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IFMIF

Why DONES? DONES

GRANADA

One of the main differences between ITER
and DEMO is the radiation dose: at DEMO _
more that two orders of magnitude higher EU Fusion Roadmap

Short-term Medium-term

Long-term

Research ¢ ¢ ITER }

on present First plasma Full performance
and planned
facilities,

- - — Consistent  Commence Electricity
kg i and pt tructi production
i ==

¢ ¢ DEMO ¢

Material research facilities IFMIF/DONES

Stellarator as fusion plant? ’ \M“””"”””"”"””""’
Lower cost through concept improvements and innovations _

4 \ilestone

~ 1 dpa/lifetime
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Impact properties degradation DONES

GRANADA

~32 dpa, 332°C, ARBOR 1 irradiation
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ii) Effect of Helium?
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IFMIF

EU Strategy for Material n-Irradiation DONES
GRANADA
. . . . . 2 egradation under irradiation
Fission irradiations o
* Intensive and broad use of MTR (Material Test Reactors) g - FafB2l TeuTiay 300°C
fission irradiation: EU plans for 50M€ in the next decade g 18 =
« Complementary irradiation modelling and verification S o5 g Taon irnad. data
(multi-ion beams) . LAJ——«L
To establish 1st step “best estimate” A o 10 20 30 4 5o
to perform engineering design

Fusion-like irradiations

« Mandatory: a dedicated facility for material qualification that best mimics 14Mev neutrons with
reasonable irradiation volume, fluence, and optimized homogeneity in T with the objective to (finally)
validate in-vessel materials
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What is the IFMIF-DONES project? DONES

CRANADA

The fusion-like neutron source required for the qualification of the materials to be used in the EU DEMO

Accelerator L
Lithium Loop (Target)

Deuterons: 40 MeV 125 mA (5 MW) Test (Irradiation) Module

Li flux
i) Samples
- .Q\ .—m\ = ‘
stripping
reaction
Deuterons at 40 MeV
. .. Neutrons ~ 104 n/cm2s
collide on a liquid
Li screen Heat exchanger
flowing at 15 m/s High Flux Test Module:
20-50 dpa/y at 100 cm?

Controlled temperature:

Heat removal by 250 < T < 550 °C
high velocity Li flux

A neutron flux of ~ 10'® m2sis generated with a 14 MeV neutron spectrum (up to 50 MeV energy)
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What is the IFMIF-DONES project?

IFMIF
DONES

cD

The fusion-like neutron source required for the qualification of the materials to be used in the EU DEMO

Accelerator o
Lithium Loop (Target)

Deuterons: 40 MeV 125 mA (5 MW) Test (Irradiation) Module

Li flux

_ Li(dxn) Q’&\ Samples

. BiggestLiloopinthe . © 8
world o®o
One of the more © o |
powerful accelerators Challenges: Biggest Li  :utrons ~ 10%* n/cm?s
in the world loop in the world,
X power management,
Challenges:high power, impurities management

high space charge, cw —corrosion risks-,

Challenges: RH,
reability and long term -

Heat removal by control,...
high velocity Li flux

A neutron flux of ~ 10'® m2sis generated with a 14 MeV neutron spectrum (up to 50 MeV energy)

wave operation, high reability, lifetime,...
reability, longest RFQ,...

\NADA
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IFMIF
DONES overall framework DONES

GRANADA

The need for a facility of this type was identified long time ago and work has been carried out by
using different frameworks

In the last 15 years, key projects are: IFMIF/EVEDA (included in the BA), WPENS —including
specific Industry contract- (EUROfusion WP), DONES-PreP (EURATOM CSA), DONES-PRIME and
DONES-UGR (Spanish funded projects), ....

DONES

(FMIF N

o Phase

[FMIF DONES-PRIME
D{ONE DONES-UGR

A. Ibarra| IFMIF-DONES| FUSIONa2| September 23t 2021| Page 7



. IFMIF
Project status DONES

GRANADA

 Engineering design
— Developed for IFMIF (and a generic site) up to 2013 in the framework IEA and BA (IFMIF/EVEDA)
— Developed for IFMIF-DONES from 2015 in the framework of the ENS WP of EUROfusion

oOns Engineering: WPENS Timeline ©

Main objective: To be ready, from thetechnical point of view, to start the DONES
construction phasebythe early 20's

