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GEN IV International Forum GEHESlS Of Generat|0n IV Concept

d In 1999, low public and political support for nuclear energy

S 2uia

A Technology Roadmap
for Generation IV

» Qil and gas prices were low Nuclear Energy Systems

MMMM i

d USA proposed a bold initiative in 2000 e i AR B

» The vision was to leapfrog LWR technology and collaborate with
international partners to share R&D on advanced nuclear systems

» 9 Countries and EU joined USA in developing the initiative
»  Qil prices jumped soon thereafter

O Gen IV concept defined via technology goals and legal framework
» Technology Roadmap released in 2002
= 2 year study with more than100 experts worldwide

= Nearly 100 reactor designs evaluated and down selected to 6 most
promising concepts

»  First signatures collected on Framework Agreement in 2005; first
research projects defined in 2006

“This may have been the first time that the world came together to decide on a
GEN |V pternational fission technology to develop together.”

Forum " . " " " "
Expertise | Collaboration | Excellence William Magwood IV, First Chairman of the Generation IV International Forum 2
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snvmemnenntonn (3TFE (Goals for Generation-IV Reactor Systems

B Sustainability

® Long term fuel supply

® Minimize waste and long term stewardship burden
B Safety & Reliability

® \Very low likelihood and degree of core damage

® Eliminate need for offsite emergency response
B Economics

® Life cycle cost advantage over other energy sources
® Financial risk comparable to other energy projects

B Proliferation Resistance & Physical Protection

® Unattractive materials diversion pathway
® Enhanced physical protection against terrorism
GENV &
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GEN IV International Forum G en- IV N UcC I ear Rea Cto I SYSte ms

Sodium-cooled Fast Reactor (SFR) Lead-cooled Fast Reactor (LFR)  Gas-cooled Fast Reactor (GFR)

Sl
Supercritical Water cooled Reactor  Very High Temperature Reactor Molten Salt Reactor (MSR)
(SCWR) (VHTR)

GEN/IV Fips™
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GEN IV International Forum Comparlsons Of MaJOr SpeCIfICathnS

Neutron

Outlet temp.

Fuel cycle

Sodium-cooled Fast Reactor (SFR)

Spectrum

(Degree C)

(VHTR)

Fast Sodium 500-550 Closed

Lead-cooled Fast Reactor (LFR) Fast Lead 480-570 Closed
Gas-cooled Fast Reactor (GFR) Fast Helium 850 Closed
Molten Salt Reactor (MSR) ThFe;r;aI/ FIuoridSZﬁ:Shloride 700-800 88:23
Supercritical \(/éaé\e/\r/—lgc))oled Reactor ThFe;r;aI/ Water 510-625 é)lgggé
Very High Temperature Reactor Thermal Helium 900-1000 Open

GEN/IV Fips
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cenvinemational Foum - [ Qlvement of GIF Members in R&D on Gen-IV systems

SFR ° ° ° ° ° ° ° °
VHTR ® ® ® ® ® ® ® ® ® ®
LFR ° ° ° ° ° °
SCWR ° ° ° ° °
GFR ° J °
MSR ° ° ° ° ° ° °
Ny o == B3 nonactive members
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svmenenrenn - Missions of GIF (2019-2021)

d

d

d

Market Opportunities and Challenges for Deployment
. Enhanced interaction with industry, incl. with SMR vendors

Safety and Regulation

* Increased interaction with the regulators, e.g. in the frame of the NEA Working Group on
Safety of Advanced Reactors (WGSAR) and IAEA

«  Development of system-specific Safety Design Criteria (SDC) and Guidelines (SDG)

Enhancement of R&D cooperation
 Use of R&D infrastructures to improve international collaboration - R&D Infrastructure TF

Improved communication of GIF Results to Citizens, Policy makers, Regulators,
Industry

. Network with CEM (NICE Future Initiative), IFNEC, WNA....

