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Channel inception and bifurcation processes by

overland flow

(FRENZ & B ABKBETERE & 78 )

FAN i CHBFDEE

A comprehensive study of channel inception and bifurcation processes is presented after
conducting several experiments and analytical solutions. Channel inception on mild slope
and steep slope is studied using four series of experiments for different scenarios. An analyti-
cal solution is proposed for channel inception for the case of steep slope using linear stability
analysis. In addition, this study includes a study on channel bifurcation by conducting ex-
perimental studies. This study used two theories, developed by Izumi and parker [2000] and
Mizushima et al. [2007], as a basis for the study.

Izumi and Parker [2000] have performed a linear stability analysis of channel inception,
and have obtained a result states that the growth of channels is maximized when the channel
spacing is 10 times the Froude critical depth divided by the bottom friction coefficient. In this
study, laboratory experiments were conducted to study details of the formation processes of
first-order channels and the validity of results obtained by Izumi and Parker [2000]. Accord-
ing to the experimental results, when the slope was sufficiently mild for flow to be subcritical
in the Froude sense, local erosion immediately upstream of the precipice at the downstream
end was dominant for channelization, and channels were initiated at the downstream end of
the slope. When the slope was steep, erosion on the slope surface was dominant, and chan-
nels started to be formed at the middle of the slope. In the case of high clay content soil,
channels have a high tendency to bifurcation, and consequently show random configuration
compared with those in the case of low clay content soils. The channel spacing observed
in the experiments seemed to be generally smaller than that predicted by the theory. How-
ever, we found that channel spacing becomes small when the bottom shear stress at the point
where the Froude number is unity is only slightly larger than the critical shear stress for the

onset of erosion, and that, by taking account of this, the agreement between prediction and
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observation is good.

Besides, a theoretical study was performed on channel inception for the case of steep
slopes, as extension of the theory of downstream driven channel formation. The conceptual
model for the channelization process under steep slope is formulated by considering uniform
steady shallow water, flowing on a typically smooth straight plain ending with upward con-
cave steep slope gradually changing to a very mild slope. The flow on the steep slope is
assumed to be supercritical whereas the flow on mild slope is assumed to be subcritical in
the Froude sense. Two-dimensional depth-averaged shallow water equations were‘ used in the
formulation process. A linear stability analysis is used to study the problem. The problem
is an eigenvalue boundary problem, solved using the spectral collocation method with the
Chebyshev polynomials. Finally, we found a relation between growth rate of perturbation
and characteristic wavenumber for the case of steep slopes. The dominant wavelength is
found to be 0.2 to 0.29 times the Froude critical depth divided to bed friction coefficient.

Regarding channel bifurcation, Mizushima, et al [2007] have performed linear stability
analysis, and they proposed that channel] bifurcates when the discharge per unit width di-
vided to bed friction coeflicient is smaller than 1/1000 to 1/500 of the radius of the channel.
The experimental setup was premeditated in a way that able to evaluate the validation of the
theoretical study, to study the details of channel head bifurcation processes, and to set the
threshold conditions for the onset of channel bifurcation. Therefore, in this study, thresh-
old condition for the onset of channel head bifurcation is presented, which is expressed by
Froude critical depth, bed friction coeflicient, and channel head radius. A Channel bifurcates
when the ratio of Froude critical depth to bed friction coefficient and radius of channel is less
than 0.02. In addition, It is observed that channel head bifurcates when the channel head is
enlarged in width to the extent the flow depth on the top of the channel head is sufficiently
reduced until the flow is starting to split into two or more concentrated flows, and the bifur-
cation is realized when each small concentrated flows still persists enough energy to cause
channel incision. In general, the experimental results are found to be consistent with the

¢

theoretical results.
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