
Sensitivity of Drawdown to Parameters and Its 
Influence on Parameter Estimation for 

Pumping Tests in Large-Diameter Wells 
by Jiu J. Jiaoa and Ken R. Rushtonb 

Abstract 
The sensitivity features of drawdown to aquifer parameters and their influence on parameter estimation and pumping

test design are investigated in terms of pumping tests conducted in a large-diameter well. It is concluded that the well storage 
reduces the sensitivities of drawdown to transmissivity and storativity, and increases the correlation between them. This leads 
to uncertainties in estimating the aquifer parameters, especially storativity. The most informative drawdowns in terms of 
parameter estimation change with time and space. This is instructive for pumping-test design in a large-diameter well. Both 
hypothetical and real examples are used to demonstrate key ideas. 

Introduction 
Large-diameter dug wells are used extensively in many 

parts of the world. When they are used for pumping tests, 
the water in the well will influence the response of the 
aquifer. Analytical solutions taking into account the water 
stored in the well have been developed for confined aquifers 
by Papadopulos and Cooper (1967) and Lai et al. (1973). An 
alternative method of investigating pumping tests in a large
diameter well is the radial numerical method, which has 
been successfully used and proved to be much more flexible 
(Rushton and Holt, 1981 ). Of principal concern here are the 
sensitivity of drawdown to aquifer parameters in terms of 
large-diameter wells and the influence of the well storage on 
parameter estimation. 

Sensitivity features are important in parameter estima
tion. Information about a physical parameter may be most 
accurately gained at points in space and time with a high 
sensitivity to the parameter (Koopman and Voss, 1987). 
Insensitivity may lead to considerable error in estimating 
aquifer parameters, and the correlation between parameters 
may cause difficulties in estimating them independently 
(McElwee, 1987). Also, a parameter can be best estimated 
when its sensitivity is not only significant but also changing 
with time. 

Sensitivity analysis of the Theis equation has been 
examined by McElwee and Yukler (1978). Later, the be
havior of sensitivity of parameters in a leaky aquifer has 
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been investigated by Bohling et al. (1990). However, to the 
authors' knowledge, no research has been carried out to 
understand the features of sensitivity of drawdown to 
parameters when a large-diameter well is involved. 

In this paper, the basic sensitivity features of drawdown 
to aquifer parameters in the Theis equation is first briefly 
examined for the purpose of comparison. The features of 
parameter sensitivity relating to a large-diameter well are 
then discussed by numerical sensitivity models modified 
from a radial numerical flow model. There are various 
numerical models available. The one developed by Rushton 
and Chan (1976) is chosen for this study because their model 
includes well storage by introducing a portion of the aquifer 
that represents the region within the well. This is achieved by 
setting the transmissivity to a very high value to simulate the 
horizontal water level in the well, while the storage coeffi
cient is set to unity, thereby representing the free water in the 
well (Rushton and Holt, 1981). 

The general sensitivity features of drawdown to aquifer 
parameters and well storage are examined by a hypothetical 
example. A real pumping test in a large-diameter well is then 
used to demonstrate the application of sensitivity features in 
pumping-test design and analysis in such a well. 

Theoretical Background 
Sensitivity and Normalized Sensitivity 

Sensitivity analysis is the study of a system's response 
to various disturbances. In this study, the disturbances of 
aquifer parameters and well storage are considered. The 
response of the aquifer system may be expressed in terms of 
drawdown or hydraulic head. Because pumping-test analy
sis is of particular concern, drawdown is used. Mathemati
cally, the sensitivity is a partial derivative which represents 
the change in head or drawdown resulting from a change in 
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a model parameter. The sensitivity of drawdown toT and S 
can be defined as: 

as 
Ur=-

aT 
(1) 

as 
Us=-as (2) 

where U rand Us are called sensitivity coefficients, or simply 
sensitivity, with respect to transmissivity (T) and storativity 
(S). 

