection: background, pumping, and recovery. 
Background data is used to determine if the aquifer is in an equilibrium condition and the extent to which 
it is being affected by inconsistent external forces. It is also used to determine the barometric efficiency of 
the monitored aquifers so test data can be corrected for changes in atmospheric pressure. The aquifer is 
then pumped, creating a pressure drawdown cone extending radially from the pumping well. After 
pumping stops, the aquifer is allowed to recover to pre-test conditions. 

Each of the Millhaven aquifer tests was originally scheduled to be conducted over a period of seven days. 
Clemson University Earth Sciences Department personnel transported the S C W F  Data Acquisition 
Facility to each well site and set up equipment to monitor the well during the pump test. During this test, 
background data were collected for 64.3 hours, followed by 72.0 hours of pumping and 51.1 hours of 
recovery data. 

2 .% Data Acquisition Methods 

Water level readings are recorded as pressure changes in meters of water relative to an initial equilibrium 
static water level condition. For the duration of a pump test (background through recovery), quartz crystal 
transducers monitor and record water level changes in the pumping well and observation wells, Relative 
water level changes are recorded automatically on the computer data acquisition system at operator 
specified intervals ranging from 5 seconds to 5 minutes throughout the test. An additional transducer 
monitors and records changes in atmospheric pressure which are removed from the well data prior to 
aquifer parameter analysis. The transducers are calibrated to a maximum of0.005% of h l l  scale (1.5 mm 
for a 45 psi transducer) for repeatability and hysteresisThe resolution of a 45 psi transducer is normally 
about 0.2 m. 
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transmissivity and is estimated as the storativity calculated from a nearby observation well. Since there 
was no observation well screened in the same hydrogeologic unit for this test, a value for storativity was 
estimated as 0.000 1 (Hodges, written communication, 11994). Curve matching of drawdown data yields a 
transmissivity value for the aquifer and a skin factor for TW4 using superposition of the Theis solution 
(1935) or Jacob straight-line method (Cooper and Jacob, 1946) for variable flow rates modified for the 
skim factor analysis of Van Everdingen (1953) for confined aquifers with hlly penetrating wells. Once a 
value for the transmissivity had been obtained, the hydraulic conductivity of the aquifer may be 
determined by dividing the value for transmissivity by the aquifer thickness. The hydraulic conductivity is 
then multiplied by -l04,000 d s  to obtain the permeability of the aquifer media in darcys (Freeze and 
Cherry, 1979). 

The aquifer test data were entered into a Microsoft Excel spreadsheet designed to graphically estimate the 
aquifer tramsmissivity and skin factor for the well, using the modified Theis solution of van Everdingen 
(1953). The values for transmissivity and skin factor were iteratively changed until the slope and position 
of the theoretical drawdown plot matched a plot generated from the actual data collected from the test. 
The hydraulic characteristics for the aquifer were then taken directly from the spreadsheet. The validity 
of the spreadsheet used to generate these values was verifiied by Moore ( 1994). 

23.3 Recovery Data Analysis Methods 

Changes Kd water level recorded during the recovery period of an aquifer test may be used to determine the 
transmissivity and storativity values for the aquifer. Since no wells were screened in the same interval as 
the pumping well at Millhaven, only a transmissivity value may be calculated from the recovery data. The 
transmissivity is determined by plotting the residual drawdown (the difference between the static water 
level and the amount of recovery since shutting the pump downj) against the logarithm of the ratio (t/t’), 
where t is the time since pumping began and t’ is the time since pumping stopped. The transmissivity is 
calculated by using the Jacob equation: T=O. 183Q/ds ’, where Q is the pumping rate (m3/day) and ds’ is 
the slope of a “best-fit” straight line drawn between two consecutive logarithmic cycles on the s9 vs. t/t’ 
plot. The values obtained from this analysis may then be compared to the pumping phase analysis. 
Theoretically, the drawdown and recovery analyses should be identical if the aquifer conditions conform 
to the basic assumptions of the Theis (1935) equation (Driscoll, 1986). 

3.1 Busation of the Test 

The pump test took place over a nine day span in early December, 1994. Specific times for each phase of 
the test are given below: 

Background Data 
Pump On 
Recovery (pump off) 
Total test time 

3 2  Data Acquisition Results 

3.2.1 Pumping Rates 

72.0 hours (0859 
5 I .  1 hours (09100 
187.4 hours (l6:42 

64.3 hours (l6:42 11/30/94 to 0859 12/03/94) 
2/03/94 to 09100 12/06/94) 
2/06/94 to 12108 12/08/94) 
1/30/94 to 1208 12/08/94) 

A time-weighted average of flow rate measurements was determined based on values obtained from an 
Omega digital flow meter. The average flow rate for the TW4 test was ’76 gpm. 

76 



Millhaven TW4 Test Page 10 of 17 

ater Level vs, Time for Pumping Well TW4 

I I I I -25 I I i I f I I I I I 

-24 0 24 48 72 96 120 

Time (hours) 

Figure 4. Change in water level vs. time for pumping well TW4 showing the pumping rate for the 
duration of the test. A time weighted average of 76 gpm was estimated for the test. 
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3.32 Calculated Aquifer Properties 

0 A Theis-Jacob curve match for TW4 is shown in Figure 6. 

0 An enlarged portion of the curve match is shown in Figure 7. 

0 Hydraulic conductivity and permeability calculations are based on an effective aqulfer 
thickness of 35.05 meters (1 15 ft) for the lower Dublin Aquifer (Figure 2). 

0 A plot of the recovery data obtained during the TW4 test is shown in Figure 8. A transmissivity of 
653 &/day (7,030 ft2/day) was calculated from the recovery analysis. The portion of the recovery 
curve used in the analysis lies between the t/t’ values of 10 and 100. 

TW4 (PW) 

S torat ivity 0.0001 (estimated) 

Transmissivity (pumping) 

(recovery) 

Hydraulic Conductivity 

103.7 &/day 
( 1,116 ft2/day) 

653 m2/day 
(7,030 fWday) 

3.05 m/s 
(1 0 ft/day) 

Permeability 3 darcys 

3.33 Calculated Skin Factor and Well Efficiency 

A pseudo skin factor (does not consider effects of partial penetration) of 22.15 was calculated for the 
pumping well. 

The well efficiency for the TW4 test was calculated by dividing the theoretical drawdown after 24 hours 
(6.30 m) by the actual drawdown after the same amount of time (20.37 m). This equates to a well 
efficiency of 3 1 %. 

33.4 Specific Capacity 

A flow rate of 76 gpm resulted in a 20.37 meter (66.85 ft) water level change after 24 hours in well TW4. 
This equates to a specific capacity of approximately 1-14 gpdft .  

4.0 DISCUSSION 

4.1 Leakage 

Observation wells screened in adjacent portions of the section, TW3 (lower zone of the Upper Floridan), 
TW5 (Midville/Appleton) and the core hole (Meyers Branch), exhibited no water level changes during the 
pumping of the lower Dublin. The relationship of changing water levels to changing flow rates for all 
observation wells is shown in Figure 5. 
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eis-Jacob Analysis of Well T 

Observed 

Calculated 

Time (s) 

Figure 7. Enlargement of figure 6, showing greater detail of the curve matched portion of the 
well test data. The flow history of the test is shown for reference. 
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4.2 Comments 

Tidal effects on water levels (earth tides) were detected with the high resolution transducers. A small 
"wave" of approximately 0.01 to 0.05 m is seen in water level data for all wells (Figure 5) .  

Unfortunately, there was no observation well screened in the same zone as the pumping well and 
aquifer storativity had to be estimated. 

The Omega flow meter connection to the computer data acquisition system was disrupted during the 
early portion of the aquifer test. In order to protect the test data from hrther disturbance by electrical 
surges, flow measurements were taken manually from the flow meter. 

The recovery data analysis produced a value for the transmissivity of the lower Dublin that was 
approximately 530% higher than the pumping data analysis. A possible explanation for this 
difference is that when the pump was shut down at the end of the pumping phase of the test, the water 
remaining in the vertical piping to the surface was instanteously reintroduced into the well. This 
effect produced an artificial recharge event, distorting the recovery of the well. For this reason, the 
transmissivity obtained from the pumping analysis is considered more valid. 
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Resources Commission ( S C W C )  rcports (Logan, 1989; Logan and Eulcr, 1989), 
unpublishcd SRS rcports, and ongoing research by Clcmson University ]Hlydrogcology 
faculty and graduate students. Thc Georgia side of the river has bccn studied by Brooks 
and others (1985), Clarkc and othcrs (1985) and Faye and McFadden (1986); klowevcr, 
the VQ%~I-I-E of data is not as extcnsivc as the South Carolina side for the region, and thus, 
new well sites such,as Girard must bc complcted and tcstcd in order to make the model 
a%%Or@ CQmpl-ChCnSiVC. 

1.2 

1.2.l. Location 

The Girard site is located in the northeastern portion of Burkc County, Georgia, 
approximately 4 miles (6.4 hi) wcst of the Savannah Rivcr (Figure 1).  

