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ITER status and application of integrated modelling to
support design, operation and research plan

Alberto Loarte
Science Division, Science and Integration Department, ITER organization

The views and opinions expressed herein do not necessarily reflect those of the ITER Organization
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Outline

* Project status

= Objectives and overall Design
= Scientific Basis
= Design: Key Components
= History and organization
= Construction Status
°* New 2024 Baseline: key

elements and rationale =
use of integrated modelling

* Revised Research Plan
and main elements - use Y o ey
of integrated modelling vy (*/x 0
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Objective and Design
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Demonstrate the scientific and technical
viability of fusion energy as an energy
source for humankind

ITER is the largest tokamak ever built: _
— Major radius: 6.2 m D
- Br<53T,1,<15MA
— Total stored magnetic energy: ~50 GJ
— Plasma volume: >800 m3
— Vacuum Vessel volume: 1000 m3
— Device weight: ~23,000 tonnes

— Cryostat: 29 m wide, 29 m high, \

16,000 m3

High gain fusion power scenarios:
— P cion = 500 MW with P, . < 50 MW o
Q = 10 for 300 - 500s
- P cion ~ 400 MW with P, . < 80 MW
Q = 5 for 1000 - 3000s
(steady-state)

it X] .

il " =
R~6.2m el
w0 i

=
1



Scientific Basis
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ITER design basis

» Fusion energy production

Q - PfUSion (4He t n)/I:)external-heat
Q = 10 with P; ¢, = 500 MW in ITER
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2

ITER

4
Major radius (m)

JER 4-

6

Pa =2 I:)aux
Plasma Current Major Radius
N Input Power
LC ] S N ——
50-9/3 ITER &
1 o |)R?P P
1.00F
= - ASDEX []
= [ AUG
& L c-MmoD A
DII-D N/
0-105— JET o
: JFT-2M g
) JT60-U
I PBX-M €
0.01 bl e e aa DX A
0.01 0.10 1.00 1

T:::BQS(YJ) (s)

. Size and t¢

100
Inaccessible |
|_regon | Year
'y
> 10- &
£ & 71997
% B /
= &
<
X M 9/ acce : 1983: start
— of the JET
L _SEEEmpERer | Gperations
- S ESE——
£ [Feaie] gowe  [ToTel| e
5 p
§ 0.14| Ti=Te ®TEXTOR
a
s PLTe , oPLT
B Tioe / 1973: start
0.01+ TFH'f Dlollgn
4 - 1970
1, ® Soeram
T3 / ® O-T(JT 0TI and THIN - bansked) |
L © JET OTE (32009
,l . o 5y Ol(u:g.m 1965
0.1 1 10 100

o
o)
e}

Central lon temperature T; (keV)

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC



Powers [MW]

ITER Q = 10 scenario (300 — 500 s burn)

Based on conventional sawtoothing H-mode with Hyg = 1 = scenario used for the
design of magnets and components (15 MA/5.3 T)

P.ux = Pnel + Pech (+ Pic) — 50 MW = Alpha-heating dominant scenario with non-
iInductively driven current ~ 35%

.5 1, [MA] ] Kim, NF (2018) 4
10 <n.>[10"¢ m3]
5
140 BN
- Psep :
120 .
\"‘\__:
100 Palpha 4
80}
i Pth
60 _ - P“aux
40} _A| _ _PNB
20l — _ ,f/ lPEC -
>y l | =i

10 20 30 40 50 60 70 80 90 100 Time(s) 480 500 520 540 560 580 600 8620
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ITER Q ~ 5 scenario (steady-state)

Based on improved H-mode/hybrid scenario with stationary q profile (q > 1) and Hgg
> 1.5 length limited to 3000s by hardware design (10 MA/5.3 T)
Obtained with P, = Pyg + Pecy 2 70 MW with non-inductively driven current ~

Powers and Currents

80

o)}
o

>
o

[AV]
o

o

100%

Times [s]

Kim NF 2021 -
(15x) IP [MA] 4 L i 1.4
1.2 N — Jtot
1L / \, ----- Jbs
I 1 e e R e e Jnb
Pin—Prad [Mw] ~ / —Jec
1T E o8
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(b - s,
Paux [MW] 1L g 04 N
PNB [MW] S 4 "IN
- 1 F | / TR
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0.2
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------------------------- S sqrt(norm. tor. flux)
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Polevoi NF 2020
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Design : Key Components
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Main ITER Components

Protection Modules
W — Stainless Steel

Central Solenoid

Nb,Sn-SC Neutron energy

2269 °C 200 MeC
Poloidal Field Coil = Heating
NbTI-Se | Diagnostics

-269 °C

Toroidal Field Coil
Nb;Sn-SC
-269 °C

L
UL

Jind]

.
| TNNSSS

Cryogenic pump

Cryostat

i Bui3 0=
[

11

L]

—  Thermal Shield
-190 °C

Helium energy and external heating

Vacuum vessel

14" ITER International School, ITER Organization, 30 June 2025
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Heating and Current Drive

Large H&CD installed power and optimized power mix
High flexibility for experimental programme, reduction of risks to achieve Q =10

Electron ‘ v o ) V Neutral beam
Cyclotron (EC) _EY W S injection (NBI)

870 keV H°
1 MeV D°
33 MW (+16.5)

170 GHz
40 MW - SRO
+

20 MW (+7) — DT-1

lon Cyclotron

Vg /__ ‘‘‘‘‘‘‘ e 'y (IC)
ﬂ ‘o ,'/ ‘ — ’ IHI oesatties N\ \:‘ \ 1\ 50 M HZ
il @i B A S 10 MW — SRO

_ e 10 MW (+10) —DT-1
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ITER Diagnostics and 3-D coils (Error Field, ELM control)

 Diagnostics: ~ 60 instruments A External error field correction
measuring ~ 100 parameters coils + internal ELM control coils

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC



Tritium Breeding : Test Blanket Systems

Tritium not available in sufficient amounts for large scale nuclear fusion energy
production = Tritium needs to be produced in-situ (n + Li =2 T + He)
T production schemes will de demonstrated in ITER (at small scale)

Different test blanket systems will be
Installed in ITER to test different
combinations of design options:

- Liquid metal breeder
- Solid breeder

- Helium coolant

-  Water coolant

Demonstration of the achievement of coolant thermo-hydraulics conditions (both water-coolant and

Helium-coolant) relevant for high-efficiency electricity production

14" ITER International School, ITER Organization, 30 June 2025
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/ A3
. w’ i

ITER WI|| maintain self-heated DT plasmas by the fusion reaction for durations of 10 minutes to 1
hour. ITER will demonstrate in an integrated way the technology, materials and physics needed to
produce electricity in commerual fu3|on reactors
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History and Organization
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1985: Gorbache

AN EMEER I8 WS

THE SUMMIT

T'STALK

ITER’s History

The origin of the idea is the super-power meeting in Geneva on 1 November
v and Reagan signed an agreement to create an

International project to develop fusion energy

14" ITER Inte

“All the News
That's Fit to Print”

VOLCXXX V.. No 46,601 - o amormsmmenee vesrom

-| €he New Nork @imes =35

N,

Spectal 10 The Hew York Times
NEVA, Nov. 21 — Following is
lhe text of the joint Soviet-American
tatement at the end of the summit
peeting lnday as made public by the
White Hous

By mutual agreement, the Presi.
t of the United Staies, Ronald
gan, and the General Secreiary of

he Ceniral, Committce of the Ca

were St
Horge B. Shultz: chief of Siall, Don.

lent, Robert C. McFi ; Ambas-
ndor t0 the U.S.5.R., Arthur A. Hart.
pan; IPECPI iser to the President
ind the ry of State for Arms
jontrol, Pllﬂ H. Nitze; Assistant Sec-
btary of State of European Affairs
Ridgway; Special Assist.
it to the President for National Se.
hurity Affairs, Jack F. Matiock.

fal Committee of the
IMsler of Foreign Affairs qunrd
First Deputy For-

In this connection the two sides
have confirmed the importance of an
ongoing  dialogue, lecting _their
strong desire to seek common ground
on cxlﬂlng problems.

ey agreed to meet again In the
ek R ThR
tary accepted an invitation by I
President of the United States 10 visit
the United States of America, and the
President of the United States ac-
cepted an invitation by the General
Secretary of the Central Committee
Bl lh! (‘I'SU to visit the Soviet

ngements for the timing

of e viatrSoit bo agreed upon
through diplomatic channels.