 New GIF newsletters and GIF visual branding, GIF Webpage

Enhanced Education & Training as well as Knowledge Management

GEN/IV Fips
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GEN IV International Forum G I F O rg an | Zatl on

Policy Group

Methodology / Opportunity
Working Group (WG)

Risk and Safety WG (RSWG)

Proliferation Resistance and Physical
Protection assessment methodology
WG (PRPPWG)

Economic Modelling WG (EMWG)

Education & Training WG (ETWG)

Task Force (TF to solves
specific issue)

Advanced Manufacturing and Material
Engineering TF (AMME-TF)

Research & Development Infrastructurg
TF (RD-TF)

Non-Electric applications of Nuclear
Heat interim TF (NEaNH-iTF)

(PG)

GEN/(IV sien
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Expert Group (EG)

Senior Industry Advisory Panel

Policy Director and Technical Director
Technical Secretariats

System Steering Committees

Sodium-cooled Fast Reactor |
(SFR)

Very High Temperature Reactor
(VHTR)

Supercritical-water-cooled
Reactor (SCWR)

Gas-cooled Fast Reactor (GFR) =

Lead-cooled Fast Reactor (LFR)

Molten Salt Reactor (MSR)

Project Management Boards

System Integration Assessment
Advanced Fuel

Safety and Operation

Component Design & Balance-Of-Plant

Fuel and Fuel Cycle

Code Verification

Materials

Hydrogen Production

(System Integration Assessment)

Thermal-hydraulics and Safety
Water Chemistry and Materials
(System Integration Assessment)

Conceptual Design and Safety
(Fuel and Core Materials)




e Highlights related to SFR
Eile

* Most active GIF system (together with VHTR) with four R&D Projects running:
o System Integration and Assessment (SIA)
o Safety and Operations (S&QO)
o Advanced Fuel (AF)
o Component Design and Balance of Plant (CD&BOP) B AT T
- Five SFR Design Concepts: A e s )

o Loop Option (JSFR Design Track) Construction site of CFR-600
o Pool Option (KALIMER-600, ESFR, and BN1200 Design Tracks) ?) ESFR-SMART
o Small Modular Option (SMFR-ANL Design Track) Q sodium fast reaclor safely

* Revision of SFR System Research Plan was completed and approved by System

Steering Committee in October 2019
«  White Paper on the SFR PRPP aspects has been finalised and transmitted to EG
*  World: Construction of two pilot SFR units (CFR-600) is ongoing in China

um,‘“@w‘p

B B B B & B &

& & a & & a -
-

» Europe: Euratom collaborative project ESFR-SMART focuses on enhancing the Py
safety of Generation-IV SFRs
https://www.gen-4.org/gif/jicms/c_95916/qif-sfr-safetyassessment-20170427-final Thermal diffusivity measurements
GEN |V International https://world-nuclear-news.org/Articles/China-starts-building-second-CFR-600-fast-reactor of (U,Am)O,_,
Forum http://esfr-smart.eu/ at JRC Karlsruhe
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https://world-nuclear-news.org/Articles/China-starts-building-second-CFR-600-fast-reactor
https://world-nuclear-news.org/Articles/China-starts-building-second-CFR-600-fast-reactor
http://esfr-smart.eu/

centvmenerenater™— Highlights related to VHTR

* Four active VHTR “pre-competitive” Projects
o Materials: Graphite, metals, ceramics - corrosion, joining, irradiations
o Fuel: Fabrication, characterisation, qualification, waste management

o Hydrogen Production: lodine-Sulphur (850°C), Copper-Chlorine
(530°C), High temperature electrolysis (650°C)

o Computer Tools for Design and Licensing: Thermal-hydraulic
analysis (CFD), Neutronics and nuclear cross-section data,
Radioisotope chemistry and transport, Reactor and plant dynamics

* Development of VHTR Safety Design Criteria on the basis of

IAEA TECDOC and in cooperation with RSWG Construction site of H-TR-PM
*  World: Construction of HTR-PM HTR demonstration plant is ongoing in
China
« Europe: Euratom collaboration project GEMINI+ project is ongoing, in @
which partners are working together towards the demonstration of high .'..... G E M I N I +

temperature nuclear cogeneration with an HTR in Poland — cf.
presentation of D. Hittner (NC2l) and M. Futterer (JRC) in Session 5

