


































































































































































































Report on an Aquifer Test at Wind Cave National Park, on September 9 – 11, 2008 

Jeff Hughes and Paula A. Cutillo, NPS Water Resources Division 

December 3, 2008 

 

Jeff Hughes traveled to Wind Cave National Park (WICA) on September 8 – 11, 2008, to 

oversee the completion of a single-well aquifer test.  The objective of the test was to collect the 

data necessary to derive an estimate of aquifer transmissivity (T) for the Madison aquifer within 

the park.  Transmissivity is the rate at which water is transmitted through a unit width of the 

aquifer under a unit hydraulic gradient.   

 

The determination of this aquifer property will assist the National Park Service (NPS) and the 

State of South Dakota, Department of Environment and Natural Resources (DENR) in predicting 

how the Madison aquifer will respond to pumping proposed in applications to withdraw ground 

water from the Madison aquifer near WICA.  Personnel from the park, DENR, and U.S. 

Geological Survey (USGS) assisted with the test. 

 

The personnel involved in data collection during the test were: 

 

Jeff Hughes (Hydrologist, NPS) 

Steve Schrempp (Facilities Manager, WICA) 

Marc Ohms, (Physical Science Technician, WICA) 

Ken Buhler (Natural Resource Engineering Specialist, DENR) 

Joel Peterson (Hydrologic Technician, USGS) 

 

WICA Well No. 2 was the pumping well for this single-well aquifer test.   Well No. 2 was drilled 

in 2001 to serve as a back-up water supply well to Well No. 1.  Well No. 1 is located at the park 

boundary at the downstream end of Wind Cave Canyon, and Well No. 2 is located just over 550 

feet up-canyon or west from Well No. 1 (Figures 1 & 2).  According to drilling logs, Well No. 2 

is completed and screened entirely within the Madison aquifer. 

 

Background 

 

The aquifer test was designed to pump and monitor water levels continuously in Well No. 2 for 

approximately 24 hours and then shut off the pump and monitor water levels for another 24 

hours as water levels recovered in the well.  Well No. 2 had not been pumped for several months 

prior to this test.  Although Well No. 1 had been in constant use, it is unlikely that pumping from 

Well No. 1 affected the water level in Well No. 2 during this aquifer test; Well No. 2 showed no 

response to three days of pumping in Well No. 1 during a previous aquifer test (Cutillo and 

Hughes, 2008). 

 

Pumping schedule – The pump for Well No. 2 was turned on at 1046 MDT on September 9, 

2008 and ran continuously for just under 24 hours with two breaks in operation.  The first one 

occurred from approximately 1148 to 1150 MDT and the second from approximately 1213 to 

1216 MDT.  According to Steve Schrempp, the pump automatically shut down twice because 

water was discharging onsite instead at the WICA water storage tank located approximately 2.5 

miles west and 450 feet upgradient of Well No. 2.  The water was discharged onsite because 
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water from Well No. 2 does not meet Environmental Protection Agency drinking water standards 

and the untreated water could not be discharged into the WICA water storage tank.  Because the 

pump had less head pressure to work against, the amount of current that the motor drew 

increased and caused the pump to run much faster than the rate for which it was designed.  To 

solve this, Mr. Schrempp first tried to increase the head pressure on the pump by partially closing 

the discharge valve, but the pump shut down a second time.  He then adjusted the set point on the 

motor saver for the allowable current to a value slightly above what the pump was actually 

drawing to keep the motor saver from shutting the pump down.  The pump then ran until it was 

turned off at 1035 MDT on September 10, 2008.    Recovery was monitored until 850 MDT on 

September 11, 2008.  

 

Pumping Rates – Maintaining a constant pumping rate during the aquifer test is critical in 

calculating a T value.  One method used to determine the pumping rate was to record the time it 

took to pump 100 gal through the water meter (Hersey brand).  This water was discharged into a 

dry draw downgradient of the well and pump house.  It is unlikely that the water discharged into 

the dry draw was able to percolate to the water table of the overlying Minnelusa aquifer in the 

area of the pumping well, and thereby increase head in the Madison aquifer during the test.  This 

is due in part to interbedded shale layers in the Minnelusa aquifer and the great depth to the 

Minnelusa aquifer water table.  Meter readings showed the following pumping rates for Well No. 

