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Practical RIDM Aspects for Mid-Managers

= Minimum knowledge needed on PSA

= Consuming information effectively

» Understanding and communicate risk

= Aggregating the information for decision-making
» Confidence and document the decision-making

» Cost-value aspect on the decision-making



Practical RIDM Aspects for Mid-Managers

= Better with a structured process

= Lack of transparency or

confusion is not an element of

RIDM, it’s often due to:

= Poor implementation, poor
communication, poor training

= [t is ok to consider whether
RIDM should be used (or not)

= But it should be consistently

applied AND the basis and

outcome should be clear

= Again, non-technical aspects
critical, as much as technical
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SECTION 2: OVERVIEW OF IRIDM

Decision Clarification
within a RIDM of RIDM RIDM
framework principles principles

Steps in
the RIDM
process

SECTION 3: TYPES OF DECISIONS APPLICABLE FOR RIDM
Changes that

increase
decrease risk

Optimizing
maintenance
strategy

Addressing
emergent
issues

oversight
activities

Risk-informed

Inter-relation of

Overall How to address each Role/relation between
Framework RIDM principle RIDM principles

]

SECTION 5: COMMUNICATING TO DECISION-MAKERS

Informed Decision-Making” (2019)

rch Institute, Inc. All rights reserved

What to communicate for How to communicate Tools for RIDM
RIDM decisions RIDM decisions communication

EPRI 3002014783, “A Framework for Using R/sk Insights in Integrated Risk-

|

Various examples to highlight
different aspects of IRIDM

APPENDICES:
RIDM Examples

CASE 1: Using RIDM qualitatively
(New Interface LOCA Pathway)

CASE 2: Using RIDM quantitatively
(Tornado-Missile Example)

CASE 3: RIDM for hazard changes
(New Seismic Hazard Information)
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Practical RIDM Aspectis for Mid-Managers - Knowledge

= The PRA Workforce in the Nuclear Industry is a complex
organization supporting many industry risk initiatives in addition to
supporting the day-to-day risk questions from plant operations,
work week management, and other plant staff

= The PRA Workforce is growing/changing— and many new PRA
engineers are recent graduates and/or new to the role or
organization.

What is the most effective way to develop RIDM organization?
Www.epri.co © 2021 Electric Power Research Institute, Inc. All rights reserved e =] r={|


http://www.epri.com/

Evolution of Minimum knowledge Needed on PSA
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How does the “Minimum” get defined to begin with?

= Multiple documents typically focus on providing confidence in the PRA information
(technical content accuracy sufficient to justify results,insights to support specific decision)

= EXAMPLES: regulatory position on PRA Standards and peer review process

= A PRA Standard not intended to teach
about PRA modeling or how to
make decisions in RIDM

= BENEFIT: Reduces the need for detailed
review, approval of PRA model by
the regulator

= Technical aspects are discussed in
specific reports

= A structure with specific roles and
expectations for the various documents

is typically used, e.g., US #

1
1
1 Licensing 50.69 50.48(c) 10 CFR part 52 1
Risk-Informed Risk-Informed Fire Protection, National Licenses, 1
APPLICATION
—_ | Licensing Categorization Fire Protection Certifications, And 1
1 Changes and Treatment Assaciation Standard Approvals Far |:> 1
1 of SSCs NFPA 805 Nuclear Power Plants I
1 7 Ar 1
PP NN I P !
= ] ]
APPLICATION I 1
SPECIFIC > 1 Regulatory Regulatory Regulatory Regulatory 1
REGULATORY Guide 1.174 Guide 1.201 Guide 1.205 Guide 1.206 |:> 1
GUIDE 1 I
]
| I—
=== == e m——————
1 Regulatory Guide 1
I 1.200 I
1 1
GENERIC SUPPORTING 1 1
GUIDANCE > | I
1 1
1 National PRA Consensus 1
Standards and Industry Related 1
1 Guidance 1
1
- Y,
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How does the “Minimum” get defined to begin with?

= Multiple documents typically focus on providing confidence in the PRA information
(technical content accuracy sufficient to justify results,insights to support specific decision)

= EXAMPLES: regulatory position on PRA Standards and peer review process

= A PRA Standard not intended to teach

about PRA modeling or how to
make decisions in RIDM

= BENEFIT: Reduces the need for detailed l |

review, approval of PRA model by
the regulator

= Technical aspects are discussed in
specific reports

= A structure with specific roles and

expectations for the various documents

is typically used, e.g., US #

© 2026

APPLICATION >

APPLICATION ]
SPECIFIC

REGULATORY — > |
GUIDE

Overarching scope and regulatory basis that includes requirements

and options for RIDM/PRA Model use

Scope of Scope of ication 4:
Application 1: Applicgtion 2: Scope of Applicatiqn 3 Scopel.i:fe:zggcfact:on v
Rellicensing | R Categorization | R-lApProach toFire Generation Il Light
Changes of Components Protection Water Reactors
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1
What Regulatory Body expects
(quality, documentation, submittal) for

specific application

review

Electr

GENERIC SUPPORTING

GUIDANCE

Regulatory Expectations on
PRA Technical Adequacy

what a “Base”
is expected

General Expectations on

PRA Model
to meet

T

National PRA Consensus
Standards and
Industry Related Guidance

v
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How does the “Minimum” get defined to begin with?

ASME/ANS RA-5-1.1-2024
[Rawain of ASMEIANS RiA-S-11-2000)

= In many countries, there is a consensus standard that
sets requirements for using a PRA in RIDM for
commercial nuclear power plants

— Not necessary to meet all detailed technical requirements to
meet the requirements for a specific application

— |AEA Safety Series and other documents are also examples

= The standard does not describe “how to do a PRA”, but
what a PRA needs to have (“what to do”)

= The final applicability of the use of the PRA is specific to
each risk-informed application

— A “graded approach” is needed as capabilities evolve

Knowledge needs must be supported...