_ https://www.gen-4.org/qgif/icms/c_103659/qifvhtr-safety-assessment-finaldec2018
GEN Iv :zng%rrftlonal https://www.world-nuclear-news.org/Articles/Cold-testing-of-HTR-PM-reactors-completed
https://htr2020.0rg 10

Expertise | Collaboration | Excellence —= . L
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http://www.gemini-initiative.com/geminiplus/
https://www.gen-4.org/gif/jcms/c_103659/gifvhtr-safety-assessment-finaldec2018
https://www.world-nuclear-news.org/Articles/Cold-testing-of-HTR-PM-reactors-completed
https://htr2020.org/
http://www.gemini-initiative.com/geminiplus/

een v imernational Form — AdVanced Manufacturing and Material Engineering (AMME) Task Force

« AMME is a key for cooperation with Industry (SMR Vendors...)

Workshop

— Innovation for Safety and Economy of construction, operation, and
maintenance, inspections. Al is also significant issue

« Advanced Manufacturing Workshop held at NEA in Feb. 2020
« AMME-TF is newly launched in GIF

— Requirements Capture

» Given the rapid change in advanced manufacturing, this group will work :
to identify the needs of the community.

— Qualification, Demonstration and Deployment

 New approaches and methods for qualification are key to the
deployment of advanced manufacturing. The first focus is to identify
these commonalities in qualification across different reactor systems.

— Design and Modelling

* Meeting the need to capture and share processes and methodologies
for ensuring product quality by a) collecting experience, b) sharing, and
c) benchmarks (including data driven Al approaches).

GEN/IV Fips
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senvimermational Foum - NON-€lectric Application of Nuclear Heat (NEaNH)

New Task Force of NEaNH for higher Flexibility to cover all Gen-1V systems and required R&Ds
= Heat application will be a key for Nuclear to contribute to the Carbon Neutral

Reactor Types Reactor Size e Applications
v" Cogeneration
application
&5 Power Reactor Y H%%rsgtie:n
S| x SMR x | P

v' Seawater
Desalination

Micro Reactor

v Process heat

v' Synthetic Fuel
and Chemicals

v Cooling

SFR, LFR, GFR (High Temperature application

VHTR, MSR, SCWR Systems)

6 + Heat Storage
GENIV Frin Matrix of 6 x 3 x 6

Expertise | Collaboration | Excellence
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GEN IV International Forum GI F M eth Od O | Og | es

EMWG — Economics Modelling WG

> Developed the G4ECONS software (freely available) N aNESTeas:

= Assess the costs of Gen |V designs and identify cost drivers = st
» Approaches on life-cycle cost reduction Em
» Financial Issues on Gen-IV systems deployments 9

* Report on Nuclear Energy: an ESG Investable Asset Class 0

Capital O&M Fuel D&D Total

Benchmarking (G4ECONS vs. IAEA NEST)

https://www.gen-4.org/qgif/icms/c_9364/economics for “Cost Estimating Guidelines”,
“Impact of Increasing Share of Renewables”, and "Nuclear Energy: An ESG
Investable Asset Class”

PRPPWG — Proliferation Resistance and Physical

ACCIDENT INITIATORS = SYSTEM RESPONSE - CONSEQUENCES

Protection WG THREATS > SYSTEM RESPONSE -> OUTCOMES
» Through a case study, developed a methodology to + Safety and PR&PP should be considered from the
- . . earliest stages of design
evaluate & facilitate the introduction of PRPP features at the _ Flow diagrams: preliminary safety hazard and
earliest pOSSible Stage Of deSign PR&PP target identification and categorization
. . \ — Physical arrangement: external events
> With SSCS, white papers on the six GIF SyStemS shielding, access control

GEN/IV Fips

e oriiee | Colaboration | Excelionce https://www.gen-4.org/qif/jcms/c_9365/pr-pp for “Evaluation Methodology Report”,
TEHEMEE . SO “Workshop materials”, and “Case Study Report of ESFR”

13



https://www.gen-4.org/gif/jcms/c_9364/economics
https://www.gen-4.org/gif/jcms/c_9365/pr-pp

GEN IV International Forum GI F M et h Od O | Og | es

RSWG — Risk and Safety WG

» Develop “Basis for the Safety Approach for Design and
Assessment of Generation |V Nuclear Systems”

