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Benefits of Risk-Informed DM (1/2)

[Greg Krueger (NEI), Risk Informed Decision Making - It's Much More
than Numbers, RIC2019]

From the results of these analyses, both safety and operational
performances in risk active plants proved to have been more drastically
improved than those of all US plants and risk inactive plants.

[Andrew C. Kadak et al (MIT), The nuclear industry’s transition to risk-
informed regulation and operation in the United States, Reliability

Engineering and System Safety 92 (2007)]




Benefits of Risk-Informed DM (2/2)

0 Regulatory Side

— 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

[George Apostolakis, Safety Goals and Risk-Informed Regulation at
the U.S. NRC, Canadian Nuclear Safety Commission, Ottawa, Ontario,
Canada, January 13, 20140

Q Utility Side (Cultural Aspects)

Once active use of PSA is implemented
at plants, the impact on how the plant
views safety is changed dramatically
from only compliance to awareness
risk significance of activities

With the use of risk-informed initiatives
that provide more flexibility, there is
more responsibility in assuring that the
plant actions are well controlled and
monitored.

[Andrew C. Kadaka, Toshihiro Matsuob, The nuclear industry’s
transition to risk-informed regulation and operation in the
United States, Reliability Engineering and System Safety 92

(2007) 609-618]

Post TMI Action Items & First PSA in Korea

-




PSA in Korea

'91~'94

L I J

'89~'92 (15t PSA) '94~'00

'91~'97 (OPR1000)
_—'98~02
'04~°05
~ ]

'91~'97 (CANDU)
01~03"
D'09~'12
'89~'92 (15t PSA)
'99~'02 — '11~'15 (APR1400)

'02~'03 A ,| hinkloriC]i
'08~'10

Nuclear Safety Policy Statement (1994)

R A BokE

Nuclear Safetv Policy Statement

1994. 9. 10

B 5 = IR
Ministry of Science and Technology

O  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.

O 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.

O 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.




Introduction of Risk-informed Approach in Korea

(The Plan of KHNP in 2005)

Gl 1 Al 1EH 28 3CHA|
2z sMHES 20041 | 20041 | 20051 | 2006& | 20071 | 2008 | 20091
o 0=
(Man Power) Z\% U oI st [ ;
L e L
7% 1 wop) f : e
ol A8 (MR) C : : i |
P N RGN ) R A ——
__ |pE===s RSy %
jié AOT/STI ®&  (RI-TS)
JHEE Ul (OLM) e — e —
JIS ERPE (GQA) [ : § {—
( The Results of RI-ISI, 2006) ( The Current Status of PSA)
: E:::IF',TT (5yr. > 10yr) * KHNP: Korea Hydro & Nuclear Power Co., Ltd.
In Old Days
[2005 H|32| X2 QHHs] A A ZX| ]
[PSA/RIA 7| &70'Y Wek, 2008. 6] [MI5%t PSA £134F (2008.8.28)]




Do we want to move RIR?

A Identification of Issues O What we need
— Insufficient Infra for the Introduction — High Level Regulatory Policy
of RIR Decision
« No Consensus on the Introduction « Consistency
of RIPBR in Korea among — Education of PSA/RIPBA
Stakeholders « Staff and Students
o Lack of Understanding/Experiences — Research on
on RIR « PSA Quality Issue
* Lack of Experts « Uncertainty Reduction
* Lack of Education Program « Risk-informed Application
— Lack of Necessary Regulation — Cultural Change
Environment

e Lack of Integrated Plan for RIPBR

?
e Lack of Regulatory Requirements Are these enough?

[S=91 (LEYANG), RIAS £|3 PSAS| G&taf 317 B|ATH L8 AF oY a0 28 £23(2009.8.17;
(The Role and Limit of PSA for RIA)

Fukushima Accident (2011.3.11)

O Criticisms on PSA
— 5 accidents during 40 years
e P(SA) =125%
— 5 accidents among 442 NPPs
e PGSA) =11%

O RIR is the relaxation of the
regulation.

10




What is the Reg. Philosophy of Korea?