8 © 2026 Electric Power Research Institute, Inc. All rights reserved

Standard for

Level 1/Large Early
Release Frequency
Probabilistic Risk
Assessment for
Nuclear Power Plant
Applications

IAEA Safety Standards

for protecting people and the environment

Development and
Application of Level1
Probabilistic Safety
Assessment for
Nuclear Power Plants

Specific Safety Guide
No. S8G-3

()aea
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How does the “Minimum” get defined to begin with?

PART 1 - . :
GENERAL REQUIREMENTS } = Consensus standard that sets requirements for PRA use in

risk-informed decisions for NPPs

PART 2 — INTERNAL EVENTS

= Does not describe how to do a PRA, but what a PRA needs
to have (“what to do”) — varies from country to country

PART 3 — INT. FLOODING

PART 4 — INTERNAL FIRE

= Final applicability of the use of PRA is specific to risk-
informed application

BOUNDING ANALYSIS

= Multiple disciplines, often requiring experience in
implementation, use of software, and understanding of
regulatory processes involved

PART 7 — HIGH WIND EVENTS

[

[ ]
[ ]
[ ]
[ PARTS-SEISMICEVENTS |
[ PART 6 — SCREENING, }
[ ]
[ ]

PART 8 — EXTERNAL FLOODING

2 <= Multiple standards for different topics/designs =

LEVEL 1 PRA Low Power and LEVEL 2 Advanced Advanced
CDF, LERF Shutdown PRA PRA LWR Reactors Non-LWR

All rights reserved =

o p— < Different requirements within a Standard <
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What should a PRA engineer know?

= In general, there are two types of PRA engineers:

—~ Model Engineer —responsible for maintenance and update of the PRA model.

These engineers are typically responsible for the documentation and model for
the Internal Events, Flood, and Fire PRAs at a minimum.

— Applications Engineer —responsible for direct support of the site. These
engineers are typically responsible for rolling out the (a)(4) model (Phoenix
RM), providing support for all applications of the PRA model (one time and
recurring), and interfacing with the model engineers to be sure that feedback

from the site plant personnel is incorporated during the next model updates as
needed.

= These engineers have slightly different skillsets or knowledge

requirements and may need different levels or types of technology
transfer.

=E~,r2l



Needed Support for RIDM Education, Knowledge Transfer

= Basic Risk Professionals training

— Major programs take time and effort to developed and
significant resources to support, e.g.,

— EPRI has a program started in 2007, which has produced
235 graduates total; approximately 33,000 professional
development hours

= Computer Based Training primarily for management

— Includes an introduction to PRA, PRA fundamentals, risk-
informed regulation, and risk-informed decision-making

= Specialized PRA Courses and Training
-~ HRA Fundamentals, Fire PRA Fundamentals
— Seismic PRA, Seismic Fragility

— Systems and HRA software training —
multiple training may be needed, which may or may not
be available each year

11 © 2026 Electric Power Research Institute, Inc. All rights reserved.
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How to Build the PRA Workforce Efficiently?

= PRA Standards and engineering experience can be used to identify the skillsets
= Skillsets to be defined for PRA Model Engineer and PRA Applications Engineer

= Does course order matter? Yes!

= Taking foundational training FIRST gives a solid foundation for all other courses
and topic specific training given in the future

= A suggested curriculum outline for becoming a proficient PRA engineer is needed

= |s the PRA Engineer/Analyst fully qualified after taking training? No!

= Taking these courses and following the curriculumis not a replacement for your site
qualification cards

= HOWEVER, taking the courses and aligning the subjects expedite professional
development/qualification process!

nstitute, Inc. All rights reserved E‘:’al



Example of Building a PRA Workforce Curriculum

NEW PRA ENGINEER
DESIRES TO EXPAND EXPERTISE IN FIRE PRA

Enrolled in site
Engineering Training
Organization

) ) BECOMES PROFICIENT IN FIRE PRA
Enroll in Fire
PRA

Completes ERP Fundamentals Takes on lead roles of

Curriculum .
Request additional Fire PRA Model Update

Completes site training Supports input for
qualification cards on Fire Modeling topics | applications requiring
Gains ex.pertise by Participate in fire an.al'ysis of Fir(? PRA with
performing tasks for model updates minimal oversight from
model updates experienced mentors

Risk Experts Can Be in High Demand - Highly Skilled, Wide Plant Knowledge

© 2025 Electric Power Researc h Institute , Inc. All rights reserve d. [ d =]



Example of a PRA Workforce Development Curriculum

1 - Introduction to Probabilistic Risk Assessment (PRA)

3 - Basic Principles of Risk Assessment

+ Overview of Nuclear Power and Systems C-4
Training (utility trained)
+ Overview of PRA and its importance in C-3, C-4,C-5, C-6, C-7, C-8,
nuclear safety C-9, C-10, C-11, C-12, C-13,
C-14, C-15, C-16, C-17, C-
18, C-19, C-20, W-3F
+ Historical context and evolution of PRA C-13, C-15, C-17, C-18, C-
20
+ Key concepts: risk, hazard, initiating events, C-3, C-4,C-5, C6, C-7, C-8,

and consequences

C-9, C-10, C-11, C-12, C-13,
C-14, C-15, C-16, C-17, C-
18, C-19, C-20, W-3F

2 - Regulatory Framework and Standard

+ Overview of relevant regulations (e.g., NRC C-3, C-4,C-5, C-6, C-7,C-8,
guidelines, international standards) C-9, C-13, C-15, C-20

