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IFERC The Broader Approach Agreement: background

2004: the long ITER Negotiations are blocked by two site proposals
Cadarache versus Rokkasho

EU, China,
Russia

(India had not joined

the ITER
negotiations)

To unblock the deal, EU and JA negotiate a “host / non-host” agreement, where the non-host of the
ITER site can chose projects on its territory that contribute to the development of fusion energy
(=...Broader Approach to Fuslon Energy... ), and receives certain concessions in ITER.

In 2005 an agreement is reached.
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IFERC The Broader Approach Agreement: background

The BA agreement is signed in 2007 between Euratom and JA
» An equal contribution of 338 M€ per party over 10 years

* In Europe, France, Italy, Spain, Germany, Switzerland and Belgium
make a voluntary contribution (90% of the total value).

* FA4E is the Implementing Agency for Euratom.
The 3 Projects chosen by Japan:

1) Upgrade of the tokamak JT60U in Naka = JT60-SA

2) IFMIF-EVEDA: design and prototype construction and testing for a future material irradiation
facility: to be sited in Rokkasho, ex ITER site. This project was much supported by EU

3) And a series of smaller projects, generically called IFERC, which had to
« Fulfill the expectations of the local politicians to have something visible related to ITER in
the area = ... REC or the ITER Remote Experimentation Cenfre
« Be consistent with the two sides roadmaps to fusion energy =>...DEMO Deslgn, and research
in DEMO relevant materials
« Cover some obvious needs of the two fusion communities =... A good supercomputerd
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IFERC
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The first years of IFERC: construction of aresearch centre
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Radliation ; Materials analysis room:

Construction of a materials characterization laboratory

Materials analysis room:
Chemical analysis, structural
identification by x-ray

S5 e Chemical analysis, structural
identification by x-ray

Materials test

|/

Mlicrostruicture Amalysis Room

room - | [ —— " o s/es] O SSSI | IT
mechanical ‘ = /=
testing,

sample Microstructure analysis room

preparation High precision specimen preparation

observation
Nano-scale surface analysis

Nano-scale mechanical tests

gamma Rl species(P-32, Fe-59, Cr-51, Co-60, W-138,
etc), and beryllium can be used simultaneously.
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IFERC

The Computer Simulation Centre CSC was defined
in the “Broader Approach” Agreement : {0 set-up
and operate a new high end international
supercomputer center for conducting simulations in
the field of fusion

Performance: HPC with more than 1 Petaflop/s (LP)
— optimized for the needs of the fusion codes

Operation: January 2012 to December 2016

Contribution of Europe: supply of a supercomputer
(+ operation and maintenance) as part of France
voluntary contribution to BA

2021/03/26

Build a team for the project
Clarify the contribution of each party
Build a plan for the activity
Outline the interfaces

Gather the needs of the
fusion community
Perform a market survey
Write the specifications
Define the interfaces

CSC in BA phase I: HPC Helios procurement

Deliver, Install, Configure

the IT equipment (Bull)

Director of the CSC (CEA)
moves to Rokkasho

C— f— {— (=)

2007 | 2008 2009 2010 2011 .
& ¥
Q4 Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Ql Q2 Q3 Q4 :
0
Prepare the building Prepare the infrastructure
equipment
2009 2010 2011 2012

Juelich HPC-FF

8 000 cores

INTEL+IB

100 Il;lpps (peak)
L

NIFS |j '"‘ 1\‘“\[”
4 000 cores 1l

Power6+1B
77 Tflops |
(peak) —

(Hitachi)

JAEA
17 000 cores
INTEL+IB
200 Tflops

(peak)
(Fujitsu)

> %10 Juelich
computer
> X 5 JAEA computer
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IFERC CSC in BA phase I: HPC Helios exploitation

Start of
operation [ Addition of the advanced ] [ Addition of nodes to the [ Addition of the advanced

End of
operation

partition 1 (Intel Xeon Phi) conventional partition partition 2 (Nvidia GPU)

— < ]

2013 2014 2015 2016

o

Q1 Q2 Qa3 Q4 Qi1 Q2 Q3 Q4 Q1 Q2 Qa3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Cycle 1 >< Cycle 2 >< Cycle 3 Cycle 4 Cycle 5

Time 0.50 ms

| 100,0%
95,00
20,0%
85,00
80,00
75,0%
70,0%
65,0%
60,0%

55,0% 1
MEGA / Y. Todo s 156 | ——Availability

45,00 {

40,0% )

