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ABSTRACT

Modern Instrumentation and Control (I&C) Systems of Nuclear Power
Plant (NPP) are moving into complete digitalization. However,
digitalization for I&C could induce new failure modes, and impact the

diversity and defense-in-depth (D*) design characteristic which

nuclear power plants rely on. The redundancy characteristic can be
defeated by software common mode failure. The complexity of software
could possess some paths which can interrupt or bypass defense-in-depth
design. Therefore, the regulation requests that the new digitalized 1&C
NPP designs shall be performed defense-in-depth analysis to understand
whether the defense-in-depth design is capable to resist the software
design defects. In various defense-in-depth analysis methods, computer
simulation for digital I&C systems of NPP is a crucial item. By
simulating various case studies for defense-in-depth failure, the research
people can understand and realize the event sequence, and can also
derive various possible events to search the residual design vulnerability.
We focus on the improvements and modifications of the Emergency Core
Cooling system(ECCS) of the PCTran-ABWR. Basing on the original
structure, we modify three subsystems of the ECCS system, which

includes of Reactor Core Isolation Cooling System (RCIC ) , High
Pressure Core Flooder System ( HPCF) and Residual Heat Removal
System (RHR ) . The approaches are as followings:

(1) Three indepandant divisions of ECCS are builded.

(2) The essential operation modes and interlock logics are builded.
(3) The Thermal-Hydraulic relationships among the ECCS, the reactor

core model and the containment are clarified.
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(4) The process flow models for ECCS are improved.
(5) The heat exchanger of RHR 1s improved.

The data like the process flow diagrams[1] and the LOCA
Analysis[2] of GE are utilized as benchmarks for the modified
simulation of the ECCS system. The advanced discussions, like the
failure of the ECCS by division, on the case of loss of all feedwater flow
can be an example of extended analysis in the future. By the way, the

Alternate Rod Insertion ( ARI) and Fine Motion Cortrol Rod Drive
Run-in (FMCRD Run-in) are also developed to reinforce the abilities
of PCTRAN-ABWR. Some brief introductions and basic efforts are also

included in this report.
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