» Developed white papers on Integrated Safety
Assessment (ISAM) implementation & safety systems

https://www.gen-4.org/qif/icms/c 9366/risk-safety for “ISAM

Guideline” and “Safety Assessment Reports: 5 Systems”

» Safety Design Criteria (SDC)
= Develop SDC and Safety Design Guidelines (SDGs) for the

Pre-Conceptual Design Conceptual Design Final Design Licensing and Operation
Primarily y . i e s i Primarily
Qualitative Formulation — of Safety F and Criteria / Quaniitative

Qualitative Safety features Review (QSR) ] Q S - ReVi ew
v

'Phenomena Idem#'icatmn Ranking Table (PIRT)
Identi
bl Phenomena-IRT
Olizdgectwe Provision Tree (OPT)
L[memm%w OP-Tree
challenge/mechanism —» provisions:
thablllstw Safety Assessment(PSA)
Pr(!wdﬁm;og Lsm‘.ietstam!nrg of ri ksmi afeiy;sues
’—{ In principle, aﬂewsi;ompaﬂ on to techmlugy neLrira] risk metrics
Determmlsm: and Phenomenologlcal Analysis (DPA) w
ith design intent and
t resulting fi tulated intia
L Esmshwm‘?f“mm mwscnremonn PSA & DPA

High level safety fundamentals, and safety design goals
B GIF Roadmap

B Basis for safety approach for design & assessment

B SFR System Research Plan

2) Reference of SDC Structure

sodium-cooled fast reactor (SFR)

v" Reviewed by IAEA, OECD/NEA (WGSAR), and Regulatory

Bodies of several countries

= Extension to other GIF systems (LFR, VHTR, MSR...

GEN |v International https://www.gen-4.org/qif/icms/c 93020/safety-design-criteria

1) Particular issues for SFR

B Characteristic of Sodium-cooled Fast Reactor
# Reactivity (void) ...
¥ Sodium fire & Sodium-water reaction...
B Consideration on Severe Accident
» Re-criticality during Core Disruptive Accident
B High Temperature & Low pressure system
¥ Creep property, Leak-Before-Break...
» No LOCA and no need of ECCS...
B Enhanced Safety Approach
7 Passive system for shutdown & cooling

IAEA SSR 21
Management of safety in design
Principal technical requirement
General Plant design
Design of specific plant system

3) Lessons learned from Fukushima
Dai-ichi NPPs accident

Common cause failure by external event
Loss of power for longer period

# Decay heat removal, Fuel pool cooling
Containment function on spent fuel in the pool
Preparing multiple accident managements, etc.

Forum

Expertise | Collaboration | Excellence
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for “SFR SDC” & “Safety Approach and Design
Conditions, SFR SDGs”

GIF SFR SDC

14



https://www.gen-4.org/gif/jcms/c_9366/risk-safety
https://www.gen-4.org/gif/jcms/c_93020/safety-design-criteria

sevvmemationai o - E[@rgement of Cooperation with world Organizations
(Y IAEA

OUtSIde G I F (\ InSide G I F /_‘ GEN IV F<>r‘um ‘!s L‘? International Atomic Energy Agency
\ Expertise | Collaboration | Excellence
\ PG/EG ~ '
Private sectors ‘ \ Driver SIAP | GIF-IAEA interface International Whole
Interface with Opportunity supplier ezl m_cludmg | Nuclear Developer
] ElF Darars Non-electrical especially safety
Non national - SSC applications & Hybrid standards
\ s WG/TF tems Field
energy systems Fie
SMR developers \ Reactor concepts A
\ devel Methodology developer /
TP B AT \ eveloper [ Opportunity deve|oper GIF-IAEA Cooperate Matrix for Reactor
“ﬂlCE UCLEARINI ‘ L / N Fields (FR, HTR, MSR, SCWR), Non-electrical
9® Future CLEAN ENERGY FUTURE Nonlje'e_ct“cagl applications & Hybrid energy systems Field,
applications GIF as Economics Field, Safety Field, PR&PP Field,
Hybrid energy 6 types of Gen IV system developer Education and Training Field, Research and
A dialogue on the role that nuclear energy can play in clean systems Field (Theoretically from SMRs to Large reactors if it T — Infrastruc;:ure Field
energy systems of the future. To bring nuclear energy from \ fit to economical goal. Modelling and Simulation Field ’
traditional, nuclear-only fora to a broader, cross-sectoral \ Historically country-base commitments.) / odelling a dlation Fie
discussion on clean energy at the ministerial level. \ /
Interface with Interface with
GIF Partners GIF Partners
GlF Fartners Glr Fartners g
WORLD NUCLEAR | /N ()) NEA
e G
ASSOCIATION (Potential partner) . AMME-TF -
International organization that represents the global T g Intergovgrnmental agency that faC|I|tate§ co-
nuclear industry. operation in nuclear safety, technology, science,
environment and law.

