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INTRODUCTION 
 

Typhoon Talas, a large-scale, slow-moving 
typhoon, hit Japan from Aug. 30 to Sep. 5, 2011 
producing heavy rainfall. The rainfall caused a 
widespread serious sediment-related disaster in 
Nara, Wakayama and Mie prefectures, which are 
located on the Kii Peninsula, Western Japan. 
According to the Kamikitayama AMeDAS Station 
in southern Nara Prefecture, the cumulative rainfall 
was 1,812.5 mm (between Aug. 30 and Sep. 4), 
and the maximum 72 hour rainfall was 1,650.5 mm 
with maximum daily rainfall reaching 661 mm (on 
Sep. 3). The disaster was characterized by a deep-
seated (catastrophic) landslide, landslide dam, 
debris flow and flood. The casualties were 41 people dead and 15 missing. 

The rainfall also caused a serious sediment-related disaster in the Nojiri Area, Totsukawa 
Village, southern Nara Prefecture on Sep. 3, leaving 2 people dead and 6 missing. The Nojiri 
Area is located on the right bank along the Totsu (Kumano) River. The direct cause of the 
disaster was a hydraulic bore, but this bore was induced by a large-scale debris flow caused 
by a deep-seated landslide that occurred in Obara Valley, a left tributary (the opposite bank) 
of the Totsu (Kumano) River (Fig. 1). 

This study analyzes the actual condition and process of the sediment-related disaster that 
occurred in the Nojiri Area. To study and understand the process of the disaster, a close field 
investigation and aerial photograph analysis are used. The actual condition and the time of the 
disaster occurrence are examined by a fact-finding survey conducted on the inhabitants of the 
Nojiri Area. 

 
SITE CONDITION 

 
The Nojiri Area is located on the right bank along the Totsu (Kumano) River. The relative 

height is more than 22 m above the riverbed and the river width is approximately 100m. 
Route 168 runs along the area and along the river with a retaining wall. The confluence point 
of the Obara Valley is located 200 m upstream from the Nojiri Area. The Obara Valley has a 
steep V-shape, with a length of 1.04 km, average gradient of 1/3.8, and catchment area of 
0.975 km2. 

The deep-seated landslide occurred on the left slope at the middle reaches of the valley, 
where the maximum width and length is approximately 360 m and 590 m, the area is 21.2 ha, 

Fig. 1  Location and aerial photo image 
after the disaster in the Nojiri Area 



the average depth is approximately 11m and the average slope gradient is 30°. The base rock 
is formed by shale with blocks of chert and greenstone, and alternation of sandstone as an 
accretionary wedge. At the upstream of the landslide, there is a former deep-seated landslide 
that occurred in the Meiji Era (1889) (Fig. 1) 

 
ACTUAL CONDITION OF SEDIMENT-
RELATED DISASTER 

 
The sediment-related disaster occurred at 

approximately 18:38 on Sep. 3, estimated by a fact-
finding survey of inhabitants at the Nojiri Area. 
According to the Kazeya AMeDAS Station, the 
nearest rainfall gauging station to the Nojiri Area, 
cumulative rainfall until the occurrence of the disaster 
was 967 mm (between 17:00 on Aug. 31 and 18:30 on 
Sep. 3), maximum hourly rainfall was 44.5 mm/hr and 
hourly rainfall at the occurrence was 30.0 mm/hr. 

Based on a close field investigation, it seems that 
the process by which the landslide soil turned to a 
debris flow was a continuous phenomenon, because 
there was no trace of the landslide dam left in the 
valley. The debris flow rushed downstream running 
aground alternately on the left and right banks of the 
valley with eroding and re-depositing sediment. The 
velocity and peak discharge of the debris flow at the 
exit of the valley were estimated to be approximately 
45.8 m/s and 7,300 m3/s respectively based on the 
trace of the right slope and riverbed gradient. The 
maximum water level of the Totsu (Kumano) River at 
the occurrence of the debris flow was estimated to be 
10.8 m above the riverbed. The debris flow that 
flowed into the river induced a hydraulic bore, and this hit the Nojiri Area located on the 
opposite bank. The relative height of the Nojiri Area is more than 22 m above the riverbed, 
and the hydraulic bore ran up approximately 11 m (Fig. 2). In the Nojiri Area, 2 houses were 
washed away. 
 
CONCLUSIONS 
 

The process of the serious sediment-related disaster that occurred in the Nojiri Area was 
considered to be caused by a continuous large-scale event of different sediment movements 
such as 1) deep-seated landslide, 2) debris flow, and 3) hydraulic bore. In addition, generally, 
the impact of a mass movement of landslides and debris flows occurs along the relative wide 
rivers with relative height rarely reach the opposite bank. But this disaster suggests that there 
is a high possibility of a hydraulic bore occurrence by the landslide and inflow of debris flow 
and cause an impact on the opposite bank from the source. The possibility of the occurrence 
estimated to depend on the scale of the landslide, debris flow and also the water level and 
discharge of the river. 
 

Keywords: deep-seated landslide, debris flow, hydraulic bore, process of sediment-
related disaster 

Fig. 2  Process of the sediment-related 
disaster in the Nojiri Area 


