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Abstract

Worldwide electricity consumption will increase substantially in the coming decades, especially in the
developing world, accompanying economic growth and social progress. To meet the energy demands and
to overcome the problems encountered by the use of fossil fuels, use of nuclear energy for the production
of electricity is encouraged. Nuclear reactors are set up in India in Tarapur, Kakrapar, Madras,
Kudankulam, Kaiga and Rajasthan. Many new projects have been started for setting up nuclear reactors.
The problems faced in nuclear energy development are high costs, safety measures and waste management.
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1. Introduction

Energy availability is vital for human development and is the prime mover of economic growth.
As population increases and economic growth continues, the demand for energy will further rise.
Since agriculture, services and industrial sectors are all driven by power, there is an ever
increasing need to generate more power.

India is the seventh largest country in the world with an area of 3.3 million sg. km. and
population of about 1.2 billion. As of today, a significant segment of this population does not
have access to electricity and other clean fuels, and those who have electricity available to them
face shortages of it regularly. According to the Central Electricity Authority estimates, the
peaking shortage prevails in various regions of the country from 1.3% up to 26.1% [M-As the
economy grows and more people are provided access to electricity, this gap between demand
and supply will further increase. India’s primary energy consumption more than doubled
between 1990 and 2011 to nearly 25,000 PJ. India's dependence on imported energy resources
and the inconsistent reform of the energy sector are challenges to satisfying rising demand.

2. Need of Nuclear Power

The main resources being used for producing electricity in India include coal, oil and natural
gas. Coal is the main resource being used at present and coal-fired plants will continue to be the
primary source of electricity production in the country for quite some time to come. The
Integrated Energy Policy @ indicates that at a growth rate of 5% in domestic production,
currently extractable coal resources will be exhausted in about 45 years. Vigorous efforts are
required to survey and to identify additional potential coal bearing areas. Coal provides more
than two-thirds of the electricity at present, but reserves are effectively limited. In 2013, 159
million tonnes was imported, and 533 million tonnes produced domestically. The per capita
electricity consumption figure is expected to double by 2020, with 6.3% annual growth, and
reach 5000-6000 kWh by 2050, requiring about 8000 TWh/yr then El. The second main source
oil is nearly 80 per cent imported in the country, which is an area of concern for the Government
with regard to energy security in the near future. These fuels have other limitation of global
warming related with them. The generation of electricity from fossil fuels, notably natural gas
and coal, is a major and growing contributor to the emission of carbon dioxide — a greenhouse
gas that contributes significantly to global warming. Climate change arising out of Green House
Gas Emissions is among the most important challenges facing the world today. The effects of
climate change are expected to be catastrophic, with crop losses, sea-level rise, extreme weather
events and other losses predicted by various models. Although India’s per capita emissions are
among the lowest in the world, in absolute terms, the emissions are sizeable (at 4.8% of global
emissions) on account of the large population. Emissions in future are projected to grow rapidly
in India and China. The power sector contributes significantly to Green House Gas emissions,
estimates of which vary from 40 to 50% of total emissions of Green House Gases. De-
carbonization of the energy/power sector is one of the key recommendations made by various
reports like the recent Intergovernmental Panel on Climate Change (IPCC) report in this regard 1,
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Other energy sources have their own limitations like hydro
potential has the limitation which is determined by rainfall
and topography of the location of water sources. Other
renewable energy sources like wind have similar limitations
of growth and energy supply. Renewable energy source like
solar energy also holds a promise as a possible inexhaustible
energy source for a tropical country like India. Use of
extensive solar energy may call for change in pattern of
energy consumption and urbanization. But this source is very
expensive and less efficient.

In comparison, Nuclear energy theoretically offers India the
most potent means for long term energy security. Nuclear
power is environmentally benign and the life cycle
Greenhouse Gas emissions of nuclear power are comparable
to that of wind and solar photovoltaic power. Currently, the
nuclear energy share in electricity generation is about 3%. In
2002, nuclear power supplied 20% of United States and 17%
of world electricity consumption. The nuclear share in total
primary energy mix is expected to grow, as the installed
nuclear power capacity grows. The Integrated Energy Policy
of India estimates the share of nuclear power in the total
primary energy mix to be between 4.0 and 6.4% in various
scenarios in the year 2031-32 [,

3. Nuclear Power Meaning

Nuclear energy is the energy in the nucleus of an atom. This
energy can be obtained in two ways: nuclear fusion and
nuclear fission. In nuclear fusion, energy is released when
atoms are combined or fused together to form a larger atom.
The sun produces energy like this. In nuclear fission, nuclei
are split into smaller nuclei, releasing energy. Actually,
nuclear power plants only use nuclear fission to produce
energy which can be used to produce electricity.

