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* Intro: overview of main IAEA activities on safety analysis
« |AEA Safety Standards & innovative reactors (e.g. SMRS)
« OtherlAEA publications on safety analysis relevant to SMRs

« Technical Safety Reviews based on IAEA Safety Standards

« |AEA events onSMRs
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JAEA publications on safety assessment

Safety Standard
afety Standards Safety Standards

« GSR Part 4(Rev.l): Safety Assessment for Facilities and Activities

Safety£undamentals

Consensus _
documents, + SSG-2(Rev.1): DSA for NPP

SafetyREqUEniEy ts formal process « SSG-3(Rev.]): Level 1 PSA (under revision Step 14 out of 14)
for MS feedback + SSG-4: Level 2 PSA (under revision Step 8 out of 14)

* SSG-?: Level 3 PSA (to be initiated, proposed by NUSSC)

+ SSG-61: Format and content of SAR

Safety Reports & TECDOCs Human Reliability Analysis*
« Multi-unit PSA ( ) + Safety Assessment for SMRs

« Research Reactors PSA (No107) ° Passi\f/e systems infDesign & SA
andMS § . Applicability of Saf.Stnd. to NWCR * USe Of PSA & DSA for security

echnical Approach to

e i | experence crataes | and SMR (see d.11) (o 122) | Advanced PSAmerhods
T P detaile{j3 Hut not * DID assessment (No 46 Rev.1) PSAIn dper;CtrllC(e'?M( reSlr,ltlatSSl)J ®
consensus documents * Seismic PSA ( ) g

+ Sev.Acc. analysis for NWCR

e « Risk aggregation ( )
- CANDU PSA (L1 & L2)



https://inis.iaea.org/collection/NCLCollectionStore/_Public/52/041/52041012.pdf?r=1
https://www.iaea.org/publications/14772/multi-unit-probabilistic-safety-assessment
https://inis.iaea.org/collection/NCLCollectionStore/_Public/52/041/52041012.pdf?r=1
https://www.iaea.org/publications/14692/application-of-probabilistic-methods-for-the-safety-assessment-and-the-reliable-operation-of-research-reactors
https://inis.iaea.org/collection/NCLCollectionStore/_Public/52/041/52041012.pdf?r=1
https://inis.iaea.org/collection/NCLCollectionStore/_Public/53/077/53077569.pdf?r=1
https://inis.iaea.org/collection/NCLCollectionStore/_Public/52/041/52041012.pdf?r=1
https://inis.iaea.org/collection/NCLCollectionStore/_Public/54/084/54084467.pdf?r=1
https://www-pub.iaea.org/MTCD/Publications/PDF/TE-1937_web.pdf
https://www-pub.iaea.org/MTCD/publications/PDF/TE-1983web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/TE-1977web.pdf
https://www.iaea.org/publications/10884/safety-assessment-for-facilities-and-activities
https://www-pub.iaea.org/MTCD/Publications/PDF/PUB1851_web.pdf
https://preprint.iaea.org/search.aspx?orig_q=reportnumber:IAEA-PC--8880
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1443_web.pdf
https://www.iaea.org/publications/13522/format-and-content-of-the-safety-analysis-report-for-nuclear-power-plants
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IAEA Safety Standards

Format and Content of
the Safety Analysis Report
for Nuclear Power Plants

Specific Safety Guide

No. SSG-61

CONTENT AND STRUCTURE OF THE SAR

Chapter 1: Introduction and general considerations
Chapter 2: Site characteristics

Chapter 3: Safety objectives and design rules for structures,
systems and components

Chapter 4: Reactor

Chapter 5: Reactor coolant system and associated systems
Chapter 6: Engineered safety features

Chapter 7: Instrumentation and control

Chapter 8: Electrical power

Chapter 9: Auxiliary systems and civil structures

Chapter 10:
Chapter 11:
Chapter 12:
Chapter 13:
Chapter 14:
Chapter 15:
Chapter 16:
Chapter 17:
Chapter 18:
Chapter 19:
Chapter 20:
Chapter 21:

Steam and power conversion systems
Management of radioactive waste
Radiation protection

Conduct of operations

Plant construction and commissioning
Safety analysis

Operational limits and conditions for safe operation
Management for safety

Human factors engineering

Emergency preparedness and response
Environmental aspects
Decommissioning and end of life aspects