More than 177 vendors/utilities, promoting understand of
nuclear energy, developing common industry positions,
and contributing to the energy debate.

AMM technology Especially market, SMR, innovation, N12050

developments & regulation needs.
(including WGSAR)

i Gen I+
GEN/|V ltemational  Other energy sources International Standards Organizations Regulators

Expertise | Collaboration | Excellence 15
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https://www.gen-4.org/gif/jcms/c_119093/gif-2019-annual-report-final-chap6-amme-tf
https://nucleus.iaea.org/sites/htgr-kb/gif-iaea/SitePages/14th%20GIF-IAEA%20(2020).aspx
https://www.oecd-nea.org/jcms/pl_24807/working-group-on-the-safety-of-advanced-reactors-wgsar
https://gif.jaea.go.jp/partner/interface_with_GIF_partners.pdf
https://gif.jaea.go.jp/partner/interface_with_GIF_partners.pdf
https://gif.jaea.go.jp/partner/interface_with_GIF_partners.pdf

senvimemanona o (COQP@ration with CEM: NICE Future Initiative
A Clean Energy Ministerial (CEM)

> NICE Future Initiative (Nuclear Innovation: Clean

4

L4

D)

L4

L4

Energy Future)

CEM10: Breakthroughs event-Panel (Vancouver, 2019)

Report: Flexible Nuclear Energy for Clean Energy

Systems (2020)

= 13 Generation IV International Forum: Delivering Next
Generation Nuclear Systems

Booklet: Pathways to net zero using nuclear innovation

(2021)

Message from GIF

® Gen-IVs can contribute to
Carbon Free Society through
the flexibility associated by
high temperature systems

GEN/IV Fips
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3 NICE

9@ Future cLEan ENERGY FUTURE

|
NITIATIVE OF THe CLEAN ENERGY MINISTERIAL

Pathways to net zero using nuclear innovation

2.1 Generation-IV
International Forum (GIF)

Sustainability is a key issue of Generation-IV
reactor systems, as these technologies enable
stable and long term utilization of nuclear
across a broader clean energy system. These
new designs aim to efficiently use uranium
resources and further minimize waste and
environmental load. The minimization of
environmental load means not only being CO,-
free but also reducing the amount of high level
radioactive waste by means of burning of long
term radioactive nuclides of Minor Actinides in
the spent fuel.

The six most promising nuclear energy
systems identified by GIF are:

Sodium-cooled Fast Reactor (SFR)

Very High Temperature Reactor (VHTR)
Gas-cooled Fast Reactor (GFR)

Molten Salt Reactor (MSR)

Lead-cooled Fast Reactor (LFR)

Super Critical Water-cooled Reactor (SCWR)

The Generation-IV International Forum (GIF) is a One particular benefit of the Generation-IV
multinational co-operative endeavor organized reactor systems is higher outlet temperatures
ranging 700 to 950°C (i.e., VHTR, GFR, LFR, and
MSR), and ~550°C (SFR). This high temperature
brings flexibility of energy use. This includes
non-electrical applications of their nuclear heat,
such as hydrogen production, industrial process
heat to chemical processing facilities, and
efficient heat storage.

to foster the research and development
needed to accelerate the deployment of the
next generation of nuclear reactor systems.
Since its foundation in 2000, GIF has identified
six nuclear energy systems being the most
promising to meet its objectives, assuming a
deployment horizon beyond 2030.

