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UK Fuel Ambition
Enhanced Safety, Economic & sustainability Benefits

Development of Fuels with o
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using Indigenous UK R&D Skill & Facility Base .

Enhanced Economics

A Better Burn Ups
A Better Operational Flexibility
A Better Manufacturability

Enhanced Safety during

Accident Conditions

A Enhanced Coolant Containment
A Enhanced Fuel Retention within
Cladding

Enhanced Sustainability
A replace Unat with Urep
A reduce repository burden
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Challenges for fuel development LABORATORY @

Advanced fuel and cladding oO0materi al a
fully understood

R&D required to understand effect of these on neutron economy,
production of activation products and how properties alter under
irradiation / high temperature conditions

Steps needed:

A Further investigation and development of new materials

A Industrial prototypes through existing/new fabrication technology

A New data measurements and evaluations through irradiation tests
and modelling - especially for industrial prototypical fuels




Fuel Cycle and technology

assessment

ATrack material such as fuel
throughout fuel cycle

A~2000 radionuclides
ACompares metrics for
competing reactor technology
AAnalyse complex systems
ABenchmarked on historical
fuel cycle operational data

Installed nuclear capacity (GW{e))
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optimisation
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fuels - clad systems

To quantify the potenti al benefits of ATFOs
design optimisation issues associated with a higher density,

higher thermal conductivity fuel such as U 331, fuel, anin -reactor

modelling capability will be required.

ENIGMA is the UK's primary tool for thermal reactor fuel
performance modelling under steady state and off -normal
conditions.

Its capabilities currently include the modelling of various fuel

pellet types (including UO  , and MOX) in various claddings
(including zirconium  -based alloys and steels). Work has now
begun to extend ENIGMA's capabilities to include other fuel
types such as U;Si,.




Fuel performance code development TN N
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Project to develop ENIGMA's capabilities to include advanced
fuel types based on U  ;Si,.

Objectives

A to adapt and extend the fuel property models to include the
best -available correlations forU  ;Si,, derived from
measurements carried out in support of the use of U 2SI,
dispersion fuels in research and test reactors

A to test the adaptations in the revised version of the code

AFor some of the changes, property me
post -irradiation examination (PIE) data were found in

the literature on which the new models could be

based, but for others the absence of appropriate

information meant that highly simplistic, or null,

assumptions need tobe madeo.




Fuel performance code NATIONAL NUCLEAR 0

development -ENIGMA

USi fuel

A Fuel performance modelling is at an early stage with little data to
underpin the following parameters:

A Thermal conductivity - Effects of porosity, irradiation and
stoichiometry are currently unknown

A Thermal expansion i measurements scarce and dependant on
fabrication route

A Elasticity i values independent of temperature and porosity
currently assumed

A Creep i no published data

A Density and heat capacity - linear correlation of specific heat
capacity and temperature assumed but the heat capacity of U ;Si,
is thought to be  lower than that of UO  , at low temperature, but
similar at high  temperature

A Densification and  swelling 7 measurements used at higher
burnups for metal plate fuel compared to typical LWR fuel

A Enrichment, Densities, Heavy metal content are yet to be
determined through  neutronic modelling
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The consequences of each change were examined in turn by running an idealised LWR fuel analysis

through to high burnup and generating a set of standard plots of the key code predictions of

interest (temperature, stress, strain, fission gas release etc). This allowed the relative importance
of the different changes to be quantified
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Optimised fuel pin dimensions
Pellet/clad diametral ~ gap: UN = UO2
Clad thickness: UN = UO2
Pellet diameter: UN < UO2

Fuel pin outer diameter: UN < UO2
Moderator to fuel ratio: UN (2.5),
UO2 (1.95)
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Moderator-to-fuel ratio, M:F
For UO2 the standard M:F ratio is set to a lower value than that which gives the maximum reactivity. This is done in order to ensure that if a

decrease in M:F were to occur i for example if the coolant temperature were to increase i the reactivity decreases. In this way, a negative
moderator temperature coefficient (MTC) is maintained.




Economic evaluations

UN fuel

A

Modelling results in a smaller diameter, lower enriched fuel

A Trade -off between higher density (compared to UO2) and
criticality controls for a given enrichment

A Savings on fabrication extrapolated up to $4,032M for lifetime
of a 16GWe LWR fleet

SIiC cladding

A Increased melting point and reduced neutron absorption leads
to increased power output

A Benefits taken through:

0 core uprating or

o decreased fuel loading frequency (or fewer assemblies per
cycle)

A But thicker clad likely required for strength T suits smaller
diameter UN fuels

A SiC clad fuel approximately 1.5x the cost of standard

zirconium alloy clad fuel i will innovation/ mass production

bring this down?
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specifications
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The ATF Challenge R e

Fukushima revealed
vulnerabilities of the
established UO ,/Zr
alloy fuels to a LOCA
(loss of coolant
accident).

The challenge facing the international nuclear fuels
community is to develop improved fuel/cladding
materials that are more resilient and could be used
In existing or new build reactors.