IFMIF-EVEDA validation activities: Oral loop, Heloka, Lifus6, LIPAC
IFMIF-DONES validation activities
Critical technical issues analysis (quench tank location, TA approach, AC configuration, .,
\ 4 \ 4 h 4 A 4 \ 4
IFMIF EDR ‘ Prolect timeline

2013
=== i
T ¢
IFAMIF-DONES
Conceptual Design PEOR (generic) e S Bl PEOR (Granodo) (EMIE
‘7’11] L e ——— ik a )'Q
Report 2014 X il oY
: EU site ogreed ' AR >
9 e & e ogreed: -
: % . Rej c'".\;;m“ 9N e y [ rsanva mid 2020
- 5 . End 2017 , mid 2019

dant # . ¢ =
Plant and systems requivements defintion PEDR (Gronoda)
Oerign purdelnes 4 2020
Boundarnies ond interfoces identfication €0 494
Implementation of design chokies

Systems design
Integroted onalyss
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. IFMIF
Project status DONES

GRANADA

 Engineering design
— Developed fc Advanced enough to start construction phase PA (IFN_”F/EVEDA)
— Developed fOor IFvilF =D UINE S 1TUITT 2U 1O T UIE HAITIEWUIR Ul UIE CIND VVp UI c JROfusion
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IFMIF

Project status DONES
GRANADA
 Engineering design
— Developed fg Advanced enough to start construction phase A (IFMIF/EVEDA)
— Developed fOr 11 VIl =UINL O U 2U 1 1 UIS HallISWUIR Ul UIC LINO VvV Ul L JROfusion

* Prototyping and validation
— Being developed for IFMIF (and a generic site) in the framework of BA (IFMIF/EVEDA)
— Developed for IFMIF-DONES from 2015 in the framework of the ENS WP of EUROfusion
— Other additional national projects
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(FMIF

IFMIF-EVEDA Validation Activities

FUSION
FOR
ENERGY

&QST

Accelerator Validation: LIPAc

p—
(FMIF)

Prototype accelerator: D, 9 MeV, 125 mA

designed and manufactured in Europe, installed and
kkasho

Mainly
commissionedinRo

injector +
LEBT

Dmgnosnts e

(‘ryoplanr =

= Ne

A.bamal NES 1 P

FUSION ==

FOR (@]

ENERGY lem
Rokkash

| Augus 1 220 2016] Page 29

iy

Bt

—
(FMIF)

Objective: To demonstrate the

f

S - - FUSION ==
Target Facility Validation agmv Q:

lDeyllt-lh)l

easibilty of operational conditions:
Lithium temperature at 250 °C
Flow speedat 15 mis
Stable flow with +/- 1 mm amplitude
10-3Pa on free surface

= Long term operation stability

= Free surface interferometry diagnostics

= Impurities in lithium < 10 ppm

= (cold and hot trapping) @)
E’? { mDayl eDay2 5
S os k2] .

-89 i e pueSNSnsEy

- [ 33 w0 -

~ 1
Beam shape .50 .40 .30 .20 <10 © 10 20 30 40 50

200x S0 mm?*

» [mam]

+ many other additional validation activities in many different aspects
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ENERGY

(FM(F) Construction status of LIPAc (é’) QST FOR

Injector under operatlon in Rokkasho _ k MEBT at Rokkasho SIte

-

Recent important mllestone 125 mA of D+in pulsed
mode transmitted by the RFQ with very high efficiency

Part of the RF sytem under operation at Rokkasho

"~ RFQ presently under commissioning at Rokkasho
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DONES-PRIME L IFMIF
DONES-UGR Specific Facilities under development DONES

GRANADA

% TsT

O Virtual Reality lab for Remote Handling simulation (=)

O Control Systems Lab with the target to develop a
digital mockup of the facility

O High-power RF Lab to test SSPA technology and
components

O Li purification prototipe loop (LITEC) to test impurities
control technology

O LIFIRE facility to study Lithium fire risks
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DONES-PRIME . _ IFMIF
DONES-UGR Specific prototypes under construction DONES

GRANADA

 Start-Up Monitoring Module (STUMM). Irradiation
module to used during the commissioning phase in
order to fully characterize radiation map

1 Quick Disconnecting System (QDS). To validate RH
conection system

O Multipurpose VaCuum accidental scenarios
(MuVaCas). To analyze different posible accidental
scenarios

