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Traditional Basic Parameter Models (BPMs) for Common Cause Failure (CCF) modeling has focused on the
occurrence frequencies of CCF events. The Alpha-factor model is the most widely adopted parametric model. Joint
distributions of lumped parameters in the alpha-factor model are determined by a set of possible causes. Each possible
cause has innate CCF-triggering ability and occurrence frequency. Cause-informed CCF modeling aims to provide a
quantitative assessment of the risk from the shared causes and coupling factors for a system with redundant components.
The purpose of this research is to investigate the numerical relationship between common causes and CCF risk as well as

to reduce the uncertainty in the system-specific CCF parameter estimation.

This dissertation presents an approach which is named as the alpha-decomposition method. A Hybrid Bayesian
Network is adopted to demonstrate the relationship between component failures and possible causes. The alpha factors in
the alpha-factor model are re-notated as global alpha factors and the CCF-triggering abilities of causes are notated as
decomposed alpha factors. A regression model is determined and proved by the theory of conditional probability, in which
the global alpha factors are represented by explanatory variables (cause occurrence frequencies) and parameters
(decomposed alpha factors). Databases combining with the CCF data and cause occurrence record are recommended to be

built. The features of the alpha-decomposition method and calculation process are illustrated by numerical examples.

This dissertation demonstrates the analysis of modified system involving the construction and degradation of

defense barriers against dependent failures. An important element in CCF analysis is the coupling factor. The coupling
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factor is the condition that multiple components are affected by the same cause. The susceptibility of a certain system to
dependent failures will be changed if a defense mechanism is introduced to interrupt the coupling factor. After the
additional flood barriers are constructed, the CCF parameters of the Auxiliary Feedwater (AFW) Pump system are
predicted according to the alpha-decomposition method. Furthermore, the seismic event will induce the failure of
non-safety related water supply systems and the degradation of additional flood barrier. A Markov model is introduced to
model the degradation process of flood barriers. It is illustrated by a numerical example that the dynamic CCF risk
analysis after the occurrence of seismically-induced internal flood and flood barriers failure. The prediction of CCF
parameters can be applied in the estimation of basic events in nuclear Probabilistic Risk Assessment (PRA). This research
describes an approach which can be used to evaluate the plant- and system- specific CCF parameters based on generic

databases.
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