+ Understanding the role of consensus C-3, C-4, C-5, C-6, C-7, C-8,
standards in PRA C-9, C-13, C-15, C-20

+ Regulatory decision-making processes C-8

involving PRA

+ Identifying and modeling specifying hazards C-7, C-8, C-9, C-20, C-21, C-22,
W3

+ Initiating events and their frequency C7,C9

+ Data Analysis and Industry Input C-6, C-18, C-19, C-23,C-24

+ Consequence analysis C-5

+ Risk reduction strategies C-8

4 - Software Tools and Resources

+ Introduction to PRA software tools (e.g., C-20, W-3B

RiskSpectrum, CAFTA)

+ Training on using these tools effectively C-20, W-3B

+ Resources for further learning and research C-20, W-3B

5 - Risk Assessment Methods

+ Event Tree Analysis (ETA) C-5

+ Fault Tree Analysis (FTA) C4, C5

+ Human Reliability Analysis (HRA) C-6, C-8, C-19, C-20, W-2

+ Use of Monte Carlo simulations TBD

© 2025 Electric Powe

ch Institute, Inc. All right:
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Example of a PRA Workforce Development Curriculum

6 - Advanced PRA Techniques

8 - Case Studies and Practical Applications

+ Detailed modeling of plant systems Cc-4, C-5,C-6, C-20 + Review of historical PRA case studies TBD
+ Level 2/LERF Analysis C-7, C-9 + Hands-on exercises with real-world scenarios TBD
+ Internal Flood PRA C-7, C-8,C-9 + Group projects to develop PRA for TBD
N Fire PRA C-20, W3 hypothetical nuclear plants
+  Analysis of common-cause failures C-6, C-23,C-24 9 - Ethical and Professional Considerations
+ Integration of deterministic and TBD + Ethical responsibilities in risk assessment TBD
probabilistic approaches + Professional standards and best practices TBD
+ Severe accident evaluation C-7, C-9 + Continuous learning and professional TBD
7 - Peer Review and Validation development
+ Importance of peer review in PRA C-3, C4,C-5, C6, C-7,C8, C- 10 - Final Capstone Project
9, C13, €15, €20 + Comprehensive project to develop a PRA for a TBD
+  Techniques for validating PRA results C-3, C-4, C-5, C-6, C-7, C-8, C- nuclear power plant
9, C13, C15,C20 + Presentation of findings and TBD
+ Addressing uncertainties and C-6, C-8 recommendations
assumptions + Peer and instructor feedback TBD

© 2025 Electric Powe

ch Institute, Inc. All right:
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Practical RIDM Aspects for Mid-Managers - Communication

» Risk communication is a never-ending challenge
— If properly done: PRA continues to support key decisions for efficient, safe operation
— If not done properly: confidence in PRA sags, use of risk insights is halted and/or
diminished
» Past development of PRA technology has led to disparate tools,
methods applied in different ways, to different issues

* This resulted in inefficiencies, technical challenges in integrating the
results, possibly compounded with additional demands, new
applications which can:

— Limit the ability of software developers to maintain and improve the software

— Constrain ability of end users to fully benefit from variety of methods, tools available
— Prevent researchers from developing and applying new methods



Communication & Visualization — Who is the Audience?

activities

LEADING TARGET
AUDIENCE AUDIENCE TYPE OF INTERACTIONS LEVEL OF PRA DETAIL INVOLVED EXPECTED OUTCOME
License submittals, public Detailed, especially if a licensing Efficient review of issues involved and
NPP UTILITY | Regulatory Staff [neetings, efforts on risk-informing |change is involved, focus on technical |proper documentation for approval or
activities issues rejection
License submittals, oversight Detailed, especially if a licensing Understanding of regulatory
REGULATORY NPP ) . . D ) . : : .
- -~ actions, public meetings, efforts on [change is involved, may include public |expectations, prompt actions, increased
STAFF Utility/Utilities |[.~ : o L : .
risk-informing activities communication needs public confidence
Members of the [Public meetings with local High level, stronger focus on clarity Increased public confidence,
NPP UTILITY : " : ;
Public communities and key messages transparency in NPP operations
REGULATORY | Members of the [Public meetings with local High level, stronger focus on clarity Increased public confidence,
STAFF Public communities, public stakeholders |and key messages transparency; feedback on regulations
NPP UTILITY | NPP Utiity PRA |l deiiberations on cetaled ey etailed, strongly focusedon ~ [Doouosions on PRAteshnical
PRA ANALYSTS Managers ’ 9 deep technical issues q ' 90p
experts decision-makers
Improved decision-making,
NPPUTILITY | NPP Utiity [ S _—_— o' mediate level, needs to connect  (Ifansparency/confidenceiin the useior
. : with impacts to operations, strategic  [PRA and risk insights, understanding of
PRA MANAGER | Management |decision-making - .
decision-making focused key nuances and
assumptions
Internal deliberations on sharing of Intermediate level. needs to connect Improved decision-making,
NPP UTILITY | NPP Utility non- Jrisk insights, potentially associated With imoacts to o ,erations ractical transparency/confidence in the use of
PRA EXPERTS | PRA Experts [to implementation of risk-informed P P P PRA and risk insights, understanding of

decision-making

key nuances and assumptions

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl



Parameter of Interest

18

Addressing Cultural, “Tribal” Aspects

N

RIGID DECISION-MAKING

A
A ok

Conservative Analysis

¥

Options are clearly
defined; but biased
towards conservatism
and can mask non-
conservatisms

Risk Metric

RISK-INFORMED
DECISION-MAKING

@
OCEH 0O O

! [ ]
iRealistic Analysis

¥

Shades of gray
challenge decision-
making; but avoid
one-size-fits-all

“PRA has too much uncertainty to be useful.”

