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1. Definition and identification of the cryogenic system nodes. 

2. Identification of the locations of the nodes. 

3. Analysis of the potential failures and the determination of credible 

incidents. 

4. Identification of credible scenarios for chosen node and 

    the analysis of their potential causes and consequences. 

5. Specification of the most credible incident(s) and most credible 

scenario(s). 

6. Investigation into the dynamics of the most potential helium descharge 

to the vacuum insulation and to the environment (ODH, pressure, 

temp.). 

7. Proposal for the mitigation of the most credible incident consequences.  

8. Specification of remedial actions. 

Methodology of crygenic system risk 

analysis developed at WUT 



Cryogenic node – simplest element of the 

cryogenic system – basis for the risk analysis 

cryogen

vacuum

superinsulation

(MLI)

cooled object

(e.g. magnet)

radiation shield

safety valverupture disk

vacuum vessel

Each component of the machine like pipe, vessel, heat exchanger, and 

cryostat can been treated as separate helium enclosure, characterised by 

the amount and thermodynamic parameters of helium.  



Safe operation of 

cryogenic systems  
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• Mechanical break of warm vacuum 
vessel 

• Fast degradation of vacuum insulation 
with air 

• Intensive heat flow to the cryogen 

• Magnet quench (optionally)   

• Pressure increase of the cryogen  

• Opening of the safety valve   

• Cryogen discharge through the safety 
valve 

Underestimation of heat 

flux to the helium caused 

serious damage of the 

LHC accelerator in 2008 



Large Hadron Collider accident – faulty 

electrical joint of two superconductors 
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CERN Note 200, 2010 



WUT risk analysis of LHC cryogenic system: 

failures and criticality matrix 

Failure 

Total 

amount 

of He 

relieved  

Maximum 

mass flow 

rate 

Criticality 

1 

He flow to cryostat 

insulation vacuum of the 

cryomagnets 

1236 kg 1 kg/s 64 

2 
Quench line damage 

following a sector quench 
2340  kg 10 kg/s 24 

3 
LHC cryomagnets energy 

release due to electrical arc 
4731 kg  32 kg/s 576 

4 
He flow to air, jumper 

connection break 
4536 kg 27 kg/s 30 

5 
He flow to DFB insulation 

vacuum 
3870 kg 15 kg/s 36 

6 Helium Ring Line break 1457 kg  3.1 kg/s 27 
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Risk analyses of cryogenic systems 

performed at WUT 

1) Risk analysis of the cryogenic system  

      of Large Hadron Collider  

 

2) Ris analysis of the cryogenic  

    system of International  

    Thermonuclear Experimental  

    Reactor ITER) 

 

 

3) Risk analysis of the cryogenic  

     system of KATRIN DPS2-F cryostat 

 

 

4.) Risk analysis of the  

     XFEL-Linac cryogenic system 

DPS2-F 



WUT risk analysis of the cryogenic system 

of ITER: helium leakage modeling 

Evolution of the temperature and pressure of the helium in 

the vacuum space of TF Feeder after cold bellows rupture 

Evolution of the helium mass flow rate through the safety 

plate of TF Feeder after cold bellows rupture rupture 



WUT risk analysis of the cryogenic system 

of XFEL: He propagation in the tunnel 

Schematic longitudinal cross section  

of XFEL Main Linac 

Propagation of the helium-air mixture in the XFEL Main Linac tunnel  

30s  

60s  

90s  
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Superfluid helium cooling – laboratory 

cryostat example 

 

 

a

b

From He liquefier 

« Claudet bath »: restriction 
in cryostat allows subooling 
He II bath to temperatures 
well below Tl 



WUT manufactured Claudet cryostat 

depicted on He phase diagram 
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Claudet cryostat – assembly process 

at industry under WUT supervision 

„Lambda plate” 

boundaring He I (4,2 K) 

from He II (1,8 K) 

Recuperative 

heat exchanger 



Superfluid helium cryostat  

designs and studies 

The cryostat in the CARE-NED 

experimental set-up in CEA Saclay,  

1 

2 

3 

4 

5 

1 – Cryostat NED        4 – Pumping and recovery line 

2 – Cryostat insert      5 – Liquid helium dewar 

3 – Instrumentation 

Temperatute evolution during  

the first cryostat cool-down  



Superfluid helium cryostat for heat transfer 

measurements at elevated pressures 
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Capillary tube