10



IAEA Safety Standards

for protecting people and the environment

Deterministic
Safety Analysis for
Nuclear Power Plants

Specific Safety Guide

(2

SSG-2 (Rev. 1)

{£)1AEA

s International Atomic Energy Agency

Chapter 1: Introduction
Chapter 2. General considerations

Chapter 3. Identification categorization and grouping of
initiating events and accident scenarios

Chapter 4. Acceptance criteria for DSA
Chapter 5. Use of computer codes for DSA

Chapter 6. General approaches for ensuring safety
margins in DSA

Chapter 7. DSAfor different plant states
Chapter 8. Documentation, review and updating of DSA

Chapter 9. Independent verification of DSA by the licensee

Annex. Applications of deterministic safety analysis
11



Preprint

Development and Application of Level 1

Probabilistic Safety Assessment for Nuclear
Power Plants

mmmmmmmmmmmm

IAEA Safety Standards

cting people and the environment

Development and
Application of Level 2
Probabilistic Safety
Assessment for
Nuclear Power Plants

Specific Safety Guide
No. SSG-4

@ SYIAEA

Promote a standard framework, standard terms and a
standard set of documents for PSA

Detailed recommendations onL1 and L2 PSA: what
analyses should be performed and what issues should be
addressedto ensure that the PSA meets GSR Part 4 (Rev.1)

Scope:

o All hazards

o All operational states

o For reactor core only

o Malicious acts excluded

Supplemented with examples & illustrative annexes (e.g.
examples of plant operational states and associated
initiating events)

Currently revisionis ongoing



Revision of the IAEA safety guides on PSA

« Publishedin 2010: currently under revision
(Sent for MS commentstill 13 Nov)

and

 Scope: L1&L2, all operating states, all hazards

* Currently both under revision:

Spent Fuel Pool and Multi-unit considerations
Passive & software systems reliability
Modelling of the portable equipment

HRA developments (e.g. EOC)

More on combination of hazards
Recentdevelopments in PSA applications
Feedback to current guides (e.g. from CPWG)

@ Plans for New Safety Guide on Level 3 PSA

IAEA Safety Standards
for protecting people and the environment

Development and
Application of Level 2
Probabilistic Safety
Assessment for
Nuclear Power Plants

Specific Safety Guide
No. SSG-4

IAEA Safety Standards
for protecting people and the environment

Development and
Application of Level 1
Probabilistic Safety
Assessment for
Nuclear Power Plants

Specific Safety Guide
No. SSG-3

Level 37

Specific Safety Guide



https://preprint.iaea.org/search.aspx?orig_q=reportnumber:IAEA-PC--8880
https://www.iaea.org/sites/default/files/23/07/draft_ds528.pdf

IAEA Safety Standards
and innovative reactors (e.g. SMRS)




Review of applicability of Safety Standards

Review of applicability of IAEA Safety
Standards to Evolutionary and
Innovative Reactor Designs covered
various technologies

* including small modular reactors
(SMRs), high temperature gas cooled
reactors (HTGRSs), sodium fastreactors
(SFRs), lead fast reactors (LFRS),
molten salt reactors (MSRs), marine-

. . States and 40 organisations including
based SMRs and micro-sized reactors regulatory bodies and technical safety

organisations
Extensive work in 2021, wide participation from various stakeholders
from Member States



Review of applicability of Safety Standards: DSA

- Mo. | Chapler” (parsgraphs’) of 55G-2 [Rev.1) WCR [HTeR [ LvFR [ Msr
] Revl eW Of IAEA SS G _2 Rev 1 1. | 2. GENERAL CONSIDERATIONS Whale sechion 2 (including descripbon of the objechives, accepiance criteris, uncerzinty
. +  Objectves of deterministic safety analysiz spprosches to snsure margins and determinstion of the source term in deterministic
snalysis (2.1-2.4) safety analysis) is writfen in & tachnology neutrsl way and is spplicable 5 is toall types of SMRs

Acceptance
safety enslysis (2.5. 2.6)

Deterministic Safety Analysis for NPPs

Approsches to deterministic safety
analysis (2.8-2.15)