(d Electromagnetic Pump prototype. To characterize
pump performance

-

nnnnn

270x120

30m
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. IFMIF
Project status DONES

GRANADA

 Engineering design
— Developed fauimitins 200 : T BA (IFMIF/EVEDA)

Advanced enough to start construction phase _
— Developed fOr 11 VIl =UINL O U 2U 1 1 UIS HallISWUIR Ul UIC LINO VvV Ul L JROfusion

* Prototyping and validation

— Beil Main conclusion up to now: Design seems feasible (more results to come but no
— Den showstoppers identified)
— Other additional national projects
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. IFMIF
Project status DONES

GRANADA

 Engineering design
— Developed fauimitins 200 : T BA (IFMIF/EVEDA)

Advanced enough to start construction phase _
— Developed fOr 1 Vi =~ UINL D U 2U TU 1T UG HAITISWUIR Ul UIS LIND VvV Ul L JROfusion

* Prototyping and validation

— Beil Main conclusion up to now: Design seems feasible (more results to come but no
— Den showstoppers identified)
— Other additional national projects

* The site
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(FMIF . AN IFMIF
DONE The Site N e
It has been agreed that if it is built in EU, it will be located in the Granada province (Andalusia
region — southern Spain), 18 km southwest from Granada city in the Granada Metropolitan park
(Escuzar).

A. Ibarra|] IFMIF-DONES| FUSIONa2| September 23t 2021| Page 17



. IFMIF
Project status DONES

GRANADA

 Engineering design
— Developed fauimitins 20 : T BA (IFMIF/EVEDA)

Advanced enough to start construction phase _
— Developed fOr 1 Vi =~ UINL D U 2U TU 1T UG HAITISWUIR Ul UIS LIND VvV Ul L JROfusion

* Prototyping and validation

— Beil Main conclusion up to now: Design seems feasible (more results to come but no
— Den showstoppers identified)
— Other additional national projects

* The site

Available and fully characterized
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. IFMIF
Project status DONES

GRANADA
Engineering design

_ Developed f(\r ICANIC (AanA A RnAanaria citA) Lin tA DON12 in thAa framAnwniarvl, IECA AnA BA (IFMIF/EVEDA)
_  Developed fc Advanced enough to start construction phase JROfusion

Prototyping and validation
— Beina develoned for IEFMIF (and a aeneric cite) in the framewanrk nf RA (IFMIF/F\/EDA)

— De\ Main conclusion up to now: Design seems feasible (more results to come but no
— Oth showstoppers identified)
The site

Available and fully characterized

Implementation

— In order to prepare for the project implementation, a complete planning of the project has been
prepared (Project Plan, Time Schedule, Cost Estimate, Risk Analysis, Quality, Project Lifecycle,...)

— At this moment, high level discussions are going on in order to define the international
implementation of the project (up to 15 countries and international organizations involved)
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ot DONES IFIVIIF-DONES IN EVU: SChedule IFMIF

2 Preparatory

P [ Ehase milestones

Critical path milestones

DONES
GRANADA

10-11 years up to full operation

*  Project “start” Tec A 2022

+ Initial team build up Nieg 2022 «———— Hold point linked
«  Site preparation contract ’"a,, 2024 to LIPAc results
« Buildings and Plant Systems contrac‘i‘g"e’ab/e 2024

*  Building ready ch 2028

* Injector contract eQ'u/e, 2025

* Injector installation 2028‘9C/)ie,/

* RFQ contract ey ;

 RFQ installation and commissioning 2029 °¢

« SRF linac contract 2025

«  Start of SRF commissioning 2030

« DONES commissioning 2031

«  Start of DONES operation 2032

First materials PIE data around 2035-37
Likely three campaigns until end of DEMO EDA
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. IFMIF
Project status DONES

GRANADA
Engineering design

_ Developed f(\r ICANIC (AanA A RnAanaria citA) Lin tA DON12 in thAa framAnwniarvl, IECA AnA BA (IFMIF/EVEDA)
_  Developed fc Advanced enough to start construction phase JROfusion

Prototyping and validation
— Beina develoned for IEFMIF (and a aeneric cite) in the framewanrk nf RA (IFMIF/F\/EDA)

— De\ Main conclusion up to now: Design seems feasible (more results to come but no
— Oth showstoppers identified)
The site

