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INTRODUCTION 
 
 From June 2 through June 4, 2003, the Geological Survey Program, South Dakota 
Department of Environment and Natural Resources, conducted an aquifer test within the city of 
Vermillion’s well field in cooperation with the city of Vermillion. The well field is located in 
N½ sec. 24, T. 92 N., R. 52 W. in southwestern Vermillion (figs. 1 and 2). The test consisted of 
an initial non-pumping phase during which water levels were allowed to recover to equilibrium 
or near equilibrium conditions, a second phase that consisted of pumping one municipal well, 
and a third phase during which water levels were again allowed to recover. The purpose of the 
test was to assess and characterize the general hydraulic properties of the aquifer in the 
Vermillion well field in an effort to assist the city in determining any appropriate modifications 
to its wellhead protection area. 
 
 

HYDROGEOLOGIC SETTING 
 
 Vermillion is located in southern Clay County adjacent to, and in, the Missouri River valley 
(fig. 1). Surface sediments in the part of Vermillion occurring in the Missouri River valley are 
composed primarily of overbank deposits (figs. 3 and 4). These overbank deposits are up to 65 
feet thick and are composed of clay and silt with minor amounts of sand (Christensen, 1967). 
They extend from the edge of the bluff southward to approximately one-third mile south of the 
Vermillion River. In this area, the overbank deposits comprise an aquitard above the underlying 
outwash. Within the immediate well field area, these generally fine-grained sediments are 
thickest to the north and west and become thinner to the south and east. The water table occurs in 
the fine-grained overbank deposits at a depth of about 16 feet immediately south of the bluff 
(Zutz, 2003).  
 
 Most of Vermillion occurs on uplands to the north of the Missouri River valley. Surface 
sediments on the uplands are composed primarily of loess-mantled till that is about 120 feet thick 
(Christensen, 1967). Christensen indicates the loess to range in thickness from 0 to 15 feet. Thus, 
there may be areas where loess is absent resulting in till being the surface sediment. The narrow 
bluff separating the Missouri River valley from the uplands is mapped as having till as the 
surface sediment (Christensen, 1967). The till is generally considered to be a unit of low 
permeability and forms an aquitard above the underlying outwash. 
 
 All areas of Vermillion are underlain at depth by outwash (sand and gravel), as indicated in 
figures 3 and 4, that was deposited by glacial meltwater (Christensen, 1967). The outwash that 
underlies the overbank sediments in the Missouri River valley is named the Missouri aquifer. 
The outwash that underlies the till in the bluff and uplands is named the Lower-Vermillion-
Missouri aquifer. However, these two named aquifers are in direct hydraulic connection, occur at 
essentially the same elevation, act as a single water-bearing unit, and are referred to in this report 
as outwash. The outwash thickness in the well field ranges from about 55 to 76 feet.  
 
 The Graneros Shale directly underlies the outwash in the part of Vermillion that occurs in 
the Missouri River valley (Tomhave and Schulz, 2004). In Clay County, the Graneros Shale is 
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less than 30 feet thick (Christensen, 1967). The Dakota Formation, a source of artesian water, 
directly underlies the Graneros Shale. 
 
 Vermillion’s well field is located within the city limits and mostly in the Missouri River 
valley (figs. 1 and 2). All except one of Vermillion’s water supply wells is completed in the 
Missouri aquifer. The lone exception is the water-supply well identified as #6-Active, which is 
located on the bluff between the valley and the uplands. This well is completed in the Lower-
Vermillion-Missouri aquifer. 
 
 Considering the outwash may be confined or partially confined in and immediately 
surrounding Vermillion’s well field, the recharge to the outwash in the well field is primarily 
from lateral inflow. Recharge may also be from upward flow/leakage from the underlying 
Dakota Formation (Jorgensen, 1960). Some discharge from the outwash in the vicinity of the 
well field is into the Vermillion River. Farther away, some discharge from the Missouri aquifer 
would be into the Missouri River. However, during times of high stream flow, the rivers may be 
sources of recharge to the outwash. Water is also discharged from the outwash by lateral flow 
through the well field area and through pumping of wells. 
 