A marked disadvantage of the sensitivities defined by 
equations (1) and (2) is that their magnitudes depend on the 
dimensions and units of the particular parameters. A con
cept of normalized sensitivity was introduced by McElwee 
(1987), the sensitivity coefficients being multiplied by the 
corresponding parameter values. The normalized sensitivi
ties of transmissivity U'r and storativity U' s, for example, 
are thus defined as: 

as as 
U'r=T-=--

aT aTjT 
(3) 

as as 
U's=S-=--as as;s (4) 

The second form shown for each sensitivity coefficient 
demonstrates that normalized sensitivities describe the 
influence of ratio changes in parameters. Thus, normalized 
sensitivities can be readily plotted together and compared. 
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Fig. 1. Temporal change in normalized sensitivities to (a) stora
tivity, and (b)transmissivity atr= I, 5,10 m (T = 600 m2/d, S = 
0.0001, Q = 2500 m3/d). 

In terms of parameter estimation, the absolute magnitude of 
a sensitivity, not its signed value, is of importance, In the 
following discussion, when the word sensitivity is used, it 
usually means the absolute magnitude of sensitivity. 

Sensitivity Features of Aquifer Parameters 
in Theis Equation 

Sometimes analytical formulas for the head or draw
down can be found for simple models. In many of these 
cases, finding convenient analytical expressions for the sen
sitivity coefficients is also possible. As an example, consider 
the Theis equation. It describes radial confined ground
water flow towards a pumping well with negligible well 
storage in a homogeneous, isotropic aquifer of infinite areal 
extent: 

where 

Q 
s=-W(u) 

4nT 

W(u)= r ~dx and 
u X 

(5) 

Q is the pumping rate; s is drawdown at radial distance r at 
time t; and W (u) is the well function. 

The normalized sensitivities can be obtained by taking 
the derivative of the Theis equation with respect to T and S 
(McElwee and Yukler, 1978): 

as Q 
U'r = T -==-- [W(u)- e-u] (6) 

aT 41TT 

U's = S ~=- _9_e-u 
as 47TT 

(7) 

Figure I shows how U'r and U's change with time and 
space. Initially, U's increases rapidly. After a short time, it 
increases little and then becomes almost constant. In the 
very early stages, like U's, U'r increases with time, but the 
increase rate is not so significant as for U's. Unlike U's, U'T 
will not tend to a constant value, although the changing rate 
becomes smaller and smaller with increasing time. Figure 1 
also shows an observation well nearer the pumping well 
always shows larger sensitivity of parameters. Therefore, 
such a well can better define the aquifer parameters in an 
idealized aquifer. Figure 2 shows how U'r and U's change 
with distance for different times. In general, for a particular 
observation well, longer pumping time leads to larger 
sensitivities. 

Sensitivity Analysis Using Radial Numerical 
Flow Model 

A numerical model can be easily modified for sensitiv
ity analysis, and the same computer code used for the flow 
equation can be used for the sensitivity equations (McElwee, 
1987). In this section, it will be demonstrated how a numeri
cal model in terms of drawdown (or head) can be modified 
into a model in terms of sensitivity analysis of transmissivity, 
storativity, and well storage for a large-diameter pumping 
well. 
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For confined, radial flow of ground water to a pumping 
well, the flow can be represented by the following equation: 

with 

a2s T as as 
T-+- -=S-

ar2 r ar at 

s(r, 0) = 0 
s(oo, t) = 0 

as I = -Q 
ar rw 27TrwT 

rw ~ r < 00 

t > 0 

t>O 

(8) 

(9) 

An equation for the sensitivity of drawdown to a 
parameter can be obtained by differentiating the above 
equation and corresponding initial and boundary condi
tions with respect to that parameter. For example, for the 
sensitivity of drawdown to transmissivity, the sensitivity 
equation can be obtained as: 

