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FOREWORD

The Government of Indiaratified the Convention on Nuclear Safety on March 31, 2005. Thisis
thefirst National Report being submitted for review by the Contracting Parties, pursuant toArticle
5 of the Convention on Nuclear Safety, which entered into force on 24 October 1996. The Report
demonstrates how Government of Indiahasfulfilled its obligations under Articles 6 through 19
of the Convention.

ThisNationa Report was prepared in accordance with the“ Guidelines Regarding Nationa Reports
under the Convention on Nuclear Safety”. India continues to believe that this Convention on
Nuclear Safety should cover all nuclear power plants, civil and military. Accordingly, al land-
based nuclear power plants under the jurisdiction of the Government of India, including such
storage, handling and treatment facilitiesfor radioactive materials, asareonthesamesiteand are
directly related to the operation of nuclear power plants, asdefined in Article 2 of the Convention,
are covered in this national report.

The preparation of the National Report was coordinated by a Steering Committeewherein severa
officers of the Atomic Energy Regulatory Board and the Nuclear Power Corporation of India
Limited participated.
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INTRODUCTION

1. GENERAL INFORMATION

1.1 General Overview

Indiaoccupiesastrategic position in Asiawith adistinct geographical identity. Bounded
by the Great Himalayasin the north, it stretches southwards and from Tropic of Cancer, tapers off
into the Indian Ocean between the Bay of Bengal on the east and Arabian Seaonthewest. Indiahas
seven major physiographic regions: Northern Mountainsviz. the Himalayas, The Indo Gangetic
Pain; Centra Highlands; Peninsular Plateau; East Coast; West Coast; Bordering Seas; and Idands.
A mgjor part of theland surfaceis covered by aplateau |andscape.

Thereareanumber of riversflowing inthecountry i.e. Himalayanrivers, Peninsular rivers,
coastal riversand rivers of Inland Basin. Indiagetsitsrainsfrom the southwest monsoon during
the months of June to September, and northeast monsoon during October to December. The
rainfall variesin wide degreesin different partsof India. Thetropic of cancer passesthrough the
middle part of India. The climate may be broadly described astropical monsoon type. Thereare
four seasonsi.e. (i) Winter (January-February); (i) Hot weather summer (March-May); (iii) Rainy
southwest monsoon (June-September) (iv) Post monsoon aso known as northeast monsoon
(October-December) in the southern peninsula

India became an independent nation on the 15th August 1947. It became a Republic on
26th January 1950 and the Constitution of Indiacameinto force. Indiaisa Sovereign, Socialist,
Secular, Democratic republic with a parliamentary system of Government sustained by awell-
developed electora process. Indiais a federa polity with a Central Government, 28 State
Governments, aNational Capital Territory and 6 Union Territories. Ever sinceitsindependence,
the country has achieved significant progress in various sectors such as agriculture, industry,
power, science and technol ogy including atomic energy, space and services.

According to 2001 census, India’ s populationis 1027 million. The estimated annual growth
of population from 1991 to 2001 is about 1.87 %

1.2  Economy

The GDP at factor cost in 2005-06 at current prices was about Rs. 32509 billion (722
billionUS$). The advance estimates (AE) of grossdomestic product (GDP) for 2006-07, released
by the Central Statistical Organisation (CSO), placesthe growth of GDP at factor cost at constant
(1999 -2000) pricesinthe current year at 9.2 per cent. Growth in 2005-06, initially estimated by
the CSO at 8.1 per cent, wasrevised upwardsto 9.0 per cent in the quick estimatesreleased by the
CSO on January 31, 2007.

1.3 Energy Scenario
The Per capita consumption of energy in Indiawas 520 kg of oil equivaent (kgoe) per



personin 2003. The energy resourcesare unevenly distributed in the country and aremainly used
for power generation, transport and industrial, services, agriculture and domestic uses.

The overal energy resource baseis:

India’s Energy Resource Base

Amount Electricity Potential

GWe-yr
Coal 533 -BT 10,660
Hydrocarbon 12 -BT 5,833
Uranium-Metal 61,000 -T
- In PHWR 328
- In Fast Breeders 42231
Thorium — Metals 2.25.000-T 155,502
(In Breeder)
Hydro 150 -GWe 69 GWe-yr/yr
Non-conv. Ren. 100 -GWe 33 GW-yr/yr

Uranium reservesin the country are estimated to be about 95,000 tonnes (metal) excluding
reserves in speculative category. After accounting for various losses in mining, milling and
fabrication the net uranium availablefor power generation is estimated to be about 61,000 tonnes
(metal). One of the largest resources of thorium in the world is contained in monazite deposits
(about 8 million tonnes) in India mainly along the Indian seacoast. Out of this about 4 million
tonnesisconsidered exploitable of which 70% is consi dered mineable containing about 2,25,000
tonnes of thorium metal and hence the energy potential of thoriumisvery significant.

1.4  National Policy Towards Nuclear Activities

Theintegrated energy policy of the country recognizes that nuclear energy is capable of
providing long-term energy security and isbased upon judicious utilization of the nuclear resource
profile of the country. The major source of electricity generation in the country at present is
coa. Theinstalled power generating capacity (Power Utilities) as of 31st March 2007 is about
132 GW (e) with about 66% contributed by fossi| thermal power. Therole of nuclear power isto
supplement the base load generation from coal fired power plants at locations away from the
coamines and in thelong term, to utilise the abundant thorium resourcesto generate el ectricity.

Thenational policy towards nuclear activities has been one of full support for al activities.
Thebroad areas of nuclear activitiesareenergy (nuclear power), societal and technol ogy devel opment
and human resources development apart from basic research in nuclear sciences. The societa
devel opment encompassesfood and agriculture (food preservation, devel opment of superior mutant
varieties of seed/crops), health (nuclear medicine for diagnostics and radiation therapy), water
(nuclear desdlination) and environment (sewage and waste management). The deve opment of frontier
technologies like nano technologies, microelectronics, robotics and remote handling tools,
accelerators, superconductors etc has been taken up for industrial applications.



Safety isaccorded overriding priority inall these activities. All nuclear facilitiesare sited,
designed, constructed, commissioned and operated in accordance with strict quality and safety
standards. Principlesof defencein depth, redundancy and diversity arefollowed in the design of
all nuclear facilities and their systems/components. The regulatory framework in the country is
robust with the independent Atomic Energy Regulatory Board (AERB) having powersto frame
policies; laying down safety standards & requirementsand monitoring & enforcing all the safety
provisions. AERB exercisesthe regulatory control through astage wise system of licensing. As
aresult, India s safety record has been excellent in over 260 reactor years of operation of power
reactors and various other applications.

1.5 Electricity Sector

Asper the Congtitution of India, € ectricity isaconcurrent subject implying that both the
Central Government and State Governments have the authority to legidate on the subject. The
structure of the electricity sector derives its character and composition from the Indian
constitution.

In 2003, the Electricity Act has been enacted. The act seeksto create aliberal framework
of development for the power sector. The objectives of the Act are “to consolidate the laws
relating to generation, transmission, distribution, trading and use of e ectricity and generally for
taking measures conducive to devel opment of electricity industry, promoting competition therein,
protecting interest of consumersand supply of electricity to al areas, rationalization of e ectricity
tariff, ensuring transparent policies regarding subsidies, promotion of efficient and
environmentally benign policies.” Under the act Central Electricity Authority, Regulatory
Commissionsand Appellate Tribunal have been constituted to deal with al therelated i ssues.

