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Foreword 
 
 
The Government of India ratified the Convention on Nuclear Safety on March 31, 2005. This is 
the second National Report being submitted by India for review by the Contracting Parties, 
pursuant to Article 5 of the Convention on Nuclear Safety, which entered into force on 24 
October 1996. The Report demonstrates how Government of India has fulfilled its obligations 
under Articles 6 through 19 of the Convention.  
 
This National Report was prepared in accordance with the "Guidelines Regarding National 
Reports under the Convention on Nuclear Safety" issued as information circular 
INFCIRC/572/Rev.3. Accordingly, all land-based nuclear power plants including storage, 
handling and treatment facilities for radioactive materials attached to the NPP and are directly 
related to the operation of nuclear power plants are covered in the national report.   
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1. INTRODUCTION 
 

1.0 GENERAL 
 

Integrated energy policy of India considers the role of nuclear energy as vital for long 
term energy security and sustainable development of the country. To increase the nuclear 
power capacity in the country, India pursues multi track approach for development and 
deployment of nuclear power plants through indigenous technologies and also import of 
reactors from abroad. India is also pursuing various programmes in radiation and isotope 
technologies for societal benefit in the areas of food preservation, development of superior 
mutant varieties of seed/crops, nuclear medicine for diagnostics and radiation therapy, 
industrial radiography, sewage and waste management etc. These programmes have been 
making significant contributions to Indiaôs development.  

 
All nuclear and radiation facilities in India are sited, designed, constructed, 

commissioned and operated in accordance with strict quality and safety standards. 
Principles of defence-in-depth, redundancy and diversity are followed in the design of all 
nuclear facilities and their systems/components. A system of independent review and 
scrutiny of all important aspects has been an integral part of the management control, right 
from the beginning. The Atomic Energy Regulatory Board (AERB) is the national regulatory 
body having powers to frame safety policies, lay down safety standards & requirements and 
powers to monitor & enforce safety provisions in nuclear and radiation installations and 
practices.  
 
1.1 NATIONAL NUCLEAR POWER PROGRAMME 
 

 A major step in the formulation of the Atomic Energy Programme in India was the 
passing of the Atomic Energy Act in 1948. This act was subsequently repealed and a new 
Act, the Atomic Energy Act of 1962 was passed by the Parliament. Atomic Energy 
Commission (AEC) was first constituted in 1948 and reconstituted with current terms of 
reference in 1958. AEC lays down the policies for the national nuclear programme. The 
Department of Atomic Energy (DAE) of the Government of India established in 1954, is 
responsible for execution of policies laid down by the AEC. DAE is engaged in research, 
technology development and commercial operations in the areas of nuclear energy, related 
high technologies and also supports basic research in nuclear science and technology. The 
organizational structure for Atomic Energy in India is shown in Annex 1-1.  

 
For developing a strong research and technology development base and to achieve 

self reliance in the area of nuclear science and technology, a research and development 
centre was established at Trombay, in 1954, which was later renamed as Bhabha Atomic 
Research Centre (BARC). Research reactors APSARA (1956), CIRUS (1960), ZERLINA 
(1961) and DHRUVA (1985) and some critical facilities were set up at the Centre. A number 
of additional facilities and laboratories were built to extend the necessary R&D support to the 
national nuclear power programme and its associated fuel cycle activities. Over the years, 
BARC has developed into a frontline multidisciplinary research centre and a strong technical 
support organization for nuclear power programme of the country. 
  

The strategy adopted under the Indian nuclear power programme optimizes the 
utilization of the modest uranium reserves and the vast thorium resources available in the 
country for long term energy security of the country.  
  
 Presently, there are nineteen NPP units in operation in India, with an installed 
capacity of 4560 MW. Four more units with a capacity of 2720 MW are under construction. 
Further, four units of 700 MW PHWRs have been launched.   In addition, a number of new 
NPPs are planned to significantly increase the nuclear power base from the current levels. 
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The list of NPPs in operation and under construction is given in Table-1 and Table-2 
respectively. 
  

The first NPP in the country, TAPS units 1&2, based on boiling water reactors 
(BWR), supplied by General Electric, USA, became operational in the year 1969. These 
units have completed about 40 years of operation. During the years 2000 to 2006, these 
plants underwent safety assessments for continued long term operation. Based on the 
review, a number of upgrades were implemented during the refuelling outages of individual 
units and in a simultaneous long shutdown of both the units during November 2005 to 
January 2006.  
 
 The mainstay of Indiaôs nuclear power programme has been the PHWR. Two 200 
MW units (RAPS 1&2) were established in the 1970s, at Rawatbhata in Rajasthan, with the 
technical cooperation of AECL (Canada).  Subsequently, in 1980s, two 220 MW PHWRs 
(MAPS-1&2) were constructed at Kalpakkam in Tamilnadu, with indigenous efforts. Among 
these, presently RAPS unit-2 and MAPS units 1&2 are operational and have undergone 
safety upgrades.  

 
Based on the experience gained from constructing and operating RAPS and MAPS 

reactors, India developed a standardised design of 220 MW PHWRs. This design 
incorporated state of the art features viz. integral calandria & end shields, two independent 
fast acting shut down systems, high pressure emergency core cooling system, water filled 
calandria vault and provision of double containment with vapour suppression pool. Four 
reactors of this standardised design were built, two each at Narora in Uttar Pradesh (NAPS 
1&2) and Kakrapar in Gujarat (KAPS 1&2). These plants became operational through the 
1990s. Subsequently eight more units of standardised 220 MW PHWRs were built, four each 
at Kaiga in Karnataka (KGS units 1-4) and Rawatbhata in Rajasthan (RAPS units 3-6). 
These units though retaining the basic standardised 220 MW PHWR design incorporated a 
few modifications such as locating the steam generators fully inside the primary 
containment, complete pre-stressed concrete construction for the primary containment and a 
more compact site layout. The first four of these reactors (KGS units 1&2 and RAPS units 
3&4) became operational in the year 2000. Unit-3 of KGS became operational in 2007 and 
RAPS 5&6 became operational in 2010. Unit 4 of KGS is undergoing commissioning and is 
expected to be operational soon. 