In their meetings, agreement was

ched on a number of specific
Issues. Areas of agreement are regis-
tered on the following pages.

Security
The sides, baving discussed key se-
curity i conscious of the
al mplwvlbtllY of the ussn
inta

special
and the U.S. for mal
h-ve o sgroed that & nudun wor can-

m
nm-gnxi that any ny confict be:
tween the U:5.5.R. and the U.5. conid
!

p.mnms(mr;l
to the United States.
inatoly F. Dobrynin; head of the

Fiment of Fropaghnda of the Coo
al Committee of the C.P.S

fm of the Central Committee of the
P.S. M. Zamyatin;

i to the General Secretary of
Central  Committee of the
P.5.U., Andrei M. Aleksandrov.

Mtional situation. The meetings were
ank and useful. Serious differences
main on a number of critical issues.
While acknowledging the differ-

emphasized the importance of pre-
venting any war between them,

whether nuclear or conventional.
They will not seek to achieve military
superiority.

Nuclear and Space Talks

The President and the General Sec-
retary discussed the negotiations on
nuclear and space arms
hey agreed to accelerate the work

at these negotiations, with a view to
accomplishing the tasks set down in
the Joint U.S.-Soviet Agreement of
Jan. 8, 1985, namely to prevent a
arms race in space and to mmmm
it on carth, to limit and r
clear arms and enl
stability.

Noting the proposals recently tab.
led by the U.5. and the Soviet Union.

ext of the Joint U.S.-Soviet S‘i

ple of 50 percent n
clear arms of |
US.S.R. appropr,
well as the idea o

agreement

During the
e, ]
verification of
gntions assumed w

Risk Reductif*

The sides agreed
tion at the expert
reduce nuclear ri:
‘count the issues an

he negot]
satisfaction in suc
this direction as th
the Soviet-U.S. hot

Nuclear Nonp
General Secretar

their commitment,
under the Treaty on

tion of Nuclear Weay
negotiations in good

of nuclear arms limi

mament in accordance with clude mut

V1 of the treaty.

The two sides plan

Late Edition

Fusion Research

The two Jeaders emphasized the
potential importance of the work
aimed at utilizing controlled thermio
nuclear fusion for peaceful purposes
and, in this connection, advocated the
widest practicable development of in
ternational cooperation in obtaining
this source of encryy, which is essen
tialy inexhaustible, for the benefit for
all mankind

States and the
agreed to a set of

fon have  sports events). The two sides agreed
es to pro

ce. To this end, 1l
need for a dmnmem ‘which wot fosgpectsoget 2. in the North
\cceptable con Pacific and out steps to levant agencies ach of the
and security m,.ku.,s ,..,a‘,,,,, andR impleme countries are being instructed to de.
to ue to  gave concrete expression and effort % velop specific programs for these ex
promote the strengthening@ the 1n- 1o the principle of nonuse of force viation Consulates

romoting
uses of nuclear ener
They view positively t

regular Soviet-U.S.

hey acknowledged that delega-  next meeting.
s from the United States and the
et Union have begun negotiations
ed at resumption of air services.  Fusion Research
w

Process of Dialogue

President Reagan and General Sec
retary Gorbachev agreed on the necd
lar basis and inten

RY.

ers emphasized the

nonproliferation of nuciefh weapons, uvydulnyw-a: various levels. Along  offcement at an éa 1 importance of the work

tocontinue this practice in t

Chemical Wea|

In the context of discussi
curity problems, the two s

s between the leaders of
s S g g o

zing control
eous opening of consul-  nuclear fusion for pea
York and Ki and, in this connecti

practicable development of in

] ation in obtaining,

pons Environmental Protection
Toth sicde
the preservation of the

preed to contribute to
nvironment  all mankind
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- "28 Ju%eQOGS“‘fThe ITER*Members«-u’nanlmoust
. .agreeto construct ITER at the site proposed 10)%
T the European Union '

e . "21 November 2006: Signature of the ITER
Treaty at the Elysée Palace in Paris

The ITER Members represent more than 50% of the world
population and 85% of the global GDP

China EU India Japan Korea Russia USA

R Organization, 30 June
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ITER Organization

The intergovernmental >~
organization was formally
established on 24 October 2007 |

Its objective Is to promote
cooperation among ITER Members:
China, EU, India, Japan, Korea,
Russia and USA

It Is the project integrator and the
nuclear operator of the ITER facility

A collaboration for 35 years to develop fusion energy to the point that
allows the design and construction of a demonstration fusion reactor

14" ITER International School, ITER Organization, 30 June 2025
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Contribution to ITER construction and ITER staff

40,3.7% 15, 1.4%*
95,8.7% o

A unique characteristic mem
of ITER Is that most of itS s

components (~ 90 %) are **“pm
provided in kind by the
ITER Members

694, 63.8%**

In-kind contribution proportions:

10 Staff by Member (G, P & Higher)

(incl. TCWS, VAS, PostDoc & SCSN)

*1.4% Others refers to to Uk, Switzerland, Ukraine

** Since Brexit: 22 Uk staff acquired EU nationality (19 French, 2 Irish, 1 Germany)

EU: 5/11
Other 6 Members: 1/11 each

14" ITER International School, ITER Organization, 30 June 2025
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Who makes what?
All intellectual property is shared among the seven Members

Superconducting  Feeders Cryostat
(31) 5
' I
Thermal Shield
U g
\\.4:'
Vacuum Chamber
U g
<9, Il
Poloidal Field

Coails (6)

Correction Coils (18) _
Central Solenoid (6)

Divertor

14" ITER International School, ITER Organization, 30 June 2025
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ITER Toroidal Field Coil Construction

TF Coil Q=2 TF coil cases VW~

Japan | @ | Japan ._{ —
Europe South Korea  +®.
Japan @

Russia —

"M ITER Partners United States E

Europe -
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21 Jan. 2007

Construction: before it all started

French Alternative Energies and Atomic Energy Commission (CEA) acquires
~180 hectares for the ITER Project, near the CEA Cadarache nuclear research centre




P
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Constructlon Site today (southwest V|ew)



Construction Status
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Cryogenic plant

Largest single unit plant
in the world =

cools superconducting
coils

(10.000 tons)
down to -269 °C




ITER Control Room 12 June 202:

Declared “ready for ITER Organization™ in 2022 |
f — u | | 19 Dec. 2022

i A A A
CLEAN
4 OE COVERS
Ml REQUIRED
iy P

» EYOND THIS
» / POINT

e .
'

: "" ' Symbolic first ever CDAC command issued from the o




Progress on some main components
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Vacuum Vesse|

* O sectors
(KO: 4, EU: 5) each 440
tonnes

KO: all 4 sectors (6,7,8,1)
at ITER site

EU: Sector 4 (May 2025),
Sector 5 (Sept. 2024)
complete and at ITER site
(built at Westinghouse-
Mangiarotti)

BUT repairs
required/underway on
all sectors ... see later

L air
E}ﬂ""e ?!— =

i V|
: ~
UB W'EA &
R /‘
i R

1)

4




EU VV Sector 4 wra ]
D IVIYS . aPT Y Y P SR My . VR .