The Ministry of Power in the Government of India (GOIl), is responsible for the
administration of the above act and to undertake such amendmentsto theAct, asmay be necessary
from time to time, in conformity with the policy objectives of GOI. The Central Electricity
Authority (CEA) isthe central control authority and the Central Electricity Regulatory Commission
(CERC) isthecentral commercial regulator. Each State a so hasits own Regulatory Commission.

Nuclear Power generation is governed by a separate legidation, the Atomic Energy Act,
1962. The Atomic Energy Act encompasses al the activities concerned with Atomic Energy
including electricity generation. The tariffs and other commercial parameters of nuclear power
stations are notified by the Department of Atomic Energy in consultation with the CEA. As per
the prevailing Atomic Energy Act, only the Government or Government owned companies are
permitted in thefield of nuclear power generation.

The generation, transmission and distribution arelargely in the public sector. Of thetotal
132 GWeinstalled capacity, 115 GWe (70 GWein State sector and 45 GWe in Central sector) is
inthe public sector and 17 GWeinthe private sector. Thereareafew industrial unitswith captive
generating capacities supplying excess generation to the grid.



The generation through non-conventiona renewable energy sources comes under the
administrative control of the Ministry of New and Renewable Energy Sources, GOI.

The Power Finance Corporation (PFC) provides term finance to projects in the power
sector. The PTC (Power Trading Corporation) isan entity established to serve asasingle point of
contact for entering into power purchase agreements with independent power producers on the
one hand and the consumers or state utilities on the other.

Indiaisdividedinto five Electricity Regions; namely, Northern, North- Eastern, Eastern,
Western and Southern. For each region, aRegional Electricity Committeeisconstituted to provide
guidelines for operation of the grid and to co-ordinate exchange of power between States and
Regions. The Regional Electricity Committee also reviews progress of schemes and plans
generation schedule.

The Power Grid Corporation of IndiaLimited (PGCIL) hasbeen established by the Centra
Government with the mandate to establish and operate Regional and National Power Gridsto
facilitate transfer of power within and acrossthe Regionswith reliability, security and economy
on sound commercia principles. All transmission facilities originally under Central Sector
organizationsweretransferred to PGCIL.

Theinstalled capacity by fuel sourcesisasfollows

Table 1: Region wise installed capacity (MW) as on 31.3.2007

Region Hydro Thermal Nuclear | Renew. | Total

Coal Gas Diesel Total

Northem | 13,000.38 | 18,027.50 | 3,323.1% 1499 | 21,365.68 | 1,180.00 81337 | 36,359.43

Western 6,91883 | 2244150 | 582072 1748 | 28279.70 | 1,84000 | 187476 | 3891329

Southern | 11,011.71 | 16,7250 | 3,586.30 93932 | 20,698.12 880.00 | 497155 | 3756138

Eastern 2,49653 | 14,149.88 190.00 17.20 | 14,357.08 0.00 46.76 | 1690037
N.Eastermn | 1,221.07 330.00 771.50 14274 | 124424 0.00 48.91 251422
Islands 525 0.00 0.00 70.02 70.02 0.00 525 80.52

All India 34,653.77 | 711,121.38 | 13,691.71 | 1,201.75 | 86,014.84 | 3,900.00 | 7,760.60 | 132,329.21

The nuclear generation in the year 2006-07was 18800 Million Units, constituting about
3% of thetotal generation in the country.

2. NATIONAL NUCLEAR POWER PROGRAMME
2.1 Historical Development and Nuclear Power Organisational Structure

2.1.1 Overview

A maor stepintheformulation of the Atomic Energy Programmein Indiawasthe passing
of the Atomic Energy Act in 1948 (subsequently replaced by the Atomic Energy Act of 1962).



Under the provisions of the Atomic Energy Act, the Atomic Energy Commission (AEC) was
congtituted in 1948. Uranium exploration and mining required for the nuclear power programme
were some of theinitial activities undertaken.

The Department of Atomic Energy (DAE) of the Government of India(GOI) wasestablished
inAugust 1954. The Department is responsible for execution of policieslaid down by the AEC.
It is engaged in research, technology development and commercial operations in the areas of
nuclear energy, related high technol ogies and al so supportsbasic research in nuclear scienceand
engineering.

The key policy has been self-reliance. The importance of developing a strong research
and development basefor the nuclear power programmewas recognized early on. Thus, adecision
was made, in 1954, to set up aresearch and development centre, now called Bhabha Atomic
Research Centre (BARC) at Trombay. Research reactors APSARA (1956), CIRUS (1960), and
DHRUVA (1985) and some critical facilities were set up at the Centre. A number of additional
facilities and laboratories were built at the Centre to support the nuclear power programme and

Figure1: Three Stages of
Indian Nuclear Power Programme
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related nuclear fuel cycleactivities. The Centre extendsthe necessary R& D support to the nuclear
power programme and associated fuel cycleactivities. Over theyears, BARC hasdeveloped into
afrontline multidisciplinary research centre and astrong technical support organisation for nuclear
power programme of the country.

In 1947 when India became independent, its installed electric power capacity was only
about 1.5 GW (e), which hasgrown, ason March 31, 2007, to about 132 GW (e). Considering the
population growth, low per capita el ectricity consumption and need for increasing the share of
commercia energy sources, large-scale production of e ectric power was necessary. By thelate
1950's, AEC had worked out the economics of generating electricity from atomic power reactors.
Based on thisstudy, the Government decided to set up aseries of nuclear power plantsat locations
away from coalminesand nearer to load centres. The strategy adopted by the Indian nuclear power
programme isto use the country’s modest uranium and vast thorium resources. In linewith this
strategy, athree-stage programme, asshown infigure-1, isenvisaged. Thefirst stageisbased on
setting up of pressurized heavy water reactors (PHWRS) using indigenously available natural
uranium producing e ectricity and plutonium andisin commercia domain. Thiswill befollowed
by the second stage by plutonium fuelled fast breeder reactors (FBRS) producing electricity and
additional quantity of plutonium and also uranium 233 from thorium. Thethird stage of reactors
will be based on thorium-uranium233 cycle.

2.1.2 Organisational Structure

TheIndian Atomic Energy Organisational Structureisshownin Figure 2. Devel opment of
nuclear power and rel ated nuclear fuel cycle and research and development activitiesare carried
out invariousunitsunder DAE. The organisationisdivided into four mgjor sectors, namely research
and development sector, industrial sector, public sector undertakings and services and support
sector. The DAE also provides for close interaction needed between the production and R&D
units

i. The Atomic Energy Regulatory Board (AERB) is directly under the Atomic Energy
Commission astheindependent Regul atory Authority. It istotally independent of DAE.

ii. Research and development sector includes BhabhaAtomic Research Centre (BARC), Indira
Gandhi Centrefor Atomic Research (IGCAR), Atomic Minerals Directorate for Exploration
and Research (AMD), RgjaRamanna Centrefor Advanced Technol ogies (RRCAT), Variable
Energy Cyclotron Centre (VECC), and fully aided research institutionslike Tata | nstitute of
Fundamental Research (TIFR), Institutefor PlasmaResearch (IPR) and others. It d soincludes
Board of Researchin Nuclear Sciences (BRNS) and National Board for Higher Mathematics
(NBHM) for providing extra-mural funding to universities and other national |aboratories.
Homi BhabhaNational Institute (HBNI) isan institute having the status of aUniversity and
the academic programmes being run by research and development centres and grant-in-aid
ingtitutions, except TIFR, are affiliated to HBNI.



ii. Industrial sector includes Government owned units of Heavy Water Board (HWB) for the
production of heavy water, Nuclear Fuel Complex (NFC) for the manufacture of nuclear
fuel, zircaloy components and stainless steel tubes, and Board of Radiation & |sotope
Technology (BRIT) for processing and sale of radioisotopes and related equipment and for
developing technol ogiesfor radiation and isotope applications.

iv. Public Sector Enterprises under the control of DAE and their activities are asfollows:

*  Nuclear Power Corporation of IndiaLimited (NPCIL) engaged in thedesign, construction,
commissioning and operation of the nuclear power plants based on thermal reactors;

e Uranium Corporation of IndiaLimited (UCIL) engaged in mining, milling and processing
of uranium ore;

* Indian Rare Earths Limited (IRE) engaged in mining and mineral 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 IndiaLimited (ECIL) engaged in design and manufacture of
reactor control and instrumentation equipment related to atomic energy and also to other
sectors,

» BhartiyaNabhikiyaVidyut Nigam Limited (BHAVINI) for setting up fast reactor based
nuclear power plants.

v. Directorate of Construction Servicesand Estate M anagement isresponsiblefor construction
and maintenance of residential housing/office buildingsand other related facilities; Directorate
of Purchase and Storesis responsible for centralised purchases and stores.

