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Nuclear Risk Research Center >

R&D activities to contribute to voluntary efforts
to improve nuclear safety

Learn more about low-frequency, high-consequence natural events and develop measures to

safeguard against them.
 Apply risk-informed technology in addition to the conventional deterministic approach.

R&D Items Utilities’ efforts to improve safety
1.Event assessment technology *Number @~® correspond to applications in Roadmap
A
1) Severe accident
2) Fault activity .
— - <Safety improvement>
3) Seismic motion
& | % | 4)Ground and slopes Contribute to ® Risk reduction/defense-in-depth
® | 8 | 5) Seismic resistance of civil engineering (Reinforcement measures for safety) c
s ° structures / buildings / equipment @ Risk information utilization in risk o
2 & 6) Tsunami management process ©
= 4
7) Volcano <Stable operation> = 2 g
8) Extreme weather (e.g. high wind) Feedback - g E %
€-g- nigh win @ Risk assessment g s S
9) Internal Fire/Flooding (PRA implementation) = % 8
2
v <Restart of NPPs> @
2. Risk assessment technology @ Compliance with new regulatory
requirements
1) PRA method (Internal/External) (e.g. additional countermeasures /
2) Human reliability analysis (HRA) modifications)
3) Environmental release assessment

<Fukushima Daiichi accident / New regulatory requirements>

3. Risk communication

© CRIEPI 2026




Nuclear Risk Research Center 3

Current Status of PRA Method Improvement

by hY
\ Planning R&D /\/> R&D in Progress >> Pilot/Model Project >

*Conducted in ANRE/METI project

Level 1 Level 2 Level 3
_ >
Common Issues 2023 Revision of HRA Guide 2024 Level 2 PRA Case Study 2023 Revision of WinMACCS
. 2025 PRA Peer Review Guide Collection Parameter Setting Guide
in A" Hazard PRAS 2026 Level 2 Multi-unit PRA Method | 2025~ Model Plant Assessment
2027 Shutdown Level 2 PRA Method

Sk <
I ; ; > > >
R U U — -
2024 PRA Implementation Guide (As part of each plant model
Internal Event PRA 2026 Revision of Data Collection Guide assessment)
T 2027 Update of Generic Parameter
© S < |~ - - - - - -—-—-—-—-——-—----- N
N > P PRs P
T W S L N TSy -
:‘E ~2026 Model Plant Assessment
= Internal Fire PRA 2027 Update of Fire Ignition Frequency
c 2029 Revision of Fire PRA Implementation
E Guide
gRIEEEEEEe e [ - - - - - - - - - - - - - - - - - [E==S================= <
£ > T b D o>
Internal FIooding PRA 2025 ReV|5|or.1 of Int.ernal Flooding
Implementation Guide
2026 Update of Internal Flooding Frequency
> > o>
2020 Implementation of SSHAC Process ~2016 *Model Plant Assessment
b o) . . 2019~ Seismic PRA Model Plant
< Seismic PRA 2023 Seismic Level 1 Multi-unit PRA Method
r’; Implementation of Improved Hazard/Fragility
T Evaluation Method (as soon as available)
= Sl o>
< Tsunami PRA ~2020 *Model Plant Assessment ~2020 *Model Plant Assessment
9 2024 PRA Support Tool
& | Hieh Wi d/Tornado PRA o D o>
1 In rn i e _______ -7
g R 2022~ High Wind PRA Model Plant
Volcano PRA 2025~ Volcanic Ash-Fall PRA Model Plant
> >\ >
Multi-Hazard PRA ~2023 Model Plant Assessment (Seismic &
Seismically-Induced Tsunami PRA)

Central Research Institute of
Electric Power Industry

Hazard category for the PRA items above is referred to ASME/ANS PRA Standard
w \J UJ




Nuclear Risk Research Center

Projected Schedule of PRA Method Improvement

Q lant Practical é
R&D = E uﬁlhuﬁt 1 = Application
PRA Item Fiscal Year| 2024 | 2025+ | 20266 | 2027 | 2028 | 2029~
R&D Item
Human Reliability Analysis (HRA) Method Improvement o
HRA Method Development for Extreme Condition o

Common Issues

in All Hazard PRAs Multi-Unit PRA Method Development

nTﬂTlTﬂTn-rh
— T
Radioactive Material Release Risk Analysis Method Improvement (Level 2) ; \qlul m T
R iy,
I I i

Internal Events Internal Event Levell PRA Method Improvement o

Environmental Impact Risk Analysis Method Development (Level 3)

Internal Fire Internal Fire Risk Analysis Method Development (Level 1) TR ®m

Internal Flooding |Internal Flooding Risk Analysis Method Development (Level 1)

Seismic Risk Analysis Method Improvement (Level 1-2)

Seismic SSHAC Process Establishment o
Hazard/Fragility Analysis Method Improvement BEBUENEE BN SHOE BESESIEE IR RIII] BRI
Tsunami Risk Analysis Method Improvement (Level 1-2) o

Tsunami
Hazard/Fragility Analysis Method Improvement
Tornado/High Wind Risk Analysis Method Improvement (Level 1) |

Tornado/Hghwid m———————H M ——0—M———— ™M@ M & e ey B Ao D

Hazard/FragiIity Analysis Method Improvement :::::::::::::::: ::::::,:::::: :::::::::::::::::::::::::::::::: :::::::::::::::: ::::::::::::::::
Volcanic Ash-Fall Risk Analysis Method Improvement (Level 1) m

Volcano

Hazard/Fragility Analysis Method Improvement

Risk Communication |Internal/External Communication Measures

*@: R&D items with outcomes or elements, as of March 2026, applicable to preliminary study or plant evaluation of PRA by the utilities

© CRIEPI 2026
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5

1. Internal Event Level 1 PRA Method Improvement

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

tem | Gapssouion | __~a024 | s [ aoze | a0z | aoss | 2020~

Support of
pilot projects for
Good PRA

Development of
PRA peer review
procedure

Development of
PRA reliability
database

Development of
PRA reliability
parameters

*MSPI: Mitigating System Performance Index

© CRIEPI 2026

V Review report@ (Internal Level 1/1.5)

Domestic PRA has not reached
(to be reported every FY afterward)

the state of practice.

¢ Overseas-expert reviews of lkata Unit3 and Kashiwazaki-Kariwa Unit7 PRAs

* Overseas-expert reviews of ' * * ' ‘
pilot plants for PRA model Incorporation of the knowledge from the review to the PRA model of non-pilot plants
improvement I ' V PRA Implementation Guide @

* Develop a guide to support Development of guide (Internal event Level 1 PRA)
utility’s PRA modelling to describing PRA standard Study of PRA model

. . requirements (Internal .
meet international standard event Level 1 PRA) quality

The domestic system of V PRA peer review guifle @

achieving good quality PRA is Revision of PRA peer review guide @

not well-developed. Development of _ Revision of the guide

N PRA peer review guide (With feedback from expert review)

: De.velop PRA peer review V Manual for wirking observer @
guide for non-pilot plants V Peer revieW trial

* Develop peer review system Development of a PRA peer review system / 'r ___________________________ B .
with domestic engineers P ————— L Peer review implementation for non-pilot plants P

Event data collection for component failure, CCF etc.
(Data update from new OE & Data scope expansion including severe accident equipment)
V Generic component parameters 2) Upd eded V Update generic component

PRA reliability parameters V Data collection guide @ Revision of : llection guide @V parameters Q)

with adequate quality have | Update of estimation of component failure parameters >

not been developed. V CCF data collection guide (trial) @ W VCCF{;!\ata R L ST L

guide————— D ------ - N
\Z | Estimation of CCF parameters . >@ Update of CCF '~

* Development of a data ! parameters 7
collection guide V LOOP IE frequency @ m V Probability of LOOP recovery falrure® """"""

