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CHAPTER 8

Tenth Five Year Plan Programmes-Atomic Energy (R&D Sector)

8.1 

DAE (R&D), as in the past, pursues its high-tech areas in such a way that basic science and technology development go synergistically and an organic linkage is established between the laboratory system and industry. DAE units have realised most of the goals set for the IX plan and the department is now ready for a steep take-off. While formulating the Tenth Plan, efforts have been made to take up further challenges particularly to pursue multi-agency programmes for delivery of science to specially identified target groups in the country. Every scheme is examined for technical feasibility and economic viability including analysis on the principles of Zero Based Budgeting at various levels viz., Constituent Units, Department and finally Atomic Energy Commission. DAE has built up a formidable base in the past and has been moving towards the goal of delivering 20,000 (Mwe) by, around 2020 by inter alia, taking up a successful fast reactor programme and an efficient thorium utilisation programme. In tune with the present globalisation and liberalisation era, DAE will participate in collaborative advanced basic research at the international level and develop advanced competitive nuclear technologies. In this process, it will continue to maintain close linkages with the education system as well as industry. 

8.2 

Realising that, from economic as well as strategic considerations, a long term energy security in India should be based mainly on indigenous resources and that the thorium based nuclear energy systems will have to be a major component of the Indian energy mix in the long-term and also the fact that India has to be in the lead as far as the development and deployment of thorium utilisation technologies are concerned, the future policy to be adopted by DAE will be to build a strong indigenous R&D infrastructure as well as to deploy in their future programmes the appropriately trained scientific and engineering manpower.

8.3 

With regard to the nuclear power programme the policy will be to continue to pursue it in three stages finally envisaging a closed fuel cycle involving reprocessing of the spent fuel to separate the fissile fuel for recycling. Based on radiation technology applications, significant contributions will continue to be made in the areas of food, agriculture, health and industry. In the area of basic research, while contributing to the knowledge pool in nuclear and related topics and thereby strengthening our technology development capability, the objective is to link it intimately with the development of cutting edge technologies so essential for pursuing basic research. Human resource development will also receive high priority during the 10th Plan by strengthening the linkages with academic system. Another important aspect of the policy is that the strategic technologies should be well guarded and that they should be developed both to meet defence requirements and to promote economic growth. Keeping in view these policy guidelines, DAE has formulated its Tenth Plan activities under a number of major programmes realising at the same time the necessity for DAE to cater to the national strategic needs. Broad highlights of the major programmes of DAE during 10th Plan are given below.

Nuclear Power Programme

8.4

It has been recognised that Nuclear Energy is a sustainable energy resource for our country. As already stated, the Nuclear Power Programme, based on a closed nuclear fuel cycle is being pursued in 3 stages. The first stage started with the indigenous development of nuclear power plants based on Uranium cycle in Pressurised Heavy Water Reactors (PHWRs). Enough R&D has already gone into it. The required R&D support for currently operating and future PHWRs will have to continue to ensure that : the technology does not become obsolete; safety and economic competitiveness of nuclear power is continually improved; and capacity utilisation is further maximised. In case of operating plants, continuing R&D will be deployed in some of the areas like ageing management, life extension, in-service-inspection, repair technologies which can carry all jobs remotely with minimum man-rem consumption and also in other programmes like progressive introduction of MOX fuel in the reactors at Tarapur. Technology for the front end and the back end of the fuel cycle also will be pursued hand in hand with the nuclear reactor technology. 

8.5 

The second stage started with the Fast Breeder Reactor Programme at IGCAR, Kalpakam utilising plutonium based fuel. Improvements and upgradation in the technology will be an important part of the programme in the coming years. For irradiation of fuel and structural materials to be used in the fast reactors, various projects to be pursued under the 10th Plan are in the areas of physics and shielding, chemistry, materials, thermal hydraulics, structural mechanics, component development, fuel development, in-service-inspection, instrumentation and control and fuel cycle. 

8.6

The third stage pertains to designing and developing advanced nuclear power systems which will utilise the precious plutonium resources in an optimum way to maximise conversion of thorium to 233U, extract power in-situ from the thorium fuel, and recycle the bred 233U in future reactors. This is the major work during the 10th Plan. The goals set for the Nuclear Power Programme in this stage are: utilization of thorium as fuel on a commercial scale; large scale deployment of nuclear power in the country; achieving a good economic performance as compared to alternate options for energy generation; utilising the proliferation resistant potential of thorium fuel cycle to the fullest extent; providing for adaptability to non-electrical applications, in particular, desalination and high temperature processing applications, including those for generation of non-fossil fluid fuels. 

8.7 

Keeping these goals and the current international trends in nuclear technology in view, a road map for the third stage of Indian nuclear power programme is drawn involving 4 steps viz., development of AHWR for specifically utilizing thorium for commercial power generation; design and development of High temperature reactor based power packs mainly for process heat and non grid based electricity generation applications; accelerator driven sub-critical systems (ADS) to produce several times more electrical energy than that required to run the accelerator; and  accelerator driven system with a fast reactor sub-critical core together with a  mainly thorium fuelled thermal core somewhat  similar to that present in AHWR. Based on a Co-ordination Committee’s report, the details of the accelerator technology to be developed for the ADS programme during 10th Plan have been worked out.