 

THE AQUIFER TEST 
 
 Water-level data were collected from all eight wells shown on figure 2. These data are 
included in this report in appendix A. The water supply wells are 12 inches in diameter. The 
screen lengths of these wells range from 12 to 22 feet, only partially penetrating the full 
thickness of the aquifer (figs. 3 and 4). Well #3-Active was the only well that was pumped 
during the pumping phase of the study. All available wells were used to observe the development 
of the cone of depression induced by pumping and the deterioration of the cone of depression 
during the two non-pumping/recovery phases of the aquifer test. The test was conducted 
according to the schedule presented in table 1. The duration of the initial non-pumping phase was 
13 hours, during which time the ground water was allowed to stabilize to equilibrium conditions, 
or near equilibrium conditions. The potentiometric surface of the outwash determined from water 
levels in the wells at equilibrium conditions is shown on figures 3 and 4. The subsequent 
pumping phase during which the cone of depression developed around the pumping well was 24 
hours in duration. Finally, the second non-pumping, or recovery, phase lasted 4 hours. The 
pumping rate during the pumping phase of the test was kept steady at 520 gallons per minute and 
pumped water was discharged into the city’s water storage facilities. Distances from the pumping 
well to the observation wells (non-pumping production wells or former production wells) ranged 
from 76 to 1,079 feet (table 2).  
 
 

METHODOLOGY 
 
 AQTESOLV, a software program for determining aquifer parameters, was used to analyze 
aquifer test data.. Data were collected at pumping well #3-Active, and at observation wells 
#1-Inactive, #2-Active, #3-Inactive, #4-Active, #4-Inactive, and #6-Active. The data from well 
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#5-Active was not used to determine aquifer parameters due to the inaccurate and imprecise 
pressure gauge that was used to collect data from that well. 
 
 Both the Hantush-Jacob solution for leaky confined aquifers and the Thiem solution were 
applied to the drawdown data collected during the aquifer test. The Hantush-Jacob solution can 
be applied to non-equilibrium or unsteady flow conditions while the Thiem solution applies to 
equilibrium or steady-state flow conditions.  The drawdown data indicate that equilibrium or 
steady-state flow conditions were reached, or nearly reached, in the aquifer by the conclusion of 
the aquifer test. However, a determination of equilibrium conditions being reached, or not, 
cannot be reliably made due to the short duration of the test and because of the uncertainties 
introduced by multiple field personnel making measurements on a given well. Thus, both 
Hantush-Jacob and Thiem solutions were applied to the data. 
  
 The Hantush-Jacob solution for leaky confined aquifers provided a good fit to the data using 
the AQTESOLV software. The formula for the Hantush-Jacob solution, along with the 
conditions assumed to exist when using this solution under ideal circumstances, is listed in 
appendix B. All conditions ideally assumed to exist are actually seldom, if ever, met in the 
course of conducting aquifer tests. As not all the assumptions listed in appendix B apply to the 
city’s well field, the results of the calculations must be considered to be approximations. 
 
 Calculations for transmissivity using the Thiem equation for steady-state radial flow to wells 
in confined aquifers were performed manually. Storativity cannot be calculated using the Thiem 
solution. The formula for the Thiem solution, along with the conditions assumed to exist under 
ideal circumstances, is listed in appendix B. As with the Hantush-Jacob solution, not all of these 
conditions apply to the city’s well field, and the results must be considered to be approximations.  
 
 A semi-log plot of the total drawdown occurring during the pumping phase of the test versus 
distance from the pumping well, #3-Active, was constructed, as shown in figure 5. Drawdown 
data from all observation wells except well #5-Inactive were used to determine the radius of 
influence of the pumping well (ro) as the point on the distance axis that is intersected by the line 
of best fit to the data points. The specific capacity (pumping rate divided by total drawdown) of 
well #3-Active (the pumping well) was determined manually from its drawdown data. 
 