* Estimation of generic PRA | Update of LOOP frequency >
parameters of equipment V MSPI UA data collection V Generic UA data collection
reliability, CCF (common guide/parameter estimation@ guide/parameter estimation®
cause failure), LOOP (loss of | Estimation of generic UA for PRA/Update of MSPI UA >
offsite power), UA V Reliability Database System 2 ‘ V Operation of the reliability database system
(unavailability), etc. (for initiating events) @

| Improvement/update of the system (including initiating events/CCF/UA data registration and improvement) >

[Legend] | NRRC || Utility |

Central Research Institute of
Electric Power Industry




Nuclear Risk Research Center 6

2. Development and Advancement of Human Reliability Analysis Methods (1/2)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

I T S N N o T

Utilizing HRA research Application of HRA using the revised HRA guide (training/procedure improvement)

by utilities ‘ HEP update based on actual plant data

Need examples of
evaluation of the latest
quantification methods

Applic‘ation applied to HRAs for V Revision of the HRA guide Application Application
eXpanSIOI'l Of internal and external (as needed) example@ v example VI _________________________________ \
new events, in preparation for Expansion of application examples of i Application of N
quantification when those methods are the latest quantification methods '\ the latest HRA quantification methods
method and  introduced into domestic I e e e e e e e /

improvement of HRAs.

the HRA guide \l’_ .
* Prepare application

examples of the latest
guantification method

reflecting domestic data /
Support for data collection with the developed database !

Quantification method Development of evaluation model for cognitive diagnostic tasks
Development of reflecting context, .
| B e under unforeseen circumstances
evaluation model information is still -
for cognitive  immature. Reflect findings to developmen of
diagnostic tasks cognitive diagnostic tasks met
* Survey of new method in  VV New t ti Evaluatlon
under quan ication .
£ foreign countries HRA methdH guide @ Updated nominal vllues@ model@
'un sl e Understand domestic [ NI e .
circumstances,  {atj trends, update Update nominal values with data from domestic utilities . 3
Update of nominal values : Application of i
. 1
nominal values « Develop quantification I | the nominal values )
(§

for domestic method reflecting
utilities context and domestic
trend

[Legend] | NRRC || Utility |

IR Central Research Institute of
Electri Industry

From the items on the next slide From the items on the next slide

© CRIEPI 2026
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2. Development and Advancement of Human Reliability Analysis Methods (2/2)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“wem | Gapjsoutin | ~a2a | a5 | 2026 | 2027 | 2028 | zozs~

To the items on the former slide To the item on the former slide

Utilization method of Utilization method o
experimental data experimental dat
(draft)@ V @V

Human characteristics in
high-stress environments,
such as massive natural

Proposal for the disasters, cannot be Oreanize findings S \
- collected through training : Drgfting of B2 : ﬁn%ings i Application of methods to field operations »
use of or past cases. Extraction of utilization method Extraction of Investig’ation ;
experimental N h“ma?lf)acmrs Identification of h“ma?zf)acwrs ofdata [ T TTTTTTTTTomoTom e '
data for HRA for ° Collect and organize insufficient i
rare events knowledge of human requirements method

characteristics using VR
(virtual reality)
* Utilize findings in HRA

Studies conducted in other
countries, such as the V Handbook
HTO* project, on human (Methods for
characteristics of observing sim@llator Survey of internati
. operators in digital control training) @ trends
International ooms, etc., need to be
research projects reflected in the
(HTO, etc.)  development of HRA
(Development of methods in ij)an.
measuresto . ypderstand overseas
improve HRA research trends
practices ~2023) ° Consider human
characteristics that
cannot be evaluated by
existing HRA methods

Selection of targets
for quantification
method development

<2

Development of HRA methods for \\)
digital control rooms A

Identification of overseas research
trends on human factors of digital
control rooms, etc.

; Participation in collaborative research of \\
Halden HTO Project (2027-2029) /

_________________________________

and select targets for o T ] ] | Reflecting overseas research findings to \

development of Identification of trends in international collaboration | domestic plants )

guantification methods for human reliability data collection (NRC, EPRI, KAERI, etc.) : (e e coIIaborat'ion o .
*HTO: Human-Technology-Organisation [Legend] | NRRC || Utility |

~—

Central Research Institute of
Electric Power Industry
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3. Multi-Unit PRA (MUPRA)

8

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“lem | ap/soltin | ~a02a | 035 | o025 | 207 | 7028 | zuo~

Development
of Level 1
internal-

event MUPRA

method

Ref

Study on
Level 1
seismic
MUPRA
method

Standard methodology for
implementing Good PRA that
consider the context of MU
accident are not yet developed.

Development
of multi-unit
PRA (MUPRA)
methodology

N2 Preliminary

study

* Development of Level 1 internal-
event MUPRA method

* Development of Level 1 external
hazard (seismic) MUPRA method

* Contribution to Level 2 PRA study

Case study for
seismic Level 1

V Draft frameworgof Be
seismic MUPRAID)

V Method of seis

V Method on ifitefBunit
joint failure pradbablility @

\

Study for
multi-source*
7/

assessment -

c-ifiduced MU-IE @

*Assessment for plural sources
of radioactive materials such as

seismic MUPRA document @ reactor core, SFP, casks etc.

3

Modification of
ethodology base
on case study

Improvement of Level 1 internal-event
/seismic MUPRA method

‘ fReerct findings

iterature review
r Level 2 MUPR

Study on Level 2 MUPRA method

© CRIEPI 2026

Concept of Level 2 MUPRA method @V

CRIEPI
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Nuclear Risk Research Center

4. Radioactive Material Release Risk Analysis Method Development (Level 2)

Accident
progress
analysis
during SA
(reactor -
containment
vessel -
reactor
building)

Model plant
assessment

© CRIEPI 2026

Insufficient development of
evaluation method for FP release
and frequency during severe
accident in each operation mode.
Insufficient development of risk
assessment method considering
accident scenario with FP release
exceeding 100 TBg, multi-source
of the site.

* Evaluation and analysis of
deposition and transfer
behavior for representative
nuclides (Cs) in a containment
vessel (CV) and a reactor
building

* Model validation and
advancement of MAAP code

* Development of analysis

methods for the temperature

inside a CV and identifying the
damaged parts

Development of hydrogen

behavior evaluation method in

R/B

Establish accident progress

analysis method for shutdown

Expand Level 2 PRA from at-

power to shutdown

Develop Level 2 PRA method

considering multi-source (core,

SFP)

Development of Good Level 2 PRA
methodology by confirming the
applicability of various methods

CV integrity evaluation

9

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“em | Gapisoution | ~ao2a | o5 | 20 | o007 | 2008 | zoeo~

V Evaluation model for FP behavior @

Advancement of FP behavior
evaluation technology

Updated evaluation method for

FP behavior and CV integrity @V _

(deposition to buildings/FP
transport, decontamination at
penetrations and scrubbing)

ethod @V

Expansion of evaluation method
for FP behavior and CV integrity

Development of methods for
analysis of CV integrity

)

Enhancement of evaluation
method for FP reduction,
SA event mitigation

Model validation, improvement and enhancement of MAAP code

Simple evaluod
of H2 4

Development of hydrogen behavior evaluation method in R/B during SA

Ye ¥

Development of Good Level 2 PRA method for at-power

Enhancing knowledge of
phenomena at shutdown

shut L2PRAQ V

Development of Good Level 2 PRA method for
shutdown

Basic concept of SFP-PRAQ®

Development of SFP-PRA method

Streamlining Level 2 PRA through international
cooperation (OECD/NEA FACE, ATRIUM, CSARP,
IPRESCA etc.), or utilizing Al and machine learning

L2PRA case study collection @ V

Trial and establishment of a >

Expansion and update of case study collection*
of Level 2 PRA (at-power)

Update of L2PRA case stuuectio

case study collection* of
Level 2 PRA (at-power)

s Survey of previous studies for |

! Level 2 multi-unit PRA ]

*Document summarizing the creation of input conditions,

evaluation results based on model plant evaluation outco
**Scope (hazard) expansion, advancement of uncertainty
utilization)

