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“SMR, ” (The JoongAng, 2024.6.17. )

680MW (170MW x 4 ) SMR
• ( )

SPC (4 )
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“ ”
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2 4,810 ( 1 6,490 , 8,320 )
K-ARDP (Advanced Reactor Demonstration Program) 

(KINS) Gen-IV R&D 
• , , 

2024 1 -

8

https://m.blog.naver.com/rhkdghz2/220467942722

– ?

Sapiens – A Brief History of Humankind (Yuval Noah Harari)
The world does not lack energy,
All we lack is the knowledge necessary to convert it.

1.
: ~ 3,800,000EJ

: ~ 3,000EJ
: ~ 500EJ (12 sec.)

2. , 
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SMR Development across the World (IAEA, 2022)
Figure V-3. Risks : Internal vs. External
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YouTube “ ”

• https://youtu.be/9WvZN_16lAw?si=UvLb2sUJs4NNsoWN

3M views 1 month ago
• 10~20
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Dunning-Kruger effect
2024 ( POSTEC , KINS )
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?? = 12m X 20m X 7.8m (H) = 1,800m3

2.3ton ~ 2.3m3 = 12m X 20m X 0.0096m

• = 21m X 50m X 2m = 2,100m3

• 2.3ton ~ 2.3m3 = 21m X 50m X 0.0022mm

: 0.0017mSv
1.07×1010Bq, 2.39×105Bq

• 10 1 (0.001%), 

• 1000 1
: (http://www.kyongbuk.co.kr)
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6mSv ( 169 (22.12.22.), 171 (23.2.9.), 175 (23.4.27.))
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RER 
RER ( 172 (23.2.23.), 179 (23.7.13.)), 191 (24.2.22.)
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SMR

SMR --> , , 
•

– : 

• SMR 
– / /

–

: 10%

/ : 2~3

•
–

•
–

Too many cooks spoil the broth.

( )

/ 

??

https://search.pstatic.net/common/?src=http%3A%2F%2Fblogfiles.naver.net%2F20150713_9%2Fansanahev_
1436751533442uv6fu_GIF%2Ftosc960_832o-many-cooks-spoil-the-broth-clipart.gif&type=_gif
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Advanced Reactor 
Nuclear Energy Innovation and Modernization Act (2019.1.14)

• Sec.103
– (Staged Licensing) : .

– (Risk-Informed Licensing), 
– (Research and Test Reactor Licensing), 
– (Technology-Inclusive Regulatory Framework) 

NRC Staff : 10CFR Part 53 
• : + , , 

• Framework A 
–

• Framework B
–

– NRC SRM Framework B (2024.3.4.)

EPZ (2023.11.16.)
• 96 10mSv EPZ (10CFR 50.33, 50.160)

( ) : 2 250mSv

2024 1 -
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- ( 173 (23.3.23.), 174 (23.4.13.), 191 (24.2.22.)
•

.

•
– FSAR , . (10CFR50.34(f) TMI Action Item, NUREG-0737 

II.E.3.1) 

• (23.7.7.)

24.4.14.( ) 
• AFAS + LOOP 

•
– .

– AFAS + LOOP 
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(PAR, Passive Autocatalytic Recombiner)
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PAR 
PAR

• 8% NUKEM 50% 

• .

• 14 10% 
,

, 

,

, 

– 5 , 10-12/yr

• , 

• (KINS) ( ) , 

,
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?

• vs.

• Costs vs. Benefits

ADVANCE Act of 2024
Accelerating Deployment of Versatile, Advanced 
Nuclear for Clean Energy Act

• (24.5.8.), (24.6.18.) 

• NRC
–

–
NRC Mission (Sec. 501)
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Risk Benefit
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[ ] 

NRC CNSC ASN

2 , 

7
5 7 5 5

, ,

,
,

, 

, 

, 

,

,

, , 

, 

160

(755)
3,500 900 1,000 520 + ~1,800

- - - IRSN ( )*

SFEN, “Final Approval for ASN-IRSN Merger: Parliament Passes New Nuclear Safety Governance Law,” 2024.4.16. 
(https://sfeninenglish.org/final-approval-for-asn-irsn-merger-parliament-passes-new-nuclear-safety-governance-law/)
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Safety First
for Balance between 
Costs and Benefits  
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SMR Development across the World (IAEA, 2022)
Figure V-3. Risks : Internal vs. External

12

YouTube “ ”

• https://youtu.be/9WvZN_16lAw?si=UvLb2sUJs4NNsoWN

3M views 1 month ago
• 10~20
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2

Current Status of RIPBA in USA, Korea & …
Strategy to introduce RIPBA in Korea

RIPBA: Risk-informed/Performance-based Approach
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[Mike Franovich (NRC), Advancing the Use of Risk-Informed
Decision Making in Regulatory Activities, RIC2019]

4

Current Status of RIPBA in USA
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Current Status of NPP Operation in USA (1/3)

66

Current Status of NPP Operation in USA (2/3)
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The breadth of improved industry performance 
has directly led to improved safety and has 
reduced risk. 