 
In 1990s, India undertook the design and development of 540 MW PHWR. Two 

reactors based on this design were set up at Tarapur (TAPS units 3&4). These units became 
operational in 2005-2006.  

 
First round of WANO peer review has been completed for all the operating NPPs 

which had started operation before 2006 and second round has been completed for four 
stations (KAPS, NAPS, KGS 1&2 and RAPS 3&4). In addition pre-startup review was carried 
out for TAPP-3, RAPP-5 and KGS-4. TAPS-3 was the first plant under construction in Asian 
region which was subjected to such a review. 

 
Improvising on the 540 MW PHWR design, India has also developed a 700 MW 

design with limited boiling in the coolant channels. The construction of four such units is 
expected to start soon, at the Kakrapar and Rawatbhata sites. 

 
 Indian small and medium size reactors with their proven track record and 

commercial viability provide optimal power solution where medium size electricity grids are in 
operation. 

 
In addition, India has undertaken construction of two VVER based NPPs (2X1000 

MW), at Kudankulam (KK-1&2) in Tamilnadu. These are being built with the co-operation of 
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Russian Federation, with an objective of faster increase in the nuclear power capacity. 
These reactors incorporate several advanced safety features. The commissioning activities 
have been started in KK-1 and the unit is likely to start commercial operation in 2011. 
  

A Fast Breeder Test Reactor (FBTR) 40 MWth at Kalpakkam has been in operation 
since 1985. The carbide fuel used in this reactor has been successfully irradiated to a burn 
up of 165,000 MWd/Tonne. The technology development for the 500 MW Fast Breeder 
Reactor has been completed. Currently a 500 MW Prototype Fast Breeder Reactor (PFBR) 
is under construction at Kalpakkam and is expected to be completed in 2012. The PFBR is 
being built with the design and technology developed at the Indira Gandhi Centre for Atomic 
Research (IGCAR) and is the forerunner of the future fast breeder power reactors. 

 
India has taken a number of steps towards development of necessary technology for 

utilization of thorium in the nuclear power programme. A research reactor KAMINI, a 30 
kWth neutron source reactor using uranium-233 derived from irradiated thorium as fuel, has 
been in operation since 1997. BARC has developed the design for the Advanced Heavy 
Water Reactor (AHWR) of 300 MW capacity. This is a vertical pressure tube type reactor 
utilising heavy water moderator, boiling light water coolant, thorium-plutonium based fuel and 
incorporates several innovative concepts and passive safety systems. AHWR derives about 
two-third of its power from thorium.  This reactor is conceived as a technology demonstration 
project for utilising thorium for electricity generation. The reactor also provides a platform to 
demonstrate several unique passive safety features which are introduced in the reactor to 
achieve the highest levels of safety. Technologies thus demonstrated in AHWR will be 
relevant for future next generation reactors that will meet the further enhanced safety 
requirements for locating them in close proximity to population centres. Pre-licensing design 
safety review of the AHWR has been completed by AERB. A number of critical R&D 
activities have been taken up in BARC in connection with the development of AHWR. BARC 
has recently commissioned a critical facility to validate the physics design of AHWR.  
 
1.2 EMERGING SCENARIO 

 
 The installed electricity generating capacity in India as of March 2010 is 160 GW. 
With this capacity India is globally fifth largest producer of the electricity.  The annual per 
capita electricity consumption is, however, about 700 kWh. The contribution from nuclear 
energy to the overall electricity generation is about 3%. The Indian Integrated Energy Policy 
-2006 emphasizes the need to increase the electricity generating capacity at an accelerated 
pace to meet the demand of the rapidly growing economy. The contribution of nuclear 
energy is also proposed to be enhanced to about 63 GW by 2032. 
  

Consequent to the approval by the IAEA Board of Governors on 1 August 2008 of the 
óAgreement between the Government of India and the International Atomic Energy Agency 
for the Application of Safeguards to Civilian Nuclear Facilitiesô (INFCIRC/754) and the 
decision of the Nuclear Suppliers Group - óStatement on Civil Nuclear Cooperation with 
Indiaô of 6 September 2009 - Government of India signed Inter- Governmental Agreements / 
Memorandum of Understanding / Joint Declaration for co operation in nuclear energy with 
several countries. With these enabling agreements, India is planning to set up Light Water 
Reactors with foreign collaboration.  
  

 The Government has accorded óin-principle approvalô of the sites for setting up 20 
new NPP units (10 PHWRs of 700 MW and 10 LWRs of 1000 MW or higher) in the first 
instance. This will be followed up by setting-up of more reactors of the same design and at 
the same sites. Pre-project activities have been initiated at the sites with a view to start the 
projects in about 2012. Recognizing the necessity for developing indigenous capability to 
support this growth, setting up / augmentation of facilities to manufacture major components 
by the leading industry partners has been initiated. The opening up of nuclear trade with 
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India has also encouraged many global equipment suppliers to tie up with Indian industry for 
establishing manufacturing hub in India for global nuclear requirements.  
 
1.3  NUCLEAR FUEL CYCLE 

 
 Indiaôs nuclear power programme is based on a closed fuel cycle. India has adopted 
this approach considering the objectives of maximum utilisation of the energy potential of 
available resources and minimisation of high level waste.  

 
Comprehensive fuel cycle technologies and facilities addressing the needs of both 

front end and back end have been developed and are in operation. Front end facilities 
including mining, milling & processing of ore and for fuel fabrication are operated by Uranium 
Corporation of India Limited (UCIL) and Nuclear Fuel Complex (NFC) respectively. The back 
end technologies & facilities for reprocessing of spent fuel for extraction of plutonium & 
uranium and the associated fuel fabrication facilities have been developed by DAE and are 
in operation.  

