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EU strategy towards
fusion energy

One of the main differences between
ITER and DEMO is the radiation
dose: at DEMO more that two orders

of magnitude higher

The power plant

2018 EU Fusion Roadmap

Short-term Medium-term Long-term

Research '3 ¢ IT

on present First plasma Full performance
and planned
facilities,

analysis Electricity
and produ k
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Material research facilities IFMIF/DONES
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A 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
Li(d,xn) Samples
stri:;;i‘n‘gh =
reaction
Deuterons at 40 MeV
collide on a liquid
Li screen Heat exchanger
flowing at 15 m/s ' High Flux Test Module:
20-50 dpa/y at 100 cm?3

Controlled temperature:

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

Identified as high priority in the EU Fusion Roadmap
Included in the ESFRI Roadmap as a EU strategic facility
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A 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

Li(d,xn) N} %g Samples
- - — ] P -—_I’-'

t N © 3 I
*! Biggest Liloopinthe ~ g (
© o

[

u

One of the more world ASESL
powerful accelerators atrons ~ 104 n/cm?2s
in the world o, Challenges: Biggest Li
loop in the world,
Challenges:high power, power management,

Challenges: RH,

A neutron flux' high space charge, cw impurities management reability and long term
generated w, wave operation, high —corrosion risks-, control,...
up to reability, longest RFQ,... reability, lifetime, ...

Identified as high priority in the EU Fusion Roadmap
Included in the ESFRi Roadmap as a EU strategic facility
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Applications of medical interest Basic physics studies

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

» Accelerator-based boron-neutron-capture therapy (BNCT) * Neutron and neutrino oscillations
= Solid state physics studies

o
A

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
(n,y), (n,xn), (n,lcp) » Transmutation doping of silicon and radiation-damage

E ey testing of electronics

**Deuterons extracted from the accelerator beam but only a small fraction (a few percent)
**Neutrons available behind the Irradiation Module either inside or outside the Test Cell
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175 MHz, 5MW, 125 mA, CW, high
availability: One of the more powerful
accelerators in the world

Injector (ECR) +

Low Energy Beam
Transport (LEBT)

100 KeV

Particle energy 5 MeV

Output energy

Radio Frequency
Quadrupole (RFQ)

Output energy 5 MeV

Medium Energy Beam
Transport (MEBT)

Accelerator systems summary

175 MHz Solid State RF source

RF Power >
8x200 kW 2x20 kW 19x100kW 27x200kW
N 33 ddd
LEBT MEBT
o L LHE S . H
100 keV 5 MeV 83 139 21.3 303 40MeV

Beam footprint
200 x 50 mm?
100 x 50 mm?

Beam Dump

<&
<

~90 m

High Energy Beam
Transport (HEBT)
Particle energy 40 MeV

Superconducting Radio
Frequency Linear

Accelerator (SRF-Linac)

Output energy 40 MeV

»

Waiting for validation results from
IFMIF-EVEDA: LIPAc Prototype
(Rokkasho)

Main involved technologies

. RF

. Cavities

. Magnets

. Mecatronics (Cu, Nb, Al,...)

. Criogenics

. Vacuum

. Power supplies

. Cooling technologies

. Diagnostics

. Control (hardaware and
sofware)
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Li systems summary ®)

5 MW power handling, 15 m/s Li velocity, remote handling
Main requirements: Li flow stability and Li impurities control

Target
Assembly

0il-Oil tertiary loop

Tertiary HX

Li purification loop

/ ~— LiDump
Impurity / Main Tank
Monitoring Impurity EMP
System Purification

System

Li volume ~8 m?® Liflow rate ~100 |/s
Temperature (cold side) ~300 °C

Lithium target

Inlet pipe 2
(removable)\ '/B;n\\ Flow straightener
L A
y

ducts

Li flow

Vacuum chamber Reducer nozzle

Backplate
Support

Inlet pipe Outlet channel

(fixed) g

Rectangular
outletchannel

Bellow

Quench Tank

FDS flanges
Outlet pipe

Quench Tank

Jet thickness: 25+1 mm

Li flow velocity: 15 m/s
Chamber pressure: 10° Pa Heat flux: 500 M\W/m?