%*%2 H ydrogcolog i c S eft i ng 

The Gisard well. c%us%cr is drilled into Coastal Plain sedhcnts ranging in age from Late 
Cretaceous to late Eoccne. The scdimcnts, interbeddcd sands, shales, and carbonatcs, 
were deposited over Paleozoic crystallines and Triassic red beds exposed by Eatc 
Cretaceous erosion. Rcgional dip is to thc southcast and decreases upward from 50 f t h i  
( 9 . 5 m )  at thc base of the section to 15 ft/mi ( 3  d k m )  at the top of the middle Eoccnc 
beds (Snipes and othcrs, 1993). Bascd on thc fidd gcologic log prepared by W. Frcd 
Falls (USGS), the thickness of thc scdhents at Girard is approximately I376 ft (419 m). 
The hydrostratigraphy of the sitc is comprised of thc Midvillc and Dublin aquifer 
systems, Millers Pond Aquifcr, the Gordon Aquifcr, Uppcr Thrce Runs Aquifer, the 
Apglcton Confining Unit, and thc Mcycss Branch and Allcndalc Confining Systems. The 
major aquifer systcms and confining units arc shown in Figure 2. 

Dcscription of Wclls Used for thc Tcst 

The Dublin well (TW2) was uscd as thc pumping wcll and thc Midville wcll (TW3) 
scrvcd as the observation wcll for thc tcst. Figure 2 relates the wells to the subsurfacc 
hydrogeology of the sitc. Figure 11 is a simplified sitc map showing the location of wcl1s 
used for thc tcst. Thc construction spccifications of cach wcll arc givcn below: 
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2.1 Test Logistics 

Ideally, a pump tcst is composcd of th rw  pcriods of data co%lection: background, 
pumping, and rccovcry. Bnckground data is uscd to dctcnninc if thc aquifcr is in an 
cquilibPnum condition and the cxtcnt to which it is being affected by inconsistent cxtemal 
forcesn It is also uscd to dctcminc thc barornctric cfficicncy Ofthc monitored aquifcrs so 
test data can bc coi~cctcd for changcs in atmospheric pressure. The aquifcr is thcn 
pumped, crcating a prcssurc drawdown cone cxtcndiwg radially from thc pumping wcll. 
After pumping stops, the aquifer is allowed to rccovcr to prc-test conditions. 

Each ofthc Girard aquifcr tcsts was originally schcdu%cd to bc conductcd QVGT a period 
of sewn days. Clcmson Univcrsity Earth Scicnccs Dcpartmcnt pcrsonncl transported thc 
SCUREF Data Acquisition Facility to the we11 sltc and sct up  thc equipment to monitor 
thc wclll during thc pump tcst. During this tcst, background data wcrc collcctcd for 49.5 
hours, followcd by 7% hours of pumping and 68 hours of rccovcry data. 

2.2 Data Acquisition Methods 

Watcr %cvcl readings arc rccordcd as prcssure changes in metcrs of watcr da t ive  to an 
initial equilibrium static watcr lcvcl condition. For the duration of a pump tcst 
(background through rccovcly ), quartz crystal transduccrs monitor and rccord watcr lcvcl 
chamgcs in thc pumping wcll and obscrvation wcll. Each transduccr is protcctcd in a 
stainless stccP housing mcasuring 0.019 m (2.75 in); thcrcforc, thcy cannot bc uscd in less 
thaw thrcc-inch diainctcr wclls. Wclativc watcr level changcs arc rccordcd automatically 
on thc computer data acquisition systcin at opcrator spccificd intervals ranging from 5 
scconds to 5 minutcs throughout thc tcst. An additional transduccr monitors and rccords 
changcs in atmosphcric prcssurc which arc rcrnovcd from the wcll data prior to aquifer 
paramcter analysis. Thc transduccrs arc calibratcd to a maximum of 0.005% of full scalc 
( 1  3 m m  for a 45 psi transduccr) for rcpcatability and hystcrcsis. The rcsolutlon of a 45 
psi transduccr is noimally about 0.2 rnm. 

%.%,I Pumping Wcll Data Acquisition Mctlnods 

The pumping well, TW2, is scrcencd in %lac lowcr part of the Dublin Aquifcr Systcm 
from -149.0 to -158.2 m (-489 to -519 ft) MSL (Figure 2). A 5 hp  sub.mersiblc pump 
was set at a depth of 5 1.2 m (168 ft). A 100 psi transduccr (chamber #3) was positioncd 
approximately 3.05 rn ( 10 ft) bclow thc pump. 
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2.3.3 Pumping Wcll Analysis Method 

Data from the pumping wcll i s  govcrncd by threc variablcs: thc transmissivity and 
storativity of thc aquifcr, and the skin factor of thc pumping wcll. %f onc of the three 
variables is known or caw bc cstitaaiitcd, thc othcr two can bc calcdatcd. Thc skin %actor 
of the pumping wcll is unknown and could bc highly variabk dcpcnding on wcll 
installation. Tltnc storativity of thc aquifer is less saasitivc than thc transmissivity and is 
cstimatcd as the storativity calculatcd from a ncarby sbscrvatiow wc%1. Sincc thcrc wcrc 
no obscrvation wclls scrccncd in the samc hydrogcologic unit for this tcst, a vahc for 
storativity was cstirnatcd as 0.000 l (Hodgcs, written cornnumication, 1994). Cuwc 
matching ofdrawdown data yields a transmissivity valuc for thc aquifcr and a skin factor 
for the Dublin wcll (TW2) using supcrposition of the Thcis soiuti~rtl (1935) 0% Jacob 
straight-line mctltnod ( C o o p  and Jacob, 1946) for variable WSW ratcs modificd for thc 
skin factor analysis of Van Evcrdingcn (1953) for confined aquifcrs with fully 
pcnctrnting wclls. 

Thc hydraulic conductivity is dctcnnincd by dividing tine transmissivity by thc cffcctivc 
aquifcr thkkncss. Pcrincability can thcn bc cstimatcd by multiplying the hydraulic 
conductivity in d s c c  by a factor of 104,000 to convcrt to darcys (Frccze and Cherry, 
1979). 

The aquifcr tcst data arc cntcrcd into a Microsoft Excel sprcadshcct dcsigncd to 
graphically cstimatc thc aquifcr transmissivity and skin factor for the wcl%, using thc 
modificd Thcis solution of van Evcrdingcn ( 1953). The valucs for transmissivity and 
skin factor grc itcrativcly changcd until thc slopc and position of thc thcorctical 
drawdown p G  matcl,-aiplot gcncratcd from thc actual data collcctcd from the tcst. ~ h c  
hydraulic characteristics for the aquifcr arc thcn takcn dircctly from thc sprcadshcct. Thc 
validity of the sprcadshcct uscd to gcncratc these valucs was vcrificd by Moore ( 1994). 

2.3A Recovery Analysis Methods 

Change in watcr lcvcl mcasurcmcnts takcn during thc rccoverj pcriod o f a  pump tcst can 
also bc analyzcd to calcuhtc transmissivity and storativity va%ucs. Mowevcr, sincc no 
obscrvation wclls wcrc scrccncd in the sainc zone as the pumping well at the Glrard sitc, 
only transmissivity valucs can bc calculatcd from time-rccovcry data. To detenninc 
transmissivity, residual drawdown (thc diffcrcncc bctwccn prc-pumping static watcr lcvel 
and the amount of recovcry aftcr pump off) is plottcd against the logarithm of t/t’, wltacre 
t is timc sincc pump started and t’ is timc sincc pump stopped. Transmissivity can thcn 
bc calculatcd using thc following Jacob straight linc equation: T=O,183Qlds’ whcrc 
Q is the pumping ratc (m‘/day) and ds’  is the slopc of the linc from the s’ vs. t/t’ plot 
takcn bctwccn two consccutivc t/t’ logarithmic cyclcs. Thc values obtaincd from 
analyzing the rccovcry data can then bc compared to the valucs obtaincd from timc- 
drawdown analysis. Thesrctically, thc drawdown and recovcry analyscs should bc 
idcntlcal if thc aquifcr conditions conform to the basic assumptions of thc Thcis conccgt 
(Driscoll, 1986). 
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3.2.3 Maximum Watcr Eevcl Change (mctcrs) During tlic Tcst 

hh drawdown of about 6.7 metcrs (22 ft) was obscrvcd in thc Dublin well (TW2) during 
thc 72 hour pumping pcriod. TW2 also showcd an dccrcasing watcr level trend of 
approxirnatcly 0. P 3 ~n ( O A 3  ft) occuring through all phases of %lac pump tcst. This trcnd 
was concctcd by adding a factor cqual to %%IC slopc of the trend from thc BE corrcctcd 
drawdown data. 

Tlic obscrvation wcll scrcencd in thc lowcr Midvillc (TW3) showcd no obscwablc 
drawdown rclatcd to pumping during thc pump tcst. A dccrcasing watcr lcvcl trend of 
approximately 0.065 in (0.2% ft) appcarcd in the observation wcll (TW2) data (Figure 4)- 
This trcrid was not pumping rclatcd bccausc it bcgan during background data collcction 
and continued through thc rccovcry portion of tPnc tcst. Thc trcnd was cowcctcd by 
adding a factor cqual to thc slopc of thc trcwd from the BE comectcd data. Thc TW3 
rccovcry watcr Pcvcl data c~ads at thc 94 hour inark in Figure 4 bccausc tlac prcsswc 
transduccr was removed i'?oni thc well to allow tlac driI%crs to continuc dcvcloging TW3. 