Current Status of NPP Operation in USA (3/3)

8

(USA, 40 yr.)

(Korea, 20 yr.)

Where are we now?
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The cultivation of a strong safety and reliability culture by utilities, 
A strong independent nuclear regulator in the U.S. Nuclear Regulatory Commission (NRC), 
An independent industry excellence organization in the Institute of Nuclear Power Operators 
(INPO), and 
The NRC’s adoption of a risk-informed safety focus. 

Over the past 20 years, improving plant performance has been coupled with the enhanced 
safety focus provided by a risk-informed approach that focuses resources on the most 
safety significant issues. 

Influencing Factors

10

The Top 10 Events in Regulatory History

(1st Era)
Reactor Safeguard Committee and WASH-3 
(1948-49)
Ike’s Atoms for Peace Speech (1953)
Above-Ground Weapons Testing (1950s-60s)
Ergen Report (1967)

(2nd Era)
Anticipated Transient Without Scram (ATWS) 
(1969)
WASH-1400 (1972-75)
TMI (1979)

(3rd Era)
Maintenance Rule (1991)
Policy Statement on PRA (1995)
Reactor Oversight Process (ROP) (1999)
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NRC’s RIPBA Activities (1/2, 2023)

– Consequence-based Security for Advanced Reactors
– Revision of the Emergency Preparedness Significance 

Determination Process
– Baseline Security Program Revision
– State-of-the-Art Reactor Consequence Analyses
– Probabilistic Methodologies for Component Integrity 

Assessment
– Implementing Lessons Learned from Fukushima
– Accident Sequence Precursor (ASP) Program
– Probabilistic Flood Hazard Assessment (PFHA)
– Risk Assessment of Operation Events (RASP Handbook)
– Maintenance and Development of the Systems Analysis 

Programs for Hands-on Analysis Integrated Reliability 
Evaluations (SAPHIRE) Code

– Standardized Plant Analysis Risk Models (SPAR)
– Full-Scope Site Level 3 PRA

Operating Reactors
– Risk-Informed Reviews of Instrumentation and Control (I&C) 

Systems and Components: Integrating Risk Insights into the 
Digital I&C Regulatory Framework

– Use of Systems-Theoretic Accident Model and Processes 
(STAMP)-based Methods for Digital Nuclear Safety System 
Evaluation

– Technical Assistance for Integration of Risk-Informed 
Performance Based Approach to Seismic Safety of Nuclear 
Facilities

– Revisions to NUREG-0654, Criteria for Preparation and 
Evaluation of Radiological Emergency Response Plans and 
Preparedness for NPP

– Revision to NUREG/CR-7002, "Criteria for Development of 
Evacuation Time Estimate Studies"

– Power Reactor Cyber Security Program Improvements
– Ensure Force-on-Force (FoF) Scenarios Are Realistic and 

Reasonable

12

– Transition from Physical Security Plan to Safeguards 
Contingency Plan

– Emergency Preparedness (EP) Program Review 24-Month 
Frequency Performance Indicators Development to Satisfy 10 
CFR 50.54(t) Requirements

Advanced Reactors
– Technical Assistance for Research on Innovative Methods and 

Technologies to Enhance Seismic Safety for Design and 
Construction of Commercial Reactors

– Risk-Informed Review of Small Modular Reactor (SMR) 
Designs

– Non-Light Water Reactor Licensing Modernization
– Risk-informed Emergency Planning Zone Size Evaluation
– Advanced Reactor Regulatory Framework
– Physical Security for Advanced Reactors

– Data Collection for Human Reliability Analysis (HRA)
– Human Reliability Analysis (HRA) Methods and Practices
– National Fire Protection Association (NFPA) Standard 805
– Assess Debris Accumulation on Pressurized Water Reactor 

(PWR) Sump Performance, Generic Safety Issue (GSI)-191
– Develop Risk-Informed Improvements to Standard Technical 

Specifications (STS)
– Implement 10 CFR 50.69: Risk-Informed Categorization and 

Treatment of Structures, Systems and Components for 
Nuclear Power Reactors

– Graded Approach to the Use of Safety Significance in the 
Low Safety Significance Issue Resolution Process

– Guidance for Unattended Opening Evaluations
– Risk-Informed Adversary Timeline Calculations

NRC’s RIPBA Activities (2/2, 2023)
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Recent Trends of RIA in USA (2023)

TSTF-425 (5B) – Risk Informed Surveillance Frequency Control Program (RISFCP) 
– All US NPPs are implementing this program
– NEI  04-10 R1 Risk-Informed Technical Specifications Initiative 5b 

TSTF-505 (4B) - Risk Informed Completion Time (RICT) 
– Around 50% of US NPPs are implementing this program
– NEI  06-09 R0-A Risk-Informed Technical Specifications Initiative 4b 

10CFR50.69 (RISSCC)
– More than 50% of US NPPs are implementing this program
– EPRI TR-3002012984’