 
India has also developed necessary technologies for safe management of the 

radioactive wastes arising out of the nuclear fuel cycle. This includes the vitrification 
technology for conditioning and fixation of the high level waste produced during spent fuel 
reprocessing in a glass matrix. The vitrified high level nuclear waste is stored in exclusive 
storage and surveillance facilities, pending its final disposal in a geological repository. The 
vitrification plants and storage & surveillance facilities for the vitrified waste packages are in 
operation. 
 
1.4  INDUSTRIAL INFRASTRUCTURE FOR NUCLEAR POWER 
 
 In the early phases of the nuclear power programme, Indian industry needed 
significant up-gradation and efforts for undertaking manufacturing and precision machining 
jobs to the quality standards of nuclear industry. Since then, the Indian engineering industry 
has achieved significant enhancements in capabilities and quality standards. Today almost 
all ferrous and non ferrous materials, components and equipment required for nuclear power 
plants are manufactured indigenously.  

  
 India has heavy engineering and manufacturing facilities in both public and private 
sectors. It is capable of manufacturing equipment / components like coolant tubes, calandria 
tubes, calandria and endshields for PHWRs, steam generators, turbines, electrical 
equipment, heat exchangers, pumps, pressure vessels, fuelling machines etc. This also 
demonstrates the indigenous capability in precision machining techniques for such 
components.  The developments in manufacture of electrical machines, electrical and 
electronic accessories, and Control & Instrumentation items such as large size motors, high 
quality conductors, sophisticated control panels and computer based control systems 
progressed in line with requirements of nuclear power projects. Concurrently with the 
development of manufacturing technologies, non-destructive examination techniques and 
equipment for these techniques have also been mastered utilizing optical instruments, laser 
technology etc. 

 
 The production of heavy water and manufacturing of fuel bundles starting from 
mining is done through Governmental organizations viz. Heavy Water Board, Uranium 
Corporation of India Ltd. and Nuclear Fuel Complex.   
  
 The Indian industry has been closely involved in the development of all facets of 
nuclear power plants such as civil, mechanical, reactor components and processes, 
electrical, control and instrumentation and has eventually gained valuable skill-set and 
maturity in this regard. The maturity of the industry and its capability to take up mega 
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package contracts has contributed significantly in the reduction of gestation time of nuclear 
power projects in India.  
 
1.5 HUMAN RESOURCES DEVELOPMENT 

 
Realising the importance of having adequate number of well trained scientists and 

engineers, a training school at BARC was established in 1957. Subsequently Nuclear 
Training Centres (NTC) were set up by the Nuclear Power Corporation of India Limited 
(NPCIL). These NTCs are fully equipped with necessary infrastructure for implementing 
training programmes for each category of plant personnel i.e. engineers, supervisors and 
technicians.  Simulators for training of key operation personnel are established at various 
sites.   
 
 To meet the expanding needs of human resources, training schools have also been 
set up at the Raja Ramanna Centre for Advanced Technology, Indore (2000), Nuclear Fuel 
Complex, Hyderabad (2001) and IGCAR, Kalpakkam (2006). To date, nearly 9000 engineers 
and scientists have been trained in these training schools. 
 

 In the year 2005, the Government established the Homi Bhabha National Institute 
(HBNI). One of the objectives of this Institute is to nurture an environment for attracting high 
quality professionals to pursue further studies in the areas related to nuclear science and 
technology from within DAE and elsewhere. DAE has also nurtured good linkages with the 
universities and academic institutes in the country, to promote collaboration in research & 
development activities in the areas associated with nuclear science and technology. 
Currently there are a number of universities and other institutes in the country, offering 
academic programmes in areas related to nuclear technology and radiological safety. 

 
AERB has also placed considerable emphasis on human resource development right 

from its inception. The main emphasis has been on maintaining adequate and competent 
manpower. Appropriate recruitment policy to induct talented manpower, organisation of 
training programmes and knowledge management towards maintaining competence and 
efficiency have been the main features of HRD in AERB. 

 
Dedicated Knowledge Management groups have been set up in all organisations of 

the DAE to pool and disseminate the available knowledge base and further augment it to 
meet the challenges in future. 

 
Engineers and scientists from different organisations related to nuclear energy, also 

participate in several international meetings and training programmes conducted by the 
International Atomic Energy Agency (IAEA) and other organisations, for exchange of 
information and experience, to further enrich their capabilities. 
     
1.6 REGULATION OF NUCLEAR FACILITIES  
 

Atomic Energy Regulatory Board (AERB) was established in 1983 using the 
provisions of the Atomic Energy Act, with the necessary powers and mandate to frame 
safety policies, lay down safety standards & requirements and monitoring & enforcing the 
safety provisions. The regulatory framework established by AERB has evolved into an 
effective mechanism for safety monitoring, surveillance and enforcement. AERB has 
obtained ISO 9001:2008 certification for its activities pertaining to consenting, regulatory 
inspections and development of regulatory safety documents.  

 
AERB exercises the regulatory controls on the utilities engaged in the establishment 

and operation of NPPs through the consenting process. This system provides for issue of a 
licence/consent/clearance by AERB for a specified purpose on satisfying itself that utility 
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complies with all the regulatory requirements. This is ensured through detailed reviews of the 
applications from the utility, regulatory inspections and other available means. For 
construction of NPPs, AERB follows a scheme of stage-wise consents, which extends from 
ósitingô to the ólicence for operationô. During the operational phase of the NPP, the plants are 
subjected to a regular programme of safety surveillance and monitoring for continuing 
appraisal of safety. For periodic renewal of the licence for operation and during Periodic 
Safety Review (PSR) of NPP, safety is assessed based on operating experience feedback 
and against the current safety standards & practices.  