 

RESULTS AND INTERPRETATION 
 
 Water levels in all assessed wells began to decline within the first 5 minutes of the pumping 
phase of the test. Recharge and discharge of water reached, or very nearly reached, equilibrium 
in all observation wells during the later part of the pumping phase of the aquifer test. 
 
 The Hantush-Jacob solution for leaky confined aquifers provided a good fit to the data from 
all observation wells using the AQTESOLV software. Results of the analysis of drawdown data 
from wells #1-Inactive, #2-Active, #3-Active, #3-Inactive, #4-Active, #4-Inactive and #6-Active 
determined using this solution are shown in table 2 and appendix C. The transmissivities 
determined for observation wells #1-Inactive, #3-Inactive, #4-Active and #4-Inactive, the four 
observation wells closest to the pumping well, ranged from 54,000 to 56,000 ft2/day. Storativities 
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of these four observation wells were 0.0005244, 0.0001557, 0.0002967, and 0.0003133, 
respectively. Thus, there was no substantial difference in the values of transmissivity, and the 
storativities were within the same order of magnitude among these four observation wells using 
the Hantush-Jacob solution. Three of these four wells are farther from the pumping well than the 
distance beyond which partial penetration of the screened portions of wells through the outwash 
has negligible effect on the analyses as described by Fetter (1988). Because there was no 
difference in transmissivities at distances greater and less than this critical distance, any effect of 
partial penetration of observation wells is assumed to have been negligible.  
 
 The transmissivities calculated using the Hantush-Jacob solution for wells #2-Active and 
#6-Active were 50,000 and 75,000 ft2/day, respectively. The storativities calculated for these two 
wells using this solution were 0.001168 and 0.0009802, respectively. The difference between the 
aquifer parameters calculated for these wells and those calculated for the four observation wells 
closest to the pumping well is attributed to heterogeneous conditions in the outwash. The median 
transmissivity and storativity calculated using the Hantush-Jacob solution for all six assessed 
observation wells were 55,000 ft2/day and 0.000419, respectively. 
 
 The results of five calculations of transmissivity using the Thiem steady-state solution are 
shown in table 2. These transmissivity values ranged from 37,000 to 45,000 ft2/day. The median 
transmissivity of these calculations was 43,000 ft2/day. The minor difference in the median 
transmissivity values calculated using the Hantush-Jacob and Thiem solutions is accounted for 
by the fact that these solutions use different factors in calculating aquifer parameters. Change in 
drawdown occurring within a well and leakage are factored only into the Hantush-Jacob solution, 
while the difference in total drawdown between wells is only factored into the Thiem solution. In 
addition, the ratio of the distances from the pumping well of two observation wells is factored 
only into the Thiem equation. 
  
 Transmissivity values calculated with the Thiem solution are more likely to be accurate than 
those obtained from a transient analysis (Fetter, 1988). However, there is some uncertainty as to 
whether steady-state conditions occurred in pumping wells #3-Active, well #4-Active, and well 
#4-Inactive. In addition, the use of the Hantush-Jacob solution accommodates reporting of 
storativity values. The good of fit of the data to the Hantush-Jacob solution is also indicative of 
leakage from an aquitard as a source of recharge during the aquifer test. Therefore, results of 
both the Hantush-Jacob and Thiem solutions are reported. The median transmissivity values 
calculated by the Hantush-Jacob and Thiem analytical solutions are both substantially higher 
than 14,000 ft2/day, which is the threshold transmissivity of a good aquifer (Freeze and Cherry, 
1979).     
 
 Under ideal conditions, all flow to pumping wells in a completely confined aquifer occurs 
laterally. However, three possible additional sources of recharge to the aquifer during the test are 
suggested by this study. The Vermillion River was one probable source of recharge as it lies 
within the 2,400-foot radius of influence of the pumping well determined from the semi-log plot 
of total drawdown versus distance from the pumping well (fig. 5). The position of the data point 
corresponding with well #2-Active on figure 5 indicates that there was slightly less drawdown in 
this well than would be predicted from the line of best fit for all data. Since well #2-Active is 
closer to the Vermillion River than any other wells, this relatively smaller amount of drawdown 
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most likely indicates recharge from the river. An implication of the apparent recharge to the 
outwash from the river during the aquifer test is that the river is also a natural source of recharge 
to the outwash at times of high stream flow. 
 
