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Research on Fire Hazard Analysis for Protection of Nuclear Power Stations (Phase 2)

TAKIZAWA Makoto, MIYAZAKI Toshiyuki, SAKURAI Tomoaki, KABASHIMA Hajime, and
MATSUDA Kosuke
Division of Research for Reactor System Safety,

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

Continuous improvement in fire protection knowledge helps minimize fire risks as fire is
a serious initiating event that can result in common cause failures. This research aims to enhance
fire safety regulations in nuclear power stations through experimental and analytical studies,
focusing on high-energy arcing faults (HEAF) in electrical cabinets, the thermal deterioration of
electrical cables, and the development of fire hazard analysis methods and computer codes.

In the HEAF evaluation, HEAF tests were conducted using test specimens that simulated
actual electrical cabinets, with a focus on the explosion phenomenon. Data such as explosion
pressure and the amount of metal vapor released were obtained.

Experiments on the thermal deterioration of electrical cables considered variables such as
installation conditions and fire environments in actual nuclear facilities. Results improved
knowledge about the insulation resistance decrease caused by thermal stress during fires. The data
revealed that the damage rate during heating can be predicted using the Arrhenius equation based on
the observed decrease in insulation resistance.

In the development of fire hazard analysis methods and computer codes, a model for
analyzing the thermal impact of metal vapor released during HEAF explosions was developed,
offering insights into the range of thermal effects on nearby equipment. Furthermore, combustion
tests for flammable liquids were conducted, generating the necessary data and knowledge necessary
for developing evaluation codes for such fires.

Part of these studies were conducted by University of Tsukuba and Yamaguchi University
under the auspices of the Nuclear Regulation Authority. In addition, part of these studies were
conducted under the bi-lateral agreement of the joint research project with University of Tsukuba.

Part of the HEAF tests were conducted in collaboration with the U.S. NRC at KEMA in the U.S.
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Table 2.4 The HEAF test results referenced in these analyses
BERRATRE | 77— 7 B [s] | 7 — 2 23U — [MW] |  RHEREEEE [ke]
Cu 2.06 25 1.945
Al 1.10 20 0.724
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Fig. 2.18 Overview of HEAF explosion analysis
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Fig. 2.19 Overview of first step analysis (measurements and schematic diagram)
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Fig. 2.20 The irradiance of first step analysis (at 1.0 s)
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Fig. 2.21 Overview of second step analysis (measurements and schematic diagram)
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Fig. 2.22 The irradiance of second step analysis at central axis (average value from 0 to 1.0 s)
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Fig. 2.23 FDS model for large-scale fire analysis
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Fig. 2.24 Example of Heat Release Rate (HRR) by FDS analysis
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Fig. 2.26 Altitude dependence of temperature after 500 seconds of combustion with and without

fire door
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Fig. 2.27 Example of combustion tests in this study
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Fig. 2.28 Time variation of evaporation rate during ethanol combustion
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