 
1.7 COMMITMENT TO THE CONVENTION ON NUCLEAR SAFETY   

 
 In line with the objectives of CNS, India gives utmost attention to ensure safety of 

operating personnel, public as well as environment. The principle of ósafety being the 
overriding priorityô encompasses the entire gamut of activities associated with nuclear power 
plants (NPPs), i.e. siting, design, construction, commissioning, operation and 
decommissioning.  

 
A systematic approach using well-defined safety principles is followed in the design 

of the nuclear power plants to provide the required safety features adopting principles of 
defence-in-depth, diversity, redundancy and physical separation. Nuclear Power Plants are 
constructed in accordance with the design intent, ensuring adherence to required quality 
standards. Commissioning of the systems to test and demonstrate adequacy of each system 
and the plant as a whole by actual performance tests to meet the design intent is carried out 
before commencing operation of the plant. Operation of the plant is carried out by formally 
trained and licensed personnel. All the key control room positions viz control engineer, 
assistant shift charge engineer and shift charge engineer are manned by graduate 
engineers. The plant is operated as per approved procedures and following the operational 
limits and conditions for various system parameters laid down in the technical specifications 
for operation that are thoroughly reviewed and approved by AERB. Further, during consents 
for various stages, additional conditions are specified if necessary. All these measures are 
intended to ensure safe operation of the plants, safety of occupational workers, members of 
public and protection of environment.  

 
All nuclear power plant sites in India are capable of managing the radioactive wastes 

generated there. Adequate facilities have been provided for handling, treatment and disposal 
of wastes generated from plant operation at these sites.  Management of radioactive wastes 
is carried out in conformity with the regulatory guidelines.  

 
Establishment and verification of appropriate emergency response plans is a 

mandatory prerequisite for all the NPPs in India. These plans provide for on-site and off-site 
emergency response and involve local district and plant authorities. The preparedness of the 
agencies involved is verified through periodic exercises. AERB reviews these plans and 
participates as observer during these exercises.  

 
1.8 NATIONAL REPORT TO THE 5TH REVIEW MEETING OF CNS 

  
 This report is prepared generally in line with the guidelines contained in information 
circular INFCIRC/572/Rev.3 on ñGuidelines regarding National Reports under the 
Convention on Nuclear Safetyò.  

  
In the fourth review meeting of CNS, India had identified certain challenges and the 

planned measures to further improve safety. Detailed account on the approach adopted to 
address them is given in the relevant chapters of the report.  The intent of the 
recommendations adopted at the plenary sessions of the 4th review meeting has been 
addressed. Future activities for further enhancement of safety have also been brought out.  



 7 

 

The national report of India to the 5th review meeting of CNS amply demonstrates 
Indiaôs commitment to the obligations of the Convention on Nuclear Safety. 
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Table ï 1  
 

NPPs in Operation as on August 2010 
 

 
* Unit under shutdown since 2004.

Station / 
Unit 

Type 
 

Gross 
Capacity 

(MW) 

Operator & 
Owner 

Reactor 
Supplier 

Commencement 
of Operation 

KGS-1 PHWR 220 

NPCIL/NPCIL 
 

NPCIL 
 

Nov-2000 

KGS-2 PHWR 220 Mar-2000 

KGS-3 PHWR 220 May-2007 

KAPS-1 PHWR 220 May-1993 

KAPS-2 PHWR 220 Sep-1995 

MAPS-1 PHWR 220 Jan-1984 

MAPS-2 PHWR 220 Mar-1986 

NAPS-1 PHWR 220 Jan-1991 

NAPS-2 PHWR 220 Jul-1992 

RAPS-1* PHWR 100 
NPCIL / 

DAE 
AECL, 

CANADA 
Dec-1973 

RAPS-2 PHWR 200 

NPCIL/NPCIL 
 

AECL/ DAE Apr-1981 

RAPS-3 PHWR 220 

NPCIL 

Jun-2000 

RAPS-4 PHWR 220 Dec-2000 

RAPS-5 PHWR 220 February 2010 

RAPS-6 PHWR 220 March 2010 

TAPS-1 BWR 160 
GE, USA 

 

Oct-1969 

TAPS-2 BWR 160 Oct-1969 

TAPS-3 PHWR 540 
NPCIL 

 

Aug-2006 

TAPS-4 PHWR 540 Sep-2005 
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Table ï 2 
 

NPPs under Construction as on August 2010 

Station/ Project Type 
 

Gross 
Capacity 

(MWe) 

Operator & 
Owner 

Reactor 
Supplier 

Start of 
Construction 

 

KGS-4 PHWR 220 
 

NPCIL/NPCIL 
 

NPCIL May-2002 

  KK-1  PWR 1000 
 

NPCIL/NPCIL 
 

ASE, 
RUSSIA 

 

Mar-2002 

  KK-2 PWR 1000 
 

NPCIL/NPCIL 
 

Mar-2002 

 
PFBR 

 
PFBR 

 
500 

 
BHAVINI 

 
BHAVINI 

 
Oct-2004  
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Annex 1-1   Organisational Structure for Atomic Energy in India 

 
 
Atomic Energy Commission 
 

Atomic Energy Commission (AEC) is the apex body of the Central Government for 
atomic energy that provides direction on policies related to atomic energy. The members of 
AEC include, among others, some eminent scientists & technocrats, secretaries of different 
ministries and senior most officials from the office of the Prime Minister. The AEC reports to 
the Prime Minister.  

 

Atomic Energy Regulatory Board (AERB) 

 

Atomic Energy Regulatory Board (AERB) is the national regulatory body having 
powers to frame safety policies, lay down safety standards & requirements and powers to 
monitor & enforce safety provisions in nuclear and radiation installations and practices. 
AERB reports to AEC. 
 