VV Sector 5 unpacked and placed on transport frame in the Cryostat Building




8 July 2022

Toroidal Field coils

°* Nb;Sn, 11.8 T, 68 kA,
41 GJ,9x 17 m, 360t each

TN, \ || AV = i U
* Manufacture complete > all D Ny A N ’
19 coils on-site (1 spare) i M e MR bl \

\ Z -’:ib ls‘-

* Supply chain and mass
production well TR T
established il &

Nb,;Sn JA KO E
Conductor 2‘& s BR-=T)
Pack ;
Coil Case Iug)

Integration G‘g

WA\ {
.
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| - F— | 15Apr. 2024

THE POWER
OF THE SUN
TO EARTH e

Poloidal Field coils &

* NbTi, 6 T, 45 KA, ==
Largest coils (PF,3,4), 24 m
diameter, 400 t

* Manufacture complete - all
PF1 (RF), PF2,3,4 (EU) in
storage, PF5 (EU) and PF6
(CN) In-pit

PF3: being moved into storage




Central Solenoid

°* Nb;Sn, 13.5 T, 46 KA,
6 modules, ~4 m wide, total
stack height ~20 m, > 1000 t

* Manufacture
ongoing =2
3rd module
stacked In
April 2024, 4%
module
delivered end
2023 and
stacked in
Dec. 2024

e | asttwo
being | J |
delivered in b : 4 modules now in the stack

y_ww. . vy¥y. . ¥.

Ji % =Y P
D-; ] A

_M,,,ﬁ ;' mmo 60

— =s!llnm I Hv 1
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Error Field
Correction colls
* NbTi, max: £10 kA,

6x6 colls, largest 8.4 x 7.2 m,
total weight 78 t

* All 6 top and bottom coils
delivered, delivery of 6 side

colls expected in 2025




Divertor

* 54 Cassette Assemblies, 8t
each, ~140 m2 W
monoblocks and flat tiles

* Full-scale prototypes complete [ AR o, g
for all major components (IVT, B
OVT, Dome, CB) - supply
chains established for
manufacture in all concerned
DA's - 3 OVT already
__completed at JA-DA

=

\ .~

= <59
f HITACHI

Inspire the Nex
i

research
INstruments

“une 2025
DUVTPC



i A ’
17 Dec. 2024 4

# wotf ==

Flrst batch of 48 Shleld Blocks Ieave Donfang Electric Heavy Machinery Co., Ltd. in Guangzhou.

Now in Port- Salnt Lows du Rhone, awaiting transfer to 10 for site acceptance tests later in 2025
1 EREE OV OID; DOVTPC |




Issues with VV sectors and thermal shields

* Dimensional non-conformities in VV field joint contours on the 3 KO sectors
delivered to 10 turned out to be too large to permit sector-sector welding
according to required standards

* Chloride stress corrosion cracking (SCC) found on many of the thermal
shield (VV and cryostat) cooling pipes

* Major issues preventing continued assembly of VV sectors
* |ssues have been discussed publicly, and details can be found here

https://www.iter.org/newsline/-/3818
and
https://www.iter.org/newsline/-/3830

14" ITER International School, ITER Organization, 30 June 2025
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https://www.iter.org/newsline/-/3818
https://www.iter.org/newsline/-/3830

SCC on thermal shields: problem found on several VV shields not yet installed on VV
sectors - assumed to be present In many locations in WV and cryostat shlelds

by =
‘

7 /7/




AT TS )
AR AT gk L
sy - T._..:s_,m,..m«?.:.ﬂw -
& ST, . P2
[y S TR
SV




VV Thermal Shield
repair + replacement

* Repairing 7 VVTS sets
(21 panels)

* Remanufacturing 2 VVTS
sets (6 panels)

= Replace corroded pipes |
= 2 mm panel machining t - & Slis OB Rhlipte:
panel mac gto S mmmer
eliminate potential panel * '

corrosion risk Y . —aa N
= Surface polishing to s o gitew o - B R
replace silver coating >  ESSEREEE =S 41T o |
roughness ~80 um - low
emissivity at 80 K

* Progressing well > all to S
be completed in 2025 e

Outboard
Right hand

(IB) side (OBRH)

Left Hand

Equatorial port
side (OBLH) N P

Shrouds

assembly test (INOX, India)

.

-




VV bevel joint repairs =

* Vacuum build-up (manual SPI00||
/ mechanized TIG)+ NDE
(M-UT and RT) .
= Sectors 4,5,9,6,7: manual
TIG; Sectors 1,8:
mechanized and manual
* Bevel machining |

= Portable milling machine ’
bolted to sector T-rib e ' After repair

* Sectors 6, 7 repaired In P> N
vertical position (SSAT) | 2 Mgty v -
* Sectors 1, 4, 8in - &
horizontal position
(Cryostat Building) 71

Beforé 'repa_ur ‘,3’4“



VV status

* Sector 7 and 6: repailr
complete (SSAT), re-
assembly complete and in-

pit
* Sector 5 (on-site 25/10):
repaired at supplier

* Sector 8 repairs in
progress - forecast
31/07/2025

* Sector 1 repair underway,
Sector 4 to start

* Sectors 2,3,9:
manufacturing in
progress (at EU
supplier)




18 June 2025
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¥
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Sector Modules 6 & 7 In-pit
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New 2024 Baseline: key elements and
rationale

14" ITER International School, ITER Organization, 30 June 2025
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New Baseline rationale

* Robust achievement of ITER Project goals, in view of past challenges (delays
due to the Covid-19 pandemic, technical challenges in completing first-of-a-
kind components and in nuclear licensing)

* Realistic and reliable assembly — commissioning - operation

* Achievement of earliest start of the ITER Nuclear Phase (DD operation) and
minimization of technical risks = a new 15t phase “Start of Research
Operation” (SRO)

* Stepwise safety demonstration (see next slide) - 2 new DT phases (DT-1,2)

* Key elements of the new baseline driven by physics/operations:
= First Wall: beryllium (Be) - tungsten (W), start with inertially cooled W wall
= Optimized heating mix + boronization - ease path to Q = 10 with added W

14" ITER International School, ITER Organization, 30 June 2025
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Why change to a tungsten
First Wall?

Physics basis for tokamak operation with W
walls iIs much stronger than it was at start of
ITER construction

Several issues with Be as PFC:

= Erosion lifetime

= Tritium retention in co-deposits

* Low melting point = lower margin in I, before
potential “gap bridging” on FW panels
(disruption current quench)

Major benefit in assembly complexity and
avoid costly later wall changeout

BUT: lose low Z material facing the

R. A. Pitts et al., NME 42 (2025) 101854

T e = 1287°C

Be

Beryllium
9.012

74 T e = 3422°C

W

Tungsten
183.84

plasma and getterlng propertles Of Be ER International School, ITER Organization, 30 June 2025

- boronization
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* Install full blanket shield and First Wall Strategy

a provisional W plasma- 4 9. B :
facing surface but all DT-1,2: Final First Wall

Inertially cooled Actively cooled

* Use SRO phase to learn: Enhanced Heat

. . . 9 o 5
= Especially disruption load ik Flux: ~5 MWm
validation and mitigation I Normal Heat

) '. Flux: ~2 MWm?2

(including runaway electrons)
— without damaging final FW
panels and avoiding water
leaks

* Actively cooled, final brazed
bulk W FW panels

* W armour thickened (8 mm
(Be) 2 12 mm (W)) in
locations prone to runaway
electron impact

Q '
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Assembly guided by physics = magnetic field symmetry essential !

