o=2 DOI: https://doi.org/10.5293/kfma.2025.28.6.050
© Original Paper ISSN (Print): 2287-9706
CINEMA IEE 0|23t OPR1000 CHE H{T mITH Ajm 2SN

=
2

7|i—|%* . ol%a * . HH‘E%:'* . _g_lx_|§* . %FZ"_SOIJ* . 7|A'|§*,**T

CINEMA-Based Uncertainty Analysis for an OPR1000 Large-Break LOCA

Cheolwoong Kim*, Ok Hyeon Lee*, Joon Young Bae’,
JinHo Song®, Joon—Eon Yang®, Sung Joong Kim®**f

Key Words : OPRIN00(ZZF & 7)), LBLOCA(E//EMJM%WX//A%/A}E) Uncertainty Analysis(E-2-&/EEH4), CINEMA code
(SHAZEFH A ZE

ABSTRACT

Severe accidents in nuclear power plants are commonly simulated with integral system codes such as MAAP, MELCOR, and
CINEMA. This study proposes a methodology for the uncertainty analysis applied to OPR1000, a large-scale nuclear power
plant, under a severe accident scenario. The scope of this paper is narrowed down to a specific severe accident case: LBLOCA
(large break loss of coolant accident). The objective of quantifying uncertainties in severe accident analysis is to address
limitations in phenomenological models, operator action and mechanical system behavior. Since single-point predictions are
insufficient to capture the range of possible outcomes, severe accident evaluations must be accompanied by uncertainty analysis
of both the codes and the underlying phenomena. For this purpose, this study adopts CINEMA (Code for INtegration of severe
accident Evaluation and MAnagement), a system code dedicated to severe accident analysis. The key FOMs (Figure of Merits)
adopted in this study are SAMG (Severe Accident Management Guidelines) entry timing, Csl (cesium-iodine) release fraction,
reactor vessel failure timing, the relocation to lower plenum timing, and the total mass of hydrogen generation. By designating
these FOMs, the study identifies the relationship between the input variables and outcomes, elucidating the underlying sources
of uncertainty, and suggest methodological apporacahes to reduce the uncertainty for the target FOMs. The result demonstrates
that the outputs remain within acceptable envelopes across the sampled input space, indicating numerically stable performance
and credible predictive capability of CINEMA. The results show that CINEMA can support safety assessments and

emergency-strategy optimization for LBLOCA scenarios.
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Table 1 Calculation result of scenario for Wilks' formula

Rank(p) Confidence(cr) / Coverage ((3) combination
95%/95% 95%/99% 99%/99%
B I B I B I
1 59 93 90 130 459 662
2 93 153 130 198 662 1001
3 124 208 165 259 838 1307

*B: Bound, *I: Interval
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Table 2 Target variables for Uncertainty Analysis

Parameter Description Distribution Range
VF ¢ radial radiative .heat Uniform 03~07
- transfer coefficient
exponential rate of
Exp_blocka, Normal 1.0~4.0
Xp_blockage flow blockage orma
Tze melg | Melting temperature of |y e | 2029~2220
- Zircaloy
1260, mely | Mg temperature of |y e | 21992399
— Zirconium
Melti f
TUO, melt | Veiting temperature of |y ie | 2400~2600
the fuel
comb 1 Combination ratio of Uniform 0.0~1.0
- Cs and 1
CSF Collision Shape Factor | Uniform 1.0~4.0
SSF Particle Settling shape Uniform 10~40
factor
DCF Density Correction Uniform 0.5~1.0
Factor
PCE Particle Capture Uniform | 0.5~1.0
Efficiency
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Table 3 Time sequence for LBLOCA

Events Time (s)
Start of the event (LBLOCA) 0
Start of core dry-out 28
End of core dry-out 137
Start of gap release 1,731
Initiation of oxidation 1,733
SAMG entry timing 2,020
Relocation of core material to core support plate 2,922
Relocation of core material to lower plenum 3,923
RPV fail 6,167
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