 Another possible source of recharge to the observation wells during the aquifer test is 
upward flow of ground water induced by artesian pressure within the Dakota aquifer. Leakage of 
ground water through the Graneros Shale, which is believed to lie between the Dakota aquifer 
and most, if not all, of the outwash in the well field, is consistent with the good fit of the data 
from all observation wells to the Hantush-Jacob solution. The Hantush-Jacob solution is for 
leaky confined aquifers assuming steady-state flow (no storage) in the aquitard(s). Equilibrium 
between recharge and discharge during pumping was reached, or nearly reached, at all 
observation wells, including well #6-Active, which is evidence for recharge as leakage through 
an aquitard. Well #6-Active was the farthest observation well from the river and therefore the 
least likely to receive recharge from the river of all the wells monitored during the test.  
 
 The coefficient of determination (R2) for the data to the negatively sloping line on the total 
drawdown versus distance from pumping well semi-log plot shown in figure 5 was 0.9282. This 
very good fit of the data to the semi-log line implies that distance from pumping well #3-Active 
was a principle determinant of the amount of drawdown in the observation wells. While this 
goodness of fit is consistent with lateral flow as a recharge source, it is also consistent with the 
presence of a source of recharge approximately equidistant from all wells, such as leakage 
through the Graneros Shale. 
 
 The fine-grained sediments that overlie the outwash in the well field area are another 
possible source of recharge to the outwash. This source of recharge is also approximately 
equidistant to the outwash throughout the well field and therefore consistent with the good fit of 
the distance versus drawdown data points to the line of best fit shown in figure 5.  Leakage from 
these sediments is also consistent with the goodness of fit of the drawdown data from all 
observation wells to the Hantush-Jacob solution. However, substantial gravity drainage of water 
from such fine-grained sediments is not likely. Significant leakage into the outwash is also 
unlikely from the till underlying the uplands. Whether there is any flow of water into the 
outwash from the overlying sediments during pumping cannot be determined from the test data. 
If available, a shallow observation well located south of the bluff near a pumping well and 
screened at or near the water table could be used to determine the effect of pumping on the water 
table. If the water table elevation falls in response to pumping, some recharge to the outwash 
from the overlying fine grained sediments would be indicated. 
  
 There may not have been any influence of pumping during the aquifer test on the ground 
water within the 2,400-foot calculated radius of influence (fig. 5) south of the Vermillion River 
because the river is a ground water boundary. However, at high pumping rates over extended 
periods of time, ground water could potentially be drawn northward under the Vermillion River 
from south of the river. The radius of influence determined for pumping in the well field would 
probably have been larger had more than one of the city’s wells had been pumping 
simultaneously or had the rate of pumping been higher. 
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 Several criteria indicate that the ground water in the outwash in the city of Vermillion’s well 
field exists under confined conditions. One criterion is the position of the potentiometric surface 
of the outwash in the overbank sediments and till that comprise the upper aquitard (figs. 3 and 4). 
The lack of a gently sloping segment of the curve on the log drawdown versus log time plots 
shown in appendix C preceded and followed by more steeply sloping segments also indicates 
confined hydraulic conditions. Data plots of time versus drawdown for aquifers under water table 
conditions show such gently sloping segments corresponding with gravity drainage of ground 
water (Freeze and Cherry, 1979). Another indication of confined conditions is the order of 
magnitude of the storativity values for the outwash that were calculated. A typical range of 
storativity values for confined aquifers is from 0.00001 to 0.001 (Driscoll, 1986).  The 
2,400-foot radius of influence of the pumping well determined on figure 5 probably also 
indicates confined conditions. Thus, while the fine-grained sediments overlying the outwash 
from which the city of Vermillion obtains its water supply retard downward migration of any 
potential contaminants, they also cause confined hydraulic conditions to prevail in the outwash. 
As a result of this confined condition and the high transmissivity of the outwash, the area of 
influence of pumping is substantially greater than would occur under water table conditions and 
lower transmissivity.  
 
