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INTRODUCTION 

Many large-scale landslides occurred together with the Iwate 
Miyagi Inland Earthquake on June 14 2008. Among them, there 
were two large-scale landslides that resulted in the total 
destruction of the Komanoyu Hot Spring (afterwards referred to 
as the “hot spa”) shown in Photograph 1. One landslide, which 
occurred in the upper reach, flowed down as debris flow and the 
other, which occurred on the opposite side to the hot spa, is 
assumed to have blocked the river channel. The height 
difference between the hot spa ground level and riverbed was 
around 25 m, as shown in Photograph 2. 
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 The debris flow struck the building of the hot spa causing 7 
fatalities, and moved the building around 30m from its original 
location. In order to determine the movement of this debris flow, 
we performed numerical simulation making use of the New-
SASS program system owned by the Sabo Technical Center. In 
addition, we ascertained several important points regarding the 
debris flow from the eyewitness account of a man who survived 
through a miraculous rescue. By comparing the eyewitness 
account with the numerical simulation results, the characteristics 
of the disaster and the adequateness of the numerical simulation 
were determined. 
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THE TWO LANDSLIDES  

The landslide in the 
upper reach occurred at 
an altitude of 1,360 m on 
the eastern slope of Mt. 
Higashi-Kurikoma. Its 
maximum width was 
around 250 m, and 
maximum length was 
around 150 m, the 
volume being estimated 
at around 550,000 m3, 
with a slope inclination 
before the landslide of around 23 . The distance from the upper landslide to the hot spa was around 
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Photo.1 Landslide in upper reach 
and landslide on the opposite 
side to Komanoyu hot spring
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4.8 km and the average riverbed inclination was 9.6 (1/5.9). The other landslide, shown in 
Photograph 3, on the opposite side to the hot spa was around 400 m in width and 130 m in length, with 
an estimated volume of around 2,500,000 m3.  
It is assumed that this landslide completely blocked the river channel. According to the eyewitness 
account, this landslide occurred just after the earthquake and before the arrival of the debris flow.  

NUMERICAL SIMULATION  

We performed a numerical simulation for two cases, with and without the occurrence of the landslide 
on the opposite side, aiming to evaluate the influence of this opposite side landslide. Considering the 
movement of the hot spa building and the account obtained from the rescued man, the points for 
verification in the simulation results are velocity, direction and arrival time of the debris flow. For 
the numerical simulation, the peak rate of debris flow should be determined. We therefore attempted to 
determine the velocity of the debris flow by the following formula 
 

(1) 
 
Where h = difference of debris flow level between right and left side shore (m),  = coefficient 
(=10), v = velocity (m/s), b = debris flow width (m), g = acceleration due to gravity (m/s2) and rc = 
radius at curving point of debris flow (m) 
Since h, rc and b were measured by laser beam profiler data and aerial photographs, v was calculated 
using the formula above. From the calculated velocity and average cross-sectional area of the debris 
flow, the peak rate of debris flow was estimated to be around 3,500 m3/sec. The topographic data for 
the numerical simulation was a digital elevation model with a grid array format of mesh size 10 m. 
 

 

Fig.1 Debris flow depth with landslide  Fig.2 Depth without landslide on opposite side 
on opposite side 

CONCLUSION 

The results of the numerical simulation were as follows. 
(1) The arrival time of the debris flow at the spa was estimated 
to be around 9 minutes. (2) The debris flow depth near the hot 
spa was around 2-3 m, as shown in Fig.1. (3) Without the 
landslide on the opposite side of the spa, it is considered that 
serious damage would not have occurred, as shown in Fig.2. 
(4) The velocity vector around the destroyed hot spa building 
followed an upward trend, opposite to the river stream 
direction, with the velocity estimated to be around 3 m/s as 
shown in Fig.3. These numerical simulation results concur 
with the account of the rescued man.  Fig.3 Velocity vector of debris flow 
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