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Introduction to ITER cryolines(CLS)

Structured,complexnetworkof cryolines,distinctlayouts,polygonalgeometrywith angles90° - 17¢°
Many singularitiesdueto constrained okamakconfiguration,~ 75% spoolsareElbow, Step, Tee
Distributedin 3 differentareasat ITER site— Tokamakbuilding, plantbridgeandcryoplantbuilding

~ 5 km Cryolines, 21 multi-process (2 to 7) and16 singleprocessipelines,maximumDN 1000 OVJ
Finalization of embedded plates before the detailed design of the lines

Very highreliability andavailability with low heatin leak

Very limited in-serviceinspectiomandrepair- Stringentquality andtestingrequirements
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Layout ITER cryolines in Tokamak
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Schematidayout ITER cryogenic system

Loads specification : Single loads

Type of load Originated by Single loads =~ Category

Inertial Gravity acceleration G |
Transportaccelerations TA I
Seismic actions (Seismic level 1- SL1, Séismes Maximaux Historiquemen SL1 I
Vraisemblables=Maximum Historically Probable Earthquakes-SMHV, Seismic SMHV 1]
level 2-SL2) SL2 IV
Interfaceequipmenvibrations IEV |
Flow-inducedvibrations FIV I
Wind actionsin the structuralbridgewhichis usedasa supportof thelines WN |

Snow load Snowaccumulationn thelines SN I

R_elative support Staticdeformationof the structuralbridgewhichis usedasa supportof thelines DST |

displacements

Pressure Dynamicfluid pressurdnominaloperation) NP |
Staticfluid pressurdtests) TP 1
Interna}I press.urisatiom)f the vacuumjac;ketanqlprocesspi_pesdueto anaccidenta LIV1 "
lossof insulationvacuuml (LIV 1) —Air ingressn vacuumjacket
Interna_d press_urisatiom)f the vacuumjacketand procesqoipesdueto anaccidenta LIV2 "
lossof insulationvacuumll (LIV 2) — Ruptureof a procesgpipe
External pres_s.urizationof the Iines_. due to an incidental pressurizationof the ICP "
Tokamakconfinemen{(ICP)— Galleries
External pres_surizationof the lines due to an accidental pressurizationof the ACP1 I
Tokamakconfinemen{ACPl) — Portcells(B1)
External pres_surizationof the lines du_e to an accidentalpressurizationof the ACP? "
Tokamakconfinemen{ACP2) — Lower pipechasgB2M) andportcell shafts
Purgeandevacuatior(procesipesundervacuumduringinstallation) PG Il

Thermal Fluid temperatureluringnominaloperation NT |
Fluid temperatureluring cold test TT |

Assembly Precompressiomf bellows(if applicable) AL |
Lifting loads

Magnetic Magneticfield in thetokamakbuilding ML I

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

Load combinations for CLs in Tokamak Building

Load Category Damage limits
combinations ASME B31.3
(G) I Normal Sustained
AL I Normal Sustained
TA I Normal Occasional
TP+ TT I Test Test
PG Il Upset Occasional
NP+ NT (NO) I Normal Sustained
NO + ML I Normal Sustained
NT+LIV1 1] Emergency Occasional
(see notg
NT +LIV2 1] Emergency Occasional
(see notg
NO + SL1 Il Upset Occasional
NO+SMHV 1 Emergency See note
NO + SL2 IV Faulted See note
NT + SMHV + 1 Emergency See note
LIV1
NT + SMHV + 1 Emergency See note
LIV2
NT+SL2+LIV1 IV Faulted See note
NT +SL2+LIV2 1V Faulted See note
NO + ICP 1l Emergency See note
NO + SMHV + ICP 1l Emergency See note
NO + SL2 + ICP \Y% Faulted See note
NO + ACP1 \Y Faulted See note
NO + ACP2 vV Faulted See note

NOTE:- Whenevetthe selectedlesigncodedoesnot provideanyindication,the specificallowable

stresse$or emergencyndfaulteddamagdimits arespecifiedby ITER

Design criteria level

Event Categories

EN 13480
Normal Categoryl: Operational.oading
Normal Categonyll: Likely LoadingConditions
Occasional Categonyill : Unlikely LoadingConditions
Test CategorylV: ExtremelyUnlikely Loading
Cleaning
Normal e.g. Stainless steel 1.4306/304L pipes
Normal
Exceptional Design criteria
Event
(see notg S— (MPa)
Exceptional Jory
(see n_ote Normal 143
Occasional
See note Upset 172
See note Emergency 258
Faulted 430
See note
See note Load transfer path
See note —_—
i | Internal process pipesg |
See note : l
Seenote Cryoline! 1 Ilnterr:lal supports
, l
| . I
See note : Vacuum jacket :
See note -—f----—-—---- -—-
External supports,
See note ] TEPS

Building/structure

Approach forloads estimation

Convertthe load combinations in two main loadtegories:Inertial (Gravity, Seismic) and Pressure

Forces induced byressure

= Assumed technical solution with bellows/expansion jointss
» Pressure thrust foree Pressure x Crossection area of

bellowyyirzenmann® "
= Total force is vector additioof pressure thrust force for =
Individual process pipe and oufacket .

