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Aprops the article by R.Ramachandran “Project in peril” in Frontline (July 19 –August 1, 2008), we wish to make the following observations. We confine our remarks to the deployment of Thorium (Th) in India’s nuclear energy program and trace its evolution.
 In the early 1950’s, when Dr. Bhabha visualized India’s three stage nuclear energy development, the general impression was that Th could be utilized in either thermal or fast neutron reactors to produce Uranium-233, a fissile isotope similar to U-235. Hence, studies began in the then Atomic Energy Establishment Trombay (renamed as BARC later), on both thermal and fast reactors.   It needs to be emphasized that during those early years, the nuclear behaviour of thorium in a fast neutron environment was not that well understood. From 1955 onwards, this gap in knowledge got bridged with the availability of considerable experimental data. The nuclear constrains of Th, the radiation hazards due to the co-produced U-232 and the difficulties in subsequent chemical processing to recover U-233 on deploying thorium in fast reactors were briefly summarized by one of the authors (KSV) in Current Science (Vol.95, No 2, pages 165-66, July 25, 2008).

 During 1967-68, Dr. Sarabai gave a flip to the fast reactor program by establishing the Reactor Research Centre now known as IGCAR at Kalpakkam. At that time, the fast reactor programs around the world were confined to France, Russia and UK. In collaboration with France, India decided to design the Fast Breeder Test Reactor (FBTR) modelled on the Rapsodie in France. Following termination of cooperation by France in 1974, India had to depend on its own fuel resources. The non-availability of enriched uranium oxide due to embargos, led India to depend on indigenous Plutonium (Pu). Due to certain technical constraints, DAE went in for a unique fuel of U-Pu mixed carbide rather than mixed oxide. The decision to go in for the carbide fuel had its own formidable problems to be solved both from reactor physics, fuel fabrication, and subsequent fuel reprocessing which is an essential ingredient of any fast reactor program. The 40 MWth (13 MWe) Fast Breeder Test Reactor was commissioned in 1985. The fuel performance was excellent and high burn up was achieved. Due to nuclear and other constraints, thorium oxide pellets were not loaded as the breeding material in FBTR. The operation of liquid sodium cooled FBTR since then has given invaluable experience in designing and operating such complex systems. 
.A parallel development was the recognition that depleted uranium (DU), depleted in terms of its uranium-235 content is superior to Th as a fertile material in Fast Breeder Reactors (FBRs). This is a by-product of plutonium production and by using it more plutonium is generated than consumed in FBRs. From 1965 onwards, India has been producing DU. Soon after commissioning of FBTR, the then Chairman of AEC, Dr. R. Ramanna in delivering 20th Sri Ram Memorial lecture on November 20, 1985, rephrased the second and third stages of our nuclear power program to give due importance to DU. To quote,

“Phase II. Construction of FBRs which utilize Plutonium and depleted U, the by-products of phase I reactors,

Phase III. Use of Thorium by converting it to Uranium-233.”

The Prototype Fast Breeder Reactor (PFBR) presently under construction in Kalpakkam is the first example of Phase II. It was realized that though the carbide fuel performed creditably in FBTR, it would be a Herculean task to scale it up for 500 Mwe reactors such as PFBR. Accordingly its fuel would be the mixed oxide of Pu & DU. 

It needs to be pointed out that in reformulating phase III Dr. Ramanna mentioned the word ‘converting’ instead of ‘breeding’. Breeding is a word used fin FBRs, while in thermal reactors such as our Pressurised Heavy water Reactors (PHWRs) the process of generating fissile material is referred to as conversion. Thus Dr. Ramanna visualized the use of thermal reactors for producing U-233 from thorium. This is the path that BARC has been pursuing for the last 25 years under the leadership of Dr. Kakodkar. There has been no change in his commitment to thorium for sustainable long term energy security. The International Atomic Energy Agency (IAEA) published a document (IAEA TECDOC-1155) in May 2000, titled ‘Thorium based options for the generation of electricity, Developments in the 1990s’. India’s position was clearly outlined in this document on pp.23-24. Referring to Phase III, it states, “The final conclusion was ----------the natural option appeared to be thorium cycles in Heavy Water Reactors. Once the decision was made for thorium in HWRs, the following actions were accomplished.’ The result of this effort is the Advanced Heavy water Reactor (AHWR). Thus the general understanding among scientists and engineers of the Department of Atomic Energy was that to begin with, thorium would be deployed in thermal reactors rather than in FBRs. The design for the AHWR is now ready for deployment.
The use of thorium in the thermal neutron region suffers from none of the drawbacks associated with its use in FBRs. A novel feature in AHWR and in other advanced reactors of that type is the concept of in-situ burning of U-233 generated during the fuel cycle itself. This reduces the load on further chemical reprocessing. AHWR has the distinction of being classified as Generation IV Reactor by IAEA based on its design including enhanced safety features. It is a highly promising route to exploit and realize the energy potential inherent in thorium.

Reverting back to thorium as a breeding material in FBRs, studies in India and countries like Russia showed that using Th and Pu in the metallic form results in a marked improvement in breeding ratio. The catch is once again DU. Deploying U (or DU) and Pu in the same way would enhance the breeding ratio much more. Thus even in the metallic scenario for FBRs, DU is superior to Th.

 Regarding the proposal advocating the launch of thorium based FBRs with advanced metallic fuels in parallel with FBRs based on uranium with driver fuel being Pu for both streams, one needs to appreciate some important constraints.

1. There wouldn’t be enough Pu to start such a scheme unless AHWR route is abandoned. With several advantages of AHWR that would be uncalled for.

2. DAE does not have a facility to make Th metal on a large scale. In contrast it had 50 years of experience in producing uranium metal.

3. Pyrometallurgical reprocessing of metallic fuels is more of a research activity at present. To translate it into plant scale would take a long time.Refabrication would be another big hurdle because of U-232.
4. It has been proposed that laser separation can be used to remove U 232 contamination from U 233 to reduce the radiation problem. But complex technological problems make it an unviable proposition.
To summarise, parallel initiation of two streams of FBRs is impractical and the sequential approach is best suited to India’s energy security. The use of thorium through metallic fuelled FBRs has not been given up but only deferred till the establishment of a robust base of Pu-U FBRs. Some experts like Dr.P.K.Iyengar feels that the trick for next generation reactors should focus on energy extraction from thorium without reprocessing but ensuring a durable conversion ratio.
We can say confidently that today India is the only country seriously working on newer reactor concepts like fast breeder and thermal AHWRs for utilising thorium. As can be seen, the program has evolved in the course of last 2 to 3 decades, being shaped by successive leaders.  As these problems are inherent to the development and mastering of a difficult technology under isolation and severe constraints such as embargos, one can see that difficulties in the fast reactor program being pointed out has nothing to do with the political developments during the last two years as Ramachandran asserts. On the other hand the problems which we face in our faster breeder programs are also a fall out of the technical isolation which is being corrected.
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