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1 INTRODUCTION 

A heavy rainfall from 12th typhoon (2011) brought large-scale floods and slope failures in the Asahi River 
basin. Sediment supply to the Asahi River due to slope failures changed channel shapes and grain size dis-
tributions of the river bed remarkably in the short period of time. Estimation of the amount of the sediment 
supply of debris flows by slope failures and understanding of sediment transports during the flood are im-
portant for the river management. 

The Asahi River is a stony-bed river with a wide range of grain-size distributions. In the Asahi River, a 
sediment bypass tunnel is installed for a measure against turbid water of a dam reservoir, and the reservoir 
sedimentation. Fukuda et al. (2012) investigated the recovery mechanism of riffles and pools and flushing 
mechanism of reservoir sedimentation by using the two-dimensional flood flows and bed variation analysis 
in stony-bed river (Osada et al. (2013)). However, sediment inflows from mountain streams were not con-
sidered in this model, because the flood discharge was relatively small compared with the 2011 flood.  

The slope failures and debris flow simulation model to estimate sediment inflows from mountain 
streams has been proposed by reserchers. For example, there are physically-based model of the SHETRAN 
(Bathust (2002)) and the SERMOW-Ⅱ (Hirasawa et at. (2012)) and so on. Ichikawa (1999) calculated the 
sediment runoff due to slope failures using by the kinematic wave-runoff model and slope failure model 
considering an infinite length slope-stability analysis. And sediment inflows from mountain streams were 
simulated by using debris flow equations which corresponded to each regime such as debris flow, 
immature debris flow, and bed load (Takahashi (2001)). But, these researches have not considered enough 
the relation between flood flows and large-scale sediment inflow, and applicability to the design of 
structures for sedimentation. Therefore, it is important to clarify mutual relations of sediment transports in 
river channel, mountain stream, dam reservoir and outlet structure. 

The objectives of this study are to clarify the sediment transport mechanism based on observed data and 
to develop the two-dimensional flood flows and river bed variation analysis model clarifying the 

Large-Scale Sediment Inflow and Bed-Variation from 12th Typhoon 
(2011) in the Asahi River Basin 

Y. Tsukamoto 
Graduate School of Science and Engineering, Chuo University, Japan 

T. Eguchi 
The Kansai Electric Power Co., Japan 

S. Fukuoka 
Research and Development Initiative, Chuo University, Japan 

 

ABSTRACT: In the Asahi River, heavy rainfall from 12th typhoon (2011) had caused the river channel 
blockade by sediment inflow due to slope failures and debris flows. These phenomena make large amount 
of sediment discharge into the river shortly, and change the river channel characteristics, such as the 
channel shapes, and grain size distributions. So, it is important to clarify the mechanism of sediment 
transports including large amount of sediment supply for the river management. In this study, first, we 
clarified points of slope failures and characteristic changes in river channel by large-scale sediment in-
flow using observed data and aerial photographs. In order to estimate the volume of sediment inflow, nu-
merical analysis of slope failures and debris flows were made. Furthermore, we combined two-
dimensional flood flow model with river bed variation model and examined the sediment transport mech-
anism including the sediment supply in the Asahi River during the 2011 flood. 
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Where, c: adhesive force , 𝜎: vertical stress of soil , u: pore-water pressure of soil , 𝜑: internal frictional 
angle of soil, 𝛾𝑠𝑎𝑡: saturated unit weight of soil, 𝛾𝑤: unit weight of water, 𝛾𝑡: wet unit weight of soil, D: 
subsurface layer thickness, H: subsurface layer water depth. 

3.2.2 Sediment inflow analysis model due to debris flow 
The sediment inflows from mountain stream to the river channel was simulated by using debris flow 
equations which corresponded to each regime such as stony debris flow, immature debris flow, and bed 
load (Takahashi (2001)). The debris flow was calculated by one dimensional bed variation Equation (5)-
(7).  

 𝜕ℎ𝜕𝑡 +
𝜕𝑞𝜕𝑥 = 𝑖                                                                                                                                                                   (5) 𝜕ℎ𝜕𝑡 + 𝛽 𝜕(𝑈𝑞)𝜕𝑥 = 𝑔ℎ𝑠𝑖𝑛𝜃 − 𝑔ℎ 𝜕(𝑧𝑏 + ℎ)𝜕𝑥 𝑐𝑜𝑠𝜃 − 𝜏𝑏𝜌𝑡                                                                                          (6) 𝜕(𝐶ℎ)𝜕𝑡 +

𝜕(𝐶𝑞)𝜕𝑥 = 𝑖𝐶∗                                                                                                                                                 (7) 

 
Where, i: erosion and deposition velocity of the bed, β : momentum correction coefficient, U: cross-
sectional average-flow velocity, g: acceleration of gravity, 𝑧𝑏 : bed level, 𝜏𝑏 : bed shear stress, 𝜌𝑡 =𝜌(1 − 𝐶) + 𝜎𝐶, 𝜌: density of water, σ: density of soil, C: volume concentration of debris flow, 𝐶∗: volume 
concentration of sediment deposit. 

The resistance laws in the river bed are given as follows: 
 

For stony debris flow (when C ≥ 0.4𝐶∗) 𝜏𝑏 = �𝜎
8
� ��𝐶∗𝐶 �1 3⁄ − 1� �𝑑ℎ�2 𝑈2                                                                                                                             (8) 

For immature debris flow (when 0.01 < C < 0.4𝐶∗) 𝜏𝑏 = � 𝜌𝑡
0.49

� �𝑑𝐿ℎ �2 𝑈2                                                                                                                                                (9) 

For bed load (when C ≤ 0.01 or h/d ≥ 30) 𝜏𝑏 =
𝜌𝑔𝑛2ℎ1 3⁄ 𝑈2                                                                                                                                                             (10) 

 
Where, d: representative grain size of soil particle, n: manning roughness coefficient. 

The erosion and deposition velocity of the bed and equilibrium concentration are given as follows: 
 

For erosion of the bed (when C < 𝐶∗ ) 𝑖 = 𝛿𝑒 𝐶∞ − 𝐶𝐶∗ − 𝐶∞ 𝑞𝑑                                                                                                                                                         (11) 

For deposition of the bed (when C ≥ 𝐶∗) 𝑖 = 𝛿𝑑 𝐶∞ − 𝐶𝐶∗ 𝑞ℎ                                                                                                                                                          (12) 𝐶∞ =
𝜌𝑡𝑎𝑛𝜃𝑤

(𝜎 − 𝜌)(𝑡𝑎𝑛𝜑 − 𝑡𝑎𝑛𝜃𝑤)
                                                                                                                             (13) 

Where, 𝛿𝑒: erosion velocity coefficient,  𝛿𝑑: deposition velocity coefficient, 𝜃𝑤: internal frictional angle. 

3.2.3 Numerical analyse of slope failures and debris flows 
In slope failure model, the slope unit data was created by 50m mesh based on 5.0m mesh data (Basic map 
information by Geographical Information Authority of Japan). Moreover, the slope direction and gradient 
were divided from the drainage paths in each mesh. The parameters of slope failure model are shown in ta-
ble-1. Since the characteristics of soil such as adhesive force and an internal frictional angle were un-
known, we set values used in other researches by slope failure model. The thickness of slope unit was as-
sumed 0.6m in the Miya Valley and 0.2m in the Upstream Valley by the columnar section of soil in Mt. 
Shakagatake. 
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