Safety
Significant

Safety-Related Nonsafety-Related

RISC-1 RISC-2

RISC-3 RISC-4
Low Safety
Significant

NEI 00-04
Categorization Process

Safety
Significant

Safety-Related Nonsafety-Related

RISC-1 RISC-2

RISC-3 RISC-4
Low Safety
Significant

NEI 00-04
Categorization Process

14

A Short History of RIPBA in USA
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Reactor Safeguard Committee & WASH-3 (1950)

Maximum Credible Accidents

Defense-in-Depth
– Isolation—exclusion zones
– Inherent Safety
– Static Layers--Containment
– Active Safety Systems

Emergency Planning

Hazard Reports

Two-step Approval Process

Edward Teller

16

WASH-740(1957), WASH-1400 (1975) & TMI

WASH-740 (1957)
– "Theoretical Possibilities and 

Consequences of Major Accidents in 
Large Nuclear Power Plants" 

– Estimate maximum possible damage 
from a meltdown with no containment 
building at a large nuclear reactor

– 3400 deaths, 43,000 injuries and 
property damage of $7billion

– The estimate of probability was one in 
a hundred thousand to one in a billion 
per reactor-year (by expert 
judgement)

Risk  =  Likelihood x  Consequences

WASH-1400 (1975)

TMI (1979)
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Safety Goal (1986), How safe is safe enough?

The Safety Goal Policy Statement expressed the Commission's policy regarding 
the acceptable level of radiological risk from nuclear power plant operation as follows:

– Individual members of the public should be provided a level of protection from the consequences of nuclear 
power plant operation such that individuals bear no significant additional risk to life and health.

– Societal risks to life and health from nuclear power plant operation should be comparable to or less than 
the risks of generating electricity by viable competing technologies and should not be a significant 
addition to other societal risks.

The following quantitative objectives are used in determining achievement of 
the above safety goals:

– The risk to an average individual in the vicinity of a nuclear power plant of prompt fatalities that might result 
from reactor accidents should not exceed one-tenth of one percent (0.1 percent) of the sum of prompt 
fatality risks resulting from other accidents to which members of the U.S. population are generally exposed.

– The risk to the population in the area near a nuclear power plant of cancer fatalities that might result from 
nuclear power plant operation should not exceed one-tenth of one percent (0.1 percent) of the sum of 
cancer fatality risks resulting from all other causes.

Surrogate for 0.1% Rule
– CDF < 1.0E-4/ry. (measure for cancer fatality)
– LERF < 1.0E-5/ry. (measure for prompt fatality)

Risk

R
i
s
k

R
is
k

Risk

Ri
sk

Inherent Risk

Residual Risk

Safety Systems
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PRA Policy Statement (1995)

Encouraged PRA as part of “an integrated and comprehensive examination” of safety issues. 

– The use of PRA technology should be increased in all regulatory matters to the extent supported 

by the state-of the-art in PRA methods and data and in a manner that  complements the NRC's 

deterministic approach and supports the NRC's traditional defense-in-depth philosophy.

– PRA and associated analyses (e.g., sensitivity studies, uncertainty analyses, and importance 

measures) should be used in regulatory matters, where practical within the bounds of the state-of-

the-art, to reduce unnecessary conservatism associated with current regulatory requirements, 

regulatory guides, license commitments, and staff practices. 

– PRA evaluations in support of regulatory decisions should be as realistic as practicable and 

appropriate supporting data should be publicly available for review. 
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Maintenance Rule (1991)

The search for a model (1988)
Avoid prescriptive regulation
Encourage industry initiative—standard, planning, and effectiveness 
assessment.
No mention of “risk” at initial stage
Crafting the rule (1989-91)
“Risk-focused” maintenance: PRA and expert panels
Section a(4): Assessing and managing maintenance risk (1999)

from RIR to RIPBR! 
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Reg. Guide 1.174 (1998)

Five fundamental safety principles
– Meet the current regulation
– Maintain defense-in-depth
– Maintain sufficient safety margins
– Risk increases are small, including cumulative risk
– Develop performance-based monitoring strategies
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Reactor Oversight Process (1999)

Oversight after TMI
– Resident Inspectors
– Systematic Assessment of Licensee 

Performance (SALP)

Industry view of SALP
– Arbitrary and opaque
– Towers Perrin Report (1994): NRC “negative 

and punitive.”

ROP (1999): 
– Industry initiative
– Risk-informed, performance-based.
– Elements: 

• Cornerstones of Reactor Safety
• Performance Indicators
• Significance Determination Process
• Action Matrix
• Corrective Action Program

22

Perspective of NRC on RIPBR

Improves Safety 
– New requirements (SBO, ATWS) 
– Design of new reactors 
– Focus on important systems and locations 

Makes regulatory system more rational 
– Reduction of unnecessary burden 
– Operating experience accounted for in regulations 
– Consistency in regulations 

Encourages performance-based regulation 
– Maintenance rule 
– Fire protection 
– Determination of seismic design basis motion 
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Perspective of Utilities on Some Key Issues

ROP
– In the past, the NRC had significant subjective 

discretion, 
– The ROP provided the NRC and the licensees 

an objective measure for assessing the safety 
significance and thus determining the nature of 
regulatory response of NRC violations based 
on safety not subjectivity. 