 Water table conditions exist south of the Vermillion River (fig. 4) and might also be present 
in the area between the southeastern part of the well field and the Vermillion River.  It is inferred 
that any existing water table conditions in those portions of these two areas lying within the 
radius of influence of the pumping well had no influence on drawdown rates in the observation 
wells during the aquifer test. This lack of influence on drawdown rates is attributed to the 
relatively great distance of these areas from the pumping and observation wells. In the area south 
of the Vermillion River, the lack of influence on drawdown rates also resulted from the river 
being a ground water boundary. 
 
 The specific capacity of well #3-Active was determined to be 36.5 gallons/minute/foot, as 
shown on table 2.  However, drawdown of the water level in the pumping well, #3-Active, may 
have still been occurring at the end of the pumping phase of the aquifer test. Therefore, the actual 
specific capacity of this well may be somewhat lower than the specific capacity calculated from 
the test data.  
 

 
SUMMARY  

 
 All wells in the Vermillion well field are located in the Missouri River valley except well 
#6-Active, which is located on the bluff between the uplands and the Missouri River valley (figs. 
1 and 2).  Surface sediments in the part of the well field south of the bluff in the Missouri River 
valley are composed primarily of fine grained, relatively impermeable overbank sediments (figs. 
3 and 4). These sediments range in thickness from 65 feet in the northern and western part of the 
well field to 5 feet just southeast of the well field. At well #6-Active, located on the bluff, a 49-
foot thick surficial layer of glacial till is present. The permeable outwash sediments that underlie 
these surficial sediments range in thickness from about 55 to 76 feet in the well field. The 
outwash is underlain by the Graneros Shale which is about 30 feet thick. The Graneros Shale is 
underlain by the Dakota aquifer. 
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 Water-level data were collected from eight wells shown on figure 2, including well 
#3-Active, the only well that was pumped during the pumping phase of the test. All available 
wells were used to observe the development of the cone of depression induced by pumping at a 
rate of 520 gallons per minute and the deterioration of the cone of depression during the two 
non-pumping/recovery phases.  
 
 The drawdown data from all wells except well #5-Active were analyzed using AQTESOLV 
software (data from well #5-Active were deemed unreliable). The Hantush-Jacob solution 
provided a good fit to the data collected during the pumping phase of the test. Log time versus 
log drawdown plots of the drawdown data along with the curve for this solution can be seen in 
appendix C. The median transmissivity calculated using this solution was 54,500 ft2/day while 
the median storativity was 0.000419. The median of five transmissivity values calculated 
manually using the Thiem solution was 43,000 ft2/day. 
 
 Equilibrium between recharge and discharge occurred, or very nearly occurred, as indicated 
by the stabilization of water levels in all observation wells during the later part of the pumping 
phase of the test.  Three possible sources of recharge to the outwash in addition to lateral flow 
toward the pumping well during the test are suggested by the study. The Vermillion River was 
one probable source of recharge as it lies within the 2,400-foot radius of influence of the 
pumping well determined from the test data (fig. 5). Leakage through aquitards underlying and 
overlying the outwash during pumping was also possible, particularly as flow through the 
underlying Graneros Shale from artesian pressure in the Dakota aquifer. The test results cannot 
eliminate from possibility that some recharge to the outwash from the overlying aquitard may 
occur. However, substantial flow into the outwash from these surficial sediments is not likely to 
have occurred, especially where the overlying aquitard is relatively thick. 
 