The cffccts of cartla tidcs appcar in Figure 4 as the cyclic 2.0 to 4.0 cin fluctuations froin 
6) through 94 hours, 

0 Static watcr IlcvcPs werc nacasurcd from tog of casing for thc obscrvation wcll and thc 

Static water lcvcls WCW taken on 12/27/94 prior to starting thc tcst. 
purnfiiplg wc%%. 

0 

3.2.4 

3.3 

3.3.6 

kydro~colo~ic  scrccncd zonc Static WE 
lowcr part, of the Dublin 
lowcr part of the Midvillic 

92-5 ft (28.2 m) 
76.1 ft  (23.2 IT)) 

Rcrnarks 

Data Analysis Results 

Baromc tric Corrcc ti ons 

WE chanrrc 
22-01 ft (6.7 x w )  

0.00 ft (0.0 m) 

Watcr lcvel prcssurc data from the pumping wcIl and  non nit or wcll werc corscctcd for 
atimosphcric prcssurc changcs using t1ic following barometric cfficicncics. Thc 
barornctric cfficicncics wcrc calculated using tlnc incthod dcscribcd in scction 2.3,l 

Barornctric Effi ci cncv 
0.58 
0.55 
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4.1 

D%SCUSS%ON 

Leakage 

No leakage was dctccted at Girard across the confining layers that scgaratc the Dublin 
and Midvi%%e aquifers. 

0 TW2 and TW3 are screened in the lower Dublin and lower M i d d l e  aquifcrs 
respectively, scparated by the upper MidviPle aquifer (Figure 2). Pumping thc 
lower Dublin aquifcr would not likely cause watcr %eve$ changes in thc lowcr 
MidvilPe. 

The late blanc pumping data from the lower Dublin does not suggest leakage 
across confining layers separating it from thc upper Dublin and Zowcr Midvillc 
aquifers. (Figure 5). 

The diffcrcncc in static watcr %cvels bctwecn the lower Dublin and lowcr Midvillc 
( !. 6 A) suggests no communication between the two zoiacs. 
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Enlargcmcnt of Figurc 5 ,  showing grcatcs detail of the curve matched 
portion ofthc wcll tcst data. 
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.2 

a 

0 

comments 

Thc transducer placed in the obscwation wcll: TW3 (Middle), had to be removcd 

well. Prior to thc removal of t%ac transducer, no hydraulic conncction between the 
during the rccovclry portion of the TW2 pump tcst to allow the cfrillcrs to dcvclop the 

Dublin and Midvi%k aquifcr systems was obscevcd at  the Girard sitc. 

A storativity value had to be cstimatcd for this piimp tcst due to thc fact that no 
observation wclls were coinplctcd in thc same aqmifcr ZOIX as thc pumping wclL 

Tidal cffccts on water levels (carth tidcs) were detected with thc high resolution 
transdeeccrs. A srnall 6bwaveqq s f  approxirnatc%y 0.0 1 - 0.84 rn is seen in water lcvc% 
data for the observation well (Figure 4). 

W d I  TWl was not monitorcd bccause it is a 2 inch diameter wcll; the 2.75 inch 
diameter transducer channbcr could not bc lowcred into the wc%%. 

Q The Dublin (TW2) rccovcry analysis for transmissivity docs not match %he drawdown 
analysis for transmissivity. One explanation for thc diffcrcncc bctwcen the rcsults of 
drawdown and rccovcry analysis is that watcr in thc riscr pipe during pumping is 
irPnmediatcly rcinjcctcd to the well at pump-off time. This produces an artificial 
rechargc event and therefore distorts thc recovery of the well. FOP this rcasoltll we 
bclievc the pumping analysis is more valid. 



Theis, C . K 9  P 935. The relation between lowering of the giczomctric surface and the ratc 
and duration of the discharge of a well using groundwater s t~rage.  Transactions of the 
American G c ~ p h y s i ~ a l  Union, v. 2., pp. 5 19-524. 
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Figure 70 

Map showing the locations of Girard, Burke 
County, Georgia, and well locations. 

Hydrostratigraphy of the Girard site. Locations of 
well screens are shown. 
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As part of the USGS Trans-River Project, the Department of Earth. Sciences at C%emson 
University conducts pump tests at selected localities in South Carolina and Georgia near 
8% 0 % ~  the United States Department: of Energy’s Savannah River Site (U. S .  DOE/S;RS). 
The test at Girard, located in eastern Burke County, Georgia, was conducted from 
January 14 through January 21, 1995 using the USGS’s Midville well (TW3) as the 
pumping we%% and the Dublin well (TW2) as the single observation well. The pumping 
well, TW3, is screened in the lower Midville aquifer. Since none of the monitoring wells 
were screened Q V ~ F  the same hydrogeologic interval as the pumping well, a storativity of 
0.000 1 was estimated from Hodges (1 994, written e ~ m u n i i c a t i ~ n )  and historical data of 
the region. A transmissivity of 105.4 m2/day (1 134.5 ft2/day) was calculated from the 
M i d d l e  pump test data. The 39.6 meter (130 ft) effective aquifer thickness ofthe lower 
Midville at Girard yields a hydraulic conductivity of 2.7 d d a y  (8.9 ftlday) from the 
Midville pump test data. The effective aquifer thickness of the lower Midville was 
determined by subtracting the combined thicaaesses of the major shale breaks from the 
entire thickness of the lower Midville aquifer on the g a m a  ray log. The specific 
capacity of the well was 1.85 gpdft .  The Dublin observation well (TW2) was 
monitored to detect vertical leakage across confining layers. No water level changes 
directly related to pumping were observed in TW2, indicating no leakage across the 
confining unit separating the Dublin and Midville aquifers at an average flow rate of 76.5 
gpm (0.29 m3/min.). 

INTRODUCTION 

The format ofthis report is modified from Clarke (U. S. Geological Survey, written 
communication, 1993). 

Purpose of the Girard Aquifer Performance Tests 

The United States Geological Survey (USGS) is creating a model to predict the rate and 
direction of groundwater flow in the vicinity of the United States Department of 
Energy’s Savannah River Site (U. S. DOE/SRS). The model will incorporate the 
hydraulic properties determined from aquifer performance tests at the Girard site. This is 
part of an overall effort to investigate the possibility of groundwater flow and 
contaminant migration beneath the Savannah River fkom SRS in South Carolina to 
Georgia (Trans-River Project). 

The USGS is continuing to drill well clusters in Georgia where aquifer performance tests 
(pump tests) will be conducted by the faculty and students of the Department of Earth 
Sciences at Clemson University. The data will be analyzed to estimate hydraulic 
properties of aquifers and confining units on the Georgia. side of the Savannah River. 
The hydraulic property infomation available to the model on the. South Carolina side of 
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Coordinates = Latitude 33"137483' 
EQngitUde 8 1 '52'46t9' 

Elevation (ground) = 77.4 m (254 k) MSL 
Elevation (TOC) = (mot available) 

Construction Date: not available 
Total Depth (from ground): 358.1 m(1,P75 fa) 

341.99 m (1,122 ft) 
Elevation Total Depth: -280.7 ~n (-921 fi) MSL 

$1 

Elevation Screened Interval: 
Diameter (casing;): 

Screemed Hydrogeologic Unit: 
De~stfn Static Water Level: 

Observation We%% 
(TW2 - DulP%iw): 

Construction Date: 
Total Depth (from ground): 
Elevation Total DePth: 

-264.6 %I% (-868 ft) MSL 
326.1 to 342.0 m (1,070 to 1,122 ft) 

0.152 rn (6") from 0 to 304.8 m (0 to 1 ,000 fi) 
0.102 m (4") from 304.8 to 348.60 rn (1,000 to 
1,143.7 ft) 
Middendorf 
Midville (lower zone) 
23.20 rn (76. PO k) on 12/27/94 

-248.7 to -264.6 m (-816 to -868 ft) MSL 

Elevation (ground) = 77.4 m (254 fi) MSL 
Elevation (TOC) = (mot available) 

not available 
238.96 m (784 fi) 
-161.5 m (-530 ft) MSL 

Effective Well De~%h (from ground): 235.6 1 rn (773 ft) 

DeDth Screened Interval: 
Elevation Screened Interval: 
Diameter (casing ): 

Screened Geologic Unit: Black Creek 
Screened Hydroneoloc.ic Unit: 
DeDth Static Water Level: 
Distance from PumDimg - Well 

Elevation Effective Well DePth: -158.2 WP (-519 ft) MSL 
226.47 to 235.61 m (743 to 773 k) 
-149.0 to -158.2 m (-489 to -519 fi) MSL 
0.102 m (4") from 222.5 to 238.96 m (730' to 784') 
0.152 m (6") from 0 to 222.5 m (0 to 730') 

Dublin (lower zone) 
28.19 m (92.50 k )  on 12/27/94. 
22.56 m (74 A) 
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2.22 Observation Well Data Acquisition Methods 

There were no observation wells screened in the same aquifer zone (lower Midville) as 
the pumping well, TW3. The Dublin well (TW2) was monitored to detect vertical 
leakage, if present, between the Dublin and Midville aquifer systems. TW2 is screened in 
the lower Dublin from -%50,24 to -159.41 m (-493 to -523 k) MSL. The relative screen 
~ O S ~ ~ ~ O I I S  are shown in Figure 2. A transducer was placed approximately 3.05 m (10 ft) 
below thk water table in the TW2. 