WASH-1400 & TMI
– The industry became interested because the 

physical damage to the plant and economic 
damage to the owners was very large which 
prompted their need to better understand the 
risks of operation.

MR
– The Maintenance Rule enabled utilities to take 

advantage of their IPEs in developing a risk-
informed maintenance programs

– No regulations were changed, but licenses 
were amended using risk as bases.

24

Current Status of RIPBA in Korea



25

Post TMI Action Items &Y First PSA in Korea

26

PSA in Korea

’89~’92 (1st PSA)

’99~’02

’02~’03

’91~’94

’94~’00

’04~’05

’91~’97 (OPR1000)

’98~’02

’91~’97 (CANDU)

’01~’03

Shinkori

’08~’10

’09~’12

’11~’15 (APR1400)

’89~’92 (1st PSA)



27

Update of PSA Implementation

[Jang Hwan Na, Status of PSA & RM in KHNP, 2019]

28
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Introduction of Risk-informed Approach in Korea

( The Results of RI-ISI, 2006)
(The Plan of KHNP in 2005)

(KINS, 2023)

KINS RIR 
• (2002)
• (2006)
• (2007)
• (2010)
• (2010~12)

30

Fukushima Accident (2011.3.11)

The PSA did not predict the Fukushima 
accident. So, it’s useless!



31

Researches on RIPBR by KINS

A research project is funded by the 
NSSC for the development of Risk-
management Based Regulation 
Framework (On-going).
– Refer to the ROP of the USNRC and 

the NRA of Japan

KINS is developing MPSA (Multi-
purpose Probabilistic Analysis of Safety) 
(On-going).
– RYAN (Risk analysis for ASP/SDP of 

NPP) is being developed.
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A Research on SDP RIDM by KHNP

The Korean utility, KHNP, started a research project to 
develop a RIDM framework similar to the SDP 
(Significance Determination Process)  of the USNRC (On-going).
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Roadmap of KHNP for RIA (2023)

34

Strategy to introduce RIPBA in Korea
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Issues to be considered!

Issues USA Korean Reg. Korean Utilities Obstacles How to solve it?

Leadership Strong Leadership 
of NRC

? ? No in the near 
future

? 
(Leadership of PSA Experts)

Technical Capa. CAFTA in ’90 MPAS (K-SPAR) PSA for all NPPs Rel. Data (Distrust) It doesn’t matter
(In most cases, it 
doesn’t change 
insights)

Reg. Framework Safety Goal, PRA
Policy Statement, 
MR, ROP 

Nuclear Safety 
Policy Statement, 
Safety Goal

RI-ILRT, RI-ISI, RI-
STI/AOT,
MR, OLM

Local applications

MR

Man Power Training Program 
for Staffs in All 
areas

Not enough 
experiences

Not enough 
experiences

No effective PSA 
training program, 
No PSA 
certification/Peer 
Review framework

PRA School (?)/OJT

Motivation TMI, Consistency of 
Reg., Economic 
Benefit

? Consistency of Reg.
(?)

No motivation for 
whole organization

Demo. of Safety/PI 
improvement 
(ASP/SDP)

Acceptability of 
players

Low (Struggled) ? ? No interest, 
No experience

Ensure the Safety 
Benefit of RIPBR

Acceptability of 
observers

Increased Very Low Don’t care Distrust & 
Perception on PSA

Korean PSA 
Standard

Public view on RIR Don’t care Relaxation of Reg. (?) Select good sample
cases to show the 
safety improvement

Cultural Changes Risk Culture ? ? ?
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The First Step toward RIDM in Korea: Three Issues

Credibility of the PSA
– Probability
– Reliability Data

Cherry Picking

Lack of Experts
– Lack of Official Education 

Program & Certification Process

PSA Standard
– Korean PSA Standard TFT

Safety First Application
– To overcome the resistance of the 

traditional engineers
Maintenance Rule

Set-up a Reliable 
Education Program & 
Certification Process on 
PSA
– We may need an 

International cooperation for 
this area
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KNS(R)-001-2023

38

5 Aspects of RIPBA

RIPBA 
Methodology

Performance
Monitoring

Risk-informed
Applications

RIPBA 
Infra-structure

RIPBA
Policy

(A)

(E)

(D)(C)

(B)

• Gap Analysis
• Derive Strategies

to implement RIBPA in Korea
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(A) RIPBA Methodology: Scope/Depth of PSA

Operation Mode Hazards
Levels

Level 1 Level 2 Level 3

At-Power 
Operation

Internal
Hazards

Internal Events 
(LOCAs, transients)

Internal Floods

Internal Fires

External 
Hazards

Seismic Events

Others (external floods, high winds, 
etc.)

