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ABSTRACT 
India's need of electrical power is enormous and per capita consumption of power is to be increased at least by ten 

times to reach the level of world average. Thermal Power generation faces two fold problems. First, there is scarcity of 
good quality fuel and second, increasing environmental pollution. India's self reliant, three stage, 'closed-fuel-cycle' 
nuclear power program is promising better solution to the above problems. To ensure Radiation Protection and Safety of 
Radiation Sources, Indian Nuclear Power program emphasizes upon design and engineering safety by incorporating 
necessary safety features in the design, operational safety through structured training program and typically through 
software packages to handle rare unsafe events and regulation by complying safety directives. A health survey among 
the radiation workers indicates that there is no extra threat to the public from nuclear power program. Based on latest 
technology, as available in case of nuclear power option, it is quite possible to meet high energy requirement with least 
impact on the environment. 

INDIAN POWER SCENARIO 

Availability of energy is an important factor for 
economic growth, human welfare and social development 
of any nation. For a country like India, with a population 
of nearly a billion, the energy resources required for 
sustenance and growth of the above factors are large. 
With present installed capacity of nearly 90,000 MWe, 
India's present per capita electricity consumption is 
approximately 350 kWh. To reach a standard of living 
comparable to those living in developed countries, this is 
to be raised at least by 10 times and has to be distributed 
uniformly in all parts of the country (TERI, 1999). 

Thermal Power Generation 

An estimate of the reserves of fossil fuels, nuclear 
fuels, possible hydel capacity and different types of 
renewable energy resources of India is given in table 1. 
Coal based power stations are presently the mainstay of 
power generation, contributing 72% of the total capacity 
and likely to be so for the immediate future also. But the 
quality of the coal is of main concern for the power 
generation industry. Coal of this land has high ash 
content in the range of 30-50%, and its reserves are 
diminishing rapidly. Moreover, the coal has to be 
transported from very far off regions to the thermal 
power stations located in the Southern and Western parts 
of the country. This adds to the further increase in cost 
of power generation. 

TABLE 1. This table gives an estimate of the reserves of 
fossil fuel, nuclear fuels with possible hydro and 

renewable resources in terms of electricity production 

Coal 69.9 billion tonnes 
Lignite 28 billion tonnes 

Crude Oil 728 million tonnes 
Natural Gas 686 billion Cu-m 

Uranium 70,000 tonnes 
Thorium 306,000 tonnes 
Hydro 84,000 MW at 60 % PLF 

Renew-
able 

energy 
Biomass 17,000 MWe 

 Wind 20,000 MWe 
 Small Hydro 10,000 MWe 
 Solar 20 MW/km2 
 Ocean 50,000 MWe 

 
Additionally, thermal power plants of this country 

generate huge quantities of solid, liquid and gaseous 
wastes due to the poor quality of the coal, which give rise 
to extra burden of handling and disposal of these wastes. 
As seen in the table 2, the thermal power plants release 
four to six times the radioactivity in the atmosphere 
through stack apart from the emission of CO2 and fly ash 
in the environment in comparison to the emission of the 
nuclear power plants. Unlike nuclear wastes, solid wastes 
from thermal power are thrown away in the environment 



 

 

without any processing. They are bulky and require large 
area for dumping. As a result of this, greenery, fertility of 
soil and ecological balance is damaged. 

TABLE 2. Radioactivity discharges in Bacquerels per kg 
of exhaust through stack from Thermal Power Pants 

(TPP) and Tarapur Atomic Power Station (TAPS) of India 

Concentration of Radionuclides Plant 
Ra226 Ra228 K40 

Bundel TPP 110 174 522 
Bokaro TPP 70 118 252 

Durgapur TPP 93 130 326 
Patrau TPP 81 178 444 

TAPS 19 34 88 
 
Possibility of increasing the power mix of the country 

by the power plants fuelled by oil and natural gas is also 
not practicable as about 50% of the total consumption of 
the country is being imported. These petroleum products 
are subsidized to control the price and a considerable 
amount is used for producing electricity thereby 
increasing the end cost of electricity. 

