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of Debris Flow Detection Sensors
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Abstract: In December 1996, a large debris flow occurred at Gamaharazawa located at the border
between Nagano and Niigata prefectures. The debris flow, which involved construction workers work-
ing in the drainage basin, resulted in a serious disaster with 14 persons dead and 9 persons injured.
In this case, once a debris flow occurs not only many workers were in the basin but also nearby
residents were involved and then the disaster becomes expanded. For this reason, “the guideline for
the prevention of industrial accidents due to the debris flow” is published in accordance with the
revision of a regulation of Occupational safety and health at Ministry of Labor.

In this guideline, an installation of a debris flow detection sensor is recommended as part of the
alarm-evacuation system and the following important matter is suggested about the arrangement of
these detection sensors.

1. capable of monitoring debris flows generated in any tributaries

2. capable of evacuating laborers within the time span between debris flow generation

In order to cope with these important matter, it is indispensable to understand the generation
place, magnitude, arrival time and arrival area of a presumed debris flow, and it is necessary to
build the alarm system where effective evacuation can be taken based on this information. In this
paper, a support system for optimum arrangement of the debris flow detection sensors is described,
which can provide required information to construct a reliable debris flow detection system.

Former arrangement methods of debris flow detection sensors are rather subjective. They tend
to decide the arrangement empirically, only considering past debris flow generation conditions and
topographic features of the basin. The present method using DEM data proposes a new system to
observe dynamic conditions of debris flows objectively and sequentially. The main procedure is as
follows.

@ divide a drainage basin into some small sub-basins and obtain gradient distribution for each
sub-basin

@ extract meshes of gradients greater than 20-22°and weight points according to sediment
depth and the steepest gradient value

® accumulate indices of meshes obtained in @ on the basis of each sub-basin, and then calculate
the area ratio

@ specify the sub-basin of the highest area ratio obtained in @ as a danger area susceptible to
slope failures
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® execute one-dimension river-bed fluctuation analysis in a transport reach for the debris flow

presumed to be generated at the danger area

® execute two-dimension inundation analysis in the downstream extent from the initial inun-

dation point with the boundary conditions obtained from calculation results of ©)

@ estimate the arrival time of the debris flow coming from the generation point to residential

areas based on the previous analyses

These analyses enable us to understand dynamic features of debris flows from generation, trans-

port to accumulation sequentially, and arrange debris flow detection sensors on a computer display.

The present system utilizes a GIS technology in order to manage DEM data and map information

simultaneously. Because debris flow analyses require complicated numerical simulation and enormous

amounts of data management, visual map information is necessary to examine the final arrangement

of the sensors. The present results show one example of analytical GIS applications.

Keywords; Debris flow, GIS, Detective sensor, Alarm-evacuation system, Optimum arrangement,

Slope failure, Numerical simulation
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Fig. 1  Gamahazawa debris flow accident.
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Fig. 3 Flow of analytical system.
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Fig. 4  Structure of GIS data layer used in this system.
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Fig. 6 Image of determination of a danger area susceptible to slope failure.
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Fig. 7 Horizontal shape of debris flow.
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Fig. 8  Hydro-graphs at the position arranged sensors
and construction site.
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Fig. 9 An analytical result of 2-dimension inundationfi
analysis. ‘
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Fig. 10 3 dimensional view of an analytical result.
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Procedures of estimation analysis on characteristics of debris flow.
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