35,00 | -=-Usage

30,0%

25,0%

20,05

15,0%

10,0%

5,00
gene.rzg.mpg. de. 0,0%

O R R R R C I e

Gene / F. Jenko A G GC S Gl G

Cumulated number of peer-reviewed
Availability and usage of the conventional partition papers in 9 categories
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IFERC CSC in BA phase I: HPC Helios exploitation (2)

ioo  In addition to the large number of physics papers in support
' of ITER, Helios was also used in support of ITER
construction : example, neutronics calculations for shield

modules

100

Shutdown dose
rate (Sv/h)

l D001 “'\ ’/&’;/t).
{00000800)

‘ D.0001

Neutron flux 3D-map at Diagnostic Shield Module
(DSM) in ITER Equatorial Port [MCHIFI, Dieter Leichtle]
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IFERC

« CSC manages the JFRS-1 (JA) and Marconi (EU) resources allocated to BA,

BA phase Il: CSC today

« Supports high priority Projects: ITER, JT-60SA, DEMO

« Conducts analysis : 27 projects conducted on JFRS-1 for the current analysed, and results used for
the preparation of the next cycle

« Shares experience and best practices in the design and operation of HPC centres for fusion users

« Plans for the future HPCs: porting of codes to accelerated HPC partitions

Source of computer time | Amount of computer time | Projects Period of time
EU and JA voluntary 916 k-node-hours M/SKL 5 EU-JA April 2019 — March 2020
contribution 412 k-node-hours M/KNL projects (extended to Sept. 2020)

IFERC-CSCPAO1-JA.EU

858 k-node-hours JFRS-1

JA host contribution BA
phase Il (for FY 2020)

4350 k-node-hours JFRS-1

20 EU projects

April 2020 — March 2021

JA host contribution BA
phase Il (for FY 2020)

4419 k-node-hours JFRS-1

7 JA projects

April 2020 — March 2021

EU voluntary contribution
IFERC2-CSCPAO1-JA.EU
(for FY 2020)

47 k-node-hours M100

7 JA projects

JA host contribution BA
phase Il (for FY 2020)

9000 k-node-hours JFRS-1

To be selected

Sept. 2020 — March 2021
April 2021 — March 2022 I I
& 4
]
&

EU voluntary contribution | 105 k-node-hours M100 To be selected | April 2021 — March 2022 <>§' @
IFERC2-CSCPAO1-JA.EU <</6 &QJQ

(for FY 2021) NS

Note: M/SKL means Marconi SKL nodes (conventional), M/KNL means Marconi KNL nodes (many-core &0 <<’?>

accelerated), M100 means Marconil00 nodes (GPU accelerated)
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IFERC DEMO : DEMO Design Activities and R&D

‘W Surface
Electrode

Pebble fabrican i
Arc . cen :

Molten i 4
beryllide

Rotation

Plasma-sintered
electrode
with Be-7.7at. %V
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DEMO Design Activities: BA Phase | achievements

Convergence of designs

2019/07/08

IFERC

Pre-conceptual design

Initially, each side pursued its own DEMO
programme and shared results, but a
convergence of designs has evolved

EU: DEMO1 (pulsed) — R, =9.1m, B,., =12.3 T, K
=1.6 and Png)~ e Ew (B =2 GW)"™ %

JA: DEMO-2014 (SS) = R, = 8.5m, B a = 12.1 T, Kos
=1.65-1.7 and P, ~ 0.270.3 GW (P2 ~ 1.5 GW)

Critical design issues

Large technol_o%y g_aps between ITER and
DEMO identified: divertor heat exhaust,
remote maintenance, in-vessel components
(blanket and divertor, including materials'
Issues).

Joint work

ProPosaIs of EU-JA joint work for the DDA
final report were agreed and started:

= (1) Divertor model in system code (PROCESS),
= (2) DEMO physics: ELM mitigation strategy,

= (3) SONIC and SOLPS simulations for EU
divertor level (Psep~150MW),

. gl) Study on shielding and water activati r
reeding Blanket design,

= (5) SC magnet design,
= (6) BoP: Tritium permeation.