Department of Atomic Energy 

 
 Development and implementation of nuclear power and related nuclear fuel cycle 
activities and research & development activities are carried out in various units under the 
DAE. The DAE organisation is divided into four major sectors, viz. Research & Development 
sector, Industrial sector, Public Sector Undertakings and Services & Support sector.  The 
DAE also provides for the interaction needed between the production and R&D units. The 
organisations engaged in the area of Atomic Energy in different sectors are as given below 
and the organisation structure is shown in figure 1.1 
 

i. Research and Development sector includes Bhabha Atomic Research Centre 
(BARC), Indira Gandhi Centre for Atomic Research (IGCAR), Atomic Minerals 
Directorate for Exploration and Research (AMD), Raja Ramanna Centre for 
Advanced Technology (RRCAT) and Variable Energy Cyclotron Centre (VECC). 
Board of Research in Nuclear Sciences (BRNS) and National Board for Higher 
Mathematics (NBHM) provide funding to universities and other national laboratories. 
Homi Bhabha National Institute (HBNI) is an institute having academic programmes 
which are run by the R&D centres and grant-in-aid institutions. 

 
ii. There are several grant-in-aid institutes like Tata Institute of Fundamental Research 

(TIFR), Institute for Plasma Research (IPR) and Saha Institute in Nuclear Physics 
under DAE.  

 
iii. Industrial sector includes Government owned units of Heavy Water Board (HWB) for 

the production of heavy water, Nuclear Fuel Complex (NFC) for the fabrication of 
nuclear fuel, zircaloy components and stainless steel tubes, and Board of Radiation 
& Isotope Technology (BRIT) for processing and supply of radioisotopes and 
developing technologies for radiation and isotope applications. 

 
iv. Public Sector Enterprises along with their activities under the control of DAE are as 

follows: 
 

 Nuclear Power Corporation of India Limited (NPCIL) engaged in the design, 
construction, commissioning and operation of the nuclear power plants;  

 Uranium Corporation of India Limited engaged in mining, milling and processing 
of uranium ore; 
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 Indian Rare Earths Limited engaged in mining and separation of beach sand 
minerals to produce ilmenite, rutile, monazite, leucoxene, zircon, silimanite and 
garnet and chemical processing of monazite to obtain thorium and rare earths; 

 Electronics Corporation of India Limited engaged in design and manufacture of  
control and instrumentation equipment related to atomic energy and also to other 
sectors; 

 Bharatiya Nabhikiya Vidyut Nigam Limited (BHAVINI) for setting up fast reactor 
based nuclear power plants. 

 
Nuclear Power Plants were initially set up and operated by Power Project 

Engineering Division (later Nuclear Power Board), a unit directly under the Government of 
India since the late 1960ôs, when the construction of the first nuclear power station was 
commenced. This unit was converted into a corporation in September 1987, thereby forming 
Nuclear Power Corporation of India Limited (NPCIL), a wholly owned company of 
Government of India. Formation of NPCIL was a step to facilitate the required degree of 
operational freedom and to mobilise funds from the Indian capital market to finance new 
nuclear power projects.  

 
In October 2003, the Government of India had set up another wholly owned 

enterprise namely the Bharatiya Nabhikiya Vidyut Nigam Limited (BHAVINI), with the 
objective of construction, commissioning and operation of the first 500 MW PFBR. 
Construction of the PFBR is presently in an advanced stage.  
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 Homi Bhabha National 
Institute  

 Board of Research in 
Nuclear Sciences 

 National Board for 
Higher Mathematics 

 

ATOMIC ENERGY COMMISSION 

DEPARTMENT OF ATOMIC ENERGY 

ATOMIC ENERGY 

REGULATORY BOARD 

R&D                
ORGANISATIONS 

 
 

 Bhabha Atomic Research Centre, 
Mumbai 

 Indira Gandhi Centre for Atomic 
Research, Kalpakkam 

 Raja Ramanna Centre for Advanced 
Technologies, Indore  

 Variable Energy Cyclotron Centre, 
Kolkata 

 Atomic Minerals Directorate for 
Exploration and Research, 
Hyderabad 

PUBLIC SECTOR 
UNDERTAKINGS 

 
 Nuclear Power Corp. of India 
Ltd., Mumbai 

 Bharatiya Nabhikiya Vidyut 
Nigam Ltd., Tamil Nadu 

 Electronic Corp. of India Ltd., 
Hyderabad 

 Indian Rare Earths Ltd., 
Mumbai 

 Uranium Corporation of India 
Ltd., Jaduguda 

 

INDUSTRIAL 
ORGANISATIONS 

 
 

 Heavy Water Board, 
Mumbai 

 

 Nuclear Fuel Complex, 
Hyderabad 

 

 Board of Radiation & Isotope 
Technology, Mumbai 

 

 

SERVICES & SUPPORT 
ORGANISATIONS  

 

 Directorate of Purchase & 
Stores, Mumbai 

 

 Directorate of 
Construction, Services & 
Estate Management, 
Mumbai 

 

 General Services 
Organization, Kalpakkam 

 
 

Grant-in-aid INSTITUTIONS 

 Tata Institute of Fundamental 
Research, Mumbai 

 Tata Memorial Centre, 
Mumbai 

 Saha Institute of Nuclear 
Physics, Kolkata 

 Institute of Physics, 
Bhubaneshwar 

 

 Institute for Plasma 
Research, Ahmedabad  

 Harish Chandra Research 
Institute, Allahabad 

 Institute of Mathematical 
Sciences, Chennai 

 Atomic Energy Education 
Society, Mumbai 

 

Figure-1.1 Organisational Structure for Atomic Energy in India 
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2. SUMMARY 
 
2.0  GENERAL 

 
 In India, all activities related to atomic energy including those for electricity generation 
through nuclear power are governed by the Atomic Energy Act ï 1962 as amended from time to 
time and the rules made thereunder.  Atomic Energy Regulatory Board (AERB), the regulatory 
body constituted under the provisions of the act has the necessary powers and mandate to 
frame policies, lay down safety standards & requirements and to monitor & enforce all the 
safety provisions. AERB exercises the regulatory control over the activities related to nuclear 
and radiation facilities including the nuclear power plants (NPPs) through the consenting and 
regulatory inspection & enforcement processes. Regulatory requirements related to safety in 
nuclear power plants are given in AERB safety codes. Revision of the regulatory requirements 
prescribed by AERB is covered in this chapter. Also, included in this chapter is the progress on 
planned measures to improve safety as presented in the previous review meeting and also the 
future safety related activities.  
 