Nuclear Power Plants were initially set up and operated by Power Project Engineering
Division (later Nuclear Power Board) aunit directly under the Government of Indiasincethelate
1960's, when the construction of the first nuclear power station was commenced. Thisunit was
corporatised in September 1987, thereby forming Nuclear Power Corporation of India Limited
(NPCIL), awholly owned company of Government of India. Formation of NPCIL wasastepto
give the required degree of operational freedom and to mobilise funds from the Indian capital
market to finance new nuclear power projects. NPCIL is responsible for design, construction,
commissioning and operation of the nuclear power plants of the first stage nuclear power
programme.

Construction of the first 500 MWe Fast Breeder Reactor was started by the recently set
up company, BHAVINI.

Design and development of the 300 MWe Advanced Heavy Water Reactor for
demonstration of technology towards |large-scale utilisation of thorium for electricity generation,
isbeing carried out at BARC.
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2.2  Evolution of Indian Nuclear Power Programme

The construction of India sfirst nuclear power station at Tarapur consisting of two boiling
water reactors (BWRS) by General electric, USA on aturnkey basis, was commenced in the
1960s. Thiswas essentially to establish thetechnical and economic viability of nuclear power in
India and to gain valuable experience nuclear power plant operation. In parallel, the work on
congtruction of PHWRswas also commenced at RAPS 1& 2 with technical cooperation of AECL
(Canada). Subsequently, in 1980s two 220 MWe PHWRs (MAPS-1& 2) were constructed near
Madraswith indigenousefforts.

After gaining experiencein setting up of RAPS and MAPS, astandardised design of 220
MWe reactor was developed. This incorporated major design modifications in terms of two
independent fast acting shut down systems, high pressure emergency core cooling system, integral
calandria & end shields, water filled calandria vault, elimination of dumping and provision of
double containment with modified vapour separation pool. Four such reactors, two each at Narora,
Uttar Pradesh and Kakrapar, Gujarat were set up. Four more 220 MW PHWRs, with some more
modifications such aslocating the steam generatorsfully insidethe primary containment, complete
pre stressed concrete construction for primary containment and a compact site layout were set
up at Kaigaand Rawatbhata subsequently. Thesereactors(Kaiga-1& 2 and RAPS-3& 4) commenced
operation in the year 2000. In addition, four smilar PHWRs (Kaiga-3&4 and RAPS-5& 6) of
standard 220 MW design were taken up for construction at same sitesin 2002. Thefirst among
these, Kalga-3 hasbecome operationa in April 2007and the other three are planned for completion
sequentially by end of 2007 or beginning of 2008.

RAPP-5& 6 Project

Thus apart from the first two BWR units at Tarapur which are in operation since 1969,
twelve PHWR 220 MWe units with two units at each of the four locations Kal pakkam (MAPS),
Narora(NAPS), Kakrapar (KAPS) and Kaiga(KGS), and four unitsat Rawatbhata (RAPS-1& 2
and RAPS-3& 4) arenow in operation.



In parallel, design and development of larger size 500 MWe PHWR unit wastaken upin
1990s. The experience of design, construction and operation of 220 MWe units provided
significant inputsin the design, which waslater, scaled up to 540 MWe capacity. The construction
of two 540 MWe units at Tarapur was commenced in the year 2000 and the units became
operational 2005 and 2006 respectively.

Presently a700 MWe PHWR design with limited boiling in the coolant channelshas been
developed. Two unitsof thisdesign are planned at Kakrapar in Gujarat.

In order to achieve faster capacity addition, construction work for setting up of 2 x 1000
MW (e) Russian VV ERsbased NPPs at Kudankulam wastaken up in co-operation with Russian
Federation. Several advanced safety features have been provided in these reactors. These units
are likely to be operational by end of 2008.

Kudankulam -1&2 Project

Thework on the second stage of the nuclear power programmeisin progressat the Indira
Gandhi Centre for Atomic Research (IGCAR). The Fast Breeder Test Reactor (FBTR) 40 MW
(th) at Kalpakkam isin operation since 1986. Its unique carbide fuel has achieved a burn-up of
125,000 MWD/Tonne. The technology development for the first 500 MWe fast breeder reactor
(FBR) has been completed. The project has been launched with first pour of concretein October
2004 and is presently under construction.

Towardshbuilding up thorium-based reactors, the stridestaken by DAE include setting up of 30
KW (th) neutron sourcereactor KAMINI at Kapakkam. Thereactor hasbeenin operation snce1997.
Kamini uses uranium?3-based fuel derived fromirradiated thorium. BARC hasdevel oped thedesign
for the Advanced Heavy Water Reactor (AHWR) of 300 MW(e) capacity. Thisisavertica pressure
tube reactor utilising heavy water moderator, boiling light water coolant, thorium-plutonium based
fuel and incorporates severa passve safety systems. It derives about two-third of its power from
thorium and DAE/BARC expects to launch its construction in near future after obtaining approval
fromAERB. Thepre-lecensing designreview of AHWR has been compl eted recently by AERB. This
reactor will be atechnology demonstration project for utilising thorium for eectricity generation.
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2.3 Safety Management

Utmost attentionisgivento safety in every stage of realisation of nuclear power plantsto
ensure safety of operating personnel, public as well asthe environment. The principle of safety
being the overriding priority encompasses the entire gamut of activities associated with nuclear
power plants (NPPs), that is, siting, design, construction, commissioning, operation and
decommissioning.

A systematic approach using well-defined principlesisfollowed inthedesign of the nuclear
power plants to provide the required safety features adopting principles of defence-in-depth,
diversity and redundancy. Nuclear Power Plants are constructed in accordance with the design
intent, and with required quality of workmanship to ensure highest quality standards.
Commissioning of the systemsto test and demonstrate adequacy of each system and the plant as
awhole by actual performance teststo meet the design intent is carried out before commencing
the operation of the plant. Operation of the plant is carried out as per defined and approved
procedures defining the operational limits and conditions for various system parameters, in the
technical specificationsfor operation that arethoroughly reviewed and approved by AERB. Further
AERB, through formal clearances authorises actions stipulating specific conditions at various
stagesof theplant. Theseincludesite approval, review and approval of design of systemsimportant
to safety and authorisations for construction, commissioning and operation and safety review
during operational phase. Theregulatory framework in Indiaisindeed robust. All these measures
arefor ensuring safe operation of the plants, safety of occupational workers, members of public
and protection of environment.