Souroce term for s release of radiosctive materisl
to the environment (2.18-2.18)

eria for deterministic

Z. | 3 IDENTIFIGATION, CATEGORIZATION AND ApplicaEle but further | In major  part|In major  part| Inmajor part
- GROUPING OF POSTULATED INITIATING guidance needed applicable but further | spplicable but further | applicable but further
] EVENTS AND ACCIDENT SCENARIOS (3.1-3.7) | The comments below | guidance needed. In | guidance needed. In | guidance needed. In
+  Msnsgement system (3.8) apply to sl SMRs: | addifion t0 comments | sddition o comments | ssdition to comments
+  Mormsl aperstion (3.8, 3.10) For SMRs with long | on  wster cooled | @0 water  cocled | on wster cooled
+  Postulsted infisting events (3.11-3.22) refuelling period with | resctors, the | resstors, the | resctors, the following
- [4 - L s+ |dentification of postulsted iniisting factory refuslling | following spplies following applies. | spplies: Examples of
2vents for enticipated oparational some normal | Exsmples of specific | EX8MPles of specific | spedific events to be
accurrences and design basis accidents operstion  regimes | svents  to  be | OVSMS  fo  be considersd include
(3.23-3.36 considersd_include y sccidents
* Number indicates t of the Chapter in the Safety Guide.
 Numbers in the b jcate the parsgraphs associated to comespanding tapic

«  Genersl considerstions for identification may be imelevant | considered  include | more aftention to pay | cause by addition of
i

. g .
- aof design extension conditions (3 37, Identification of | sir or stesm ingress [ to resctivity induced ile material to the
3.38) postulsted  initisting | lesding to chemicsl | seeidents,  chemical | core, water ingress or

resction of sodium | sudden collspse of

+  Identification of design extension events nesds  to | resctions or reactivity

conditions without significant fuel cansider specific | insertion. compaction | With waler, coolant | the gas bubble.
Y H degradation (3.308-3.44) configuration of | of the pebble bed | FeeZing. or leaksges | resctivity induced
— PIEs for specific technolo understanding o e P e | 5200 | B |
1 conditions with core melting (3.45-3.50) some  companents, | specia waste | SyStem covering the | chemical
* Identification of postulsted initiating use  of passive | bestment systems. | S°C1E0E level i the | reprocessing plant or

‘events due to internal and external reactor Events | in emergency drain

i i i 1-3 systems Recommendstions | jnifisted in the loops, | tank. In opposite,
the plausible scenarios leading to release rasaris 2151354 Tmpstatie 1| oo coe ek anayis | ENEY I e oo, |k ncppente,
+  Event sequances and aceidant soenarios events resulling in | control rod jection is

to be ‘practicslly sliminsted (2.55-3.57 floating SMRs may | are not spplicable a5 [ ozs of integrity of the | imelevant due to low

. . be exposadio specisl | imslevant, A gap resctor caolant | resctor pressure

events  due  to | what kind of sccident | systems due to high | Specific events can

- u r er g u I an C e IS n ee e O n aC C e p an C e unstsble  position. | could be postulated | pressure or events | be initisted by ssit
Different as potentislly leading | pressurizing the | contr em

vulnersbilities to the | to large radicactive | contsinment are not | failures, salt freezing

hazerds, to operstor | relesses relevant but | inthe system
criteria to retriect anrerences in tecnnologies o mpersire b | s o

common cause damages are | releases of fission
failures need to be becoming more | products from the off-

Gl

(barriers, phenomena, damaging mechanisms) bicicnare e

— Challenging to fully comply with the recommendations on independent verification
— NWCR examples are needed to illustrate ‘should’ statements (in general)
— Annex |: DSA applications for SAMGs requires additional guidance (core melt concept)



Review of applicability of Safety Standards: PSA

» Review of IAEA SSG-3 (Level 1 PSA)
and SSG-4 (Level 2 PSA)

= Majority of the recommendations are
applicable ‘as is’

. Appllcablllty or further guidance needed
Risk metrics (core melt vs severe accident)
— Generic information sources (data, lists)
— New type of IEs require further guidance
— Containment recommendations in L2PSA
are incompatible with “functional
containment” concept

= Gap in regard with Level 3 PSA



Concerns related to Safety Assessment of FOAK SMRs

Limited information on phenomenology, uncertainty

» Jack of comprehensive knowledge about phenomena and
their interactions may impact a wide range of technical areas
(e.g. physical, chemical, structural material properties).

No or limited operating experience
Lack of applicable codes and technical standards

Limited applicability of current design safety approaches
= systemdesign criteria and functional design criteria.