P well 
TW3 (Midville) a 100 
TW2 (Dublin) 2 45 

2.3 Anakysis: Methods 

%,3,% Atmospheric Pressure Corrections 

The initial analysis step is to correct the raw pressure data from the wells for changes in 
atmospheric pressure. These variations can mask the small response of an aquifer in an 
observation. well. Removal of atmospheric pressure changes makes it easier to detect 
water level changes that result from pumping. 

Barometric corrections are made by subtracting atmospheric pressure changes multiplied 
by the barometric efficiency (BE). The BE of an aquifer is the ratio of the change in 
hydraulic head in an aquifer (due to atmospheric changes) to the actual change in 
atmospheric pressure. A BE of 1 indicates that 100% of. the atmospheric pressure 
changes have been transmitted to the aquifer. A BE of 0 would indicate that none of the 
atmospheric pressure changes have been transmitted to the aquifer. 

2.3.2 Observation Well Analysis Method 

Data from an observation well screened in the same aquifer as the pumping well can be 
analyzed to calculate the storativity and transmissivity of the aquifer (see 2.1 Test 
Logistics and 3.2J Pumping Rates). The wells at Girard are screened in separate 
aquifer systems, making observation well analysis impossible. However, an observation 
well screened in a deeper or shallower hydrologic unit qualitatively detects leakage, if 
present, by water level changes that result from pumping. 
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30 

301 nration of the Test 

The pump test took place over a seven day span in the middle of January, 1995 The 
specific: times for each phase ofthe test are given below: 

Background Data 
Pump On 

Total test time 
% t t X O V e v  (pump Off) 

3 e 2  

3.261 

Data Acquisition Results 

Pumping Rates 

23.70 hours 
72.00 hours 
73.50 hours 

169.20 hours 

(1620 01/14/95 bo 16100 01/15/95) 
(16100 01/15/95 to 16.00 01/18/95) 
(16100 01/18/95 to 1730 01/21/95) 
(16120 01/14/95 to 1730 01/21/95) 

A time-weighted average of flow rate measurements was determined based ow values 
obtained from an Omega digital flow meter. The average flow rate for the TW3 
(Midville) pump test was 76.5 &]pm (0.29 rn3/min.). Figure 3 is a plot of the change in 
water level and flow rate versus time for the pumping well TW3. 

3.22 Water Level Readings 

During the test, 2381 water level data points were recorded in the pumping and 
monitoring wells by the data aquisition system. Data points were recorded as frequently 
as every 5 seconds at times of rapidly changing water levels, decreasing to every 5 
minutes when water level changes were relatively small. Figures 3 and4 show plots of 
change in water level vs. time for the pumping and observation wells, respectively. 
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33.2 Calculated Aquifer Properties 

e A Theis-Jacob curve match for TW3 Midville well is shown in Figure 5. 

e An enlarged pontispn ofthe cume match is shown in 

e Hydraulic conductivity and permeability calculations are based on drawdown 
transmissivitgr and an effective aquifer thickness of 39.6 meters ( 130 fi) for the lower 
aquifer of the Midville System (Figure 2)o 

S torativity 0.0001 (estimated) 

Transmissivity (drawdown analysis) 

Transmissivity (recovery analysis) 
2 

2 
425m /day 

(4574 fi /day) 

2.7 d d a y  
(8.9 A/day) 

Pemeability 3.25 darcys 

3.3.3 Calculated Skin Factor 

A pseudo skin factor (does not consider effects of partial penetration) of 9.115 was 
calculated for the pumping well, TW3. This skin factor corresponds to a well efficiency 
of 49%. The well 
efficiency was determined by producing theoretical drawdown data based on zero skin 
factor and then dividing that theoretical data by the measured drawdown data after 24 
hours of pumping and multiplying by l 00%. 

A well with zero-skin factor would be a 100% efficient well. 

3.3.4 Specific Capacity 

3 
A flow rate of 76.5 gpm (0.29 m bin) created a 12.6 meter (41.3 ft) water level change 
after 72 hours in well TW3 (Midville)o This equates to a specific capacity of approximately 
1 .85 g d A .  
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Figure yo Residual Drawdown vs. t/t' for Midvi%%e (TW3) pumping we%%, 
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As part of the USGS Trans-River Project, the Department of Earth Sciences at Clemson University 
conducts pump tests at selected localities in South Carolina and Georgia near or on the Savannah River 
Site (SRS). The test at P Area, centrally located within SRS, was conducted from June 24 to June 28 of 
1993 using a water supply well (PW12OP) as the pumping well and four wells from a nearby monitor 
well cluster P24 (TA,TB,TC,TD) as observation wells. The pumping well (BW12OP) and one 
observation well (P24-TA) are screened over the same zone in the lower Midville aquifer. A 
transmissivity of 0.0 P 65 m2/s (1 5,300 ft2/day) and a storativity of 0.9 E-4 were calculated from P24TA 
data. A transmissivity of 0.01 80 m2/s (16,500 ft2/day) was calculated from PW 120P data. The 30 meter 
thickness of the lower Midville at P Area yields hydraulic conductivities of 0.00054 d s  (500 ft/day) 
from P24-TA data and 0.00059 d s  (550 ft/day) from PW12OP data. Other observation wells screened in 
successively shallower zones (P24-TI3 in the upper Midville, P24-TC in the lower Dublin, P24-TD in the 
upper Dublin) were monitored to detect vertical leakmce across confimbg layers. Water level changes 
directly related to pumping were observed in the P24-TB well, indicating leakamce across the corafining 
unit separating the lower and upper Midville. No pumping related water level changes were observed in 
the Dublin, indicating no detectable leakamce across the Allendale Cornfining Unit which separates the 
Midville and Dublin Aquifer Systems. 

1 .o 

The format of this report is modified from Clarke (U. S. Geological Survey, written communication, 
1993). 

1.1 Purpose of the P Area Aquifer Performance Test 

The United States Geological Survey (USGS) is creating a model to predict the rate and direction of 
groundwater flow in the vicinity of the Westinghouse Savannah River Site (SRS). The model will 
incorporate the hydraulic properties determined from the aquifer performance test at P area. This is part 
~f an overall effort to investigate the possibility of groundwater flow and contaminant migration beneath 
the Savannah River from SRS in South Carolina to Georgia (Trans-River Project). ' 

The USGS is ahifling well clusters in Georgia where aquifer performance tests (pump tests) will be 
conducted by the faculty and students of the Department of Earth Sciences at Clemson University. The 
data can be analyzed to estimate hydraulic properties of aquifers and comfining units on the Georgia side 
of the Savannah River. The hydraulic property infomation available to the model on the South Carolina 
side of the Savannah River is comprised of historical estimates made at SRS and of estimates made from 
well data held by the South Carolina Water Resources Commission (SCWRC). By performing pump 
tests at water supply (production) well and monitor well cluster sites at SRS facilities, the amount and 
quality of information available to the model on the South Carolina side of the Savannah River can be 
substantially increased. This information can be acquired economically by testing existing production 
wells without the expense of drilling and then testing new wells. The aquifer performance test at P area 
is the first in a series of pump tests to be conducted on SRS production wells. 
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Figure 1%. Map showing the location of P Area within the SRS. 
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N 43,000 

N 42,500 

Figure 3. Map showing the location of the wells at P Area, SRS, 
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2,% Test Logisties 

Ideally, a pump test is composed of three periods of data collection: backgroumd, pumping, and recovery. 
Backgrsmd data is used to determine if the aquifer is in an equilibrium condition and the extent to which 
it is being affected by inconsistent external forces. It is also used to determine the barometric efficiency 
of the monitored aquifers so test data can be corrected for changes in atmospheric pressure. The aquifer 
is then pumped, creating a pressure drawdown cone extending radially from the pumping well. After 
pumping stops, the aquifer is allowed to recover to pre-test conditions. 

Pump tests performed using supply wells require coordinatiom with site engineers to accomplish our 
objectives within the restrictions imposed by site water demand. At P Area we were restricted to no more 
than 24 hours of continuous pump-off time for the supply well (PW120B). According to I? Area 
engineers, the PW120P has pumped continuously for at least the past 2 years at 455-460 gpm. In order to 
perform a conventional pump test, the supply well would have to be shut-in twice, once to allow the 
aquifer to retwn to a pre-pumping non-drawdown condition, and a second time to collect recovery data 
after pumping. To minimize our impact on site water supply, the decision was made to use the 
continuous pumping of the supply well to our advantage. Because PW120P had been pumped ai a 
constant rate for over 2 years, it can be assumed that the well and aquifer has achieved an equilibrium 
condition within our study area. Background data was recorded as the supply well continued pumping 
(the normal condition in the area). Pumping was stopped and recovery ("pmphg") data was recorded 
%OF 24 hours. Bumping was then resumed and "recovery" data was recorded as the aquifer returned to a 
pre-test drawn dowm condition. This strategy limited our impact om site water supply to one 24 hour 
pump-off period. 

