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Accident mitigation ability analysis of WSMR passive safety system under station
blackout
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(1. College of Energy, Xiamen University, Xiamen 361102, China; 2. Nuclear and Radiation Safety Center, Ministry of Ecology and Environment,
Beijing 100082, China)

Abstract The design of advanced small modular reactors widely uses integrated system design and passive safety concept to
significantly improve the inherent safety of small modular reactors. However, before achieving the commercialization of small
modular reactors, their safety performance needs to be fully evaluated. In this study, severe accident analysis program
MELCOR was used to model the WSMR small modular reactor. The station blackout was then introduced to the WSMR and
the development process of the accident was analyzed. The mitigation ability of the passive safety system after the station
blackout was analyzed afterwards. Furthermore, the sensitivity analysis of the number of effectively operated core makeup
tank and its reinvesting time was carried out as well. The results show that the station blackout causes the core cooling
capacity to drop, which leads to core collapse. The core makeup tank is able to provide additional coolant for the reactor and
transfers the residual heat to the external ultimate heat sink tanks through residual heat removal heat exchangers, thus
guarantees the long term cooling of the core. The results of the sensitivity analysis show that in the case of total failure of
other passive safety features, at least two core makeup tanks need to function normally in order to avoid core collapse. In the
case that the core makeup tanks fail to start initially, if they can be restarted, the restart time should be no later than 52.5 ks to
avoid core damages. The results of this paper will help guide the development and improvement of related Severe Accident
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Management Guidelines for small modular reactors, thereby enhancing the ability to cope with the station blackout accident,
as well as helping to improve the accident mitigation ability of the passive safety system of small modular reactors.
Key words WSMR,; station blackout; passive safety system; core makeup tank
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Fig. 1 Schematic drawing of the WSMR’s reactor coolant system and passive safety system
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Tab.1 Steady state parameters and comparison with designed values
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LR RAFIA]
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B4 2] W F FRERARE ()« ERBEEN (b 3 ARKRESKM (o) HELKA (d) ; BRE&ERE (o ; MELGLHE
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Fig. 4 Primary system coolant flow rate (a), primary system pressure (b), steam generator water level (c), core water level (d), the highest temperature
of the cladding (e), the highest temperature of the fuel pellet (f) under station blackout accident
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Fig. 5 Direct vessel injection line flow rate (a), primary system coolant temperature (b), primary system pressure (c), central temperature of the fuel
pellet (d) under the passive safety system mitigation
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Fig. 6 Core water level (a) and the highest temperature of the fuel pellet (b) in the case where only one core makeup tank is operating normally
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