2: 

 

      

Water Meter data     

Date 
Time of day 

(MDT) 

Volume 
pumped 

(gal) 

Time 
interval 
(sec) 

Pumping rate 
(gpm) Remarks 

9/9/2008 10:47 100 59.2 101.35 Pump started @ 10:46:07 

9/9/2008 10:49 100 60.1 99.83  

9/9/2008 10:52 100 62.3 96.31  

9/9/2008 11:05 100 62.6 95.85  

9/9/2008 11:15 100 62.9 95.39  

9/9/2008 11:40 100 63 95.24  

9/9/2008 12:07 100 63.2 94.94 Pump stopped @ 11:48 

9/9/2008 12:09 100 62.7 95.69 Pump started @ 11:50 

9/9/2008 12:40 100 63.3 94.79 Pump stopped @ 12:13 

9/9/2008 13:00 100 63 95.24 Pump started @ 12:16 

9/9/2008 13:55 100 63 95.24  

9/9/2008 15:02 100 62.8 95.54  

9/9/2008 16:00 100 63.1 95.09  

9/9/2008 16:56 100 62.8 95.54  

9/10/2008 8:21 100 62.7 95.69  

9/10/2008 9:32 100 62.7 95.69  

9/10/2008 10:25 100 62.7 95.69 Pump stopped @ 10:35:00 MDT 

      

Estimated water meter start value  =  1590 gal  

Final water meter value =  125,148 gal  

Total water pumped =  123,558 gal  
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To verify the above pumping rates, volumetric measurements were also taken throughout the 

pumping portion of the test and are presented below: 

 

Volumetric data     

Date 

Time of 
day 

(MDT) 

Volume 
collected 

(liters) 

Volume 
collected 

(gal) 

Time 
interval 
(sec) 

Pumping 
rate 

(gpm) 

9/9/2008 10:50 410 108.31 60 108.31 

9/9/2008 15:20 389 102.77 60 102.77 

9/10/2008 9:18 183 48.34 22.4 129.49 

9/10/2008 9:21 182 48.08 22.4 128.79 

9/10/2008 * 966.5 255.33 120 127.66 

9/10/2008 * 173 45.70 21.6 126.95 

      
*Last two volumetric readings occurred just before pump was 
turned off at 10:35:00 MDT 

      

 

Three slightly different methods of collecting volumetric measurements were used.  For the first 

two readings on September 9, a 400-gallon plastic tank situated in the back of an NPS pickup 

was used.  The water discharged from the well was diverted into the 400-gallon tank for one 

minute and then that volume was measured by draining the water from the tank into a calibrated 

20-liter bucket.  The pumping rate in gallons per minute was calculated by simply determining 

the total volume collected in the 400-gallon tank.   

 

For the first, second, and fourth measurements collected on September 10, the water discharged 

from the well was diverted into a 44-gallon plastic trash can and the amount of time it took to fill 

the 44-gallon trash can was recorded.  The volume of water collected in the 44-gallon trash can 

was measured by pouring it into the calibrated 20-liter bucket.  The pumping rate was 

determined by dividing the volume collected by the time it took to fill the 44-gallon trash can. 

 

For the third measurement on September 10, the discharging water was diverted into the 400-

gallon plastic tank for two minutes, and the water was drained into the 44-gallon plastic trash can 

(volume = 182.5 liters) and the volumes recorded.  The pumping rate was calculated by dividing 

the volume collected by two minutes. 

 

The volumetric measurements listed above show a greater pumping rate than those determined 

from the water meter.  Reasons for this could be gear slippage in the water meter if it is not 

designed to handle flows at these rates or if it was not calibrated properly when manufactured.  