DID
Zsf /
RIA
(RIPB-
@ Dib;

After the Fukushima Accident

Clarifying the Regulatory Framework: The
Task Force recommends establishing a
logical, systematic, and coherent regulatory
framework for adequate protection that
appropriately balances defense-in-depth and
risk considerations.

[USNRC, Recommendations for Enhancing Reactor
Safety in the 21st Century, 2011.7]

[Greg Krueger (NEI), Risk Informed Decision Making -
It's Much More than Numbers, RIC2019]

12




Legalization of PSA & Safety Goal by NSSC*

din 2014

— PSA is included as one of the review items for the PSR (Periodic
Safety Review)

d1In 2016
— PSA became the legal requirement for the Accident Management
Plan (AMP)
— The safety goals are defined as
e 0.1% rule
» Cs-137 related goal:

— The Frequencies of the accident sequences that resulted in the release of Cs-137
more than 100 TBq should be less than 1.0E-6/yr

* NSSC: Nuclear Safety & Security Commission

In Japan

14




Korean Risk-informed/Performance-based Approach

Implementation Plan (2016.7)

Q XX} (Authors)
— LZFQ (KAERI)
— ZEfA, O|FF (KINS)
— LP&%F (KHNP)
- AYHEZ (KEPCO E&Q)
— 433 (KAIST)

Q Z= (Supervisor)
G (Southern Company)
2% (MARACO S/W & Eng.)

- =
O

—

TOC of the Report

CH.T Introduction

CH.2 Current Status of Risk Assessment & Management in
Foreign Countries

CH.3 Current Status of Risk Assessment & Management
in Korea

CH.4 Korean Risk-informed/Performance-based Approach
Implementation Plan

CH.5 Conclusions
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[Mike Franovich (NRC), Advancing the Use of Risk-Informed Decision
Making in Regulatory Activities, RIC2019]

Reasons for the Delay (WASH-1400 ~ GL-88-20)

O 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”.

[William Keller, Mohammad Modarres,"A historical overview of probabilistic risk assessment development and its use in the nuclear
power industry: a tribute to the late Professor Norman Carl Rasmussen,” Reliability Engineering and System Safety 89 (2005) 271-285]
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Implementation Strategies of NRC

O Obstacles

— some staff members believed the application
of risk information gives away safety margin.

— NRC staff had an internal struggle with RIR
since it also required a culture change

 The NRC staff role was changed from
requiring systems that were supposed to
work to those which provide a high level
of assurance considering possible failures
for all systems and components.

« This was a significant change since the
staff had a great deal of difficulty in
dealing with determining “high level of
assurance”

Q

Without top leadership support, 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

— They must also have people in their
organization who must also share the vision.

— Itis vital to have an integrated leadership
team supporting this transformation

This transformation is a cultural change in
the way people perceive their
responsibilities as they implement they
oversee the safety of nuclear power
stations.

— 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.

[Andrew C. Kadaka, Toshihiro Matsuob, The nuclear industry’s transition to risk-informed regulation and operation in the
United States, Reliability Engineering and System Safety 92 (2007) 609-618] 19

Implementation Strategies of Utilities

O 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.

The acceptance of PSA by the utility was met
with some challenges

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

— In response, 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.

Q

To reinforce the importance of risk management,
during their moming status reports senior plant
management would require a discussion of the
risk status of the plant and what quantified
changes in risk levels

Some utilities have included risk performance
metrics as part of their employee evaluation and
bonus programs.

—  These metrics were used to demonstrate the
importance of managing risk to all employees and to
have employee ownership in the risk status of the
plant.

—  Based on indications, this practice has been successful
in transforming the culture of the plant into a more
risk-informed way of thinking about their jobs.

[Andrew C. Kadaka, Toshihiro Matsuob, The nuclear industry’s
transition to risk-informed regulation and operation in the
United States, Reliability Engineering and System Safety 92
(2007) 609-618]

20




Lessons Learned (Utility Side)

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

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 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.

There is a large educational effort on site to gain acceptance of the tool.

