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This article examines one of the short­
comings ofconventional pumping test analysis 
techniques which can lead to errors in data 
interpretation and suggests a guide to use in 
obtainingproper interpretation ofthe data. 

T HE MODIFIED non-equilibrium formula 
of Jacob derived from the Theis 

equation is often used by hydrologists to 
compute aquifer characteristics from pumping 
tests. This well known method of analysis 
(described in detail in the March-April and 
May-June 1977 JOHNSON DRILLERS JOURNAL) 
generally provides useful and accurate in· 
formation. 

Many pumping tests. however. have been 
observed where the early data do not fit 
Jacob's theory precisely. Often this lack of 
agreement between Jacob's predictions and 
the actual data results from the removal of 
water from casing storage during the pumping 
test. 

One of the basic assumptions made in 
deriving Theis's (and subsequently Jacob's) 
equation is that all of the water pumped from a 
well during a pumping test comes from the 
aquifer and none from storage within the well. 
Since this condition is not fulfilled in practice. 
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Theis's and Jacob's equations are somewhat 
inaccurate and a different theory is required to 
properly describe the behavior of the water 
level in a pumping well. 

In 1967, Papadopulos and Cooper presented 
an equation describing the discharge from a 
pumping well which takes into account the 
volume of water removed from casing 
'storage. '" Drawdown values calculated from 
their equation differ significantly from Theis's 
and Jacob's equations during the early portion 
of the pumping test when a relatively high 
percentage of the discharge com~s from casing 
storage. During the later stages of the pump­
ing test when only a negligible quantity of 
water is obtained from casing storage, the 
equations produce equal results. 

Difference in Drawdown Values 

This can be seen in Figure 1 which shows 
time drawdown graphs in the generalized form 
for both the Papadopulos-Cooper and Theis 
equation. Notice that for early values of time 
the graphs differ. As time increases they 
converge and at time te become virtually 
identical (The time at which the two curves 
appear to coincide. te, has arbitrarily been 
selected in this article to be the time at which 
the difference in drawdown values becomes one 
per cent. This criterion has proved satisfactory 
for practical problem solving.) 

Figure 2 shows another comparison of time 
drawdown graphs predicted by Papadopulos­
Cooper and Jacob or Theis. These graphs were 
constructed from theoretical calculations 
based on the specific aquifer parameters and 
well geometry indicated. Data from an actual 
pumping test would follow the Papadopulos­
Cooper curve shown on this graph. 

Jacob's method has been used in Figure 2 to 
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