
Nuclear Energy
- Janardhan

Rectangle



Radioactivity

• Radioactivity is the release of energy from the decay of the nuclei of 
certain kinds of atoms and isotopes.

• Radioactive nuclei are nuclei that are unstable and that decay by emitting 
energetic particles such as photons, electrons, protons, neutrons, or alphas 
(two protons and two neutrons bound together).











Nuclear fission and Nuclear Fusion
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• Phenomena of slow neutron induced nuclear fission in uranium. 

• The fission process produces not only very high energies (around 200 
MeV per fission) but also extra neutrons that can cause fission in other 
uranium nuclei.

• Thus, fission process can be used to establish a chain-reacting system 
for continuous release of energy. A nuclear reactor is a system where a 
chain reaction is initiated, sustained and controlled.



Nuclear Fuels

• Nuclear fuels may be classified as fissile (U-233, U-235 and Pu-239) 
and fertile (U-238 and Th-238). While, the fissile isotopes can be 
directly used as nuclear fuel, fertile isotopes need to be converted 
into fissile form, prior to usage.

• U-235 is the only fissile isotope occurring in nature.

• In India, the resources of exploitable uranium (natural uranium 
consists of mostly U-238, with 0.7 % U-235) are limited, while 
thorium (Th-232) is abundantly available.

• Both fissile and fertile isotopes are extremely precious commodities 
and their usage has to be judiciously planned for optimum utilisation. 



Uranium Reserves in India
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• The first stage nuclear power programme utilized natural uranium as 
fuel in Pressurized Heavy Water Reactor (PHWR) power plants

• The second stage envisages development of Fast Breeder Reactors 
utilizing plutonium produced in PHWRs. A modest beginning in this 
direction was made by constructing a sodium cooled Fast Breeder 
Test Reactor (FBTR)

• It is the first of its kind in the world to use plutonium-uranium mixed 
carbide fuel

• U-233 fuelled mini reactor called KAMINI was made operational at 
IGCAR 



• India has huge thorium resources and hence the third phase of our 
nuclear power program is designed keeping this fact in mind. 

• Thorium is converted to U-233 by irradiation in PHWRs and FBRs. An 
advanced heavy water reactor (AHWR) is being developed to expedite 
transition to thorium based systems 

• No other country in the world possesses such vast resources of 
thorium



Nuclear Power In India- Architecture

• Atomic Minerals Directorate: for Exploration and Research is to 
identify and evaluate uranium resources required for the successful 
implementation of Atomic Energy program of the country

• Uranium Corporation of India is a public sector undertaking, under 
the Department of Atomic Energy for uranium mining and uranium 
processing

• Nuclear Fuel Complex: The fuel requirement for the power program

• Heavy Water Board: The organisation is primarily responsible for 
production of heavy water which is used as a 'moderator' and 
'coolant' in nuclear power as well as research reactors



• Nuclear Power Corporation of India Limited (NPCIL) : operating 
atomic power plants and implementing atomic power projects for 
generation of electricity 

• Bharatiya Nabhikiya Vidyut Nigam Limited (BHAVINI):  To pursue 
construction, commissioning, operation and maintenance of Fast 
Breeder Reactors for generation of electricity

• Research Centers: Bhabha Atomic Research Centre, Indira Gandhi 
Centre for Atomic Research, Raja Ramanna Centre for Advanced 
Technology,Variable Energy Cyclotron Centre





Other Applications

• Isotopes in Health sector, Diagnosis, Treatment

• Industrial Applications

• Radiation processing of Food for preservation.

• NISAR-GRUNA: biodegradable waste such as kitchen waste, paper, 
grass, gobar and dry leaves. It offers “Zero garbage and Zero effluent“ 
and provides high quality manure and methane gas.



Issues

• Nuclear Safety

• Civil Nuclear Liability

• Civil Nuclear Agreements, NSG issue











TACKLING RADIOACTIVE WASTES EFFICIENTLY

Not all nuclear wastes are particularly hazardous or difficult to 
manage as compared to other toxic industrial wastes.

Radioactive waste would be managed in a manner so as not to cause 
any undue radiation risk to the workers, the public (present as well as 
future generation) and the environment.



The recent technological developments in India realize the recovery 
of valuable radionuclide from radioactive waste for societal 
application besides ensuring the highest level of safety in the 
management of radioactive waste.



Radioactive wastes are generated during various operations of the 
nuclear fuel cycle

The activities like mining and processing of uranium ore, fabrication of 
nuclear fuel, generation of power in nuclear reactor, processing of 
spent nuclear fuel, management of radioactive waste, production and 
use of radionuclide for various industrial and medical applications, 
research associating with radioactive material etc. generates the 
different types of radioactive waste



• Radioactive waste can be in gas, liquid or solid form, and its level of 
radioactivity can vary

• The waste can remain radioactive for a few hours or several months 
or even hundreds of thousands of years

• Depending on the level and nature of radioactivity, radioactive wastes 
can be classified as exempt waste, Low & Intermediate level waste 
and High Level Waste.



• The most important and advantageous property of radioactive waste 
is 'Its radioactive hazard potential reduces with time depending on the 
half lives of radionuclide present in the waste’.

• Such feature differentiates them significantly from conventional 
chemical or industrial waste



Low and Intermediate Level Waste (LILW)

• Low and Intermediate Level Waste (LILW) radioactive waste are 
generated in radiation facilities and nuclear fuel cycle operations 
ranging from uranium processing, fuel fabrication, nuclear power 
plants, research reactors, radiochemical facilities and fuel 
reprocessing.

• LILW have generally high volumes and low levels of radioactivity



HIGH LEVEL WASTE

• High level radioactive liquid waste (HLW) containing most (~99%) of 
the radioactivity in the entire fuel cycle is produced during 
reprocessing of spent fuel.



Disposal of waste is carried out in specially constructed engineering 
modules such as stone lined trenches, reinforced concrete trenches 
and tile holes at Near Surface Disposal Facility (NSDF). 

These disposal structure are located both above and under-ground



The high level solid wastes contain large concentration of both short 
and long lived radionuclide's, warranting high degree of isolation from 
the biosphere and usually calls for final disposal into Geological 
Disposal Facility (GDF)



VITRIFICATION

• India is one of the few countries to have mastered the technology of 
vitrification. Over the years BARC has developed the technology for 
vitrification of HLW

• India has a unique distinction of having operating vitrification plant at 
Trombay, Tarapur and Kalpakkam.





WEALTH FROM WASTE

High level radioactive liquid waste contains various useful fission 
product such as 137Cs, 90Sr,106Ru etc., which have many industrial as 
well as medical applications. 

The energy associated with these isotopes can be used for blood 
irradiation, food preservation, sewage treatment, therapeutic 
applications, brachy therapy & various other industrial applications