T a
2
U T + .!_ auT = s auT _ ( ~ + ~ as ) 

ar2 r ar at ar2 r ar (lO) 

with 

0.40 

0.35 

I 0.30 

a: g 0.25 
(/) 

g 0.20 

:i. 
w 0.15 (/) 

~ 0.10 z 
0.05 

0.00 

I 
CJi z 
c( 

~ 
g 
:i. w 
(/) 

a: 
0 z 

0 

UT(r, 0) = 0 rw ~ r < 00 

I UT(oo, t) = 0 t>O (11) 
auT I = 
ar rw 

(a) 

(b) 

-Q 
t>O 

27Trw T 2 

-- -~-=-~---::::::- -~-....... 

', •," '""· ' •, 
\ \ 
\ '. 

\ \ 
\ ' 

\ \ 
\ ' 

\ \ 
\ \ 

I• 0.0001d 
I • 0.001d 
h 0.01d 
I• 0.1d \ \ 

10 100 

DISTANCE (m) 

10 100 

DISTANCE (m) 

I • 0.0001d 
I• 0.001d 
Ia 0.01d 
I= 0.1d 

1000 

1000 

Fig. 2. Spatial change in normalized sensitivities to (a) storativ
ity, and (b) transmissivity at different time (T = 600 m2/d, S = 
0.0001, Q = 2500 m3 /d). 
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These equations have the same form as the drawdown 
equations [equations (8) and (9)] except for terms involving 
derivatives of s. However, s is known from the solution of 
the drawdown equation. Therefore, equations (10) and (11) 
can be solved with the same numerical model. 

Similarly, the sensitivity equation of storativity can be 
obtained as 

with 

a2Us T aus aus as 
T-+--=S-+-ar2 r ar at at 

Us(r, 0) = 0 
Us(oo, t) = 0 

aus I - =0 
ar rw 

rw ~ r < 00 

t>O 

t> 0 

(12) 

(13) 

The main concern in the present study is the well 
storage, the feature of which can be represented by well 
radius. The sensitivity and normalized sensitivity of draw
down to well radius can be defined in the same way as those 
of transmissivity and storativity: 

as as 
Ur. = - , U'r. = rw-

arw arw 
(14) 

The drawdown equation can also be modified to a 
sensitivity equation in terms of rw by differentiating equa
tions (8) and (9) with respect to rw: 

iUr. T aur. aur. T--+- --=S-- (15) ar2 r ar at 
with 

UrJr, 0) = 0 
Ur.(oo, t) = 0 

aur. I -Q 
ar rw = 27Trw2T 

Analyses and Discussion 

rw ~ r < 00 

t>O 

t>O 

(16) 

For the present study, the radial numerical fl~w model 
of Rushton and Chan ( 1976), which is specially designed for 
use in pumping-test analysis, is modified for sensitivity analy
sis in a large-diameter well. Details of the modifications are 
discussed in Jiao ( 1993). 

The hypothetical aquifer for this study has parameters 
T= 650 m2/d and S = 0.0001, the initial head is 32m above 
the bottom of the aquifer, the pumping rate is 2500 m3/d, the 
test lasts 0.3 day, and the observation well is located at r = 5 
m. 

Sensitivity of Parameters Changing with Time 
Figure 3 shows how normalized sensitivities of draw

down to well radius, storativity, and transmissivity change 
with timeforwell radii of0.5, 0.05, and 0.005 m. Figure 3(a) 
shows how the sensitivity of drawdown to well radius 
changes with time for the three well radii. The sensitivity for 
rw = 0.5 m is by far the largest; for rw = 0.005 mit is so small 
that it cannot be depicted on the same scale. Figure 3(a) 



shows that a complete sensitivity-time curve is bell-shaped in 
the semilog coordinates, such as the one for rw = 0.5 m which 
reaches a maximum at about 0.0016 day and falls to near 
zero by 0.1 day. This means that the influence of the well 
storage only covers over a limited period. 