All nuclear power plant sitesin Indiaare self sufficient in the management of radioactive
waste generated there. Adequatefacilitieshave been provided for handling, treatment and disposal
of wastes generated from plant operation at these sites. Management of radioactive wastesis
carried out in conformity with the regulatory guidelines based on internationally accepted
principles.

2.4  National programme for nuclear fuel cycle

India’'s three-stage nuclear power programme is based on a closed fuel cycle. The
advantages of the approach are maximum utilisation of the energy potential of fuel and
minimisation of high level wastes.

Comprehensivefud cyclefacilities—front end and back-end have been devel oped and are
in operation. Front end facilities including mining of ore, milling and processing and fuel
fabrication are taken up by UCIL and NFC, as brought out earlier. The back end facilities for
reprocessing of spent fuel and extraction of Plutonium to fuel the second stage reactors and the
associated fuel fabrication facilities have been devel oped and arein operation.
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Vitrification technol ogy has been devel oped for capturing the high level wastes produced
during reprocessing in aglass matrix, to be stored in vaults before final disposal in ageological
repository. Vitrification plantsand vaultsfor storage of vitrified waste packagesarein operation.

2.5 Role of Nuclear power in national industrial infrastructure

In the beginning of the nuclear power programme, the Indian industry needed up-gradation
to manufacture/undertake precision jobs to exacting quality standards of the nuclear industry.
However, the Indian engineering industry has since devel oped significantly and today almost all
the materials, components and equipment required for nuclear power plants are manufactured
indigenoudly.

Indiahas heavy engineering plantsin both public and private sectors, manufacturing large
steam generators, turbines, electrical equipment, heat exchangers, pumps, pressure vessels and
other industrial equipment. The Indian Nuclear Power Programme has utilised these facilities
for manufacture of nuclear and conventional equipment and undertaking large mega-package
contracts. The maturity of the industry and its capability to take up mega package contracts has
contributed significantly in the reduction of gestation time of nuclear power projects.

2.6 Human Resour ces Development

Redising theimportance of having adequate number of well trained scientistsand engineers
in achieving success in the programme, a training school at BARC was established in 1957.
Subsequently when thetraining needsfor the operating nuclear power stationsarose, the Nuclear
Training Centres (NTC) were set up by the Nuclear Power Corporation of IndiaLimited (NPCIL).
To meet the expanding needs of Human Resources, Training Schools have a so been set up at the
Centrefor Advanced Technol ogy, Indore (2000), Nuclear Fuel Complex, Hyderabad (2001) and
IGCAR, Kalpakkam (2006). These NT Csand training schoolsare affiliated to the BARC Training
School with respect to training of engineers and scientists. To date, nearly, 7500 engineers and
scientists have been trained in these training schools.

Dedicated Knowledge Management groups have been set up in al organisations of the
DAE to pool and disseminate the avail able knowledge base and further augment it to meet the
challengesinfuture.

Asapart of operator training, training on simulatorsfor key operation personnel hasbeen
introduced. Simulators have been established for each type of reactor at varioussitesfor effective
training.

Engineersand scientistsfrom the nuclear industry also participatein several international
meetingsand training programmes conducted by the International Atomic Energy Agency (IAEA)
and other organisations to further enrich their capabilities.

12



3. CONCLUSON

Asaresult of long-range planning, extensive research and devel opment infrastructure has
been created in the country. This has helped industry to undertake activities involving high
technology such asdesign, construction and operation of nuclear power plantsand al the associated
facilities. Establishment of legidative and regulatory framework which demands priority to safety
in all the activities undertaken in the areas involving radiation and atomic energy has ensured
safety of these facilities at al stages.
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ARTICLE 6
EXISTINGNUCLEARINSTALLATIONS

Each Contracting Party shall take the appropriate steps to ensure that the safety of
nuclear installations existing at the time the Convention enters into force for that
Contracting Party isreviewed as soon aspossible. When necessary in the context of this
Convention, the Contracting Party shall ensure that all reasonably practicable
improvements are made as a matter of urgency to upgrade the safety of the nuclear
installation. I f such upgrading cannot be achieved, plansshould beimplemented to shut
down thenuclear installation assoon aspractically possible. Thetiming of the shutdown
may takeinto account the whole ener gy context and possible alter nativesaswell asthe
social, environmental and economicimpact.

6.1 GENERAL

At present seventeen nuclear power reactorsare being operated in India. Nuclear Power
was ushered in India in 1969 with commissioning of Tarapur Atomic Power Station (TAPS),
comprising two boiling water reactors as aturnkey project by Genera Electric Company (GE)
USA. Subsequently, as per policy decision of Government of India, several Pressurized Heavy
Water Reactor (PHWR) based Nuclear Power Plants (NPPs) were set up starting with Rajasthan
Atomic Power Station (RAPS unit-1& 2). Since the inception of the programme in the country,
priority has been given to the adoption and maintenance of high safety standards. Asearly asin
the 1960s, the Department of Atomic Energy (DAE) had set up a Safety Committeeto advise on
matters of safety and give clearances for criticality & operation for Indiasfirst NPP at TAPS-
1& 2 after exhaustive safety review. Similarly, a Safety Review Committeefor RAPSwasformed
in 1969 for review of RAPS-1, thefirst PHWR (CANDU Type) built in the country in collaboration
withAECL, Canada.

The benefit of the above experience led to the establishment of an Independent Safety
Review Committee (DAE-SRC) in 1972, to advise the DAE on safety matters related to
commissioning and operation of Unit-1 of RAPS. In 1975, thiscommittee wasfurther empowered
to overseethe safety in al the constituent units of DAE. With the constitution of Atomic Energy
Regulatory Board (AERB) in 1983, variousregulatory functionsenvisaged in Sections 16, 17 &
23 of Atomic Energy Act, 1962 were brought under one umbrella. To ensure greater independence
inreview, assessment and regul atory decision-making, the reporting obligation of AERB isvested
with the high-powered Atomic Energy Commission (AEC), a policy-making body advising the
Government of Indiaon mattersrelated to Atomic Energy.

In the beginning, the design, construction and operation of the NPPswere carried out asa
departmental activity of DAE. In the year 1967, Power Projects Engineering Division (PPED)
was created within the DAE and was entrusted with this responsibility. Thiswas converted into
Nuclear Power Board (NPB) in 1984, with increased delegation of powers. In 1987, NPB was
converted into the Nuclear Power Corporation of India Limited (NPCIL), as a public sector
enterprisewholly owned by Government of India, under the administrative control of the DAE. It
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wasregistered asa public limited company under the companiesAct 1956, with the objective of
undertaking the design, construction and operation & maintenance of nuclear power stationsfor
generation of electricity in pursuance of the schemes and programmes of the Government of
India under the provisions of Atomic Energy Act, 1962. The mission of NPCIL isto produce
electricity and develop nuclear power technology, as a safe, environmentally benign and
economically viablesource of electrical energy to meet theincreasing energy needs of the country.

Themechanismfor review and assessment of safety hasevolved over theyears. The concept
of third party review and subsequently, that of a formal regulatory review have always been
associated with design evolution, construction, commissioning and operation of NPPs. These
mechanisms haveresulted in progressiveimprovementsin the safety and reliability of unitsover
the years. Every event in an operating NPP is reviewed and lessons are learnt. Analysis of
internationally reported eventsand their applicability to Indian NPPsis checked and accordingly
the systems, procedures, aspects related to training and safety culture are further improved. For
effecting any changes in the design and procedures important to safety during operation, an
elaborate review and approval system has been put in place and thishasimproved progressively
with experience. Theinputsfrom operational experience are utilised for design improvementsin
the new reactors.

