Editors’ Message

The value of simple equilibrium approximations

for analysing pumping test data

Bruce D.R. Misstear, Associate Editor

The aim of this Editors' Message is to highlight the mer-
its of simple equilibrium formulae for analysing pumping
test data. It is not the intention to argue that equilibrium
approaches should replace the standard non-equilibrium
methods where the latter can be applied properly. How-
ever, the redity is that good test data are unavailable for
the vast majority of the world’'s wells, and even where
time-drawdown data are available, the non-equilibrium
methods involving curve-matching or fitting straight lines
are often misapplied, with little understanding of the in-
herent assumptions. Therefore, equilibrium approxima-
tions are indeed useful (1) as an initial estimate of trans-
missivity (T) in the absence of good test data, and (2) for
comparison with, and therefore checking on, the results
obtained from non-equilibrium analyses even where there
are good time-drawdown data. Regarding (2), it may be
the case that the equilibrium T value can be discounted
because of leaky conditions, recharge boundaries, or
whatever, but at least the process of comparing the results
with the non-equilibrium analysis will encourage the hy-
drogeologist to think about these issues. It is possible that
the wide availability of software for interpreting pump-
ing-test data, enabling automatic fitting of straight lines
or matching of type curves, discourages some hydrogeol-
ogists from giving proper thought to the analysis.

A large number of analytical methods are available for
determining aquifer properties from pumping-test data.
Different methods have been developed to cope with a
wide variety of well and aquifer situations, ranging from
simple homogeneous and isotropic aquifers to more com-
plex situations involving anisotropy, barrier boundaries,
leaky aquifers, partial well penetration, and so forth. The
application of these analytical methods requires both
good test data and a good understanding of the assump-
tions inherent in the methods themselves. In practice,
good test data (involving step- and constant-rate tests,
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with water-level measurements in both abstraction and
observation wells) are not found as often as hydrogeolo-
gists would wish. For the mgjority of private wells, test
data (if any) may be restricted to short-term specific-
capacity values. There may aso be a lack of proper
pumping-test data at public-water-supply groundwater
sources; for example, in cases where the wells have been
operating more or less continuously for many years, and
where it is not practical to disconnect them from the sup-
ply system in order to carry out extended pumping tests
under controlled conditions (Misstear and Beeson 2000).
Even where good test data are available there is a ten-
dency among some practising hydrogeologists to adopt a
prescriptive approach to the analysis, whereby standard
methods such as those of Theis (1935) and Jacob
(Cooper and Jacob 1946) are applied to time-drawdown
data with little or no regard to the assumptions that un-
derlie these formulae. Thus, in a Jacob analysis, it is not
uncommon to encounter a straight line drawn as a best fit
through a semi-log data plot that is clearly non-linear,
with no discussion of the reasons for the variance be-
tween theory and the conditions at the site under investi-
gation. Such an approach can obviously lead to large er-
rors in estimates of aquifer properties. Again, it is not
uncommon to see tabulated pumping test results in
which the specific capacities of the wells exceed the in-
terpreted transmissivities — with the clear implication
that the wells are more productive than the aquifers!
Simple equilibrium approximation formulae can be
used to provide an initial estimate of aquifer transmissi-
vity in the many situations where only limited time-
drawdown data are available. In cases where there are
good test data, the equilibrium approximations can also
be useful as a check on the T values obtained from the
more sophisticated analyses using the Theis, Jacob, or
other non-equilibrium approaches. Of course, equilibri-
um approaches have significant limitations: they cannot
be used to determine the aquifer storage coefficient and
may lead to large errors in estimating T where equilibri-
um conditions have not been reached, or have been
achieved due to leaky-aquifer conditions or the occur-
rence of recharge-boundary effects. Nevertheless, the
process of comparing and trying to explain any discrep-
ancies between the T values derived from equilibrium
and non-equilibrium formulae should help to avoid the
kind of problems mentioned in the previous paragraph.
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Equilibrium approximations are based on the well-
known Thiem equilibrium equation (1906) which can be
written as:

T=(2.3Q/2rw) log r /1,

where T is the aquifer transmissivity, Q the well dis-
charge rate, s the maximum well drawdown, r,, the radius
of influence of the well, and r,, the well radius. A num-
ber of simplifications of this formula have been devel-
oped, including that described by Logan (1964) (he did
not claim the method to be original). The Logan approxi-
mation was included in the first edition of the standard
reference on pumping-test analysis by Kruseman and de
Ridder (1970). However, Logan's method has been omit-
ted from the current (1990) edition of this book, and so it
is perhaps less familiar to hydrogeol ogists nowadays.

In the Thiem equation, the ratio rJ/r,, cannot be deter-
mined accurately unless several observation wells are
available during the pumping test. Although this ratio
may vary considerably, the log term is relatively insensi-
tive to such variations. Logan (1964) proposed a value of
3.32 as ‘typical’ for thislog ratio, and hence derived the
following approximation of the Thiem equation:

T=1.22 Qls.

Similar approximations have been derived elsewhere.
For example, the British consultants Hunting Technical
Services and Sir M. MacDonald and Partners obtained
the relationship T=1.32 Q/s for a large number of well
tests on alluvial aguifers in the Indus valley of Pakistan
(Bakiewicz et a. 1985).

Strictly speaking, the Logan approximation given above
only applies to confined-aquifer conditions. Logan derived
the following approximation for the unconfined case:

T=2.43 Qb/(s(2b-5))

where b is the saturated aquifer thickness.

Logan applied his approximation formulae to the re-
sults of ten pumping tests taken from the published liter-
ature: the transmissivities thus obtained ranged from
+50% to —50% of the published values, with the errors
being generaly less than 10%. Therefore, the Logan
method can give a reasonable first estimate of T, provid-
ed that near-equilibrium conditions are achieved when
the maximum drawdown is measured.

In addition to analysing specific-capacity data from
constant-rate pumping tests, the Logan (or other similar)
equilibrium approximation formulae can be applied to
step-test data in the form:

T=1.22/B

where B is the formation loss ‘constant’ obtained from
the intercept of the straight line in a plot of §/Q against
Q, i.e. B isthe specific drawdown value at zero well dis-
charge. This analysis therefore provides an estimate of T
after a correction for well losses. To achieve near-equi-
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librium conditions, the steps should be continued for as
long as practicable. An estimate of T from step tests is
especially useful in situations where it is not feasible to
carry out long constant-rate tests (Misstear and Beeson
2000).

A further application of this kind of relationship isin
the estimation of the required screen length when design-
ing a well. In this case the T term is replaced by KL,
where K is hydraulic conductivity and L is screen length.
A factor of 1.5 or 2, rather than 1.22, is normally used to
allow for well losses (Clark 1988), giving, for example:

L=2 Q/(sK).

Thus, in an extensive aquifer of uniform hydraulic con-
ductivity, the required length of well screen can be esti-
mated for a particular design yield and maximum speci-
fied drawdown.

To recap, it is not the intention of this Editor's Mes-
sage to underrate the importance of carrying out proper
pumping-test programmes, or to imply that equilibrium
approximation formulae should replace the well-estab-
lished non-equilibrium analysis methods of Theis, Jacab,
and others. The purpose is to highlight the fact that good
time-drawdown data are not available in many real-world
situations and that even where such data are available,
methods involving curve matching or fitting straight lines
to time-drawdown plots are sometimes misapplied. Equi-
librium approximation methods such as the Logan formu-
laprovide a quick and simple means of deriving an initial
estimate of transmissivity in both situations.
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