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.

also needs a strong communications program to assure

that the public understands the information being provided by the NRC and the utility.
Management needs to continue to focus on supporting a culture change to be sure that people think in

an integrated safety way.

[Andrew C. Kadaka, Toshihiro Matsuob, The nuclear industry’s
transition to risk-informed regulation and operation in the
United States, Reliability Engineering and System Safety 92
(2007) 609-618]
21

Key Factor for the Success RIPBR in the NRC?

This statement might be too black
and white, but for the most part
adequately describes how the use
of PRA became acknowledged as
useful and later as fundamental by
the NRC—engineers and scientists
familiar with the process had to
move into positions of power and
policy-making to facilitate the use
of PRAs

Q In the US.A, they had a strong will &
unexpected luck!!
— 4 Chairmen of NRC who support the RIR
continuously
— Maintenance Rule
— Not only Safety Improvement but also
Economical Benefit

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

O RIC 2018, Keynote Speech by Chairperson,
Kristine L. Svinicki
—  We have to move more risk-informed
approach

[William Keller, Mohammad Modarres,”A historical overview of probabilistic risk assessment development and its use in the
nuclear power industry: a tribute to the late Professor Norman Carl Rasmussen,” Reliability Engineering and System Safety 89

(2005) 271-285]
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Can we establish the Korean RIDM Framework?

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

Motivation TMI, Consistency of ? Consistency of Reg. No clear motivations (Demo. Of) Safety/PI
Reg., Economic (SDP) improvement
Benefit

Leadership Strong Leadership of ? ? No in the near future ?
NRC ? (Bottom-up

Leadership of PSA
Experts)

Technical Capability

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 Nuclear Safety Policy | RI-ILRT, RI-ISI, RI- Limited applications MR
Policy Statement, MR, | Statement, Safety STI/AOT,
ROP (RMRF) Goal MR-OLM
Man Power Training Program for No experiences in real | Not enough No effective PSA PSA School by

Staffs in All areas

PSA

experiences

training program, No
PSA certification/Peer
Review framework

experts (?)/0JT

Acceptability of
players

Low (Struggled)

No interest,
No experience

Ensure the Safety
Benefit of RIPBR

Acceptability of Increased Very Low Don't care Distrust & Perception | Korean PSA

observers on 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 ? ? ? (It comes later)

23

The First Step toward RIDM in Korea: Three Issues

O Credibility of the PSA
— Probability
— Reliability Data

Q Cherry Picking

>

i |.| I

O Lack of Experts
— Lack of Official
Education Program &
Certification Process

O PSA Standard

— Korean PSA Standard TFT

(KEPIC)

— Also as a communication
tool (between DSA-PSA

areas)

O Safety First Application

— To overcome the resistance of
the traditional engineers

0 Set-up a Credible Education
Programs & Certification
Process on PSA

—  We may need an
International cooperation

for this area

STANDARD FOR
PROBABILISTIC RISK
ASSESSMENT FOR
NUCLEAR POWER
PLANT APPLICATIONS

24




Licensing of SMR, Dynamic PRA

25

Risk Communication with Public

O Experts: O Public:

— Frequency x Consequences — Hazard + Outrage
— Factors that may influence public

outrage include

« perceived magnitude of the hazard,

e lack of knowledge of the hazard,

« distrust in the institution managing

the hazard, and
 level of media attention.

O  Nuclear matters committee in the town

of Plymouth
—  From the perspective of risk informed
operation and regulation, this committee
has not observed any difference in
regulatory effectiveness or interaction.

26




Risk Communication within Nuclear Community

0 Why the CDF value is changed over time? Is it a kind of cheating?

O How can we believe the reliability data?

O Can we estimate the human error probability?

O The PSA model cannot describe the plant system exactly.

O Can four trains of a safety system fail at the same time?

O An accident with probability 1.0E-6 can be happened tomorrow.

Q If the CDF is 1.0E-4/yr., then why do severe accidents occur so
frequently?

O The PSA did not predict the Fukushima accident. So, it's useless.

O What if the severe accidents are occurred in multi-units
simultaneously?

27
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