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To achieve electricity production, a fusion reactor needs to possess a tritium plant:

a tritium plant in order to, during its life time: 

✓ To store Tritium, 

✓ To provide and recover it,

✓ To process it

✓ In parallel, manage the waste produced during the operational time

But also, during the design phase, it is required to plan for the tritium plant 

decommissioning after the end of its life:

Finally, during both phases (life time and decommissioning), it is required, at all 

times to monitor tritium

✓ Where is it?

✓ Under what form?

✓ In what quantity?

Tritium Plant
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Analytical techniques and monitoring

Power plant fuel requirements - Challenges

Waste management (detritiation)
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Challenge #1: Storage
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Requirement: Safe and reversible storage of tritium on getter beds

To date, the preferred option is depleted uranium (DU). Some other materials are being

studied
- Tritium is stored under UT3 (hydride) form in uranium beds

- 4kg Ubed can store up to 27 moles of Q2 (163g of T2)

Current challenges for use of DU:

• Minimise storage material inventory

• Large uranium inventory needed to store tritium

• Chemistry 

• Ageing effects, oxidation, pyrophoric …

• Cooling

• Time to cool down a heated Ubed increases with size

• Absorption process is exothermic, so need of an internal and efficient 

cooling system

• Decommissioning / Nuclear Waste Management
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Requirement: Safe and efficient ways to transfer tritium between subsystems, 

including from and to the reactor itself.

Mechanical pumping challenges
- Required leak tightness.

- 10-9 mbar.L/s for a whole system or better (reduced number of approved

connection types)

- Compatible materials

- Avoid halogen based polymers, PTFE being widely used in the industry

- Tritium compatible sealants

- Required pumping rates

Cryogenic pumping challenges
- Thermal isolation

- Liquid nitrogen jackets

- Liquid Helium availability

- Specific cryogenic equipment

- Materials with minimal thermal stress are required

- Compatibility of materials between them (different responses to thermal stress)

- Energy consumption to produce liquid He 

- To be deduced from global production yield

Challenge #2: Provide and Recover
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✓ Requirements: Safe and efficient ways to reliably separate hydrogen isotopes 

from imputities but also separate hydrogen isotopologues between them.

✓ State of the art (non-exhaustive): 

✓ - Displacement Gas Chromatography

✓ - Cryogenic Distillation

✓ - Pd/Ag membrane technology (with or without catalysts)

✓ - Pressure Swing Adsorption

✓ - Thermal Cycling Absorption process

✓ - Zeolite membrane

✓ - Graphene

✓ Challenges:

✓ - Process maturity and efficiency (process and energy)

✓ - Continuous process (limit batch processes)

✓ - High stability (various compositions – transient state) 

✓ - High availability

✓ - Low residence time (limit tritium inventory) 

Challenge #3: Impurity Processing and 

Isotope Separation
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✓ Requirement: Respect the waste management pyramid or reduce the activity

level of waste to be disposed of.

Challenge #4: Waste Management

✓ Challenges:

✓ - Various types of materials, various detritiation processes needed (or various

operating conditions for the same process)

✓ - Soft/hard waste

✓ - Plastics, Wood, Stainless Steel, Eurofer, Beryllium, Aluminium, Copper, 

Tungsten, etc.

✓ - Very large amount of waste

✓ - 32,000 tons* of waste to be produced during ITER ops (7%) and 

decommissioning (93%)

✓ - ILW/LLW threshold limit

✓ -0.1-12kBq/g (3.37×10-11g of T per gram of waste)

*S. Rosanvallon et al. Fusion Engineering and Design 69 (2003), pp 531-536
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✓ Requirement: Determine the location, quantity and quality of tritium at all times, 

including during processing phases.
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✓ State of the art (non-exhaustive):

✓ - Gas Chromatography

✓ - Mass Spectroscopy

✓ - Infra Red

✓ - Raman

✓ - Beta Induced X-ray Spectroscopy

✓ - Ionization chambers

Challenge #5: Analytical techniques 

and monitoring

✓ Challenges:

✓ - Calibration (How, how often)

✓ - Accuracy

✓ - Definition (low noise/signal ratio)

✓ - Quick turnaround

✓ - Large range (trace to full tritium)

✓ - Interpretation
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Thank you for your attention

Any solutions??

Any questions??




