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Expert Group-6

Total of 19 people
Duccio Testa duccio.testa@epfl.ch EPFL
Christian Day (RO) christian.day@kit.edu KIT o
Sebastijan Brezinsek (RO) s.brezinsek@fz-juelich.de FZ)
Olaf Neubauer o.neubauer@fz-juelich.de FZ)
Marius Wirtz m.wirtz@fz-juelich.de FZ) Different fields:
Jan Willem Coenen j.w.coenen@fz-juelich.de FZ) . PIasma-facing components
Medhi Firdaouss mehdi.firdaouss@cea.fr CEA i
Marianne Richou marianne.richou@cea.fr CEA * Plasma-Wall Interactions
EG-6: Fusion Julien Hillairet julien.hillairet@cea.fr CEA * Heating systems
technology Marc Missirlian marc.missirlian@cea.fr CEA * Diagnostics
developments Philippe Magaud philippe.magaud @cea.fr CEA * Pumping systems
Jonathan Gaspar jonathan.gaspar@univ-amu.fr Aix-Mar Uni. « Magnets
Roberto Bonifetto roberto.bonifetto@polito.it Pol Tor
Mauro Dalla Palma mauro.dallapalma@igi.cnr.it Cons RFX )
Simone Peruzzo simone.peruzzo@igi.cnr.it Cons RFX * Control and Operation
Francesco Ghezzi francesco.ghezzi@istp.cnr.it CNR/ISTP Mil
Espedito Vassallo espedito.vassallo@istp.cnr.it CNR/ISTP Mil The community response

Giacomo Dose (RO) giacomo.dose@gmail.com Univ.Tor Ver/ENEA

Matteo lafrati matteo.iafrati@enea.it ENEA iS not related to divertor
technologies only.

7 from ltalian Institutions
e 12 from European Institutions

e Plasma physics
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EG6 objectives should attempt to address fusion technology as a whole

The capabilities of DTT are unique from the technological point of view:

» Steady-state/long pulse operation

High field

High power density Different fields:

High p|asma density Plasma-facing components

. Plasma-Wall Interactions
Reactor-relevant material (full W) Heating systems

Diagnostics
Pumping systems

Magnets
Plasma physics
Control and Operation

(proposal) Objective of EG-6:

Define ambitious, but realistic, scientific goals for DTT to bridge
the technological gap to the realization of a fusion reactor.
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Integrating the inputs from different fields requires a proper planning

Status:
Experts have been contacted and first inputs have been received.

Planning (November 2022 - February 2023):
* First phase (November 2022 — Begin of January 2023):

e Definition of high-level goals.
Open guestions: do we focus only on heat and particle exhaust? or try and expand to other reactor-relevant

objectives (e.g., steady state 3D magnetic sensor, HTS, fast ion diagnostics, travelling wave array antennas, ecc) ?

Common comment from the fusion community is that DTT adopts just existing fusion technologies to "avoid risk".
We must accept some risks to make advances in the field. How much risk is acceptable?

* Brainstorming.
After the main objectives have been agreed upon, we start to collect the proposal from the experts. The

brainstorming should be carried out separately for all the different macroareas (if multiple), defined in the goals.

e Second Phase (end of January 2023 — February 2023):
* Definition of the scientific targets, together with a priority-driven strategy
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Recommendations from the CTS set clear priorities

ACTIONS FOR EG-6

Technical and Scientific Committee (CTS) recommendations relevant for the
Expert Group-6 (rephrased): .

| —

The large ambition of the DTT scientific programme, may find some limits
* Clear role of DTT contributing to ITER and DEMO
* Focus on divertor and plasma wall interaction studies

* A narrow down of the project missions could be envisioned

* In-depth definition of research targets for the different phases B
* Study future baffled configuration .
e Clearly state the limits of the flexibility; no single machine can solve all
problems
» Exploit synergy with EXICTE/SHPD .

