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VENUS International Programme: REBUS 

 
Background  
Present criticality safety calculations of irradiated fuel often have to model the fuel as fresh fuel, since no 
precise experimental confirmation of the decrease of reactivity due to accumulated burn-up exists. The 
disregarding of this so called burn-up credit limits the stacking density of spent fuel and hence has serious 
economical implications for transport, storage and reprocessing of irradiated fuel. For long-term geological 
storage it is almost imperative to apply burn-up credit. 
 
Objectives  
The aim of the REBUS-PWR programme is to establish an experimental benchmark data base for the 
validation of reactor physics codes for the calculation of the loss of reactivity due to burn-up for PWR fuel, 
both for UO2 and MOX fuel bundles. 
 
The programme consists of the loading of five different configurations at the VENUS critical facility: an entire 
fresh UO2 reference configuration, a fresh and a spent UO2 fuel configuration and, a fresh and a spent MOX 
fuel configuration. The spent UO2 fuel coming from the German Neckarwestheim NPP has a burn-up of 51 
GWd/tM, whereas the spent BR3 MOX fuel has a burn-up of 20 GWd/tM. For all these configurations, the 
critical water level and reactivity effect are determined. Fission-rate and flux distributions are measured in the 
different configurations except for the reference configuration. 
 
To allow a thorough validation of reactor physics codes, the fresh and spent fuel are well-characterised by 
non-destructive (�-spectrometric) and destructive (radio-chemical analytical) techniques. 
 
Principal results 
 
 
 
 

 
 
 
 
 
 
 
 
 
The REBUS  rodlet design comprises a precisely dimensioned fuel stack   within a well defined overall design (end 

plugs  and extension pieces ). 
 
 

 
 

The metallographic examination of the circular end plug weld shows that the 
applied orbital TIG welding method produces a perfect bonding between the 
cladding and the end plug. 
 
 
 
 
 

 
Prior cladding – end plug interface
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The seal weld process provides a closure of the end plug central gas 
filling/venting hole with a Zry wall thickness equivalent to the end plug side wall 
thickness. 

The seal weld process provides a closure of the end plug central gas 
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View of the REBUS bundle  structure       Positioning of the REBUS container on   the supporting  
 
One of the major achievements in the REBUS project in 2004 was the refabrication of 26 short (~ 1 m) fuel 
rodlets from 13 long  (~ 4 m) industrial irradiated  UO2 fuel rods with a burn-up of 51 GWd/t and a cooling 
time of about 7 years. The refabrication process applied allowed to refabricate all 26 rodlets in full 
compliance with the specifications given by the experimentator and the fuel owner. The end plug weldings 
were thoroughly qualified, such that a proper (i.e. tight, defect free and corrosion resistant) closure is 
assured for each rodlet. This also allows to reconstitute original full-size rods for re-insertion in the original 
fuel assembly at the program end. Finally the rodlets -being seriously contaminated by the refabrication 
process- were cleaned with the in-house developed MEDOC process that is based on chemical 
decontamination with a ceriumsulfate solution down to very low residual contamination levels (< 3 kBq/dm² 
β,γ and < 0,3 Bq/dm²α ). 
 
The clean refabricated rodlets were then assembled in a REBUS bundle and transported to the VENUS 
critical facility. After a successful remote loading of the bundle in the VENUS reactor, the associated 
experimental programme was completely carried out. From these measurements, the reactivity difference 
between a fresh UO2 bundle and an irradiated UO2 bundle with a burn-up of 51 GWd/t was determined. 
 
The program includes a full relevant characterisation of the irradiated fuel by the radiochemical assay of both 
fuel types (MOX fuel and UO2 fuel). These analyses were partly finished in 2004 and will be completed in the 
beginning of 2005.  
 
Future developments  
An extension of the current REBUS-PWR project with a BWR phase has been signed. This BWR phase will 
contain a configuration with 16 1 m refabricated irradiated BWR-rods with a burn-up ranging between 40 
GWd/tM and 70 GWd/tM. The refabrication and characterisation will be finalized in the first halve of 2005. 
The experimental programme in the VENUS reactor is foreseen for the middle of 2005. 
 
Main contact person   
Peter Baeten, peter.baeten@sckcen.be
 
Main reference 
P. Baeten, P. D'hondt, L. Sannen, D. Marloye (BN), B. Lance (BN), A. Renard (BN), J. Basselier (BN), "The 
REBUS Experimental Programme for Burn-up Credit", ICONE12 International Conference on Nuclear 
Engineering, Arlington, Virginia (Washington D.C.), USA, April 25-29, 2004. 
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