The radiological exposures of all the radiation workers are scrupulously monitored and
records are maintained. In linewith |CRPrecommendation, AERB has prescribed thelimit of 20
mSyv for aradiation worker averaged over five consecutive years, calculated on adiding scale of
five years (The cumulative effective dose in any consecutive five-year period shall not exceed
100 mSv) and amaximum of 30 mSv in any year. Asaprecautionary measure, thelimit for contract
workers has been kept at 15 mSv in ayear. To achieve these targets, the nuclear power stations
have introduced interim limits for individual dose on a daily, monthly and quarterly basis. An
AERB committee carries out an investigation if the annual exposure of any worker exceedsthe
prescribed limit.

Sincetheyear 1990, AERB hasintroduced a system under which each stationisrequired
to plan and prepare abudget for collective exposure and get it approved by AERB at the beginning
of the year. If the collective exposure during the year exceeds the approved budget, the station
hasto provide adequate justification. Efforts have a so been made by way of design modification,
procedural improvements, planning, discipline, job briefing, mock up, etc to control the collective
dose for the station.

The efforts as above have succeeded in bringing down the annual collective exposures
over the years as can be seen from the chartsfor earlier and later versions of Indian NPPs.

All Indian NPP siteshave an extensive programmein place for monitoring environmental
impact. For thispurpose, BARC establishesan Environmenta Survey Laboratory (ESL) at each
new site well before commencement of operation of aNPP to facilitate base line data. Theaim
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Station Collective Dose/Unit in Indian NPPs (older units)
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of environmental monitoring and surveillance programmeisto assessthe radiological impact of
NPP operation and to demonstrate compliance with the radiation exposure limits set by AERB
for the members of the public. The area up to a distance of about 30 km is covered under the
environmental survey programme. The estimated dosesto the public at the exclusion boundary of

the NPPhave been avery small fraction of theAERB doselimit of 1000uSv/Y'r, asdepicted inthe
chart.

Right from theinception of the nuclear power programmein the country, BARC provides
the entire radiological support at al NPPs. Thisincludes the Health Physics Units (HPUs) and
Environmenta Survey Laboratories (ESLs), which areindependent of NPP management. BARC
continuesto provide the research and devel opment support to the programmein all itsstagesviz.
siting, design, construction, commissioning, operation and decommissioning. The independent
assessments made by BARC expertsform avery important input for the regulatory body.
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Environmental Dose (mSviy) doe o Operation of Nuclear Power Plants in India{20402-
2006) AERB Duose Limit to Public is 1000 mSv/y
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With sound design, trained and experienced operating staff and safety conscious approach
to operation, the possibility of any accident isremote. However, to meet any unlikely situation of
an accident, well thought out formal emergency preparedness plansarein place. Based on these
plans, the exercisesfor Plant Emergency, Site Emergency and Offsite Emergency are carried out
with afrequency of four in ayear, once ayear and oncein two years respectively.

Aspart of operating safety experiencefeedback system, comprehensve safety assessments
are also carried out in response to maor incidents and operating experience obtained within the
country or from abroad. Some of the major reviewsthat havetaken place over theyearshave been
detailed at section 6.3 to illustrate the importance given to safety, ever since the beginning of the
nuclear power programmein the country.

6.2 EXISTINGNUCLEARINSTALLATIONS

Operating nuclear installations in India are subjected to continuous regulatory appraisal
of safety as per the established requirements. The operational performance and safety significant
events are reviewed and the required modifications are implemented.

A comprehensive periodic safety review of operational and safety performance of NPPs
whichincludesfactorslike changesin safety standards, ageing, new information, etc, are carried
out at the time of renewal of authorisation or major refurbishment or for plant life extension.
Such reviewsbring out requirementsfor major modification and safety up-gradation particularly
in older plants, which were built to earlier safety standards.
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All the older NPPs have undergone such safety upgrades. In the following paragraphs,
current status of each plant along with abrief description of such reviews and consequent safety

upgrades have been brought out.
Thelist of operating NPPsisgiveninAnnex 6-1.

6.2.1 Tarapur Atomic Power Station-1& 2 (TAPS-1& 2)

TAPS-1& 2, thefirst nuclear power plant in Indiastarted operation in the year 1969. This
isatwo unit BWR based NPP, supplied by GE of USA. Since 1984, thereactorsare being operated
at 160 MWe, as against the origina rating of 210 MWe, owing to problems in the secondary
steam generatorsand their subsequent i solation. The performance of the units hasremained steady
over the years as can be seen from some of the performance indicators shown below.
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Mote: Both the units were shutdown in November 2005 for safety upgrades
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Some ot the satety related Improvements carried out on the units are described in the
following paragraph.

Inspection of TAPS Core Shroud

In view of cracks reported in the core shrouds of overseas BWRs and potential risks
associated with cracked shroud, their inspection was initiated from 1994/95 onwards in stages,
in both the units of TAPS during their respective refuelling outages.

All the accessible welds and the reactor internal structures / components pertaining to
core shrouds were identified for inspection. The requirement for inspection of all the accessible
weld joints and the reactor internals pertaining to core shrouds has been included in the station
ISI manual and as per the specified frequency they areinspected during refuelling outage. As per
theinspectionscarried out sofar, all the accessiblewel ds have been found to bein good condition.

Since dl the welds were not accessible for inspection, structural integrity analysis for
coreshroud of TAPSwasa so carried out with assumed 360° through wall crack/part circumference
crack. Thisindicated that

a) Theshroud structural integrity is maintained under conditions of normal operation.

b) Under postulated main steam line break, re-circulation line break and seismic events, the
core shroud deflection/ displacementsarewithin thepermissiblelimits. Hence, insertion
of control rodswill not beimpaired, core spray lineswould be availablefor cooling and
also theliquid poison injection system will remain available.

Comprehensive Safety Review for Continued Operation of TAPS

After the station had completed about 30 years of operation, AERB initiated a
comprehensive assessment of safety of TAPS units, for their continued long-term operation,
covering the following aspects:

a Review of desgnbasisof plant sysemsand Safety andys's, vis-avisthe current requirements.
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b. Sealsmic Re-evaluation.

c. Review of Ageing Management and residud life of Systems, Structures and Components
(SSCs).

d. Review of operational performance.
e. Probabilistic Safety Assessment.

Theoriginal safety analysisof TAPSwasreviewed with respect to (&) adequacy of origina
analytical techniques, (b) List of events analysed, (c) plant design/configuration changes that
have taken place over the years. Based on this review, the Safety Anaysis was redone using
current analytical methodol ogies/computer codes.

The Safety Report was also updated to reflect (a) Design modifications/back-fits, (b)
fresh analysis performed and (c) adequacy of coverage.

Thenew analysisindicated that the existing low pressure emergency core cooling system
along with the auto blow-down system are sufficient to keep the fuel sheath temperatureswithin
acceptablelevels, under the whol e spectrum of postulated LOCA events.

In the review of ageing management, detailed assessment was carried out, addressing
present status of the SSCsidentified for coverage under ageing management programme, their
identified modes of degradation, monitoring methods, etc. The studies also included available
margins taking into account results of revised safety analysis, comparison of the current Codal
design requirements with the earlier requirements followed for TAPS units. Based on these
assessments, action plans for ensuring continued service worthiness of SSCs were established.
Wherever the current monitoring methods were found to beinadequate, additional requirements
wereidentified.

For identifying the additional ageing management actions, the SSCswere categorized as
per the standard practice, as non-replaceabl e, replaceable with re-engineering and replaceable. In
case of TAPS, which had seen significantly long period of operation, the maximum focuswason
addressing the ageing concerns of non-replaceable SSCs, as these would govern the plant life.
Thereview alsoindicated that the ageing management of repl aceable componentswasbeing handled
satisfactorily. Wherever problems of obsolescence were encountered, steps were taken in time
for the devel opment of vendors for alternate equipments and their necessary qualification.