> rocedureof l_ ____I _______

_________________________

Scope expansion** of
at-power Level 2 PRA

Enhancement*** of
shutdown Level 2 PRA

multi-source

analysis, and documentation of
mes
assessment methodologies (e.g., Al

***Establishment of fuel damage criteria, spray models, and uncertainty analysis techniques

CRIEPI

Central Research Institute of
st

Study for ‘\\

\
1

assessment /




Nuclear Risk Research Center 10

5. Environmental Risk Evaluation Method Development (Level 3)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“lem | copfoltion | ~aaa | o5 | ooz | 2027 | aoas | zoeo~

Domestic parameters @ V

Update WinMACCS
R N RSN PO parameter setting guide@ V
Lack of knowledge for the utilities V methodology @ : i
to implement Level 3 PRA. Survey of domestic parameters >: Survey of domestic parameters ‘
N S
* Evaluate applicability of existing
U.S. model (WinMACCS) to Meth@ds of Impact
domestic site Analysis of ass@ssment@ V
. : ; Uncertainty
Development Development of the input Influencing factors@V propagation
of Level 3 PRA method from MAAP to Development of risk analysis technique > thod® V
e winmanccs 000000000 N ___ R methode V.
echnology . i : \
Suinsiay e claimesile dhi et | Development of Level 3PRA method .
prepare the parameter of I f : combined with Level 2 PRA /
WinMACCS f'f3_e_"e oment_o L e e et y
* Trial of Level 3 PRA (SRS ELEIETD LevelR-3 interface
 Update WinMACCS parameter V methods@ todll revise @ V
setting guide (FY2023 edition) Development of an interface method
between Level 2 and Level 3 PRA,
uncertainty analysis method for source terms
Apply each methods and
tools to the calculation
Construction of model area
by combining actual data
(weather, site vicinity, source term, etc.) V Level 3 PRA Level 3 PRA trial
trial results® results® V

Application
to model area

Improvement of Level 3 PRA method !
for model area )

Level 3 PRA trial for model area i

IR Central Research Institute of
El n

© CRIEPI 2026
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6. Development of Fire PRA Methodology and Data

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“hem | Gapjsolution | ~aoza | 2025 | 2026 | 2007 | 2028 | 2030~

> Applicability of FPRA Guide (FPRAG) V FPRAG (2019 edition) Revision draft of FPRAG FPRAG (2029 edition) @
and Fire Ignition Frequency (FIF) to PRA __issued @ (2019 edition @v 9'[«'{%?_______15}999?
fordac;ui(IjNPPs, |nc0:.ligl|ng Jonsspmisel Di;;fp Revision of FPRAG (2019 edition, Revision of FPRAG \\
and shutdown conaitions hodol partial revision) (At-power) (2019 edition, full revision) (At-power) /
. » Accumulate the insights for scope methodology | " -~~~ '+~~~ "' [/ ‘oo~ o e /
. EStabhs!‘ SRR “ Insightst ire igniti
internal fire J
PRA (FPRA) * Update FPRAG (2019 edition) based on | peyelop FIF Update FIF for Japanese NPPs
methodok)gy the latest knowledge and lessons for Japanese | 0l | __l__________._ ________________________
learned in Japan and other countries NPPs Survey @n scope expansion
* Develop and update FIF based on OEs in (low-power/shutdown, effects by other hazards, Level 2 etc., 3
Japanese NPPs consider guide revision)
* Develop methodology considering . . {""""".'".'l'".'"""".'. """" A
effects by other hazards isk pm(@fllve — _I_n_v_e_s:c I_g_a_tlo_n _O _f _fl_r_e _?B'_A_?]c_fl_c_l ?r_u_:\_/ —
> Applicability of FPRAG and FIF Execute trial IFPRA for a model plant
FPRA model 2 . (Phase 1) (Phase 2)
plant project ° :PRdAbforka modelglant Sl gl Fire modelin Contribute to FPRA for individual plants
eedback to FPRA methods promoted by the utilities
» Potential back-fits considering TR T e
regulation trends & new findings — Improve modeling methodology

> Lacl_< of kpov.vlefj.ge about electric . Release updated Develop #bld model (FDS) Develop DL model®V
cabinet fire ignition and propagation zone model analysidirase studies® V
» Damage mechanism on targets (BRI2-CRIEP1)Q V

(including aging cables, digital I&C) due
Update of fire  tosmoke and heat

: ¢, | —u—a A Al .
modeling « Accumulate the knowledge by fire tests Collaborative fire test with EDF “PRELUDE” > Collaborative fire test with EDF }
methods : . e H S T R
using full-scale electric cabinets and
various combustibles Correspondtonew  \ | Evaluation tests for \
* Develop fire model and deep learning insights > target failure condition \I\
(DL) model necessary for fire (digital I&C, etc.) /. (aging cables, digital 1&C, etc.) _____/
propagation analysis |
* Introduce and utilize the latest - VProposIe evgluatl;pn m;_-thod f%s
knowledge through international joint International E=EticEaniictagEs
research and collaboration with cooperation with —
overseas organizations OECD/NEA (HEAF2) [Legend] | NRRC || Utility |

P N




Nuclear Risk Research Center
7. Development of Internal Flooding PRA

12

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

ien | Gavssouion |~z _|_aoos | zozs | 207 | zois | aomo~_

> No:jou?llshed practical IF-PRA Pl A Survey §n scope expansion |
guide for Japanese NPPs, methodology (low-power/shutdown, effects by other hazards, Level 2 etc., )
including low-power and for the ZOlI for consider guide revision) A
shutdown conditions spraying and A /

the IF barriers

» Insufficiently developed IF
event database and its
frequency in Japan

i » Accumulate the insights for Develop IF
E.stabllsh s g frequencpy of Update IF frequency of
internal Pe exp Japanese NPPs
floodine PRA N Japanese NPPs
ooding * Update and publish practical IF- IF frequency® V Update IF frequency@ V
(IF-PRA) PRAguide (2017 edition)based 8 .y
methodology  on the latest knowledge and | Reflect
lessons learned in Japan and Revise IF-PRA guide (2025 edition) > . insights to ::
other countries . i the guide
* Develop and update IF frequency IF-PRA G.u_lde __________
based on OEs in Japanese NPPs (2_025 edition) Fékdback of
* Develop methodology issued@ V the insights
considering effects by other .
Insights
hazards
Insights L L - i i L r L . 1
» Confirm technical and practical _ : Trial application O'f _IF_PRA guide \
adequacy of the IF-PRA guide | Execute trial : (2025 edition) I,‘
J IF-PRA for a i with actual domestic plant /
L L L L L L oo g oo oo
IFPRA model - Execute trial IF-PRA for a model | model plant
plant project  plant V Final evaluation,
* Reflect the insights obtained external revidiv @
through the model plant project
to the IF-PRA guide Contribute to IF-PRA for individual plants promoted by the utilities >
[Legend] | NRRC || Utility |

© CRIEPI 2026
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8-1. Seismic/Earthquake Resistance (Fault Activity) (1/2)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

V Propose fault actlvd5
assessment method b

1
Research on fault activity assessments \
independent of overlying strata (Phase2) ;

1

Incorporate
findings

Verify/improve the
analytical techniques for
fault rock samples using
advanced equipment

Development of
assessment methods
of fault activity
based on fracture

zone characteristics
unknown or absent. anaIKzed using state-

The age of the overlying strata,
which serves as the basis for
fault activity assessment, is

Fault activity
assessment

e-art analytical
techniques

N[ of-t

* Development of assessment

Incorporate

findings
Establishment of
nanostructural analysis
method for fault planes

4O

Systematization of fault activity

assessment methods based on

nano-structure analysis of fault -
fracture zones = '

IIIIIIIIIII»I

Identifying domingnt
factors governing the

based on fault
fracture zone
characteristics

© CRIEPI 2026

methods of fault activity
based on fault fracture zone
characteristics

* Development of dating
methods applicable to strata
that cannot be measured
using conventional techniques

Expansion of applicability of OSL/TL , K-Ar
dating methods, and application of 10Be dating
method to fault activity evaluations D@V

Indicator of depth parison

transition depth of
sonvariation in fra e
characterlstlcsé)%

cataclasite (deep-geated
consolidated fracture

Laboratory
examination of
fault fracturing

1
Fault rupture reproduction and verification of its structure ]
by laboratory experiments and numerical analysis :

process A .