Possible errors in the volumetric methods are the inaccuracies associated with measuring the 

water level in the calibrated bucket while draining the larger containers and recording the proper 

times that the containers received the water.  Recordings from the water meter readings indicate 

that the pumping rate reached a consistent rate after about the first hour and 20 minutes of 

pumping.  It was generally agreed that the water meter underestimated the pumping rate and total 

volume pumped during the test and that the volumetric measurements were more reliable.  For 

these reasons, a pumping rate of 115 gpm was used in the aquifer test analyses described below. 
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Water Levels – Water levels were recorded throughout the pumping and recovery phases of the 

test.  Two separate methods were used to record water level in Well No. 2.  Water levels were 

recorded manually using a 1000-ft electronic well tape (Figure 3, data in Appendix A) and 

automatically using a Honeywell Model TJE 200 psi, true gage, 0.1% full scale accuracy, non-

submersible transducer and a Sutron Satlink datalogger (Figure 4).  The USGS was contracted to 

install and operate the datalogger and pressure transducer.  The automated monitoring equipment 

was set up similar to a USGS standard stream gage set up where the water level in a stream is 

determined by converting the water pressure above a conduit filled with nitrogen gas to stream 

stage.  In this case, a nitrogen tank was attached to the ¼ inch airline existing in the well and the 

amount of pressure needed to allow a small amount of gas to emit from the bottom of the airline 

was recorded by the transducer and datalogger.  As water levels in the well changed, the 

transducer and data logger recorded changes in pressure.  These changes in pressure were 

converted to changes water depth above the airline orifice in the well using the conversion factor 

of 1 psi = 2.3 ft of water.  The initial depth to water from the top of the well casing was set in the 

datalogger using a reading from the electronic well tape.  The datalogger recorded pressure 

readings every five seconds.  Due to the amount of data collected, it is not included in this report, 

but is available upon request.  This setup was removed at the end of the test. 

 

When water levels were changing rapidly, two people recorded the manual measurements: one 

person used the electronic well tape, and the other person recorded the readings.  Manual 

measurements were taken as quickly as possible immediately after the pump was turned on and 

turned off.  During periods of rapid water-level change, data recorded from the pressure 

transducer did not agree with the manual measurements.  This was likely due to pressure 

problems related to the relatively small diameter airline.  The two methods agree better when 

water levels were not changing rapidly.  Thus, the manual measurements were considered to be 

more reliable and were used in the analyses below. 

 

Barometric Pressure – Barometric pressure readings were taken throughout the aquifer test with 

a Thommen Altimeter/Barometer and are presented below:  

 

Date 
Time 
(MDT) 

Pressure (inches of 
Hg) 

9/9/2008 9:38 27.31 

9/9/2008 10:43 27.30 

9/9/2008 13:00 27.32 

9/9/2008 16:00 27.32 

9/9/2008 17:00 27.31 

9/10/2008 8:30 27.32 

9/10/2008 10:40 27.33 

9/10/2008 12:00 27.30 

9/10/2008 15:00 27.32 

9/10/2008 16:05 26.83 

9/11/2008 8:53 27.40 

 

Barometric pressure remained fairly constant during the test and is assumed to have not 

significantly affected water levels during the aquifer test.   
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Results & Discussion 

 

Specific capacity – The table below provides estimates of specific capacity at different times 

during the aquifer test using pumping rates calculated from the volumetric measurements: 

 

Elapsed Time 
(min) 

Approximate 
pumping rate 

(gpm) 

Drawdown 
(ft) 

Specific Capacity 
(gpm/ft) 

4 108 92.45 1.17 

258 103 181.35 0.56 

1398 129 181.80 0.71 

1425 127 181.78 0.70 

 

Specific capacity is a useful estimation of the rate at which a well can produce water.  The data 

show that specific capacity varies with the duration of discharge, but that after a sufficient 

amount of time, the specific capacity of Well No. 2 was about 0.7 gpm/ft.   

 

Casing storage – Casing or wellbore storage typically affects drawdown in the pumped well in 

the early part of an aquifer test.  The time-drawdown plot for this test indicates that the early data 

likely represent the removal of water stored in the well casing (Figure 6).  The ‘critical time’ 

after which casing storage no longer affects drawdown in the well was estimated to be about 46 

to 73 min using the Schafer (1978) method (e.g., Sterrett, 2007, p. 229) with the inside diameter 

of well casing varying from 7 to 8 5/8 in, outside diameter of pump pipe = 2.5 in, and a specific 

capacity = 0.56 gpm/ft.   

