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JAEA: International Atomic Energy Agency
Established in 1957

Nuclear Technology & Applications Nuclear Safety & Security Safeguards & Verification

*‘

Nuclear Energy Nuclear Safety & Security Safeguards

Nuclear Sciences & Applications

Technical Cooperation

“Atoms for Peace and Development”
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JAEA In Numbers

Founded in 1957: 64 Years of international service

168 Member States

~2500 Professional and support staff

Regular Budget (2016) ~ €360M

Extra-budgetary (voluntary) ~€50M

Technical Cooperation Fund contributions (voluntary) ~ €90M in 2016

12 international laboratories (Vienna, Seibersdorf and Monaco) and
research centres

1+ million documents, technical reports, standards, conference
proceedings, journals and books in the IAEA Library
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JAEA Fast Reactor Technology Development Team

Department of

Nuclear Energy

Fostering Sustainable Nuclear Energy for the Future
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Nuclear Power Technology Development Section

NPTDS:

Tasks & Activities
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IAEA Coordinated Research Projects

[ CRPs on Fast Reactors Technology ]

I__L__I

On-going CRPs New Proposals
The IAEA encourages and assists research on and l l
development and practical use of atomic energy and its PSER Source Term — Total Instantaneous Blockage
applications for peaceful purposes throughout the Radioactive Release Under of SFR Fuel Assembly
i instituti ‘ Severe Accident Conditions

\évorloll. It. brlngsdtggetlher rssl\e/larchblnsgtutlons from its Simulation of CLEAR-S

eveloping and developed Member States to " Loss-of-Flow Experiment
collaborate on research projects of common interest, Start-Up Tests

Benchmark Analysis of

so-called Coordinated Research Projects (CRPs).
STELLA-2 LOHS/LOF Tests

Benchmark Analysis of Loss

( . N -
CRP completed in last decade of Flow Without Scram Test

Natural Circulation in LBE
Sub/Assembly: 'NAC = Tests

BN-600 MOX Core Benchmark Analytical and Experimental

Benchmark Analysis of ADS NAPRO — Na Properties and
PHENIX — EOL Tests e —— Hoat Safe Operations of Exp. Facilities
. - el LafEel Ended in Sept 2018
| MONJU — Na Natural Convection  Removal Tests ) 2 TECDOCs in Publishing
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CRP on Benchmark Analysis of EBR-II
Shutdown Heat Removal Tests (2012- 2016\
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NAPROC B: The Sodium
Properties Calculator

Easy to use software to get the
thermophysical of liquid sodium.

Input the required state variables
and get all desired properties.

Beta version under development.

Modelling based on the use of
various correlations.

Fio EM
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NAPROCP flow model

eInput state
variable such as
Temperature

dugu

*Get various properties like
Density, Heat Capacity,
Dynamic Viscosity,
Saturation Pressure etc.

e Use of various correlation
to accurately calculate

different thermodynamic
and transport properties.
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https://nucleus.iaea.org/sites/FR17/frteam/FR-Sharepoint/NAPROC/JavaScript/Na_property_Calculator_new.html#detailed

CRP on Radioactive Release from Prototype SFR under Severe

Accident Conditions (2016- 2020)

CDA development and propagation in pool type SFR

J

L]

ll. Quasi-static Phase
Release of sodium to the

Initiation |. Expansion Phase

(neutronics) Core bubble expands in sub-cooled sodium

and Transitio’n
(fuel relocation) 2 D

Phases
Core Melt/Bubble is
formed

Incipient melting Extended relocation Rapid fuel vapor
and early relocation and core compaction bubble expansion

Reference design for the safety analysis:
500 MWe pool type PFBR

Very complicated multi-physics phenomenon
Can be a Standard Benchmark for Verification of
Safety Analysis Codes and Models
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Reactor Containment Building
(RCB)

[1l. Containment Sourc

Term

- Evaluation of multi-component

aerosol evolution is required

- Two typical sodium fire accidents:
sodium pool fire accident
sodium spray fire accident



CRP on Radioactive Release from Prototype SFR under Severe
Accident Conditions (2016- 2020): Expansion Phase
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https://1drv.ms/v/s!AnXnQ4HoLg5aoupLA9r59Ym-lh3oMA?e=5FKFW7