I
Propose analytical metho@ifor alteration
zones with hydrothermal @@ins
n

Hydrotherfna §
alteration study u
foracom ar'son E E I EEEEEEEER amm il
with fault fracture Incorporate findings
zones

Comparison

Accumulation of case studies of fault activity
evaluations by OSL/TL dating, 10Be dating
and aeolian dust over a wide area D@ V

Geological dating study for
enhancement of their
adaptability

Integrated use of
geological dating methods

Incorporate

findings

' Multiscale time-series analysis ~
N

of fault fracture zone
characteristics

zones) D@ e

Proposal of fracture indicators "
based on fractured materials

Establishment of geological
dating methods adapted to
sedimentary environments

13
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8-1. Seismic/Earthq

14

uake Resistance (Fault Activity) (2/2)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

Qualificatio

n of the

condition of fault rupture

In seismic source fault
assessments, conservative linkage

termination
v

Advanced method for evaluating
seismogenic layers and fault geometries
Q2

evaluations are required, and Rational v T E——
there are areas where evaluatin assessment ' TER—_—" .
he | P S| e method of Systematization of source fault assessment methods + Verification and development of .|
the length and shape ot active ey for earthquake magnitude predictions . source fault assessment methods for >
Assessment of faults is difficult. segment i earthquake magnitude predictions ,-
. faulti R L TN ’
seismic source v _ auTing
e sEia * Development of inter-seismic Inc@rporate Advancement of seismic Ipcqrporate Ipcqrporate
fg It linkage evaluation indicators findings  source characterization findings findings
LU based on factors halting actual in coastal area d)@ Improvement of seismic source
earthquake rupture Developmen cg\rﬁst_quz_a_tl_quf_qr_hlm faults D@ __ :
* Development of seismic source of active [ b
. truct . . e Development of Y
fault evaluation methods for s Development of active structure identification \,: active tectonics idg)ntification methods .
regions where active fault length gﬂrgggczgﬁg% methods for a(;g?gr\/\nlns;e(glrl_)rl‘%egsltcs;)are T T T S oo £ AR 4
and shape assessment is difficult | “cpicenters ! todetermine (isolated short faults) ,
are difficult e B 4
to determine Feature extraction of near-
surface fault structures
Summarization of YV ...
basic information | characterization of recently occurred surface ruptures \_! R
on distributions, : S ; ' Characterization of surface (fault) -
characteristics, [shalloweeolazical structtur)es, paleossismicinislin : ruptures formed since historical time 7
and displacements Ll A ER——— 2
of subsidiary faults Incorporate
) findings
Increasing cases of surface Ad-‘:sf-".%mt‘:‘”t of Comparison Establishment of a f&glédisplacement
P Istributions, evaluation method
I?;?St'.gbat'?n ruptures in areas where active charactefistics, \———————————§& S\ (-------o--m-scm-mmmoooooooo =
of distribution i i b
atterns and faults have not bien R displacements Assessment of distributions and displacements of Improvmg remote sensing techniques .
cf\aracteristics Clarif ibility t dentif ruptures based surface ruptures based on remote sensing / for fault model construction v
* Clarify possibility to pre-identify on remote i e
5 sensing and e ’
24 ST ?Ctlvi'fali!ts b?iid ‘O? It field surveys | gyganization and analysifibf
ruptures investigation of their fau g

properties

Systematization
of the
development
process of
active fault
systems based
on model tests
and analyses

© CRIEPI 2026

fault model test results,
Comparison systematiz éB of assessihent
téchnlques é

Comparison Feature extraction of continuous and

disappearing faults D@

Exploring conditions for simultaneous".
rupture assessment and reactivation
through modeI experiments and

/i

Accumulation of data on existing geological structures
and proposal of a method for its evaluation
(fault continuity, reactivation)

N
5
v
’
’
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8-2. Seismic/Earthquake Resistance (Seismic Motion)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“rem | Gapjsoluion | ~aaa | g0 | 226 | 2007 | 7028 |awao~

Evaluation of
seismic ground
motion with
unspecified
sources

Evaluation of
seismic ground
motion by
identifying the
seismic source

Probabilistic
seismic hazard
analysis (PSHA)

© CRIEPI 2026

The cadusestof high- acc'([elera’lcllon Sgae:‘;ﬁlrcdéf;’::‘gsfgag‘:'xlg': Standard level assessment of seismic ro@und
ground motions exceptionally motion with unspecified sources A\
observed at middle scale M6- _unspecified sources D@V
class earthquakes are not fully Understanding the causes of strong ground motion based on the in-situ survey and its application to site
understood. characterization and evaluation of outcrop rock motions
* Understanding the causes of Proposal of a seismic motion prediction formula®@V 2 :_|;1_p;o_\,;r;;r:t\
the strong-motion records , of seismic |
based ongdetailed Development of a new generation domestic GMPE for hard rock >i prfggltc'ggn I)
investigations of the sites 1 formula
* Estimation of outcrop ground Source mideling and
motions at the bedrock evaluatloraof ear-source
round m@tion . . .
Enhancement of methodology ﬁamlc matels é)é)é Source inversion using the
y -
for evaluating near- Zource . bMOfdelmg of deep . dynamic modelD@V
seismic motions, updating o pusiacestuciuican Modeling of seismic source and enhancement of the near-source seismic motion
ground motlon predlctlon seismic source eVaanthn g methOd
and enhancement of the

equation and adjusting the
equation to a local bedrock are
necessary.

near-source seismic

Flat file database D@V  Expansion of thIfIat Ile database(l>®V

Construction of a
* Enhancement of evaluating database on outcrop Expansion of the database
near-source seismic motions rock records | | T
* Construction of flat file apioveet]
database of outcrop rock Development of a new generation domestic GMPE for hard rock (Non-ergodic) ' “motion
i dicti
recct).rds anddyr;.datmg grtqund Est@blishment of GMPE conversion method to 5 tll' IId@ REEATE L
motion prediction equation site rock conditions D@V 3D Modgéling Met

based on nationwide high
quality outcrop rock records
Developing site adjustment of
a ground motion prediction

Advancement of subsurface structure modeling and atﬁeguating modeling methods and site characterization
methods

equation based on subsurface Reflection t Plan for domestic implement@8tion of

structural model standar multi-site SSHAC @V
The domestic implementation . T mplementation of the
method of SSHAC has not been domggazﬁl;gcmﬂ:rft%tlon Construction of a domestic implementation plan for i I&%i?t?:gzté?gyﬂégf .,
established yet. plan for multi-site SSHAC multi-site SSHAC (west Japan area) i plan !

d (east Japan area) T e

* Establishment of domestic | | 4 Estimating epistemic uncerta v ]

SSHAC applications i i i i } }

considering epistemic Enhancement of estimating the epistemic uncertainty of Ground Motion Models

uncertainty in PSHA and

introduction of site Estimating egistemic uncertainty for fault- rupégre

characterizations model of gfpund motion prediction model @V

* Enhancement of underlying Development of a seismic PRA method utilizing fault-rupture models >
techniques for PSHA
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8-3. Seismic/Earthquake Resistance (Ground)

16

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“hem | Gap/solution | ~a02a | 2025 | 2026 | o0a7 | aoo |z~

3D nonlinear rock mass
constitutive model and
discontinuit

More rational seismic safety
evaluation methods for

foundation ground and slopes e

Hure) "<V

3D ground property evaluation
method: improved 3D nonlinear
constitutive model for rog]s(%ass

Practical application of
dynamic nonlinear analysis

ethod 2V

based on ground deformations
are needed to address increased
reference seismic motions and
fault displacements.

