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4 1. Level 2 PRA Overview

« Level 2 PRA evaluates the frequency of accident scenarios leading to loss of
function containing radioactive materials during accidents following core
damage (containment failure frequency), and evaluates source term, including
mass, type, and form of radioactive materials released into the environment.
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4 2. Level 2 PRA Model Structure

. Event tree representing accident progression enables the evaluation  Computational program for analyzing
accident progression and radioactive

of containment failure frequency. materials release at a nuclear power plant

« Accident progression analysis code*! enables evaluation of source i
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3. Level 2 PRA Background & Gaps A

m Background

« TEPCO Fukushima Daiichi Nuclear Power Plant accident highlighted the importance of evaluating
the risk of massive releases of radioactive cesium, which is the default for residents evacuating and
zones specified as difficult-to-return. [1]

« Level 2 PRA identifies the magnitude and cause of risks related to radioactive cesium release.

* Yet, such evaluations involve many uncertainties, and simplified and conservative methods are
currently applied.

« Atomic Energy Society of Japan’s Level 2 PRA Standard [2] requires such uncertainties be evaluated
using reasonable methods, therefore, it is necessary to develop methods capable of evaluating the
best estimate values accounting for these uncertainties.

B Gaps to Overcome
« Too simplistic or conservative ways to quantify the containment failure frequency and source term

prevented to obtain the best estimate values with their uncertainties, required to accurately grasp
where the risk was in the plant and its magnitude.
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4. Efforts to Overcome Gaps

\_

B Simplistic or conservative ways of quantifying containment failure frequency
and source term prevented obtaining the best estimate values accounting for
such uncertainties so as to accurately grasp where risk were situated and their

magnitude.

Establish a reasonable uncertainty assessment method for severe accident phenomena
Incorporate containment fragility into containment failure frequency assessments

= [Research Result (1)]

Method established for evaluating behavior of particulate radioactive material in reactor building

Method established for evaluating effects of removing particulate material at containment leak
sites

= [Research Result (2)]
Benchmark developed methods = [Research Result (3)]
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/1 5. Research Result (1) Incorporation of Containment Fragility A
into Containment Failure Frequency Evaluation

« Current Level 2 PRA assumes containment failure occurs when the containment temperature reaches
200°C or containment pressure reaches twice the design pressurel3! . Conservative values are applied
relative to actual performance values.

« Applying a curve (containment fragility) (left figure) representing the probability of containment
failure as a cumulative distribution function in relation to the magnitude of the load (such as
temperature or pressure) results in a more realistic assessment compared to the conventional process,
including taking into consideration the time margin for safety measures (graph at right).
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/| 5. Research Result (1) Incorporation of Containment Fragility A
into Containment Failure Frequency Evaluation

Top Head
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« Focusing on the top head of the containment (diagram at left) that is the site typically used when evaluating
overpressure failure of BWR pressurized containment vessel (PCV), structural analyses were performed under
typical scenario conditions to create a containment fragility curve (graph at right)#l .

« A fragility curve applicable to top heads of the same type has been constructed, and case studies that
may be applied to creation of fragility curves for different leak sites have been also developed.
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*1 Containment failure assumed to occur when flange deformation
reaches 5 mm pressure (as shown in the illustration in the figure) dy

*2 0.62 MPa gauge: Reference value of ABWR
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/ 5. Research Result (2) Establishment of Evaluation Method Removing Particle \
Materials in Containment Leak

- Conventional source term analyses have been used for evaluations assuming all
radioactive material released from the containment is released into the environment.