The change in sensitivity seems related to the well 
storage being abstracted with time. The bottom of the aqui
fer is 32m from the initial ground-water head. The total well 
storage when rw = 0.5 m is 1r X 0.5 2 X 32 = 25.13 m3

• The 
pumping rate is 2500 m3/d. After 0.0016 day, a volume of 
water equivalent to 16% of the well storage is pumped from 
the well. Table 1 lists the time and the water pumped 
(expressed as the percentage of water storage). When the 
pumped water is about 2% of the well storage, the sensitivity 
of drawdown to rw begins to increase rapidly [Figure 3(a)]. 
At 0.0016 day, about 16% of the well storage has been 
consumed. This is equivalent to a column of water of about 
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Fig. 3. Temporal change in normalized sensitivities of drawdown 
at r = 5 m to (a) well radius, (b)storativity, and (c) transmissivity 
for different well radii (rw = 0.5, 0.05, 0.005 m). (T = 650 m2/d, 
S = 0.0001, Q = 2500 m3/d). 

Table 1. Pumping Time and Water Pumped Equivalent 
to Percentage of Well Storage for rw = 0.5 m 

Time (days) 
Equivalent water (%) 

0.0001 0.0002 0.0016 0.005 0.01 
I 2 16 50 99 

5 min the well; a considerable head difference exists between 
the well and the aquifer. After that time, the aquifer is 
significantly disturbed and aquifer features start to play an 
important role in the drawdown in the observation well. At 
about 0.01 day, an amount equivalent to 99% of the well 
storage has been pumped. After that time, the sensitivity of 
drawdown at the observation well at r = 5 m is effectively 
insensitive to the well radius. 

Figure 3 (b) shows the corresponding sensitivity of 
drawdown to storativity. Compared to the behavior of 
parameter sensitivity in the Theis aquifer, when the well 
radius is very small, the curve of sensitivity has very much 
the same shape as that in the Theis equation [Figure I (a)]. 
When the well radius becomes large, the curve has a sigmoid 
form. At the beginning of pumping, most of the water is 
pumped from the well storage, only very limited water is 
drawn from the aquifer, and the drawdown is dependent 
mainly on the drainage of the well storage and is therefore 
not sensitive to the aquifer storage. The sensitivity in the case 
of large-diameter wells is significantly influenced by the well 
storage. Taking the case where rw = 0.5 m for example, the 
sensitivity at the early stages is very small when most of the 
pumping water is from the well storage. At about 0.0016 
day, when the well storage has been largely consumed and 
the sensitivity of well radius approaches a maximum, the 
slope of the storativity-sensitivity curve is the greatest. After 
that, the sensitivity to storativity continues to increase. 
When the sensitivity to well radius approaches zero, the 
sensitivity to storativity becomes almost constant. The 
behavior of the drawdown to storativity for well radius of 
0.005 m is very much like that of the Theis aquifer [Figure 
I (a)]. If a well diameter of 0.005 m can be practically 
regarded as infinitely small and the sensitivity behavior can 
be regarded as standard, then for a well with a diameter of 
0.5 m, it will take about 0.06 day (which is about one and a 
half hours) for the response of sensitivity to storativity at 5 m 
to become normal. In practice, some wells may have a radius 
as large as 2.5 m (Rushton and Holt, 1981). In this case, the 
sensitivity of drawdown to storage may be significantly 
reduced for several hours within tens of meters. 

Figure 3(c) shows how the sensitivity of drawdown to 
transmissivity changes with time. Generally speaking, the 
influence of well storage on the sensitivity of transmissivity 
is much smaller than that of storativity. However, in the 
initial stages, the sensitivity of transmissivity when r w = 0.5 
m shows a similar pattern to that of storativity. 