N%
Enhancement of seismic
safety assessment methods
for foundation ground and
slopes (practical application
of evaluation methods based
on dynamic analysis and

Enhancement of seismic
safety evaluation
methods for foundation
ground and slopes
(development of a 3D
nonlinear constitutive
model for rock masses, a
3D centrifugal shaking
table, and a discontinuity
analysis method for slope
failures)

Enhancement of seismic safety
evaluation methods for
foundation ground and slopes
(practical application of dynamic
nonlinear analysis, development
and validation of a 3D centrifugal
shaking table, stability
assessments of anchored slopes,
evaluations of fault displacements
and structure-ground interactions)

Enhancement of seismic safety
evaluation methods for foundation
ground and slopes (enhancement of 3D
ground property evaluation methods,
3D dynamic nonlinear constitutive
models, 3D soil model testing
techniques, and enhanced slope failure
discontinuity analysis methods)

deformation assessment

SESSI Liquefaction impact
capable of considering

assesg§ment method

ground failure and considering variations in In-situ liquification pg@perty o )
Enhancement deformations) geotethnical pr?g(egtles evaluation method Criteria for selectm&)
and e Systematization and Qv analytical methods(D@V -
systematization standardization of evaluation | Advanced evaluation of Advanced evaluation of seismic

seismic stability of soil
ground (liquefaction
assessment)
(impact of variability in
ground properties)
au
ent hazard
method

of evaluation [EEthiocs

methods for
seismic safety of
ground

Rational soil ground stability
evaluation methods are
required to address the
expansion of the types of
ground for which liquefaction
effects must be considered due
to increased reference seismic
motions.

N

Enhancement of seismic

Enhancement of the
numerical fault
displacement hazard
assessment method

Advanced evaluation of seismic stability

of soil ground (liquefaction assessment)

(selection of analytical methods, in-situ
liguefaction property evaluation)

stability of soil ground
(selection of analytical methods,
weathering effects on in-situ
liqguefaction properties)

AES] fault

stability evaluation methods
for soil foundations

displacengént PRA
JS(‘ZjE sta‘;\dlards standard @V
Next revision of JEAC/ and guidelines - neaxt revision of
JEAG4601 DV JEAC/ JEAG4601 ®V

(selection of analytical
methods based on soil
properties, in-situ evaluation
of liquefaction
characteristics)
Systematization and

Standardization and
practical application of

issues, etc.)

ground stability evaluation
methods (resolving JEAG

Standardization and practical application of
ground stability evaluation methods
(support for revision of standards and
guidelines, technical support)

Standardization and practical
application of ground stability
evaluation methods (next phase)

standardization of evaluation

methods 9. Seismic

PRA

© CRIEPI 2026

Enhancement of seismic PRA methodology

using a model plant

CRIEPI

Central Res:

earch Institute of
Electric dust
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8-4. Seismic/Earthquake Resistance (Civil Engineering Structures)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“fem | Gaplsolution | ~2020 | o025 | 2026 | 2027 | 208 | 202~

For cases where
underground civil
engineering structures
are affected by crushing
zones (weak layers) or
fault displacements, the
practical application of
seismic performance
verification techniques is
necessary.

Development of safety
evaluation methods for
underground civil
engineering structures
against displacements in

Assessment of response to local

civil deformations
engineering ) o
structures The practical application

of rational seismic
soundness evaluation
techniques that consider
earthquake damage,
seismic retrofitting, and
aging is necessary.

Development of post-
earthquake inspection
and evaluation methods
for existing underground
civil engineering
structures and
standardization of seismic
soundness evaluation
methods

© CRIEPI 2026

Evaluation methods for
liquefaction and crushing zones

DOV

Inspection and evaluation
methods after the earthquake

v,

Enhancement of seismic

performance verification
methods for underground
civil engineering structures

Enhancement of seismic soundness evaluation
methods for existing underground civil
engineering structures (Phase I)

Pap mission

nlargement of seismic

Q)

erformance verification method

v

structures con5|der|ng local
ation and aging effects D@V

Damage evaluations based on vibration
measurement / structural performance
evaluations using inspection results for existing RC
structures

1
Safety evaluations on displacement capacity for :
underground RC structures / structural :
soundness evaluations for aged RC structures :
|
1

Application of inspection

result to structural

evaluation D@V

Standardization / practical application of seismic
performance verification methods for
underground civil engineering structures

9. Seismic PRA

(Phase I)
' Pap bmission

methods for existing underground civil

Standardization of seismic soundness evaluation i
engineering structures (Phase I) i

D

evaluation methods at JSCE

Enhancement of seismic PRA methodology

using a model plant

ural performance evaluation methods

17

Phase Il X
/' -
Lo e e e 4
lopment of seismic soundness

DA

CRIEPI

Central Res:

earch Institute of
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8-5. Seismic/Earthquake Resistance (Buildings)

18

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

|_ttem | Gap/solution | ~2024 | 2025 | 206 | 207 | 2028 | 2029~ |

Rational
seismic
design

technique
and safety
assessment
technique

Limit
response
evaluation
of seismic
isolation
structures

Knowledge needs to be accumulated
to develop a building seismic design
system for large inputs that includes
nonlinear 3D finite element analysis
(3D-FEM).

* Gradually developing the elemental
technologies (nonlinear model
setting, ground-building interaction,
high-performance computing (HPC))
needed to utilize 3D-FEM

In PRA evaluation, a building is
conservatively considered to be a
total loss when one of seismic walls
reaches at maximum load, and that is
likely to lead to severe core damage.

* Development of redundancy
assessment methods to represent
partial structural damage and
events beyond ultimate limit states

Technology development for multi-
point observation is necessary for
verifying the 3D behavior of buildings.

* Development of ambient vibration
tests for nuclear facilities and high-
density multi-point vibration
monitoring technology

Development of an analysis method
for fragility evaluation after damper
devices (SD) damaged is needed.
N%
* Development of a seismic response
analysis after SDs damaged

A rationalized evaluation criteria is
necessary to expand the application
range of seismic isolation (SI) rubbers.

* Evaluation of mechanical properties
of Sl rubber bearings subjected to
tension and shear

Standardization of seismic

design using 3D FEM D@ Standardization of seismic
v

design using 3D FEM DO
Research on standardization mm——————- \
. . . )
SRt T Research on standardization of seismic design and performance ' .
performance evaluation ' Phaselll
1

o evaluation systems for nuclear facility buildings (Phase Il)
systems for nuclear facility
buildings(Phase I) e

Consistency check Presentation of Case Studies

Consistency check

Development of structural
redundancy analysis
for post-maximum loading
using High-Performance
Computing (HPC) techniques

Procedure for building
redundancy evaluation @ . . :
D Svstem Timely Inc orate Analysis envi nment
i3den¥i?ication of findings development for sfuctural
nuclear Facilities  Incorpofate findings comflexes

DOV

Development of 3D modal
vibration evaluation using
ambient vibration tests
(including concrete
material tests after quake)

]
| . \
Development of structural analysis technology for systems i Enh?rlcgmlg \
comprising multiple structures using HPC (including fragility analytica )
I
I
I
I

/
evaluations) techniques -

using HPC /

Development of a 3D observation technology for ground-building
vibration system using high-density multi-point vibration
monitoring

Material data at post- A
quake @A High-speed algorithm suitable
Test Results of damper

Ultimate seismic response

for evaluating high-dens%
analysis of Sl and SD D®

rupture D@ observation data

Seismic response analysis and
model experiments for
seismic isolation structures
after damping-device-failures

Incorporate findings

Seismic

response ] : Experimental results foru \
analyzis after Tensile ruptured analysis evaluatmgpproperues e DeVe(')?F;Pent \
SI Broken W40 ruptured rubber bearings V| technology
. :
||3€V€|0I3me?t Pf 3Dr:°|r_1|te Evaluation of mechanical properties of Sl rubber bearings subjected | J:;:r?,b;ehﬁgﬂ_ J
- emefnt abrkr)a VE'S Al s to tension and shear (expansion of experimental data) | seismicity
of rubber bearings R
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Research on the

