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ABSTRACT

This study proposes a practical adjustment equation for the Embrittlement Trend Curve (ETC) to effectively apply
it to reactor pressure vessel (RPV) materials in individual nuclear power plants. Traditional ETC adjustment methods
have limitations due to constraints in number of group-specific measurements and a lack of statistical foundations.
To address these issues, KAERI applied a Markov Chain Monte Carlo (MCMC)-based mixed-effect model to the
latest ETC model, ASTM E900-15. This approach quantitatively calculates the mean, standard deviation, and
prediction intervals of the adjustment intercept by considering the grouping characteristics of surveillance data and
uncertainties in unirradiated specimens. Although the KAERI model provides quantitative distributions of
parameters and intercepts, it has challenges in practical applications due to computational complexity and low
portability. In this study, a simplified equation was developed using the statistical calculations of the mixed-effect
model, which retains the primary outcomes of the KAERI model while enhancing portability. This equation supports
effective adjustments to the ASTM E900-15 ETC for nuclear power plants with diverse material properties and
operational conditions. It enables reliable evaluations of RPV integrity using plant-specific surveillance data. The
findings of this study are expected to improve the precision and practicality of ETCs.

Key Words : Reactor pressure vessel(RPV, ¢12-87]), Embrittlement trend curve(ETC, A3} Z3F2rAl),
Surveillance test(ZFA| A]3), Mixed-effect model(&3a 7} = @), ETC adjustment(ETC %)
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Table 1 Overview of the dataset used in this study

Variable Unit Min Mean Max
TTS °C -28.9 42.0 253.0
Cu wt% 0.01 0.11 0.41
Ni wt% 0.04 0.62 1.70
Mn wt% 0.58 1.33 1.98
P wt% 0.0015 0.0108 0.0240
Temperature °C 255 285 304
Fluence 10” n/em® | 0.001 1.99 21.4
Product form Plate (SRM), forging, weld

Total datapoints: 2042
No. of groups: 664
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