Low Power 
/Shutdown
Operation

Internal
Hazards

Internal Events

Internal Floods

Internal Fires

External 
Hazards

Seismic Events

Others (external floods, high winds, 
etc.)

* For each hazard, “single-unit PSA” and 
“multi-unit PSA” can be performed. 
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(A) RIPBA Methodology: PRA Standard (1/2)

Different Tech. Env.
– Lack of Data (Ex. CCF, GMRS)
– Lack of Experts 

• It is not easy to organize the peer review team 
independent from the target project.

– CANDU PSA
Different Regulation Framework
– Safety Goal (Cs-137 related)

• Full Scope Level 2 PSA 
– Level 3 PSA for New NPPs
– RIA is not active

Korean PSA codes
– AIMS-PSA, SAREX, FTREX
– CINEMA, RCAP, etc.
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(A) RIPBA Methodology: PRA Standard (2/2)
Attributes of PRA Capability Category I Capability Category II Capability Category III

1. Scope and level of detail: Resolution and specificity sufficient 
to identify the relative importance 
of the contributors …

Resolution and specificity sufficient 
to identify the relative importance 
of the significant contributors …

Resolution and specificity sufficient 
to identify the relative importance 
of the contributors …

2. Plant specificity: Use of generic data/models 
acceptable except for the need to 
account for the unique design and 
operational features of the plant.

Use of plant-specific data/models 
for the significant contributors.

Use of plant-specific data/models 
for all contributors, where available.

3. Realism: Departures from realism will have 
moderate impact on the 
conclusions and risk insights as 
supported by good practices.

Departures from realism will have 
small impact on the conclusion and 
risk insights supported by good 
practices.

Departures from realism will have 
negligible impact on the 
conclusion and risk insights 
supported by good practices.

Attributes of PRA Capability Category I Capability Category II

1. Scope and Level of Detail: 
The degree to which 
the scope and level of detail of 
the plant design, operation, and 
maintenance 
are modeled

Resolution and specificity are sufficient to identify 
the relative importance of the contributors
at the hazard group, initiating event group, 
and functional or systemic accident sequence 
level, 
including associated HFEs 
[Notes (1) and (2)].

Resolution and specificity are sufficient to identify 
the relative importance of the risk-significant 
contributors
at the hazard group, initiating event group, 
functional and systemic accident sequence, and basic 
event level, 
including associated HFEs, 
and for hazards other than internal events, 
at the hazard scenario level
[Notes (1) and (2)].

2. Plant Specificity: 
The degree to which 
plant-specific information is 
incorporated 
in modeling the as-built, as-
operated plant

Use of generic data/models is acceptable 
except for the need to account for 
unique design and operational features of the 
plant 
that have bearing on the assessment of CDF/LERF.

Plant-specific data/models are used 
for the risk-significant contributors 
to the extent feasible

3. Realism: 
The degree to which 
realism is incorporated in modeling 
the expected response of the plant

Departures from realism may have 
a moderate impact on the conclusions and risk 
insights 
as supported by state of the practice 
[Note (3)].

Departures from realism will have 
a small impact on the conclusions and risk insights 
as supported by state of the practice 
[Note (3)].
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(B) RIPBA Policy: Policy Statement

Nuclear Safety Policy Statement (1994) 
– The regulatory organization reviews the introduction of

"Optimum Assessment & Probabilistic Assessment" for safety 
analyses, and encourages the licensee to introduce new 
technologies when and if they are considered to be 
reasonable safety assurance measures, as proven by their 
application. 

– An "Overall Safety Assessment" is performed using
probabilistic safety assessment and "Nuclear Regulation 
based on Risk" is done through sound safety regulations in 
consideration of cost-benefit factors. 

– Quantitative safety goals and regulatory guidelines for the 
examination, prevention and mitigation of severe accidents 
are established and improved to be gradually applied to 
advanced nuclear power plants as well as to existing ones. In 
addition, design and operational safety of nuclear power 
plants are achieved through the measures in order to 
minimize human errors. 

PRA Policy Statement (1995)

– The use of PRA technology should be increased in all 

regulatory matters to the extent supported by the state-of 

the-art in PRA methods and data and in a manner that  

complements the NRC's deterministic approach and supports 

the NRC's traditional defense-in-depth philosophy.

– PRA and associated analyses (e.g., sensitivity studies, 

uncertainty analyses, and importance measures) should be 

used in regulatory matters, where practical within the bounds 

of the state-of-the-art, to reduce unnecessary conservatism 

associated with current regulatory requirements, regulatory 

guides, license commitments, and staff practices. 

– PRA evaluations in support of regulatory decisions should be 

as realistic as practicable and appropriate supporting data 

should be publicly available for review. 
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(B) RIPBA Policy: Policy Statement
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(B) RIPBA Policy: Safety Goal

Safety Goal of Korea (2016)
9 ( (risk) ) 

, 

(risk)

.

1

.

1. 

0.1%

2. Cs-137 100TBq

1.0x10-6/

1

.