Main involved technologies

*  Liquid metals (fluids, monitoring and purification)
*  Complex cooling loops

*  Diagnostics
*  Remote maintenance
*  Control (hardware and software)
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Irradiation module

\

rt-Trusses l

sembly
S 4.3.5)

tiffening
Plates
of

ontainer

Test Cell Cover
Plate (TCCP)

) 4
Upper Shieldin \Sealing

Stiffenin
Piates. Plug (USP)
of
Attachment
Adapter

Lower Piping and
Shielding Cabling Plugs
Plug ‘. e (PCPs)

Cut in

of

the Migaye

Remotely operated
TR connector Grayloc®
Supporting flange

HFTM

Plug structure

950

Shielding ring 30 mm

Quench

Tank (QT)
% ‘ Pipe 6 SCH40S
:::QUITTI TC Surrounding
L Shielding Walls
e . TC-LS Interface
Duct penetration Cell (TLIC)

of LsP

«n. COOled shielding plug -

Helium Cooling Pipes
Embeded in Concrete

Main characteristics driven by the presence of
neutrons and Li

Internal components cooling by He
Remote Maintenance required

Main involved technologies

*  Mecatronics

* He and water cooling

* He, Ar and water systems

*  Shielding materials and technologies
*  Remote maintenance

*  Vacuum

* Diagnostics

*  Control (hardware and sofware)
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Acceleratoy
Systems pyg
Test SVSterns
LU

Remote Handling system

Access Cell
U Main Remote Handling Equipment : HROC and ACMC
0 Access Cell big enough for storage of all components

™ —

Main involved technologies
* Special cranes
* Telemanipulators
* RHtools

* Radiation monitoring
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» Do not forget “conventional” systems: half budget will go to buildings
and conventional systems

Main involved technologies
Buildings
Cooling
HVAC
Control (hardware and software)
Gas management
Electrical systems
Electronics

L )
« Do not forget ° transversal activities:
maintenance, safety, security, control,...
. . N * Maintenance
they will be continuos activities all along the - Safety and security
time of the facility I
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Aim is the DONES Program (not just the DONES
Facility)

Project run by very flexible Project Team built up on In-Kind

Contributions from different partners
Design Authority in the Project Team

Owner/Operator responsibility on the Spanish Legal Entity

Partners contributions would be:

* In-kind components, and/or
People to the Project Team, and/or
Cash for Common Expenses and Reserve Fund

Contributions will be agreed in a qualitative way
by the stakeholders (in the MoUs) and in detail by
Procurement Arrangements between

Implementing Agencies

Project Organization

DOMES
Vioparatery

P Governance & Management models DONES
DONES Program (in one way or another) by Stakeholders
Stakeholders appaint members of the SC and defines Implemeanting Agencies SC% T

+  Domes Facility Davelopment

Steering Committeg of the DONES Programene + Dlanving & IKC

* Ad-HocWGs
Technical Advieary Committee

SC appoints Progromme Maonoger

Program Teom prepare techaical
specificotions of PA ond follow thelr progress |

Program Team I Programme Manager |

! I T 1 S
| Exglotation Qualty &safety Technical Lead

1 1
PMO Buginaess Team |
In Kind Contributions defined in detall in
Project Coordi Ca

Procurement Agreements (PA) 2R

Fusion for Energy a Implementing Agencies
EUROfusion Agency in Spain in Partrer Countries ,
On behalf of Euratom I

Model similar to the one used in the Broader
Approach project
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In all the Big-Science projects, industry must be involved in the Project as soon as
posible (both for the benefit of the Project and for the benefit of the industry)

» A specific effort has been made in the DONES Project to promote the participation of
the industry since the beginning:

* Industry was involved in the Validation Activities (IFMIF/EVEDA Project) during the last 15
years: most of the EU contributions were developed by EU industry

* Industry is being involved very significantly in the engineering design work developed up to
now

« Collaboration projects with industry are being strongly promoted (ACTECA, FUSION
FUTURE, EVO or NEXT projects in the Spanish case)
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GRANADA ESPANA
 Short term future contracts:

« Calls for auxiliary building construction (12 M€), DONES research building (6
ME€), three different prototypes construction (0,5-1,5 M€ each), some labs under
deveIOpment To be (informaHy) announced in ifmifdones.org webpage

« Expected since last few weeks to mid-2022

« Long term contracts (linked to the initial steps of the program):
« Engineering support (expected maybe in 2023)
« Buildings and other plant systems (several contracts maybe from 2023-2025)
» Accelerator systems (injector, RFQ, RF, SRF,...) (expected maybe from 2024-...)

« Lisystems (Li loop others...) (expected maybe from 2025-...)

still to be defined how they will be announced

Most of them will require Industry Consortia to be developed!!!
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