= Force on the internal fixed suppe external support

‘ Under external pressure Underinternal pressure
III |'II
L] — AN L
M— —_— Vacuum |/ —
Y YAV AYA Y, e "
. VAVAVAVAVAVAV '
AAMAS Bellows (axialexpansion joint) Outer jacket
n Internal fixed support
Process pipe
— Sliding support (internal, external)
D External fixed support

Pi (MPa) P, (MPa)

Process Vacuum Process Vacuum
- pipes jacket pipes jacket
3.0 0 0 0.1
2.1 0.1 0.1 0.1
2.1 0.12 0.12 0.1
0.41.8 0 0 0.1
0.2 0 0 0.1
0.41.8 0 0 0.12
0.41.8 0 0 0.12

NOTE: Design pressure for process pipes is 2.1 MPa

Fsy= Seismic force in y direction
Fsz= Seismic force in z direction

Forces induced by seismic actions

Equivalentstatic analysisnethod (without knowing the
natural frequency)

Force=Mass xAcceleration, , , x 1.5 Amplification factor
Estimation of total mass of the 1if@00 kg/m for TF CL)
Equivalentstatic acceleratiom X, Y, Z direction fromthe
floor response spectrum of Tokamak building
Assumed support span~2.5m each (axial load with 10
m span, lateral loads with 2.53pan)
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Fpx= Pressure force in x direction Mpy= Fpx X d
Fsx= Seismic force in x direction Msx= Fsy X d

Msy=Fsx Xd +Fsz X h

Top/Bottom EP configuration Msz=Fsy X h
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Loads andselection of EmbeddeBIlates (EP) for TF cryoline
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Loads for sizing of TF CL fixation points
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Single Load/

TFCTB Load combination [KN] [KN] [kN]  [kN.m] [kN.m] [kN.m]
- 0 0 7 0 9 0
Layout of TF cryoline sL1 12 3 13 2 19 15
D sMHv - 28 7 28 5 43 9
D sLe 37 9 38 6 57 12
119 0 0 0 82 0
99 0 0 0 68 0
108 0 0 0 74 0
23 0 0 0 16 0
5 0 0 0 3 0
19 0 0 0 13 0
2 EPs 19 0 0 0 13 0
support NT+SL2 + LIV2+G 145 9 45 6 140 12

— — By forceconversion in to 3 equivalent forces andments
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Selected embedded plates

Typical details of EP P700 Number of EPs foreseen for ITERryoand warm lines

200 mm Diameter 25 ~35mm
. e e Ceiling Wall  Floor
, 54 et s, 4 B 383 46 - P300, P500, P700
A & 4 14 41 -- -- P700b[b=small rod length]
2 Spa“f“” ding % . 82 - - P500, P500b
gl p %E' ________ A eeneign ) i ~ P300, P400, P400b, P500,
L P600
Connected A washer
ol Wz " P300, P300b, P400b, P500,
==t P600
Olite ® Pt e s Anchorlength No. of
| - P300, P400b, P500, P500b,
EP P7OO enet 525 mm ?I’IChOFS 100 288 192
700.mm Concrete Concrete =16 P600, P600b, P700

» Maximumreactionloadson thefixation pointshavebeenestimatedor all theCLs

» Adequatenumbers(~1300 andsizes(from P300 to P700 standardand no-standardsEPsper line have beendefinedfor
cryo-warmlinesandintegratedn thebuilding design

» To improvethe flexibility in choosingthe supporttype, the seismicreactionloadsat all the EPshavebeenestimatedor
largersupportspanthanin the currentdesign(10 m insteadof 2.5 m)

» Approachwill besufficiently comfortableto allow designof the CLs andtheir externalsupportswithout majorchanges

» Actual reactionloadson the EPswill be definedby the contractorbasedon technicalsolutionschosenfor the detailed
designof CLs andsupportedy detaileddynamicanalysis
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