Safety Goal Policy Statement (1986)
– 0.1 % Rule

• The risk to an average individual in the vicinity of a
nuclear power plant of prompt fatalities that might
result from reactor accidents should not exceed one-
tenth of one percent (0.1%) of the sum of prompt
fatality risks resulting from other accidents to which
members of the U.S. population are generally exposed.

• The risk to the population in the area near a nuclear
power plant of cancer fatalities that might result from
nuclear power plant operation should not exceed one-
tenth of one percent (0.1%) of the sum of cancer
fatality risks resulting from all other causes.

– QHO (Quantitative Health Objective)
• Early Fatality: 5x10-7 /yr.
• Cancer Fatality: 2x10-6 /yr.

– Subsidiary Goal
• CDF: 1x10-4 /yr.
• LERF: 1x10-5 /yr.
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(C) Risk-informed Application

(2020/2007) Regulatory Guideline 16.9 'General 
guidelines for the use of risk information in 
change permit applications’ (Korean R.G. 1.174)
(2008) Topical Report on RI-ISI
NSSC Notification 2018-5 (RI-ILRT)

Reg. Guide 1.174: 
– An Approach for Using PRA in Risk-informed 

Decisions on Plant Specific Changes to the Licensing 
Basis

– Issued July 1998

(RG 1.175) In-Service Testing 
(RG 1.177) Technical Specifications
(RG 1.178) In-Service Inspection
(RG 1.176) Graded Quality Assurance
– 10 CFR 50.69 “Scope of SSCs, Governed by Special 

Treatment Requirements”
• March 2003 Commission approved
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Recent Issues of RIPBA in USA

RI-SSCCRITS
– RITS-1: Improve Technical Specifications (TS) required 

action end states 
– RITS-2: Revise requirement for missed surveillances, 

Surveillance Requirement (SR) 3.0.3 
– RITS-3: Relax mode-change requirements, Limiting 

Condition for Operation (LCO) 3.0.4 
– RITS-4: Improve individual risk-informed (RI) 

completion times (4a) and risk-managed TS 
completion times (4b) 

– RITS-5: Relocate surveillance frequencies to licensee 
control (RITS-5b) 

– RITS-6: Revise required actions and completion times, 
LCO 3.0.3 

– RITS-7: Address non-TS support system impact on TS 
systems 

– RITS-8: Relocate LCOs that do not satisfy Criterion 4 
of Code of Federal Regulations (CFR) 
10CFR50.36(c)(2)(ii)

Safety
Significant

Safety-Related Nonsafety-Related

RISC-1 RISC-2

RISC-3 RISC-4
Low Safety
Significant

NEI 00-04
Categorization Process

Safety
Significant

Safety-Related Nonsafety-Related

RISC-1 RISC-2

RISC-3 RISC-4
Low Safety
Significant

NEI 00-04
Categorization Process
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(D) Performance-Monitoring
MR/SDP (by KHNP)

ROP like framework (by KINS)

Performance Based Regulation
Effective Resource Allocation

Reactor Oversight Process (ROP)
– USA, from 2000
– 7 Cornerstones Evaluate: Performance Indicator
– Signficance Determination Process (SDP)

Maintenance Rule 
– Monitoring the Effectiveness of Maintenance at Nuclear 

Power Plants

– Approved by NRC in 1991
• Effective July 10, 1996

– Objectives: To monitor the effectiveness of 
maintenance activities...
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(E) RIPBA Infrastructure: Reliability DB

50

(E) RIPBA Infrastructure: RIPBA Acceptance

in Utilities
– The acceptance of PSA by the utility was met with 

some challenges which senior management needed 
to address. 

• Beyond the resistance of traditional engineers, there 
was a general lack of understanding of the tool. 

• A site-wide training program was initiated not only on 
the tool but also how it is to be used. 

• This training was expanded to the general training 
program for all plant staff.

– Early reluctance of the operations staff to accept the 
risk approach was quickly overcome by showing how 
this tool could help them manage risky operations. 

in NRC
– Some NRC staff members believed the application of 

risk information gives away safety margin.
– NRC staff had an internal struggle with risk-informed 

regulation since it also required a culture change 
• The NRC staff role was changed from requiring systems 

that were supposed to work (at least deterministically 
on paper with no failure assumed except a single 
failure) to those which provide a high level of assurance 
considering possible failures for all systems and 
components. 

• The staff had a great deal of difficulty in dealing with 
determining ‘‘high level of assurance’’ as opposed to 
what they had to do in the past which was to confirm 
that systems were in place for certain functions with the 
assumption that they would perform their intended 
function.
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Proposal for Korean RIPBA Implementation Plan

Maintenance Rule 
– Safety First Approach
– Experiences in Industry/Reg. Sides
– Can provide Educations (improve acceptance)

PSA Quality (Standards)
– Improve PSA Acceptability
– Reflecting the unique domestic environment

ROP
– Gradual introduction
– SDP/ASP First

Comprehensive approach required
– Infra (ex. RDB), human resource development 

(training), etc.