« However, considering how radioactive cesium behaves as particulate material, it has
been reported that significant deposition and plugging of narrow leakage E)athways in
the containment have reduced the amount released into the environmentl3

« To achieve a realistic source term assessment, it is necessary to quantitativel
evaluate particulate materials removal at containment leak sites. More realistic
Deposition on release amount
building floors accounts for the
process of

passing through
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building”
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Effects of mitigation due to deposition
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at containment leakage sites

Effects of particulate removal
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Realistic Source Term Evaluation Sought
\iu rce Term Evaluation Usmg Conventional Methods * In some cases, radioactive materials may be released from the containment /

directly into the environment without passing through the building.
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5. Research Result (2) Establishment of Evaluation Method
Removing Particle Materials in Containment Leak

N

 Analyses were developed
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decontamination factor indicates that more cesium is removed at the containment leakage site.
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« Experiments were conducted to study the effect of cesium removal at potential containment
leak sites, such as equipment hatches. A correlation for evaluating the decontamination
factor*1, which indicates cesium removal performance, was developed[4ll>] ,

incorporating the decontamination factor into accident

progression analysis code MAAP. A source term analysis method was developed in
accordance with release pathways during an accident.

Source Term Analysis!4!
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*2 Ratio of amount of Cesium released into the
environment in relation to amount of Cesium
contained in reactor core just after reactor

shutdown.
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5. Research Result (3) Benchmarking Developed Methods A

« New methods were applied to Level 2 PRA of a model plantl®]l and the process re-evaluated.

« Re-evaluation of the release categories* where the containment failure frequency and amount of
cesium released into the environment are relatively high showed risk values varied significantly
from the previous process.

« Results indicated the previous methods were very conservative and applying the research methods
resulted in a reasonable assessment.

— _ » Effect of Removing Radioactive Materials
Application of Containment Fragility at Building Containment Leak Sites
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6. Current Achievements & Future Actions

m Current Achievements

« Evaluation methods developed for containment fragility and for effect of removing
particulate materials at containment leakage sites, which have significant impact on
results, to achieve Level 2 PRA with high plausibility for RIDM.

 New methods applied to the Level 2 PRA model plant evaluation.

« Results showed the new methods largely improve conservativeness in the
conventional outcome and enable evaluation of best estimate Level 2 PRA.

m Future Actions

« Expand scope of application (operating modes, accident scenarios) to enable Japanese
utilities to utilize the methods developed in this study.

« Furthermore, work on the following remaining tasks below to realize rational Level 2
PRA,
- Establish more plausible methods to quantify distribution range of source terms.

- Expand knowledge of severe accident phenomena, such as molten core-concrete interaction and
hydrogen detonations, and the deposition of radioactive materials in piping while developing
methods of analyzing uncertainty.
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[Appendix] Progress of the Updates for Overcoming Gaps

Establishment of a
containment fragility
assessment method

Source term assessment
accounting for behavior of
radioactive materials in
building

Conducting Level 2 PRA of
Model Plant

Incorporation into academic
and industry association
standards

Application to Practical
Operations

paysijqeliss DHAN

« In the rational assessment of containment failure frequency and source terms, we established
methods for containment fragility assessment and the evaluation of radioactive material
behavior in the building, both of which have a significant impact on the results, and have
identified a path toward achieving a rational Level 2 PRA.

q 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 2027 | 2028 | 2029 | 2030
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[Appendix] Status of Initiatives

N

\_

Establish methods for evaluating probability of severe accident phenomena Implemented by 2027
Establish methods for evaluating containment fragility Implemented by 2027

Upgrade methods of analyzing accident progression utilizing AI and machine Launched in 2025

Too simplistic or SEETTNG

conservative methods to Model plant evaluation for Level 2 PRA at-power Implemented by 2030
quantify containment
failure frequency and
SR t_erm prevented Establish methods for evaluating behavior of aerosolized radioactive Implemented by 2025
best estimate values from  materials in buildings

being obtained with their

Model plant evaluation for Level 2 PRA at shutdown Implemented by 2030

. . Establish methods for evaluating pool scrubbing removing radioactive Implemented by 2027
uncertainties as required | Jierials
to accurately grasp where _ _
Establish methods for evaluating the aerosol removal effect at the Implemented by 2027

risk present in the plant

. containment leak parts
and such magnitude. 2

Establish methods for evaluating effect of removing aerosol in piping Launched in 2025
Model plant evaluation for Level 2 PRA at-power Implemented by 2030
Model plant evaluation for Level 2 PRA at shutdown Implemented by 2030

Gaps to Overcome
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