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Abstract: This paper deals with a graphical method which can be applicable to analyze the risk and the safety, and to find out
the root cause(s) and the necessary action(s) for the accident encountered in the plants. The method is based on Hierarchical
Fault Classification (HFC) method where a failure or a series of failures (primary and secondary failures) can be described by
a set of the fault modes of 8 hierarchical levels. By using the method proposed, we can easily describe the whole sequence of
the accident as a simple diagram. The diagram may help to share the information between experts, and to seek the action to
be executed. The diagram can also be used as an overview for the detailed analyses using the conventional techniques such as
FTA and FMECA. The application to the accidents at Three Mile Island and Fukushima Daiichi nuclear power plants
highlights the advantages of this method.
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1. Introduction
On March 2011, one of the most critical accidents occurred at Fukushima Daiichi Nuclear Power Plant in Japan, by
which the environment including air, soil and sea around the plant was seriously contaminated. The assessment and the
verification tasks have been performing to obtain the knowledge to prevent the further accidents of the same kind. However,
it is difficult to evaluate the concrete strategies to be executed due to the complexity of the sequence of the accident.
The accident at the complicated system such as airplane, oil and gas platforms, and nuclear power plant normally
results from “dependent failure” or “complex failure” in which multiple causes and events are linked together (Villemeur,
1992). To assess the safety at the design phase, and to evaluate the concrete strategies for the accident, many techniques such
as FTA (IEC 61025, 2006) and FMEA (IEC 60812, 2006) are available, and actually utilized in various phases (Carlson,
2012). Furthermore, a reliability-centered maintenance (RCM) policy is applied to specific area of industries (Kumar and
Granholm, 1990). Some problems, however, exit regarding application of these techniques to the plants with complicated
systems in which various types of complex failure are anticipated (Dawson, 1996). This means that it is sometimes difficult
to list up all the dependences among failures of the system to be analyzed.
In this paper, a graphical method is presented which can be applicable to analyze the risk and the safety, and to find
out the root cause(s) and the necessary action(s) for the accident encountered in the plants. The method is based on
Hierarchical Fault Classification (HFC) method, which was originally proposed to acquire and create the knowledge for
maintenance activities in manufacturing plants (Hagiwara, 2010). In HFC, a failure or a series of failures (primary and
secondary failures) can be described by a set of the fault modes of 8 hierarchical levels instead of using the concepts of
failure cause and the effect of failure. The hierarchical levels are defined in relation to the system structure. By using the
method proposed, we can easily describe the whole sequence of the accident as a simple diagram by putting the fault modes
recognized in the accident on the diagram, and combining them to represent the cause and the effect one by one. The method
is applied to the accidents at Three Mile Island nuclear power plant in 1979 and at Fukushima Daiichi nuclear power plant in
2011. The procedure for making the diagram and the key issues for evaluation are discussed for these two examples.
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