Radiation Technology Applications

8.8 Under Radiation technology application programme, the DAE will continue to develop research reactors, accelerators and lasers and other advanced technologies. One of the major programmes to be initiated during the 10th Plan is the setting up of a research reactor for isotope production and associated isotope processing facilities at a new campus to be set up for BARC. Development of technologies for desalination will be given further impetus. Efforts to develop technologies for the production of the strategic materials in the country will be intensified. DAE will also initiate projects around all its installations for the deployment of technologies such as farming for the production of breeder seeds using mutant developed by BARC, setting up of laboratory facilities for the production of saplings by tissue culture techniques for distribution to farmers in the area, and any other technology which could provide improved means of livelihood to the people. For this purpose, land around nuclear installations will be utilised with the involvement of farmers in the neighbourhood with the DAE scientists 

agency programmes for delivery of science to specially identified target groups in the country. Every scheme is examined for technical feasibility and economic viability including analysis on the principles of Zero Based Budgeting at various levels viz., Constituent Units, Department and finally Atomic Energy Commission. DAE has built up a formidable base in the past and has been moving towards the goal of delivering 20,000 (Mwe) by, around 2020 by inter alia, taking up a successful fast reactor p existing infrastructure will be augmented and at certain locations new infrastructure set up. 

Core and Mission Mode Programmes

8.11 

The details of the Core Programmes and the Mission Mode Programmes are given below.

8.12 

The Core Programmes of DAE are Nuclear Power Programme – Stages I, II & III ; Radiation Technology Applications ; Basic Research in mathematics, computer science, physics, chemistry, biology etc ; Research- Education linkage; and Infrastructure Development. These have already been discussed in the earlier pages.

Mission Mode Programmes are given below:

I. Advanced Heavy Water Reactor and Thorium Utilisation
8.13 

This is a very important programme for providing long-term energy security for the country. It has 4 sub-programmes as indicated earlier. While the setting up of a 220 Mwe AHWR is proposed to be funded through the power sector, associated short term and long term development including that for other aspects of thorium utilisation in the long term would be covered under R&D sector. Accelerator development with the eventual aim of utilisation for energy technologies with focus on thorium utilisation needs special emphasis. Implementation during the 10th Plan will be a part of this strategy with the projects designed to have specific deliverables, while the development will dovetail into the final objective. A complete report for this activity has already been prepared.

II. Water Desalination

8.14 

BARC has been engaged in R&D on thermal and membrane desalination processes with an aim to develop indigenous technologies in the country for large scale desalination of seawater and fresh water into fresh potable water. A number of pilot plants based on Multistage Flash (MSF) and Reverse Osmosis (RO) processes were successfully fabricated and operated and useful design data collected in the last 10-15 years.

8.15 

The desalination industry is witnessing numerous technological innovations aiming to reduce the cost of water produced, so that it is available to needy poor population in the water scarce areas. Based on the earlier experiences, a 6300 m3/d combined MSF-RO plant has been set up at MAPS, Kalpakkam in the 9th Plan. The operational experience of this plant will be useful for the design of large size plants of 50,000-m3/d capacity required for augmenting the water resources in the water scarce coastal areas.

8.16 

The related activities are planned to be taken up in a mission mode to supplement the activities on desalination already carried out and in hand.  The successful completion of the project would lead to cost effective solution for meeting the drinking water needs in the coastal as well as inland areas of the country. Various activities in this mission mode programme include : 
multi-effect distillation vapour compression; setting up a low temperature evaporator with cooling tower; membrane based pretreatment system for SWRO desalination plant; continuous thin film composite (tfc) membrane casting assembly; desalination by centrifugal reverse osmosis; and barge mounted RO unit.

III. Nuclear Medicine

8.17 

There has been a rapid progress in the use of radioisotopes in the health care programme in the last decade. This programme is the outcome of a vigorous effort made by DAE to expand its programme on making available a variety of radioisotopes for the diagnosis and treatment of many diseases which include cancer and endocrinal disorders. Associated with this is the training imparted to a number of doctors and technologists in the discipline of Nuclear Medicine. Newer isotopes with short and ultrashort half-lives which are produced in a hospital based cyclotron - a 9th plan project – will shortly be commissioned. This facility which is coming up at TMC-RMC (Tata Memorial Hospital - Radiation Medicine Centre, BARC) complex will be utilized for diagnosis of a variety of cancers, neurological diseases, cardiac diseases and others. 

8.18

The benefits accrued from such a facility will be extended to the socially handicapped patients to a large extent. At the same time radioisotopes will be made available to Corporate Hospitals, so that the usage can be greatly extended. Training facilities for doctors and technologists in this new technology will be provided. Other activities envisaged include: use of isotopes for diagnosis “in vitro” development of newer technologies like nanotechnology which will greatly enhance the utilization of radioisotope applications not only for patient care, but even for other strategic applications such as diagnosis of drug resistant tuberculosis; developing “hybridoma” techniques and nude mice models for treatment of cancers etc.

IV. Food and Agriculture

8.19    
The objectives of the projects under this mission mode programme are as follows :

i)

Development of technically feasible, economically viable and ecofriendly technologies through linkage with state agriculture universities, seed corporations, ICAR and other state and central agencies in respect of : development of crop varieties of pulses, cereals and oil seeds; soil, nutrient and pest management; biotechnological remediation of nuclear installation waste and pollutants; development of Biosensors; increased production of Bioactive compounds; edible vaccines in transgenic plants.

ii)

R&D in radiation technology and other post-harvest techniques for food preservation and hygienisation : to promote commercial application of ionising radiation to food and agricultural commodities for extending shelf life, improving hygiene and for overcoming quarantine barriers in international trade; study of process parameters for commercial exploitation of accelerator based sources of ionising radiation; to develop methods for detection of radiation processed foods for the benefit of regulatory agencies; to promote use of radiation processing technology among entrepreneurs and enhance public awareness; operation maintenance and infrastructure development of POTON and design of multitasking radiation process facilities.

8.20 

The attempt will be to ensure that technologies already developed are deployed and new technologies developed by using the land area around nuclear installations for deployment of such technologies and to transfer technologies to as many parties as possible.