New CRP: Neutronics Benchmark of CEFR

Start-Up Tests §3 YR&+RHEA%EE

MEEME CHINA INSTITUTE OF ATOMIC ENERGY

* China Experimental Fast Reactor

— Sodium-cooled fast reactor with nominal
power of 65MW(th), 20MW(e)

— Reached the first criticality in 2010

— Generated electricity at 40% full power
and was connected firstly to the grid in
July 2011

— Generated electricity at 100% power in
December 2015 and operated for more
than 40 effective full power days

1st Kick-Off RCM: June 2018, Vienna

ESFR-SMART Spring School, 29 Mar 2021
Vladimir Kriventsev, IAEA
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CEFR Start-Up: Tests and Simulations

1. Fuel loading Z. I;/Ieasturlemednt &l Rﬁac;uwty 4. Irradiation test
and criticality Of CONtrotTo eNects of foils
worth measurement

Temperature

- o Reaction rate
reactivity coefficient

Net criticality

distribution

Operation
loading core
(250°C)

Experiments

Sodium void
reactivity effect

I
i

f
\

Core SA exchange
reactivity effect

|

Planned duration: 2018 — 2022

Set up Perform blind Comparison with Refined

simplified neutronics experimental Simulations;
model of CEFR  calculations data, models Publications
core independently update of the results

Kick-off RCM: 11-14 June 2018 (27 Participants from 17 MSs)
2"d RCM: 28 October — 1 November, Beijing
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CRP: Neutronics Benchmark of CEFR Start-Up Tests
2"d RCM: Comparing Blind’ Simulations vs. Experiment

1 2 b
PR LA

WP2. Control Rod Worth [MEEREED CHINA INSTITUTE OF ATOMIC ENERGY
Control Rod Worth

Temperature

Sodium void

Core S/A exchange

reactivity effect
Irradiation test of foils

Integral worth, pcm

0 50 100 150 200 250 300 350 400 450 500
Control rod position, mm

‘ ESFR-SMART Spring School, 26 Mar 2021 2"d RCM: November 2019 (27 Participants from 17 MSs)
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CRP: Benchmark Analysis of R .
FFTF Loss of Flow Without Scram Test [B s = e
- FFTF Reactor: TR gt s
— 400 MW(th) sodium cooled fast test reactor S —
— Mixed UO2-Pu02 (MOX) fuel s G
— Loop type plant, axial and radial reflectors E .
— Prototypic size ] :* :
« ~1m3 core volume : 4
* ~91 cm high, ~120 cm diameter !!: —
— Series of Passive Safety Tests [ el
« Demonstrated passive safety of SFRs C— Bmm::::“m‘:‘“'“'““"’ B omres
« Demonstrated efficacy of negative reactivity © " - Sevndiudl

Insertion safety devises (GEMS)

ESFR-SMART Spring School, 29 Mar 2021
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CRP: Benchmark Analysis of

FFTF Loss of Flow Without Scram Test
2"d Virtual Meeting: Update & End of Blind phase

0

FigrPeak Ctadding Temperature
- Completed the blind phase, no more updates to the > |
blind phase results now i gt
« Refined phase calculations started o= x -y
1] -. KT
« 2" RCM planned for Feb 2021 — Online or postponed 2™ |+ o
to Nov 2021 ‘é”"* | % e
 Refined phase results to be completed by June 2021 = 450 = e
 FR21 special session with 5 papers o e o Zuchy
benchmark (May 2021) o " }
* Firstdraft TECDOC in 2022 T Tew 500
o Fig: IHX#1 Primary side Outlet temperature Fe- "ﬁ“’u
L340q a XjTu
v _:_ :tCSCAAR
8 e
E == JAEA
8.320 -0 KAERI
E 5
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Fast Reactors Safety: Joint GIF-IAEA Workshops on Safety of LMFRs

A decade of cooperation

1st : June 2010 4th : June 2014
2nd : Dec 2011 5th : June 2015
3rd : Feb. 2013

& 6th GIF-IAEA Workshop on Safety of SFR
November 2016

/th Joint GIF-IAEA Workshop on LMFR Safety
March 2018
* Final Review of GIF Report on Safety Design
Guidelines on Safety Approach & Design Conditions
for GEN-IV SFRs