» Magnetic field symmetry essential for high pressure = Py i,, ~ pressure ?

» Sub-millimetric alignment of components essential (22°C 2 -269°C + F ,jnetic)

P(B/Biimit)

B plasmal
m plasma 2
B plasma 3

0.0 0.1 0.2 0.3
Overlap error field B/B|imit

e

radial: v/(x1.5)
tangential: v7(x£1.5)
vertical: v7(+3.0)
radial_ccl: A(0, 1.5)
tangential ccl: A(0, 1.5)
vertical _ccl: A°(0,1.5)
pitch_length: 17(+1.5)
roll_length: 77(£1.5)
yaw length: 17(%1.5)

samples: 2,000,000

Q(D.gg]. B!B{(m{t =0.33

0.4 0.5 0.6
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Integrated modelling

SOLPS-ITER: good for 2D W
source, but time independent

DINA: time dependent but
simple core transport model

First attempts at JINTRAC

core-edge integrated simulations
= JETTO-SANCO + EDGE2D-Eirene
= Core transport: TGLF-SAT2 + NEO
= W bundling with 6 superstates

Same P¢o, self-regulation found

= Good agreement with SOLPS-
ITER for same input

= Consistent core-SOL solutions
with no core W accumulation if
central EC power deposition

P_. (MW)

frad ~O . 70
PP AN AV VW

NB: time dependent!

5 10 15 20 25
Time (s)

o =2 N W A~ O OO N @

o

0 0.2 04 0.6 0.8 1.0
ptor,norm

Red: central ECH
Blue: ECH shifted to off-
axisatt=0

Off-axis ECH - large
increase in inwards W
neo-classical transport

100 Gecy (KWM®)

10

0 0.2 04 0.6 0.8 1.0
ptor,norm

-10

-15

-20

-25

0 -

N
-5 VW,tot (ms )

0 0.2 04 0.6 0.8 1.0
ptor,norm

ITER, Py =33 MW, |, =2.0MA, B =53 T




A. Loarte et al., PPCF 67 (2025) 065023

Impact of a W First Wall -

e = 50 MW P, = 70 MW
on Q =10 target B N
* WallDYN2D W source calculated for L .
range of Q = 10 background =] RN _
plasmas (SOLPS-OEDGE) o ae [P
= Wall source 4.5 — 26 x 102° atoms s 5 [ Twaow T e,
= W source dominated by Ne + W self- - | TesorsoL =20 eV
sputtering (CXN sputtering negligible) 124 Dw.soL =1 “"2"5* -6
le = = — Dwsa =0Am%s 5
* - effective W source for JINTRAC 10 - . . .
0.00 0.02 0.04

modelling (TGLF-SAT2 core transport)
= Q =10 ok even with > 2x worst case W source

107

= Uncontrolled W peaking not found in ITER high 1o N CTective
Q plasmas = W core transport in ITER 102 \
dominated by turbulence, unlike in current 10 |
devices (higher collisionality, stronger rotation) 10
= Pedestal W screening for ny., > 0.4 ng,, 10°
10

5.0 7.5
R (m)



Revised Research Plan and main
elements
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Summary of 2024 Baseline phases

Now ~18 months 27 months ~10 months
Enginegring Integra_ted_ Start of Research Integra_teq
fabrication of Commissioning : Commissioning

Operation (SRO)
system I [l
Install: « Commission PCS and Protection » Final, actively cooled W
» Actively cooled W divertor Systems to reduce risks in DT-1 First Wall
» Blanket shield blocks « Hydrogen L-mode to 15 MA/5.3T « NBI: 33 MW
* Inertial W First Wall panels * Demonstrate H-mode DD plasmas « ECH: 40 - 60-67 MW
« 40 MW ECH * First assessment of boronization, « |ICH: 10 > 20 MW
+ 10 MW ICH fuel retention/recovery, ICWC  Final diagnostics set
DT-2: 3 x 10?" neutrons DT-1: ~9 years, 3 x 10%° neutrons
FPO-y | FPO-(...) | FPO-x FPO-5 FPO-4 FPO-3 FPO-2 FPO-1
Q> 5. 1000, 3000 s High du;yg 6?{}52 MW, [500 MW, > 300 s|500 MW, ~50 s| 100 MW, ~50s| D

14" ITER International School, ITER Organization, 30 June 2025
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Summary of 2024 Baseline phases

End of Pre-SRO Assembly Start of Research DT-1 DT-2 from Feb.
ANV W Operation A 4 h 4 of 2049

ITER Operations Phase

2033|2034 (2035|2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 | 2049 | 2050 | 2051 | 2052

‘Authorjzation for SRO (in¢. D plasmas)
and Tin plant under INB threghold’

Integrated Commisgsioning |

Close Cryostat -
H Plagmas tg 15MA
Start of Research Operation D H-mode Plasmas|
T Commigionning
First Rlagm
‘SNO’ i
Post-$RO Agsembjy Phase (indl. shufidown
Integnated Commissionihg Il
Licensing ‘Mise en Service Tritium Plant orizatli,on for DT-1
lant abjove INB threshold D. DT
Tinto | Tokamak
Plant Q=10
. \ 4 v 500MYV
Tritium Plant and : Performance extension >500s|
Supporting systems D, DT D, DT
H, D, DT Q=10 Q=10 250MyV
H+T, >100MW 500MYV 2300s
v| D ~50s ~50s high duty

DT-1 #m | FPO-3 ‘Authorization fdr DT-2
=) |

o2 Shufdowt m =] i‘mq' i‘l

TBM Program TBM DT-1 Program TBM DT-2 Program

‘SNQO’ = ‘Start of Nuclear Operation’

14" ITER International School, ITER Organization, 30 June 2025
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Detalled revised Research Plan now completed

* Use of W wall requires B+ values that provide effective central heating -
scenario developmentat 2.65 T & 5.3 T in SRO and DT-1

2.65T 5.3T
i 1 IC 1
15MA 1 1C, Wy .
15 -0 _
~ 3 months ~ 6.5 months ~ 0.75 month 14 @H plasma ! 1
(FP, lim., div. 3.5 MA = (2) (3) 13 @H plasma ]
Hydrogen = 1125MA @D plasma |_ _!
12 . i 0.8
~ 0.5 month ~ 6 months 11 /1:/
O 575MA/53T pu- O575MA/265T 10 F- -1
Deuterium, L-mode Deuterium, H-mode ? g ] i 0.6
S8 :
~ 2.7 months ~ 4.4 months ~ 3.2 months o 2 !
1
6 4 i 0.4
| = e = S | b
T TR R oERmommommommommoemommomm o= 5 7T p _:__ -
] ' |
Sdays = 0@ temmm T ==
3 - I = =L—1 0.2
]
L R bt =17 "~ o
- 1- ]
0 - : 0

Example for SRO Phase

o 1 2 _ .3 4 5
B, [T]

Sequence of L-mode scenarios to be explored in
SRO (assuming n, ~ 42% of Greenwald limit)