Comparison of the values of the normalized sensitivity 
to aquifer parameters and well radius indicates that the 
sensitivity to aquifer storativity is always very small, much 
smaller than that of well radius. This means that during the 
early stages, the sensitivity of the storativity may be so 
overshadowed by the well storage that it is very difficult to 
estimate aquifer storativity. However, the sensitivity of 
transmissivity is larger than that of the well storage over 
most of the time, and it significantly increases with time. It 
can be expected that, although storativity may be consider
ably influenced by well storage, transmissivity may still be 
reasonably well estimated even if the well radius is fairly 
large. 
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Table 2. Maximum Normalized Sensitivity of Storativity 
and Distance at Which It Is Achieved Change 

with Well Radius at 0.001 Day 

fw (m) 
Distance r(m) 
Max. U's(m) 

0.1 
1.8 
0.30 

0.3 
16.9 
0.23 

0.5 
28.0 
0.14 

1.0 
31.6 
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Fig. 4. Sensitivities of drawdown to aquifer parameters change 
with distance: (a) U's changes with well radius, (b) U's changes 
with time, and (c) U'T changes with radius. 

Change in Parameter Sensitivity with Distance 
from Pumping Well 

In the previous discussion of the sensitivity behavior of 
the Theis equation, it was shown that the sensitivities of both 
transmissivity and storativity become larger when the 
observation well is closer to the pumping well (Figure l) and 
that observation wells close to the pumping well will give 
better definition of transmissivity and storativity (Bohling et 
aL, 1990). 

Figure 4(a) shows how the sensitivity of drawdown to 
storativity changes with distance from the pumping well 
with well radii. Compared with the Theis equation [see 
Figure 2(a)], the sensitivity of drawdown to storativity dis
plays a significantly different behavior, especially when the 
well radius is large. Instead of being gradually reduced with 
distance, the (absolute) sensitivity gradually increases with 
distance until reaching a maximum, beyond which it gradu
ally decreases. This implies that, in terms of aquifer parame-
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ter estimation, the best location for taking drawdown read
ings should be at least a few meters away from the pumping 
well; the particular distance depends on the well radius. This 
is quite different from pumping tests in which well storage 
can be ignored. 

At a particular time, the distance at which the sensitiv
ity reaches its maximum changes with well radius. This is 
shown in Table 2. Taking the sensitivity of storativity for 
rw = 0.5 as an example: it achieves the maximum of0.14 mat 
a distance of 28m after pumping for 0.001 day. This implies 
that the most informative reading of drawdown in terms of 
parameter estimation at 0.001 day should be taken at 28m 
from the pumping welL 

For a particular observation well, the maximum sensi
tivity of storativity also changes with time. Figure 4 (b) 
shows the sensitivity to storativity at 5 m from the pumping 
well of a radius of0.5 m afterpumpingof0.0001, 0.001, 0.01, 
0.1 day. The curve for 0.01 day clearly shows the existence of 
a maximum. When t = 0.1 day, the pattern approaches the 
same shape as the sensitivity-time curve of the Theis equa
tion [Figure 2(a)], although the magnitude of the sensitivity 
is still smaller than it would be in the case of the Theis 
equation. 

Although the sensitivity of storativity shows compli
cated patterns in time and space for a large-diameter well, 
the pattern of the sensitivity of transmissivity is much 
simpler [Figure 4(c)]. Basically, it is similar to that of the 
Theis equation [Figure 2 (b)], except that the absolute values 
of sensitivity are reduced because of well storage. 

Influence of Well Radius on Parameter Estimation 
Traditionally, most pumping tests are analyzed by ana

lytical solutions and the well storage has to be ignored 
because of the difficulties of including its effect into the 
solutions. However, the radial numerical model can readily 
include this factor. The effect of well storage on parameter 
estimation will now be investigated. 