8-6. Seismic/Earthquake Resistance (Equipment)

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)
. .. . standardization.of N U R O
Increased design seismic motion methods for Research on the advancement and standardization of \| \

Standardization of elasto-plastic evaluation
necessitates expanding the evaluating the elasto- methods for evaluating the elasto-plasticity of ! Study toward standardization ’

methods for piping D@V
plasticity of

applicability of seismic safety e A equipment and piping systems Phase4 e )
evaluation methods for equipment piping systems - -
. . Fatigue curve elded joints A\
Rational 2and piping systems to include the Phase3 & ] 0

An Elasto-plastic analysis

.. -plasti Practical applicatio Practical Expanding method for piping systems
seismic elasto-plastic range. the piping elasto-plaflfic  application of [l application scope of onsiderin ?,Opnrg egr't of
design \Z evaluation method nonlinear weld fatigue considering sheciin Al
g « Development, practical Q@  springs evaluation methods pipe support structures | Advanced and %
methods o N Practical D2 QY Adv . '
application, and standardization IPrEeeE : : - o .~ = \I standardized
for . application of the Nonlinear spring \| Development of an analysis method considering nonlinearity in \i evaluation \
. of evaluatloin _mgthods that take piping elasto-plastic /| upgrade for piping ' pipe support structures ' ! ethods 3
equipment elasto-plasticity into account evaluation method/ | support structures Setting allowable values in elasto-plastic analysis ' Inclusion in JSME A
and piping -« Development of a rational Simple evaluation method of large-amplitude sloshing load D@V : r::;:esgcgrl\r;lards /
systems evaluation method for large Development of a simple evaluation method for large > ———— /
amplitude sloshing loads amplitude sloshing loads
. Rationalizati f
* Development and practical faii'%laécaf%?ign . .
application of fatigue evaluation methods)2V Advanced elasto-plastic evaluation methods D@V
. Development of R " e
methods for piping systems simplified elasto- Improvement and standardization of simplified
r#é?ﬁggf‘f’gl“fgﬂgae elasto-plastic evaluation methods
evaluation
f ; Piping fragility Reflection of piping fragility
Duiﬁo thlf mcreas; in Ic;gse it h assessment me%tg assessment methods in standaté
earthquake ground motions, it has
become necessary to develop more | Piping fragilitx . - T — it e R
Ao evelopment of a simplified method for evaluatin \
soplhlstllcat;ed mlgth_ods for oRA ajgﬁsg?;ﬁilngtu?gg - P B s?/stem R & ) Studytoward standardization
evaluating fragility in seismic . indicator /
Advanced ¢ T ’
fragility . pevelopment and standardization Structural anl %ulpmer;f]cgu led
assessment  of detailed piping system analysis response eva fon metho
of and simplified fragility D2‘(;%"%%2‘;?2832Isgéur%tslgg:‘ggd
equipment aDsseslsment mett‘fd leation of evaluation method
and piping ° Developmentand publication o
i i Off-site power loss
systems 21 ffstepower ey Fogliy Simer
method \
* Development of a response Publication on development of an
evaluation method considering off-site power loss fragility
coupling of structures and assessment methods
components 9. Seismic PRA

Enhancement of seismic PRA
methodology using a model plant

CRIEPI

Central Research Institute of
Electric Power Indus|

© CRIEPI 2026
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PRA precision as a whole (the
degree of uncertainty
optimization) is determined by
the elements (PRA models) with
the lowest precision.
N2
* Implementation of risk
quantification and system
impact analysis using a model
plant based on earthquake
hazard assessment results and
fragility assessment results

Development derived from advanced/
of seismic improved methodologies,
PRA along with presentation of
implementation methods and
methodology procedures

Uncertainties of seismic PRA
models are not sufficiently
optimized.

N2

* Develop a method to optimize
seismic PRA-specific risk
profile

* Develop an optimized size of
system model (e.g., SEL,
seismic correlation) in seismic
PRA

8-6. Seismic/Earthquake Resistance [Equipment] 8-4. Seismic/Earthquake Resistance J§[Structur

9. Seismic PRA

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

Gap/Solution ~2024 2027 2029~
“hem | apjsolution | ~2024 | 2025 | o026 | 2027 | o028 2020~

* Sensitivity analyses
to measure/analyze
how developed
/improved fragility
and hazard
evaluations results
affect to system’s
seismic risk

e Study an optimized
SPRA system model
size against
earthquakes.

Develop a
methodology
to reduce
effects by
dominating
multi-factors
commonly in
seismic risk

uantification.
R\vi

Study on risk profile
optimization against
earthquakes

Advancement of fragility
assessment of electrical
cable trays

Improved fragility evaluation of
equipment

Development of SPRA
implementation methods and
procedures where the latest
seismic hazard and fragilit
evaluations methods are utilized.

plant

* Finalization of NRRC Seismic PRA implementation
the AESJ Seismic PRA Standard 2024)

external event PRA

Enhancement of seismic PRA methodology using a model
* Development and implementation of more realistic seismic
fragility evaluation method considering partial correlation
* Implementation of enhanced/advanced PSHA methodology

guideline (technical supplement and support document for

* Improvement and enhancement study of system analysis for

20

Reflection in domestic and international

_________________

Development of a
risk assessment
methodology for

earthquake-induced

4 443 4 ¢ 4

multi-hazards
(superposed hazards)

induced multi-hazards.

induced multi-hazards.

Development of risk assessment methodology for seismic-

* Consideration of seismic-induced multi-hazards: Development
of a fragility assessment method (prototype) for seismic-

[~

© CRIEPI 2026

Enhancement of fragility evaluation
methods for civil engineering structures

8-3. Seismic/Earthquake Resistance [Ground]

Enhancement of fragility evaluation of
ground subsurface and fragility
evaluation methods for slopes

/

16. Development of Integrated
Risk Assessment Technology

CRIEPI

CI\RecnIllll
Electric P Industn
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10. Tsunami (Hazard and Fragility)

21

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“em | Gapjsoluion | ~202a | 2025 | o6 | 207 | 2o | zoeo~

Organization on uncertainty in
judgements of event deposits is
insufficient.

Developmen
of methods

Practical application of uncertainty
assessment methods in identification
of event deposits D@

Analysis technologies on
uncertainty in judgement
for event deposits D®

Upgraded analysis technologies
on uncertainty in judgement for
event deposits v

d on
Judgement
N . for event
* Increase knowledge on field survey osits
|nc uding

N

' Systemization of methodson
» judgement for event deposits including
tsunamis

_______________________________

Upgrade of methods on judgement for event deposits
including tsunamis

\
/

on event deposits, and organization
of uncertainty of the results

tsunamis

Strengthening of evaluation —
g & Development'V.