Level-1 PSA for TAPS unitswith internal eventswas carried out to develop insight into
the existing design weaknesses and impact of proposed design changes. Resultsof the PSA were
used to support the decisions regarding design modifications and upgrades.

For seismic re-eval uation, the design basisground motion (DBGM) of TAPP3& 4, anewly
built PHWR based NPP of 540 MWe capacity at the same site, was used for TAPS 1&2. The
DBGM based artificial time history wasused for time history analysis of reactor building, service
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building, turbine building pump house and stack, to generate the floor response spectra. Seismic
re-evaluation of structures, systems and equipment were based on these floor response spectra.

Theseismicre-eva uation covered thefollowing safety systemsand saf ety support systems.

1) Systemsrequired for shutdown of the plant; control rod drive system.
1) Onechain of decay heat removal including

(&) Reactor Pressure Vessel

(b) Reactor re-circulation line

(c) Emergency Condenser

(d) Shutdown Cooling System

(e) Reactor Building Cooling Weter System

(f) Salt Service Water System
11i) Containment, covering thedry well and containment box-up system.

Iv) Emergency power suppliesincluding Diesel Generators, Motor Generator setsand
battery banks.

V) All control and instrumentation related to the above systems.

Thestructures, systems and equipment of safety systemsand safety related systems have
been qualified by selsmic margin assessment method, taking into account the ductility and damping
factors, asgivenin | AEA Safety Reports SeriesNo. 28 on “ Seismic Evaluation of Existing Nuclear
Power Plants’. Systemsother than safety and safety support systemswerequalified by “ Seismic
walk-down” by experts, asper theguidelinesgivenin |AEA Safety Reports SeriesNo. 28.

Safety system Upgrades and Modifications

Based on above studies and assessments, several modifications such as modification in
the emergency power supply system, segregation of shared systems as far as practicable,
strengthening of the emergency feed water supply to the reactor, aspects of supplementary control
centres/points, strengthening of supporting arrangements at some places for seismic
considerations, upgradation of fire protection system, etc were identified. However, the major
modifications/backfits were in emergency power supply system, shutdown cooling system and
for provision of supplementary control room, which are summarised below.

* Electrica System

Redundancy inthe emergency power supply system was enhanced by replacing existing
3 x 350 KW (50%) DGs with 3 x 800 KW (100%) capacity DGs. The new DGs are
housed in dedicated rooms and separated by three-hour firerated walls. Power and control
cablesfor each DG were segregated as per |EEE 384. All three DGs start automatically
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under loss of station power and energise the respective emergency bus. Normally, the
individual DG and its associated bus operateinisolation. However, automatic logic has
been employed for tying of the emergency buses under condition such as failure/non-
availability of any DG. PLC based automatic logic system is employed to pick-up the
loads under various conditions.

Safety related and non-safety related busesin 415V AC systems were segregated and
made unit-wise. A physical barrier with three hours of fire rating was constructed in
cable spreading room to divide the 415 V busesin two separate physical zones. While
one zone caters to Unit-1, the other catersto Unit-2.

Cables (control aswell as power) were properly separated as per requirement of |EEE
384. Where proper separation clearancesare not available, metal enclosed barrierswere
provided.

Theexisting scheme of tieformation of the emergency buseswas dispensed with and the
new scheme wasintroduced where the buses operate inisolated configuration. The 250
V DC control power supply for the 415V AC emergency buseswere aso segregated.

The 120 V AC instrumentation power supply busesin Class Il and Class |11 were also
physically separated and one additional 120V AC Class|| power supply busfor each unit
was provided for redundancy. 250V and 48V DC distribution panelswere al so segregated
and made unit wise.

Supplementary Control Room

The Supplementary Control Room (SCR) wasretrofitted as part of upgradationsfor long-
term operation of the units. SCR and the identified supplementary control points in
different areastogether provide the necessary functionality to bring the reactorsto safe
shutdown state, maintain core cooling and monitor the essentia reactor safety parameters,
in case the main control room becomes uninhabitable. The SCRs, one for each unit, is
located in the present instrument rooms of the respective unit, in the reactor building.

Shutdown Cooling

The existing shared shutdown cooling system was upgraded to make it independent for
each unit by installing additional pump and heat exchangers. Thefuel pool cooling system
has al so been made independent of shutdown cooling system.

Asper an action plan, approved by AERB, the above modificationswereimplemented at

TAPS, in along shutdown of both the units during November-2005 to January 2006. Severa
other modifications and safety upgradeswereimplemented during the normal refuelling outages
of individual units prior to November 2005.

After successful completion of al the identified activities, the units were restarted in

February-2006 after obtaining AERB authorisation for operation of the unitsfor next five years.
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Further operation of the units will be subject to periodic reviews and assessments as per the
AERB reauthorisation procedure.

6.2.2 Rajasthan Atomic Power Sation (RAPS) Units-1& 2

The construction of RAPS-1& 2 started at Rawatbhata in Ragjasthan during sixties as a
collaborative venturewith Canada. The station issituated on the bank of the“ Rana Pratap Sagar”
lake, formed between two dams—the Gandhi Sagar Dam upstream and the RanaPratap Sagar Dam
downstream on the Chambal River. Each unit is based on the design of the CANDU reactor at
Douglas Point, Canada. RAPS-1 commenced commercia production of el ectricity in December
1973. RAPS-2, with significantly improved design for the primary heat transport system, was
commissioned in April 1981.

Both RAPS-1 and RAPS-2 were designed for a capacity of 220 MWe each. They were
designed asatwo-unit station with certain civil structuresliketurbine building, service building
and main control room being common for both the units. The units share the common services
likefirewater, compressed air, demineralised water etc. RAPS-1& 2 are horizontal pressuretube
typereactors. Thereare 306 coolant channel assemblies, consisting of pressure tubes, end fittings
and other components. The coolant channel assemblies are supported at the two ends by end
shields and pass through ahorizontal cylindrical vessel called calandria. Cold and low-pressure
heavy water moderator iskept in the calandriavessel. Uranium dioxide fuel bundlesare kept in
the pressure tubes. The hot and pressurised heavy water is circul ated through the pressure tubes
to remove heat from the fuel and to transfer it to light water secondary cycle in the steam
generators. Reactor power is controlled by a combination of adjuster rods movement and
moderator level. The shutdown isachieved by dumping the moderator from the calandriavessel.
Thereactor isenclosed in asingle RCC containment and is provided with an overhead dousing
tank contai ning about 1800 cubic meter of water to limit the peak pressurein the containment in
the event of design basis accident.
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RAPS-1 hashad achequered history of operation sinceitscommissioningin 1973. Initia
teething problemswerefollowed by long outages dueto turbine blade failures. South end shield
failurein 1980 resulted in along outage and stable operation could be resumed only in 1989. The
unit was shutdown during 1994 to 1997 for repair of calandriaover pressurerelief device (OPRD).
Thenorth end shield devel oped aleak in October 2000 and the unit remained under shutdown up
to July 2001 for necessary repairs. The unit had to be shutdown from 30-04-2002 for coolant
channel health assessment and safety upgrades as directed by AERB. Health assessment of all
coolant channel swas carried out. Certain safety upgradeslikeinstallation of supplementary control
room, flood diesel generator, high-pressure emergency core cooling system and replacement of
anumber of heavy water heat exchangerswere carried out.

