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European Union

2008 Site preparation start India

2025 First Plasma ’Cah":sg

2034 Start of D-T operation South Korea
Russia

United States

e R-6.2m
* a-2.0m
e Elongation—1.75-1.86
e Plasma current- 15 MA

Fusion Parameters :
e GasD+T

e T.=T=15keV

* n.=10m=3

e Plasma volume- 815 m3 e« D-T Power — 500 MW
e B,-53T

e Pulse>400s

e On-off time ratio -1800 s
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TOKAMAK Building
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ITER
Remote Experimentation Centre (REC)

Forecast of the total amount of data stored on tapes at CERN in 2026

1200 PB_ YOLUTION O THETOTALMOUNT OFDATASTORED N TAPE AT CERAIN' ’

026
1000C
B L
100
y A R mh mb 4
‘ 11K Starts
10 operation

2010 20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Years

Moore’s law proves that data amount & network speed increase 10 times higher in every 5 years.
ITER 1&C R&D are needed up to the first plasma.
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CODAC

(CODAC — COntrol Data Access and Communications)
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CODAC Architecture

Central supervision & automation, monitoring and data handling

PON = Plant Operation Network
TCN = Time Communication Metwork
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Main Challenges in Tokamak Operation Zone

Equpment Location. Some front-end electronics cannot be relocated outside operation zone of installation
because of long cables induce noise on experimental signals.

Aggressive Environment. Sensors and front-end electronics located near ITER installation (Port Cells, Galleries)
works in strong magnetic (~0.2 Tesla), neutron (~ 107 n.cm=2.s'1), and Hard X-ray fields. In addition, this equipment
must have good electromagnetic shielding (EMC) because located near megawatt radiofrequency oscillators (up to 170
GHz).

Radiation protection of electronic parts. In ITER the number of different electronics parts in radiation zone is
very large ~500, compared with about 20 different parts in ATLAS detector. Development of special radiation-hard
electronics parts for ITER is very expensive and not appropriate for the project.

Networks restrictions. Some multi channel diagnostics generate huge amount of experimental data (~ 100-500
GB/sec) which have to be transmitted in to CCS in real time. Estimations show the required data transmission velocity
IS more than 10 times accedes the channel capacity of existing ETHERNET and computer buses (~10 Gb/sec). Also, it
IS necessary to take into account not only data transmission velocity but also latency and packets collision between
plant system and supervisor and between plant systems.




Radiation and Magnetic
Shielding Requirements (Port cell)

(Vincent Martin, Work performed in the frame work of the FA4E-FPA-407 contract)
Non critical equipment

Dot e Radiation level at | Threshold for electronics Atlt\leeneljjaet?on
yp B11/L1/PC from ITER policy*
factor
Total Integrated Dose (Gy) 103 101 100
Neutron Flux (n/cm?/s) 10° 102 1000
Static Magnetic Field (mT) 150 )

ITER - Nuclear plant

Radiation is MAIN HEADACH !!l

*10 IDM RAKTPP, values for non-critical electronics (QC>2) = [ space




Local Shielding Design (Shielded cabinet)

(Vincent Martin, Work performed in the frame work of the FAE-FPA-407 contract)

Local shielding against neutrons: moderator for fast neutrons (e.g. polyethylene or
concrete) and absorber for thermal neutrons (e.g. Cadmium).

Attenuation of gamma dose rate: 7.5 cm of Tungsten for a factor 100.

Shielding against magnetic field: pure iron

Non critical equipment

Laye_r e I Cabinet Side Composition Ll Role

outside) (cm)

1 left, right .and back Concrete > Fast neutrons (14 MeV) moderator
plasma side 30

2 All sides Cadmium 0.5 Absorber of thermalized neutrons

3 All sides Tungsten 7.5 Attenuation of gamma dose

4 All sides Pure Iron 2 EM shielding
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RF_DA Multi channel real time 48 channels nutron registration system
(for non-critical electronics (QC>2)

TOKAMAK
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Remote Participation
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Remote Participation

— ITER plant —— Plant Operation Zone
[
!- Control Building |
| Interlocks & ;
i Safety Plasma control + PON * |
4 Cutgoing Data I
! — ORG Gateway t
| 1
- | Supervision Live data  p— + GIN * I
| |
Tempaorary |
Scheduling ; — )
data archive |
— |
Data display Mumlm_'lng 8 — 3 4 |
logging .
|
il Configuration |
plasma
. : database ;
. simulation |
T ]
I\ I
_ITER_SI_':E_______________________-Gataway_______.
Remote sites Y
i i i Iy i i i
Flasma Data Data Video Experiment Experiment Disaster
simulation analysis mirroring conferencing preparation monitoring backup




ITER Main Control Room
Preliminary Layout (being revised)

]
"‘ b b s N e

-




Typical Scientific Cooperation (Large tokamak (US DIII-D))

Ben Penaflor

« 683 Research Users

o 323 On-site and 360 Remote
e 24 Countries

108 Institutions

95 Graduate Students

e 68 Post Doctoral Fellows
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US DIII-D Control Room: Typical Exp’t Team View

Ben Penaflor

Machine Operator | Physics Operators Session Leader
Chief Operator{ — - o — e
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DIII-D Data Management with search and events

Ben Penaflor
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ﬁemonstrated Results (ITER > REC) A \
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> Achieved transfer speed: max. 7.97 / ave. 7.17 / min. 5.48 Gbps
» 50 TB/day is the world record of inter-continental long transfer.

Tururmenian

= REC as ITER full data replication site is realistic!

> Bottlenecks would exist in long-sustained read/write performances of huge storage. 23



he first results of long distance bulk data transfer
(Japan-France)

H.Nakanishi, Maximos Tsalas

MMCFTP (Massively Multi-Connection File Transfer Protocol).
achieved the highest speed record of 231 Gbps in Dec. 2017.

Collaboration with academic carriers such as GEANT, ESnet, and SINET will be needed
L2VPN is advantageous for point-to-point bulk data transfer between 10 and DA sites.

For making full use of network bandwidth, optimization on both side storage systems will be necessary for
faster read/write buffering and absorbing the speed differences.

Modern 100 Gbps network backbones can transfer 4 or 5 duplicated streams of 2 GB/s initial ITER data,
but cannot to 7 individually.



Prototype of RF DA Remote Participation Center
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Russian prototype of ITER
Remote Participation Centre (RPC)

Technical Tasks:

* Investigation of the high-speed data transfer via existing public networks (reliability, speed
accuracy, latency)

. Tesf of IT)ER remote participation interfaces (Unified Data Access, Data Visualisation and Analysis
tool, etc.).

* Local Large-capacity data storage system (Using CERN experience)

° Remote monitoring of Russian plasma diagnostics and technical systems in scope of warranty
coverage and maintenance support.

e Security

* Training personal for work at ITER installation

[.Semenov, Grid2018, Dubna September 1--15 26



Russian prototype of ITER
Remote Participation Centre (RPC)

Scientific tasks:

* Participation in ITER main control room activities (remote copy of central screens
and diagnostics HMI),

* Access to experimental data.

* Local data processing with integration of existing data processing software
(visualization, analysis, etc.).

 Scientific data analysis remotely by ITER remote participation interfaces.

. Plasnlm simulator: customisation of existing software, development of Tokamak
Simulator

[.Semenov, Grid2018, Dubna September 1--15 27



Russian Remote Participation Center
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Global
Management interface problems
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Simplified ITER data archiving model
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