Define technological limits of DTT

State DTT contributions to ITER
(e.g., testbed for ITER 2nd divertor,
detachment control, heat flux control,...)

State DTT contribution to DEMO

(e.g., PFC lifetime studies, divertor
diagnostics, long-pulse operation of PFCs,
PWI experiments...)

Define, phase by phase, the priorities
among the research objectives. Divertor
and PWI studies should be prioritized.

Exploit synergies also outside EU (EXCITE
and DTT are remarkably similar machines)
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Definitions of DTT limits and the inputs for the brainstorming phase

* Technological limits are defined in the Plant Integration Document (PID), but will be
summarized also in the Appendices of the RP

* Additionally, in order to define some research targets for each Phase, inputs are needed:

E Phase What this chart translates into for the DTT
g s 3 divertor?
2
5 Phase new * Maximum power density
g;z ”7 2 divertors * Maximum particle flux/fluence
Phase e * Expected sputtering yield
17,5 3 6I1C
p o A For input definitions, required interaction with:
I EG-3 for references scenario
L EG-2 for plasma boundary conditions

2028 2030 2032 2034 2036 2040 2053

Years
Day0 Dayl Day2 Day3 Day4
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Time schedule up to next DTT-RP meeting

 Discussion of high-level goals - Hopefully Today / November 2022

* 1st Meeting with experts and collection/discussion of proposals - December 2022

* 2nd Meeting with experts for priority definition — End of January 2023 / Begin of February 2023

* First report of Expert Group - March 2023

* 2nd Meeting of the DTT-RP team - April 2023
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What was done up to now: new technologies for DTT

Heating systems: (sofT 2022, Granucci

e Evacuated quasi-optical transmission lines for ECRH
DEMO relevance: TL mirrors embodied in a vacuum enclosure to reduce losses due and avoid microwave leaks

> Efficiency target > 90% N e
> Designedforupto 1.5 Focusing
MW per beam e

Focusing

e

Beams propagate alternatively
crossing or parallel to each
other

e Solid state transmitter for ICRH
Low voltage PS: 400 V instead of 20 KV
Wide Industrial market: vacuum tube production is a monopole
Life time: more than 100 000 hours expected
Strong Modularity il

* Additive Manufacturing for acceleration grid of NBI
Optimized shape and cooling design, as required in the proposed spherical
grids and hyperlens.

eoooeol]
00000

Power Supplies: (sorr2022 zito)
e Silicon Carbide Varistors for fast discharge units of TF

Expected normalized heat load
distribution of 8 overlap 1 MW
beams on a MBTL mirror surface

1.07 m

A

0.76

EOS CuCrZr Grid prototype
Machined
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What was done up to now: PFCs of the DTT First Wall

DTT First Wall:

(SOFT 2022, De Sano)

DEMO relevance: Steel based PFC

Solution 1

4 \
Optimized layout
|

Plasma
facing
unit

\

Back
plate

Support
welded to
the Vv

\

\ Manifolds

Solution

2

Mock-up #1

To verify the
full penetration
welding
betweaen the
plate and the
lids

Machining and welding

. Picte

] e

=

This manufacturing route leads to the distortion of the component. Therefore, thermal cycles are needed to
relax the infernal stresses. Small samples will be realized before fabrcating the final prototype.

Link foa
hrydraulic
syshemn

Mock-up #2
To verify the
full penetration
and the
fightness of the
weldings

-

Gualification tests: - -

For Mock-up #1: X-ray tomography and non-destruciive
ultrasonic inspection; metalographic inspection.
For Mock-up #2: X-ray tomography and non-destruciive

ultrasonic inspection, leak and tightness assessment of
the cooling circuit.

Additive manufacturing

This technigue provides an higher design flexibility. The powder bed
based process will be adopted. On the other hand, the component will W
be characterized by the worst mechanical performances of the materal
[that will be evaluated) and an higher roughness e in the cooling circuits.

r

Building
direction

/

The square layout & rot viable for the
addifive process because the upper
side is not supported during the
depaosifion of the loyers.