However, unit operation after restart in Feb.2004 was not satisfactory. Therewererandom
failuresin pipewe dsand other equipments, high heavy water escapesand lossesand high collective
dose consumption during the following nine months of unit operation. The unit was shutdown on
09-10-2004 after multiple light water leaks were detected from boiler blow down lines. It was
decided to carry out acomprehensivereview of all aspectsof RAPS-1 for itsoperation. NPCIL
has carried out an exhaustive review of the performance of RAPS-1 including techno-economic
viability and requirement for further operation. The course of action regarding further operation
of theunitisunder review with the Government. Presently, the unit isunder shutdown stateand as
directed by AERB, al the plant systemsare being maintained in accordance with the requirements
of Technical Specifications and Station Policies, including the surveillance, monitoring and the
inspection requirements.

The performance of RAPS-2 has been satisfactory over theyears sinceits commissioning.
As the pressure tube material employed in this reactor was Zircaloy-2 (Zr-2), known for its
problem of hydriding due to its tendency of accelerated hydrogen pick up during later years of
operation, it was decided to undertake en-masse coolant channel replacement (EM CCR) when it
completed 8.5 FPY's of operation in 1994. The materia of the tube was changed to zirconium
aloy having 2.5% niobium by weight (Zr2.5%Nb) and was provided with four tight fit garter
springs between the pressure tubes and calandriatubes.

This long shutdown for EMCCR was also utilized for an extensive review including
operationa performance. Based onthesereviews, severa safety upgradesand design modifications
were incorporated after obtaining the necessary regulatory clearances. Some of the magor
modifications carried out are listed below.

*  RAPS Containment Dousing System

Theoriginal containment dousing system at RAPS incorporated aflow-modulating feature
whereby dousing flow varies in proportion to the velocity of steam-air mixture flowing in
thevicinity of thedousing curtain. Thisvelocity inturnisexpected to depend on thedischarge
flow rate from apostulated LOCA. This scheme was modified to asimpler optimised one,
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wherein the modul ating feature was done away with, and afixed dousing flow rate was set
which can cater to all break sizesfor LOCA.

Emergency Core Cooling System (ECCS)

Intheoriginal design, emergency core cooling was provided through injection of moderator
heavy water to the coolant circuit using the norma moderator circulation pumps at low
pressure (6 kg/cm? and below). Inthe modified design, a high-pressure emergency coolant
Injection system has been incorporated. The safety analysisof the reactor with the upgraded
system was carried out using the latest computational tools.

Supplementary Control Room

A Supplementary Control Room away from the main control room was added at RAPS.
Separate cablesand power suppliesindependent of the main control room have been provided
for the instrumentation in thisroom. The features provided ensure that the supplementary
control room along with local panels/controls have the capability to perform essential safety
functions (safe shutdown and decay heat removal aswell asmonitoring of plant safety status)
independent of the main control room. It also has instrumentation to monitor the important
safety parameters of the plant.

Minimizing Instrument Air In-L eakage | nto Containment

During postulated L OCA conditions requiring boxing up of containment, the continued in-
leakage of instrument air into the containment hasthe potential for gradual re-pressurisation.
To addressthis, adedicated instrument air system has been back fitted for providing instrument
air toidentified essential components during LOCA conditions. Thiswill facilitateisolation
of air supply to other non-essential components inside reactor building.

Segregation and Rerouting of power and control cablesfor safety related loads

The review of routing of cables for power and control supplies of safety related loads was
carried out and these were segregated as found necessary to achieve the requirement of
‘two-group’ concept.

Installation of Flood Diesel Generator

For catering to the emergency power supply requirement during a flood condition arising
from a postulated failure of the upstream dam, a 625 KVA DG set has been installed at a
location above the maximum anticipated flood level.

Upgradation of fire Protection System

Theexisting fire protection system at RAPSwas reviewed agai nst the requirements specified
in AERB safety guide on Fire Protection in Pressurised Heavy Water Reactor Based NPPs,
AERB/SG/D-4. Based onthisreview, additional fire protection measures wereintroduced.
These included introduction of additional fire doors, fire dampers, physical separation of
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redundant trains of emergency power supplies. A new addressabl efire detection systemwas
also installed with enhanced number of detectors

*  CaandriaVault Dew point monitoring system

For assuring ‘leak before break’ (LBB) of Zr2.5%Nb pressuretubes, asystem for monitoring
the dew point of calandriaVault air for timely detection of pressuretube leakswasinstalled.
The system employs non-contact type of dew point detectors, which has shown good
performance over the years even in the presence of nitrous oxide in the calandria Vault
atmosphere. The requirements related to dew point monitoring system for assuring LBB
were also incorporated in the technical specifications for operation.

RAPS-2 Generation
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The performance of RAPS-2 after EM CCR and incorporation of safety upgrades has been
consistently good. The performance data given since the year 2002-03 reflects the same.

In the year 2001 and 2004, the safety performance of the unit was reviewed as per the
requirement of renewal of authorisation and based on this review, the permission for continued
operation of the unit was granted.
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6.2.3 MadrasAtomic Power Sation (MAPS)

Madras Atomic Power Station (MAPS), a two-unit PHWR plant, each with 220 MWe
capacity, is located at Kalpakkam on the East Coast of India about 60 km south of the city of
Chennai. The design of MAPSwas devel oped indigenously with several new features compared
to RAPS-1& 2. Partial double containment and the concept of suppression pool for vapour
suppression to limit the containment peak pressure during loss of coolant accident wasintroduced.
Also, in the backdrop of problemswith the end shieldsin RAPS unit-1, the end shield material
was changed from 3.5% Nickel Carbon Steel to SS304L for MAPS-2.

In 1988, a failure of the moderator inlet manifold occurred in MAPS-2 and a similar
failuretook placein MAPS-1 next year. The calandriamoderator inlet manifold prevents direct
impingement of moderator inlet flow on the calandriatube in front of theinlet line and possible
flow induced vibration of the neighbouring coolant channels. It also facilitates proper moderator
flow distribution inside the calandria especially for those zones away from the central radial
plane and distributes the moderator evenly. Some of the broken pieces of the manifold were
recovered from one of the moderator pump casings after aseal leak was observed in the pump.

After adetail ed investigation using remote video inspection techniques, it was confirmed
that the nel son studs bolted to the manifold and wel ded to calandriashell had broken. Based on
adetailed study of theflow, vibration and jet impingement, velocity and temperature distribution,
stressanalysis, etc, amodified schemefor operation of the unitswas evolved. Under thisscheme,
the origina inlet pipe was capped and the outlet piping was converted in to inlet piping. The
outgoing flow from calandriawas routed into dump tank through dump ports and dump tank was
connected to moderator pump suction. The reactor was de-rated to 75%FP. Both the reactors
were operated satisfactorily. However, subsequently, theflow configuration wasrestored to original
design by instalation of spargers for moderator inflow to the calandria. This scheme was
implemented at the time of en-masse coolant channel replacement. The performance of MAPS
units has been satisfactory. The performance datafor thelast few yearsisgiven.
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INnMAPS-1, awell-structured assessment and life management program for Zr-2 pressure
tubes was put in place for operation of the reactor. Thisinvolved periodic inspection of alarge
number of coolant channels and collection of diver samplesfor estimation of hydrogen pick up
for ensuring fitness for continued service. It was decided to take up EMCCR in thisunit in the
year 2002.
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Asinthecase of RAPS-2, asimilar review including that of operational performancewas
undertaken. Asper therequirement of renewal of authorisation, the Station was a so subjected to
periodic safety review as per the requirement of AERB/SG/O-12.

