Complex Cryogenic lines installation
Features, challenges and status

Lahcéne BENKHEIRA
A. Forgead. Grillot JL. Fournier, H. Vaghela, K. Choukekar

Disclaimer : The views and opinions expressedherein do not necessarily reflect those of the ITER Organization
CEC/ICMC 2023 i Honolulu, HAWAII July 12th, 2023



OUTLINE

1- Introduction

2- ITER Cryogenic System

3- Cryogenic Complex Cryoline®esign and Features
4 ¢ Installation / Testing strategy

5 ¢ Installation Challenges, Constraints and difficulties

6- Prospective & Conclusion

Disclaimer : The views and opinions expressedherein do not necessarily reflect those of the ITER Organization
CEC/ICMC 2023 i Honolulu, HAWAII July 12th, 2023



OUTLINE

1- Introduction
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The ITER Tokamak

Vacuum Vessel: ~ 8 000 t.
TF Coils: ~ 18 x 360 t.
Central solenoid: ~ 1 000 t.
+...

Total ~ 23 000 t.

R=6.2 m, a=2.0 m,
1,=15 MA, B;=5.3 T,
23 000 tonnes

3,5 times the weight
of the Eiffel Tower!
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TOKRANAK

Cryostat
24 m high x 28 m dia
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A Major plasma radius; 6.2m e

A Plasma volume 840
A Plasma current 15MA
A Fusion power; 500MW
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Conssraints ¢ fusion for cryogeracs

s Yarialita haat icads

ITER variable heat loads
(overall heat loads)

Due to plasma pulsed operation (plasma initiation, ranfy flat

top/burn, ramp-down, dwell,) repeated every 1800s
Important variable heat loads are deposited on the magnet system which

IS transferred after to the cryogenic system.

Other variable heat loads on cryopumps and current leads.

Toroidal Field (TF) coil
(Nbs: Sn 18 coils,
68 kKA,11.8T)

110 \kw eq. @ 4.5K |

65 % Variations

over 30 minutes
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OUTLINE

2- ITER Cryogenic System
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A joint procurement by Europe,
the ITER Organization and the
Indian Domestic Agency
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2 Cryolines 1 CL for magnet & 1 C
for CP

4 to 5 process pipes in single
vacuum jacket

tt dzLJ G2 5bHpn
OVJA DN800to DN1000

Total lengthof 130m per CL

32 spools with L and E shapes

In total ~ 1.5 km of complex Cryolines

4 Cryolines 3 CLLTCB to LHe CBs
+1 CL CTCB to LHe tank CB

4 to 7 process pipes in single
vacuum jacket

DN500to DN700

15 spoolsvith L, E and S shapes

2 Cryolines 1 CL for magnet & 1 CL for CP
connected to 5 ACBs + 2 CLs for TSCVB
10 Cryolines to feed clients (Feeder€¥Bs)

4 to 6 process pipes in single vacuum jacke
DN500to DN1000

> 150 spoolsvith different shapes
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3- Cryogenic Complex Cryoline®esign and Features
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A Roughness of vacuum facing surfac0 micro mete(except weldy

A Process pipes with different temperature leveld, 50K, 80Kccommodated together (with MLI) under
single vacuum jacket with tight heat load budget due to spamestraints

A Designed for Heat load ranges frdnd W/m for 4 K lines andt.5 W/mfor 80 Klines (thermemechanical
optimized design for vacuum barriers and sliding spacers)
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A Aluminum thermal shield design considering thermal and mechanical roles :

A Thermal role to reach the performance Cryolines system
A And mechanical role to allow displacement during cold contraction and ensure mechanical resistance
during severe events i.e. Seismic
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CQN CRYCLINES = Dessgy MAN FEATIJE
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B: Static Structural B: Static Structural

Stress Intensity 3 Total Deformation
[ Type: Intensité de contrainte - Dessus/Dessous TYPE'i Déplacement total
| Unité: MP. _IU_nlter mlm
‘ Termps: L emps:
3,2296 Max
49,294 M. 28707
43,817 23,5119
38,34 2,1531
32,863 1,7942
27,386 14354
21,909 10765
16,431 0,71768
10,954 0,35884
54771 0 Min
0 Min

A Complex design of external supports considering, lines routing, very limited space and mechanical loads generate

Cryolines during namely pressure test (End loads due to the presence of b@ucﬁvejmple of iterative calculation
to reach the final design

NP_U, Magnitude

Dis-mountable
additional
member
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A Designed tesustain very stringent mechanical load cases on the top of construction code requirements

-PP 2 NTat NO
Y - ACP event 2 Up to 140°C on OVJ
| - LIV event 2 minimum temperature -50 °C

/ - PP 2NO, LIV, PT
| 1 - ACP event = 2 bar on OVJ

- SL-2 spectra in nuclear building

\ .' . | - EC-8 in non-Nuclear building
J \ \ j - SL-3 spectra
\\._‘_‘_-_ - — _ b “»._____

A Designedo meet mechanical requirements (loads and displacements) at the interface with civil works and equipme
(Magnet feeders and cold boxes)
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COMPLER CRYGCLINES = Dessgnn MAGIN FEATIUERE