‘Risk assessment does not apply to my area;
it can’t provide me any insights | don’t know.”

© 2024 Electric Power Research Institute, Inc. All rights reserved

“Engineering is deterministic.”

Addressing

N skepticism

is part of

J the journey
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Risk Visualization & Communication — “The Numbers”

* PRA information can be challenging to present and understand

EPRI 3002023813 Enhanced Information Visualization and Communication Methods for RIDM

~ .. = = ®Contextfor “risk numbers” matter!

wowowowow — 10%/year versus 10%/year not small

« —w —w  — Small fluctuations between similar orders
R of magnitude may not be statistically

e = to significant

w w = — Strong influence of method maturity, level
e of confidence in inputs, complex software
M i implementation

wm e GCaglibration on what “realistic” risk

S e numbers are takes effort

== == = e _ Critical to provide a confident

e B understanding of what PRA outputs mean
tative results — Value of PRA goes well beyond numbers

ELECTRIC POWER
RESEARCH INSTITUTE
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Risk Visualization

= Developing the most efficient tools,
content for different audiences

FV Init by Haz, Scen/Init and Sequence

@scis FV Equip/Zone by Equip/Zone

FV Equip/Zone

8,

SEQH-007

Equip/Zone

FV Equip/Zone by Equip/Zone

0.10

FV Equip/Zone

Equip/Zone

Example: How can we show the content of a PRA model in
“one page”, allow for more in-depth review?

EPRI 3002023813 Enhanced Information Visualization and Communication Methods for RIDM

20
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EPRI 3002014783 A Framework for Using Risk Insights in IRIDM

INTEGRATED RISK INFORMED DECISION MAKING RUBRIC - AGGREGATION
PURPOSE

Characterize the overall core damage and large early release frequency (CDF, LERF) results with respect
to U.S. NRC subsidiary goals to understand risk insights, main contributors, and uncertainty impacts.

APPLICATION RISK RESULTS

"
10 COF CDF'
CDF
CDF LERF
s CDF
10 ==
o LERF
5
8
£ LERF
& g8
LERF
o LERF
Internal Events Internal Fire Internal Flooding Seismic Aggregate

The computed CDF and LERF are both below the surrogates of 1E-4/year for CDF (1E-5/year for LERF) for the
aggregated results; CDF has a margin of 1.4E-5/year and LERF has a margin of almost 4E-6/year

Internal Fire is the highest contributor followed by seismic; both have conservatism that could be addressed
Extemnal flooding is screened (not quantified) and conservative estimates of High Winds risk would not be
expected to exceed the existing margins to the surrogate values (uncertainty is high to moderate, respectively)
Internal fire modeling includes conservatism on fire ignition frequencies and main control board fires; additional
work on these areas may reduce the overall fire CDF/LERF if implemented

Seismic assumes low fragilities and direct core damage for several components which could be refined

DEFENSE-IN-DEPTH (DID) CONSIDERATIONS

Impacts from CCF are modeled in the baseline PRA, dependent failure mechanisms are considered

Human failure events are modeled in the baseline PRA and no over-reliance on programmatic activities exists
Balance between barriers is maintained with no risk significant contributors that could impact multiple barriers
Baseline PRA includes modeling of system redundancy, independence, and diversity

No credit is taken in the PRA for installed RCP Shutdown Seals and beyond design bases mitigative equipment

LR

SAFETY MARGIN (SM) CONSIDERATIONS

«  Approved codes and standards/safety analysis acceptance criteria are currently met
«  Safety limits and operating limits are met according to licensing bases

PERFORMANCE MONITORING (PM) CONSIDERATIONS

[ The plant performs risk-informed monitoring under the Maintenance Rule
|« Explicit monitoring for fire protection systems is included under a risk-informed, performance-based program

INTEGRATED RISK-INFORMED DECISION MAKING INPUTS

Additional margin to the subsidiary
values is expected based on identified
conservatisms in portions of the model | PRa |
(may be impacted by high winds, but

not expected to exceed values)

DEFENSE-IN-DEPTH SAFETY MARGINS PERF. MONITORING

[ era | J| [ Pra | |

Example: How can we communicate risk

information better to non-risk experts?

ELECTRIC POWER
RESEARCH INSTITUTE
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EPRI 3002014783 A Framework for Using Risk Insights in IRIDM

Risk Visualization

Characterize the overall risk from plant operations with respect to the subsidiary safety of objective of
CDF<1x10*Ayr.

Initiating Event Distribution Risk Increase Factor* for Equipment Unavailable

Risk Information

/e

7 1y Parametric Uncertainty
. TO 0 I S a re a I re a d y e ( e  —— * Mean values represented in results
g — 10Bauy (SUESE2Y TN * External Flood mean values highly
Lossof Other Support/ 'g  ——— uncertain

Saens
(4

Modeling Uncertainty

been used

: 5 * External flooding initiating event
! M e Facor - § frequencies highly uncertain
H * Fire PRA methods result in a substantial
= B ette r to o) I S are P —— ] overstatement of fre COF.
: Operstor Acton Descripion COr Reducion fr 8 Completeness Uncertainty
u g . e » All relevant site hazards and operating
p OS S I b I e E - Dacnal stiching ECCS pup bénveen s fo doab it vt e modes considered except:
. Masually depressur . s © High winds — design basis shown to
. Mamualy e Sty Feed Pump Legend Contribution Modeling Uncertainty protect to 1E-7/yr
Algn FPto Standay Fecd P 112 sution
* Computed total CDF less than subsidiary objective
® Very large uncertainties for external flood results could challenge subsidiary objective
« Non-realistic fire PRA methods are not likely to compensate for external flooding uncertainties
HAZ @INTERNAL EVENTS Defense-in-Depth Characterization