4. Nuclear Power Development in India

Nuclear power for civil use is well established in India. Since
building the two small boiling water reactors at Tarapur in the
1960s, its civil nuclear strategy has been directed towards
complete independence in the nuclear fuel cycle. India's
nuclear power program has proceeded largely without fuel or
technological assistance from other countries. The pressurized
heavy-water reactor (PHWR) design was adopted in 1964,
since it required less natural uranium than the BWRs, needed
no enrichment, and could be built with the country’s
engineering capacity at that time — pressure tubes rather than a
heavy pressure vessel being involved. Its power reactors to the
mid-1990s had some of the world's lowest capacity factors,
reflecting the technical difficulties of the country's isolation,
but rose impressively from 60% in 1995 to 85% in 2001-02.
Then in 2008-10 the load factors dropped due to shortage of
uranium fuel.

India's nuclear energy self-sufficiency has extended from
uranium exploration and mining through fuel fabrication,
heavy water production, reactor design and construction, to
reprocessing and waste management. It has a small fast
breeder reactor and is building a much larger one. It is also
developing technology to utilize its abundant resources of
thorium as a nuclear fuel.

The Atomic Energy Establishment was set up at Trombay,
near Mumbai, in 1957 and renamed as Bhabha Atomic
Research Centre (BARC) ten years later. Plans for building
the first Pressurized Heavy Water Reactor (PHWR) were
finalized in 1964, and this prototype Rajasthan 1, which had
Canada's Douglas Point reactor as a reference unit, was built
as a collaborative venture between Atomic Energy of Canada
Ltd (AECL) and NPCIL.

4.1 Nuclear reactors deployed in India

The two Tarapurl50 MWe Boiling Water Reactors (BWRs)
built by GE on a turnkey contract before the advent of the
Nuclear Non-Proliferation Treaty were originally 200 MWe.
They were down-rated due to recurrent problems but have run
well since. They have been using imported enriched uranium
(from France and China in 1980-90s and Russia since 2001)
and are under International Atomic Energy Agency (IAEA)
safeguards. However, late in 2004 Russia deferred to the
Nuclear Suppliers' Group and declined to supply further
uranium for them. They underwent six months refurbishment
over 2005-06, and in March 2006 Russia agreed to resume
fuel supply. In December 2008 a $700 million contract with
Rosatom was announced for continued uranium supply to
them. In 2015 a further contract was signed with TVEL for
pellets which will be incorporated into fuel assemblies at the
Nuclear Fuel Complex in Hyderabad. The Tarapur 3&4
reactors of 540 MWe gross (490 MWe net) were developed
indigenously from the 220 MWe (gross) model PHWR and
were built by NPCIL. Tarapur 4 was connected to the grid in
June 2005 and started commercial operation in September.
Tarapur 4's criticality came five years after pouring first
concrete and seven months ahead of schedule. Tarapur 3 was
about a year behind it and was connected to the grid in June
2006 with commercial operation in August, five months ahead
of schedule. Tarapur 3 & 4 cost about $1200/kW, and are
competitive with imported coal.

The two small Canadian (Candu) PHWRs at Rajasthan
nuclear power plant started up in 1972 & 1980, and are also
under safeguards. Rajasthan 1 was down-rated early in its life
and has operated very little since 2002 due to ongoing
problems and has been shut down since 2004 as the
government considers its future. Rajasthan 2 was down-rated
in 1990. It had major refurbishment 2007-09 and has been
running on imported uranium at full capacity. The 220 MWe
PHWRs were indigenously designed and constructed by
NPCIL, based on a Canadian design. The only accident to an
Indian nuclear plant was due to a turbine hall fire in 1993 at
Narora, which resulted in a 17-hour total station blackout.
There was no core damage or radiological impact. Rajasthan 5
started up in November 2009, using imported Russian fuel,
and in December it was connected to the northern grid.
Kakrapar unit 1 was fully refurbished and upgraded in 2009-
10, after 16 years operation with cooling channel (calandria
tube) replacement.