 

Analysis of pumping data – Analysis of the aquifer test data during the pumping period was 

complicated by two stoppages in pumping.  The first break unfortunately occurred about the time 

when casing storage was assumed to no longer be contributing to the yield of the well.  It is 

difficult to fit a Theis-type curve to the variable-pumping rate data and so the Cooper-Jacob 

(1946) straight-line method was manually fit to a semi-log time-drawdown plot to estimate T 

from late-time pumping data.  This method is valid when time is sufficiently large and the radius 

of the pumping well is sufficiently small.  However, it should be noted that several of the other 

major assumptions made when applying this method are not valid, such as a fully penetrating 

pumping well and homogeneous and isotropic aquifer properties.   

 

A straight line was fit to the manual data collected after casing storage effects were believed to 

no longer be a factor (Figure 6).  Transmissivity was calculated for this period using the 

following equation (e.g., Sterrett, 2007, p. 209): 

 

dayft
s

Q
T /3688

4

303.2 2
 

 

where Q is the pumping rate (ft
3
/day) and ∆s is the change in drawdown given by the straight 

line over one log-cycle time (ft). 
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As Figure 6 indicates, the time-drawdown curve during pumping can be separated into three 

stages.  The first stage, as noted above, is affected by casing storage.  The second stage is a 

transition between water being withdrawn from casing storage and water being withdrawn from 

the aquifer.  After about 40 min, the slope of time-drawdown plot noticeably decreases.  The 

most likely explanation for this flattened slope is vertical leakage through saturated layers above 

or below the screened interval of the production well, which brings about quasi-equilibrium 

conditions in water level.   

 

Analysis of recovery data – Aquifer transmissivity was also estimated from the aquifer test 

recovery period.  Figure 7 shows residual drawdown (s΄) versus the ratio of the time since 

pumping started (t) and the time since pumping stopped (t΄).  Residual drawdown is the 

difference between the static water level and the depth to water in the well during the recovery 

period. Again, the data can be separated into early and late-time data; the late-time data likely 

better represent true aquifer conditions.  Transmissivity was calculated from the recovery data 

using the following equation (e.g., Sterrett, 2007, p. 242): 

 

dayft
s

Q
T /2742

264 2
 

 

where Q is the pumping rate (gpm) and ∆s΄ is the change in residual drawdown over one log-

cycle time (ft). 

 

Conclusions 

 

The aquifer test data were affected by casing storage and variable pumping rates, and were 

perhaps also affected by turbulent flow in the pumping well, partial penetration of the pumping 

well, and vertical leakage.  Given all of the above, however, transmissivity calculated from late-

time pumping data and late-time recovery data agreed quite well.  The results of this aquifer test 

therefore indicate that the transmissivity of the Madison aquifer in the area of WICA Well No. 2 

is on the order of 3200 ft
2
/day.   
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Figures 

 

Figure 1.  Schematic cross-section of water-supply Wells No. 1 and No. 2 at WICA, constructed 

from drilling logs and survey data.   Land surface elevations were revised from the diagram in 

Cutillo & Hughes (2008) to represent values from a July 30, 2008 survey.  
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Figure 2.  Well No. 2, the pumphouse, and Total Station setup over the WICA-12 benchmark. 
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Figure 3.  Water level being measured with the electronic well tape in Well No. 2.
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Figure 4.  Automated data recording set up at Well No. 2. 
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Figure 5.  Drawdown vs. time in the pumping well for the pumping and recovery phases of the 

aquifer test.  Manual measurements were made using an electronic well tape and the automated 

measurements were collected using a transducer and datalogger.    
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Figure 6.  Time-drawdown plot for the pumping phase of the aquifer test.  Water stored in the 

well casing affects the early test data.  Tramissivity was determined using the Cooper-Jacob 

method from the later-time manual data.
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Figure 7.  Residual drawdown in the pumping well plotted against the ratio t/t΄ for the recovery 

phase of the aquifer test.  Note that time during recovery increases to the left on this chart.  The 

change in residual drawdown over one log-cycle for early-time and late-time recovery data were 

used in the calculation of transmissivity.  
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Appendix A. 