2.2 Data Acquisition Methods 

Water level readings are recorded as pressure changes in meters of water relative to an initial equilibrium 
static water level condition. For the duration of a pump test (background through recovery), transducers 
monitor and record water level changes in the pumping well and observation wells. Relative water level 
changes are recorded automatically on the computer data acquisition system at operator specified 
intervals ranging from 5 seconds to 5 minutes throughout the test. An additional iransducer monitors and 
records changes in atmospheris pressure to be removed from the well data prior to aquifer parameter 
analysis. The transducers are calibrated to a maximum of 0.005% of full scale (1.5 mm for a 45 psi 
transducer) for repeatability and hysteresis. Typical field resolution values for a 45 psi transducer are 0.2 
mm- 

2.2.1 Pumping Well Data Acquisition Methods 

The pumping well, PW120P, is screened in the lower part of the Midville Aquifer System from -1 87.3 to 
-202.5 rn (-614.5 to -664.5 ft MSL) see Figure 2. Well PW120P is equipped with a 150 hp turbine pump 
that produces about 458 gpm on a continuous basis and is capable of producing over 500 ggm for short 
periods. A digital flow meter installed at the well head continuously registers the flow rate. All flow 
measurements made during the test were manually taken from the digital flow meter. 
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The observation wells screened in successively shallower hydrologic units qualitatively detect leakance, 
if present, by water level changes that result from pumping. 

2.3.2 Pumping Well Analysis Method 

Data from the pumping well is governed by three variables: the transmissivity and storativity of the 
aquifer, and the skin factor of the  pumping well. If one of the three variables is h o w n  or can be 
estimated, the other two can be calculated. The skin factor of the pumping well is unknown, The 
storativity of the aquifer is less sensitive than the transmissivity and is estimated as the storativity 
calculated from a nearby observation well. The storativity value calculated from B24-TA was used for 
analysis of BW120P. Variable rate curve matching of drawdown data yields a transmissivity value for 
the aquifer and a skin factor for PW120P using the superposition of the Theis solution (1935) or Jacob 
straight-line method (C~oper and Jacob, 1946) for variable flow rates modified for the skin factor 
analysis of Van Everdingen (1953) for confined aquifers with fully penetrating wells. Because PW12OP 
is screened over only the bottom 50 ft of the lower Midville (100 ft thick), the data was also analyzed 
using the Hantush (1961, 1964) solution for partially penetrating wells modified to account for the Van 
Everdingen (1953) skin factor. The Hantush solution. is used to calculate the transmissivity of the aquifer 
and the skin factor of the well, while correcting for vertical flow within the aquifer. The well efficiency 
of the pumping well is calculated by taking the ratio of the theoretical drawdown of the well with a skin 
factor of zero and the actual measured drawdown. 

3.0 

3.1 Duration of the Test 

The pump test took place over a four day span in late June, 1993 during the Clemson University 
Hydrogeology Summer Field Camp. The specific times for each phase of the test are given below: 

Background Data (pumping) 

Recovery (pump on) 
Total test time 

Pump Off 

3 02 Data Acquisition Results 

3.2J Bumping Rates 

24.94 hours 
24 hours 
43.17 hours 
9 2 %  1 hours 

(6124 at 1504 to 6/25 at 1600) 
(6/25 at 1600 to 6/26 at 1600) 
(6/26 at 1600 to 6/28 at 11 IO) 
(6/24 at 1504 to 6/28 at 11 10) 

Well PW120P was pumped at a constant rate of458 gpm prior to the test for over 2 years. For the test, 
the pump was shut off for 24 hours and then re-started. Flow rates during the test were modeled relative 
to the 458 gpm pre-test condition. Relative discharge (Q) is shown followed by the actual flow rate. All 
flow measurements were made using the digital flow meter installed at the pumping well. 
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Figure 6, Blot of drawdown data at a limited scale to show wave effect of earth tides. 
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3.32 Calculated Aquifer Properties 

e Curve matches for P24-TA and PW12OP are shown in Figure 7 and Figure 8. 

0 Hydraulic conductivity and permeability calculations are based on an effective aquifer 
thickness 30 meters (100 ft) for the lower aquifer of the Midville System (Figure 2). 

S torat ivity 

Transmissivity 

PWf20P (PW1 

0.9 E-4 0.9 E-4 

0.0165 m2/s 

Hgrckadic Condaac t iv it iy 0.00055 d s  
( 1 56 fvdagr) 

0.01180 m2/s 
(16,700 ft2/day) 

0.00060 d s  
(1’30 ftlday) 

Penneab ility 55 darcys 60 darcys 
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Semi-log analysis (curve match) of pumping well PW 120P. 

PWI2OP cuwe match 0%-18 and BPSF=’I%I 

16,700 ftA21dey 

S0.9 E 4  
T=O.O18 mA2/s 

Figure 9. 
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time (seconds:, 

K=0.00059 mfVs 

170 ftlday 

60 darcys 

Well efficiency analysis ofPWl20P: Plot of theoretical water %eve% change for a perfectly 
efficient well (skin factor = 8) with actual drawdown of PWl20P (skin factor = 13). 
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AC ENTS 

Buford Beavers (WSE-C), coordinated logistical arrangements with site personnel and Clemson University. 
Robert Hunter and Dan Wells (WSRC), assisted with the pump test. Van Price (WSRC), Tommy Temples (US 
DOE) and Richard Strom (SRTC) assisted with logistical arrangements. Larry Harrelson (USGS), originally 
suggested usimg SRS water supply wells for pump tests and monitor well clusters as observation wells. 
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1.2.1 Location 

B Area is located in the northwest section of the WSRC Savannah River Site (Figure I). 

1.2.2 Hydrogeologic Setting 

The Savannah River Site is located on Coastal Plain sediments ranging in age from Miocene to Late 
Cretaceous. The sediments, interbedded sands and shales, were deposited over Paleozoic crystallines and 
Triassic red beds exposed by Late Cretaceous erosion. Regional dip is to the southeast and decreases 
upward from 48 f t h i  (9m/km) at the base of the section to 15 f t h i  (3 dh) at the top of the middle 
Eocene beds (Snipes, 1993). Across SWS, the thickness of the sediments ranges fr~lta% 700 ft (210 m) in 
the northwest to 1400 ft (430 m) in the southeast. At B Area, the sediments are about 720 ft (220 m) 
thick. The Midville Aquifer System is the deepest in the section and is separated from the overlying 
Dublin Aquifer System by the Allendale Confining Unit. The Meyers Branch Confining Unit separates 
the Dublin from the overlying Gordon Aquifer The major aquifer system and confining units are shown 
ill FigMiTX 2. 

1.2.3 Description of Wells Used for the Test 

The site water supply well, PW67%3, was used as the pumping well. Four wells at the229 monitor well 
cluster (B29-TA, B29-%C, P29-TD, P29-A) were used as observation wells for the test. Figure 2 relates 
the wells to the subsurface hydrogeology in a cross sectional view. Figure 3 is a simplified site map 
showing the location of wells used for the test. Figure 4 is a schematic of the well construction diagram 
of PW67B. Note that the static water levells of the pumping well and to a lesser degree of the observation 
wells are affected by intermittent pumping prior to the test. For this reason, water levels taken in July 
1990 were used. The specifics of each well are given below: 

Pumping Well% (PW67B): 

Total DeDth (from TOQ: 
Effective Well Dersth (from TOC): 
Comtdetion Date: 
Dersth Screened Interval: 
Dersth Gravel Pack: 
Elevation Total DePth: 
Elevation Effective Well DeDth: 
Elevation Screened Interval: 
Elevation Gravel Pack: 
Diameter (casind: 
Screened Geologic Unit:: 
Screened Hvdrogeologic Unit: 
Depth Static Water Level: 

SWS coordinates = 

Elevation (ground) = 
Elevation (TOC) = 

N 86693 
E 42622 
81.99 m (269.00 ft) MSL (est.) 
82.84 m (271.80 ft) MSE 

not available 
22 1.82 m (727.8 ft) 
15 October 1963 
188.30 to 221.82 m (614.8 to 727.8 ft) 
not available 
not available 

-105.46 to -138.98 m (-346 to -456 ft MSE) 
not available 
0.25 m (10") 
Middendorf 
Midville 
30.39 m (99.7 ft ) July 1990 

-138.98 ~n (-456 ft MSL) 



266 

200 

100 

0 

-100 

-200 

-300 

-400 

P29-A P29-TD 

EA 

P29-TC P29-TA PW-67B 

LEGEND 
,70.0 WATER ELEVATION in ft 

JULY 1990 

CONFINING UNIT 
OR ZONE 

Figure 2, 

AQUIFER UNIT 
OR ZONE 
LOW PERMEABILITY 
ZONE 

SCREEN ZONE 

Schematic stratigraphic cross section at the B Area study site. Locations of the well screens are 
shown. 

166 



0 

=I 80 

200 

300 

400 

580 

680 

700 

730 

99.7 '  ( I  69.3) 

975.0' (94) 
185.6' (83.4) 

575.0' ( -  306) 
590.0' ( -  32 1)  
6 9 5.0' ( -  346) 
,620.0' ( -  35 1)  
3625.0' ( -  356) 
630.0' ( -  36 9 )  

.OTT ED SCl?EEN/0.04 

725.0' ( -  456) 
,730.0' (-461 1 

IMPELLERS 

SCREEN 

0" SLOTS 

Figure 4. Construction diagram of pumping well PW67B. 
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2.1 

Ideally, a pump test is composed of three periods of data collection: background, pumping, and recovery. 
Background data is used to determine if the aquifer is in an equilibrium. condition and the extent to which 
it is being affected by inconsistent external forces. It is also used to determine the barometric efficiency 
of the monitored aquifers so water level test data can be corrected for changes in atmospheric pressure. 
The aquifer is then pumped, creating a pressure drawdown cone extending radially from the pumping 
well. After pumping stops, the aquifer is allowed to recover to pre-test conditions. 