Hydro and Renewable Energy Sources 
As per the table 1, Hydel power is a good candidate 

to face the challenge in the power generation area 
complying with many of the environmental requirements. 
At present hydel contributes about 25% of the total 
installed capacity. Although, hydel power is one of the 
most economical and benign sources with additional 
benefits like irrigation and flood mitigation, development 
of this energy source has slowed down for several reasons 
like long gestation period, seismically vulnerable hilly 
terrain, rehabilitation of people etc (Khera, 1998), (TERI, 
1999). 

India has good potential for developing non-
conventional energy sources, which are some of the 
cleanest way of power generation. Present capacity of 
grid-quality power generation stands at about 900 MWe. 
Significant progress is made in the production of solar 
photo voltaic cell and more than 400,000 square meters of 
that has been installed for various industrial and domestic 
applications. But the renewable energy options remain 
localized and unattractive as it has high capital cost of 
US$ 1.25-5 million per MW and low capacity factor of 
15-24% (Mathur, 1998). 

Nuclear Power Generation 
In consideration of the increasing environmental 

pollution, scarcity of the fuel, fuel cost etc regarding fossil 
fuels and looking at the rich thorium deposits in this land, 
nuclear power appears promising and sustainable means 
of energy supply in the Indian context. Based on fully 
indigenous technology in Pressurized Heavy Water 
Reactor (PHWR), India tries to increase its nuclear power 

mix in the total power generation. Also with the available 
technology it is shown that the cost of nuclear power can 
compete with the cost of thermal power (Nema, 1999). At 
present there are eleven reactors in operation with total 
installed capacity of 2060 MWe as indicated in the 
table 3. Self-reliance in power generation by the small and 
medium sized reactors is thus proven which is in 
consonance with the global trend of decreasing pollution 
by pursuing this field (Kupitz, 1999). 

TABLE 3. Summary of the present operating power 
reactors 

Location Type/Capacity 
Tarapur BWR/2x160 MWe 

Rajasthan PHWR/1x100 & 1x200 MWe 
Kalpakkam PHWR/2x170 MWe 

Narora PHWR/2x220 MWe 
Kakrapara PHWR/2x220 MWe 

Kaiga PHWR/1x220 MWe 
 Total 2060 MWe 

 

THREE STAGE POWER PROGRAM 
At present nuclear power in India is established to be 

economically viable, reliable and safe. Self-reliance is 
demonstrated in the area of design, construction, 
manufacturing of critical components, operation, 
maintenance and safety. 

Closed-Fuel Cycle 
First Stage 

India's nuclear power program, which is based on 
'closed fuel cycle' has been envisaged in three stages 
based on the type of fissile material used in the reactor. In 
the first stage oxide of natural uranium is used as fuel in 
the PHWR. Heavy water acts both as moderator and the 
coolant in the system so that maximum burn-up can be 
achieved. PHWR has advantage of using natural uranium 
as fuel, which contains about 0.72% U235 and can produce 
plutonium more effectively than in case of light water 
reactors (LWR) for same gross power generation. This 
phase is estimated to support an installed capacity of 10 
GWe for about 50 years (Kakodkar, 1998). 

Second Stage 

In the second stage, plutonium is extracted from the 
spent fuel of PHWR, which is used as a major constituent 
of the mixed oxide fuels in the Fast Breeder Reactor 
(FBR), where Thorium, in the form of its oxide, used as a 
blanket can be effectively converted to obtain fissile U233. 
Using the plutonium in FBR along with fertile materials 
such as depleted uranium and thorium have extra 
advantages of producing additional energy and extra 
fissile isotopes viz. Pu239 and U233. 



 

 

Third Stage 

In this stage Indian nuclear power program aims to 
utilize the vast reserves of thorium by venturing into closed-
fuel cycle and thereby minimizing the adverse impact of 
power generation on the environment due to nuclear waste. 
In this approach, reprocessing of the spent fuel, which is a 
vital resource material, obtains increasing significance. Both 
the fissile materials, Pu239 and U233, thus obtained after 
reprocessing when used in FBR and Advanced Heavy 
Water Reactor (AHWR) will result in reduction of Uranium 
input in the materials management. As an inherent 
advantage the Am241, which is obtained in the spent fuel is 
not of proliferation concern and eventually minimizes 
complication in the waste management.  