As well as the GIF Goals of sustainability,
safety, Proliferation, Risk, and Physical
Protection (PRPP) and, economics,
the flexibility characteristics

are becoming increasingly
recognised as essential attributes
for future energy sources. In the Hideki Kamide
NICE Future initiative’s “Elexible

Nuclear Energy for Clean Energy Chairof GIF
Systems” report, GIF set out the
flexibility characteristics of Gen IV
reactors in Chapter 13.

26



GEN IV International Forum Cooperat|0n Wlth IAEA

4 GIF-IAEA Interface meeting

= 2021 July: The IAEA and the Generation IV International Forum (GIF) have agreed to
expand their cooperation to include areas in the field of integrated energy systems,
nuclear heat applications and hydrogen production, and advanced manufacturing. (IAEA
Website news)

_ Scope
O Regulatory issues of Gen-1V

systems | o
« Developing a framework of application
= GIF-IAEA LMFR safety WOI’kShOp of IAEA safety standards to all types of

SMR
v" Reviews of SFR SDC/ SDG and LFR
SDC by IAEA * A high-level mapping of areas of the

safety standards applicability to SMRs

» SMR safety documents development
. + Interface between safety security and
in IAEA safeguards will also be addressed

v SMR Regulators Forum

v" GIF members have joined several
consultancy meetings

laea_smr_safety webinar_presentation_29 october.pdf, Page 8 17



https://www.iaea.org/sites/default/files/20/10/iaea_smr_safety_webinar_presentation_29_october.pdf

st Education & Training WG Activities

Series of Gen-lV webinars

A series of Generation-IV webinars has been
launched in September 2016 and is currently
offered once a month:

“Pitch your Gen IV Research”

A Message for Junior Researchers

° 1 hour online lecture on one GIF system or CLICK HERE FOR MORE DETAILS
cross-cutting topic from top-level experts

57 webinars have been presented as of
today 4

« Archived with
flyers, slides,

and YOUTu be Geometry Design and Transient Simulation of a Heat Pipe
Video _ Micro Reactor

In recent years, clor pis have ion in

the nuclear industry due to the market demand for flexible, reliable, and Free webcast!
sustainable power and heat on-site for industrial or federal installations or

remote communities. Micro-reactor AGile Non-nuciear Experimental Test-bed O]

(MAGNET) is at ldaho National Laboratory (INL) with an initial focus on the 3 b A

Pitch Your Generation IV Research Competition

W‘jb'“ar Invite S | CALLING ALL JUNIOR RESEARCHERS'

Join us on November 18, 2021, 8:30 am EDT (|

thermal and structural performance of heat pipe :oalnd micro-reactors.

h tt . System Analysis Module (SAM) code is a multi-di | madern softs [
ps . WWW.gen_ lndpmnedbymgeme Naticnal Laboratory (ANL). This mbnarwll] mmaw
the designs of heat-pipe micro reactors, steady-state and 18, 2021 8:30 am
of MAGNET by SAM, to explore the performance limit by heat transfer and EDT {UTC-5)

4.org/gif/jcms/c_82  terweseesarvutn e

Iregistenid 107245804044709133

831/webinars e

Muclear regutators, Managers,
Students. General pubill

Jun Wang, Ph.D., is an associate scientist of Nuclear
Enginasrig and Engineering Physics at the University [Tk
of Wisconsin-Madison. Wanqgalnhn Ph.D. from Xi'an

¥ Jiaotong Universi include the
advanced ﬂumnrkeu analysis of nuclear safety and
reliability for various reaclor designs. Wang s leading

a few projects on the heal pipe micro reactor, high
GEN IV Pgsﬂrr%atlonal %ﬁfﬁﬁgﬁfﬁﬁ === Short video presentations; tinyurl.com/wwauk74
https://www.gen-4.org/gif/jcms/c_173421/pitch-your-research-competition 18
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GEN IV International Forum S u m m a ry

O Generation-1V Reactor Systems in GIF
® SFR, LFR, GFR, MSR, VHTR, SCWR
® GIF Goals; Sustainability, Safety and Reliability, Economy, PRPP (Security)

