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Background
Fusion power plants using DT fuel must achieve tritium self-sufficiency in operation. 
Developing a viable design requires evaluating and defining a target tritium breeding ratio, 
which is influenced by a range of physics and technological factors governing the fuel 
cycle, as well as modelling and associated uncertainties. Neutronics analysis, underpinned 
by nuclear data libraries such as the IAEA’s FENDL library and radiation transport codes 
such as MCNP and OpenMC, is essential for guiding the design at different stages. This 
work presents aspects of UKAEA’s advanced neutronics workflows, validation efforts, and 
highlights a case study which demonstrates capability across various fusion concepts.

Designing with Uncertainty: concepts of required and design 
target TBR for a hypothetical case (discussed in detail in Fischer 
FED 155 2020). The mean values, width and shape of these 
distributions are illustrative in this conceptual figure. The 
required TBR, here set to be 1.05 in this example, depends on 
several factors which are well-documented e.g. Sawan et al., 
FED 81 (2006); Abdou et al., Nuclear Fusion, 61 (2020), which 
include extraction, plasma fuel burn up performance, 
technological & temporal aspects of the fuel cycle and need for 
start-up inventory. The design target TBR, here set to be 1.15 is 
an additional margin to the required TBR, accounting for 
incomplete elements of a computational model.Overview of UKAEA neutronics workflows.

Conclusions 
Neutronics workflows are essential to assess the tritium self-sufficiency for fusion concepts during their design. Design target TBR values must be evaluated 
and may need to adapt as designs mature. Advances in codes (incl. open-source), validation, and uncertainty quantification underpin confidence in predictions. 
UKAEA’s integrated modelling approach enable an evaluation method that is agnostic to fusion technology pathways, supporting the development of viable 
fusion power plants.

Case study: UKAEA undertakes extensive R&D in support of both domestic and international fusion design programmes. Through its simulation expertise, 
UKAEA has delivered analysis for private sector initiatives including Gauss Fusion (shown below), General Fusion, and First Light Fusion (some reports available 
online).
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