When the well radius is 0.0005 m, the well storage is 
thought to be negligible. Accordingly, the model with this 
well radius will be used as the basis of comparison. Different 
sets of drawdown data are created by running the model 
with well radii of0.005, 0.05, and 0.5 m. Using these data as 
"observed" data, different sets of parameters can be esti
mated by fitting the data using the radial flow model with 
the well radius of 0.0005 m. For this study, an automatic 
fitting technique, the Gauss-Newton method [for details see 
Jiao (1993)] is used. In this way, the influence of well radius 
on parameter estimation can be investigated. For this dis
cussion, the "true" parameters are T = 650 m2/d and S = 
0.0001, the pumping duration is 0.3 day, the pumping rate is 
2500 m3jd, and the observation well is 5 mfrom the center of 
the abstraction well. The estimated parameters correspond
ing to different radii are presented in Table 3. It is seen that, 
when the well radius is 0.005 m, the well storage is very small 
and does not cause much error in the estimated parameter 
values. However, when the radius is increased to 0.05 m, the 
error becomes significant. Although the error in transmis
sivity is still less than 10%, the estimate of storativity has 
been almost doubled. When the well radius is increased to 
0.5 m, the estimated values are too erroneous to represent 



Table 3. Estimated Parameters Change with Well Radius 

Transmissivity (m 2/d) Storativity 
Well radius 

(meters) T Error(%) 10 4S Error(%) 

0.0005 650.00 0.0 1.00 0 
0.005 648.42 ---{).2 1.02 +2 
0.05 597.47 -8.1 1.95 +95 
0.5 400.95 -38.3 3.60 +350 

Table 4. Correlation Coefficients of the Sensitivities 
of Transmissivity and Storativity Chnnge with Well Radii 

Well radius (m) 
Correlation coefficient 

0.0005 
0.716 

0.005 
0.741 

0.05 
0.917 

0.5 
0.995 

the "true" parameters. For a test well with radius of about 2 
m, which is typical of most of the domestic wells in the Third 
World, it can be imagined that, without including the effect 
of well storage, no reasonable paramf:ter estimation can be 
achieved at least from the readings of an observation wellS 
m away within 0.3 day of pumping. 

When the storage of a large-diameter well is ignored, 
the error in storativity is about 10 times the error in trans
missivity. This is because the well storage is lumped into the 
aquifer storage, so the estimated storage coefficient is 
exaggerated. 

Correlation Between Sensitivities of 
Transmlsslvities and Storativity 

In terms of parameter estimation, it is generally 
required that different parameters are not correlated. If 
there is a close correlation between different parameters, it is 
difficult to estimate them independently because discrepan
cies in one parameter may be lumped into the other. The 
correlation between the sensitivity of transmissivity and 
storativity for a large-diameter well will now be examined. 

It can be seen from Figures 3(b) and (c) that the 
similarity or correlation between the sensitivities to trans
missivity and storativity is very high when the well radius is 
large. Correlation coefficients between the sensitivities of 
transmissivity and storativity, calculated for different well 
radii, are listed in Table 4. The correlation increases with 
increasing well radius. This will make it difficult to estimate 
the two parameters independently. Therefore, even if the 
well storage can be adequately represented in the numerical 
model, in terms of parameter estimation, a large-diameter 
well will tend to produce uncertainties in parameter estima
tion and should thus be avoided. 

Field Example 
A well-documented test in a confined aquifer was car

ried out in South India. A cross section at the test site is 
shown in the inset of Figure 5. The abstraction rate was 691 
m3/d and continued for 135 minutes (0.0938 day). Readings 
of drawdown in an observation well at a distance of 14.55 m 
were plotted in Figure 5. The radius of the pumping well is 
about 2.4 m. The parameters were estimated to be T = 26.5 
m2/d and S = 0.0008 (Rushton and Holt, 1981). 
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Fig. 5. Pumping test in a confined aquifer in South India. Crosses 
represent field observed drawdown in observation well, fill lines 
the numerical model (after Rushton and Holt, 1981). 
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Fig. 6. Temporal changes in normalized sensitivities of draw
down at r = 7, 14.55, and 30m to (a) well radius, (b) storativity, 
and (c) transmissivity. (T = 26.5 m2/d, S = 0.0008). 