Limitations in application of traditional approaches and
methods for safety assessment



Safety Guide: Safety demonstration of innovative reactors

 Proposed New Specific Safety Guide (DS537) to
— describe what should be done to overcome specific challenges of innovative reactors
— complement existing safety standards in areas which are not sufficient
— capture experience available

 Provide recommendations
on approaches to address
and/or mitigate, and/or
resolve unknowns associated
with innovative technology

« Technology inclusive and
considering SSCs, materials 4 |
and advanced manufacturing First consultancy meeting on DS537 Safety demonstration

of innovative reactors, 25-27 April 2023, Vienna




DS537. new safety guide

\entire reactor design?j
= Safety demonstration of first of a kind reactor designs

everything was FOAK at some point?

= Safety demonstration of first-efa-k#ad technoloqgy in reactor designs

\Needs to be defined in D8537!j \research reactors?/

= Safety demonstration of innovative technology in reactor designs

= Safety demonstration of innovative technology in power reactor designs




DS537 structure

# Chapter
1 INTRODUCTION
2 DEFINITION OF INNOVATIVE TECHNOLOGY AND RELATED ISSUES
3 GENERAL APPROACHES TO ENSURING SAFETY FOR INNOVATIVE TECHNOLOGY
3.1 [Identification of issues, knowledge gaps and uncertainties
3.2 | Actions to manage the knowledge gaps and uncertainties (e.g. reduce the uncertainties) = J O
3.3 | Application of a graded approach ety\De 2L
4 SPECIFIC STRATEGIES TO ENSURE SAFETY FOR INNOVATIVE TECHNOLOGY - " 9
4.1 |Limited knowledge on relevant phenomena (physical, chemical) 7 ‘ f
4.2 | Lack of simulation tools
4.3 |Limited or no directly relevant operating experience = =
4.4 | Lack of applicable regulations, codes and technical standards ==
4.5 |[Limited applicability of design safety and safety assessmentapproaches
5 SAFETY DEMONSTRATION OF SPECIFIC INNOVATIONS
5.1 [New fuel concepts
5.2 | Passive safety features
5.3 Innovative Control and Instrumentation i
5.4 | Implications of innovative technologies for operators /l/ / g & o
5.5 Innovative manufacturing and construction techniques i
5.6 |Innovative material solutions
5.7 Non-electrical applications (e.g. heating, hydrogen) i
5.8 [ Multi-modularity (reactor modularity) 7
5.9 | Transportability concepts

CONSIDERING INTERFACES WITH SECURITY AND SAFEGUARDS WHEN DEMONSTRATING SAFETY




Safety Report: DSA/PSA for SMRs

. Technical Meeting on PSA & DSAYGE
IAEA Safety Report on Safety Assessmentfor ELERe, 4-2 rov 2019, VigAHA

eni
‘_

SMRs
« Main SMRtechnologies are being addressed

 Main body of thereportfinalized (covers DSA
| PSA typical tasks vs SMRs, Integrated use of
DSA/PSA, PSA applications)

 Annexes for the part on PSA

— Annex|-PRISM (SFR), h

— AnnexIl—HTR-PM (HTGR), _

— Annex Ill- NUSCALE (WCR), Practical

— Annex|IV-IMSR (MSR), examples,
— AnnexV-??(LFR), e.g. PIE lists
— Annex VI- Regulatory perspective (CNSC) )



Design Safety

SSR-2/1 Safety of Nuclear Power Plants: 2016

(Rev.1) Design

NS-G- Radiation Protection Aspects of 2005

1.13 Design for Nuclear Power Plants . -

(DS524) (in revision)

SSG-30 Safety Classification of Structures,
Systems and Components in Nuclear 2014
Power Plants

SSG-34 Design of Electrical Power Systems 2016
for Nuclear Power Plants

SSG-39 Design of Instrumentation and
Control Systems for Nuclear Power 2016
Plants

SSG-51 Human Factors Engineering in the 2019
Design of Nuclear Power Plants

SSG-52 Design of the Reactor Core for 2019
Nuclear Power Plants

SSG-53 Design of the Reactor Containment
and Associated Systems for Nuclear 2019
Power Plants

SSG-56 Design of the Reactor Coolant
System and Associated Systems for 2020
Nuclear Power Plants

SSG-62 Design of Auxiliary Systems and
Supporting Systems for Nuclear 2020
Power Plants