Therefone, the semi-aliptic loyout of
the coaling chanrelz ic odopled in
order to support the depaosition of the
layers during the oddifive process
This kayout leods to an increas= of
intermal stress [under invesfigafion).

Plozma focing surfoce

Hydraulic parameters

0.3%  kafs
i 7% mis  +28%
£ 120 pum

ap/L 104  bar/m +120%

Ape 0.50 bar  +27%

Qualificafion tests:

*

-

*

Characterzation of the AlSl 3141 powder.
Realization of small samples.

Mechanical assessment of the small samples.
Tightness assessment of the cooling circuits.
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What was done up to now: Divertor studies

DTT Divertor:  (sorr2022, Roccella)
* 4 ports are dedicated to the Remote Handling of the divertor
* 4 divertor cassettes benefits from a preferential position to be extracted

* These divertor modules, called Divertor Test Modules, will be dedicated to divertor studies
* New PFC technology
e Special Diagnostics
e Post mortem studies between phases

* The divertor WCS is designed to accommodate future dedicated cooling
system for technology study on Test Modules

Cooling system Standard Test
parameters Modules Modules

Temperature Up to 130°C Up to 250°C
Pressure 5 MPa Up to 15 MPa
Tot mass flow 577 kg/s 43 kg/s
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What was done up to now: Material studies

DTT Divertor:

* First DTT divertor will use W monoblocks
This is currently the baseline reference for both the ITER and
EU-DEMO divertor targets
+ Manufacturing Technology already established in-house in ENEA

First DTT Divertor

 What do we need beyond the W monoblock?

=
SRR
NN

N
RRRHRHht
RimRrminhts

SRR R
R

DTT will provide a testbed where a large area
dedicated to material studies in tokamaks
(currently missing in EU)

Toroidal

length of
Do we want to start from Day0? Toroidal OVT
Do we have a list of promising candidates ready to length of IVT ~216 mm

be integrated in a Test Module? ~168 mm
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What was done up to now: Testbed for new divertors

DTT Divertor:  (sofr 2022, Roccella)

« DTT can accommodate new divertors, as long as they satisfy the
engineering requirements (mainly from the remote handling),
and they are compatible with the expected magnetic equilibria

.5'30
m
\”

M

o
1“00 ‘

Maximum Size of a divertor module in DTT

* Possibility of investigating baffled configuration
(are they reactor relevant, though???)
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Divertor pumping

DTT Pumping:

* DTT will be equipped with a pumping speed of ~ 100 m?¥/s
by tailor-made cryopumps located in a number of lower
vertical (#5) ports.

* This pumping technology is not long pulse (DEMO) relevant,
but was the only one matching the requirements if to be
located in the #5 ports.

* Regarding the DTT timeline, DTT would provide a perfect
option to further increase the technical readiness of the
new DEMO pump technologies in relevant size and under
representative conditions (such as external magnetic field).

* However, due to its limited cross-section and low
conductance towards the bottom side, the port #5 is not a
very good testing environment.

* Option to define a port #4 as suitable test port (at some
time)?

1
y
4
4
g
4
4
¢
¢
“1
]
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Pellet Injection - EINEN

DTT pellet Injector:

* The pellet injection system(s) for EU-DEMO is currently
under definition in a multi-RU activity involving ENEA, IPP,
CEA, EK-CER, KIT.

* A pellet test bed (PET) is under build at KIT, the configuration
of the pellet injector will be defined by end 2023.

* DTT (with plasma) and PET (without plasma) could ideally
define a joint pellet injection development programme, to
be as much as possible complementary (repeatability, and
high repetition long pulse performance)
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Background - EU-DEMO Maturation programme

EUROfusion Technology Department is conducting in each work package a
yearly multi-dimensional maturity review of critical technologies.

This shall cover three aspects: technology readiness, integration
readiness, and system readiness.