 

Manual water level measurements from Well No. 2 using the electronic well tape. 

 
Wind Cave National Park   

Water Level Measurements in Well No. 2 during single well aquifer test 

of September 9 - 11, 2008   

Data collected with 1000 foot electronic well tape (USGS) 

Data collected by K. Buhler (SD-DENR), J. Petersen (USGS),  

J. Hughes (NPS-WRD) and Marc Ohms (WICA)  

Data entered by Laura Quattrini and checked by Jeff Hughes on September 12, 2008 

Modified on October 27, 2008 by J. Hughes (changed the pump stop/start times) 

Note:  TOC - Top of Well Casing   

     

  
Clock 
Time 

Elapsed 
time 

Depth to 
Water from 

TOC Remarks  

DATE  (MDT) (mm:ss) (ft)  

9/9/2008 10:42:15 N/A 176.55 Pre-pumping water level 

9/9/2008 10:46:40 00:00 197.00 Pump on @ 10:46 

9/9/2008 10:46:55 00:15 204.00  

9/9/2008 10:47:10 00:30 210.20  

9/9/2008 10:49:50 03:10 266.80  

9/9/2008 10:50:00 03:20 269.00  

9/9/2008 10:50:10 03:30 270.00  

9/9/2008 10:50:15 03:35 272.70  

9/9/2008 10:50:25 03:45 274.90  

9/9/2008 10:50:45 04:05 277.50  

9/9/2008 10:51:00 04:20 280.50  

9/9/2008 10:51:15 04:35 282.00  

9/9/2008 10:51:20 04:40 283.60  

9/9/2008 10:51:35 04:55 286.80  

9/9/2008 10:52:05 05:25 291.70  

9/9/2008 10:52:30 05:50 296.00  

9/9/2008 10:52:50 06:10 298.80  

9/9/2008 10:53:15 06:35 301.80  

9/9/2008 10:53:30 06:50 303.70  

9/9/2008 10:54:00 07:20 307.30  

9/9/2008 10:54:20 07:40 310.00  

9/9/2008 10:55:00 08:20 313.80  

9/9/2008 10:55:30 08:50 316.90  

9/9/2008 10:56:00 09:20 319.00  

9/9/2008 10:56:30 09:50 321.50  

9/9/2008 10:57:00 10:20 323.70  

9/9/2008 10:57:30 10:50 325.30  

9/9/2008 10:58:00 11:20 327.50  

9/9/2008 10:58:30 11:50 329.15  

9/9/2008 10:59:00 12:20 330.90  

9/9/2008 10:59:30 12:50 332.35  

9/9/2008 11:00:00 13:20 333.85  
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9/9/2008 11:00:30 13:50 335.15  

9/9/2008 11:01:00 14:20 336.50  

9/9/2008 11:01:30 14:50 337.55  

9/9/2008 11:02:00 15:20 338.70  

9/9/2008 11:02:30 15:50 339.60  

9/9/2008 11:03:00 16:20 340.63  

9/9/2008 11:03:30 16:50 341.50 Uncertain of depth to water measurement 

9/9/2008 11:04:00 17:20 342.35  

9/9/2008 11:04:30 17:50 343.01  

9/9/2008 11:05:00 18:20 343.70  

9/9/2008 11:06:00 19:20 345.25  

9/9/2008 11:07:00 20:20 346.45  

9/9/2008 11:08:00 21:20 347.40  

9/9/2008 11:09:00 22:20 348.30  

9/9/2008 11:10:00 23:20 349.08  

9/9/2008 11:15:00 28:20 352.05  

9/9/2008 11:20:00 33:20 353.90  

9/9/2008 11:25:00 38:20 354.95  

9/9/2008 11:30:00 43:20 355.65  

9/9/2008 11:37:00 50:20 356.34  

9/9/2008 11:40:00 53:20 356.50  

9/9/2008 11:45:00 58:20 356.75  

9/9/2008 11:48:20 61:40 343.70 
Pump off @ approx 11:48, uncertain depth 
reading 