Three dimensional
La%gmgian approaches

Accumulation of verification
for landslide tsunamis
simulation technologiesD®

Practical application of 2D/3D
numerical simulation technology D@

Tsunami  techniques for tsunamis caused by of numerical Y e Y
hazard land and submarine landslides, as well | “simulation Practical application of numerical simulation : upgr%cc;jg]iur:attslgrr::r;??\llgllEgg\c’)vrl\efegceh?\?sues N\
as Probabilistic Tsunami Hazard technologies technologies for landslide tsunamis i . /
e analysis (PTHA) methodologies, is | orlandsie . _ caused by landslides and other factors
required ’ tsunamis Practical application of PTHA
i ¢ rrOdPC;Sj“ of a PTHA methodology including methodology including landslide tsunamis D@
andslide tsunamis
* Establishment of tsunami evaluation Y i b bt R \V\
techniques caused by subaerial and | Upgrade of PTHA methodology for subaerial and *\;  Systematization of PTHA methodology for subaerial and \
e submarine landslide tsunamis ' submarine landslide tsunamis
* Development of a methodology for
PTHA for subaerial and submarine e |
landslide tsunamis Upgrade of tsunami Upgrade of tsunami simulation . -
simulation technologies technologies (hybrid 2D&3D Practical application of PTHA
(intake) é) simulation and proper usage) D@V methodoldﬁéncludmg landslide
= v tsunamis v
Knowledge for fragility evaluation U _ . : > Gathering the latest knowledge and advancing of tsunami "«
rade of tsunami simulation technologies .
method considering various tsunami o - R simulation technologies .
Efctscefst:esc:r?gr:gcif: gn tsunami impact Systﬁmdlzatlcan ﬁf eVal|l|‘atlon
metho é) ebris collision p
s ublication of technical reports on %uatlon
assessment needs to be verified. effects é) (JSCE) T T e e a)

. N Development VISCE VA
Tsunami -« Upgrade of tsunami simulation and . . . . | Accumulation of novel knowledge and .
fragility technologies by considering novel SOVfS(t;\elraT“f:Sg: Systemization of eva]lc]lcjatio?P?eth%()js of debris coII|5|on>: upgrade in debris impact assessment

assessment  knowledge methods of SALESERALEES B technologies _ ______ v
* Upgrade of evaluation technologies dﬁbris Upgrade of collision A
i is i collision simulation tec ogies
for tsunami debris impact effects for small boat Eﬁ% g Upgrade of probability assessment

e Accumulate novel knowledge while
verifying and advancing tsunami
impact assessment methodologies

based on this information 7 sedimen

Proposal of evaluation methods of
wave force by tsunami w

methods for secondary impacts
(water-borne debris collision) D@

e

t concentration

Study on secondary influence assessment

Central Res:

earch Institute of
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11. Tsunami PRA, and Seismic and Seismically-Induced Tsunami PRA

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

22

“em | Gapjsoution | ~a02a | 2055 | 2026 | oz7 | ooz | oo~

Development
of
methodologies
of tsunami
PRA

Development
of PRA
methodology
against
combination
of earthquake
and seismic —
induced
tsunami

© CRIEPI 2026

Accumulation of knowledge

and upgrade of methodology

on tsunami PRA are necessary.

l

* Accumulation of knowledge
through application to actual
plants and reflection in
standards

No PRA method has been
developed worldwide
considering combination of
earthquake and seismic-
induced tsunami.
N2
* Development of a PRA
methodology against
combination of earthquake
and seismic-induced tsunami
* Reflection in standards

Accumulation of
knowledge on tsunami
PRA and development of
related tools @ v

Reflection of tsunami PRA
methodologies in domestic and
international standards@@® V

Accumulation and upgrade
of methodologies of
tsunami PRA using model
plant

Accumulation of knowledge on tsunami PRA
methodologies and study toward
standardization (including Tsunami PRA

Guidelines)

Hazard and fragility
evaluation method
against combination of
earthquake and tsunami
(Basic method ) @V

V Concept of
technical elements,
evaluations for
earthquake and
seismic-induced

tsunami PRA

PRA front-end process,

elemental technology

development

* Overall scenario building,
model analysis

* Development of basic
evaluation methods for
hazard, fragility, accident
sequence, and relevant
technical elements
considering superposed
external hazards

Upgrade through application of .

tsunami PRA methodologies to
actual plants

________________________

Development 1
and practical

I
I
I
1
1
1
:
: against
:
1
1
|
|
|
[}

induced
tsunami

Central Res:

combination of
seismic and
seismically-

CRIEPI

earch Institute of
st

\
/

‘\
application of a |
consistent level
1 to level 2 PRA

\
\
1
1
1
1
]
1
1
1
1
1
1
1
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Hazard
analysis of
volcanic ash-
fall

Vulnerability
assessment
to volcanic

ash-fall

Volcanic
eruption
and ash-fall
PRA

© CRIEPI 2026

Need to establish methodology

and perform hazard assessment

for volcanic ash-fall. Need to

determine physical properties of

volcanic ash particles that are

used for hazard assessment.

NZ

¢ Revise volcanic ash-fall data-
base and develop tracking
method for pumice raft

e Determine physical properties of
volcanic ash particles

* Develop hazard curve based on
ash-cloud transport analysis

* Develop numerical model for
ash-cloud dispersion from large-
scale eruptions

Long-term floating
mechanism

@V

12. Volcanic Ash-Fall Risk Analysis

23

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

Tracking method
for floating pumice
DOV

Propose new ash-fall database to
include revised interpolation and

Improve ash-fall
database and

hazard curve.
Study floating
pumice

Develop assessment method for eruption magnitude and
transport distance of volcanic ash particles
Density of ash
particles@V

phenomena

Develop assessment method for physical properties of
volcanic ash particles and floating pumice

Propose ve
distribution oflash
particles

Propose analysis-based hazard curve

Develop hazard

Develop hazard curve based on ash-cloud transport
analysis

assessment
method based

Expand numerical model

on ash-cloud
transport
analysis

Develop numerical analysis model for ash-cloud
dispersion from large-scale eruptions (Include co-
ignimbrite ash cloud)

Propose assessmient

Need to establish a methodology
to assess volcanic ash particle
ingestion to air intake system, and
to improve its particle separation

ability.
N2

¢ Develop assessment method for
particle ingestion and develop
long-life pre-filter

Need to establish methodology
and perform volcanic ash-fall PRA.
N2
* Develop preliminary PRA model

and its guideline document

method for pa
ingestion

Propose simple analysis method @

Particle
ingestion

experiment and

Develop simple numerical analysis method for air intake
facility.

analysis

Propose particle separator ) 2

Design long-life
pre-filter for
volcanic ash

Develop long-life pre-filter for volcanic ash particles

particles

An

Extract gaps on
sub-models for
volcano PRA

@V

| Develop eruption rate and particle '
' transport assessment based on 1
i magmatic properties. 1

Qv

Develop assessment method for 1
deposit load and settling in water. |

Propose analysis-based hazard curve
that includes co-ignimbrite ash @)V

\

Develop hazard curve by ash-cloud
transport analysis that include co-
ignimbrite ash o

\

1
1

. . o \
: Improve efficiency of particle \
| separation measures for air intake !
! facilities /
1

N
Develop volcanic

. eruption PRA
' model /

CRIEPI

Central Research Institute of
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Extreme
weather
hazard
assessment

Extreme

weather

fragility
assessment

High wind
PRA
technique

13. Extreme Weather such as Tornadoes (Hazard and Fragility)

Conservative tornado hazard
assumptions in regulatory
compliance assessments,
missile evaluations using
deterministic wind speeds,
and the materialization of
typhoon risks.

* Rationalization of tornado
hazard assessment
methods

* Development of
probabilistic tornado
missile assessment
methods

* Development of typhoon
hazard assessment
methods and design wind
speed calculation methods
for actual sites

Detailed evaluation methods
for tornado protection
equipment against missiles
remain inadequate.

