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Response planning plays a significant role in the safety of complex industrial process such as nuclear power plant
(NPP). Although operators can normally be guided by established procedures, there are emergency situations that may
not be completely analyzed and prepared. Consequently, knowledge-based decision making is called upon, during when
operators have challenges of developing mental models of plant and mentally reasoning out response plans. The same
difficulties faced by human expect to be resolved by support systems taking advantages of computer's capabilities for
knowledge representation and inference.

This thesis presents a work related to the planning support by applying multilevel flow modeling (MFM). MFM,
whose schemes of decomposing and integrating plant's intentional knowledge have been proven to be consistent with
the standard function-oriental emergency procedure development in the nuclear industry. Besides intentions, MFM is
also able to cover another aspect of actions to be planned, namely causality by providing a method of causal reasoning,
which makes MFM suitable and competitive to be the domain knowledge base for the action planning.

An MFM-based approach of operating procedure synthesis (OPS) is proposed. In terms of MFM, the traditional
artificial intelligence (Al) planning is transferred into a process of searching function states and their realizations, i.e.
control actions on components that can lead plant to a prescribed goal state by propagating causal influences along
relations. The thesis presents a rule inference strategy for implementing the MFM-based OPS method and a rule-based
inference system for OPS is developed by using a rule engine called DRooLsS. The thesis also proposes the framework
of a potential real-time planning support system, which can integrate the model-based and rule-based inference system.
Function status assessment should be further considered for interpretation of valid operating procedures.

Boiling water reactor (BWR) is selected as the case to illustrate the applications. First, an MFM model that describes
BWR's objectives and functions is constructed. The analyzed scenario is station blackout (SBO), which is exactly what
occurred in the Fukushima Daiichi Nuclear Accident. The developed OPS technique is applied to generate mitigation
approaches in the format of operating procedure for the goals of preventing core damage and maintaining containment
integrity. It is concluded that MFM has strengths of generating many optional alternatives but is restricted by modeling
boundary and abstraction levels. Moreover, the generated procedures can offer insights on how plant resources should

be prepared in advance to enhance plant’s capability of recovering from unprepared accidents.
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