He I

Superfluid helium cryostat for heat transfer 

measurements at elevated pressures 



Radiation   

screen with MLI 

Measurement vessel  

with instrumentation 

External vacuum jacet 

during leak test 

Superfluid helium cryostat for heat transfer 

measurements at elevated pressures 
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Measurements of heat transfer  

in superfluid helium bath at 1.9 K 



Measurements of heat transfer  

in superfluid helium bath 
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Thermal tests – set-up view 



Thermal tests – test results 
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Thermal tests – test results 
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Irradiation of the samples for themal, 

mechanical and electrical measurements. 
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Polish in-kind contribution to 

XFEL/AMTF project 

 Scheme of the Accelerator Module Test Facility   

European X-ray Free Electron Laser (XFEL) being under construction at DESY  

in Hamburg will be composed of about 100 cryogenic modules, each holding eight 

superconducting cavities. The cavities and cryomodules will be tested at their nominal 

operation conditions in the dedicated Accelerator Module Test Facility (AMTF).  

Superconducting 

cavity 

Cryomodule 

Red= WUT Blue = IHEP Green= BINP 



XFEL/AMTF cryogenic transfer line (XATL1) 

AMTF hall 

Cryogenic 

transfer line 

XATL1 (167m)  Helium 

refrigeration 

hall 

 

 

Radiation shield 

(AW6060, 300×4) 

External envelope  

(SS1.4301, 406.4×4.78) 

Thermal shield return line  

(SS1.4306, 48.3×2) 

Thermal shield supply line 

(SS1.4306, 48.3×2) 

GHe return line  

(SS1.4306, 88.9×2.3) 

SHe supply line  

(SS1.4306, 88.9×2.3) 

Cryoline XATL1 designed 

by Wroclaw University of Technology 



XFEL/AMTF cryogenic transfer line (XATL1) 

Production  

of the cryogenic 

transfer line  

modules at Wroclaw  

Technology Park  

(courtesy Kriosystem) 



XFEL/AMTF vertical cryostats (XATC1/2) 

÷

÷
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Insert Top Plate

Cryostat 

designed 

by Wroclaw  

University of  

Technology 



XFEL/AMTF vertical cryostats (XATC1/2) 

Superfluid helium  

vessel (V = 2 m3) 

Production of the cryostats  

at Wroclaw Technology Park  

(courtesy Kriosystem) 



WUT expression of interest for 

the FAIR in-kind contribution 



Local cryogenic system of Super FRS 

Feedbox type D 

Feedbox type M 



Local cryogenic system of SIS100 



SIS100 / Local Cryo – items at  

the niche in Sect. 5 
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SIS100 / Local Cryo – items in the 

tunnel in Sects. 1,3 and 5 

Feed in line 

Feed box 

Feed in box 

Connection between  

Bypass Line and  

Cryostat End Cap 

Connection between  

Bypass Line and  

Cryostat End Cap 
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SIS100 / Local Cryo - items in the 

tunnel in Sects. 2,4 and 6 

End box 

Connection between  
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Cryostat End Cap 
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SIS100 / Local Cryo  

Bypass Line designed at WUT 
 

 

 

Vacuum external 

envelope 

Thermal shield 
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Supercritical 
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Sliding support  
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Process pipe 

sliding support 

Bus bars 

Bus bar pair fixations 
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Bus bar pair fixations 

 

 

Vacuum external 

envelope 

Thermal shield 

Thermal shield  

fixed support  

 

Thermal shield 

sliding support  



SIS100 / Local Cryo  

Connection Box designed at WUT 
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Conclusions – competences relevant 

to TIARA 

1. Complex R&D of cryogenic system, including risk analysys and safety 

aspects (ODH). 

2. Superluid helium He II cryostats and measurements. 

3. Thermal (HeII), mechanical (LN2) and electrical measurements of 

irradiated materials. 

4. Modelling, functional and technical design, manufacturing and 

commissioning of cryogenic components – transfer lines, cryostats, 

valve boxes. 

• Design and manufacturing according to AD2000 

• Colaboration with UDT and TUV 

• Industrialization of prototypes  

 