* Accumulation of damage
test results and
rationalization /
standardization of damage
assessment methods

* Proposal of fragility curve
calculation methods

* Development of numerical
simulation technologies for
structural damage
behavior

Undeveloped practical tools
for high wind PRA for
Japanese conditions

* Application of tornado PRA
technologies to actual sites
and its expansion to
typhoon PRA methods

* Standardization of tornado
PRA methods and typhoon
PRA methods

24

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

|_tem | Gap/Solution | ~204 | 2035 | 2026 | 2027 | 2028 | 2029~ |

Tornado hazard assessment methods
considering state-of-the-art
techniques

\'4

Improved tornado hazard

assessment methods consnda) 55

state-of-the-art techniques

Reflecting the state-of-the-artd)
techniques in tornado hazard
assessment methods and enhancing

Rationalization of tornado hazard assessment methods and

their application to missile management at actual sites

usability

On-site application of missile impact
probability assessment methods

Development of probabilistic tornado missile
assessment methods based on graded approach

Typhoon hazard assessment tools

OOV

High wind ald superimposed
hatard assef§ment method)

Establishment of typhoon hazard >

Application to probabilistic assessment of typhoon hazards
and deployment to superimposed events of high winds
and other extreme weather events

assessment methods and design
tools
Damage estimation methods
Qv

Accumulation of missile impact test

Improvdll Damage estimation
)

data and rationalization and
generalization of damage estimation

Expansion of target tornado protection equipment

methods

Establishment of numerical simulation

techniques for missile structure damage

1
Generalization of numerical simulation technologies >

L
Calcul |on thods of fragility
curve \%

Development of fragility curve
estimation for missile impact

)

Development of fragility curve calculation tools

Proposal of torlr;gdo PRA methodology

for)

Conduct detalled tornado PRAs at
representative plantin Japan for

generalization

Support for implementing tornado PRA methodologies
in actual plants and its expansion to typhoon PRA

Hazard and fragility assessment
tools for tornado PRA \%

1 11

Development of tools and technical
reports for tornado PRA

Improving practicality of tools for tornado PRA

Tornado
Development of
Tornado PRA
Guidelines

Practical application of ‘\\
probabilistic hazard !
assessment technology -

' Development of assessment\
| methods for superimposed \
| events involving strong K
| winds and other extreme

/7

' weather (e.g., salt damage),

______________________

Expansion of target missiles \/
(lump-shaped missiles) -

Development of simulation \\
technology procedures .’

———————————————————————

! Development of calculation \,
I methods for fragility curves ,~

Integration of probabilistic \
risk assessment techniques

for strong winds from ’
. tornadoes, typhoons, and
: other phenomena )

I

: Improvements to tornado PRA™«

,  tools, development of the /\/
) typhoon PRA tools 7

Revision of the torflado

PRA guidelines

Revision of the tornado PRA ",
guidelines e
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14. Development of RC Method Considering Energy Security and Radiation Risk
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¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

___item | __Gap/Solution ~2024 | 2025 | 2026 | 2027 | 2028 2029~

Development
of SNS
utilization
measures in RC
practice

Development
of measures to
provide
information on
radiation risks

Creation of
knowledge
that
contributes to
solving
practical issues
in regional
dialogue

Utilities see SNS as a promising
tool for communicating about
nuclear power to the younger
generation and child-raising
population but have yet to find a
way to make use of it in RC.
NZ

* Development of SNS utilization

strategies in RC practice

Need to build trust in the
protective measures and safety
improvements to bridge the gap
in knowledge between senders
and receivers of information on
radiation risk, which is a growing
concern for local residents

before and after the plant restart.

NZ
* Development of measures to
provide information on
radiation risks

Need referenceable knowledge
for RC practice that are timely
and responsive to changing
social conditions.
N2
* Timely provision of knowledge
on risk messages that respond
to practical issues related to RC

RC: Risk Communication SNS: Social Networking Service

© CRIEPI 2026

Results of analysis of
responses to energy
security and other
content in local
communities ®V

Interaction strategies
and effective content
delivery strategies for
each SNS ®v

Utilization of SNS
by utilities ®V

Analysis of
responses to SNS
content including

nuclear power

Study of measures
to provide contents
for SNS types

Development of SNS
utilization strategies

Survey results of
public perception of
radiation risk ®V

_________________________________

Survey results of
evacuation behavior,
Analysis results of
sender and receiver
discrepancies ®V

Strategies for
providing information

on radiation risks &)V Development of RC methods that

1

\
\
!

Survey of public
perceptions of
radiation risk

incorporate the concept of risk for building

Survey of behavior
regarding radiation
risk, analysis of
sender and receiver
discrepancies

Development of
information
provision measures
using Level 3 PRA

(Items to be implemented based onthe |
results of the research needs survey) F
1
1

1

1
1
1

1

1
1
1
1
1
1
1
1
1
1
1
1
:
1
! public trust in nuclear energy |
: 1
U
1
1
1
1
1
1
1
1
1
1
1
[}
[}

_________________________________

Findings obtained through research and experiments
in response to RC practical issues of utilities’

®Vv

&V &V

Qualitative/quantitative research and
dialogue experiments on risk messages
based on the identification of the needs

and RC practical issues

(depending on each utility’s needs every FY)

ualitative/quantitativ
research on identified
research needs and

utilities RC practical issues

CRIEPI
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Online
Maintenance
(oLm)

Extension of
containment
vessel leak
rate test
(CVLRT)
interval

Risk-informed

15. Expansion of the Scope of RIDM Process Application

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

“lem | Gopisowton |~z | oms | 20 | 2027 | 208 | 2029~

OLM has not yet been
introduced in Japan.
NZ

* Examination of specific cases
base on domestic and
international situations

* Development of OLM Guide
for domestic plants

(E

The leak rate test (Type A) for
the entire CV is conducted
once per outage or every three
outage. In the U.S,, test interval
can be extended to 15 years

International trend survey

Case study of OLM
DG, filling pumps, et¢.)

OLM G
'd @VRe sion of the Guide@)
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* Among the actions for application to actual plants, OLM
Guide is developed by the NRRC. The Nuclear Energy
Association (ATENA) is considering the application of OLM
to actual plants, including other efforts.

V Revision of the Guide@

Establishment
of OLM Guide

Revision of OLM Guide

(Case additions and feedback from application)

'

Application to actual plants (*)

International
trend survey,

study of domestic
application measure

maximum, based on risk
information.

N

Trial risk evaluation based on
domestic test data assuming
extended CVLRT intervals, etc.

* Based on domestic test data,
confirm feasibility through
risk impact assessment when
the test interval is extended

 Support for actual application

The impact of introducing RI-ISI
to Japanese NPPs needs to be
known. Domestic codes and
guides are not established yet.

V Report on trial
risk evaluation @

Evaluate the impact

identify issues for
application

of introducing RI-ISI,

Application to \
actual plants /

_________________

Pilot plant trial evaluation, proposal of methods for

solving issues for application

'

inservice v
i i rt the establishment of f domesti iet
inspection | | ote the T Suppo e establishment of codes of domestic society
(RI-ISI) introducingRIFISL Yy
* Support the establishment of IAppllcatloﬂ
domestic codes I'to actual ')
Lplants __
© CRIEPI 2026 [Legend] | NRRC || Utility |
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Development of
practical
guidance for
integrated risk
assessment

Development of
a method for
integrated risk
assessment

Full-scope PRA
project

16. Development of Integrated Risk Assessment Technology

¥ : R&D outcome and specific area of contribution (indicated by number D-® in page 2)

In Japan, RIDM implementation
strategy has not been
established based on a full-
scope assessment of overall
plant risk and its contributing
factors.
NZ
* Organize the concept of
integrated RIDM and
integrated risk assessment,
and develop practical
guidance for integrated risk
assessment to realize it

There is no methodology or
technique to embody
integrated risk assessment and
risk aggregation from the
domestic utility PRA model.
N2
* Collection of existing
knowledge (methods and
technologies) to embody
integrated risk assessment
* Methodology development
through identification of
issues in embodiment of
integrated risk assessment

* Overall risk of domestic plant
has not been yet understood.
N2
* Conduct PRA for major
events and hazards

© CRIEPI 2026

\Y4 v

Survey of foreign case studies of

integrated risk assessment
and RIDM practices

'

v

Practical application cases of IRIDM and risk assessment@

V Draft guidance on

Development of draft guidance on
integrated risk assessment

Information
sharing

integrated risk
assessment@)

Information

sharing

Knowledge of existing methods and

technologies for risk agg@regation® !

v

Survey of foreign case studies (methods and
technologies) related to risk aggregation

I |

Identification of technical issues on
risk aggregation and plans toward
their solution measures

Technical issues on risk aggregation
and solution measures@V

, Case study of guidance and methodology

(trial at a model plant)

integrated risk assessment

Information
sharing
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Development of methodology and technology for '