A Designed to decouple displacements between crossed areas by Cryolines in particular betwégyoBidbe and
CryceBridge/Tokamalkup to 150 mm per direction)

Tokamak
spectrum

Plant-Bridge
spectrum

A Designectonsidering safety confinement requirements leading to development of dedicated technical solutions. Thi:
first of kind in cryogenic design systems (iterative integrat@dulation has been performdd meet requirements)
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Figure 74: Membrane stress distribution (G+NO+SL-2)

Disclaimer : The views and opinions expressedherein do not necessarily reflect those of the ITER Organization
CEC/ICMC 2023 i Honolulu, HAWAII July 12th, 2023



COMPLER CRYCLINES = Dessgy MAGIN FEATIJERZS

A Nearly200spoolsComplex Cryolines manufactureahging froms to
more than10 mof length,weightranging froml ton toalmost10
tons and size frorDN500to DN 1000

A Somemanufacturing requirements morgringent thancodes and
standards (e.g. tungsten inclusion in welds is not allowed

A Art of integrating many process pipes, internal supports, MLI,
bellows/hoses, thermal shield and vacuum jacket in sisgtsol

A Specificsequence of a spool assembly..

A High level of levebf cleanlinesge.g. grinding not allowed),
protection of insulation during weldingyumidity control for storage
of MLletc...
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COMPLER CRYGLINES = Dessgn MAGN FEATIJELCS

The shape of segments is derived by the following factors:
A The outcomes of global flexibility analysis in particular the presence of internal (fixed points ?"
vacuum barrier) and external supports
A The feasibility of installation activities :
A Spaceavailable to perform handlingransport and welding
A Spaceavailable for leak testingn interconnections
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COMPLER CRYGCLINES = Dessgnn MAGIN FEATIUERE

k_l1

However,some more complex shapes of spools have been resuitpdrticular the following :
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OUTLINE

4 ¢ Installation / Testing strategy
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C Installation activities started on Q4 2019

Phase 1 : Mechanical Phase 2 : Warm Phase3: Final
; : ; . Installation Mechanical Acceptance tests
C The contract is structured in 3 main phases : Acceptance Tests
A Mechanical Installation phase Tokamak building o erface.
A Warm Tests phase Workshop Preparation works Cryoplant dients ¢ Phase 1
A Cold Tests phase B52/Area 53
CryoBridge Interface
Cryoplant Buildings CryoBridge Connectiongo
(B52/Area 53) (61.1C) clients¢ Phase 2

- R - . TgkamakBuiIdingA SR 3 .
C 9FOK LKIasS Aa O2YLEZaSR 2F a22NJ] tlLO1°#3sa¢ ARSYUAFTASR
by level in Tokamak building and by area in the plant buildings

B2 level B2M level PNW shaft PSW shaft L3 level
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CONMIPLER CRYCLINES = Installation & Testing strategy

C Installation Contracis executed considering the same requirements applied for manufacturing :

A Welders qualification A additional qualification program for process pipes welding hasj
been put in place to authorize every welder per DN and per thickness.

A Process pipes NDT requirement$00% VT, 100% RT and 100% LT

A Level of cleanliness onsiteThe level of cleanliness has been tracked and checked all &
the installation activities.

A Followup of manufacturer installation documentsinstallation works performed
considering as inputs mainiystallationguidelines, drawings (handling/lifting areas) and#
procedures (MLI wrapping etc.)
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Cryoline spools inside the tokamak are installed in float mode due to the
absence of interface equipment (mainly Feeders & ACBS).

The following approach has been implemented :
1.

2.

Survey of embedded plates to determine thekaslt coordinates.

External support extrdength cutdetermindbased on a$uilt coordinate
in z direction of plates and as built dimensions of the spool

3D modeling using laser tracker considering spodiwalt dimensions and
results from point 1) & 2)

Then, the required process pipe exength cut is determined with the
objective to meet the theoretical coordinates of spool on both side within
+/-5 mm.
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<
\ée,“ The afjjectiveisdonmectithertheereticaboaordinates at
e° tihe interface eguipmentvistiitn-/4 5 mm
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COMPLER CRYCLINES = Installation & Testing strategy
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Phasell HHamdlingrandtifiingperationsimnphotes{B&S0s)
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COMPLER CRYCLINES = Installation & Testing strategy
Phasell HHamdlingrandiifiingperationsimnphotos {dokamakB2/B2Mievel)

Disclaimer : The views and opinions expressedherein do not necessarily reflect those of the ITER Organization
CEC/ICMC 2023 i Honolulu, HAWAII July 12th, 2023




COMPLER CRYCLINES = Installation & Testing strate

Phasell HHanmdlingrandtifiingperationsimphotes (Gryolnes spoals erossing theocByidge @pening)

PIAACTIVITY B 8
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CONMNPLER CRYCLINES = Installation & Testing strategy

U

Phase1l Lifting operationsiin:photes (Gryolines spools lifiifiglinsention inside Cspafts)
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