
 Thorium Energy Conference 2015 (ThEC15) 

October 12-15, 2015, Mumbai, India 

 

PARAMETRIC STUDY OF THERMO-MECHANICAL BEHAVIOUR OF 

19-ELEMENT PHWR FUEL BUNDLE HAVING AHWR FUEL 

MATERIAL 
R. M. Tripathi

*
, P. N. Prasad, Ashok Chauhan 

Fuel Cycle Management & Safeguards, Directorate of Engineering - LWR, NPCIL, Mumbai-400094, India 
*
Email of corresponding author: rmtripathi@npcil.co.in, Ph. 022-2599-5535 

 

INTRODUCTION 

Advanced Heavy Water reactor will be using Th-LEU MOX as fuel material. The 19- element AHWR fuel bundles 

consist of  Th-LEU MOX fuel leading to 4.3 % of fissile content in fuel. The 19-element fuel bundle with natural 

uranium currently being used in all operating 220 MWe PHWRs has been studied for converting to use AHWR Th-

LEU MOX fuel by computer code FUDA MOD2. The important fuel parameters such as fuel temperature, fission 

gas release, fuel swelling and sheath strain have been analyzed for required fuel performance. 

Thermo-mechanical analysis of fuel element having Th-LEU MOX material is carried out for the bundle power 

histories reaching up to design burn-up 25000MWd/TeU. The resultant parameters such as fuel temperature, sheath 

plastic strain and fission gas pressure for MOX fuel element were compared with respective thermo-mechanical 

parameters for similar fuel bundle element with natural uranium as fuel material. The result of such analysis is 

covered in the paper.  

 

RESULTS AND DISCUSSIONS 

 

The FUDA code (Fuel Design Analysis Code) MOD 0 version has been developed for PHWR fuel element analysis 

based on Canadian Code ELESIM
1
.  The code is updated from time to time and the present version is FUDA MOD 

2 
2
 after various improvements.  The code takes into account the inter-dependence of different parameters like fuel 

pellet temperatures, pellet expansions, fuel-sheath gap heat transfer, sheath strain and stresses, fission gas release 

and gas pressures, fuel densification etc.  Due to this complexity, the code uses mix of empirical, physical and semi-

empirical relationships.  Finite difference method is used in the calculations to solve differential equation. The input 

data requires fuel element material and geometrical parameters and reactor neutronic and thermal hydraulic 

parameters and element linear heat rating in different burnup zones. The output data generated by program are radial 

temperature gradient across fuel and sheath, fuel-sheath heat transfer coefficient, fission gas generated and released, 

gas pressure, fuel sheath interfacial pressure, sheath stress and strains for different burnup zones.   

NPCIL has earlier successfully irradiated 51 no. of SEU 19-element fuel bundles with slight  modified bundle 

design, in MAPS-2 and the maximum burnup  achieved was about 25000 MWd/teU during 2009-2013.  Based on 

the experiance, it is proposed to irradiate, AHWR fuel material up to this level of burnup in one of our operating 

plants in the form of 19-element fuel bundles with pellets of AHWR fuel material 

The fuel bundle limiting conditions for operation are derived based on following factors: 

1. Fuel Centre line melting temperature 

2. Clad Strain 

3. Fission gas Pressure   

FUEL POWER RAMP FAILURE PROBABILITY 

It is proposed to estimate the failure probability of the Th-LEU fuel. The fuel failure happens during power ramp 

mainly because of sudden increase of fission gas generation in fuel-sheath gap and cladding stress due to pellet 

thermal expansion.   The sheath stress, fission gas generation and release are dependent mainly on temperature of 

fuel material. Temperature of fuel is dependent on linear heat rating of the same. As the thorium material is having 

better thermal conductivity than natural uranium, the equivalent numbers are chosen for LHR in the fuel failure 

probability equation.  
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As the fuel failure happens mainly sudden increase of temperature (consequently fission gas release), the 

temperature of fuel becomes the key point for the estimation of the multiplier. The thermo-mechanical analysis was 

carried out for the 463 kW envelope of Th - LEU fuel for 220 MWe PHWRs. The temperature vs Burnup profile 

thus obtained. The similar equivalent temperature profile with Natural uranium PHWR fuel can be obtained at lower 

power ratings. By further analysing the thermo-mechanical behaviour of NU fuel it is found that the temperature 

profile can be generated by the corresponding LHR envelope of Natural Uranium fuel material. It has been found 

that the LHR of Th-LEU fuel corresponds to lower LHR values of NU fuel to get similar temperature profile. The 

corresponding LHR values of NU can be obtained by using a multiplier to the LHR of AHWR fuel for the respective 

burnup. Taking into account the better thermal properties of Thorium, during operation, to analyse the power ramp 

failure probability, it is suggested that the value of LHR to be used in equation shall be multiplied by a constant with 

actual values. 

The bundle power envelope has been checked for power ramp criterion by taking LHR at different burnups and it is 

found that the values are quite less than 1%. 

 

CONCLUSIONS 

 

The study indicates that the design modifications are required in fuel pellets to suit the design parameters as per 

AERB safety guide SG-D6. The main design changes which are to be incorporated are pellet density and pellet dish 

depth to accommodate higher fission products and gases within the fuel elements at higher burnup.   
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