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Background

Our work Our team

• UN fuel is one option being considered but 
novel with no publicly available justification 
of simulation performance

• Review of the current nitrogen nuclear 
data including sensitivity studies of the 
uncertainties of nuclear data on results 
and how properties compare to UO2 fuels

• Fuel manufacture and transport; k-eff/k-inf

• Reactor operation; k-inf, nitrogen 
enrichment, uranium enrichment and length 
of fuel life (fall off of k-inf)

• Spent fuel; spent fuel composition, 14C
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• Cases

o Fuel production – damp powders 
(consider maximum cases only)

o Fuel production – Fuel assembly in air

o Fuel transport – Fuel assembly in water

o Burnup in reactor – Fuel assembly in 
boronated “hot” water (US EPR design)

• Consider

o UO2 with 4 and 5% Wt% 235U/W 95% TD

o UN   with 3.5, 4.0, 4.5 and 5.0% 235U/W 
95% TD with 0, 90, 98, 99 and 99.5% 
15N/N enrichments

o 92 cases

Cases to be considered

• Codes

o MCNP6.2.0
Monte Carlo tracking

o WIMS10RU1
Deterministic – many methods

• Data
o ENDF/B-VII

o JEF-2.2

Note

o Nitrogen data the same, but other data 
(U235, U238, Pu239, O) differs.

o For burnup use standard rating, but UN has 1.4 
more U than UO2, so could give 40% extra fuel 
life even if identical k-inf profile with burnup. 
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Effect of 14N enrichment on K-inf of fuel

K-inf (DRY) Nitrogen enrichment 15N wrt N
235U wrt U Wt% 0 0.9 0.98 0.99 0.995

3.5 0.664 0.677 0.679 0.679 0.679

4 0.707 0.725 0.727 0.726 0.726

4.5 0.749 0.770 0.771 0.772 0.771

5 0.789 0.812 0.814 0.813 0.814

UO2

4% 0.691

5% 0.773

K-inf (WET) Nitrogen enrichment 15N wrt N
235U wrt U Wt% 0 0.9 0.98 0.99 0.995

3.5 1.291 1.392 1.402 1.404 1.404

4 1.321 1.416 1.425 1.427 1.427

4.5 1.347 1.437 1.445 1.446 1.447

5 1.367 1.452 1.460 1.461 1.463

UO2

4% 1.450

5% 1.488
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• An important parameter 
determining a fuel assembly’s 
effective life in a reactor how 
k-inf changes with burnup.

• Preliminary results shown 
using MCNP

• Further work needs to be 
done to consider how various 
uranium enrichments, nitrogen 
enrichments etc. alters 
economics, but will depend on 
accuracy of simulation results

Change of Kinf with burnup in reactor
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• An important parameter 
determining fuel performance 
is the neutron flux.

• Preliminary results show 
differences between UN and 
UOX in WIMS 172 group 
structure using MCNP.

• This is a result of changes in 
absorption and scattering 
between O and N, but also 
affected by different uranium 
number densities.

Initial estimate of changes between UOX and UN
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Initial sensitivity study using MCNP

ND2022, 26th July 2022

• Using MCNP sensitivity options the k-inf of UN fuel 
with 4% enriched uranium and 98% enriched 15N/N 
was modelled and the preliminary effect on k 
determined to identify largest uncertainties.



• A study of nuclear data uncertainties has been 
carried out using current nitrogen data – identical 
in JEFF and ENDF.

• No measured data exists to compare simulations.

• The results show significant effects of nitrogen 
enrichment – a quantity to be determined for 
potential fuels.

• Initial studies suggest major uncertainties result 
from scattering on 15N, which is based upon no 
direct experimental data. Note that only two 
measurements of direct 14N scattering are 
available.

Conclusions
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