Pump tests performed using supply wells require coordination with site engineers to accomplish our 
objectives within the restrictions imposed by site water demand. At B Area, PW67B is pumped 
intermittently at about 1800 gpm to fill the water supply tank. The pump is automatically activated when 
the water level in the supply tank drops below a pre-determined limit. The pump automatically turns off 
when the tank is full, usually after P 0 to 20 minutes of pumping. The period between pumping events 
(normally 2.5 to 3 hours) is dependent on site water usage and is shown by plots of water level change vs 
time, Figures 5 and 6.  Continuous pump-off time for PW67B was restricted to about 12-15 Rours to 
maintain adequate water supply in case of fire. To control pumping times for the test, WSRC engineers 
changed the pump control from automatic to manual mode. 

Background data collection began as the supply well continued intermittent pumping (the normal practice 
in the area). Bumping was stopped for 13.45 hours to allow the aquifer to recover as much as possible 
under the time constraints, For the discharge period of the test, at least 24 hours of continuous pumping 
was desired to provide the maximum opportunity to detect leakance through confining units. When 
pumping began, the storage tar& yas filled until it overflowed. Flow was then diverted to a discharge 
ditch. After 7 hours, it was necessary to refill the storage tank by diverting flow from the discharge ditch 
to the tank and then back to the discharge ditch after the tank was filled. At the end of the 24 hour 
pumping period, the tar& was again filled prior to turning the pump off. Flow was restricted to 500-600 
gpm during the pumping period of the test to limit run-off- Recovery data was taken for 10.25 hours 
before automatic pumping at the site resumed. 

2 -2 Data Acquisition Methods 

Water level readings are recorded as pressure changes in meters of water relative to an initial equilibrium 
static water level condition. For the duration of a pump test (background through recovery), transducers 
monitor and record water level changes in the pumping well and observation wells. Relative water level 
changes are recorded automatically on the computer data acquisition system at operator specified 
intervals ranging from 5 seconds to 5 minutes throughout the test. An additional transducer monitors and 
records changes in atmospheric pressure to be removed from the well data prior to aquifer, parameter 
analysis. The transducers are calibrated to a maximum of 0.005% of full scale (1 -5 mm for a 45 psi 
transducer) for repeatability and hysteresis. Typical field values for a 4'5 psi transducer are 0.2 m. 
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2,2.% Pumping Well Data Acquisition Methods 

The pumping well, PW67B, is screened in the lower part of the Midville Aquifer System from - 105.46 to 
-138.98 m (-346 to -456 ft MSL) see Figure 2. Well PW67B is equipped with a 150 hp turbine pump 
that normally produces about 1000 gpm on an intermittent basis to fill the water supply tank at B Area. 
For the test, flow was restricted to about 500-600 gpm. Flow measurements taken during the test were 
made using an orifice weir provided by WSRC 

Access to PW67B is limited by the well head design. A 2 inch diameter pipe used for taking water level 
measurements provides the only access to the well, short of removing the pump. The transducers 
employed by the Clemson high resolution system are protected by a stainless steel encasement 2.45 
inches in diameter, making the pumping well practically inaccessible. The alternative was to use a 
smaller transducer for the pumping well that is not a standard part of the Clemson system. Personnel in 
the drilling department at WSRC provided an Instmentation Northwest PS9000 piezometric quartz 
crystal transducer system. It uses transducers only slightly larger (0.840" QD and 9.125" in length) than a 
standard water level tool (0~5'' OD and 9" in length) and that easily fit into the 2'v diameter access pipe of 
the pumping well. The PS9000 does not have the resolution (typical repeatability/hysteresis is 0.1% of 
the transducer psi rated span) of the Clemson system. For the 20 psi span transducer used for the test, the 
resolution is about +/- 15 m. However, for the large water level changes that occur in a pumping well, 
precise resohtion is mot as critical. 

22.2 Observation Well Data Acquisition Methods 

Observation well P29-TA is screened from -122.77 to -129.35 m (-402.8 to -424.4 ft)* This is in the same 
lower Midville zone as pumping well PW67B. Three other wells screened in successively shallower 
zones were monitored to detect vertical leakance if present. Well P29-TC is screened in the lower Dublin 
from -67.8% to -74.40 m ( -222.5 to -244.1 ft), P29-TB is screened in the upper Dublin from -43.40 to - 
49.98 m ( -142.4 to -164.0 ft), and P29-A is screened in the Upper Dublin from -1 1.52 to -14.81 m (-37.8 
to -48.6 ft). No well was completed in the upper Midville (P29-TB) at the $29 cluster due to mechanical 
problems while drilling. The relative screen positions are shown in Figure 2. The monitor wells are 
permanently equipped with sample pumps which were pulled for the test. The wells are 4 inches in 
diameter, large enough for the high resolution transducers used by the Clemon system. 

- well 
PW67B 
P29-TA 
P29-TC 
P29-TD 
P29-A 

transducer # 
WSRC 

4 
1 
2 
3 

transducer psi rating 
20 
100 
45 
45 
45 

P 72 
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3.1 Dnratispa 0% the Test 

The pump test took place over a four day span in early July, 1993 during the Clemson University 
Hydrogeology S u m e r  Field Camp. The specific times for each phase of the test are given below: 

Background Data (intermittent 31.90 hours 
pumping at 11008 gpm) 
Background Data pump off 
Pumphag (pump on) 

(7/1 at 11223 to 7/2 at 2018) 

13A5 hours 
25.00 hours 

( 7 2  at 2018 to 7/3 at 0945) 
( 7 3  at 0945 to 7/4 at 1045) 

(7.15 hs) @ 572 gpm (7/3 at 0945 to 7/3 at 
(0.43 hrs) @ 613 gpm (7/3 at 1654 to 7/3 at 

(1 7.42 hs) @ 565 a m  (713 at 1720 to 7/4 at 
10.25 hours (7/4 at 1045 to 7/4 at 2100) 

rate prior to tank refill 
tank refill rate 
rate after refill 

Recovery ( p m p  off) 

Total test time 80.60 hours (7/1 at 1223 to 7/4 at 2100) 

3.2 Data Acquisition Results 

3.2,ll Pumping Rates 

654) 

045) 
720) 

The discharge rate for PW67B ranged from 565-613 gpm during the continuous pumping portion of the 
test. Flow rate variations occurred when flow was diverted from the discharge ditch to fill the storage 
tank. Flow rates during the test were modeled relative to the 0 gpm pre-pumping recovered condition. 
All flow measurements were made using the orifice weir provided by WSRC. Relative discharge (Q) is 
shown followed by the actual flow rate: 

Q0: 

41: 

62: 

4 3  

44: 

0.0000 m3/s (time averaged rate) 
pump off (8 mm) for 13.45 hours, 7/2 at 2018 to 7/3 at 0945 

0.0361. m3/s (time averaged rate) 
pump at.572 m m  for 7.15 hours, 7/3 at 0945 to 7/3 at 1654 

0.03 87 m3/s (time averaged rate) 
pump at 6113 gpm for 0.43 hours, 7/3 at 1654 to 7/3 at 11720 

0.0356 m3/s (time averaged rate) 
pump at 565 mm for 17.42 hours, 7/3’ at 117’20 to 7/4 at 1045 

0.0000 m3/s (time averaged rate) 
pump off( 0 mm) for 10.25 hours, 714 at 1045 to 7/4 at 2 100 

The water level change vs time plot for BW67B (Figure 5)  is a good graphical representation of the flow 
history for the test. 
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33.2 Calculated Aquifer Properties 

Q Curve matches for P29-TA and PW67B are shown in Figure 7 and Figure 8, 

0 Hydraulic conductivity and permeability calculations are based on an effective aquifer 
thickness 40 meters (130 ft9 see section 4.2 C s m e ~ l t s )  for the lower aquifer of the Midville System 
(Figure 2)* 

Storativity 1 2  E 4  11.2 E-4 

Transmissivity 

Hydraulic Conductivity 0.00023 d s  
(65 ft/day) 

0.00025 d s  
(711 ftlday) 

Permeability 23 darcys 26 Qarcys 

33.3 Calculated Skin Factor and Pumping Well Efficiency 

A pseudo skin factor (does not consider effects of partial penetration) of2 was calculated for the pumping 
well. This yielded a well efficiency of 80%. Well PW67B is screened over 11 110 A of the 130 ft thickness 
of the lower Midville aquifer at B Area (Figure 2). When the effect of partial penetration is considered, 
a skin factor of 1 was calculated, yielding a well efficiency of 90% (Figure 9). 