Available and fully characterized

Implementation
— In order to prepare for the project implementation, a complete planning of the project has been

prep.ared ‘ Some decisions are expected in the short term ect Lifecycle....)
- At thIS MOirici I, THYITIEVE]L UISLUSOIVLTS alc yullly VIl 111 UITUCT LU UCIHIHIC UIT ITICTH IdI.IL)naI

implementation of the project (up to 15 countries and international organizations involved)
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IFMIF

IFMIF-DONES Spain Consortium DONES

GRANADA

In July 2021 it has been signed the agreement between Spanish Goverment and regional Goverment
(Junta de Andalucia) to create a new institution that will be in charge of the project development

Expected role of the Spanish
Consortium

* In charge of the Spanish contribution (50%
of the construction costs)

* Asignificant fraction of the international
Program Team

* Legal representative of the facility

* In charge of the operation of the facility

A. Ibarra| IFMIF-DONES| FUSIONa2| September 23t 2021| Page 22
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(FMIF) .
o@neg)ﬁ" Complementary Experiments @)

Applications etmedical interest **Deuterons extracted from the accelerator beam

= Radiopharmaceuticals for therapy (e.g. *Tc) = Half-life measurements on long-lived isotopes

:.ﬁ.\.ccelerator-based boron-neutron-capture therapy (BNCT) : ::ll;l:::\az’\ﬁhr;:l::sir::uodsizzlaﬁons s b ut O n |y a S m a | | fra Ctio n (a feW pe rce nt)

N
| 4

-’!“\13"i11

Ll e

A (
) b i **Neutrons available behind the Irradiation Module
either inside or outside the Test Cell

Nuclear physics and radioactive ion beam facility

* Nuclear Structure & Astrophysics = Mechanical properties of irradiated materials from small
= Mechanism of nuclear fission samples
= Cross-section measurements for applied physics = Computed tomography imaging using fast neutrons Fraction of D bea m
(n,y). (n,xn), (n,lcp) = Transmutation doping of silicon and radiation-damage
testing of electronics deflected at 40 MeV

e ~ 4 n beams sent to the
1 3 B l..eeec" > Complementary
HEEA || TR i > Experiments area

Injector cww -smaw

100 keV
40MeV RFQ MEBT SRF Linac

!

Accelerator System Test Cell

i Yy o L_
mplementary Exp Area-II Complementary Exp Area-|
. Dimensions: 29.00 m x 11.40 m,
dditional floor below the accelerator —— o p——

Height 8.00 m, 330.60 m?
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IFMIF
Summary DONES

GRANADA

IFMIF-DONES is the EU proposed fusion-like neutron source to be implemented in the near future
at Granada

IFMIF-DONES is based on a high current D accelerator hitting on a liquid Li moving at high
velocity. It will allow irradiation of around 1000 engineering-relevant samples at a dose rate higher
than 10 dpa/fpy. The engineering design of the facility has been developed during the last 5 years

Facility design is flexible enough to accommodate different irradiation needs that will evolve along
the time

Facility design is flexible enough to accommodate simultaneously other type of experiments of
interest in other scientific areas

The Project is progressing properly gaining momentum, international consensus and technical
readiness. Significant decisions are expected in the short term

A. Ibarra|] IFMIF-DONES| FUSIONa2| September 23t 2021| Page 24
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IFMIF-DONES

71.777 Mg
Produccion

3.546 me
VAB

62.099

Empleos

Impacto socioeconémico

23.868
Empleos

= RESTO DE
PAISES
= : MUNDO
RESTO PAISES
— RESTO DE ESPANA L2
GRANADA :
7.090 me ||  RESTO DE ANDALUGIA
Produccion
6.133me -
. 957 "e Produccion
3.197 Me 4.157 Me 1.976 M€ Produccion
3 Produccion 1.945me 2.211 me Produccion
o 2.752me Produccion Produccién
o 445 e 350 e
959 me VAB VAB
59.303 1.106 me VAB
Empleos 54.219 VAB
E 18.556 5.084 2
Empleos Empleos p!