SSG-63 Design of Fuel Handling and Storage 2020
Systems for Nuclear Power Plants

SSG-64 Protection against Internal Hazards in 2021
the Design of Nuclear Power Plants

S5G-69 Equipment Qualification for Nuclear 2021

Installations

Safety Assessment

GSR Part | Safety Assessment for Facilities and 2016

4 (Rev.1) | Activities

SSG-2 Deterministic Safety Analysis for 2019

(Rev.1) Nuclear Power Plants

SSG-3 Development and Application of

(Rev.1) Level 1 Probabilistic Safety 2023
Assessment for Nuclear Power
Plants

SSG-4 Development and Application of

(DS528) | Level 2 Probabilistic Safety 2010
Assessment for Nuclear Power (In revision)
Plants

SS5G-25 Periodic Safety Review for Nuclear 2013
Power Plants (In revision)

SSG-54 Accident Management Programmes 2019
for Nuclear Power Plants

SSG-61 Format and Content of the Safety 2021
Analysis Report

DS508 Assessment of the Safety Approach

(new) for Design Extension Conditions and In
Application of the Practical
Elimination Concept in the Design of development
Nuclear Power Plants

DS537 Safety Guide on Safety

(new) Demonstration of Innovative In
Technology in Power Reactor development
Designs

DSxxx Development and Application of

(new) Level 3 Probabilistic Safety

Assessment for Nuclear Power
Plants

In planning

26



Technical Safety Reviews on safety
assessment
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Technical Safety Reviews

* Review is performed by the team of

Independent international experts
— Wide experience

— Technology experts

— Language

— No conflict of interests

 |AEA Safety Standards are the basis
for the review (cannot be reviewed
against national standards)




TSR Services Conducted since 1988

North America 1

Europe 82

HY 07 HY 09 Wit Wy ws

Total: 118 TSR Asia and the Pacific
Services 29

Africa 3

Latin America and the
Caribbean 3




TSR services evolution

& intornations Atomic Eneray Agancy

TSR Services Guidelines streamlined,
revised and published (SRS-41) Technical Safety Review (TSR)

Service Guidelines

Reference Report for Requesting
Parties and IAEA Technical Teams

Development of detailed technical
guidelines for the review of topical areas

Preprint

Safety Report on Applicability of Safety
Standards to Non-Water-Cooled Reactors and
Small Modular Reactors

SMR focused review guidelines:

To cite this preprint:

e TSR-DS Review Guidelines

o Conceptual design review (SMRS) I

Visit the IAEA preprint repository for t

REFERENCE DOCUMENT FOR THE IAEA TECHNICAL SAFETY REVIEW (TSR] -
CONCEPTUAL DESIGN SAFETY (DS)

o Safety, security and safeguards interfaces

Reviewing reports & electronic models

OU


https://www-pub.iaea.org/MTCD/Publications/PDF/SVS-41web.pdf
https://www.iaea.org/sites/default/files/22/02/21-04475e_tsr-ds_review_guidelines_draft2.pdf

Summary and future IAEA events
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Summary and path forward

= |AEA continues efforts in the area of safety assessments
= Ongoing publications on safety assessment

= Reviews and Trainings: tailored support to Member States:

» Risk-informed approaches beyond safety (security, safeguards)

= Focus on SMRs 4

- Further integrated use of PSA and DSA ‘,V/ \Q’
- Driving design solutions \\i\ y
- FOAK designs L

Information sharing 1AEA



Some relevant IAEA events in 2023-24

16-20 Oct 2023: Safety Implications of the Use of Al in NPPs (IAEA)
13-16 May 2024 Joint IAEA-GIF Workshop on the Safety of NWCRs

18-21 Jun 2024: Interregional Workshop on Experimental Testing and
Validation for Design and Safety Analysis Computer Codes for SMRs (IAEA)

14-17 Oct 2024: Technical Meeting on Severe Accident Analysis and
Management for Non-Water Cooled Reactors

21-25 Oct 2024: International Conference on Small Modular Reactors and
their Applications

26 - 29 Nov 2024: Technical Meeting on Advanced Manufacturing and
Qualification Programmes for New Materials for SMRs and NWCRs: Safety

Considerations

4-8 Nov 2024: Interregional Workshop on Safety, Security and Safeguards by
Design in Small Modular (ORNL)

33
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