3.3.4 Specific Capacity 

A flow rate change of 565 gpm created a 6.35 meter (20.8 ft) water level change after 25 hours in 
PW67B. This result equates to a specific capacity of27 gpdf t  which is close to the specific capacity of 
28.19 gpm/ft determined in the original test conducted on this well in 1963 (Buford Beavers, personal 
communication, 1994). A one hour test performed in May of 1993 calculated a specific capacity of 30.3 
gpm. 
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iiguae 9. Well efficiency analysis of PW67B: Plot of theoretical water level change for a perfectly 
efficient well (skin factor = 0) with actual drawdown of PW67B (pseudo skin factor = 2, skin 
factor= I) 

s=1.2 E-4 
T=8.00 9 8 mW/s 

_II_ P W67B measured 
P PW67B calculated 
= PW678 calc PP/1 sf 
-_I-  PW67B ealc PP/d 0 

4.0 

8.4 4 1 00 4000 4 0080 100000 1000000 

time (seconds) 

4 0% Leakame 

At IS Area, drawdown in the lower Midville (pumped aquifer) was less than expected at late pumping 
times (Figure $), suggesting leakance across confining units separating the lower Midville from other 
aquifers in the section. Without data from observation wells screened in other aquifers, however, this 
finding could be attributed t'o causes other than leakance, for examp4e a discharge boundary. Leakance 
was confirmed by water level changes in the lower Dublin (P29-TC) and upper Dublin (P29-TD, P29-A) 
aquifers directly related to pumping of the lower Midville aquifer. The relationship of changing water 
levels to changing flow rates for all observation wells is shown in Figure 6. 

4 0% Comments 

e The historical static water levels in 3 of the observation wells were within 6 inches, suggesting 
communication (leakance) between the Midville (P29-TA, screened in the same zone as the pumping 
well) arid the Dublin Aquifer Systems (P29-TC and P29-TD) prior to the test. The static water level 
in the other observation well, P29-A (screened in the uppermost Dublin Aquifer), was about 2-3 ft 
below that of the other monitor wells. The relatively high flow rates during the test produced 
significant water level changes in all observation wells, including the P29-A well, clearly 
demonstrating the presence of leakance within the hydrogeologic section as high as the Upper Dublin 
aquifer. 

1-78 
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Buford Beavers (WSRC), coordinated logistical arrangements with site personnel and wrote the 
procedure followed by site engineers. Van Price (WSRC), T o m y  Temples (US DOE) assisted 
with logistical arrangements. Larry Hanelson, USGS, originally suggested using SRS water 
supply wells for pump tests and monitor well clusters as observation wells. John Clarke, USGS, 
reviewed the document and made many helpfkl suggestions. 
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performing pump tests at water supply (production) well and monitor well cluster sites at 
SRS facilities, the amount and quality of infomation available to the model on the South 
Carolina side of the Savannah River can be substantially increased. This information can 
be acquired economically by testing existing production wells without the expense of 
drilling and then testing new wells. 

1.2 

Location 

D Area is located on the western side ofthe WSRC Savannah River Site (Figure I)* 

1.22 Hydrogeologic Setting 

The Savannah River Site is located on Coastal Plain sediments ranging in age from 
Miocene to Late Cretaceous. The sediments, interbedded sands and shales, were 
deposited over Paleozoic crystallines and Triassic red beds exposed by Late Cretaceous 
erosion. Regional dig is to the southeast and decreases upward fiom 48 Wmi ( 8 d h )  at 
the base of the section to 15 ft/mi (3 rnkm) at the top ofthe middle Eocene beds (Snipes, 
1993). Across SRS, the thickness of the sediments ranges from 900 ft (210 m) in the 
northwest to 1400 fi (430 m) in the southeast. At D Area the sediments are about 900 ft 
(275 m) thick. The Middle Aquifer System is the deepest aquifer in the section and is 
separated from the overlying Dublin Aquifer System by the Allendale Confining Unit. 

1.2.3 Description of Wells Used for the Test 

The primary water supply well for B area, PW905-3D9 was used as the pumping well. 
Two wells (PW905-136D and PW-2D) were used as observation wells for the test. 
Figure 2 relates the wells to the subsurface hydrogeology in a cross’ sectional view. 
Figure 3 is a simplified site map showing the location of wells used for the test. Figures 
4 awd 5 are schematics of the well construction diagram for PW905-3D and PW905- 
136D respectively The specifics of each well are given below: 

SRS coordinates (ft) = N 66150 
E 19820 

Elevation (ground) = 40.84 m (134.00 A) MSL 
Elevation (TOC) = 41.15 m (135.00 ft) MSL 

Total Depth (from TOC): 224.32 %I[% (736 A) 
Effective Well Depth (fkom TOC): 222.49 m (430 A) 
Completion Date: 1 September 1993 
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are shorn for each well. 
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2.8 

): SWS coordinates (A) = N 64180 
E 20588 

Elevation (ground) = 40.84 m (132.5 ft) MSL 
Elevation (TOC) = 41.15 m (135.0 a) MSk 

Effective Depth: 22859 m ('950 ft) 
Elevation First Screened Interval: - 153.92 to -1 63 .Q6 m (-505 .O to -535 -0 A) MSL 
Elevation Second Screened Interval: -175.25 to -187.44 m (-595.0 to -615.0 ft) MSL 
Diameter (casing): 0.457 m (W) from 0 to 173.73 m (570 A), 0.153rn 

(6") %Ssm 173.73 to 231.64 m (570 to 760 R) 
Screened Geologic Unit: Middend0rf 

lower Midville 
Depth Static Water Level: 9.8 m (32.1 A) artesian 
Distance fiom Pumping Well 234.25 m (768.59 A) 

Obser~at i~n We%% (PW-2D): SWS coordinates (A) = N 65804 
E 20126 

Elevation (ground) = 39.84 m (130.7 A) MSL 
Elevation (TOC) = 40.60 m (133.2 A) MSL 

Effective Depth: 
Elevation First Screened Interval: 
Elevation Second Screened Interval: -66.69 to -811.93 m ( -218.8 to -268.8 A) MSL 
Diameter (casing): 0.203 m (V6)  
Screened Geologic Unit: 
Screened Hvdrogeologic Unit: 
Depth Static Water Level: 
Distance fkom Pmsing Well 

122.52 m (402 ft) 
-13.35 to -14.87 rn ( -43.8 to -48.8 A) MSL 

Upper Black Creek 
Dublin (lower part) 
8.5 m (27.9 R) artesian 
140.78 m (461.90 A) 

METHODS 

2.1 

Ideally, a pump test is composed of thee periods of data collection: background, 
pumping, and recovery. Background data is used to determine if the aquifer is in an 
equilibrium condition and the extent to which it is being affected by inconsistent external 
forces. It is also used to determine the barometric efficiency of the monitored aquifers so 
test data can be corrected for changes in atmospheric pressure. The aquifer is then 
pumped, creating a pressure drawdown cone extending radially from the pumping well. 
After pumping stops, the aquifer is allowed to recover to pre-test conditions. At D Area, 
background data was collected during regular intermittent pumping conditions as well as 
a 12 how period during which pumping was stopped to allow for recovery of the aquifer. 

1 92 
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2.22 Observation Well Data Acquisition Methods 

Observation well PW905-136B is screened from -153.92 to -163.06 m and -1175.25 to - 
18’3.44 m (-505.0 to -535.0 A and -575,O to -615.0 ft MSL). This is in the same lower 
Midville zones as pun~ping well PW905-3D. One other well screened in a shallower 
zone was monitored to detect vertical leakage if present. Well PW-2D is screened in the 
lower Dublin from -66.69 to -81.93 m ( -218.8 to -268.8 A MSL). The relative screen 
positions are shorn in Figure 2. 

- well transducer # 
PW905-3D 1 45 
PW905 - I3 6D 3 45 
PW-2D 2 45 
ahl0s 15 

2 3  Analysis Methods 

~ The initial analysis step is to correct the raw water level pressure data fiom the wells for 
changes in atmospheric pressure. These variations can mask the small response of an 

- aquifer in a distant observation well or a well monitoring a different aquifer to detect 
- vertical leakance. Removal of atmospheric pressure changes makes it easier to detect 

changes in water level that result from pumping. The correction is made using a 
barometric efficiency factor that is determined for each aquifer. Water level data is 
corrected by subtracting the relative change in atmospheric pressure multiplied by the 
barometric efficiency of the aquifer. The barometric efficiency numerically represents 
the magnitude to which changes in atmospheric pressure are transmitted to an aquifer. If 
the full magnitude of atmospheric pressure change is seen in an aquifer, a barometric 
efficiency correction factor of 1 is used (removes the full magnitude of relative 
atmospheric pressure changes from the water level pressure” data). If an aquifer shows no 
response to changes in atmospheric pressure, a barometric efficiency of 0, there would be 
no need to correct for atmospheric presswe changes. Most aquifers in the study area 
have barometric efficiencies ranging fiom 0.5 to 0.9. 

2.3.11 Observation Well Analysis Method 

Data fiom an observation well screened in the same aquifer as the pumping well can be 
analyzed to calculate the storativity and transmissivity of the aquifern Observation well 
PW905-136B is screened in the same zones as PW905-3D. The transmissivity and 
storativity of the aquifer is calculated by variable flow rate curve matching of 
observation well drawdown data using the superposition of the Theis solution ( 193 5) or 
Jacob straight-line method (Cooper and Jacob, 1946) for variable flow rates. The 

194 
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32,% Bumping Rates 

Well PW905-3D was pumped at I90 and 200 @fa% during the test. The time intervals of 
relative discharge rates (Q) are shown followed by the actual flow rate. All flow 
measurements were made using the digital flow meter installed at the pumping well. 

Bo: 0.000 m3/s 

Qr: 

Q2: 

Qa: 

OoO1 1989 m3/s ( t h e  averaged rate) 190 gpm 
pump on (190 gpm) for 1.25 hours, 12/11 at 1957 to 12/11 at 21 12 
Q.01262 m3/s (time averaged rate) 
pump on (200 gpm) for 24.16 hours, 12/1 1 at 21 12 to 12/12 at 2121134 
0.000 rnh (time averaged rate) 

The water level change vs t h e  plot for BW905-3D (Figure 6) is a good graphical 
representation sf  the %POW history for the test. 

