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SCK•CEN was asked to perform a series of 

experiments for the construction of the new 

Jules Horowitz research reactor in France; a 

superb opportunity to combine its knowledge 

in the areas of engineering, reactors and post-

irradiation research. All these strengths together 

led to an inventive solution to a question that 

appeared unanswerable at the start.

EVITA completes experiments 
for fuel qualification 
The result of intensive cooperation between various disciplines

Testing fuels to their limits
Qualifying fuels works as follows: they are 

gradually exposed to higher and higher 

capacities and used up to a higher and 

higher burn-up (the degree to which the 

fuel is consumed). For the U
3
Si

2
 fuel, the 

tests had already been carried out at lower 

capacity and lower burn-up in the past, 

and the main issue was to test the limits 

of the fuel.  

Bridging the difference in conditions
The thermohydraulic conditions in the French reactor and the 

BR2 research reactor initially appeared to be very different from 

each other; namely the coolant water speed is higher than in 

BR2. To bridge that difference, SCK•CEN built an installation 

in the BR2 reactor that was given the name EVITA: Enhanced 

Velocity Irradiation Test Apparatus. This half-open loop pumps 

water out of two peripheral channels in the reactor at increased 

speed through the BR2 central irradiation channel. The fuel 

assembly to be irradiated is found in the channel. It is possible 

to monitor parameters such as pressure, water speed and 

temperature during the irradiation. 

Thanks to the half-open design of EVITA, it was possible to keep 

using the safety facilities of BR2 itself, which was not possible in 

a closed cycle that works independently of the reactor. Inserting 

this loop in the centre of the reactor core placed great demands 

on the BR2 reactor with regard to the reactivity checks and the 

neutron calculations. 

The Cadarache research centre, 

belonging to the Commissariat à 

l’Energie Atomique et aux Energies 

Alternatives (CEA), is building the new 

Jules Horowitz research reactor in the 

south of France. A choice was made 

to use low-enriched fuel (uranium-

molybdenum alloy or U-Mo), but it was 

impossible to qualify the U-Mo fuel in 

time for the start-up of the reactor. For 

this reason, CEA decided to use another 

fuel based on uranium silicide (U
3
Si

2
), 

which had already been qualified for 

lower capacities. The Belgian Nuclear 

Research Centre was asked to carry 

out a series of experiments in reactor 

BR2 in order to qualify this fuel for the 

conditions in the Jules Horowitz reactor 

as well. 
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Measurement benches for 
post-irradiation research
A total of seven fuel assemblies were 

irradiated in EVITA in the previous five 

years, five of which were within the test 

programme. Four of the five irradiated 

elements were brought up to very high 

local capacities and high burn-up. Post-

irradiation research then followed. Central 

to this was the swelling of the fuel plates 

(most research reactors use plate-shaped 

fuel elements instead of needles), the 

stability of the entire fuel assembly, the 

oxidation of the plates and the evolution 

of the fuel microstructure itself. 

In order to carry out this post-irradi-

ation research as precisely as possible, 

SCK•CEN developed two measurement 

benches: CALIMERO, to investigate the 

stability of the entire fuel assemblies, 

and BONAPARTE, to measure the 

plate thickness and oxide thickness 

of individual fuel plates. In addition, 

the distribution of the burn-up of the 

plates was measured using gamma 

spectrometry and compared with the 

calculated values. After cutting up 

some plates, the development in the 

structure of the fuel in the plate was 

investigated using microscopy, and a 

third observation of local burn-up was 

completed by radiochemical means.
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The post-irradiation research demonstrated 

that the fuel undergoes significant changes 

under irradiation, but that the design of the fuel 

assembly remains stable up to very high levels 

of burn-up and capacities. The design did 

demonstrate a weakness at the level of the small 

boron-containing plates that are incorporated 

outside the fuel area into the plate, but, following 

adjustments to the boron concentration, that 

problem was solved. It was therefore certainly 

useful to carry out the experiments under 

representative conditions.

Loop dismantled and discharged
In 2014, the last irradiated fuel element was 

discharged from the loop, which was also taken 

out of the reactor and partly dismantled.The 

most recent post-irradiation tests have started 

and will end in the first half of 2015. The result will 

be a considerable dataset which will significantly 

expand the area within which U
3
Si

2
 fuel is 

qualified. This means that this fuel can also be 

used safely for highly demanding applications. 

With the data collected by the EVITA programme, 

CEA will draw up a qualification file and ask for 

permission from the French safety authorities to 

use this fuel in the future Jules Horowitz reactor.

The EVITA project has now been completed, 

but of course the plans and certain parts of the 

loop are available for other potential applications 

in the future. EVITA was largely 

the result of the efforts of 

engineer Philippe Benoît, 

who lost his life in an 

aeroplane accident in 

2011.
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