9/9/2008 11:48:30 61:50 348.00  

9/9/2008 11:48:45 62:05 328.00  

9/9/2008 11:48:55 62:15 322.55  

9/9/2008 11:49:15 62:35 313.30  

9/9/2008 11:49:30 62:50 304.60  

9/9/2008 11:49:40 63:00 300.80  

9/9/2008 11:50:10 63:30 303.10 pump back on at 11:50:00 

9/9/2008 11:50:25 63:45 306.60  

9/9/2008 11:50:40 64:00 309.70  

9/9/2008 11:50:50 64:10 311.20  

9/9/2008 11:51:00 64:20 313.70  

9/9/2008 11:51:30 64:50 318.30  

9/9/2008 11:52:00 65:20 321.20  

9/9/2008 11:52:30 65:50 325.90  

9/9/2008 11:53:00 66:20 328.00  

9/9/2008 11:53:30 66:50 331.10  

9/9/2008 11:54:00 67:20 333.00  

9/9/2008 11:54:30 67:50 335.60  

9/9/2008 11:55:00 68:20 337.00  

9/9/2008 11:56:00 69:20 340.00  

9/9/2008 11:57:00 70:20 342.60  

9/9/2008 11:58:00 71:20 344.75  

9/9/2008 11:59:00 72:20 346.35  

9/9/2008 12:00:10 73:30 348.35  

9/9/2008 12:02:15 75:35 350.52  

9/9/2008 12:05:00 78:20 352.75  

9/9/2008 12:10:00 83:20 354.80  
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9/9/2008 12:13:40 87:00 348.00 pump shut down @ approx 12:13 

