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Development of Instrumentation Systems of Hydrogen Concentration in PWR
Primary Containment Vessel in case of Severe Accident
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Abstract:

The accident at TEPCO’s Fukushima Daiichi nuclear power plant on March 23, 2011 was expanded into severe
accident (reactor damage and hydrogen explosion). It led to loss of many instrumentation systems, and became difficult
to grasp plant state. The instrumentation systems for the severe accident of the nuclear plant are being developed. In
order to prevent the hydrogen explosion, the hydrogen concentration sensor is desired to measure the generated
hydrogen in the primary containment vessel, and to detect leaked hydrogen into the reactor building. Although almost
sensor could not be adopted by the severe accident’s environment, the solid oxide electrolyte type hydrogen sensor was
selected for its durability to high temperature and high pressure. In this paper, the developments of the solid oxide
electrolyte and the junction of ceramics and metal are described. And the performance test results of the hydrogen
sensor under various conditions are presented.

Keywords: Severe Accident, PWR, Primary Containment Vessel, Reactor Building, Hydrogen Concentration,
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Fig. 1 Principle of Hydrogen Sensor
(Solid Oxide Electrolyte type)

E : Electromotive force (V)

R : Gas Constant 8314 (JK'mol™)

T : Temperature (K)

F : Faraday’s Constant 96485 (C/mol)
PH, (1) : Sample Gas (atm)

PH; (2) : Reference Gas (atm)
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Fig.5 Appearance of Hydrogen Sensor for PWR
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Fig. 13 Irradiation Effect on Operating Sensor