14" ITER International School, ITER Organization, 30 June 2025
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Research Plan for DT-1 2081341
ISMA__ . 1 IC, Wy
~ 11 months ~ 1 month ~ 4 months 15.0 Q=10 E ey i—o m TR
Commissioning 15 MA/5.3T 3.75-7.5 MA/2.65T 2 - i L F iRl
FPO-1 15MA53T B H+T, 50's =) D, H-mode 50's J25MA Prysion Z500MWL ) 1 a L »
H, L-mode, 50 s 12.0 q B : A2k /5/ .. |:_ : 'f' :
1 1 F
JiziciE .
v : :
~2 months ~0.7 month ~2.5 months ~2.5 months ~ 8.3 months S T RO, - o T8 5 f'i' it 'I 5
1
FPO-2 5.0-7.5MA/53T =3 7.5 MABST BV 10MASST 22 10MAD ST R X Procicn 2 100 MW : : 1o QE
D, 50s DT,50s D,50s , oUS = 7.5 MA usion : : . S
(P, 2 100MW) R B ﬁ‘ =,
~ 6.0 Vb o4 £
~2 months ~2.5-5 months ~ 8.5 months _§__MA __________ == S s i >.
I .
FPO-3 Iy — 1;/5.3T .+ Qz10P,,,, =500MWt,, =50s |375MA & -i-----i-i--’-----‘-
D,50s * FrstattempttoQ=10t,,_ >50s 3.0 | : s 10.2
(P[us = 50ww) : H
L b 2
afinesezirtonet
~2 months ~3 months ~ 1.5 months ~3 months oK S 'C’ ﬁu‘} : 0
1,2/5.3T 1 ,/5.3T 1,,/5.3T . H - - . v .
(Pl,ili’go::\n_ D, 300s, 1 DT, 300s, 1st D, 300s, 2nd 0 1 2 4 5

scheme (active) scheme (active)

~ 1.5 months ~3 months

1,2/5.3T
D, 300s, 3
scheme (passive)

lp2/5.3T

= FrstQ =10 Pqon = 500 MW

t.. > 300s DT, 300s, 3%

scheme (passive)

~ 1 month

~ 2 months
~2.5 months
DT, :;52(;5.22 10 Ipd/ 53T
FPO-5 , 500, A= 10 L g D, 300s, highduty [
(P, = 500MW) reproducible operation
operation

~ 1 month
1p2/5.3T

-9 months

Time reserved to complete DT-1
objectives if difficulties arise

<&

= Reproducible Q =10
Plusicm= 500 MW th“"' = 300s
=  High duty operation with

scheme (passive)
~ 1.5 months

152/5.3T
DT, 300s, 2™
scheme (passive)

DT, 300s, Pfysion =

250 MW, high duty

B, [T]

Sequence of H-mode scenarios
to be explored in D and DT
plasmas in DT-1 (assuming

n, ~ 85% of Greenwald limit)

~ few days
Ip/5.3T

DT, Qz 10 tbum =300-500s

14" ITER International School, ITER Organization, 30 June 2025
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QO 3.75MA/2.65T in DD

[C)] 7.5 MA/2.65 T in DD

. 7.5=> lp z125MAS3T
inDand DT

5MA/2.65TinDD

5 MA/5.3 Tin DD



Assessment of scenarios with integrated modelling
» 15 MA/5.3 T L-mode H scenario in SRO

100 20 o
15 = 5
80 Y] )
X 15 ~
— — — o
<t 104 S 60 © e
= 3 $ 107 T
a — wall= s 401
\Q 5 1 [I—_Wv ; iz; ljflzw source g § 5 %
- Iw,wan= o . b B = TS S Y
— T =20% of div. source 204 :‘ ...... f‘ “““““““““ g
W, wall’ . ,\ ————— lu
0 , : : 0 | , | 0 Ll [ — | o
50 100 150 200 50 100 150 200 50 100 150 200
100 S 50 10
o\? 80 - E 401 g 100 Y‘M*‘#l/olmtq—\\“\ .,I',_‘ s
2 601 § 30- £ 75 e = 6
< < T T i
< 40 _— & 201 o 907 ] 8§ 4
£ X it s J S
<& 201 T 10 s e ’JMK S 21
0 . : : a o . : . 0 . . ; 0 . ! .
50 100 150 200 50 100 150 200 50 100 150 200 50 100 150 200
— 2] L) 10
Q 10 = < g
1 ——
— 10°4 = = 6
= — o
g 107! g 1 x 4
3 1072 ‘g g 5]
2 © Q
9 0-3 f ! | 10-6 . ; E o ; ! } 0 / ! -
50 100 150 200 50 100 150 200 50 100 150 200 50 100 150 200
Time [s] Time [s] Time [s] Time [s]
Divertor yield reduction with Self-balancing
i . . 6
additional (diverted) W wall source W divertor source <> Piyqet
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Assessment of scenarios with integrated modelling
» 15 MA/5.3 T Q =10 scenario

c 1o % 15 MA 5.3 T DT Prg=33 MW+Pe=20 MW 0.9nsw
) i ! T T —
o g 120-/ o g 6]
52 gof T —P. 8 =
0”2 ol /S . > t=150.00s
o 1.2 / t t — :%
5 09_ s WA T 5
°S= 0.6f E 41
= 03h— =
5 20 f + NE 3
< 16} o =
" % 12%\\%—’— —T <
fa ™~ st e,ax -? 2
l_q) 4 _TI,aX 2
5 t t t t t } %
Aa.) i M_ Py 1
c 4¢ = ~—
Y 3 3 . 3
Aa) é‘ 2t . 3 — . . . . .
g 1 / FPO-3. . 0 0.2 0.4 0.6 0.8 1
0 1 L L L L L -
80 100 120 140 160 180 P tor,norm
Time [s]
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Conclusions

d ITER aims to demonstrate the integration of physics and engineering required for
fusion to be an energy source for humankind (i.e. to build fusion reactors)

d Construction of the ITER and commissioning of ancillary systems is making good
progress after overcoming difficulties in the last years

 To minimize impact of delays a “new baseline” has been developed. Re-optimized
experimental plan to provide a robust approach to DT operation and Q = 10 - takes
advantage of more available ancillary systems than in the original plan

 Research Plan developed in detail. Plan aims to be realistic/robust = retirement of
risks as soon as possible with minimum impact and no success ensured at first try

1 Some details of Research Plan will change as R&D on open issues advances

 Extensive use of integrated modelling to support the new baseline and Research
Plan - Validation of models and tools to predict ITER plasma behaviour and
planning of experiments in essential for efficient implementation of Research Plan

1 Support by Members’ fusion researchers is essential for ITER’s success
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New Baseline publications

Nuclear Materials and Energy 42 (2025) 101854

MNUCLEAR
MATERIALS &

Contents lists available at ScienceDirect

Nuclear Materials and Energy

ELSEVIE

R journal homepage: www.elsevier.com/locate/nme

Plasma-wall interaction impact of the ITER re-baseline™

R.A. Pitts™ @, A. Loarte *®, T. Wauters *@®, M. Dubrov?, Y. Gribov?, F. Kochl®, A. Pshenov 2@,
Y. Zhang®, J. Artola“®, X. Bonnin “®, L. Chen “®, M. Lehnen *, K. Schmid “', R. Ding *-' @,
H. Frerichs '@, R. Futtersack ', X. Gong “, G. Hagelaar %, E. Hodille "' @, J. Hobirk “®, S. Krat !,
D. Matveev'-!, K. Paschalidis “®, J. Qian", S. Ratynskaia “@®, T. Rizzi “®, V. Rozhansky"*,

P. Tamain '@, P. Tolias“®, 1. Zhang’, W. Zhang **

https://www.sciencedirect.com/science/article/pil/S235217
9124002771?via%3Dihub

* Technical report on R&D needs for the
new Baseline ITR-2025-05

* New Research Plan in full detail to be
published as Technical Report in few
weeks

IOP Publishing

Plasma Physics and Col

ntrolled Fusion

Plasma Phys. Control. Fusion 67 (2025) 065023 (60pp)