Advanced Heavy Water Reactor 
An Advanced Heavy Water Reactor (AHWR), which 

comprises a part of the third phase of India's nuclear 
power program, is currently under design and 
development. The reactor would produce most of its 
power from thorium, aided by a small input of plutonium 
based fuel. AHWR has many features common to PHWR 
but is quite innovative in terms of advanced safety 
features. The primary circulation system of AHWR is 
designed to operate by natural two-phase convection and 
hence does not contain primary pump. This makes the 
reactor highly safe as it eliminates operator's action in 
case of pump failure. In the waste management side it has 
a special advantage, as thorium fuel cycle would produce 
much lower volumes of higher actinides than that of 
uranium, and plutonium based fuel cycle (Kupitz, 1999). 

SAFETY AND ENVIRONMENTAL 
PROTECTION 

Safety of Plant and Personnel 
India maintained an excellent record of safety in its 170 

reactor-years of operation. Strict adherence to safety norms 
is the reason for this high standard of nuclear safety.  

An independent regulatory body called Atomic 
Energy Regulatory Board (AERB), constantly monitors 
design and engineering safety, operational safety and 
methodology to ensure compliance to laid down rules and 
regulations. These regulations have been followed by 
Indian nuclear power program by incorporating necessary 
safety features in the design, through structured training 
program and typically through software packages like 
Nuclear Power Plant Simulator to handle rare unsafe 
events and regulation by complying safety directives 
respectively. 

Radioactive materials have high Potential to damage 
living biological cells and the effects are also versatile in 
nature (Parthasarathy, 1998). Hence authorized handling 
and physical protection of nuclear material is an important 
factor of safety. India's practice to the regulation of 
physical protection, which is similar to the international 

convention in this regard, has further enhanced the 
environmental safety (Chidambaram, 1999). 

A health study conducted on about 10,000 people in 
the locality of power reactors, which were operated for 
over 20 years, is quoted in the tables 4, 5 and 6. People 
comprising radiation and non-radiation workers, their 
spouses and offspring indicates that there is no extra risk 
of cancer or other radiation damage on the radiation 
workers of the operating power reactors of this country. 
Safe operation with control on radiation doses is attributed 
to this no-cancer risk (Dinshaw, 1998). 

TABLE 4. Prevalent cancer cases among the employees 

Employee  Male  Female Total 
Radiation 
workers No. 2105 50 2155 

 Cases 4 0 4 
Non-radiation 

workers No. 1008 177 1185 

 Cases 1 1 2 

TABLE 5. Prevalent cancer cases among the spouses 

Spouses Male  Female Total 
No. 35 2236 2269 

Cases 0 8 8 

TABLE 6. Prevalent cancer cases among the offspring 
(age < 19 years) 

Offspring of  Male  Female Total 
Radiation 
workers No.  1641 1378 3019 

 Cases 28 16 44 
Non-radiation 

workers No.  733 726 1459 

 Cases 7 11 18 
 
There has been a report in the TIME magazine that 

unusually high typical diseases in India's only mining region 
are due to the possible direct contact of people with tailing 
pond (Bhaumik, 1999). A Medical investigation has also 
been conducted in the same region and it was found that 
high rate of the typical cases are due to malnutrition and 
nothing to do with radioactivity from the tailing pond that 
follows international norms of such discharge. Moreover, to 
gain long-term experience and confidence, risk of radiation 
damage to the cattle and the risk to the residents through 
cattle may be visualized and better radiation awareness can 
be achieved. 

Safety of Public and Environment 
For posing least threat to ecological balance and 

towards fulfilling the environmental issues, like Kyoto 
protocol, nuclear energy has significant role to play. 
Emissions of green house gases from thermal power plants 



 

 

are prime contributors in global warming and therefore, 
nuclear power becomes relevant in the context of 
environmental protection. The current per capita gross 
emission of India is 0.2 tonnes of carbon, which is one 
sixth of the world average and even lower than many 
developed countries. But this is likely to increase with 
increase in per capita power consumption in the country.  

