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Abstract

The new regulatory requirements in Japan for commercial nuclear power plants
require to take not only measures against anticipated operational occurrences (A0Os)
and design basis accidents (DBAs) assuming a single failure but also those against
severe accidents (SAs) (both prevention of SAs and mitigation of consequences of
SAs) assuming multiple failures. Considering domestic and overseas trends, code
analyses of AOOs and DBAs are expected to be conducted by using Best Estimate Plus
Uncertainty (BEPU) approach, in order to enable realistic assessments of complex
phenomena. As for effectiveness evaluation of SA measures, namely, those for
prevention of core damage and containment failure the regulatory guide stipulates
the best estimate methods should be applied as a standard in view of better
understanding of event progressions in nuclear power plants during accidents. The
Nuclear Regulatory Authority of Japan not only needs to confirm the applicability
of the new safety assessment methods applied but also to continuously improve the
safety assessment methods in order to assess the safety margins more accurately.
In this project, best—estimate analysis tools have been developed mainly through
analyses of SAs without significant fuel degradation as part of improvement of the

safety assessment methods for thermal-hydraulics and neutronics.



Regarding AOOs and DBAs, BEPU analyses were conducted for a large break LOCA
to confirm its applicability, where both the order—-statistic method (non—parametric
method) and the parametric method were applied for statistical analysis. We also
developed an analysis code for fuel behavior including fuel pellet fragmentation
which may influence the core coolability in a LOCA and confirmed that the analysis
code can estimate the influence of the fuel behavior on the peak clad temperature
in the commercial nuclear power plant. Regarding the analyses of SAs without
significant fuel degradation, we improved the computation speed of three—dimensional
thermal-hydraulics and neutronics coupling analysis code and implemented some new
functions. Regarding the analysis, aiming at evaluating the steam influence of the
two—phase flow released due to the break of high energy piping on the components
relevant to safety, a new method has been developed. This enabled the evaluation of
validity of the temperature detector positions and effectiveness of mitigation
measures against such events.

As the development of core nuclear characteristics analysis code, a function
was added to the CASMO5/SIMULATE5 code system, in relation to BEPU, for evaluating
the uncertainty of nuclear characteristics and the necessary nuclear constants were
implemented in the PARCS code for ATWS analyses. As the development of criticality
safety analysis code, we evaluated the influence of the exact treatment of heavy
nuclear up—scattering, non—heterogeneous effect of Pu spot in MOX fuel, etc., on the

Doppler reactivity and consequently expanded the technical knowledge
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Table 2.1 Methods of statistical analysis
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Fig. 2.27 Analysis results on assembly geometry of Peach Bottom Unit 2  (Left : Uncertainties of
k-infinity and 2-group cross sections, Right : Breakdown of uncertainty of
k-infinity)
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Fig. 2.30 Comparison of calculated decay heat of CASMOS5 with measurement results for
PWR and BWR fuel assemblies.
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2.3 HAEEOWEM & ORIGEN2.2 & U CASMOS #H E o Hr i
Table 2.3 Average values and standard deviations of C/E’s and C - E’s (W/assembly) for the analysis
results of ORIGEN2.2 and CASMOS5

ORIGEN2.2 CASMO5
Average STD? Average STD
U.S. PWR C/E 1.000 0.023 1.008 0.021
C-E 5.20 26.74 5.83 17.50
U.S. BWR C/E 0.972 0.112 0.977 0.116
C-E -11.40 18.15 -10.51 18.32
Swedish PWR C/E 1.031 0.020 1.016 0.013
C-E 12.77 8.92 6.98 5.92
Swedish BWR C/E 1.003 0.035 1.001 0.024
C-E -0.35 5.21 -0.30 3.63

a

standard deviation

Hid)  Yamamoto flt (2016) 517
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