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EC system in the ITER Research Plan

. . . . Link to ITR-18-003
« The ITER Research Plan defines the strategy to achieve its mission —
goals throughout the scientific and technical exploitation of the e
tokamak and its ancillary systems. g =

« It will unfold in four stages:

First Plasma Pre-Fusion Power Operation 1 and 2 Fusion Power Operation
18 months 18 months PFPO-1
IC+FP+EO
H plasmas H, “He plasmas
ECH + ICRH + NBI ECH+ICRH+NBI=73 MW

SICIR =B SE L =73 MW + fusion up to 100 MW

Integrated commissioning * Main plant systems

of tokamak core commissioning

components * P, determination

Plasma breakdown assist with ECH at :
Extension of the pulse length to 3600s
2.65T (and 5.3T in EO if needed after FP) P g
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https://www.iter.org/doc/www/content/com/Lists/ITER%20Technical%20Reports/Attachments/9/ITER_Research_Plan_within_the_Staged_Approach_levIII_provversion.pdf

EC system layout (1/2)
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*Invited talk of G. Carannante

System* . “ITER ECH&CD Control System”

24 Transmission Lines

56 Ex-vessel Waveguides

Tokamak Building (B11)
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EC system layout (2/2)
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EC for First Plasma: 8 MW Plant Description

The EC system will consist of 8 beamlines of 0.83 MW each, injected into the plasma
Currently it is planned to operate with 7 beamlines

* 4 High Voltage Power Supply sets
« 8 gyrotrons

* 8 Transmission Lines

» 1 Upper Launcher in Upper Port 16

foEEEEEEEEEEEEe - . eSSy A Wiy,

» 1 Control system

RF Building (B15)

T I O
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EC for First Plasma: in-Vessel Optical Design (1/2)

Adaptation needed on the last M4 steering mirror

2 in-board mirrors LA & LB to redirect the

L-beams (x4) to the plasma null region

1 in-board mirrors UA to redirect the U-beams (x3)

to the plasma null region

Beam dump in Equatorial Port 17 to absorb the

residual power

Beam Dump EP17
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EC for First Plasma: in-Vessel Optical Design (2/2)

* In-vessel optical configuration achieves:
- 3 beams above and 4 beams below magnetic null.
- Beam size:
- L-beams: 50 <w < 100 mm
- U-beams: 50 < w < 70 mm.

Upper Steering Mirror

_¢“ Lower Steering Mirror
7

Beam Dump

Beam dump
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Gyrotron distribution of 24MW system / 56 entries

Gyrotrons #1 to #8

Switch between: g 7mw Additional Switches between
-UL12 & UL13 ' 1 % upper and lower rows of the
- EL14: top row — Cnt-CD J — UL12 & UL13

]

Gyrotrons #17 to #24

Switch between:
_UL16 6.7MW

- EL14: bottom row — Co-CD

Gyrotrons #9 to #16
Switch between:
- UL15
- EL14: middle row - Co-CD

6.7MW
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H&CD capabilities of the EC system
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Zemax OpticStudio Simulations
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Zemax OpticStudio

Zemax OpticStudio simulations were performed for the first time in IO in
the frame of the First Plasma Protection Components design finalization*
and validated against PROFUSION**

Zemax is a complementary tool to existing codes like:

- GRASP (General Reflector Antenna Simulation Package) (CNR)
- PROFUSION (IGVP Stuttgart)

New models developed in the frame of the UL design finalization,
in particular to deal with misalignment sources

Incoherent
Irradiance
145.9
2.32E+008

2.09E+008
1.85E+008
1.62E+008
1.39E+008
1.16E+008
9.27E+007
6.96E+007
4.64E+007
2.32E+007
0.00E+000

73.0

Y coordinate value

** poster 2-6 of M. CHOE
Ray tracing calculations for the
First Plasma configuration of
ITER ECH system

**Talk of B. Plaum
“Calculations for the optical
system for the first ITER plasma”

i 1e+03 mm

8.6 X coordinate value ), 201-24" June 2022
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Zemax OpticStudio

- Gaussian beams (.dll) can be described by a bunch or rays (several millions)
- Source of the beam is defined at the aperture of the IV-WG

- Exact geometry of the mirror surface from ENOVIA model using step files

- All the port plug geometry can be considered
- A reflective coefficient can be defined for each component using an arbitrary value or
by using an custom coating (that can include polarization and incidence properties)

Optical design derived
from Gaussian beam
quasi-optical propagation

—

ENOVIA design (CATIA)

i

Thermal-structural analysis

(ANSYS)
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Zemax OpticStudio

Full 3D CATIA model can be considered in the model that allows to:

Evaluate the propagation losses along beam propagation (launcher):

To characterize the potential impact of misalignment sources on:

at the mirrors

due to the surrounding components (port plug wall, etc)
Partial reflection of the beam by surrounding sub-mirrors
To characterize power density on sensitive components/area