A strong cross-relation with potential DTT contributions is obvious, if DTT
wants it.

0 No integration
1 A high-level concept for integration has been
identified.

2 There is some level of specificity of requirements to
characterize the interaction between components

3 The detailed integration design has been defined to
include all interface details

4 Validation of interrelated functions between
integrating components in a laboratory environment

5 Validation of interrelated functions between
integrating components in a relevant environment

6 Validation of interrelated functions between
integrating components in a relevant end-to-end
environment

7 System prototype integration demonstration inan
operational high-fidelity environment

8 System integration completed and mission qualified
through test and demonstration in an operational
environment

9 System integration is proven through successful mission

proven operations capabilities

Mo integration between specified compenents has been planned ¢
Principle integration technologies have been identified

Top-level functional architecture and interface points have been d
High-level concept of operations and principal use cased has been
Inputs/outputs for principal integration technologies/mediums are
characterized and documented

Detailed interface design has been documented

System interface diagrams have been completed

Inventory of external interfaces is completed and data engineering
Functionality of integrating technologies (modules/functions/asse
been successfully demonstrated in a laboratory/synthetic environr
Data transport method(s) and specifications have been defined
Individual modules tested to verify that the module components (i
together

End-to-end Functionality of Systems Integration has been validate:
Data transmission tests completed successfully

Fully integrated prototype has been successfully demonstrated in:
simulated operational environment

Fully integrated system able to meet overall mission requirements
operational environment

System interfaces qualified and functioning correctly in an operatit

Fully integrated system has demonstrated operational effectiveness and

Technology readiness level (TRL)| Description

Basic principles observed Scientific resea
and reported amples inclu

Technology concept andlor
application formulated

Analytical and experimental
critical function and/or
characteristic proof of
concept

9 System has achieved initial operational capability and can satisfy mission objectives

8 System interoperability should have been demonstrated in an operational
environment

7 System threshold capability should have been demonstrated at operational
performance level using operational interfaces

6 System component integrability should have been validated

5 System high-risk component technology development should have been complete;
low-risk system components identified

4 System performance specifications and constraints should have been defined and
the baseline has been allocated

3 System high-risk immature technologies should have been identified and
prototyped

2 System materiel solution should have been identified

1 System alternative materiel solutions should have been considered

vegins to be translated into applied res:
aper studies a rp"r‘nlngg,

and development

Invention begins. Once basic principles are observed, practical applications can be
mvenlted. Applications are speculative, and there may be no proof or detalled analysis to
support the assumptions. Examples are limited to analytic studies.

Active research and development is initiated. This includes analytical studies and laboratory
studias to physically validate the analytical pradictions of separate elements of the
technology. Examples include components that are not yat intagrated or represantative.

inificantly. The basic
listic supporting elements so they can be

iclude high fidelity Iaboratory integration of

lch is well beyond that of TRL 5, is tested in
lep up in a technology's demonstrated
e in a high-fidelity laboratory environment or

n. Represents a major step up from TRL 6
‘em prot inan ional envi t

form and under expected conditions. In
f true system development. Examples
|@ system in its intended weapon system to

orm and under mission conditions, such as
Jation. Examples include using the system

suitability in its intended or a representative operational environment

Integration performance has been fully characterized and is consistent with user
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Inputs from experts

Heating systems:
* Performant Antennas (e.g., Travelling Wave Array Antennas)

Plasma Diagnostics:
e Steady state 3D magnetic sensors
* Imaging diagnostics for fast ions
e LIF-based diagnostics

Magnets:
* Operational straegies for transients (e.g. active cooling or not during the baking, effectiveness of different strategies to discharge
the energy from the magnet system, etc.)
* Automatic operational strategies for the whole cryoplant
* Exploit the bore of the CS (e.g. HTS)
* Model validation

PFCs

e Strategies to recover plasma wall damage
 Smart W alloys for PFCs
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Discussion
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