9/9/2008 12:14:10 87:30 340.00  

9/9/2008 12:14:20 87:40 333.00  

9/9/2008 12:14:35 87:55 324.00  

9/9/2008 12:14:50 88:10 319.00  

9/9/2008 12:15:00 88:20 314.00  

9/9/2008 12:15:08 88:28 310.00  

9/9/2008 12:15:15 88:35 306.00  

9/9/2008 12:15:25 88:45 302.00  

9/9/2008 12:15:35 88:55 297.00  

9/9/2008 12:15:45 89:05 292.00  

9/9/2008 12:15:58 89:18 288.00  

9/9/2008 12:16:08 89:28 284.00  

9/9/2008 12:16:21 89:41 279.00  

9/9/2008 12:16:37 89:57 274.00  

9/9/2008 12:16:57 90:17 329.70 
Pump on @ 12:16  Uncertain depth 
measurement 

9/9/2008 12:17:29 90:49 287.60  

9/9/2008 12:17:40 91:00 289.80  

9/9/2008 12:17:55 91:15 294.00  

9/9/2008 12:18:09 91:29 297.40  

9/9/2008 12:18:22 91:42 302.10  

9/9/2008 12:18:45 92:05 304.50  

9/9/2008 12:19:04 92:24 308.20  

9/9/2008 12:19:18 92:38 310.45  

9/9/2008 12:19:33 92:53 312.20  

9/9/2008 12:19:50 93:10 314.50  

9/9/2008 12:20:00 93:20 316.10  

9/9/2008 12:20:15 93:35 318.00  

9/9/2008 12:20:30 93:50 319.20  

9/9/2008 12:20:45 94:05 321.30  

9/9/2008 12:21:00 94:20 321.73  

9/9/2008 12:21:25 94:45 325.00  

9/9/2008 12:21:45 95:05 327.00  

9/9/2008 12:22:00 95:20 328.30  

9/9/2008 12:22:40 96:00 331.40  

9/9/2008 12:23:00 96:20 332.50  

9/9/2008 12:23:35 96:55 335.00  

9/9/2008 12:24:00 97:20 336.20  

9/9/2008 12:25:00 98:20 339.40  

9/9/2008 12:26:00 99:20 341.60  

9/9/2008 12:27:25 100:45 344.60  

9/9/2008 12:28:40 102:00 347.50  

9/9/2008 12:32:25 105:45 351.00  

9/9/2008 12:34:00 107:20 352.30  

9/9/2008 12:40:35 113:55 355.10  

9/9/2008 12:45:10 118:30 356.10  

9/9/2008 12:50:00 123:20 356.75  

9/9/2008 13:00:00 133:20 357.45  

9/9/2008 13:58:00 191:20 357.65  

9/9/2008 15:03:46 257:06 357.90  
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9/9/2008 16:01:50 315:10 358.02  

9/9/2008 16:59:20 372:40 358.10  

9/10/2008 8:26:15 1299:35 358.55  

9/10/2008 10:04:00 1397:20 358.35  

9/10/2008 10:17:35 1410:55 358.31  

9/10/2008 10:31:20 1424:40 358.33  

9/10/2008 10:35:11 1428:31 350.00 pump off @ 10:35:00 

9/10/2008 10:35:23 1428:43 343.00  

9/10/2008 10:35:37 1428:57 337.00  

9/10/2008 10:35:44 1429:04 332.00  

9/10/2008 10:35:50 1429:10 329.00  

9/10/2008 10:36:10 1429:30 321.00  

9/10/2008 10:36:15 1429:35 316.00  

9/10/2008 10:36:24 1429:44 312.00  

9/10/2008 10:36:30 1429:50 310.00  

9/10/2008 10:36:38 1429:58 306.00  

9/10/2008 10:36:45 1430:05 302.00  

9/10/2008 10:36:51 1430:11 300.00  

9/10/2008 10:37:00 1430:20 297.00  

9/10/2008 10:37:08 1430:28 293.00  

9/10/2008 10:37:16 1430:36 290.00  

9/10/2008 10:37:29 1430:49 285.00  

9/10/2008 10:37:44 1431:04 280.00  

9/10/2008 10:37:59 1431:19 275.00  

9/10/2008 10:38:15 1431:35 270.00  

9/10/2008 10:38:32 1431:52 265.00  

9/10/2008 10:38:49 1432:09 260.00  

9/10/2008 10:39:08 1432:28 255.00 Uncertain time and depth measurements 

9/10/2008 10:39:50 1433:10 245.00  

9/10/2008 10:40:16 1433:36 240.00  

9/10/2008 10:40:26 1433:46 238.00  

9/10/2008 10:40:37 1433:57 236.00  

9/10/2008 10:40:47 1434:07 234.00  

9/10/2008 10:40:57 1434:17 232.00  

9/10/2008 10:41:22 1434:42 228.00  

9/10/2008 10:41:34 1434:54 226.00  

9/10/2008 10:41:48 1435:08 224.00  

9/10/2008 10:42:01 1435:21 222.00  

9/10/2008 10:42:16 1435:36 220.00  

9/10/2008 10:42:31 1435:51 218.00  

9/10/2008 10:42:56 1436:16 215.00  

9/10/2008 10:43:40 1437:00 210.00  

9/10/2008 10:44:11 1437:31 207.00  

9/10/2008 10:44:34 1437:54 205.00  

9/10/2008 10:44:58 1438:18 203.00  

9/10/2008 10:45:39 1438:59 200.00  

9/10/2008 10:46:09 1439:29 198.00  

9/10/2008 10:47:01 1440:21 195.00  

9/10/2008 10:47:52 1441:12 192.50  

9/10/2008 10:48:53 1442:13 190.00  
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9/10/2008 10:50:09 1443:29 187.50  

