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Simplified artistic impression of a tokamak connected to the grid

(source: euro-fusion.org)

Introduction

• EUROfusion – European Consortium for the Development of Fusion Energy

• Loss of cryostat vacuum in DEMO fusion reactor due to large ingress of He gas

• DEMO – DEMOnstration power plant
• To demonstrate necessary technologies for controlling powerful plasma, for safe generation of 

consistent electricity, and for regular, rapid, and reliable maintenance of the plant

• Net electricity power output: 300 MW – 500 MW

• Magnetic confinement fusion

• Originally planned: conceptual design (till 2030)

• Engineering design phase (2030-2040)

• Construction phase (2040-operation in 2050s)

• DEMO → Pilot Power Plant

✓Option A: breeding blanket oriented to test production of tritium

 Option B: also electricity
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Accident scenario – Loss of vacuum accident

• Postulated Initiating Event
• Break in the cryogenic lines used for cooling the superconductive magnets and 

large spill of helium gas into interspace between vacuum vessel thermal shield 
and cryostat thermal shield

• General Task
• DEMO design should assure that during LOVA the cryostat design overpressure 

limit is not exceeded

• Number and size of rupture discs that overpressure limit is not exceeded

• Cryostat pressure limit 109 kPa (9 kPa overpressure)

• Pressure set point of the cryostat rupture discs is set to 5 kPa overpressure

• Specific task 2025
• Updating the model to ensure more accurate predictions and provide critical 

input for DEMO design (sizing of relief panels)

• Two key aspects for improving the model and supporting the DEMO design:
(i) Identification of key parameters that significantly influence the overpressure 
inside the cryostat building
(ii) Stabilizing the calculations
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Cryostat: MELCOR model

EMUG, Helsinki • April 20–24, 2026

Heat structure

Control volume

CTS: cryostat thermal shield

VV: vacuum vessel

VVTS: vacuum vessel thermal shield

PF: poloidal magnetic field

CS: central solenoid

TF: toroidal magnetic field

MELCOR nodalization
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Cryogenic systems
CTS: cryostat thermal shield

VV: vacuum vessel

VVTS: vacuum vessel thermal shield

PF: poloidal magnetic field

CS: central solenoid

TF: toroidal magnetic field

ACB: auxiliary cold box

TCVB: thermal shields control valve box
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Cryogenic systems: 

MELCOR model

• Three cooling subsystems
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Central solenoid and Poloidal 
field magnets cooling system

Toroidal field magnets cooling 
system

Thermal shields cooling system 
for vacuum vessel and cryostat

Break location marked with 
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Analyzed cases

• Accident scenarios

• MELCOR for Fusion

• Based on MELCOR v1.8.6

• Developed by Idaho National Laboratory
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Simulation results
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• Pressure increase in TS cases small

• Difference between passive and active cases small

• CS cases bounding, 14 rupture discs with diameter 0.1 m

Pressure in cryostat
Pressure difference
inside/outside cryostat

Rupture discs opening pressure

Cryostat pressure limit
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He mass flow rate and Integral released mass

• In all cases initial mass flow rate 
is large on both break sides 
(coil, feeder), up to 500 kg/s. 
During first ejection pressure 
remains below ambient 
pressure.

• Second ejection after ~5 min 
due He boiling inside failed 
cryogenic subsystem. Pressure 
rises above ambient pressure.

• In CS case mass flow rate 
during second ejection high and 
~8 tons of He released
 large pressure difference 
inside/outside cryostat after 
rupture discs opening. 

Scenario: CSp PFp TFp

Second ejection
Second ejection Second ejection
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Purpose: Identification of key parameters that significantly influence the

overpressure inside the cryostat building (acceptance criterion < 9 kPa)

Sensitivity analysis
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Parameters with a 

large influence are 

marked with red, and 

parameters with a low 

influence are marked 

with green.
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Discussion/Conclusions
• LOVA analysed with MELCOR for Fusion, developed by INL based on MELCOR v1.8.6

• DEMO design should assure that during LOVA the cryostat design overpressure limit is not 
exceeded. Can be achieved by various means
(i) rupture discs (investigated in 2021-2025)

(ii) limited amount of cryogenic helium in cryogenic subsystems

(iii) isolating specific parts of cryogenic subsystems

• EUROfusion Task for 2026: investigation of mitigation provisions (ii) and (iii)

• In general big problems with stability of calculations
• MELCOR for Fusion not being upgraded anymore → stability problems cannot be solved

• Would appreciate if MELCOR 2.x could be upgraded to treat LOVA in fusion plant
• LOVA in fusion plant is like LOCA in NPP, but with much simpler modelling requirements: e.g. dynamics of initial 

ejection not so important as cryostat overpressure governed by second ejection  no need for models of 
critical flow through break; essentially it is “only” simple single and two-phase He heat transfer and fluid flow

• If MELCOR 2.x fusion version for LOVA would be available till end 2026, I would propose for 
EUROfusion task in 2027 to repeat analyses of mitigation provisions (i)-(iii) with SNL MELCOR 2.x
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