The new ITER baseline, research plan
and open R&D issues

A Loarte' =, R A Pitts' ©, T Wauters'®, | Nunes', P de Vries', S H Kim', F Kéchl',
A Polevoi', M Lehnen'?’ &, J Artola', S Jachmich', A Pshenov!, X Bai'
M Dubrov'?, Y Gribov', M Schneider' @, L Zabeo', X Bonnin', S D Pinches'®, F Poli'®,
G Suarez Lopez' @, M Merola', F Escourbiac’, R Hunt!, L Chen'®, D Boilson', P Veltri'
N Casal', M Preynas', A Mukherjee'**, W Helou', F Kazarian', S Willms', | Bonnet',

R Michling' @, L Giancarli', J van der Laan', M Walsh', V Udintsev', R Reichlel,ﬂ
G Vayakis', A Fossen'®, M Turnyanskiy', A Becoulet'©, Y Kamada', G Zhuang’©,
G Xu*®, X Gong*, J Huang*®, M Jia*®, R Ding*®, J Qian*, Y Sun*®, Q Yang*®,

L Zhang*, M Xu’©, L Zhang’, S Brezinsek’(, J Stober’ ), J Hobirk’ ©, F Rimini*®,

J Garcia’@®, S L Rao'’, J Ghosh'' @, D Sharma'!, B Magesh'’®, R P Bhattacharya'',

G Matsunaga'?, H Urano'>®, T Hirose'%, K Ogawa'*©, G Motojima'*©, C K Sung'*®,

HH Lee'’, J K Park'®, M S Cheon'?, Y M Jeon'’©, S Konovalov?, S Lebedev'’ @,

N Kirneva®, Y Kashchuk'®, N Bakharev!’©®, X Chen'?®, A Bortolon®, L Casali*'®,

R Maingi*’®, F Turco'?®, K Schmid’, Y Liu'’®, J R Martin-Solis**@, C Angioni’ @,

| Pusztai®* @, D Fajardo’ 7, D Mateev®®, E Lerche’ @, D van Eester™ ), P Vincenzi>>*(,
R Futtersack®, V Bobkov’ and L Colas’

https://doi.org/10.1088/1361-6587/add9c9

hitps://doi.org/10.1088/1361-6587/add9c9

, 1S Carvalho' @,

14" ITER International School, ITER Organization, 30 June 2025
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https://www.sciencedirect.com/science/article/pii/S2352179124002771?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352179124002771?via%3Dihub
https://iopscience.iop.org/article/10.1088/1361-6587/add9c9
https://www.iter.org/sites/default/files/media/2025-06/itr-25-005-final.pdf

IRP strategy to Q = 10

* Interleave D and DT plasmas
to minimize use of neutron
fluence

* Develop 50-50 DT H-mode
scenarios usingDand D + T
(< 50%) H-mode scenarios

* Validate plasma models at
lower (I,, %T) <> predict
next step and repeat

* Access to high P; ., already
from 7.5 MA/5.3Tif Hyg> 1
at high g
= Strategy used successfully in

JET DTE-2 (e.g. J. Garcia NF
2023, C.F. Maggi NF 2024)

A. Loarte et al., PPCF 67 (2025) 065023

Q=10
ﬁ extrapolatlon . DT
fus ﬁ I Q=10
confirmation
DD - DT
extrapolation ‘[ . DD
and validation
Pro— "A’
|, (MA)
75MA 10 MA L+ MA
> » Experiments to be carried out

— = == = === Modelling predictions

* DD and DT plasmas performed at lower |, (Steps 1-4)
* Extrapolate by modelling to higher |, to the level required

to achieve Q =10 in DT (Step 6)

* |dentify corresponding plasma parameters for DD (Step 5)
* Perform experiments in DD to verify Step 5 prediction

* If successful perform DT plasma

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC



And finally: overall Project Schedule for new Baseline

, DT-1 ,
] Mar. Oct. Dec. Dec. Sep. Sep. Sep. Sep. Sep.
Target dates: 3033 2034 2036 2038 2039 2041 2043 2045 2047
v Vv A4 vy A4 A4 A4 A4
Assembly-I IC-l | SRO |Assem|IC [ FPO-I |FPO-II |FPO-III|FPO-IV|FPO|
bly'” -|1 | operation Operation Operation Operation -V
18 '16 Months '16 Months '16 Months '16 Months Operation
Montns | 27 Monis ) 24 Months FON) Megimmee | Mo | e | " wanne [ Mo
2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 |
]
I I Full I, & B+ T
Cryostat Closure P Q=10 Q=10
Full Field | start DD >50s  >300s
Divertor Plasma ©Peration

IC: Integrated Commissioning
SRO: Start of Research Operation
FPO: Fusion Power Operation

* Approval chronology:
" |[TER STAC-30 (May 2024) endorses Level 1 Research Plan and

proposed Level 1 Construction Schedule

=" |ITER Council 35 (Nov. 2024) endorsed the overall approach
proposed for the 2024 Baseline

" |[TER STAC-32 (May 2025) endorses Level 2 and Level 3 Research
Plan = ITER Council 36 is this week!

BDT-2



Miscellaneous reserve material
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Stepwise Safety Demonstration

* ITER Is a very large step from present day magnetic confinement devices

* Complexity, large uncertainties and very ambitious project goals make a
safety demonstration in “one go” very challenging

* Afirst phase of safety demonstration of ITER operation
* Focused on the achievement of specific project goals (Q = 10, 300-500 s)

* Limited neutron fluence (1% of present “end-of-life” Project Specification)
-2 ~3 x 10% neutrons

* Second phase of safety demonstration with knowledge acquired during DT-1
* Attain lifetime neutron fluence = 3 x 10%7 neutrons

14" ITER International School, ITER Organization, 30 June 2025
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New Baseline publications

Nuclear Materials and Energy 42 (2025) 101854

MNUCLEAR
MATERIALS &

Contents lists available at ScienceDirect

Nuclear Materials and Energy

ELSEVIER

journal homepage: www.elsevier.com/locate/nme

Plasma-wall interaction impact of the ITER re-baseline™

R.A. Pitts™ @, A. Loarte *®, T. Wauters *@®, M. Dubrov?, Y. Gribov?, F. Kochl®, A. Pshenov 2@,
Y. Zhang®, J. Artola“®, X. Bonnin “®, L. Chen “®, M. Lehnen *, K. Schmid “', R. Ding *-' @,
H. Frerichs '@, R. Futtersack ', X. Gong “, G. Hagelaar %, E. Hodille "' @, J. Hobirk “®, S. Krat !,
D. Matveev'-!, K. Paschalidis “®, J. Qian", S. Ratynskaia “@®, T. Rizzi “®, V. Rozhansky"*,

P. Tamain '@, P. Tolias“®, 1. Zhang’, W. Zhang **

https://www.sciencedirect.com/science/article/pil/S235217
9124002771?via%3Dihub

* Technical report on R&D needs for the
new Baseline |ust released as an
ITER Report

IOP Publishing

Plasma Physics and Controlled Fusion

Plasma Phys. Control. Fusion 67 (2025) 065023 (60pp)

The new ITER baseline, research plan
and open R&D issues

A Loarte' =, R A Pitts' ©, T Wauters'®, | Nunes', P de Vries', S H Kim', F Kéchl',
A Polevoi', M Lehnen'?’ @, J Artola', S Jachmich!, A Pshenov', X Bai' @, | S Carvalho'
M Dubrov'?, Y Gribov', M Schneider' @, L Zabeo', X Bonnin', S D Pinches'®, F Poli'®,
G Suarez Lopez' @, M Merola', F Escourbiac’, R Hunt!, L Chen'®, D Boilson', P Veltri'
N Casal', M Preynas', A Mukherjee'**, W Helou', F Kazarian', S Willms', | Bonnet',

