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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.
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Researchers at SCK•CEN combine two worlds: determination of 

fuel efficiency and atomic-scale modelling. Determination of fuel 

efficiency involves examining the behaviour of the fuel elements 

as a whole over a number of years, whereas atomic modelling 

tracks the behaviour of a series of atoms over a short time 

scale. And that is very short; we are talking about thousands or 

millions of atoms over a period of less than a nanosecond, or 

one-billionth of a second.

Atomic-scale simulations
F-Bridge is about that very short research; it is an important 

project being funded under the seventh European framework 

programme. The objective of F-Bridge is to allow knowledge 

gained from fundamental science to be applied directly to the 

development of Gen-IV fuels. The ultimate goal is to set up 

an international exchange platform to have an integrated and 

coordinated approach to nuclear fuel research.

As part of the F-Bridge project, SCK•CEN collaborated with other 

institutes in Europe in a work package on multi-scale modelling. 

The main contribution of SCK•CEN is atomic-scale computer 

simulations. The techniques used are based on empirical force 

fields and describe atomic interactions using simple parameters 

and analytical formulas. Based on Newton’s theory, the evolution 

of a series of atoms and their interaction over a given time period 

can be predicted.

Very short research
This targeted approach is not unique 

to the nuclear world. Many industrial 

processes nowadays make use of 

computer-aided design, long before 

production of the first prototype begins. 

One could say that computer simulation 

bridges the gap between theory 

(description of the main phenomena) and 

practice (design of a new product).

Nevertheless, this is not straightforward 

due to the complexities associated with 

nuclear fuels: their physical description 

involves different length and time scales, 

and covers different areas of physics. 

This interdependence is addressed 

by so-called ‘multi-scale modelling’, 

whereby the necessary macroscopic 

information is obtained from microscopic 

models.

Flashy snooker
One interesting aspect is the process behind radiation damage. It 

is a bit like snooker. A computer can track the path of all the balls 

as soon as a player hits the white ball. Something similar happens 

here when investigating the damage caused by collisions with 

energetic particles. The main difference lies in the scale of the 

system: thousands or millions of atoms are involved in the 

process, and they are stacked three-dimensionally rather than 

in a horizontal plane. Moreover, the collisions are softer, as if you 

were to replace the snooker balls by rubber balls. The process 

also takes place very quickly, and it’s all over in just 10 to 100 

picoseconds. That is one-hundredth to one-tenth of one-billionth 

of a second.

Despite its apparent simplicity, the bubble destruction process is 

an important step in the complex mechanism that enables these 

gaseous atoms to escape from the fuel. The very short time span 

makes it impossible to observe such a phenomenon in tests. It 

can only be done by computer simulation, which takes somewhat 

longer: one simulation involves calculations that take more than 

three months on a computer equipped with 16 processors.

Research on other nuclear 
fuels
In F-Bridge, research has so far focused 

only on uranium dioxide (UO2), a fairly 

conventional fuel. The reason for this is 

that UO2 is seen as the ideal candidate 

for testing the possibilities of the various 

techniques on a fuel whose behaviour is 

well known. In the long term,  researchers 

want to investigate behaviours for which 

there is less experimental feedback 

available. The bubble destruction 

process is a good example. There is also 

research into phenomena that occur at 

grain boundaries as well as other nuclear 

fuels that may qualify for Gen-IV. 

Further research will lead to an 

improvement of the modelling 

techniques. Arithmetical performance 

will improve once the researchers can 

use computers with new graphics cards 

– an application from the world of gaming 

that is of benefit to science. We will also 

see advanced acceleration methods and 

an improved description of atomic inter-

action. This approach will naturally serve 

as a guide for future experiments, but will 

not replace them.

Researchers at 
SCK•CEN combine two 
worlds: determination 
of fuel efficiency and 
atomic-scale modelling.

This is what the damage process 
looks like around a small gas 
bubble in the fissile material. Above: 
the damage caused by a fast 
neutron hitting an atom. Below: the 
damage following a collision with 
heavy fission fragments, causing 
more atoms to escape. In both 
cases, the system has gained the 
same amount of energy. 
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