The Madras (MAPS) reactors were refurbished in 2002-03
and 2004-05 and their capacity restored to 220 MWe gross
(from 170). Much of the core of each reactor was replaced,
and the lifespans extended to 2033/36. Madras needs
enhanced flood defences in case of tsunamis higher than that
in 2004. The prototype fast breeder reactor (PFR) under
construction next door at Kalpakkam has defences which are
already sufficiently high, following some flooding of the site
in 2004,

Kudankulam 1&?2 are the country's first large nuclear power
plant, under a Russian-financed US$ 3 billion contract. A
long-term credit facility covers about half the cost of the plant.
The AES-92 units at Kudankulam in Tamil Nadu state have
been built by NPCIL and also commissioned and operated by
NPCIL under IAEA safeguards. The turbines were made by
Silmash in St Petersburg and have evidently given some
trouble during commissioning. Russia is supplying all the
enriched fuel through the life of the plant, though India will
reprocess it and keep the plutonium. The first unit was due to
start supplying power in March 2008 and go into commercial
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operation late in 2008, but this schedule slipped by six years.
In the latter part of 2011 and into 2012 completion and fuel
loading was delayed by public protests, but in March 2012 the
state government approved the plant's commissioning and said
it would deal with any obstruction. Unit 1 started up in mid-
July 2013, was connected to the grid in October 2013 and
entered commercial operation at the end of December 2014.
Unit 2 constructions were declared complete in July 2015 and
it is expected to start up in late 2015. While the first core load
of fuel was delivered early in 2008 there have been delays in
supply of some equipment and documentation. Control system
documentation was delivered late, and when reviewed by
NPCIL it showed up the need for significant refining and even
reworking some aspects.

Kaiga 3 started up in February, was connected to the grid in
April and went into commercial operation in May 2007. Unit
4 started up in November 2010 and was grid-connected in
January 2011, but is about 30 months behind original schedule
due to shortage of uranium. The Kaiga units are not under UN
safeguards, so cannot use imported uranium.

4.2 India’s nuclear power reactors under construction

A 500 MWe prototype fast breeder reactor (PFBR) started
construction in 2004 at Kalpakkam near Madras. It was
expected to start up about the end of 2010 and produce power
in 2011, but this schedule is delayed significantly. In 2014,
1750 tonnes of sodium coolant was delivered. With
construction completed, in June 2015 Bhavini was “awaiting
clearance from the AERB for sodium charging, fuel loading,
reactor criticality and then stepping up power generation."
Criticality was expected in September, with full power about
April 2016. It is not under IAEA safeguards.

In 2005 four sites were approved for eight new reactors. Two
of the sites — Kakrapar and Rajasthan — would have 700 MWe
indigenous PHWR units, Kudankulam would have imported
1000 MWe VVER light water reactors alongside the two
being built there by Russia, and the fourth site was greenfield
for two 1000 MWe LWR units — Jaitapur (Jaithalpur) in the
Ratnagiri district of Maharashtra state, on the west coast.

In April 2007 the government gave approval for the first four
of eight planned 700 MWe PHWR units; Kakrapar 3&4 and
Rajasthan 7&8, using indigenous technology. In mid-2009
construction approval was confirmed, and late in 2009 the
finance for them was approved. Site works at Kakrapar were
completed by August 2010. First concrete for Kakrapar 3&4
was in November 2010 and March 2011 respectively, after
Atomic Energy Regulatory Board (AERB) approval. The
AERB approved Rajasthan 7&8 in August 2010, and site
works then began. First concrete was in July 2011.
Construction is then expected to take 66 months to
commercial operation. Up to 40% of the fuel they use will be
slightly enriched uranium (SEU) — about 1.1% U-235.

In April 2015 the government gave in principle approval for
new nuclear plants at ten sites in nine states. Those for
indigenous PHWRs are: Gorakhpur in Haryana's Fatehabad;
Chutka and Bhimpur in Madhya Pradesh; Kaiga in Karnataka;
and Mahi Banswara in Rajasthan. Those for plants with
foreign cooperation are: Kudankulam in Tamil Nadu (VVER);
Jaitapur in Maharashtra (EPR); Chhaya Mithi Virdhi in
Gujarat (AP1000); Kovvada in Andhra Pradesh (ESBWR) and
Haripur in West Bengal (VVER), though this location had
been in doubt. In addition, two 600 MWe fast breeder reactors
are proposed at Kalpakkam P,

5. Problems Encountered in using Nuclear Power

5.1 Cost:

Nuclear power has higher overall lifetime costs compared to
natural gas with combined cycle turbine technology (CCGT)
and coal, at least in the absence of a carbon tax or an
equivalent “cap and trade” mechanism for reducing carbon
emissions [¢1. Heavy Water the third key element of nuclear
power has also had problem though Heavy Water reactors had
been India’s most favorite from the very beginning. All this
has led to reactors working on low capacity and facing shut
downs. Expensive plutonium separation from used fuel rods
continues to be justified for its ‘tremendous potential’ for
treating hazardous radioactive waste and for unlocking the
huge energy reserves of low-grade uranium and thorium
resources through breeder reactors to unfold India’s nuclear
renaissance [,

