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Fig. 2 Flow direction determined by the old
method
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Fig. 3 Flow direction determined by the new
method
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Fig. 6 Schematic representation of the debris
flow model
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Fig. 7 Computational section of the debris
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Table 1 Parameter values used by the rainfall-
runoff model and slope failure model

n (MS unit system) | 0.3

k (m/s) 0.002
D (m) 0.5
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b (deg) 20
Year  (tf/m?) 2.4
Ve (tf/m®) 2.3
Yo (4/m®) {10
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Fig. 8 Runoff hydrograph
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Fig. 10 Spatial distribution of the safety factor
calculated by the 1 dimensional model
with no rainfall
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Fig. 11 Spatial distribution of the safety factor
calculated by the 1 dimensional model
at the peak of rainfall
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Fig. 12 Spatial distribution of the safety factor
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Fig. 13 Spatial distribution of the safety factor
calculated by the 2 dimensional model
at the peak of rainfall
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Fig. 14 Cumulative number of the slope units
where the slope failure occur
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Table 2 Simulation conditions

cr cr | gradient
Run1 | 0.33 | 0.0 10°
Run 2 | 0.33 | 0.0 15°
Run 3 | 0.33 | 0.0 20°

Run 4 | 0.50 | 0.0 10 ¢

Table 3 Parameter values of the debris flow
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Fig. 17 Density of the coarse particles in the
debris flow
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Fig. 18 Depth of the deposit layer at t = 1200s
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Fig. 19 Time series of the debris flow dis-
charge, depth of the deposit layer, and
density of the coarse particles (1)
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Fig. 20 Time series of debris flow discharge,
depth of the deposit layer, and density
of the coarse particles (2)
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Development of a Water and Sediment Flow Model for a Mountainous Area

Yutaka ICHIKAWA, Yasuhiro SATOH*, Michiharu SHIIBA, Yasuto TACHIKAWA and
Kaoru TAKARA

* CTI Engineering Co., Ltd

Synopsis

A water and sediment flow model for a mountainous area is developed by combining a rainfall-runoff
model, a slope failure model, and a debris flow model. The distinctive feature of this model is to calculate
the water and sediment flow with one dimensional flow analysis.

The model was applied to the Umakado river basin and the results were compared to those of the
two dimensional model, which has been often used to predict the sediment yield from a mountainous
area, and it was shown that the two models gave almost similar results. Then the model was applied to
single slope unit to conduct debris flow simulations. When a debris flow hydrograph was given as the
upstream boundary condition, the results were reasonable. However when a water flow hydrograph was
given from the upstream boundary, the output debris flow hydrograph fluctuated unnaturally at which
the equation of motion of the debris flow was replaced according as the density of the particles decreased.

Keywords: Kinematic wave model integrating sub-surface and surface flow, Slope failure model, Debris flow
model, one dimensional flow analysis
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