8th GIF-IAEA Workshop on LMER Safety
20-22 March 2019
» Discussion of GIF Report on “Safety Design
Guidelines on Structures, Systems and Components
for Gen-1V SFRs”

9th GIF-IAEA Workshop on LMFR Safety

18-20 March 2020 >> postponed>> March 2021
* Review of GIF Report on “Safety Design Guidelines on
ESFR-SMART Spring School, 29 Mar 2021 oy ot Structures, Systems and Components for Gen-IV SFRs{ 7
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https://www.iaea.org/events/first-joint-iaea-gif-workshop-on-operational-and-safety-aspects-of-sodium-cooled-fast-reactors
https://www.iaea.org/events/second-joint-iaea-gif-workshop-on-safety-aspects-of-sodium-cooled-fast-reactors
https://www.iaea.org/events/third-joint-iaea-gif-workshop-on-safety-design-criteria-for-sodium-cooled-fast-reactors
https://www.iaea.org/events/sixth-joint-iaea-gif-technical-meeting/workshop-on-the-safety-of-sodium-cooled-fast-reactors
https://www.iaea.org/events/seventh-joint-iaea-gif-technical-meeting/workshop-on-the-safety-of-liquid-metal-cooled-fast-reactors
https://www.iaea.org/events/evt1703448
https://www.iaea.org/events/evt1701718
https://www.iaea.org/events/fourth-joint-iaea-gif-technical-meeting/workshop-on-safety-of-sodium-cooled-fast-reactors
https://www.iaea.org/events/fifth-joint-iaea-gif-technical-meeting-on-safety-of-sodium-cooled-fast-reactor

Online Catalogue on LMFNS Experimental Facilities

Experimental Facilities in support of Development and Deployment of Liquid Metal cooled
Fast Neutron Systems

IAEAorg NUCLEUS

G\J‘Ef IAEA | Catalogue of Facilities in Support of LMQ%

Includes an overview as well as
detailed information on

190 experimental facilities UNdEr — syeions (MFNS Catalagasy oo e eocledFastRedtron 0
design, construction or operation - BE - | 1 B
19 institutions from 14 IAEA Member i gr{‘ ' -
States contributed 4 . -

Home LMFNS Faciliies Database Overview of SFR Overview of LFR LMFNS Compendium

Freely Available at iaea.org: MYRRHABELLE facility -Belgium
Search for “IAEA LMFNS”

This LMFNS catalogue is a living database, which is, in its current form, presents an electro
Nuclear Energy Series publication (in progress) "Experimental Facilities in Support of
Systems. A Compendium".

LMFNS Compendium. Summary of the IAEA publication

Updated in August 20109:
an s m To overview the potential capabilities of 150 experimental facilities in 14 IAEA Member Stat
[ Ad d ed 38 N eW FaCI I Itl eS deployment of the innovative Liquid Metal cooled Fast Neutron Systems (LMFNS) and nav
Facilities Database” click on the below buttons:

* Updated Profiles for 41
Facilities
For detailed information on these facilities 1) click on the below button "LMFNS Facilities Database" (also on top of this

page), 2) select the Coolant technology - SFR, LFR or both in the search box, 3) use other search and filtering tools as
appropriate, 4) click on the Facility Profile you are interested in.

‘ ESFR-SMART Spring School, 29 Mar 2021 LMFNS FaCiIities Database

Vladimir Kriventsev, IAEA 18




New Technical Meeting on
State-of-the-art Thermal Hydraulics of Fast Reactors

Sep Nov Jan Mar April June Sep
2020 2020 2021 2021 2021 2021 2021

2022

Abstracts Acceptance Meeting Publication
Announcement and Abstract review by IAEA Technical Publication of final
open the call for the experts and Meeting on State- IAEA document
abstract acceptance of-the-art thermal
Meeting hydraulics of fast
IAEA Consultancy Deadline Full Paper reactors Deadline
Meeting on State- Abstract Submission of full Final Paper
of-the-a_rt thermal Submission paper by the submission O O
hydraulics of fast Deadline authors and start of deadline for authors | 7 N~ |
reactors Peer review | )
process 11
C 111

ESFR-SMART Spring School, 29 Mar 2021 19
Vladimir Kriventsev, IAEA




Joint ICTP-IAEA Workshops on
Innovative Nuclear Energy Systems

iICTP Infernational Centre = _ _
: ) '°'"‘°°'°"°°“"‘V'°5 ‘_ o o ras2 ¢ In 2016 and in August 2018 Trieste, Italy
. other external experts

Next Workshop: July 2020 >> 2021/227?7?