R Michling' @, L Giancarli', J van der Laan', M Walsh', V Udintsev', R Reichle',

G Vayakis', A Fossen'®, M Turnyanskiy', A Becoulet'©, Y Kamada', G Zhuang’©,

G Xu*®, X Gong*, J Huang*®, M Jia*®, R Ding*®, J Qian*, Y Sun*®, Q Yang*®,

L Zhang*, M Xu’©, L Zhang’, S Brezinsek’(, J Stober’ ), J Hobirk’ ©, F Rimini*®,

J Garcia’@®, S L Rao'’, J Ghosh'' @, D Sharma'!, B Magesh'’®, R P Bhattacharya'',

G Matsunaga'?, H Urano'>®, T Hirose'%, K Ogawa'*©, G Motojima'*©, C K Sung'*®,
HH Lee'’, J K Park'®, M S Cheon'?, Y M Jeon'’©, S Konovalov?, S Lebedev'’ @,

N Kirneva®, Y Kashchuk'®, N Bakharev!’©®, X Chen'?®, A Bortolon®, L Casali*'®,

R Maingi*’®, F Turco'?®, K Schmid’, Y Liu'’®, J R Martin-Solis**@, C Angioni’ @,

| Pusztai®* @, D Fajardo’ %, D Mateev®®, E Lerche’ @, D van Eester™* @, P Vincenzi*>*®
R Futtersack®, V Bobkov’ and L Colas’

https://doi.org/10.1088/1361-6587/add9c9

hitps://doi.org/10.1088/1361-6587/add9c9

14" ITER International School, ITER Organization, 30 June 2025

IDM UID: DUVTPC



https://www.sciencedirect.com/science/article/pii/S2352179124002771?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352179124002771?via%3Dihub
https://iopscience.iop.org/article/10.1088/1361-6587/add9c9
https://www.iter.org/sites/default/files/media/2025-06/itr-25-005-final.pdf

shield panels
being repaired
and replaced —
the easiest parts
of the cryostat
shield to access
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ITER Objective

Demonstrate the scientific and technical V|ab|I|ty of 1

Present in 1 part in 6500 in water Escapes from plasma and deposits
(H,0) — easy to extract energy on the wall of the reactor
\ fusion
Proat = 50 MW (2) Prusion = 500 MW

If:>av\/ @Heﬁ

Does not exist in nature. Produced in the ||Charged Particle = trapped in
reactor (from Lithium) n+ Li > T +“He  |Imagnetic fields re-heats DT
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TF/PF cold testing

* New baseline includes
mitigation for some of
the superconducting
magnet risks:

= Cryostat to
accommodate TF coils
and PF1 coll

= A complete unit for
energization (up to 67
KA for TF coils) and
associated Fast

i

T - ’ ) ; e | T
| | il IS
Wr‘-—‘ -2 T | UM
- -
" N
)
i .
! f &

Discharge Unit All being installed in PF winding
= Connection FO ITER's bwldmg = start of operatlon Cryostat base already completed in 7-
cryoplant using 1 of 3 scheduled for Dec. 2025 ASIPP/SENPEC (China)
He refrigerators (cool
to 4 K) 14" ITER International School, ITER Organization, 30 June 2025
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. P =50 MW P, =70 MW
Impact of a W First Wall e
— - ° ¢ ¢ 10
on Q =10 target A . — |
1.8 1
. A -9
* Very recently re-calculated to fix some | — A _
Issues with WALLDYN (W atomic rates) IERLE ae I8
and with TGLF-SAT2 core transport Th T o1 C
model 0" o 20ey Aa
* Result essentially unchanged 1_2__4 Pwsor = T TGLF for core 6
= W core transport in ITER dominated by | __Dusa=oaf@Pomt 5
turbulence, unlike in current devices 1.0 - . - .
higher collisionality, stronger rotation) 000 002 e
( 10/ Ys g {nwme}far_SOL_ ,‘\ Effective

N W source

4

= Pedestal W screening for ng,, > 0.4 ng,,

* NB: H-mode access with the W wall
requires sufficient power in reserve if
radiation losses are high (a-heating
needs to build-up)

A. Loarte, F. Kochl, APS 2024




SOLPS-ITER, limiter
plasmas and W

* First attempts to model ITER
limiter phase

* Simulation database (I, n,
Pecr D1sows X1,sol)

= Stationary simulations —
single time point in DINA
current ramp

= Hydrogen plasma
= Numerical grid to core

= |ncluding sputtered W (up to
W30+ followed)

102

10°
il 100
j10‘3
|
§10°
i
104
T A
R (m)
20 P T T T T T T T T [ T I T T T O e e perer 20
- Radiation power fraction (%) Y. Zhang et al., PS| 2024 -
15-W content fraction (%) — 15

> & < e
WD wt W2+ W3+ 4+ +

Example at P = 3.3 MW, |, =2.0 MA, B; =5.3 T, N, crs = 2 X 108 m3

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC



1.2

" soL ( | | | | L

Self-regulating system | S

08 o ¢ ¢ b

* f_4~ 0.7+0.9 independent of X s = | ol
heating distribution or core 04/ & o I
transport - i

. 0 t t t t t t 40'

* Use database to obtain foa (%) : __
ToLcrs (Ne L crs) @S boundary B0IOMM % B g 2T | T = 1042 X005 (109 m.
condition for 1.5D DINA i % 4 8 12

- 1St <N, ors” (107°mM)
scenario code - more realistic 40} Transport: o ’
Low :

_ . O 3.3MW | crer
it SOUEE paseline & 44w Equilibrium
= Good _experlmental evidence R e Twe<Y> =T\,

that this occurs from EAST <N, grs™ (107°m)
= Further expts. now on ASDEX-
Upgrade, WEST Always an equilibrium SOL solution with <Y\,,,> = 1 which
_ constrains Pgy, and determines the core W content required
=" ITER modeling has been to dissipate (P, — Pso,)
further extended (to be subm. Y. Zhang et al., PSI 2024
tO N F) 14™ |TER International School, ITER Organization, 30 June 2025

IDM UID: DUVTPC



Boron layer lifetime?
* How long might the gettering properties of the boron layer last 2> how often might

ITER need to boronize?

* WallDYN3D with
EMC3-Eirene plasma
background

Trace B & W migration
In 3D shaped wall

Case of “hot stagnant”
far SOL

Initial 100 nm thick
boron coating Plasma wetted areas deplete rapidly (~1000 s) = deposition at divertor

Account for surface baffles = re-erosion > most boron ends up below inner divertor target

composition dvnamics - potential dust source
’ 4 Gettering lifetime maybe several 10* seconds

K. Schmid, PSI 2024

14" ITER International School, ITER Organization, 30 June 2025
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SRO OBJECTIVES

* Commission control and protection systems with plasma up to 15 MA/5.3 T
* Demonstrate disruption mitigation up to 15 MA/5.3 T
* Develop plasma scenarios up to 15 MA/5.3 T in L-mode

* Develop plasma scenarios up to (at least) 5 MA/2.65 T in H-mode with DD plasmas
within 1.5 x 10%° neutron fluence (in-vessel human access after SRO)

* First assessment of fuel retention and removal efficiency (H 2> D - H)

* Successful SRO phase: ITER can reliably operate at its maximum |; and B+ In
L-mode and in H-mode at reduced levels (5-7.5 MA/ 2.65 T) in DD plasma
(marking start of nuclear operation)

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC



DT-1 OBJECTIVES

Commission control and protection systems with plasma up to Q = 10
Demonstrate disruption mitigation up to Q = 10