2.1  REVISION OF REGULATORY REQUIREMENTS 

 
 AERB regulatory documents like safety codes, guides, standards and the regulatory 
requirements specified through AERB directives are revised and updated as and when needed. 
Recently AERB has revised its safety codes related to design of Pressurised Heavy Water 
Reactor based NPPs, quality assurance in NPPs and NPP operations. The codes have been 
revised based on operating experience and current national/International practices. The IAEA 
safety standards were extensively used while revising the codes.  Some of the salient revisions 
in regulatory requirements are described below. 
 
i) AERB Safety Code on Design of Pressurised Heavy Water Reactor based Nuclear 

Power Plants AERB/NPP-PHWR/SC/D (Rev. 1): 2009 
   
  The code on design of NPPs was revised by AERB in 2009. The IAEA safety standard 
óSafety of Nuclear Power Plants: Design Requirements No NS-R-1ô was extensively used in 
revising the AERB code.  
   
  The new provisions in the code include the requirements for consideration of severe 
accidents, use of system design capabilities beyond originally intended functions and available 
means including support from other units at the same location to mitigate the consequences of 
severe accidents. Additional requirements have been introduced for use of both deterministic 
and probabilistic approaches in safety assessment.   

 
Design requirements for dealing with ageing of structures, systems and components 

important to safety have been included in the code. Requirements related to moderator system, 
use of computers in systems important to safety, emergency control centre and grid-plant 
interaction have also been included. The requirements on equipment qualification and human 
factors in design of a plant have been updated. 

 
ii) AERB Safety Code on Quality Assurance in Nuclear Power Plants AERB/NPP/SC/QA 
 (Rev. 1): 2009 

The code on Quality Assurance in NPPs was revised by AERB in 2009. The IAEA safety 
standard óThe Management System for Facilities and Activities, Safety Requirements No GS-R-
3ô was appropriately used in revising the AERB code.  
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The revised code includes new requirements for resource management, configuration 
management, infrastructure and work environment, safety culture, management commitment, 
communication, managing organizational change and improvement of QA programme.  

 
iii) AERB Safety Code on Nuclear Power Plant Operation AERB/NPP/SC/O (Rev. 1): 2008 
     
    The code on operations of NPPs was revised by AERB in 2008. The IAEA safety 
standard óSafety of Nuclear power Plants: Operation, Requirements No NS-R-2ô was 
extensively used in revising the AERB codeô. 
     
  The revised code includes requirements of operational experience feedback, plant life 
management and probabilistic safety assessment. Nuclear security requirements such as 
availability of approved site-specific manual on security, mock drill on security and measures as 
appropriate to prevent unauthorized access have been included. Plant life management 
considerations for continued operation are also covered.  
 

iv) Exclusion Zone for Nuclear Power Plants 
 
  Exclusion Zone (EZ) is an area upto a specified radius around the NPP where no public 
habitation is permitted. This zone is physically isolated from outside areas by fencing and is 
under the control of the plant management. The minimum exclusion zone for the NPPs was 
specified as 1.5 km.  
 
 On the basis of advanced safety features of NPPs of todayôs design, a proposal for 
revising the regulatory requirement and to reduce the size of exclusion zone was made to 
AERB. The proposal was evaluated taking into consideration the radioactive releases during 
design basis accident and the resultant dose to the public considering all radiation exposure 
pathways including inhalation and ingestion, at the exclusion zone boundary without taking 
credit of any countermeasures. The security considerations related to the size of the EZ were 
also assessed. Based on thorough evaluation of the proposal and all the related aspects, AERB 
has now stipulated that the size of the EZ shall not be less than 1 km from the centre of the 
reactor for the new reactors.  

 
2.2  PROGRESS ON CHALLENGES AND PLANNED MEASURES TO IMPROVE SAFETY  

 
 A number of challenges and planned measures to improve safety were identified in our 
presentation to the fourth review meeting. The following sections describe the progress made in 
these areas:  

 
i)  Augmenting human resources of AERB 
  

The scientific and technical manpower in AERB is being augmented at various levels 
taking into consideration the expanding nuclear power programme and increasing number of 
radiation facilities in the country.  The sanctioned staff strength of AERB has been increased by 
about 70 % and the recruitments are being made progressively. Progressive augmentation of 
AERB scientific and technical manpower is being done through fresh recruitments, transfer of 
experienced personnel from operating plants and R&D institutes such as BARC and IGCAR 
and induction of engineers through AERB Graduate Fellowship Scheme (AGFS) in academic 
institutes.   
  
ii)  Reliability and Safety of Digital I&C 
 

NPPs in India have been progressively employing digital I&C systems. The safety 
aspects related to these items were reviewed by AERB. Based on these reviews, it was 
decided to develop a safety guide on reliability and safety of digital I&C systems. AERB has 
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now issued safety guide AERB/SG/D-25 on ñComputer Based Systems of Pressurised Heavy 
Water Reactorsò. In development of the guide, international standards (including IEC, IEEE 
etc.) and various national and international documents were considered. This guide lays down 
the guidance for the design of digital I & C system to assure a high level of reliability and safety 
which can be verified and validated. The guide is largely technology neutral. The guide covers 
development life cycle, safety case, regulatory requirements and regulatory review process 
related to digital I&C. 
  

