
Introduction
Pumping of ground water near streams is of consider-

able interest in issues of water supply, water quality, and
water rights administration. There is a long history of ana-
lytical studies focusing on the transient interaction between
streams and aquifers due to pumping wells. Early investiga-
tors assumed that the streams were fully penetrating and that
the streambeds were not clogged with low-permeability silts
(Theis 1941; Glover and Balmer 1954). Investigators soon
realized that clogging of the streambed has a major impact
on the ground water flow field; ad hoc approaches using
extended flow lengths were developed to deal with this
complication (Kazman 1948; Walton 1963). Hantush
(1965) presented an analytical solution for transient flow to
a well near a stream that deals with clogging of the bed more
directly. He assumes that a thin layer of low-hydraulic con-
ductivity and no storativity separates the aquifer from a fully

penetrating stream. As the stream is fully penetrating, the
problem domain is semi-infinite; pumping on one side of the
stream does not induce flow on the other side.

Various authors have attempted to analyze the errors
introduced by the assumptions in these analytical models
by comparison with numerical solutions of more realistic
settings. Sophocleous et al. (1995) concluded that the pri-
mary limitations of commonly used analytical models are
the inability to model accurately the effects of streambed
clogging and the partial penetration of a stream. In a simi-
lar study, Spalding and Khaleel (1991) also suggest that
neglecting the flow field on the side of the stream opposite
the well can generate substantial errors.

Hunt (1999) developed an analytical solution to the
problem of transient flow to a well near a partially pene-
trating stream with a partially clogged streambed. Hunt’s
solution assumes a stream of small width and a small pen-
etration of the streambed into the aquifer. Among the ana-
lytical solutions listed here, Hunt’s is unique in that it
predicts flow and drawdown in the aquifer on both sides of
the stream; the problem domain is infinite. Subsequently,
Zlotnik and Huang (1999) and Butler et al. (2001) devel-
oped transient solutions for streams of finite width in
bounded domains; analytic solutions are developed in the
Laplace space, and inverted numerically. Butler et al.
(2001) compared their stream depletion results with those
obtained by Hunt (1999) and concluded that Hunt’s results
are accurate when the distance from the stream to the
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