Develop plasma scenarios in DT up to 15 MA/5.3 T in H-mode (or at lower |, if
Q = 10 can be demonstrated) within ~3 x 102> DT neutrons (e.g. ~550-600 pulses,
Q =10, 300 s burn)

Study physics of burning plasma and their integration with all-w PFCs

Address specific issues for development of the TBM programme, including high
repetition operation with P, 2 250 MW

Successful DT-1 phase = ITER can achieve DT plasmas with dominant P,
and all required scenario integration and control issues can be maintained
over time scales of 100’s of seconds - Q = 10 goal and key information on
upgrades and licence for DT-2

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC



Strategy for achievement SRO objectives

* Develop L-mode scenarios to 7.5 MA/2.65 T In H (4gs = 3 - 6)

= Commissioning with plasma (Plasma Control/Protection, ECH, diagnostics, DMS, ...)
= Characterize L-mode and first try to H-mode

* B =5.3 T and explore high gy operation in H (qgs = 6 -12)

= Commissioning with plasma
= Disruption load characterization before activation by DD and DMS demonstration
= Characterize L-mode at high g

* Develop H-mode scenarios up to 7.5 MA/2.65 T in DD (gys = 3 - 6)

= Commissioning with plasma (+ ICH H-minority or 2w, diagnostics, ...)
= H-mode scenarios up to P44 = 50 MW (P4 /P 4 (@0.9ng,) 2 1.5)
= Demonstrate T (D) removal strategy

* Complete hydrogen L-mode scenarios (7.5 MA/2.65 T) and expand to 15 MA/5.3 T
= Commissioning with plasma (+ ICH 2He-minority, ...)
= Disruption load characterization and DMS demonstration to highest W,



SRO H&CD scenario development pathway

* Use of W wall favours B+ values that provide effective central heating - scenario
development at 2.65 T & 5.3 T in SRO and DT-1

« EC operation (up to 67 MW available):

2.65T 5.3T

_ 2.65T: X2 in L-mode. O2 in H-mode ~ 150F 0 -mmmmmmmmemmoe- e
— 53T: 01 CsvA
 |IC operation (10 MW available): 12.0¢
— 2.65T: - lomA -
« in D and DT: H minority or D 2" i I
harmonic majority O e ——
* in H: no efficient scheme ~ 6.0f NBlin H (870 keV)
— 5.3T: - o
« in D or H: 3He min. at 53 MHz 3.0
* in DT: 3He min. followed by T mai. /
both at 53 MHz g F————

B, [T]

] 14" ITER International School, ITER Organization, 30 June 2025
M. Schneider IDM UID: DUVTPC



Overall SRO plan (includes FP demonstration)

~3 months

" Limiter, ~3.5 MA
” Hydrogen
= ~5 months ~1.5 month ~0.75 month
S
£ <
©
7 ~2 months ~4 months Start of D campaign

75MA/265T - 5MA/2.65T I ~ 28 months after
- Deuterium, H-mode Deuterium, H-mode cryostat closure

~1 month ~1.7 month ~2.1 months ~2.3 months

~10.5 months
A

~3.2 months
Fluence in DD ~ 1.5x102° neutrons to allow
In-vessel installation work post-SRO

14" ITER International School, ITER Organization, 30 June 2025
IDM UID: DUVTPC
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Strategy for achievement of DT-1 objectives

* Develop L-mode scenarios (15 MA/5.3T) in H with new hardware & retire T risks
= Commissioning with plasma (plasma control/protection, ECH/ICH/NBI, diagnostics, DMS, ...)
= Demonstrate PFC performance up to P44 ~ 100 MW
= Demonstrate disruption mitigation by hot-tail + T-decay seeds to highest W,
= Demonstrate T removal efficiency

* Develop DD at 2.65 T (gygs = 3 - 6) and then DD and DT at 5.3 T (ggs = 6 - 9) “short
pulse” t., .~ 50 s (~ n, stationary) to Q = 10

= Connect with SRO H-modes at 2.65 T to assess new H&CD impact

" Develop H-mode scenarios at 5.3 T interleaving DD and DT plasmas - address high I /P, control
and integration issues at each step in DD before DT

" Gradual increase of Wy, W, .., Pysion @nd RE seeds to minimize disruption risks
= Demonstrate Q = 10 at lowest possible I, (Hgg(0gs>3)>1) taking short pulse advantage

* Extend "Q = 10 scenario” to t.,,»2 300 s in DD and then in DT

= Apply active control schemes (e.g. ECH stabilization on TM)
= Apply passive control schemes (tuning of L-mode and early H-mode profiles)



Overall plan for DT-1 (l)

~ 11 months ~ 1 month ~ 4 months
Commissioning 15 MA/5.3T 3.75 -7.5 MA/2.65T
FPO-1 15 MA/5.3 T — H+T 50 s —> D, H-mode 50 s
H, L-mode, 50 s
> monthe ~0.7 month ~2 5 months ~2.5 months ~ 8.3 months

7.5 MA/5.3T 10 MA/S3 T 10 MA/5.3T
DT.50s D,50s DT, 30s

FPO-2 5.0-7.5 MA/5.3T
D, 50s

(Psue = 100MW)

~2 months ~2.5-5 months ~ 8.5 months

FPO-3

1 —1,2/5.3T Q 210 P, =500 MW t,, =50 s
D,50 s = FirstattempttoQ=10t,,,>50s

P

(Psys = 900MW)

14" ITER International School, ITER Organization, 30 June 2025
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Overall plan for DT-1 (lI)

~2 months ~3 months ~ 1.5 months ~3 months

|,5/5.3T [,-/5.3T
- P2 2
Rl o Ly ol D o
(Prus = S00MW) scheme (active)

scheme (active)

152/5.3T
D, 300s, 2"

scheme (passive)

~ 1.5 months ~3 months ~ 1.5 months

152/5.3T
DT, 300s, 2"
scheme (passive)

152/5.3T
DT, 300s, 3¢

152/5.3T
D, 300s, 3¢

= FirstQ 210P,,;, =500 MW

t,,m 2 300S

scheme (passive) scheme (passive)

~ 1 month

~ 2 months ~ few days
~2 months 1,2/5.3T | /53T lox/9.3T
px' ™~ —
FPO_5 DT, 300s, Q=10 » D, 300s, hlgh duty DT, 300s, Pfusn‘.:n

250 MW, high duty

(P, = 500MW) reproducible
operation

= Reproducible Q 210 Psygon = ~ 10 months ~ 1 month

>
900 MW t,,rm, 2 300s Time reserved to complete DT-1 - Ip2/5.3T

= High duty operation with S - _ :
Prscion = 250 MW objectives if difficulties arise

operation

DT, Q= 10 tburn = 300-500 s

14" ITER International School, ITER Organization, 30 June 2025
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Strategy Is to interleave DD and DT to minimize use

of neutron fluence
* Develop 50-50 DT H-mode scenarios by D and D + T (< 50%) H-mode scenarios

* Validate plasma models at lower (I, %T) <-> predict next step and repeat

= Strategy used successfully in JET DTE-2 (J. Garcia NF 2023, C.F. Maggi NF 2024,
F. Rimini EPS 2024) Q=10

extrapolation
- 10 DT
P * * extrapnlatlnn ® - > @
fus | : I o
| confirmation
* Access to high '

DD = DT
I:)fusion already T extrapolation

fQ*DD

> (MA)

|
\
.
from 7.5 MA/5.3T and validation
If Hyg > 1 at high *.____-———-*.g ﬁ

Uos
7 5 MA 10.5 MA I, I,

A. Loarte, APS 2024
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