Benchmarking design tools

= Mesh#1711S

FAE GB 44, Cadarache, France
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IFERC

In Phase I, 8 priority areas identified for joint work

Overall schedule for DEMO Design Activities (DDA) IFERC Phase I

2020 2021 2022 2023 2024 2025

i : ' | | I
b Detailed DDA Plan : ! ! '

Plasma scenario develnpment

Deflnltlon/ldentlflcatlon H&.CD - Evaluation of PFCs heat loads DEMO scenario studies and simulation R&D needs for EDA

1
1
i Dn.rertor and power exha ust
1
1

Initial simulation study of particle exhaust A Design optlmuatlnn of divertor
I 1

Breeding blanket (BB) design and tritium extraction and removal |

i Development of conceptual BB design and Identification fuel cycle systems Integration of updated BB design & fuel cycle system ‘
1 1 1 1
l Remote maintenance |

- .
A Concept of Ex-VV RM technolog\v and R&D needs for EDA A
A

Identification of engineering tools for rernote maintenance design

Definition reference design basis acmdental sequences

Systems codes

1
A Sensitivity studies for impact of scenario A

1
I

1 | '

’ ) i Superconducting mlagnets ) \
!

I

1

!

1

Balance of plant and plant system ‘

Definition of system diagrams, major plant components, Site layout Update of BoP desgin for EDA

2021/03/26 EC Delegation Meeting

DEMO Design activities in Phase Il

In addition, the two sides agree to share
experience of major reviews to go from pre-
conceptual phase to conceptual phase: Gate
Review results in EU (2020)

/ Baseline (delivered by WP) /
!

Step 1: WP Reviews

Rewevyed Records (WP / Baseline
Saseline | report (delivered by LSI)
(WP) panel reports) / elivered by

Step 2: KDII Reviews

Reviewed Records (KDII
Baseline (LSI) panel reports)

Step 3: Final Review

)

/ Records (G1 Panel report) /

Additional
high level doc.
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IFERC DEMO Ré&D:

Based on the common interests of
EU and JA, 5 generic DEMO R&D
tasks for blanket were defined at
the beginning of the BA:

T1) SiC/SiC Composites

2
e Ciemat
OFRQ EeeAw  DEECONOMA Cintro e besipcones
= =

.
Y COMPETITIVIOAD nergénc, Mecosmonies
,,,,,,,,,,

T2) Tritium Technology

22\ "
(Y EUROfusion

T3) Materials Engineering

ﬂ(l I FCOLE POINTECHNIQUE | ;
FENFRALF DF [AUSANNFE

T4) Advanced Neutron Multiplier
T5) Advanced Tritium Breeders.

AT

2021/03/26

Research in Blanket Materials in BA Phase |

Requirement for the blanket system

i 325°C
Tritium

Structural
material

14MeV ncugaEl
Insulator

(for lig. breeder system)
Functional
material

Required function
— Shield the high energy fusion neutron
— Breed Tritium (TBR > 1.05)
— Convert neutron energy into heat

Expected performance

— Assure safety and reliability throughout the
assumed service period under the assumed
operation mode.

— Reduce radioactive level which is consistent
with waste management and recycle strategy.

— Ensure maintenance and inspection service
are feasible.

% Material development for blanket system is expected to provide

sound engineering bases for

v’ Safety, reliability and realizability of blanket designs
v waste management, recycle, maintenance and inspection scenarios

EC Delegation Meeting
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IFERC

In BA Phase Il: The emphasis is in
creating a repository of knowledge for
future reactor construction:
engineering databases, handbooks,
lessons learned form ITER
construction, etc.

1)

2)

3)

4)

® To contribute to DEMO Design in
the following 4 areas:

Tritium technology related to
continuous recovery and inventory
evaluation of bred tritium
Development of structural
materials for fusion DEMO in-vessel
components including compilation of
Material Properties Handbook
Neutron irradiation experiments of
breeding functional materials
Development of material corrosion
database

Overall schedule for DEMO R&D: Tritium Technology IFERC Phase Il

Deuelopmemuf conceptual design dl TEP systems for DEMO

Experimental results on TEP critical analytics

Detailed R&D plan
ics al

Update TEP
design inputs
for COR__4/'}
‘ i
Dwelopmlnt of tritium Irmntory evaluation tool for DEMOfueI cycle design )
Detailed R&D plan
Development of detailed physics models in selected functional blocks of the
Selection of speclﬁc functional DEMO fuel cycle completed
blocks of the DEMO fuel cycle

