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Abstract : Many agricultural irrigation facilities have been damaged in Japan in large-scale earthquake
disasters, such as the Great East Japan Earthquake of 2011. There is an urgent need to make major
agricultural irrigation facilities more resistant to the effects of large-scale earthquakes. In this study,
toward proposing large-scale earthquake countermeasures related to the management and control
systems of agricultural irrigation facilities, we identified the factors that inhibit disaster responses by
facility managers at times of large-scale earthquakes, and we assessed the effectiveness of
countermeasures that address those factors. The facilities examined were large-scale open channels and
high pressure pipeline facilities, which are common agricultural facilities in Hokkaido. Fault tree analysis
(FTA), a method of analysing reliability, was used. The following are the results of the analysis.

(1) The managers of large-scale open channel facilities consider that intake gates should be closed
immediately after an earthquake occurs, in order to prevent secondary disasters caused by damage to
the facilities. - Twenty four causal factors that inhibit disaster responses by facility managers were
identified. It is thought that 11 of these 24 factors could be addressed by countermeasures at the facility
management sites. - It was found that, by taking the identified countermeasures, the intake gates
could be closed without any hindrances at the time of earthquakes measuring up to "6-upper" on the
Japanese scale of seismic intensity. However, it was found that, by taking only the identified measures,
the intake gates could not be closed at the time of earthquakes measuring "7" on the Japanese scale of
seismic intensity. The study results demonstrate that the identified measures are effective and
meaningful. Meanwhile, the need for alternative means of closing the intake gate was suggested, in
consideration of cases in which gate closure would be otherwise impossible.

(2) The managers of pipeline facilities expect that emergency shut-off valves will close and that water
intake will stop when water leakage from damaged facilities occurs at the time of an earthquake.
However, when the emergency shut-off valve can no longer operate, the facility manager needs to take
emergency disaster responses to stop water intake. Twenty eight factors inhibiting the disaster
responses of pipeline facility managers were identified. It was thought that 12 of these factors could
be addressed by countermeasures taken at the facility management sites. It was suggested that if
countermeasures addressing those 12 factors were taken, the facility managers would be able to
respond to earthquakes measuring up to "6-upper" on the Japanese scale of seismic intensity, even if
the emergency shut-off valve were inoperable. However, it was also suggested that there is a low
likelihood of stopping the water if the emergency shut-off valve could no longer operate at the
occurrence of an earthquake measuring "7" on the Japanese scale of seismic intensity. The study
results demonstrate that the identified measures are effective and meaningful. Furthermore, it was
suggested that the functional reliability of the emergency shut-off valve at earthquake occurrence
needs to be improved.

Keywords : large-scale earthquake, open channel, pipeline, disaster response, FTA
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