In conformance with the guide, NPCIL has prepared engineering procedures to define 
the work methods for design, development, testing and commissioning of computer based 
systems. NPCIL has an independent verification and validation committee to carry out the V&V 
process for the applicable computer based systems.  These V&V reports are further reviewed 
by AERB. The requirements of the guide are also followed during configuration changes at the 
operating NPPs. 
 
iii)  Licensing of NPPs of new designs  
 
 PHWR based NPPs have been the mainstay of our nuclear power programme. Initially, 
India constructed twin unit stations with 2X 220 MW reactors. With the standardisation of this 
design from NAPS onwards, regulatory review and licensing for subsequent reactors of this 
type were also standardised.  
 
 In the 1990ôs India undertook design and development of 540 MW PHWR based NPPs 
which had several first of a kind systems. Two reactors of this design were constructed at 
Tarapur (TAPS 3&4). These reactors started operating in 2005 and 2006. India has also 
developed 700 MW PHWR design with limited boiling in the coolant channels and the reactor 
will be having several new features. India is also constructing a 500 MW PFBR at Kalpakkam. 
The Licensing of 540 MW reactor and the ongoing review for licensing of 700 MW PHWR and 
500 MW PFBR have given AERB valuable experience for licensing of reactors of new design.     
 

 Two VVERs of 1000 MW each (KK1&2) of Russian design are under construction at 
Kudankulam. The licensing review of this reactor has also provided AERB valuable experience 
for safety review of LWRôs of new designs of foreign origin as well. 
 
 The licensing process for reactors of foreign origin will be governed by AERB safety 
code óRegulation of Nuclear and Radiation facilitiesô AERB/SC/G and associated guides and 
will take into account experience of safety review of design and operation of indigenous 
reactors as well as experience with safety review of PWR ï VVER units and current safety 
standards. The reactors should meet the applicable safety and regulatory requirements in India 
and in general, IAEA safety requirements, in addition to those specified by the licensee. 
   
iv)  Reliability of passive systems 

 
Advanced nuclear reactor designers incorporate several passive systems to improve 

safety. Acceptance of these systems could be a challenge to regulatory bodies. Several studies 
have been taken up in BARC, as well as in IGCAR in collaboration with AERB-Safety Research 
Institute (SRI), for assessment of reliability of such systems. These assessments require 
consideration of probability of deviation of process parameters and their combinations leading 
to system performance failure (i.e. functional failure probability), in addition to classical 
consideration of hardware failure probabilities.  For the assessment of functional failure 
probability, thermal-hydraulic codes are run with several combinations of values of influencing 
process parameters, so as to generate failure response surface in parametric space, 
demarcating the failure and success regions.  The variations in influencing parameters are 
assigned probability density functions, and their effect on system failure probability is assessed 
using Monte-Carlo simulators applied in the backdrop of the above generated failure surface.  
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Functional failure is then estimated as ratio of number of simulators leading to ófailuresô to total 
number of simulations. The IGCAR-SRI approach for functional failure probability estimation for 
various system configurations adopts certain refinements involving óresponse conditioning 
methodsô suitable for high-dimensional problems with complex failure surfaces for functional 
failure estimation. The studies conclude that for computationally expensive thermal-hydraulic 
estimations, subset simulation based óresponse conditioning methodô provides consistent and 
computationally efficient reliability estimates. 

 
The BARC approach (christened APSRA ï Assessment of Passive System Reliability) is 

based on the premise that causes of deviations in influencing parameters can usually be 
ascribed eventually to failure of mechanical components.  Hence in this approach, after the 
failure surface is generated, the problem reduces to classical treatment of combinations of 
hardware failures. 

 
Application of such assessments for regulatory purposes has not yet taken place in a 

significant manner, but are likely to play increasing role in licensing of new designs in future. 
  
v)  Severe accident management programme 
 
 Symptom based Severe Accident Management Guidelines (SAMG) are being evolved 
for Indian PHWR based on deterministic analysis of severe accident progression and PSA 
Level-1 and 2 studies.  The key requirements for the actions and the guidelines are worked out 
based on the severe accident analysis.  Indian standardised PHWR technology provides 
relatively large time for the actions to be taken under such conditions owing to large water 
inventory in calandria and calandria vault. Severe accident progression is outlined through 
indigenous severe accident analysis code-SEVAX, which is going through the rigorous code 
comparison exercise presently underway through IAEA coordinated research programme. The 
other participating countries in this CRP are Canada, China, Republic of Korea and Romania.  
 
  Various actions have been focused towards retaining the core debris in calandria vessel 
with the provision of long term cooling arrangement and to maintain the containment integrity. 
SAMGs also address various options to arrest severe accident progression and monitor the 
core status and success of mitigation actions.  In order to arrest severe accident progression, 
physical barriers are identified at which it is possible to logically halt progression of severe 
accident. The barriers so identified are coolant channel, calandria, calandria vault and 
containment. Five core damage states are identified which can be correlated with each of the 
above mentioned barriers. With reference to these core damage states (and hence severe 
accident progression barriers); three sets of guidelines for managing (preventing and mitigating) 
severe accidents are made.  
 

Severe Accident Prevention Guidelines 
- Inject into primary heat transport system  

Severe Accident Mitigation Guidelines 
- Maintain calandria heat sink 
- Maintain calandria vault heat sink 
- Control conditions in reactor building  

Severe Accident Ultimate Guidelines 
- Reduce containment pressure 
- Control containment atmosphere flammability / hydrogen 
- Mitigate fission products release  

 
As part of severe accident management, it is ascertained that calandria, calandria vault 

and end shields have adequate capability to relieve steam and to ensure long term decay heat 
removal. Adequacy of instrumentation and means to monitor severe accident progression/ 
efficacy of SAMG actions is also ensured. 
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The SAMG generic document is being prepared for standardised 220 MW and 540 MW 

Indian PHWRs, comprehensively covering all aspects of SAM programme. After review of the 
document, implementation of backfits as necessary will be taken up. 
  

