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To reduce the risk of proliferation further, 

test reactors such as BR2 should use 

fuel based on lower enriched uranium. 

In order to achieve this, researchers 

want to test these new fuel types under 

real irradiation conditions. This is called 

fuel qualification. To investigate these 

fuels once they have first been tested 

in the reactor – called post-irradiation 

examination – requires special measuring 

equipment. 

One important parameter for estab-

lishing the proper behaviour of a fuel 

plate, typically used in a test reactor, 

is the degree of swelling of the plate. 

This is where the new BONAPARTE 

measurement bench developed by 

SCK•CEN plays an important part in 

fuel qualification programmes. It allows 

accurate full post-irradiation mapping 

of fuel plate swelling with a degree of 

precision of just a few micrometres.

Not on sale anywhere
SCK•CEN needed such measuring equipment in a hot cell, but 

it is not commercially available anywhere in the world. In order 

to meet the needs of qualification programmes such as EVITA 

(U3Si2 fuel for the French Jules Horowitz reactor) and LEONIDAS 

In the context of nuclear non-proliferation 

– preventing the potential dissemination of 

nuclear weapons – scientists worldwide 

are investigating the qualification of lower 

enriched fuel plates for research reactors. 

New and specific equipment is needed for the 

investigations to qualify these new fuel types. 

International interest in the 
BONAPARTE measurement bench
Post-irradiation examination of lower-enriched fuel plates

(uranium/molybdenum-based fuel), SCK•CEN decided to 

develop its own measurement bench: BONAPARTE (Bench 

for Non-destructive Analyses on fuel Plate And Rod Type fuel 

Elements).

BONAPARTE had to be as modular as possible and be used for 

many different purposes: that was the ambitious plan. SCK•CEN 

wanted to deploy the measurement bench for various types and 

forms of irradiated fuel plates, even for conventional fuel rods. 

These fuel rods are employed in the BR2 irradiation programmes 

of test fuels for power reactors. 

Armed with the necessary knowledge of hot cell equipment 

and a number of innovative ideas, SCK•CEN approached the 

engineering firm TEGEMA in Eindhoven to further develop and 

build the measurement bench. SCK•CEN staff took on the 

task of developing the software, electronic controls and data 

acquisition to make the measurement bench do exactly what is 

was built for.

Accurate results
In mid-2011, the measurement bench 

was installed in a hot cell, and the first 

fuel plate was measured under a high 

radiation load. The researchers were 

rightly proud: the measurement results 

proved highly accurate and yielded a 

unique scientific insight that could not 

be achieved with earlier measurements. 

Since then, the BONAPARTE bench 

has successfully completed more than 

20 measurement campaigns, including 

measurements of the SELENIUM fuel 

(Surface Engineering of Low ENriched 

Uranium Molybdenum) developed by 

SCK•CEN (see Highlights 2012).

Idaho National 
Laboratory in the US 
commissioned an 
identical measuring 
device.
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The modular structure permits the 

BONAPARTE bench to be deployed for 

the measurement of both curved and 

flat fuel plates for test reactors. Specific 

modules for measuring fuel rods for 

power reactors have also been added to 

the bench. 

3D mapping
The BONAPARTE measurement bench 

is capable of measuring an entire fuel 

plate using three-dimensional axis 

control. Specially designed measuring 

probes that can withstand the high 

radiation field of such irradiated fuel 

plates scan the entire surface with highly 

accurate positioning. The thickness of 

the fuel plate and the thickness of the 

oxide layer are measured on both sides 

simultaneously with a precision of just a 

few micrometres and marked out in 3D 

mapping. 

A unique dataset is obtained by combining the measurements 

with the known fuel consumption per mm² (calculated or 

measured). This allows computer models to be drawn up that 

can accurately predict the behaviour of the fuel swelling. This is 

invaluable for using the fuel under various conditions.

International interest
The BONAPARTE project has been watched with considerable 

international interest. There was much enthusiasm for this 

unique appliance, with tangible result. In early 2012, Idaho 

National Laboratory (INL) in the United States commissioned 

an identical measuring device from SCK•CEN under the 

BONA4INL project. Today, the BONA4INL measurement 

bench is fully qualified and ready for delivery. INL will use it 

for the fuel qualification programmes of the US Department of 

Energy within the RERTR programme (Reduced Enrichment for 

Research and Test Reactors). 

Other laboratories, such as CEA (Commissariat à l’énergie 

atomique et aux énergies alternatives) in France and KAERI 

(Korean Atomic Energy Research Institute) in South Korea, 

have also shown an interest in the BONAPARTE measurement 

bench. SCK•CEN has gained much technological insight with 

the development, construction and validation of BONAPARTE. 

This will come in useful for the design of similar new 

measurement benches and other equipment for hot cell use 

in the future.

During its time inside a reactor, the fuel is exposed to an extreme 

environment characterized by large temperature differences, 

chemical changes and radiation damage. In the long term, this 

inevitably leads to microstructural changes. 

Targeted tests
For 50 years, nuclear fuel licences were awarded essentially on 

the basis of an empirical approach. Scientists made observa-

Gen-IV is the name of the next generation of 

nuclear reactors. Scientists are investigating 

which type of nuclear fuel is most suitable for 

Gen-IV. Safety and productivity are important, but 

so are nuclear non-proliferation and the life cycle 

of nuclear waste. How will these fuels behave 

in practice? SCK•CEN is performing computer 

simulations as part of the F-Bridge project.

No one can play snooker that fast
SCK•CEN performs computer simulations of nuclear fuel behaviour

tions and over time they accumulated 

knowledge. This resulted in a large 

database about the fuels currently being 

used in nuclear reactors: uranium dioxide 

(UO2) or mixed uranium and plutonium 

oxides (MOX). Given the high cost of 

creating such a database and the time 

needed (20 to 30 years), Gen-IV reactors 

will have to rely on more than just tests for 

their fuel qualification. A shift is needed 

towards a predictive approach, which 

involves gaining a better understanding 

of the primary phenomena down to the 

atomic level. This will make it possible 

to design new nuclear fuels that can be 

tested in targeted experiments. With this 

approach, the time and cost involved in 

developing new fuels can be reduced 

substantially.