* No DID vulnerabilities identified. All fire scenarios confirmed to have at least one success path.
= Mitigating strategies capabilities to mitigate external flooding not included in PRA model

Safety Margin Characterization

WAZ @FIE e Limited available margin to address beyond design basis floods leads to potential external flooding scenarios

Performance Monitoring

e Annual average CDF manitoring performed as part of Maintenance Rule
* Routine PRA updates scheduled for every 4 years

Integrated Decision-making Inputs

. - q Performance
Risk Defense-in-Depth Safety Margins | Monitoring
External Flood Limited for Annual Average
Uncertainties External Flooding CDF Monitoring

Conclusion:

« Although the computed total CDF meets subsidiary objective with some margin, the external flooding risks
are sufficiently uncertain that they do not provide confidence in the computed mean value

* Capabilities of mitigating strategies lowers external flood risk and effectively increases safety margin

* Performance monitoring not effective for low frequency flood scenarios that drive plant risk

EPRI 3002023813 Enhanced Information Visualization and Communication Methods for RIDM

-
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Communicating the Role of PRA in RIDM, DID, and SM
= |AEA-defined DID levels

DID

Objective Essential Means

Level
Conservative design and
high quality in construction
and operation
Control, limiting and
protection systems and
other surveillance feature

Prevention of abnormal

Level 1 . .
operation and failures

Control of abnormal
operation and detection of
failures

Level 2

Control of accidents within  Engineered safety features

= NRC-defined DID levels according to
Regulatory Guide 1.174 (for IRIDM)

(w1
[DIDJ [

Maintain sufficient
safety margins

Maintain defense-in-
depth philosophy

I

>
Meet current
regulations; unless C R
\

exemption/change

;
INTEGRATED
RIDM' i

Any risk increase is
small; meets
L acceptance criteria

J(~]

performance-
measurement

Monitor change via }

&l

Level 3

the design basis and accident procedure

Robust plant design to survive hazards and minimize challenges
that could result in an event occurring,

(@]

Control of severe plant
conditions, including
prevention of accident
progression and mitigation of
the consequences of severe
accidents

Complementary measures
and accident management ~ ©

o Containment of the source term if a severe accident occurs,

Level 4 Prevention of a severe accident (core damage) if an event occurs,

Protection of the public from any releases of radioactive material
(e.g., through siting in low-population areas and the ability to
shelter or evacuate people, if necessary).

Mitigation of radiological ©
consequences of significant Off-site emergency
releases of radioactive response
materials

Level 5

ELECTRIC POWER
RESEARCH INSTITUTE

N
N
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Communicating the Role of PRA in RIDM, DID, and SM

= View of DID/SM in RIDM has evolved through history of nuclear safety

= There are still aspects of DID/SM in RIDM that can be challenging without a
proper context and a structured approach to assess them, and

= There has been significant research and proposed approaches that could
drive a more efficient approach forward.

Defence in Depth in
Nuclear Safety

INSAG-10

INSAG

23 www.epri.co

m

®USNRC

nited Sates Nuclear Regulatory ission
Protecting People and the Environment

Historical Review
and Observations of
Defense-in-Depth

Safety Reports Series
No.4

Assessment of
Defence in Depth
for Nuclear Power Plants

International Atomic Energy Agency

© 2020 Electric Power Research Institute, Inc. All rights reserved.
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Communicating the Role of PRA in RIDM, DID, and SM

| DID LEVEL 3 coNTROL OF ACCIDENTS WITHIN DESIGN BASIS
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= Several deterministic inputs

into DID are inputs for PRA

Key scenarios considered for
DID in licensing of NPPs are
part of PRA

Hence, PRA overlaps
significantly with DID and SM

PRA can explicitly consider
what we know and don’t
know

But role of PRA is not to
“quantify” DID

-~ Using PRA only for DID
would be limiting

—  But not using PRA insights
would be equally limiting
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Communicating the Role of PRA in RIDM, DID, and SM
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= Most of guidance in regulatory documents focuses on “meet codes/standards”

— This is highly simplistic, incomplete, and ultimately lacking in clear guidance
= “Margin” can be deterministic or probabilistic, depending on the context

= There is no single SM that is considered in NPP applications; there are SMs met
at a “localized” level, and those at a “global” level

= Fundamental insight: SM can be better leveraged as a support to DID (EPRI
3002020763 posmon is that is not Ioglcal to consider DID and SM separately)
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Practical RIDM Aspects for Mid-Managers

A good consumer of risk information should be able to ask
key questions to probe the quality and usefulness of insights
(regardless of risk expertise!):

What is included in the PRA model?

To what level of detail are seismic, high winds, & other hazards considered?
How recently has the PRA for this hazard been updated?

What is not modeled in the internal events PRA model?

What are the key risk drivers in the PRA model results?
Is the risk result based on bounding assumptions or best estimate?
What are the sources of uncertainty and how are they addressed?

= Has the PRA model been peer reviewed (such as against the PRA standard)?
= What is the past experience in using this risk information?
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Practical RIDM Aspects for

Mid-Managers - Aggregation

= Risk aggregation not a new or unique
issue; it’s a core aspect of IRIDM:

— How do we ensure the risk profile is
as complete as possible?

— How do we interpret the PRA results
consistently, given what we know
about the model?