9/10/2008 10:51:43 1445:03 185.00  

9/10/2008 10:54:00 1447:20 182.50  

9/10/2008 10:55:00 1448:20 181.70  

9/10/2008 11:00:00 1453:20 179.22  

9/10/2008 11:05:00 1458:20 178.13  

9/10/2008 11:10:00 1463:20 177.60  

9/10/2008 11:15:00 1468:20 177.31  

9/10/2008 11:30:00 1483:20 176.97  

9/10/2008 11:45:00 1498:20 176.85  

9/10/2008 12:00:00 1513:20 176.76  

9/10/2008 12:15:00 1528:20 176.72  

9/10/2008 12:30:00 1543:20 176.69  

9/10/2008 12:45:00 1558:20 176.67  

9/10/2008 13:00:00 1573:20 176.66  

9/10/2008 13:30:00 1603:20 176.65  

9/10/2008 14:03:00 1636:20 176.65  

9/10/2008 15:01:00 1694:20 176.64  

9/10/2008 16:00:00 1753:20 176.65  

9/11/2008 8:50:00 2763:20 176.79  

 



A-6 

Manual water-level data used to calculate aquifer transmissivity and to construct Figure 7: 

 

t, Elapsed 
time 

t', Time 
since pump 

stopped 
Ratio t/t' 

s', Residual 
drawdown 

(min) (min)  (ft) 

1429.10 0.18 7798.6357 173.45 

1429.30 0.38 3729.4194 166.45 

1429.53 0.62 2318.4755 160.45 

1429.65 0.73 1949.7443 155.45 

1429.75 0.83 1715.8716 152.45 

1430.08 1.17 1225.8733 144.45 

1430.17 1.25 1144.2096 139.45 

1430.32 1.40 1021.7156 135.45 

1430.42 1.50 953.6641 133.45 

1430.55 1.63 875.8916 129.45 

1430.67 1.75 817.5627 125.45 

1430.77 1.85 773.4222 123.45 

1430.92 2.00 715.4881 120.45 

1431.05 2.13 670.8309 116.45 

1431.18 2.27 631.4276 113.45 

1431.40 2.48 576.4220 108.45 

1431.65 2.73 523.7904 103.45 

1431.90 2.98 479.9799 98.45 

1432.17 3.25 440.6780 93.45 

1432.45 3.53 405.4199 88.45 

1432.73 3.82 375.3968 83.45 

1433.05 4.13 346.7126 78.45 

1433.75 4.83 296.6430 68.45 

1434.18 5.27 272.3176 63.45 

1434.35 5.43 263.9948 61.45 

1434.53 5.62 255.4103 59.45 

1434.70 5.78 248.0785 57.45 

1434.87 5.95 241.1574 55.45 

1435.28 6.37 225.4401 51.45 

1435.48 6.57 218.6043 49.45 

1435.72 6.80 211.1374 47.45 

1435.93 7.02 204.6485 45.45 

1436.18 7.27 197.6422 43.45 

1436.43 7.52 191.1019 41.45 

1436.85 7.93 181.1174 38.45 

1437.58 8.67 165.8766 33.45 

1438.10 9.18 156.6003 30.45 

1438.48 9.57 150.3654 28.45 

1438.88 9.97 144.3708 26.45 

1439.57 10.65 135.1716 23.45 

1440.07 11.15 129.1549 21.45 

1440.93 12.02 119.9121 18.45 

1441.78 12.87 112.0564 15.95 
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1442.80 13.88 103.9238 13.45 

1444.07 15.15 95.3185 10.95 

1445.63 16.72 86.4790 8.45 

1447.92 19.00 76.2065 5.95 

1448.92 20.00 72.4461 5.15 

1453.92 25.00 58.1569 2.67 

1458.92 30.00 48.6307 1.58 

1463.92 35.00 41.8263 1.05 

1468.92 40.00 36.7230 0.76 

1483.92 55.00 26.9803 0.42 

1498.92 70.00 21.4131 0.30 

1513.92 85.00 17.8108 0.21 

1528.92 100.00 15.2892 0.17 

1543.92 115.00 13.4254 0.14 

1558.92 130.00 11.9917 0.12 

1573.92 145.00 10.8546 0.11 

1603.92 175.00 9.1652 0.10 

1636.92 208.00 7.8698 0.10 

1694.92 266.00 6.3719 0.09 

1753.92 325.00 5.3967 0.10 

2763.92 1335.00 2.0703 0.24 
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