UL survivability
UL performances

-80.0

Y coordinate value
o

-160.0

200.0

-170.0

170.0

X coordinate value

104.0

-104.0

Y coordinate value
o

-208.0

-260.0 ——|

300.0

-240.0 -120.0 0

120.0
X coordinate value

240.0 |
300.0

Incoherent
Irradiance

4.75E+006
4.28E+006
3.80E+006
3.33E+006
2.85E+006
2.38E+006
- 1.90E+006
1.43E+006
9.50E+005
4.75E+005
0.00E+000
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Upper Launcher overview

M1 Upper

A

M1 Lower
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Equatorial Launcher simulation

A model is being developed with the geometry of the equatorial launcher as well

Currently two goals:

- Complement and assess the stray radiation analysis of
the Equatorial launcher performed by JADA

- Develop a tool for plasma operation preparation:
definition of operation window of EL for plasma breakdown

i 1e+04 mm

21st joint Workshop on ECE-ECRH, 10, 20t-24% June 2022

) IDM UID: XXXXXX Page 16
© 2019, ITER Organization



Outline

£

£

£

EC modelling in IMAS
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The ITER Integrated Modelling & Analysis Suite (IMAS)

« IMAS is the collection of physics software that will be used to support ITER operation and research as
defined in the ITER Integrated Modelling Programme

« It uses standard Interface Data Structures (IDS) to represent experimental and simulated data (defined in
collaboration with the ITER Members):

« IDSs are used to get/put data to storage

« IDSs are applicable to any fusion device

« IDSs are passed between IMAS physics models to build up integrated modelling workflows

« IMAS will be capable of high physics-fidelity predictive simulations of ITER plasmas

« IMAS will be used for ITER data processing and analysis

Data model

Generic tools

Scenarios
Machine Descr.
Disruption

Data model: set of machine-independent
IDSs defining the IMAS standard

Generic tools: functions for data
access, storage, manipulation, Doc & support
visualization —

Tutorials

Web documentation
Tracker system

Applications: physics codes, physics
workflows, control algorithms

Applications
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Models in IMAS

« An IMAS model exchanges IDSs exclusively + optional file for code parameters:

IDS2
IDS1 l IDS3

\ [ User-defined code

SD model / parameters

I \ ids4,ids5 = sd model(idsl,ids2,ids3,xml_codeparam)
IDS4 IDS5

It is a single component that can be integrated into the IMAS framework

« An IMAS model usually takes its input from the Scenario and Machine Description database:

IMAS scenario DB \ ( Unified IMAS/PCSSP platform
For input scenarios 7 IMAS PCSSP
’ To develop the ITER To develop the Plasma Control
| Machine Description DB ] R Integrated Modelling & System Simulation Platform
For input geometry g Analysis Suite
-
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Running an EC wave code in IMAS

. EC wave codes need the following input:
« An existing scenario - IMAS Scenario database —> equilibrium, core_profiles

- The EC geometry - IMAS Machine Description database - ec_launchers

f Scenario DB ) [ Machine Description DB 1
core_profiles
{ equilibrium i J { £0_|EUTEES J + EC waveforms (power,
\ CE wEEeTE sekiEd e steerlng.angles, polarization)
reading the Machine are configured and added to
Description database the ec_launchers IDS
waves

. EC wave results are stored in the waves IDS.

« All tools and associated documentation are available for this modelling (training material provided on demand)
« Good starting point here: Getting Started
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https://confluence.iter.org/display/IMP/Getting+Started

Using pulse _schedule for dynamic data

We will ultimately provide a waveform editor to use the pulse schedule IDS as input together with a response
module to simulate more relastic dynamic data.

( N\
‘ I [ Machine Description DB ]
pulse_schedule { : .ec_la_unchers .
or dynamic configuration (static, including latency time)

\ /

: xml for
{ Scenario DB | EC response response
o core_profilesJ module function
equilibrium e.g. 1/(1+S)

\ l [ ec_launchers
I (static+dynamic+response)

waves
S J

Work in progress!
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Presentation of the H&CD workflow

« Written in plain Python Input from IMAS database
or transport solver
» Contains IMAS-adapted models to simulate all ITER H&CD sources @
Default algorithm £
Nuclear
ECRH ICRH NBI . ) p . p _
reactions EC WA"I.I"EJ IC WAVEJ NBI J NUCLEAR
GENRAY CVRANO | SOLVER | | SOLVER _soLchE | SDL.lRCE
Wave or GRAY LION BBNBI AFSI
Fokker Fokker Fokker
source  |GRAYSCALE PION NEMO SPOT (a) |Flanck |c| |Planck NEII| |Flanck fu5|
TORBEAM TOMCAT | | |
FOPLA ASCOT ‘MERGE|( MERGE 1 [ MERGE )
Fokker- PION SPOT ASCOT
Planck @ ASCOT RISK SPOT _.|_.WAIJ'ES._| |__DI5TRIBJPU110NS._| |_.sc=uTcEs__
SPOT NBISIM
[ HCD2CORE_SOURCES and HCD2CORE PROFILES ]
« The core of the H&CD workflow has an interface made such that @

it is easy to plug into other workflows (e.g. transport solvers)
Output to IMAS database or