5|mulator

v
Detailed R&D phn
I

" Complete T analysis of JET-ILW -3 tiles and dustsand

Plasma-wall Inm::tlnn analysis of new JET ILW-3 samples & T remuval

EwnluntlonT removal from materials Interim report

summarize T inventory data

DEMO R&D: Research in Blanket Materials in BA Phase |l

Overall schedule for DEMO R&D: Structural Material Development for Blanket

2020 2021 2022 2023 2024 2025

1 v 1 1
Development of irradiation database and material property handbook (MPH) of blanket structural materials

i
\
: |
'
! Collection of data
Preparatory R&D and - 5 5
Detailed R&D plan 1% version of MPH for Breeding Blanket structural materials
h SSTT guidelines A
'
|
{

Final version of MPH, SSTT guidelines
Probability function of properties for
engineering design

Devalopment of irradiation dmbase and material propenv handbook (MPH) for dlver;gr baseline materials

|
!
 Preparatory R&D and Collection of data Final version of MPH of divertor baseline
Detailed R&D plan 1% version of MPH of divertor baseline materials /\ materials for the engineering design
1 1

| Materials modelllng toward the validation of a DEMO fusion neutron irradiation database and matevlal property handbook (MPH)

i
Preparatory R&D and ) " Common technical guideline for the
Detailed R&D plan Identification of theories and models estimation of fusion neutron irradiation
: : A cffects A
\ - '

Development of fusion structural design rules

1
i N 0
Preparatory R&D and
omuedm;wpun First draft of design methods for BLK and divertor guideline for SDC of in-vessel components
1 A Design rule validation test plan A

2021/03/26

Overall schedule for DEMO R&D: Neutron Irradiation Experiments
of Breeding Functional Materials IFERC Phase Il

2020 2021 202 2023 2024 2025
1 . 1
' Design and Fabrication ‘
! .

i
1
i
; | !
Preparatory works H
: Rig fabrication A
2D | .
1

Detailed R&D plan
‘ Neutron irradiation ‘

i
1 Irradiation for in-situ tritium release

| ' /
| |
1
i Irradiation for the PIEs
I
' A
! |
! 1

1
‘ Post irradiation Experiments (PIB]‘
\

Preparation and Execution of PIEs

Overall schedule for DEMO R&D: Material corrosion Database IFERC Phase Il

Material
I

Update / development
Final version of material property
handbook for engineering design phase A

Data Collection
1% version of material property handbook of
corrosion/erosion

|

Preparatory R&D and!
\ Detailed R&D plan
'

A

product (ACP) | model d

i
[ £ 1 :
[ ' ' 1
v ‘ [l
|
'
Collection of data Update / development
Prepamtury R&D and
Detailed R&D plan 1* version of ACP and tritium behavior database Final version of database
e /\ Fundamental models to estimate ACP in

the engineering design phase

A

for fusion in- vessel components

EC Delegation Meeting
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IFERC (ITER) REC: Remote Experimentation Centre
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IFERC (ITER) REC: Remote Experimentation Centre

BA Phase |

Remote Experimentation Control room built,

1) EU made a contribution to the equipment in the control room:
plasma wall, servers

2) Software: adapted for data access: RES (JA), EDAS

3) Customisation of control oriented simulation codes: eTOS (JA),
CREATE 2D, METIS, ...

4) Tests: synchronous replication of LHD data, transmission tests with
IO and JET, remote data access with RFX (MDSplus), transfer of
data using CSC tape library, ....

5) Two major integrated tests

BA Phase i

® To prepare the remote participation for ITER via collaboration with 10
(CODAC)

® To collaborate with IFMIF-EVEDA (remote control room) and JT60-
SA: this has become particularly urgent because of COVID and
the need for remote commissionning.

® To investigate and develop REC-related issues: fast data transfer,
data storage and analyses of large scale data.

2021/03/26 IFERC PC-28

May 2017: Integrated tests of all REC functionalities
with JET

November 2018: Remote experimentation operation session
with WEST, France




IFERC Conclusions

IFERC Project progressing according to plan
Strong emphasis given to all support activities for the ITER Project, and the other BA
Projects

CSC: continues to promote simulation activities and good practice

DDA: Results of the JA and EU current programmes and reviews will be shared, and joint
work is now planned progressing to a conceptual design phase

DEMO R&D: emphasizes the creation of tools for future reactor construction such as
handbooks, design rules, engineering databases in fusion materials

REC will develop and test remote participation tools in collaborations: with 10 in the final
stages of definition, with IFMIF/EVEDA already under implementation, and with STP just
started

IFERC PC-28
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