— Not all issues in IRIDM relate to risk
aggregation, but risk aggregation
may impact multiple applications

www.epri.co © 2021 Electric Power Research Institute, Inc. All rights reserved.
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Risk Aggregation -
Is it an issue? If so, why?

= Risk aggregation is related to
having a clear RIDM framework

— Adding numbers = not hard to do

— But does this make sense (enough
to make a decision regarding
nuclear plant safety)?

= Significant references and
resources are available

- E.g., see IAEA, EPRI guidance
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EPRI Report (2005) on Quantitative Risk Aggregation

EPRI 1010068

= |dentified need to aggregate as primarily driven by desire to consider integrated
guantitative risk insights

= Recognized risk-management perspective is important when measuring a proposed risk
change against established guidelines or criteria

= Indicated need to aggregate is dependent on the risk-informed application type

- Some risk-informed application types might not require or benefit from the integrated quantitative risk
perspective (i.e., may not be cost-beneficial)

-~ Some applications can be effective using approximate risk quantifications for some contributors (e.g.,
via bounding estimates or by showing small relative values in risk equation).

= Highlighted that aggregation aspects are essentially connected to the technological and
resource issues associated with individual risk contributors

www.epri.co © 2021 Electric Power Research Institute, Inc. All rights reserved '— PE'
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EPRI Report (2015) - Challenges (Maturity/Consistency)

EPRI 3002003116

NOTE = Despite challenges discussed in this report, significant benefits of using PRA and RIDM are also
recognized (i.e., these issues are raised within the context of risk aggregation).
= Nature and Limitations of PRA Models

— Discretized representation of the potential spectrum of accident sequences

— Approximations due to limitation of analytical tools and resource limitations

-~ Known conservative and non-conservative assumptions can affect decision-making
— Unknown risk contributors

= Maturity and consistency are important aspects to consider in a PRA model:

— Recognition that risk assessment of various hazards has evolved unevenly (e.g., operating
experience for internal events led to calibration of quantitative results)

- Inconsistent treatment of uncertainty across hazards (state-of-art vs state-of-practice)

— Uncertainty of external events can overwhelm important metrics

www.epri.co © 2021 Electric Power Research Institute, Inc. All rights reserved l— PE'
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EPRI Report (2015) - Types of Applications & Implications
on Risk Aggregation

> Individual challenges need to be,

Metric Example Application(s) Challenges Ramifications
Total Risk Comparison to Safety Goal(s) | Conservative methods | Overstatement of total risk
CDF/LERF/LRF or Subsidiary Objectives ; . .
( ) . o Y Intentionally Typically only implemented
Comparison to RG 1174 conservative for minor contributors or in
Quantitative Guidelines characterizations cases where margin is very

large

understood within the context of the application

—* Effect of individual challenges may not be
intuitive, e.g., conservative assumptions
could lead to non-conservative decision-

Immature methods

Uncertain characterization
of state of knowledge

Often overstates risk

Uncertainties due to
rare environmental
events

Mean value may not be
meaningful measure

Modeling uncertainties

Requires sensitivity studies

Quantified
uncertainties
(parameter)

Only essential for
computing mean
Uncertainty bands typically

not used in comparison with
criteria

Scope of model
(completeness)

Risk from omitted
confributors understated

Cliff-edge effects

May not be captured in
mean values
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Reglon |
= No Changes Allowed

Region Il
« Small Changes
= Track Cumulative Impacts

Region |

Region Il
* Very Small Changes
= More Flexibility with
Respect to Basaline CDF
= Track Cumulative Impacts

Region Il

Region llI

10 107

CDF —

—> E.g. NRC’s Regulatory Guide 1.174
acceptance guidelines for CDF for plant
licensing bases changes
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EPRI Report (2015) — Proposed Approach & Framework

Task 1 Define Role of PRA in « Clearly define purpose of decision and role that the PRA will play in that decision
Support of the Decision
» Understand the acceptance guidelines or decision criteria
— * Identify the metrics (CDF, ACDF, importance measures, etc.) for comparison
Evaluate Baseline PRA
Task 2 d Ch teri _— . . . . . .
= mportant Contributors - Define the scope of the PRA required to assess the risk implications
* Define cause-effect relationship that will be used to model the impact on the plant risk
¥
Evaluate Required | Lo . . . .
Risk Metrics ) * Understand what is in the baseline PRA (main step for any application)
Task 3 l » Decomposition of results to identify important hazard events, as needed
F; PRA ™~ ves | RefnePrA |  Consideration of cliff-edge effects, as needed
. Refinement = appropriate
""~--\_l§4§ed§g‘_?/-"’
~ ) -NO
Identify and
Task 4 Characterize Key

Sources of Uncertainty

.
Document Conclusions
Task 5 for Integrated
Decision-making

www.epri.co © 2021 Electric Power Research Institute, Inc. All rights reserved. l—PEl
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EPRI Report (2015) — Proposed Approach & Framework

Task 1

Task 2

Task 3

Task 4

Task 5

85

Define Role of PRA in
Support of the Decision

. 4

Evaluate Baseline PRA
and Characterize
Important Contributors

¥

Evaluate Required
Risk Metrics

* Understand and document important
contributors and implications of modeling

realism

|

§ Refinement )
T Needed?2 —

No

Identify and
Characterize Key
Sources of Uncertainty

k.

Document Conclusions
for Integrated
Decision-making
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Yes

v

Important
Contributors to
Decision

No Need
to Refine
Treatment

Realistically
Treated in PRA?

