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Need for assessing consequences from tritium releases into 
the environment
§ All over the world, research is devoted to 

develop fusion reactors – outside the ITER 
community

§ German Startup claims to develop a 
Stellarator power plant within 10 years

§ Challenges for authorities
§ How to license the plant?
§ Is the knowledge about design based accidents or 

beyond design based accidents sufficient?
- Is MELCOR or ASTEC capable to simulate 

possible transients?
§ How to assess doses to the population – is there a 

simulation model that has been validated and 
available for authorities?

§ Do we know the behaviour of possible materials and 
are they considered in all relevant models?
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Processes to be considered in a tritium model
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Why is tritium different from other radionuclides?
Dynamic behaviour – special resistances 
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Why is tritium different from other radionuclides?
Behaviour as water

§ Tritiated water vapour (HTO) and tritiated gas (HT) once deposited to soil 
(HT is converted in soil to HTO via micro-organisms) or to crops, behaves 
like water
§ This requires modelling of water movement in soil based on precipitation and 

evaporation of water vapour from soil
§ Uptake by crops is based on the water uptake via the root system which is triggered 

from transpiration of crops
§ Transpiration and evaporation has to be modelled based on the environmental 

conditions, in particular solar radiation
§ Water stress conditions have to modelled also as this affects the root uptake and 

evapotranspiration 

16/09/2026 W. Raskob et al.
Integration of tritium functionalities into JRODOS6



Why is tritium different from other radionuclides?
Reemission
§ HTO will be re-emitted from soil 

and crops – once deposited
§ Re-emission is strongly time 

dependent and requires 
consideration of environmental 
conditions such as solar radiation 
and precipitation

§ Re-emission requires the 
simulation of many area sources

§ Re-emission is mostly important 
for HT releases as dose 
conversion factor of HT is low
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Why is tritium different from other radionuclides?
Transfer into organic matter

§ Concentration in crops are 
typically modelled in a simple way

§ Concentration in crop = concentration 
in source X transfer factor

• For tritium, formation of organic 
matter (OBT) is important as it 
dominated the dose from food 
products

• Curves like on the right picture are 
used to determine the uptake for 
traditional radionuclides in seeds
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Why is tritium different from other radionuclides?
Transfer into organic matter

§ For tritium models – e.g. 
UFOTRI, the build-up of 
organic matter is calculated 
based on the photosynthesis 
rate

§ Highly dependent on time of 
the day, solar radiation and 
other conditions such as 
water availability and 
humidity
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Assessment for ITER and DEMO

§ KIT has and is performing dose assessments for ITER and DEMO
§ Probabilistic unit releases for Cadarache, one year of meteorological 

data, 144 representative cases with probability of occurrence
§ The maximum exposed individual at various distances is selected and typically the 

95% percentile is used for the dose value
§ Source term consists of tritium and activation products
§ UFOTRI for tritium
§ COSYMA for activation products

§ Both dose results have to be combined before doses are estimated – 
weather sequences with high doses are different for tritium and activation 
products due to different deposition characteristics

16/09/2026 W. Raskob et al.
Integration of tritium functionalities into JRODOS10



Existing tritium models

From: Deyi Chen et al., in Chemosphere 2022, https://doi.org/10.1016/j.chemosphere.2022.137231

§ To benchmark/improve the Assessment code MACCS (used in US and worldwide for licensing), 
comparison was performed between MACCS, ETMOD and UFOTRI (Sandia report 2023) 

§ Conclusion: a simple approach is possible for releases of HTO, but not for HT, also ingestion dose 
cannot be modelled so far
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JRODOS EMERGENCY chain models

§ Why not integrating UFOTRI as 
additional model?

§ The dispersion model of UFOTRI is 
not state of the art!

Dose rate calculation,
Early countermeasure simulation,
Health effects and costs



How to integrate
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JRODOS will contain probabilistic functions

§ When tritium is part of JRODOS, we can follow the methodology applied 
by Germany (JRODOS) and Sweden (ARGOS) that performed 
assessments for new planning zones for countermeasures following 
Fukushima accident

§ In Germany, calculations were performed for 365 days, 3 sites and 3 
source terms

§ 80% percentile for maximum 
distance from NPP was taken
as representative distance for 
the planning zone
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Status
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§ Tritium as nuclide is integrated in 
JRODOS

§ Basic deposition processes 
integrated

§ Simulation of tritium and activation 
products possible with statistical 
approach (1 release per day or 
more often)

§ Statistical evaluation possible



Future steps in the integration

§ Movement of water in soil
§ Evapotranspiration of water
§ Reemission process modelling with advanced dispersion models – so far 

straight-line Gaussian approach
§ Comparison if the current approach in the food and dose module 

terrestrial (FDMT) can be expanded to deal with HTO and OBT
§ Additional foodstuffs – so far UFOTRI considers only five food products, 

FDMT more than 20
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Open research work
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§ During a workshop in Aiken, South 
Carolina, in 1990, the most important 
processes which have to be considered in 
an assessment model for accidental tritium 
releases were defined

§ Research needs and modelling needs are
§ Deposition 
§ Synthesis of organic material
§ Transport though the foodchain, in 

particular animals

C. E. Murphy Jr., editor, Workshop on Tritium Safety and Environmental Effects, October 15-17, 
1990, Aiken, South Carolina, Westinghouse Savannah River Company, WSRC-TR-91-351, 1990 



Summary and conclusion

§ There is a need to improve assessment models as fusion power is 
emerging – besides ITER

§ Tritium behaves differently in the environment and this is the main reason 
why it is not part of existing decision support systems

§ As the atmospheric transport and dispersion model of UFOTRI is 
outdated a simple integration of UFOTRI is not a good idea – tritium 
processes are highly linked to the dispersion model

§ Integration into JRODOS is ongoing – however delayed compared the 
plan we had

§ However, there are still functionalities that might require new research
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