 Multiple criteria indicate that the ground water in the outwash in the city of Vermillion’s 
well field exists under confined hydraulic conditions. These criteria are the position of the 
potentiometric surface of the outwash in the upper aquitard (figs. 3 and 4), the shape of the curve 
that best fits the drawdown data (app. C), the order of magnitude of storativities calculated for 
the outwash (table 2), and the 2,400-foot radius of influence of the pumping well during the 
aquifer test (fig. 5). The fine-grained sediments overlying the outwash from which the city of 
Vermillion obtains its water supply act as a confining layer and retard downward migration of 
potential contaminants. As a result of this confined condition and the high transmissivity of the 
outwash, the area of influence of pumping is substantially greater than would occur under water 
table conditions and lower transmissivity. Water table conditions exist south of the Vermillion 
River (fig. 4) and might also exist in the area between the southeastern part of the well field and 
the Vermillion River. The area of influence of pumping may increase with higher discharge rates 
and pumping simultaneously from multiple wells. At high pumping rates over extended periods 
of time, ground water could potentially be drawn northward under the Vermillion River from 
south of the river. 
 
 The specific capacity of well #3-Active was determined to be 36.5 gallons/minute/foot (table 
2).  However, drawdown of the water level in the pumping well, #3-Active, may have still been 
occurring at the end of the pumping phase of the aquifer test. Therefore, the actual specific 
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capacity of this well may be somewhat lower than the specific capacity calculated from the test 
data. 
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Figure 1. Map of the study area.
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Figure 2. Locations of wells.
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Figure 5. Total drawdown versus distance from the pumping well.
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Table 1.  Schedule for pumping and measurement of water levels 
 

Date Description of time period Description of activities 

Immediately prior to prepumping-stabilization phase of the test 
Wells #3-Active and #4-Active are 
pumping to provide drinking water to 
Vermillion residents 

Approximately 7:55 PM Water levels in all wells were 
measured 

8:00 PM All pumping wells were shut off 
Mon., June 2, 2003 

8:00–10:00 PM, or 0 to 120 minutes 
of the initial stabilization phase of the 
test 

Water levels are allowed to recover 
from pumping; water levels are 
measured at 15, 30, 45, 60, 90, and 
120 minutes 

Mon. and Tues., 
June 2 and 3, 2003 

10:00 PM on June 2 through 8:55 AM 
on June 3 

Water levels were measured every 2 
hours and at 8:55 AM on June 3  

9:00 AM Pumping phase of the test started 
using municipal well #3-Active 

9:00–9:10 AM, or 0 to 10 minutes of 
the pumping phase of the test 

Water levels were measured, relative 
to the start of pumping, at 30 sec., 60 
sec., 90 sec., 2 min., 2 min. 30 sec., 3 
min. 15 sec., 4 min., 5 min., 6 min. 30 
sec., 8 min., and 10 min. 

Tues., June 3, 2003 

9:15–10:50 AM, or 15 to 100 minutes 
of the pumping phase of the test 

Water levels were measured, relative 
to the start of pumping, at 15, 20, 25, 
30, 40, 50, 65, 80, and 100 min. 

Tues. and Wed., 
June 3 and 4, 2003 

10:50 AM on June 3 through 9:00 AM 
on June 4  

Water levels were measured every 1 to 
2 hours and at approximately 8:55 AM 
on June 4  

9:00 AM Pump in well #3-Active is shut off; this 
ended the pumping phase of the test 

9:00–9:10 AM, or 0 to 10 minutes of 
the recovery phase of the test 

Water levels were measured, relative 
to the end of pumping, at 30 sec., 60 
sec., 90 sec., 2 min., 2 min. 30 sec., 3 
min. 15 sec., 4 min., 5 min., 6 min. 30 
sec., 8 min., and 10 min. 

9:15–10:40 AM, or 15 to 100 minutes 
of the recovery phase of the test 

Water levels were measured, relative 
to the end of pumping, at 15, 20, 25, 
30, 40, 50, 65, 80, and 100 min. 