O Methodology Working Groups and Task Forces

® New gates to cooperate with Private sectors
v" Non-electric Application of Nuclear Heat; NEaNH TF
v" Advanced Manufacturing and Material Engineering; AMME TF

® Safety Design Criteria and Guideline; SFR and extended to other systems
® Cost reduction measures on plant life cycle
® Education and Training; Webinars and Knowledge managements

O Cooperation with other Organizations

® Safety and Regulatory Issues
v" SMR safety standards by IAEA and OECD/NEA RSWG

® Messages to COP26
v' Booklet of CEM, NICE future

GEN/[V Lterstiona v" Report on Nuclear Energy: an ESG Investable Asset Class
Forum v’ Cooperation with WNA

Expertise | Collaboration | Excellence
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19



GEN IV International Forum

Highlights related to LFR and HLM technology

* Fiog

» Withing GIF, LFR members work under the framework of MoU
» Activities concentrate on the development of top-level reports GE@‘
o LFR System Safety Assessment (SSA) was published in June 2020 |

o White Paper on the LFR PRPP aspects has been finalised in
cooperation with GIF PRPPWG and transmitted to EG Lead-cooled Fast Reactor (LFR)

System Safety Assessment

ntethationel
~olum-

Alemberti, K. Tuéek, M. Takahashi, T. Obara, M. Kondo, A. Moisecv,

o LFR Safety Design Criteria (SDC) document is being prepared in F e
collaboration with GIF RSWG, and is expected to be finalised and e
transmitted to GIF Expert Group in early 2021

*  World: The licensing of the BREST LFR research demonstrator is currently
being completed with site preparations ongoing in Tomsk, Russian Federation S
« Europe: Two main projects: (i) MYRRHA R&D infrastructure (ADS
demonstrator) under construction in Belgium; and (ii) LFR demonstrator Site preparations for the
ALFRED in Romania. Euratom collaborative projects supporting LFR- and __ BREST-OD-300 construction
heavy liquid metal (HLM)- R&D activities: GEMMA, PATRICIA and PASCAL ?

ClA

o%o

OOO

https://www.gen-4.org/gif/upload/docs/application/pdf/2020-06/qif Ifr ssa june 2020 2020-06-09 17-26-41 202.pdf
https://www.riatomsk.ru/article/20201109/seversk-brest-300-sroki/

GEN IV International http://www.'egra-ipnm.eu/qemma/
Forum https://patricia-h2020.eu/
Expertise | Collaboration | Excellence https://cordis.europa.eu/proiect/id/847715

EERIEEIE e o mPEOERE https://cordis.europa.eu/project/id/945341
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https://patricia-h2020.eu/
https://patricia-h2020.eu/
https://patricia-h2020.eu/
https://cordis.europa.eu/project/id/847715
https://cordis.europa.eu/project/id/945341

GEN IV International Forum

Highlights related to GFR
1]

* GFR System Arrangement signed by Euratom, France, and Japan
o Existing Project Arrangement on Conceptual Design and Safety
o Provisional project on Fuel and core materials GE@{%%%@EQH&{
o Proposed project on GFR Technology

« Development of GFR reference documents Lt
o GFR Risk and Safety Assessment White Paper (completed in 2016) WhicaFaper
o GFR System Safety Assessment (draft)
o GFR Safety Design Criteria (draft)

« Europe: The main project ALLEGRO - preparatory phase is carried out ALLEGRO concept
by the V4G4 Centre of Excellence. The work is being supported by the e .
Euratom collaborative project SafeG, among others aiming at:

o strengthening of inherent safety

~4
o resolving remaining open questions in residual heat removal in V4
accident conditions

https://www.gen-4.org/qif/upload/docs/application/pdf/2016-10/rswqg gfr white paper final 2016.pdf

https://cordis.europa.eu/project/id/945041
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https://cordis.europa.eu/project/id/945041
https://cordis.europa.eu/project/id/945041

GEN IV International Forum

Highlights related to SCWR
‘ O

 Two R&D Project arrangements established (currently being
extended):

o Materials and Chemistry (2010)
o Thermal-Hydraulics and Safety (2009)
* Provisional project on System Integration and Assessment
« Within GIF, four SCWR core concepts with thermal spectrum and

three other core concepts with mixed or fast spectrum have been
proposed

* Europe: Joint Euratom-China-Canada project ECC-SMART has just
started. It aims at the assessment of the feasibility and identification of
safety features of an intrinsically and passively safe SMR cooled by
supercritical water — cf. subsequent presentation of Markéta Krykova

