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ABSTRACT

After several major nuclear accidents, extensive research has been conducted on passive and inherent safety concepts to
improve the safety of nuclear reactors for decades. However, research on inherent safety concepts that always maintain the
reactivity coefficient of the core as a negative value is somewhat lacking compared to passive safety concepts. Therefore, in
this study, thermal-hydraulic analysis of the density lock used in the PIUS-type reactor, which enhances the inherent safety of
the reactor and enables operation without control rods, was conducted. The density lock with open ends isolates the primary
system from a large borated-water pool using the thermal-hydraulic characteristics, without relying on mechanical devices such
as valve components. However, instability occurs at the hot/cold fluids interface inside the density lock and unintentionally
affects the core reactivity under normal operation. Therefore, the PIUS-type reactor was simulated using the one-dimensional
thermal-hydraulic numerical simulation code, the MARS-KS code. The analysis results showed that stratification instability
generates heat losses caused by convection and conduction, and also decreases the core reactivity due to the continuous boron
molecule leakage toward the primary side. To ensure stable operation without control rods in the PIUS-type reactor, additional
reactivity coefficient control will be required. This study not only emphasizes the inherent safety of nuclear reactors to ensure
their reliability and safety but also suggests it as an innovative safety technology for nuclear reactors in the future, contributing

to the safe operation of nuclear reactors.
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Table 1 Comparison MARS—KS calculation values with
PSID">™) information

Parameter PSID MARS-KS Error

Power(MWth) 2000 2000 0.00 %

Pool Temp.(K) 288.15 288.15 0.00 %

Core inlet Temp.(K) 533.15 532.65 0.09 %

Core outlet Temp.(K) 562.45 561.41 0.18 %

Operating pressure(MPa) 9.0 9.0 0.00 %

Primary mass flow rate(kg/s) 12800 12882 0.02 %

Boron content in a pool(ppm) 2200 2200 0.00 %

Boron content in a core(ppm) 400 400 0.00 %
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