T 1 \ Joinf ICTP-IAEA‘WOfkshop on
P sic$iandYeeanplogy of Innovafive NuclearEnerdy Systerms®
| for»Susfainable"l)‘e,i\(_elopment_ ‘

. The Abdus Salam e
. ' . R , International Centre e 29 August - 2 September 2016
SFR-SMART Spring School, 29 Mar 2021 (CTP : i & ; ;
) \ladimir Kriventsev, IAEA for Theoretical Physics L ) Miframare, Trieste 20



SFR Simulator for Educational Purposes

« Pool type sodium cooled fast

reactor simulator for
education and training

e 2021: delivered to the IAEA
In testing now

 end of 2021: distribution to
the Member States

Reactor Lead related

Control Sytem initiation

Plant Load

Turbine Lead related

Control Sytem initiation

=z -::ﬁzﬁ"‘ﬁ}"ﬁ/

ESFR-SMART Spring School, 29 Mar 2021
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NES: Passive Shutdown Systems
for Fast Neutron Reactors

IAEA Nuclear Energy Series

&) 1AEA

International Atomic Energy Agency

ESFR-SMART Spring School, 29 Mar 2021
Vladimir Kriventsev, IAEA

Shutdown
ems for Fast
n Reactors

Click to access:

https://www.iaea.org/publications/13386/pa

ssive-shutdown-systems-for-fast-neutron-

reactors
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A levitated absorber system for self-actuated shutdown system

Lithium expansion modules

Lithium injection modules

Curie point latches

Thermostatic switches

Lyophobic capillary porous systems

Flow levitated absorbers

Cartesian divers

Levitated absorber particles

Enhanced thermal elongation of control rod
drivelines

Gas expansion modules

Autonomous reactivity controls

Travelling wave reactor thermostats
Thermo siphon based passive shutdown systems
Static absorber feedback equipment

Flow-suspended absorber rods

Fissile

core T T

Low Nominal
flowrate flowrate

Passive shutdown system with flow levitated rods for BN-800 22
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FRO9 >> FR13 >> FR17 >> FR21 Conferences

IAEA International Conferences on FR21>>FR22
Fast Reactors and Related Fuel Cycles Beijing

April 2022

International Conference on

Fast Reactors and Related Fuel Cycles:
Challenges and Opportunities

FRO9

International Conf =—
R Fast Reactors and Related Fuel Cycles:

7-11 December 2009

-
Kyoto, Japan " oFAST REACTORS AND Next Generation Nuclear Systems
oy @ RELATED FUEL CYCLES: for Sustainable Development
s A L. Safe Technologies and FR17
—— D +Sustainable Scenarios e e 2it?

ane v e v -

International Conference 0/
y

HOD SAuEnS Syhane s

FAST REACTORS AN
RELATED FUEL CYCLES:

Sustainable Clean Energy for the Future :

FR22: 530 Abstracts accepted

ESFR-SMART Spring School, 29 Mar 2021 k:).'.".?‘.\.
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Working at the IAEA

Search

SMIAEA
nternational Atomic Energy Agency

" 1] INVITING COMMITMENT R
human o
- '8
resources P
Employment at the IAEA _
Current Vacancies

IMPORTANT NOTICE

re & candicate who has previously submitted & general application to the IAEA
(e £ Interenhip, Consultznt), please be Informed that the IAEA has recently Introduced a
new 1T platiom for all IS recruitment ACTivites

So i you wish to be considersd for IAEA job opportumities in the future, please resubmit
your apphication through our websae at this in

WEBINAR OF THE MONTH

- One Year Internship

in Fast Reactors Team: _ Six Months Temporary Assignment (P2 Professional)

contact Vladimir Kriventsev: FR@IAEA.ORG

ESFR-SMART Spring School, 29 Mar 2021 24
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Thank You!

contact Vladimir Kriventsev: FR@IAEA.ORG




