SEEPAGE FLOW IN AQUIFERS WITH OPEN AND CLOSED BOUNDARIES
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1. Introduction

At previous gully erosion conferences, the effect of
surface seal development on gully formation and growth
was analyzed (Prasad and Romkens, 2003) and the effect of
hydrological conditions on gully growth was discussed
(Romkens and Prasad, 2005). In the latter study, it was
suggested that seepage forces, i.e., exit gradients, may
appreciable affect gully growth and that solutions of
Laplace’s equations for a quasi-steady state flow field might
be helpful in assessing the effect of seepage on gully
growth. In this presentation, seepage flow is discussed,
based on selected studies that used conformal mapping
procedures. These studies may be helpful in making
assessments of the impact of seepage on gully erosion.

2. Theory

The sresm flow zres is described in terms of the
complex spatal varisble z with x and v baing the Cartesian
coordinates, and the flow regime descrbad by the complsx
posenrizl o whers ¢ s the potental function and v is the
smresm finction. Thas:
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Soluttons for due soeam flow aran are sought of the tvpe w
= fiz) or z = geey, which eitber are cbiamwad directly or
indirectly duwougk 2 complex vanzble J = £ + i, s0
thar o = F (0 and @ = g D) facilitstes calenlations of the
relanonships o = 2l or z = frapd. Also, in cases of fres or
open boundsres, the bodograph method is wused, thar
descrtbes the complex velocity field, siven by
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3. Discassion
The srdies indicared are by

1. waw Desvrer (15500 who disousse: 8 pumber of 2-
dirpersions] fow probiems undsr steady state conditons
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a homogeneous, isotropic aquifer with free as well as closed
boundaries. Specifically, he analyzed, among others, the
case of (i) drainage to a water free rectangular ditch with
vertical, impervious, straight walls and (ii) the case of
drainage to a partially filled ditch with vertical, pervious,
walls. The solution obtained for case (ii) is:
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This solution shows an implici relsfionship bemvesn £ and
.

2. Bimbkens fuppuliched, 1964) apalvzed seepags to a
partglly filled diech with cipcnlar botiom, su mmpervious
wall sbove the dinch warer level, and 3 constant horizoearal
eround water tablz (Infilration problem in & ponded field)
(Fig. I). Soluten obmined for the seepage flow rate, O, iz
for an infinirely lone aguifer with baffer zons of width o
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Fig. 2. Flow field to a partially filled ditch and an impervious side
wall and a buffer zone with widcth c. Q is seepage per unit ditch
length.
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For o=, this formeala reduaces to the case of a dle drainzge
problem.

3. Bakker {1807 dizcusses new solurion procedhres in
apabyzons sroundwater flow problems, including flow with
free bouedsres wing the bodosrapl miethod and fow
problems over a horzontal impenious layer to 2 swaight
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Fig. 3. Flow to a straight seepage surface. (a) The complex z-plane
configuration, and (b) the complex potential-stream function
representation.

sappaze surface of angls 7 with the homzonial using the
Depds-Forabbemmer modal (Fiz. 3} That relationship 1=

E- L - —NIx)., whers (7}
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The variows solutions obtamead can pow, 1o prissiple, be
uad to determine the potendz]l and stream fuections, and
subsequentdy the exit sradisnts 3t the sespaze surfaces
However, the cslowlatons cap be wery complex and
g=perally only be handled for simplified cases.
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