Roadmap

The introduction of risk-informed regulation 
cannot be done overnight due largely to the 
institutional obstacles that need to be overcome.
The most useful application of the risk was the 
maintenance rule since it provided a foundation 
for making risk and priority determinations for 
day to day operations.
The best way to deal with public and regulatory 
acceptance of the use of risk informed 
information is to focus on the safety benefit of 
such tools and approaches. 
– While there is considerable economic value in using 

risk management in operations, adoption of risk 
informed operations and regulations should not be 
based on economics but on safety. 
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Roadmap for RIBPA in Korea

(RIPBA)

Infra 

(SMR ) PSA 

/

PSA PSA 

RIPBA (MR/OLM, RI-TS)

/

PSA /

PSA ( ): /PSR/ / (L3 PSA) 

RIPBR

DB /

RIPBA 

(Dynamic PSA )

( , ) 

RIPBR (ROP/SDP, ASP)

/
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Construction as designed?

54

Real problems are …
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PSA/RIPBA (2024/5/30, 1/2)

56

PSA/RIPBA (2024/5/30, 2/2)
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RIPBR in Japan?

58

RIPBR in China?
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Current Status of RIPBA in Korea, USA & Japan

OK (USA)

? (Korea)

? (Japan)

RIPBA

RI-ISI, …

PRA Std.

Cs-137, 100TBq < 1.0E-6/yr
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However, even now in USA…

NEI Letter to NRC (??)
– NRC tries to return to the deterministic regulation

RIC 2018, Keynote Speech by Chairperson, 
Kristine L. Svinicki
– We have to move more risk-informed approach (?)

The Line Mania!!!
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Obstacles against RIPBA in USA

The introduction of risk-informed regulation cannot be done 
overnight due largely to the institutional obstacles that need 
to be overcome.

Lack of Knowledge & Misunderstanding
– (NRC) Some NRC staff members believed the application of risk 

information gives away safety margin.
– (Utility) Beyond the resistance of traditional engineers, there was a general 

lack of understanding of the tool. 

Cultural Change 
– (NRC) NRC staff had an internal struggle with risk-informed regulation 

since it also required a culture change 
• The staff had a great deal of difficulty in dealing with determining ‘‘high level 

of assurance’’
– (Utility) Management needs to continue to focus on supporting a culture change 

to be sure that people think in an integrated safety way.
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Implementation Strategies of NRC

The consistent comment from both the NRC and the industry 
was that without top leadership support in each organization, 
the introduction of risk-informed regulation could not be done. 
– There needs to be an overarching policy guidance in terms of a safety goal 

or regulatory framework in which to make decisions. 
– They must also have people in their organization including senior 

management who must also share the vision. 
– It is vital to have an integrated leadership team supporting this 

transformation since without such a commitment; change would be difficult, if 
not impossible

This transformation is a cultural change in the way people 
perceive their responsibilities
– In order to gain acceptance by the staff of PRA techniques, NRC management 

implemented an agency-wide training program for the staff not only on the 
principles of PRA but also on its applications. This is viewed as an important 
element in acceptance of the tool.
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Implementation Strategies of Utilities in USA

There is a large educational effort on site to gain acceptance of the tool.
– A site-wide training program was initiated not only on the tool but also how it is to be 

used. 
– This training was expanded to the general training program for all plant staff.

Early reluctance of the operations staff to accept the risk approach was 
quickly overcome by showing how this tool could help them manage 
risky operations. 
– Utilities found that the development of a risk monitor was an important part of culture 

transformation. 
• The maintenance department began to use the risk monitor to identify and improve 

the scheduling of work to minimize risk and vulnerabilities of the plant.
– Some utilities have included risk performance metrics as part of their employee 

evaluation and bonus programs. 
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Reasons for the Delay (WASH-1400 ~ GL-88-20)

Although using risk analysis to help with decision making has a number of advantages, it 
took over twelve years from the publication of the Reactor Safety Study in 1975 until the 
NRC produced Generic Letter 88-20 in 1988, formally enabling the use of PRAs in the 
industry. 
There are several reasons for this delay; 
– foremost was the lack of understanding of just what a risk assessment was, and how it would be used. 
– Second, most engineers tend to stick with the methods that they learned, and through the 1960s and 

1970s, risk analysis education was not widespread and the NRC was dominated by staff comfortable and 
familiar with a deterministic/structuralist school. 

– Finally, the administration of the NRC was not comfortable with the concept, partly because of the initial 
reception of the Reactor Safety Study and partly due to the idea behind the quote from Max Planck in 
the introduction, “A new scientific truth triumphs not because its opponents become convinced and 
finally see the light, [but] rather, because they eventually die and a new generation is born which is 
familiar with the new concepts”.
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What shall we do?

Lack of Knowledge!!!
– If Messi vs. ??

Obstacles in Korea 
– Common with USA

• Lack of knowledge
• Cultural change

– Korea Specific
• Lack of Top management support
• Workload of Reg. body?
• Korean Reg. Culture?

– Who did it?
– Alternative vs.