The requirements for severe accident handling are embedded in the design of 700 MWe 
PHWR being constructed in India. These include: 

 

 Inventory addition (light water)  in calandria 

 Inventory addition in calandria vault 

 Injection  (light water) in to primary cooling system 

 Injection in to end shields. 

 Hydrogen management  
 
vi)  PSA (Level-2, Shutdown, External events) 
  

A comprehensive Level-1 Shutdown PSA is completed for KAPS-1, 2. Shutdown PSAs 
for other operating stations will be taken up progressively. The seismic, fire and flood PSA for 
KAPS-1, 2 is in progress.  

 
 Level-2 PSA for 220 MW PHWR (KAPS-1, 2) was completed earlier. With current 
improvements in severe accident & containment analysis and preparation of SAMGs, PSA 
Level-2 for KAPS is being revisited.  Level-2 PSA for other 220 MW PHWRs is expected to be 
similar. After completion of Level-2 PSA for 220 MW, it is planned to take up PSA Level-2 study 
of 540 MW design (TAPS-3, 4). 
   
vii)  En-masse Coolant Channel Replacement (EMCCR) of NAPS-2 and KAPS-1 
  
 EMCCR activities for NAPS-2 were started in December-2007. All coolant channels and 
heat transport system feeders have been replaced. The unit is likely to restart during 2010-
2011. EMCCR activities for KAPS-1 were started in July-2008. All coolant channels and heat 
transport system feeders have been replaced. Both the units are likely to start in 2010.  
 
viii)  Life management of Zr-Nb pressure tubes 
 
 With replacement of pressure tubes in NAPS-2 and KAPS-1, all the operating PHWRs in 
India now have pressure tubes made from Zirconium-2.5% Niobium alloy, which have low initial 
hydrogen and a significantly lower rate of hydrogen / deuterium pick up as compared to 
Zircaloy-2 coolant channels installed earlier. An elaborate approved programme for in-service 
inspection for monitoring status of the coolant channels in all reactors has been finalized. The 
programme includes requirements and acceptance criteria for both pre-service inspections 
(PSI) as well as in-service inspections (ISI). The present ISI programme requires all NPPs to 
carry out the first ISI campaign between two and four years of start of operation and the 
subsequent inspections every six years. Most of the reactors, particularly the ones that have 
seen longer period of operation have undergone inspection campaigns, generally in line with 
the currently approved ISI programme.  
 
 The requirements of the ISI programme address the known generic degradation 
mechanisms, viz. hydrogen / deuterium ingress, irradiation creep & growth and degradation of 
material properties. The ISI programme also specifies the requirements with respect to material 
surveillance.  
 
 The in-service inspections carried out so far in various units have shown that there are 
no immediate concerns of life limiting nature with respect to Zirconium ï Niobium coolant 
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channels in Indian reactors. Degradation mechanisms which impact the service life in the long 
term have been identified and suitable action plans are implemented for life management. 
Following are the two main degradation mechanisms: 

 
a) Axial creep / growth among pressure tubes  

 
During the axial creep measurement campaigns significant differences have been 
observed in the axial elongation of some of the adjacent coolant channels in the core.  
This may cause interference between the feeders and feeder coupling hardware of the 
channels belonging to same feeder bank preventing free expansion of coolant channels.  
The status of the channels and the clearances are being monitored regularly during 
biennial shutdowns. Strategy has been developed to deal with this issue. The issue is 
further elaborated in section 6.1.5 (a).   

 
b) Diametric creep / growth in pressure tubes: 

 
At Kakrapar-2, coolant channel inspection results indicated that the diametric creep in 
some of the inspected coolant channels may be higher than anticipated. The thermal 
hydraulic studies carried out for assessing the effect of these observations on Minimum 
Critical Heat Flux Ratio (MCHFR) indicated that significant margins would still be 
available and there was no immediate safety concern. Various studies and assessments 
are being done for deciding the acceptable service life of pressure tubes and the future 
action plan for life management of these channels. The issue is further elaborated in 
section 6.1.5 (b).   

 

ix)   Primary Heat Transport System Feeder thinning  
 
 In PHWRs, the thinning of the reactor outlet feeders of Primary Heat Transport System 
takes place mainly due to high fluid velocities and operating temperature in the vicinity of boiling 
point of the fluid. A number of measures have been taken to mitigate the thinning phenomena, 
including the following: 
 

 In all new feeders, material is changed to the one having 0.20 to 0.24% chromium  

 All outlet feeders of 32mm NB size have been replaced with 40mm NB size in the 
FAC vulnerable portion,  

 The thickness of elbows in all new feeder installations has been increased.  

 In order to facilitate proper UT thickness gauging, the weld joints near high pressure 
coupling have been ground flushed in the feeders that have been replaced at RAPS-
2 and are being replaced at other stations.  This has also been incorporated in the 
feeder fabrication procedure for all future feeder installations.   

 Primary coolant pH is being maintained at all stations between 10.2 to 10.4 
  

x)  Flow Assisted Corrosion (FAC) of Secondary System Piping 
 
 Comprehensive action plan has been prepared to mitigate/ manage secondary cycle 
FAC. In the first phase of the program, all NPPs have collected baseline data for a large 
number of components (around 3500) pertaining to high-energy system piping of secondary 
cycle by UT thickness measurements. These baseline data collected in initial examination for 
operating plants and in pre-service inspection (PSI) for projects are recorded for componentôs 
life evaluation purpose. The basis for selection of components for this examination includes: 

  

 All pipes & fittings in upstream as well as downstream of restriction orifices, flow 
elements, control valves, bypass valves, motorized valves, non-return valves, 