(CV Re2) in this session

« 10thInternational Symposium on SCWRs
https://www.gen-4.org/gif/icms/c 103619/gif-scwr-safetyassessment-finaldec2018

ECC

 Scheduled in March 2021 Smar

* Will be organized as videoconference or webinar
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https://cordis.europa.eu/project/id/945234
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https://www.gen-4.org/gif/jcms/c_103619/gif-scwr-safetyassessment-finaldec2018
https://cordis.europa.eu/project/id/945234

GEN IV International Forum

Highlights related to MSR
Si«1E e

TMSR-LF1

» Alarge interest around the MSR technology, with more than
40 concepts of a large variety being developed worldwide

« Within GIF, the MSR system is currently ongoing transition from Memorandum
of Understanding (MoU) to System Arrangement (SA)

« Three (3) Project Arrangements are under development:
o Fuel and coolant salt properties
o Materials and components
o System integration and cross-cutting issues

« Safety aspects have been identified as a key driver for the R&D Roadmap -
ongoing interactions with GIF RSWG to create Task Force on the MSR safety
approach

*  World: Prototype MSR - TMSR-LF1 - is under construction in China

* Europe: Euratom collaborative project SAMOSAFER focuses on development
of DiD approaches, development of theoretical models for safety-relevant i
phenomena, as well as related experimental setups

s
— i

e M S
?\MJ | ‘

Sy

https://samosafer.eu/

\“““‘“’“““““‘“ T s

Successful synthesis of UCl, at JRC Karlsruhe
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https://samosafer.eu/

senwmemationai o S@fEty DeSign of Gen-1V reactors and World Standardization

Safety Design Criteria and Guideline of Sodium cooled Fast Reactor

Regulatory Side

Safety Fundamentals
e.g.IAEA SF-1: Fundamental Safety Principles

Developer Side

Safety Goals
r Safety Ap

co
<]
.
w
—
-

proach l

Safety Requirements

e.g. IAEA SSR 2/1*:
Safety of Nuclear Power Plants: Design

[ [GIFSFR \ )
S3fety Design Critefja
—— v —— - Ge
High- Passivel
Temp. ‘System‘ g

Structure \

.

Safety Guides
e.g. IAEA SSG-56*:

Design of the Reactor Coolant System and
Associated Systems in Nuclear Power Plants

*These are for Light Water Reactors; but not for Gen-IV reactor systems.

Safety Design Guideliney |:

Core| Coolant IContain| Fuel s
& | System | -ment Storage,°F
\ e System| etc.

- ———

Codes and Standards
Domestic Codes & Standards

INnternational

GEN IV Forum
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® SFR Safety Design Criteria (SDC)
development was proposed at
GIF Policy Group in 2010

B Realization of enhanced
safety designs common to
SFR systemes,

B Preparation for the
forthcoming licensing in the
near future

® SDC was formulated in 2013,
external review and update
B |AEA
B OECD/NEA WGSAR
B Regulatory bodies in SFR
developing countries
® Safety design guidelines (SDG)

for GIF SFR started in 2013.
24



esnvimemaionaifoum - S faty document development for GIF reactor systems

® SDC/SDG are extended to the other reactor systems.

White Paper on ISAM System Safety Assessment Safety Design Criteria/Guidelines*
Implement.

Completed Completed SDC-Completed

SFR https://www.gen- 15t SDG-Completed
4.org/gif/jcms/c_9366/risk-safety 2nd SPDG-under review

V'@ Completed Completed GIF is observing IAEA-CRP for SDC

LER Completed Completed SDC-under preparation
SDC Report submitted to IAEA for review in 2021

S/ Completed Completed Not needed
GER Completed Completed SDC-under preparation

MSR Under preparation Under preparation Under planning

GEN/]V Iternationa * https://www.gen-4.org/gif/jcms/c_93020/safety-design-criteria

Forum
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