3.22 Water Level Readings 

Dufing the test, 937 water level data points were recorded in the monitor wells by the 
Clemson system. Data points were recorded as frequently as every 5 seconds at times of 
rapidly changing water levels, decreasing to every 5 minutes when water level changes 
were relatively small. Figures 6 and 7 show plots of change in water level vs time for 
the pumping well and observation wells. 

3.2.3 Maximum Water Level Change During the Test 

A drawdown of 2.47 meters (8.10 ft) was observed in PW905-3D during the pumping 
period of the test. Observation well PW905-134D, screened in the same Midville 
Aquifer zones as PW905-3D9 had a drawdown of 0.32 meters. Observation we11 PW-2D9 
screened in the Dublin Aquifer, did not show pumping related water level changes. 
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Q static WL's (artesian) were calcu1ated f?om transducer pressure readings taken during 
background data co%lection. 

P well aquifer 
PW905-3D lower Midville 11 .O m. (50.30 m gihaS%> 
PW905-136D Power Midvilile 9.8 m (5001.7 rn AMSL) 
PW-2D lower Dublin 8 5  m (48.37 rn M S k )  

2.4'9 m 
0.32 m 
a03  m 

30204 Remarks 

e Low temperatures during the early morning hows of 12/13/94 caused the water in the 
Tygon tubing comected to PW'-%D to freeze, The freezing caused a large increase in 
pressure on the transducer (Figure 8). This occurred during the recovery phase near 
the end of the test. 

3 3  Data Analysis Results 

Barometric Corrections 3.30% 
__ 

Water %eve% pressure data can vary as a direct response to changes in atmospheric 
pressure (due to changing weather conditions). At D area, the Midville and Dublin 
Aquifers were determined to have barometric efficiencies of 0.60 (60% of the relative 
atmospheric pressure changes were seen in the water level data). 

Pressure data from the pumping well and monitor wells were corrected for atmospheric 
pressure changes using the following barometric efficiencies. 

3.3.2 

- well 
PW905-3D 
PW905- 1.3 6D 
PW-2D 

'd) 

barometric efficiencv 
0.60 
0.60 
0.60 

Calculated Aquifer Properties 

0 C w e  matches for PW905-136D and PW905-3D are shown in Figure 9 and Figure IOo 

8 Hydraulic conductivity and permeability calculations are based on an effective 
aquifer thickness of 40 meters (1130 k) for the Power aquifer (both lobes) of the 
Midville System (Figure 2). 

198 
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Well efficiency analysis of PW905-3D: Plot of theoretical water level change for 
a perfectly efficient well (skin factor = 0) accounting for partial penetration 
effects with actualdrawdown ofPw905-3D. A skin factor of 6.6 (accounts for 
padial penetration) was calculated for the well. 

DISCUSSION 

4*% Leakage 

Leakage across the Allendale Confining System (separating the Midville from the 
overlying Dublin Aquifer System) was not detected at D Area during the test. 
Observation well PW-2D (lower Dublin), exhibited no water level changes directly 
related to punapin of the lower Midville by well PW-3D. Though, a pumping well 
located in the upper Midville or higher flow rates would have been a better test of the 
Allendale. 

202 



D k e a  Test, page 20 of20 

Cooper, I%. E, and C. E. Jacob, 1946. A. generalized graphical method for evaluating 
formation constants and smaa4zing well field history. Transactioms of the American 
Geophysical Union, M. 27., pp. 526-534. 

Driscoll, F. G,, 1986, Groundwater and Wells, 2nd ed. St. Paul, Johnson Filtration Systems 
Inca, pp 443-444. 

h s e m a n ,  6;. P. and deRidder, No A., 1991, Analysis and Evaluation of Pumping Test Data 
2nd ed. International Institute for Land Reclamation and Improvement, Publication 4 7, 
Wageningen, The Netherlands, p. 159. 

Snipes, 44. S., Fallaw, W. C., Price, V., Jr., Cmbest, R. J., 1993, The Pen Branch Fault: 
documentation of Late Cretaceous-Tertiary faulting in the coastal plain of South 
Carolina: Southeastern Geology, v. 33, Ns.4, p 195-218. 

Theis, CX. ,  1935. The relation between lowering of the piezometric surface and the rate 
and duration ~f the discharge sf  a well using groundwater storage. Transactions of the 
American Geophysical Union, v. 2, pp. 5 19-524 

Van Everdingen, A, F., 1953. The skin effect and its influence on the productive capacity 
of a well. Petrolem Transactions, v. 198, pp. 1 41 - 176. 

204 


	The hdilhaven Tests
	TW
	Tw2
	TW3
	Hydrostratigraphy of the Millhaven site Locations of well screens and open-
	Map showing the location of the wells at Millhaven
	Change in water level vs time for pumping well TWl showing the pumping
	Change in water level vs the for Wl observation wells TW2,
	Enlargement of Figure 6 showing greater detail of the curve matched portion
	Purpose of the Millhaven Aquifer Performance Tests
	Site Conditions
	Description of Wells Used for the Test


	METHODS
	Test Logistics
	Data Acquisition Methods
	Pumping Well Data Acquisition Methods
	Observation Well Data Acquisition Methods
	2.3.1 Observation Well Analysis Methods
	2.3.2 Pumping Well Analysis Methods
	2.3.3 Recovery Data Analysis Methods

	Duration ob the Test
	Data Acquisition Results
	3.2.1 Pumping Rates
	3.2.2 Water Level Readings
	Water Level Change During the Test

	Data Analysis Results
	Barometric Come ct ions
	Calculated Aquifer Properties
	Calculated Skin Factor and Well Efficiency
	Specfic Capacity

	DXSCUSSION
	E e a Ikag e
	Comments


	Hydrostratigraphy of the Millhaven site Locations of well screens and open-
	Map showing the location of the wells at Millhaven
	Change in water level vs time for punaping well TW3 showing the pumping
	Change in water level vs time for TW3 observation wells TW2,
	Theis-Jacob analysis (curve match) for well TW3
	Enlargement of Figure 6 showing greater detail of the curve matched portion
	Recovery data plot for the TFw3 test The portion of the recovery curve used to
	51 o
	Purpose of the Millhaven Aquifer Performance Tests
	Site Conditions
	512 I Location
	1.2.2 Hydrogeologic Setting

	Description of Wells Used for the Test


	METHODS
	2-1 Test Logistics
	Data Aegaaisition Methods
	Pumping Well Data Acquisition Methods
	Observation Well Data Acquisition Methods

	Analysis Methods
	Observation Well Analysis Methods
	Pumping Well Analysis Methods
	Recovery Data Analysis Methods

	RESULTS

	3 O
	Duration of the Test
	Data Acquisition Results
	Pumping Rates
	Water Level Readings
	Water Level Change During the Test


	Data Analysis Results
	Barometric Cone c t ions
	Calculated Skin Factor amd Well Efficiency
	Specific Capacity



	DISCUSSION
	Leakage
	Site Conditions
	Location
	Hydrogeologic Setting
	Description of Wells Used for the Test


	METHODS
	Test Logistics
	Data Acquisition Methods
	Pumping Well Data Acquisition Methods
	Observation Well Data Acquisition Methods
	2.3 Analysis Methods


	IRESULTS
	Duration S% the Test
	Data Acquisition Results
	3.2.11 Pumping Rates
	3.2.2 Water Level Readings
	Water Level Change During the Test


	Hydrostratigraphy of the Girard site Locations of
	Flow rate & Change in water level vs time for pumping well TW3
	Flow rate & Change in water level vs time for observation well TW2
	Theis-Jacob analysis (curve match) for Midvillle well TW3).
	Enlargement of Figure 5 showing greater detail of the curve
	Schematic stratigraphic cross section at the I$ Area study site
	Map showing the location of the wells at P kea SRS
	Plot of drawdown data at a limited scale to show wave effect
	Semi-log analysis (curve match) of pumping well PWl2OP
	drawdown ofPW12OP (skin factor =
	1.2 Site Conditions
	2.1 Location
	1.2.2 Hydrogeologic Setting

	METHODS
	2.1 Test Logisties
	2.2 Data Acquisition Methods
	Pumping Well Data Acquisition Methods
	Observation Well Data Acquisition Methods

	3.1 Duration ofthe Test

	32 Data Acquisition Results
	3.2.1 Pumping Rates
	3.2.2 Water Level Readings
	Water Level Change During the Test
	3.2.4 Remarks

	33 Data Analysis
	3.3.1 Barometric Corrections
	3.3.2 Calculated Aquifer Properties
	Calculated Skin Factor and Pumping Well Efficiency
	3.3.4 Specific Capacity

	DISCUSSION
	4,l Leakance
	4.2 Comments
	12 Site conditions
	Location
	1.2.2 Hydrogeologic Setting


	2.0 METHODS
	2.2 Data Acquisition Methods
	23,l Observation Well Analysis Method
	2.3.2 Pumping Well Analysis Method


	3.8 IPESUETS
	3.2 Data Acquisition Results
	3.2.1 Pumping Rates
	32.2 Water Level Readings
	3.2.4 Remarks


	3,3 Data Analysis Results
	30301 Barometric Corrections
	3.3.2 Calculated Aquifer Properties