« Includes a graphical interface for standalone H&CD simulation transport solver
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GUI to configure the H&CD workflow

The graphical interface is dynamically built from code-specific parameters files:

- e -
ORKFLOW PARRETERS (STANDALONE + Choice of H&CD codes for each source
°c_wave_solver ‘torbeam J
linput_user_or_path |public ICRH
linput_database c_coup iccoup J . .
> | « Configuration of code parameters for each code
[ c_wave_Tp StixReDist i
joutput_user_or_path |default NI
P Gl bi_source nemo W Edit Code Parameters [P
;:Z;::t bi_fp [risk | ECRH save | Restore default Exit
NUCLEAR torbeam npow ’17
[tend

uclear_source ’7 ICRH ncd -
uclear_fp sourLS:T % ncdroutine ’27
TR T S P « Workflow and code-specific configuration

profiles
NBI nrela ’17 . .o . .
e e stored in a specific configuration folder

: nabsroutine |1
risk

nastra 0 j Choose Directory [

nprofcalc ’67 .
I . . spot nedharm P Directory: jhome/ITER/schneim/public/git/hcd/data 4‘ @
« Possibility to configure a time loop source  mpnts_extrap[o

jdt_required

Load ‘ Load latest ‘

Save ‘ Ri

un
Restore Default
Exit '@'

ill_core_profiles

NUCLEAR

[E5 APS_130012_2 [E5 dt_torbeam [ run_201021_1

H hed2core_sources | Nfred_extrap @ [E5 APS_134173_76 & gray [E run_201021 1

for standalone H&CD execution on | reeresereee [Tl B
1ot 1 xrtol 1.e-7 [E5) bbnbi_ascot [ ios_torbeam [ run_201021_1:

an EX|St| ng scenario xatol P — [E5 cyrano_stixredist lauber_100015_1 run_201022_1!
cstep O dt_gray nemo_spot_tuto run_201022_1!

rhostop ‘6.96

xzsrch 0.

—
T

Cancel
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Study of ECH absorption profiles in 2.65 T/ 7.5 MA scenarios

(a) X-mode polarization
0.35 -

Bt -| g B=2.65T
~ 0.30 { B=2.70T
E B=2.75T
g 0.25 - B=2.80T
- 0204 B=2.85T
g B=2.90T
g 0.151
=
@
£ 0.10 {

(=]

vi

£ 0.051
0.00 -

Normalized toroidal flux coordinate

0.0 0.2 0.4 0.6 0.8 1.0

Absorbed power [MW/m?]

0.8 1

0.6 -

0.4 -

0.2 -

0.0 -

(b) B =2.65T

— X-mode (X2, X3)
— O-mode (02, 03)
— X-mode (X2 only)

0.0 0.2 0.4 0.6 0.8 1.0
Normalized toroidal flux coordinate

« Switch from TORBEAM to GRAY in the H&CD GUI: one click!
+ Since both codes are adapted to IMAS, the exact same input is ensured!
+ Excellent agreement between TORBEAM (solid) and GRAY (dashed)

- IMAS platform suited for Verification and Validation!

[M. Schneider et al.,Nucl. Fusion 61 (2021) 126058]
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EC Machine Description data

Example of the Upper Launchers:
. EC wave codes need the geometry of the beams at the M4 steerable mirror (exit of the launcher)
- The actual static data is at the level of the M3 static mirror

gSs==== . Right now the ec_launchers IDS contains data

Beams from M3 static M4 steering
'USM and LSM mirror mirror coming out of the M4 steering mirror
q:2 1 rors [ole | ool

il i . . .
AT « The plan is to store M3 static data instead and

to develop a tool that computes the
characteristics of the beams coming out of M4
on the fly (to be generic if possible)

+ So far mirror information was stored but it will
be replaced by beam information (56 beams,
see IMAS-4244)

Very scenario dependent!
—> List of scenarios recommended by Science Division
for performance studies under preparation - Work in progress!

ol L‘"/Baseline |
15MA/5.3T‘

21st joint Workshop on ECE-ECRH, 10, 20t-24% June 2022
© 2019, ITER Organization

IDM UID: XXXXXX Page 25


https://jira.iter.org/browse/IMAS-4244

Summary

finalization

« Zemax OpticStudio modelling supports some design finalization activities of
the optical design but will be used as well for plasma operation preparation

+ IMAS Modelling tools are mature and ready for EC modelling

+ EC codes can be run standalone or within the H&CD workflow

« Various activities and significant progress made via the H&CD ITER Scientist

Fellow Network (information available here: HCD ISF pages)
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https://confluence.iter.org/display/PMA/Heating+and+Current+Drive+ITER+Scientist+Fellows

