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INTRODUCTION 

 The development of advanced nuclear fuel design is a strategic component of Technologies for Nuclear 

Energy State Owned Company (RATEN) Research and Development Program for 2016-2020 [1]. The Nuclear Fuel 

Program intends to ensure the best fuel performance according to safe operation and economic requirements. These 

requirements can be achieved in: reduction of the price of nuclear fuel, longer duty cycles and operational flexibility, 

burn-up increasing and reduction of spent fuel amount. Thorium-based fuel is one of the options under reviewing, 

having the promise of resource conservation compared with the current natural uranium once through cycle. The 

carrier fuel bundle for thorium fuel will be either the standard fuel bundle with 37-elements or the fuel bundle with 

43-elements (figure 1.) 

 

 

 
 

Figure 1. Thorium carrier fuel bundle (fuel bundle with 43-element). 

 

Utilisation of thorium fuel based for AHWR has many performance advantages compared with UO2 fuel. A 

review of the open literature indicates that some of the (Th,U)O2 properties in comparison with those of UO2 may 

contribute to the improvement of different fuel rod performance parameters. Some of the most important differences 

are: higher thermal conductivity, higher modulus of elasticity, higher fracture strength at lower temperatures and 

lower at higher temperatures, creep-thermal component similar to that of UO2, and irradiation component 

considerably smaller, thermal expansion similar to UO2. Dioxide of thorium has higher melting temperature and is 

more corrosion resistant when exposed to reactor coolant. 

 In order to determine the performance of AHWR fuel elements, two types of irradiation tests have been 

performed as part of Nuclear Fuel R&D Program at ICN Pitesti [2]. One type is a declining power irradiation test to 

a high burn-up and the other is a power ramp irradiation test at low and medium burn-up (presented in this paper). 
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RESULTS AND DISCUSSIONS 

 

 Two experimental fuel elements (coded A23 and A24), with reduced length (around 210 mm), were 

manufactured at ICN Pitesti [3].  The A23 experimental fuel element contains mixed oxide of thorium and uranium 

pellets (~5 wt% UO2 with 90% enrichment in 
235

U and remainder ThO2) while the A24 experimental fuel element 

contains uranium dioxide (~5 wt% UO2 with 90% enrichment in 
235

U and remainder natural UO2). The level of fuel 

enrichment was selected to achieve a high linear power output during the ramp power.  

 The elements were irradiated in C1 capsule of  TRIGA Research Reactor at ICN Pitesti in thermal neutron 

fluxes of 1.8 – 4.6 · 10
17

 n/(cm
2
·sec) [4]. The coolant in the C1 capsule was demineralised water at 10.6 MPa 

pressure and 120 – 173 
o
C temperature. Coolant chemistry was in a good condition and the sample taken once a 

week revealed the following: pH between 6.2 – 6.8, conductivity less than 2µSi/cm and dissolved oxygen maximum 

50 ppm. After 6184 effective hours of irradiation the experimental fuel elements were transferred to the Hot-Cells 

ICN Pitesti nuclear laboratory and subjected to the special controls. The visual examination showed that, at the end 

of irradiation, the both elements were in good conditions with no unusual features found on the sheath surface. 

Typical features that were observed included handling scratches, various in zirconium-oxide shading, strains and 

white deposits (figure 2). 
 

 

 
 

Figure 2.  Experimental fuel elements A23 and A24 after irradiation. 
 

 The experiments simulation has been performed using ROFEM Code. Temperature sensitive parameters 

such as grain growth, fission gas release, sheath deformation and internal pressure were analyzed. The simulation 

results are in good agreement with experimental data. 

 

CONCLUSIONS 

 

 The ramp test performed in the C1 facility of TRIGA Research Reactor on A23 and A24 experimental fuel 

elements shows no evidence of sheath failure; 

 There are some differences concerning in fission gas release and internal pressure between experimental 

and ROFEM code results. These differences are caused by the material properties and also by the grain 

growth law used in the subroutines of ROFEM code. 

 The test provided a fully documented irradiation of (Th,U)O2 type fuel experiencing a power ramp history. 

The gained experience will be used to study the advanced CANDU reactors fuelled with mixed oxide of 

thorium and uranium bundles. 
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