Using the approach discussed in this paper, the sensi
tivity features of parameters in this example will now be 
examined. Figure 6 shows how normalized sensitivities of 
drawdown to aquifer parameters and well radius change 
with time for different radius distances. The sensitivities to 
well storage decrease appreciably with radial distance. For 
all the three wells, the sensitivities to well storage approach 
maximum values between 0.1 and I day and then consider
ably decrease with time. The actual observation period was 
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Fig. 7. Spatial changes in normalized sensitivities of drawdown 
to storativity for different observation times. (T = 26.5 m2/d, S = 
0.0008). 

shorter than 0.1 day, during which the sensitivities of trans
missivity, especially storativity, are much smaller than that 
of well storage. The influence of aquifer parameters there
fore may be overshadowed by the influence of well storage. 
This may cause uncertainty in the estimated values. If the 
test period increased from 0.1 day to 1 day, Figure 6 shows 
that both the sensitivities of storativity and transmissivity 
would increase significantly. But this also corresponds to the 
period in which the sensitivity of well storage approaches 
maximum values. In order to reduce the influence of well 
storage and better define the aquifer parameters, it seems 
therefore that the test time should be considerably increased 
to more than 1 day. An increase from 0.1 day to 1 day would 
not make much difference. 

As also shown in Figure 6, compared to the change in 
parameter sensitivities with distance, the change in the sensi
tivity of well storage (and therefore its influence on parame
ter estimation) with distance is more significant. An observa
tion well at a more distant location, where the influence of 
the well storage is much smaller but the sensitivity of aquifer 
parameters is still reasonably large, would have better 
defined the aquifer parameters. 

Figure 7 shows how the sensitivity of aquifer storativity 
changes with distance for different time. After one day of 
pumping, the pattern of the change in sensitivity is similar to 
that of the Theis equation [see Figure 2 (a)]. At time 0.1 day, 
the sensitivity approaches a maximum between I 0 and 20m. 
Near the end of the present pumping period, the observation 
well seems at the right location because it provided the most 
informative readings at that time in terms of the storativity 
estimation. 

Conclusions 
With large well-bore pumping wells, the sensitivity 

behavior of aquifer parameters, especially storativity, is 
quite different from that represented in the Theis equation. 
The most informative measurements in terms of parameter 
estimation change with time and space. This is instructive 
for pumping-test design in a large-diameter well. The sensi
tivity of both transmissivity and storativity are reduced 
significantly when a large-diameter well is involved. This 
implies that the drawdown readings can be "noised" by the 
presence of a large-diameter well, significantly reducing the 
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attendant data value in terms of estimating the aquifer 
parameters. 

Comparing the sensitivities of well radius and aquifer 
parameters, the magnitude of storativity sensitivity is always 
relatively small. The influence of storativity can be over
shadowed by the influence of well storage. It is therefore 
difficult to estimate the storativity when there is significant 
well storage. However, the transmissivity sensitivity is 
always relatively large. Consequently, although the esti
mated storativity may be erroneous, the transmissivity can 
still be estimated reasonably accurately in the presence of 
significant well storage effect. 

A field example was used to demonstrate the impor
tance of sensitivity features in pumping-test design in a 
large-diameter well. It is recommended that the sensitivity 
features of parameters should be analyzed by using some 
rough parameter values in advance of the actual test. This 
analysis may be instructive in choosing the location of 
observation wells and the period of pumping so that the 
aquifer parameters can be better defined. Even after the test 
has been conducted, it may still be helpful to perform sensi
tivity analysis using the estimated parameters to understand 
qualitatively the reliability of the estimated values. 

It should be noted that even when well storage can be 
satisfactorily represented in the numerical model, it is better 
to avoid using a large-diameter well as a test well because the 
correlation between the sensitivities of transmissivity and 
storativity is very large for large-diameter wells. This causes 
uncertainties in estimating the parameters. 
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