Scour from the interstitial spaces in cobble-bed rivers
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Abstract
The periodic removal of sand from the interstitial spaces between cobbles is extremely important for ecosystem functioning
in cobble-bed rivers. In order to flush fine sediments from the interstitial spaces between cobbles in river reaches downstream
of dams, specific dam releases known as flushing flows or sediment maintenance flows are utilised. This paper describes the
development and calibration of a mathematical model to predict the equilibrium depth of scour of fine sands from between
cobbles in terms of applied stream power principles. The model was developed with the aid of physical model experiments
and is founded on a stream power model which defines the condition of dynamic equilibrium in a deformed sand-bed river.
Calibration was done in the laboratory under clear water conditions and with uniform cobble sizes. The scouring of fine sands
in cobble-bed rivers is associated with an increase in absolute bed roughness and an associated decrease in the unit stream
power applied along the bed as the cobbles become exposed. When scour ceases, the sand particles on the bed are at the movement threshold and critical conditions exist. In order to establish the relationship between equilibrium scour depth and bed
particle characteristics, the power which is required to suspend sand particles under laminar boundary conditions is equated
with the turbulent power being applied along the bed.
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Introduction
In cobble-bed rivers, many aquatic species are dependent on the
interstitial spaces between the cobbles for their survival. Salmonids, for example, use these spaces for laying their eggs while
the spaces also provide habitat and sheltering for various benthic
insects (Gordon et al., 1992). The accumulation of fine sediments
in cobble-bed rivers, which fill these interstitial spaces, can have
a detrimental effect on the whole aquatic ecosystem and scouring of the interstitial sand from cobble beds is seen as the single
most important substrate maintenance process for river biota
(Hirschowitz et al., 2007). Natural phenomena such as catchment erosion may lead to sediment loads being introduced and
deposited on cobble river beds, but natural floods ensure the
periodic removal thereof. The construction of a dam, however,
leads to a decrease in flood peaks, flood frequency and sediment
transport capacity in the river channel downstream and fine sediments introduced into this part of the river system, either via
the dam or from the downstream catchment, may accumulate on
parts of the river bed.
In order to flush fine sediments from the interstitial spaces
between cobbles downstream of dams, specific dam releases
known as flushing flows or sediment maintenance flows are utilised. The range of effective flushing flows is relatively narrow.
Whereas the rate and efficiency of fine sand removal increase
with discharge, so does the cost if the released water is lost for
storage, diversion or power generation. The transport rate of
larger sized sediments also increases with discharge and may
need to be kept within limits. The size of a flushing flow may be
further constrained by the release capacity of the dam, financial
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and legal liabilities associated with the creation of an artificial
flood as well as the availability of water at the appropriate time
(Wilcock et al., 1996). In addition, the quantification of flushing
flows is subject to uncertainty due to the complexity of flow and
sediment transport mechanisms in cobble-bed rivers. Although
there is a clear need to specify flushing flows as accurately as
possible, relatively crude methods are often used due to a lack
of appropriate models. These include the specification of discharges with a certain return period or methods based on complicated estimates of critical shear stress in mixed size sediments
(Reiser et al., 1989).
Ligon et al. (1995) and Kondolf and Wilcock (1996) noted
that the goals of flushing flows need to be stated in terms of measurable changes to the physical habitat rather than the abundance
of organisms. In line with this philosophy, this paper addresses
flushing flows in terms of a sand scour model which is founded
on the law of conservation of stream power and which defines
the relationship between discharge and the absolute depth of
scour of fine sands from between cobbles.

Sediment transport and the principle of least
applied power
The law of conservation of power, which is defined in scalar terms and directly related to time, is a third derivative of
Newton’s second law together with the laws of conservation
of energy and momentum. This law has been found to provide
good insight into the sediment transport characteristics of rivers
and is defined by Rooseboom (1974) under conditions of steady,
turbulent uniform flow as:
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where:
ρ = fluid density (kg/m3)
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