IFMIF

DONES
GRANADA

Impacto muy relevante, pero ademas es importante resaltar el tipo
de impacto: esencialmente tecnoldgico

(que normalmente tiene un gran poder multiplicador en otras areas de la sociedad)
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e IFMIF
s e Complementary Experiments at IFMIF-DONES DONEs

J/
0‘0

There is interest in science
communities outside of the
fusion research program to
take advantage of the
unique features of IFMIF-
DONES

Complementary
experimental program must
be implemented in parasitic
mode, thus not affecting
the main mission of IFMIF-
DONES

Applications of medical interest

= Radiopharmaceuticals for therapy (e.g. *Tc)

= Accelerator-based boron-neutron-capture therapy (BNCT)

Basic physics studies

» Half-life measurements on long-lived isotopes
= Neutron and neutrino oscillations
= Solid state physics studies

o X o
®

Nuclear physics and radioactive ion beam facility

* Nuclear Structure & Astrophysics
* Mechanism of nuclear fission

» Cross-section measurements for applied physics

(n,y), (n,xn), (n,lcp)

= Mechanical properties of irradiated materials from small
samples

= Computed tomography imaging using fast neutrons

= Transmutation doping of silicon and radiation-damage
testing of electronics

... this list is not final



poNes . _ IFMIF
\%Q Proparatory Complementary experiments with neutrons DONES

DONES
Test Cell

Collimated neutron
beam facility —
behind the HFTM!

v" A neutron transport line is placed from the Test Cell to a collimated neutron beam facility

v' A neutron shutter is being designed to operate the
complementary experiments facility independently
of the Test Cell irradiation

v' Possible moderation of the neutron flux is considered

THIS IS IMPLEMENTED in IFMIF-DONES design!




IFMIF

DONES
\%o = Complementary experiments with deuterons DORES
175 MHz Solid State RF source
RF Power > D+ ion beam 125 mA / 40 MeV (5 MW)
lEXiOOIle ZXiO le 1|9X100k\iv l 27X2001kW l Beam footprint
200 x 50 mm?
LEBT MEBT HEBT 1o0x Thmmz )
onth em L. RAg TAL...... Superconc i N ) R L i
R S el
100 keV 5 MeV 83 139 21.3 30.3 40MeV k 0.001§
Beam Dump
Possible extraction of a fraction (1-0.1%) of the beam at 40 MeV: :J l;l
v' Extraction in the high-energy beam transport line - _‘,-'-.M__ﬁ_ oo §
v" A configuration of a meander line of 3.5 m + L —— o001 §
. i TS ———— —— = _}0.00013
electrostatic septum + septum magnet is proposed M e . 'le_osl’
v" Timing conditions: a beam bunch length of 1.9 ns, THe ey SN Romnaibeam

separation between bunches of 3.7 ns
v' Other option a slow extraction, more flexible | |

I L_bunch/2 L_bunch/2 !
| - 1

- o -
o
- .-

Possible timing sequence
Every 1/100 pulse

1 1 1
1 1 . 1
j“‘"‘ - ¢ 5‘”-‘
«<> -
. soms "
sans
—na

5.6 ns

.
Time for bunch selection




DONES IFMIF
\%o e Potential use of 40 MeV deuterons: TOF facility DONES

GRANADA

<

A pulsed beam of 40 MeV deuterons could be used directly for (nuclear) physics experiments

v" It could also be used on another production target (e.g. Li, Be, graphite) to produce neutrons,
- in that way a pulsed source of neutrons would be obtained

(similar to NFS facility at GANIL, n_TOF at CERN)

DONES building, section view
Accelerator at level 1, FCE at ground level

Neutron converter Detectors é
deuterons ;2; neutrons
b ' sample
! Flight path L
TOF=1,_-t,

Neutron time-of-flight facility (n_TOF)

This option under study:
- Possible characteristics of parasitic D beam

- Integration with the optics of the nominal beam
NO DECISION ON IMPLEMENTATION YET! - Feasibility of n_TOF facility (or experiments with D)