No

Likelihood

Implications of Conservative Treatments

Refine PRA,
as appropriate

Nature of Conservatism

L‘g:ﬁ:f Risk Contributor
Conservative Likelihood | Conservative Effect
Dll‘ectly Impacted Overstated Overstated
. Contributor
Risk Level .
chel Realistic Not impacted Not impacted
Contributors
D]l‘ect.ly Impacted Overstated Underestimated
ARisk or Contributor
Integral Risk | Other Realistic - i

T Not impacted Underestimated
Contributors
Directly T cted

‘u ec‘_ y lll‘l)aL e e Overstated e Overstated
Contributor

FV Importance

Other Realisti :

ther Realistic ¢ Underestimated ¢ Underestimated
Contributors
]Z?u‘ecfly I"{PQC‘ed e Underestimated o Underestimated

RAW Contributor

Importance | (per Realistic

8 e Underestimated
Contributors

e Underestimated

© 2021 Electric Power Research Institute, Inc. All rights reserved

Caonsider
PRA Model
Refinement

Alternative
Realistic Approach
Available?

No

Consider
Sensitivity
Study

Document
Implications for
Decision-maker

ery Large
Uncertainties
Invalved?

No

Document
Evaluation
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EPRI Report (2015) — Proposed Approach & Framework

Task 1

Task 2

- - ——

Task 3

— o ——

-~
-

Task 4

Task 5
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Define Role of PRA in
Support of the Decision

. 4

Evaluate Baseline PRA
and Characterize
Important Contributors

Evaluate Required
Risk Metrics

|

" PRA T
__ Refinement
T Needed?2 —

No

Identify and
Characterize Key
Sources of Uncertainty

k.

Document Conclusions
for Integrated
Decision-making
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— > Consider application-specific needs for refinement:

1. The evaluated mean value is less than the quantitative

~._Yes Refine PRA,

as appropriate

guidelines;

2. The evaluated mean value is greater than the acceptance

\————‘———'

guideline; and

3. The decision is indeterminate, e.g., conservatisms are known to
exist, but the current methods do not support the case for
meeting the acceptance guidelines. [Large Uncertainties]

© 2021 Electric Power Research Institute, Inc. All rights reserved I—Pel


http://www.epri.com/

35

EPRI

Task 1

Task 2

Task 3

Task 4

Task 5

Define Role of PRA in
Support of the Decision

. 4

Evaluate Baseline PRA
and Characterize
Important Contributors

¥

Evaluate Required
Risk Metrics

|

. . Yes
__ Refinement  “>—»
T—_Needed? —
- -No
Identify and

Characterize Key
Sources of Uncertainty

k.

Document Conclusions
for Integrated
Decision-making
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Refine PRA,
as appropriate

—

Report (2015) - Proposed Approach & Framework

Methods for identification and characterization of
the key sources of uncertainty, e.g.,

US NRC’s NUREG-1855
EPRI 1016737
EPRI 1026511

© 2021 Electric Power Research Institute, Inc. All rights reserved
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IAEA Report (2021) - International Perspective

Discussion of integrated versus separate risk models

IAEA TECDOC SERIES

Multi-source integration aspects

Integration of various operational states Risk Aggregation

for Nuclear Installations

Risk Aggregation in RIDM

Communicating risk
= Compliance with safety limits
= Aggregation and Uncertainty

= Examples from multiple member states (haea

www.epri.co © 2021 Electric Power Research Institute, Inc. All rights reserved l— PE'
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Practical RIDM Aspects for Mid-Managers - Value,

Confidence

Implementing RIDM comes with a significant
investment of time, resources

= See EPRI 3002032032 for an investigation on the
complexities and challenges of maintaining PRAs
for use by the nuclear power industry.

= Focus of many countries is now shifting towards

— Enhancing and simplifying the PRA model
maintenance process,

— Ensuring that PRA models remain accurate,

reliable, and useful for risk-informed decision-
making

=Pl

2025 White Paper

Probabilistic Risk Assessment (PRA)
Model Maintenance

Cross-Cutting Challenges when Maintaining PRA Models

& EPRI Product 3002032032

=2l
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RIDM/PRA Documentation is also a Cost to be Managed

Significant cost(s) involves documentation burden

= Characteristics of PRA documentation, e.g., system &
other notebooks

= Focusing on value-added content, rather than including
retrievable information in updates.

= Characteristics of PRA model updates — full or partial
updates

= Current challenges, practices, and lessons-learned from
industry workshops

= Demonstration of a web-based product applied to typical == o
PRA model information T — L

- Interactive, automated approaches Documentation for Nuclear Power Plant
— Includes realistic examples Probabilistic Risk Assessments (PRAS)
— Version history, workflow, searching

= |nterfaces: PRA software tools and Add-ins; Automation
of tables and figures; PRA application interfaces

= PRA Standard Considerations 3002026383

© 2024 Electric Power Research Institute, Inc. All rights reserved. [ d =]
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Practical RIDM Aspects for Mid-Managers — Confidence

PRA ACCEPTABILITY GUIDANCE RIDM PROCESS GUIDANCE Elements that provide Confidence
BASE PRA RIDM recinicar | in RIDM are essential:
ACCEPTABILITY FRAMEWORK METHODS
- SE = A living, continuously evolving set
E i EE NCERTAINTIZS of standards and guidance on
specific PRA technical adequacy

elements

PHASED RISK-INFORMED

= Robust guidance on the
implementation aspects of RIDM

AeE = Venues for multiple stakeholders to
TECHNICAL 11 1
-- —> | oveRsiGHT | | richCAL participate in the development of

m— APPLICATION SPECIFIC RIDM guidance, standards,
ADEQUACY TOOLS GUIDANCE processes

Adapted from US NRC Figure in Risk-Informed Activities Technical Guidance Program | NRC.gov

