Variation of stream power with seepage in sand-bed channels
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Abstract
Downward seepage (suction) increases the mobility of the channel. In this study, experimental investigations were carried out to analyse the suction effect on stream power along the downstream side of the flume. It was observed that stream
power has a major influence on the stability and mobility of the bed particles, due to suction. Stream power is found to be
greater at the upstream side and lower at the downstream side. This reduces the increment in the mobility of the sand particles due to suction at the downstream side. Thus, there is more erosion at the upstream side than the downstream side. It was
also found that the amount of deposition of sand particles at the downstream side, because of the high stream power at the
upstream side, is greater than the amount of erosion of sand particles from the downstream side.
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Introduction
A study of the effect of seepage flows on the detachment of
particles from the bed and on further movement of the bed load
is of great interest, since this problem is related to the solution
of important practical engineering problems. For instance,
groundwater movement plays an exceptionally important role
when constructing hydraulic structures, particularly dams;
these concepts are important when solving problems of the
stability of dams and channel slopes. Seepage through boundaries is common due to porosity of the granular material as well
as due to level differences between groundwater and surface
water in the channel. The presence of seepage from a channel
(termed suction), or into it (termed injection), leads to a change
in bed deformation conditions and consequently in the hydrodynamic channel characteristics (Dobroklonskii et al., 1976).
Due to injection the channel receives more water, whereas
due to suction its discharge is reduced. The issues relating to
whether seepage reduces or enhances sand-bed stability are
still matters of considerable debate (Lu et al., 2008). However,
Willets and Drossos (1975), Maclean (1991), Rao and Sitaram
(1999) and Rao and Sreenivasulu (2009) suggest that suction
increases bed material transport, whereas injection reduces
sediment transport and increases particle stability, or does not
aid in initiating their movement. Oldenziel and Brink (1974)
and Maclean (1991) found experimentally that the streamwise
velocity decreases in the upper portion and increases near the
bed due to downward seepage or suction. Ali et al. (2003) and
Cheng and Chiew (1999) studied the effect of downward seepage on the velocity profile and found that there is an increase
in the near-bed velocities due to downward seepage. However,
as suction increases the bed material transport, it is felt that
there is a need to assess the spatial behaviour of the downward
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seepage along the length of the channel, as this would be more
beneficial for field engineers. Whether that position is defined
in topologic, geometric or flow-regulated terms, the most striking element of fluvial change occurs in the downstream direction (Knighton, 1987; 1999).
Stream power has a significant influence on many form
and process attributes of the fluvial system (Fonstad, 2003).
Bagnold (1963; 1966) expressed the basic relations between
work, energy expenditure of a stream and quantity of sediment transported by the stream, in terms of stream power,
as the supply energy for the sediment’s motion in a water
stream. Phillips (1989) found that the stream power provides
a physically-based measure of sediment transport capacity.
Lawler (1995) found this quantity useful in describing particle
entrainment. Magilligan (1992) and Lecce (1997) found that
spatial patterns of stream power influenced the processes and
extents of fluvial erosion, transport, and sediment deposition.
Abernethy and Rutherford (1998) used stream power indices to
describe patterns of bank instability. Baker and Costa (1987)
and Wohl (2000) used stream power as a measure of channel
mobility thresholds.
Stream power has a relationship with the transport of sediments in fluvial bed channels (Martin and Church, 2000; Petit
et al., 2005; Lima, 2007). The spatial patterns of stream power
may be used to assess the spatial distribution of stream energy
during suction.
Therefore, the purpose of this paper is to determine or
assess spatial variation of stream power when downward seepage is taking placed in the sand-bed channel.

Methods
One approach to studying the problem of alluvial channel stability is by means of a set of laboratory experiments. In order
to quantify the seepage effect on stream power and downward
variation of stream power, experiments were conducted in a
rectangular smooth-walled sand bed tilting flume. The dimensions of the flume were: 25 m length, 1.8 m width and 1 m
depth. A schematic view of the tilting flume is shown in
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