- Catalogue of possible experiments




.o L] L]
DONES Possible experiments with pulsed deuteron or secondary IFMIF
Preparatory DONES
Phase b
neutron beams GRANADA
Neutron Beam Target Detection Uniqueness Foreseen
Proposal converter requirements characteristics system @ DONES outcome
Gamma spectroscopy Yes pulsed deuterons; radioactive fissile HPGe detectors; pulsed intense beam; gamma-ray spectroscopic
of the nuclei produced repetition time: actinide targets; GFM spectrometer; long duration of measurement; studies of hitherto inaccessible
in fast-neutron-induced few hundreds ns; milligram samples; TOF measurement combining with GFM exotic nuclei near the
fission reaction pulse width: 1-2 ns Zr or Be backing spectrometer; doubly-magic ENi
Production of radionuclides No continuous or powder targets; HPGe detectors; high beam intensity; production of Cu-64, Re-186g, and
with high intense pulsed deuterons; backing pneumatic transfer long irradiation time in vivo Sc-44m/Sc-44g generator
deuteron beam system
Investigation of pygmy dipole Yes/No pulsed deuterons; stable targets; PARIS detectors; pulsed intense beam; studies of the fine structures
resonance (PDR) in stable repetition time: about 3 cm thick neutron detectors; two probes (n and d); of pygmy dipole resonances
nuclei via (n, n') and (d, d') few hundreds ns; TOF measurement complementary to the in various nuclei e.g. E’lDZr, 12ASn,
reactions pulse width: 1-2 ns studies in other labs b} .. with neutron and
deuteron probes
Half-life measurements Yes continuous stable targets; HPGe detectors; high beam intensity; precise half-lives measurement
of long-lived isotopes > 1 gram samples pneumatic transfer long irradiation time of long-lived TBSe, gng, JDTPd,
system ugl, 125\Xe, 135Cs, ... Isotopes
Deuteron-induced No pulsed deuterons; stable neutron detectors; pulsed intense beam spectroscopic factor and excitation
reactions repetition time: HPGe detectors; energy determination for the
few hundreds ns; TOF measurement; low-spin states in nuclei
pulse width: 1-2 ns GFM spectrometer in close proximity
of the path of stability
Neutron Time Of Flight Yes pulsed deuterons; stable and fissile neutron detectors; pulsed intense beam; cross sections studies
(n-TOF) facility repetition time: targets HPGe detectors; long duration of measurement; of various neutron-induced
few hundreds ns; fission chamber long base for n-TOF reactions
pulse width: 1-2 ns




IFMIF
Accelerator systems summary DONES
GRANADA
175 MHz Solid State RF source
175 MHz, 5MW, 125 mA, CW, high RF Power >
availability: One of the more Ilmlwl ”W I"”‘l“ l”""‘i*w l seam footprin
powerful accelerators in the world LesT MEBT HEBT i
Jonl e {141 m. ....... W -
100 keV 5 MeV 83 139 21.3 303 40MeV /};’Dum
< ~90 m -

Injector (ECR) +

Medium Energy Beam
Transport (MEBT)
Particle energy 5 MeV

Low Energy Beam
Transport (LEBT)

Output energy 100 KeV

[P

High Energy Beam .
Challenging!!

Particle energy 40 MeV (h|gh pOWer, hlgh Space

:"perw"d"L'_Ct'"g GEClE charge, cw wave operation,
. requency Linear . -

Radu: Frec:ue;cl::y Accelerator (SRF-Linac) high reability, longest

Qua rupo e( Q) Output energy 40 MeV RFQ')

Output energy 5 MeV

A. Ibarra et al| IFMIF-DONES progress| ICFRM-20| October 24h-29t 2021| Page 32



Li systems summary A/ FME

GRANADA

5 MW power handling, 15 m/s Li velocity, remote handling

Main requirements: Li flow stability and Li impurities control o
e Lithium target
Assembly

Li flow

Beam Inlet pipe > .y
(removable) = ’/B;n\ Flow straightener
L 1
\

ducts

Primary HX

Vacuum chamber Reducer nozzle

Secondary HX
0il-Oil tertiary loop

Backplate

Support
Tertiary HX

Inlet pipe Outlet channel

(fixed) Sy Rectangular
outletchannel

Quench Tank

Li purification loop

~— LiDump FDS flanges
Impurity / M:{in Tank Outlet pipe ’
Monitoring Impurity EMP i
System Purification ‘
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Li volume ~8 m?® Liflow rate ~100 I/s Jet thickness: 25+1 mm Li flow velocity: 15 m/s
Temperature (cold side) ~300 °C Chamber pressure: 102 Pa Heat flux: 500 MW/m?

Challenging!!!!
(Biggest Li loop in the world, power management, impurities
management —corrosion risks-, reability, lifetime,...)
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Main characteristics driven by
the presence of neutrons and Li
* Internal components
cooling by He
* Remote Maintenance
TC-LS Int required
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Challenging!!!l:(rH, reability and long term control,...)
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