N terms of CO2 generation, nuclear power may 
contribute only 2,400 tons per GWe per year, which is as 
good as hydel power, whereas electricity generation from coal 
contributes around 900,000 tonnes of CO2 per GWe per year. 
It has been estimated that nearly 8% extra CO2 would have 
polluted the global environment if present nuclear power 
plants were substituted by thermal power plants. By the 
present nuclear power generation of 2GWe India has thus 
reduced emission of approximately 1.8 million tonnes of CO2 
in the environment (Nathwani, 1992). 

Having an aim to demonstrate compliance with the 
limits of radiation exposure Indian nuclear power program 
had set up Environmental Survey Laboratories at each 
nuclear sites of this country long before any statutory 
regulations were established by government agencies. These 
laboratories monitors the discharge of radioactive effluents 
from nuclear facilities with respect to concentration and 
containment of such wastes and their dilution and dispersion 
in the atmosphere. The quality of measurement of data is 
comparable with the international standard. 

As suggested by the environmentalist, afforestation is 
the most important consideration for protecting the 
environment. To mark this measure for environmental 
protection, Nuclear Power Corporation of India Limited 
(NPCIL) has planted 150,000 trees around the power 
plants at Kaiga alone and also at Narora and Kakrapara 
nuclear power plants (Siddiqui, 1999). 

A Public awareness and Welfare Activity Cell 
(PAWAC) was recently created at Tarapur with the twin 
objective of increasing the awareness drive on nuclear 
power and channelising the welfare activities. Blood 
donation camp, eye camp, pulse polio program etc., are 
other main features of the community service rendered by 
NPCIL to the local population in the adjoining areas of 
the nuclear plants.  

Similar public welfare activities have also been taken 
up near Rajasthan Atomic Power Station where a medical 
van with common instruments is sent once in a week to 
nearby four villages. Treatment and medicines are 
dispensed free of cost to the patients of various types such 
as pulmonary diseases, pre and post natal cases etc. 

Tradition of Safety Consciousness 
Vedic literatures, written about 5000 years ago, which 

are the oldest written documents available to mankind, 
reveal that people of this land used natural resources for 
development with safety consciousness. Attitude of those 
people in this context are reflected in different parts of the 
Veda but may be found in a comprehensive manner in the 
prthvi sukta of Atharva Veda, written by Maharsi Vyas 

around 3000 B.C. As for example, in one place it is found 
(in Sanskrit language), 

yatte bhume vikhanami ksipram tadapi roha tu | 

 
ma te marma vimrigvari ma te hridayam arpitam || 

That means, “O pure earth, may we utilize your soil 
well without causing injury or harm and disturbing any 
vital elements in you” (Shastri, 1984). 

A renewed interest on this is likely to increase the 
present awareness to safety among new generation. 

CONCLUSION 
In view of what is stated above, nuclear power 

becomes one of the most eligible candidates in terms of 
safety of plant, personnel, public and the environment to 
meet the future energy requirement. Increasing efficiency 
of thorium utilization by means of AHWR and other 
future technology is a probable way of reducing 
radiological waste. Environmental impact of nuclear 
power program can be reduced upon preferring a low 
volume of waste, as envisaged in case of closed-fuel cycle 
and selecting a waste that is potentially less hazardous. 

Energy is a key input to the progress of the human 
society. However, production and use of energy involves 
major environmental impacts, which in turn affects the 
individuals. Therefore, controlling pollution is to be 
inherent with the power generation program that would 
avoid ecological imbalance and probable threats out of 
that. This consciousness was there among our ancestors 
and well reflected in the Vedas. Extracts of those 
important directions would strengthen the present safety 
awareness. 

Based on advanced technology it will be possible to 
implement the safety and environmental norms in the 
future more easily in case of nuclear power plants than the 
thermal power plants. 
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