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ABSTRACT 

An innovative light water reactor concept, which holds a good potential of improving the fuel 

utilization, has emerged recently based on an idea of “breed & burn” mode of operation. The novel concept, 

named the PTVM LWR, is a pressure tube type reactor in which the “breed & burn” mode of operation is 

implemented by a dynamic variation of the moderator content in the core. The PTVM LWR is based on the 

Advanced CANDU Reactor (ACR-1000) design with several simple modifications. First, the inter fuel 

channel assemblies spacing, surrounded by the calandria tank, contains a low pressure gas instead of heavy 

water moderator. Second, the calandria tank is surrounded by a 50 cm-thick and 25 cm-thick graphite 

reflector in the radial and horizontal direction, respectively. Finally, the fuel channel assembly, which is the 

basic unit of the PTVM LWR design, features an additional/external tube (designated as moderator tube) 

connected to a separate light water moderator management system. The moderator management system is 

designed to vary the moderator tube content from “dry” (gas) to “flooded” (light water filled). The novel 

PTVM LWR fuel channel assembly is presented schematically in Fig. 1. The fuel channel assemblies are 

arranged in the core in a hexagonal lattice. The total number of the fuel channel assemblies can be varied 

according to the desired core power. 

 
 

 
 

Fig. 1: Schematic view of the PTVM LWR fuel channel assembly design 

 

The dynamic variation of the moderator is a very important feature of the PTVM LWR concept. The 

moderator variation results in neutron spectral shift, which allows the implementation of the “breed & burn” 

mode, and therefore, provides an option to burn more efficiently the nuclear fuel. The “breed & burn” mode 

is carried out by keeping the moderator tube empty (“dry” filled with gas) during the “breed” part of the fuel 

depletion and subsequently introducing the moderator by “flooding” the moderator tube for the “burn” part. 

The basic philosophy adhered to in the PTVM LWR is to flood, each time step during the core power 

production, only the moderator tubes of a collection of fuel channel assemblies required for maintaining the 

core criticality. This manner of on-power stepwise moderator addition is employed to emphasize the “breed 

& burn” mode of operation and provide the core with a method for long-term of reactivity control. 

The PTVM LWR novel mode of operation makes it a very attractive system for utilizing thorium fuel 

in a once-through mode. The once-through thorium fuel cycle is based on in-situ generation (“breed”) as well 

as incineration (“burn”) of 
233

U. The PTVM LWR design can enhance the principles underlying the once-

through thorium fuel cycle, and therefore holds a good potential of utilizing thorium-based fuel in an 
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efficient way. The novel PTVM LWR fuel channel assembly design and the simplicity of the fuel bundle 

provide a great deal of flexibility in approaches to the once-through thorium fuel cycle. In this study, the 

PTVM LWR design considers a ‘mixed channel’ approach, whereby the fuel channel assemblies are seated 

in a seed-blanket arrangement. In that approach, the core is divided into blanket fuel channel assemblies 

regions (fuelled with thorium-based fuel bundles) and seed fuel channel assemblies regions (fuelled with 

‘driver’ fuel, i.e. LEU-based fuel bundles). A novel multi-batch in-core fuel management scheme, which 

aimed at utilizing both LEU- and thorium- based fuel in an efficient manner, is proposed and analyzed. The 

BGCore Monte-Carlo based depletion code was used for the analysis. It has been shown that the proposed 

novel fuel management has a potential to increase the fuel utilization, attain negative reactivity coefficients 

and reduce the excess core reactivity during the power operation. The physical observations, presented and 

discussed in this paper, provide an interesting research lines for future investigation and continuous design 

developments. 
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