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Fusion
• Licensing limits for ITER (4 kg tritium, 1000 kg dust)
• Literature survey (EU DEMO): 

 Byproduct of neutron multipliers: Po-210
 Estimates for dust (~1000 kg, radionuclide composition)
 Activated corrosion products

Project ReFus
The objective of the pilot project ReFus is to develop concepts for the legal 
and technical regulation of fusion facilities in Germany

Comparison of facilities with radioactive inventories
For a graded approach in the regulatory framework, criteria are needed to 
differentiate between different requirements on safety provisions and safety 
assessments
To develop such criteria, it is important to compare the radiological hazard 
potential of fusion facilities to that of other facilities:

• Regulated by radiation protection regulation framework
 High-activity sealed radioactive sources (HASS) in Germany 

• Regulated by nuclear regulation framework
 Nuclear power plants 
 Research reactors
 Casks for spent fuel elements

Task
• Need to compare

 different facilities
 different activity levels (orders of magnitudes)
 different radionuclides (therefore different dose coefficients, half-lives)

• Estimate radioactive inventory of fusion facilities (tritium, 
activated/contaminated dust, activated corrosion products) based on 
current concepts

Approach
• Based on established method in radiation protection
• Avoid complex analysis methods, because it should be used at the 

beginning of the safety assessment process

Definition of comparison metric
Sum of multiples of the exemption level 𝐸𝐿 of the activities 𝐴 of each 
nuclide 𝑖 as defined in the German Radiation Protection Ordinance

෍
𝐴௜

𝐸𝐿௜
௜

Exemption level specifies upper limit for license-free handling of a 
radionuclide (based on reference scenarios with effective dose < 10 µSv)
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Results

Open issues
• Are exemption levels/their reference scenarios compatible with normal 

operation/accident scenarios?
 Comparison of off-site doses show that exemption levels are a valid 

representation of the hazard potential during normal operation
 For accident analyses and dose calculations considering decades, 

nuclides with short half-lives contribute less to overall doses because 
the ingestion path dominates

• How easily can the radioactive inventory be mobilized?
(see different threshold values for sealed/unsealed sources)

• More input needed for further comparisons, e. g. activated structural 
materials in fusion facilities and particle/medical accelerators

Conclusions
• Radiological hazard potentials of considered fusion facilities are

 at the upper end or above those of HASS 
 orders of magnitude below those of nuclear power plants
 in a similar range as those of research reactors

• Values will strongly depend on actual technologies 
(e. g. MCF/ICF, coolants, structural materials, fuel cycle)
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