5.2 Safety:

Nuclear power has perceived adverse safety, environmental,
and health effects, heightened by the 1979 Three Mile Island
and 1986 Chernobyl reactor accidents, but also by accidents at
fuel cycle facilities in the United States, Russia, and Japan.
There is also growing concern about the safe and secure
transportation of nuclear materials and the security of nuclear
facilities from terrorist attack . To overcome these risks,
many regulations and safety efforts are done. The Atomic
Energy Commission (AEC) was established in 1948 under the
Atomic Energy Act as a policy body. Then in 1954 the
Department of Atomic Energy (DAE) was set up to
encompass research, technology development and commercial
reactor operation. The current Atomic Energy Act is 1962,
and it permits only government-owned enterprises to be
involved in nuclear power. The DAE includes NPCIL,
Uranium Corporation of India Ltd (UCIL, mining and
processing), Atomic Minerals Directorate for Exploration and
Research (AMD, exploration), Electronics Corporation of
India Ltd (reactor control and instrumentation) and BHAVINI
(for setting up fast reactors). The DAE also controls the
Heavy Water Board for production of heavy water and the
Nuclear Fuel Complex for fuel and component manufacture.
The Atomic Energy Regulatory Board (AERB) was formed in
1983 and comes under the AEC but is independent of DAE. It
is responsible for the regulation and licensing of all nuclear
facilities and their safety and carries authority conferred by
the Atomic Energy Act for radiation safety and by the
Factories Act for industrial safety in nuclear plants. However,
it is not an independent statutory authority, and its 1995 report
on a safety assessment of DAE's plants and facilities was
reportedly shelved by the AEC. In April 2011 the government
announced that it would legislate to set up a new independent
and autonomous Nuclear Regulatory Authority of India that
will subsume the AERB, and that previous safety assessments
of Indian plants would be made public

5.3 Proliferation:

Nuclear power entails potential security risks, notably the
possible misuse of commercial or associated nuclear facilities
and operations to acquire technology or materials as a
precursor to the acquisition of a nuclear weapons capability.
Fuel cycles that involve the chemical reprocessing of spent
fuel to separate weapons-usable plutonium and uranium
enrichment technologies are of special concern, especially as
nuclear power spreads around the world (61,

~ 403~



International Journal of Multidisciplinary Research and Development

5.4 Waste:

The management and disposal of high-level radioactive spent
fuel from the nuclear fuel cycle is one of the most intractable
problems facing the nuclear power industry throughout the
world. No country has yet successfully implemented a system
for disposing of this waste. The United States and other
countries have yet to implement final disposition of spent fuel
or high level radioactive waste streams created at various
stages of the nuclear fuel cycle. Successful operation of the
planned disposal facility at Yucca Mountain would ease, but
not solve, the waste issue for the U.S. and other countries if
nuclear power expands substantially Since these radioactive
wastes present some danger to present and future generations,
the public and its elected representatives, as well as
prospective investors in nuclear power plants, properly expect
continuing and substantial progress towards solution to the
waste disposal problem [©1,

Efforts are done for Radioactive Waste Management like In
October 2013 BARC stressed the role of accelerator-driven
subcritical molten salt reactor systems (ADS) burning minor
actinides arising from partitioning of PHWR and LWR Purex
output. These working in tandem would address waste issues
more effectively and safely than using critical fast reactors to
burn minor actinides. Pyroprocessing would treat these
wastes. Radioactive wastes from the nuclear reactors and
reprocessing plants are treated and stored at each site. Waste
immobilization plants (WIP) are in operation at Tarapur and
Trombay and another vitrification plant was commissioned by
BARC in 2013 at Kalpakkam for wastes from reprocessing
Madras (MAPS) used fuel. The WIPs use borosilicate glass,
as in Europe. Research on final disposal of high-level and
long-lived wastes in a geological repository is in progress at
BARC B,

6. Conclusions

Nuclear energy, in view of its huge potential and techno-
commercial viability, will play an increasingly important role
in the future. The rate of growth of nuclear share at the
primary level is expected to be rapid as conventional fossil
fuel sources, particularly coal, approach exhaustion, or their
extraction tends to become uneconomical. Large number of
reactors has been setup in India and many other reactors are
under construction. To insure safety from these radioactive
materials, many protective measures and methods of waste
management are being developed.
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