10:40 AM–1:00 PM, or 15 to 240 
minutes of the recovery phase of the 
test 

Water levels were measured at 1-hour 
intervals 

Wed., June 4, 2003 

1:00 PM 
Wells #3-Active and #4-Active were 
turned on to provide drinking water to 
Vermillion residents 

 



Table 2.  Aquifer parameters calculated from water level drawdown data 
 

Well name(s) Distance from 
pumping well (ft) Analytical method Transmissivity 

(ft2/day) 
Storativity 

(dimensionless) 
ro   

(ft) 
Specific capacity 

(gal/min/ft) 
#1-Inactive 434 Hantush-Jacob 56,000  0.0005244 --- --- 
#2-Active 677 Hantush-Jacob 50,000  0.001168 --- --- 
#3-Active 0 Manual calculation --- --- --- 36.5  
#3-Inactive 76 Hantush-Jacob 55,000  0.0001557 --- --- 
#4-Active 385 Hantush-Jacob 54,000  0.0002967 --- --- 
#4-Inactive 408 Hantush-Jacob 54,000  0.0003133 --- --- 
#6-Active 1079 Hantush-Jacob 75,000  0.0009802 --- --- 
All*  Jacob modified --- --- 2,400  --- 
#1-Inactive and #3-Inactive  Thiem 43,000 --- --- --- 
#3-Inactive and #4-Inactive  Thiem 45,000 --- --- --- 
#3-Inactive and #6-Active  Thiem 44,000 --- --- --- 
#4-Active and #6-Active  Thiem 37,000 --- --- --- 
#4-Inactive and #6-Active  Thiem 43,000 --- --- --- 
 
ro – The maximum distance from the pumping well at which drawdown of water level occurred 
* –   Except #5-Active and #3-Active  



 

 

 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

Field data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Because not all watches used by personnel measuring water levels were properly 
synchronized, it was necessary to adjust the times of many water level measurements taken 
during the first 10 minutes of the pumping phase of the test according to the measurement 
schedule presented in table 1 in determining aquifer parameters.  



































































































 

APPENDIX B 
 

Key to analytical solutions 
 

The Hantush-Jacob solution for a pumping test in a leaky aquifer is given as: 
 

s = [Q/4πT] W(u, r/B) and u = r2S/4Tt  
 
Where the integral expression W(u, r/B) is referred to as the Hantush well function and: 

 
B = leakage factor determined by the Aqtesolv® software 
Q = flow rate from pumping well  
 r = distance from pumping well  
S = storativity  
 s = drawdown at time since pumping began  
T = transmissivity  
 t = time since pumping began  

 
Conditions assumed to exist when applying the Hantush-Jacob solution (Duffield, 2000): 
 

• Aquifer has infinite areal extent 
• Aquifer is homogeneous, isotropic, and of uniform thickness 
• Aquifer potentiometric surface is initially horizontal 
• Pumping well is fully or partially penetrating 
• Flow to pumping well is horizontal when pumping well is fully penetrating  
• Aquifer is leaky 
• Flow is unsteady 
• Water is released instantaneously from storage with decline in hydraulic head 
• Diameter of pumping well is very small so that storage in well can be neglected 
• Confining bed(s) is overlain by an infinite constant-head plane source 
• Flow in the aquitard(s) is vertical 

 
The Thiem equation for steady-state flow in a confined aquifer is given as: 
 
T = Qln(r2/r1)/2π(h2-h1) Where: h1, h2 = respective steady-state drawdowns 
  Q = flow rate from pumping well 
  r1, r2 = respective distances from pumping well 
 
Conditions assumed to exist when applying the Thiem solution (Kruseman and de Rider, 1994): 
 

• The aquifer is confined 
• The aquifer has an infinite areal extent 
• The aquifer is homogeneous, isotropic, and of uniform thickness 
• Prior to pumping the piezometric surface is horizontal 
• The pumping rate is constant 
• The well is screened over the entire thickness of the aquifer 
• The hydrologic system is at a steady-state 
• Water is released instantaneously from storage with decline in hydraulic head 
• Diameter of pumping well is very small so that storage in well can be neglected 



 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

Results of analyses of aquifer test data using AQTESOLV software 
















