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INTRODUCTION  

 

 The use of thorium as an alternative to uranium has long been studied with regard to its viability for nuclear 

power generation. Accelerator Driven Subcritical (ADS) systems show certain advantages over conventional critical 

reactors utilising thorium. A preliminary physics design of a lead cooled fast ADS breeder reactor, based on the Th-

U
233

 cycle, is described in this paper. The basic core design concept of the core has been derived from CERN Energy 

Amplifier [1]. As originally conceived, this is not a breeder and our attempt has been to redesign it to be a breeder 

and to minimize the doubling time. To achieve this, the accelerator power is increased and the core size and keff are 

decreased. This decreases the power but improves the breeding rate and doubling time. Thus we obtain a sub-critical 

reactor having an effective neutron multiplication factor of 0.95 that will produce ~900 MWth power if driven by the 

1 GeV, 30 mA proton accelerator being designed at BARC. The power peaking and thermal hydraulic parameters 

are close to that of the energy amplifier. Reactor physics calculations, including long-term burn-up and depletion 

studies, have been carried out using the Monte Carlo based burnup code McBurn [2]. In fast reactor designs, the 

neutron mean free path is large compared to a pin diameter and fuel pitch, and the heterogeneity of the core 

geometry is not important and has not been considered in the calculations. The fuel, structures, and coolant have 

been homogenized and a single density is calculated based on the volumes of different materials making up a fuel 

assembly. In the present calculation the spallation neutron spectrum used is taken from an IAEA benchmark [3]. 

Fig. 1 shows an elevation view of the proposed ADS breeder reactor. The design of various assemblies that make up 

the core and blanket is assumed to be the same as in [1] and the details are given in Table 1.  The active core is 

divided in three regions i.e. inner, middle and outer. The core is surrounded with axial and radial Th blankets. The 

fuel is a mixture of 89.2% ThO2+10.8% UO2 in inner region and in the middle and outer regions fuel is mixture of 

88.4% ThO2+11.6% UO2. Initial fuel (U
233

) inventory in the core is 1.92 Te.  

 

 

 
Figure-1:  Core elevation view 

 

Table-1: Main Parameters of the Core 

Core Radius                                                                                                                     1.165 m 

Core Height                                                                                                                       1.5  m 

Fuel  Pin  Composition 

 Radius                                                                                                                3.75 mm 

Clad Thickness                                                                                                  0.35 mm 

Inner fuel region 

Number of assemblies                                                                                                30 

Number of pins 331 

Middle fuel region 

Number of assemblies                                                                                                24 

Number of pins 397 

Outer fuel region 

Number of assemblies                                                                                                30 

Number of pins 397 
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RESULTS AND DISCUSSIONS 

 

               Table 2 summarises the main results of our study. The reactor operation cycle length is of two years and 

the full reactor core will be replaced in six years of operation. The U
233 

bred in one year of reactor operation  is ~100 

kg. The average discharge burnup is ~70 GWD/Te. The outer core is replaced once every six years, the middle core 

is replaced once every four years and the inner core is replaced once every two years. The average specific power of 

reactor is 47 W/gm and maximum power peaking factor is 3.0. Assuming an out of core residence time of two years 

for cooling, reprocessing and re-fabrication, the doubling time works out to be 28 years. The inventory of various 

isotopes, thermal power, radial and axial power distribution through the operating cycle have been estimated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
 

             Physics design of accelerator driven fast sub-critical system using Th has been worked out. Different 

schemes for core follow up so as to gain maximum burnup, constant power and maximum breeding were analysed. 

Reactor cycle length will be of two years. Inner, middle and outer fuel region will be replaced in every two year, 

four year and six years respectively. It has been found that the core operating at ~900 MWth will have doubling time 

of ~28 years and average discharge bur-up of 70GWD/Te.   
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Table-2: Yields of Reactor Module as Breeder 

 

Nominal Thermal Power                                                                                     900 MW 

Nominal K value                                                                                                 0.95 

Burn-up/cycle                                                                                                70000 MWD/Te 

Average specific power density                                                                           47 W/g 

U233 production in  12 months                                                                           100 Kg 

Doubling time                                                                                                    28 years      

Operating Cycle length                                                                                      

 

24 months 