• Not Prepared Yet!
– Shortage of Experts
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Risk Communication within Nuclear Community

Why is the CDF value changed over time? Is it a kind of cheating?
How can we believe the reliability data?
Can we estimate the human error probability?
The PSA model cannot describe the plant system ‘exactly’.
Can four trains of a safety system fail at the same time?
An accident with probability 1.0E-6 can be happened tomorrow.
If the CDF is 1.0E-4/yr., then why do severe accidents occur so frequently?
The PSA did not predict the Fukushima accident. So, it’s useless.
What if the severe accidents are occurred in multi-units simultaneously?
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Science vs. Engineering

RI vs. RB!!!

The analysis is subject to increased technical review and 
management attention as indicated by the darkness of the
shading of the figure. In the context of integrated
decisionmaking, the boundaries between regions are not
definitive; the numerical values associated with defining the
regions in the figure are to be interpreted as indicative values
only.
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Frequentist vs. Bayesian Probability

Degree of Belief & State of Art Technology
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The Concept of Probability in PSA 
may be characterized as a numerical measure of uncertainty. 

– Use in the PSA
• All nuclear power plants have emergency diesel generators (EDGs) that are designed to provide power in the 

event of a loss of offsite power. 
• A key parameter in the risk assessment of such an event is the probability that an EDG will start when 

activated. 
• We will consider for a specific EDG operating in a specific environment at a specific plant. 
• This means that , like all probabilities, depends on the specific conditions for which it is defined. 
• While these conditions may vary from one EDG activation to another, we assume that they are sufficiently 

constant so that the operating conditions of the EDG are identical for each activation. 

We need to understand why we use probability!!!
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Scope of Reg. & Uncertainty

Scope of PSA

Uncertainty

Scope of Reg. (Korea):
CDF/LERF

Scope of Reg. (USA):
CDF/LERF

(Randomness) (Severe Accident) (Radiological Effect, 
Dispersion)

(DBA) Conservative vs. (SA) Best-Estimate??

+ Cs-137 related safety goal
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What shall we do?
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ANS 2024/ARSC (2024/6/16~19)

Panel Session: The Transition to Risk-Informed Performance-Based: 
Opportunities and Challenges
– The U.S. nuclear industry is currently in the middle of a historic shift towards the 

utilization of risk-informed performance-based (RIPB) design and licensing approaches. 
Moving from a supporting role, RIPB methods are now leading key reactor decision-
making. Such methods permit flexibility and encourage consistency between the plant’s 
risk profile and appropriate design and licensing actions. 

– However, RIPB approaches are not without their difficulties, including the need for 
detailed probabilistic assessments and addressing a lack of historic precedent in many 
areas. This panel explores the current transition to RIPB approaches, including efforts 
that are currently underway, plans for the future, and hurdles to overcome.
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Where are we now?

(USA, 40 yr.)

(Korea, 20 yr.)

( )
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Lessons Learned of Utility Side in USA

The most important observation continues to be that without the 
support of top management, the introduction and safe use of risk 
information will be very difficult.
–

The role of NEI was quite important in gaining NRC support for the use 
of risk-informed regulation. They provided the forum for meaningful 
dialogue for how best to develop and implement risk informed rules.
The best way to deal with public and regulatory acceptance of the use 
of risk informed information is to focus on the safety benefit of such 
tools and approaches. 
– While there is considerable economic value in using risk management in operations, 

adoption of risk informed operations and regulations should not be based on 
economics but on safety. 
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[Mike Franovich (NRC), Advancing the Use of Risk-Informed
Decision Making in Regulatory Activities, RIC2019]

In the U.S.A., they had a 
strong will & unexpected 
luck!!
– 4 Chairmen of NRC who 

support the RIR 
continuously 

• MR
• PRA Policy Statement
• ROP
• RI-LLOCA Redefinition

– Maintenance Rule
– Not only Safety 

Improvement but also 
Economical Benefit
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EPRI Risk Technology Meeting (2024.2)

Wolsolg 2/3/4 Small LOCA Event Tree

long term!!! 
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Introduction of Risk-informed Approach in Korea

( The Results of RI-ISI, 2006)
(The Plan of KHNP in 2005)

(KINS, 2023)

KINS RIR 
• (2002)
• (2006)
• (2007)
• (2010)
• (2010~12)

30

Fukushima Accident (2011.3.11)

The PSA did not predict the Fukushima 
accident. So, it’s useless!

31

Researches on RIPBR by KINS

A research project is funded by the 
NSSC for the development of Risk-
management Based Regulation 
Framework (On-going).
– Refer to the ROP of the USNRC and 

the NRA of Japan

KINS is developing MPSA (Multi-
purpose Probabilistic Analysis of Safety) 
(On-going).
– RYAN (Risk analysis for ASP/SDP of 

NPP) is being developed.

32

A Research on SDP RIDM by KHNP

The Korean utility, KHNP, started a research project to 
develop a RIDM framework similar to the SDP 
(Significance Determination Process)  of the USNRC (On-going).
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