LESSON LEARNED = Building/Supporting/Nurturing RIDM is a continuous task

39 © 2026 Electric Power Research Institute, Inc. All rights reserved =2l
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Practical RIDM Aspects for Mid-Managers — Confidence

’ PUBLIC ORGANIZATIONS

INDUSTRY ORGANIZATIONS
NUCLEAR&UT"—'T'ES INDUSTRY PRA CONSULTING REGULATORY LICENSING AND
REPRESENT ATIVES RESEARCH ORGs EXPERTS RESEARCH OVERSIGHT

([STANDARD DEVELOPMENT ORGANIZATIONS

TECHNICAL CONSULTING/VENDORS
TECHNICAL
Rl
Coordination Among Organization is Critical

40 © 2026 Electric Power Research Institute, Inc. All rights reserved =2l
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RIDM Implementation Takes Time and Effort

“What is a phased, gradual approach to RIDM implementation?”
= An example: US NRC’s Action Plan on a Phased Approach (early 2000s)

“The phased approach defines the needed PRA quality for current or anticipated applications and the process for
achieving this quality, while allowing risk-informed decisions to be made using currently available methods until
all the necessary quidance documents defining the PRA quality are developed and implemented.”

PHASE 1: An “Application- PHASE 2: An “Application Type” PHASE 3: An All-Applications

Phase of PRA Quality

Specific” Phase of PRA Quality Phase of PRA Quality

- Industry movement towards improved and more complete PRAs

- Increased efficiencies in the regulator’s review of risk-informed applications
- Clarification of regulatory expectations (whether in rulemaking, licensing, oversight...)

- Continued near-term progress in enhancing safety through the use of available risk-informed methods while
striving for increased effectiveness and efficiency in the longer term

LESSON LEARNED = Full PRA Technical Completeness is not an Impediment o RIDM

41 © 2026 Electric Power Research Institute, Inc. All rights reserved. =2l



Benefits of Risk-Informed Applications
The Journey IS the Destination — Not Just “What is the Number?”

= RIDM identifies weaknesses, vulnerabilities in plant design,
operations not always captured in deterministic evaluations )|

— More extensive set of scenarios, consideration of likelihood b4

= RIDM highlights areas where plant design is extremely robust
— Realistic capabilities (design basis and beyond design bases)
— ldentifies areas for potential improvement (including emergent issues)

= RIDM can provide options when new information or
a performance degradation arises (e.g., new hazard info)

— Prevent unnecessary use of resources if not risk significant
— Promote discussion and focus on changes with the most benefit

LESSON LEARNED = Effective RIDM is Intrinsically Connected to Safety Improvements

it Inc. All rights reserved =2l



Communicating the Value is Critical

= RIDM provides benefits beyond cases where the baseline risk of the
nuclear power plant is acceptable (or not)

(= ) N [ N [ N [
5 Incremental i i
: L Ld L]
& || Total Risk Change in Risk . Risk Ranking
= Risk Example:
o Example: Example: . Importance
S | | CDF, LERF ACDF, ALERF SEIE
o i \ /\7\|ccnp, ICLERP \ Measures y
s > Comparison to A Change to Plant \%\/ Understanding of
8o P Design, Inspection Temporary Condition Important Risk
el Safety Goals .
&S (Is plant safe Outcomes (Is the change, Contributors
o E engu h?) (Measure deficiencies, duration acceptable?) (Can we use a graded
F < ghr: Kevaluate change) VAL ) \prioritization?) )

43

LESSON LEARNED = RIDM thrives when multiple stakeholders see value
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Integration is Another Path to Identify Cost vs. Value

CONTROL As RIDM expanded organically, there
Emergent OPERATIONS is a synergy arising from various uses
&ﬂi&\tenance Mode .
SOHEAPWN ' Change - The inputs/outputs of RIDM
o Missed applications becoming intertwined
AOT — Positive: as the RIDM expertise builds

RISK

up, extent of usage opens u
ORGANIZATION P ge op P

— Challenge: resources are limited

Power
uprate

RESERRI

REGULATORY
S - Additional safety benefit: holistic

understanding of RIDM implications

Categorization

>

Aging

= Further integration is required for:

PROGRAMS - More efficient implementation
—  Optimization of RIDM resources

Adapted from Nuclear Energy Institute’s image — September 23, 2021

For Each Implementation, the Question is: Is the cost worth it?
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Some Forward-Looking Directions for RIDM - Complexity

= PRA methods, tools, software, results are becoming more refined (complexity 1)
= Since RIDM relies on PRA inputs (and others), this has a real impact

= Multiple efforts to address complexity are underway, more needed

Use potential risk changes to inform SPRA maintenance actions

Fragility Method
change v

Seismic Source
Characterization change —
(models or data)

4 - Assess Assess Assess SPRA Results
Ground Motion : cess y _ fssess - Model and Risk o SCDF and SLERF
Characterization change Site-Specific Seismic > Seismic Fragility T o A SCDF / A SLERF
(models or data) Hazard Calculations Quantitative  Insights

Site Response
Characterization change —
(models or data)

Other Update
Committments

Plant Modification or
Equipment change

PRA Modeling and
Data Changes

© 2026 Electric Power Research Institute, Inc. All rights reserved EPE'



Benefits of Risk-Informed Applications
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RIDM is about MUCH
MORE than saving
money and resources
OR always increasing
requirements

We need to do better at
communicating this

Focusing on items of
more significant safety
impacts, benefits multiple
stakeholders

(including the public)

Safety benefits are

gained as the RIDM
infrastructure and
experience grows

LESSON LEARNED = Effective RIDM is Intrinsically Connected to Safety Improvements
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