Based on these reviews, following important saf ety upgrades wereimplemented.
* Introduction of high pressure emergency core cooling system

*  Supplementary control room

»  Segregation of power and control cables based on two group concept

* Replacement of MG setswith static UPSin Class || power supply system

» Dedicated instrument air system for identified loads
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» CalandriaVault dew point monitoring system
* Augmentation of fire protection system

Apart from the above safety upgrades, certain additional magjor activities were also
performed and theseincluded

a Replacement of al the boiler hair pin heat exchangers

Since 1995, there had been five incidents of steam generator tube leaks in MAPS
unit-2. Prior to the shutdown in January 2002, MAPS unit-2 was operating with
some heat exchangers of the steam generator removed from service dueto tubeleaks
(four out of 11 heat exchangers for steam generator-5 and one heat exchanger for
steam generator-7). Metallurgical examinations carried out on some of the leaked
tubes indicated that under deposit corrosion and pitting had been the cause of such
tube leaks. Inview of this, it was decided to replace all the heat exchangers of the
Steam Generators.

b. Replacement of all heat transport system feeder elbowsin MAPS-2

In light of feeder thinning experienced in some of the PHWR based NPPs, it was
decided to replace all the feeder elbows in MAPS-1. For all other NPPs, a
comprehensive health assessment programme has been put in place.

c. Installation of Spargers

Following failure of calandriamoderator inlet manifolds of MAPS 1& 2 in 1988-89,
the MAPS unitswere being operated with amodified moderator flow configuration
asexplained above. During thisperiod, MAPSunits operated with their reactor power
restricted to 75% FP to limit the tube sheet temperatures within permissible limits.
In order to restore the origina moderator heavy water flow pattern in the calandria,
three moderator inlet spargers were installed at the lowest Coolant Channel Lattice
positionsin these units so asto achieveflow configuration and thetemperature profiles
similar to the originally designed configuration. After the commissioning of the
spargers, 100%FP operation of both the units could be restored.

Additionally, issues like seismic re-evaluation, structured programme of ageing
management etc. were also addressed as aresult of PSR (ref item 6.5 for details).

After completion of the EM CCR and saf ety upgradation activities, MAPS Unit-2 and unit-
1 were restarted in July 2003 and January 2006 respectively, after obtaining the necessary
regul atory clearances.
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6.2.4 NaroraAtomic Power Sation (NAPS)

Thisstation located at Narorain District Bulandshahr, Uttar Pradesh hasthefirst two 220
MWe units based on standardized Indian PHWR design. The design incorporates several new
features like double containment for reactor building, two independent, redundant and diverse
shutdown systems, full tank calandria with water filled calandria vault, integral end shield &
caandriawith Zr-2 pressure tubes employing four loosefit garter springs. The gap between pressure
tubes and calandria tubes forms a closed annulus, achieved through provision of bellows. The
annulusis purged with CO, and monitored for dew point for pressure tube leak detection. The
units are al'so provided with closed loop process water-cooling system. Mushroom type steam
generators having incoloy 800 tubes were employed in NAPS.

The performance of these units has remained satisfactory over the years.

In the year 2003, a periodic safety review of NAPS was carried out. The report on PSR
wasreviewed in AERB and following major issueswereidentified for further actions (for details
refer item 6.5).

o Sdafety Analysistoincludeadditiona Postulated Initiating Events (PIES) inlinewith current
standards

* Ageing Management and Equipment Qualification Programmes
* Revisionsin Technical Specificationsfor Operation

» High collective dose

* In-serviceinspection programme

The proposed time frame for completion of all the identified activities to resolve these
Issueswas accepted by AERB.
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Life management activities for coolant channels were performed periodically at NAPS
based on review and advise of the Expert Group on Coolant Channels constituted by AERB. The
in serviceinspection and siver sampling were extensively carried out to decide on thefitnessfor
service. Based on the results of these assessments, NAPS-1 was shutdown for EMCCR in
November 2005. As mentioned earlier, the coolant channelsin NAPS units employ bellows to
have a closed annulus. This necessitated devel opment of special tools and tackles for removal
and installation of the coolant channels. Thesewere devel oped indigenoudly with in-housetechnical
and engineering support. AERB identified the different stages of EM CCR for obtaining regulatory
clearanceand ingtituted aregular monitoring programmefor therelated activities. It also reviewed
and recommended, as necessary the safety measuresin the relevant plansand procedures. During
the shutdown for EM CCR, replacement of heat transport system feeder elbowswas also carried
out. After completion of al the activities, the unitislikely to berestarted in financial year 2007-
08. EMCCR for NAPS-2 isalso planned during the financial year 2007-08.

6.2.5 Kakrapar Atomic Power Sation (KAPS)

This station located at Kakrapar in District Surat, Gujarat comprises of two 220 Mwe
units based on standardised Indian PHWR design. The design features are similar to those at
NAPS. However, based on theinformation avail able on the performance of Zr-2 pressure tubes,
thematerial of pressuretubesin KAPS unit-2 was changed to Zr-2.5%Nb and four tight fit garter
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springs were provided. Improvements were also made in control and instrumentation system as
per the state of the art technology available.

The performance of the units over the years has been satisfactory.
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In the year 2004, a periodic safety review of KAPS was carried out. The report on PSR
wasreviewed in AERB and following major issueswereidentified for further actions (for details
refer item 6.5).

o Safety Analysistoinclude additional PIEsin linewith current standards
* Ageing Management and Equipment Qualification Programmes
* In-serviceinspection programme

The proposed time frame for completion of all the identified activities to resolve these
issueswas accepted by AERB.

A comprehensivelevel-1 PSA was conducted for standardised Indian PHWR for thefirst
timefor KAPS. Latest methodol ogies and approaches recommended by IAEA guidelineswere
adopted for conducting this PSA. The study was done for internal initiating events during full
power operation considering reactor core as the main source of radioactivity. After this, PSA
level-1 studies have been compl eted for other standardized Indian PHWRs. A level-2 PSA study
for KAPS has also been completed and itsreview in AERB isin progress.

6.2.6 Kaiga Generating Sation (KGS)

Thisstation located at Kaiga, in District Uttar Kannada, Karnataka comprises of two 220
MWe units based on improved version of standardized Indian PHWR design. The major
improvementsin the design are (a) introduction of unitised concept for control room, (b) valve
less primary heat transport system and (c) state of the art control and instrumentation system.
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The performance of the units since commissioning in the year 2000 has been satisfactory.
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Intheyear 2004, AERB carried out review of safety performance as per the requirements of
therenewal of authorisation and extended the authorisation for operation of the unit until 2007.

6.2.7 Rajasthan Atomic Power Station (RAPS) Unit-3&4
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This station located at Rawatbhata, in District Chittorgarh, Rajasthan comprises of two
220 MWe units of design similar to KGS-1& 2. These units were also commissioned in the year
2000 and the operational performance has been satisfactory since then.
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Intheyear 2004, AERB carried out review of safety performance asper the requirements
of the renewal of authorisation and extended the authorisation for operation of the unit until
2007.

6.2.8 Tarapur Atomic Power Sation (TAPS) Unit-3&4

The 540 MWe PHWR units, set up at Tarapur are the first of their kind in the country,
based on PHWR technology. The station layout isbased on the independent capability for operation
of each unit. The safety systems are housed in a seismically qualified building and are aso
protected from postul ated |ow trajectory missiles originating from turbine generator. The reactor
Is provided with two independent, diverse, fast acting, physically separated Shutdown Systems
(SDYS). SDS-1 consists of 28 hollow cadmium rods, which drop vertically into the core under
gravity to accomplish reactor shutdown. SDS-2 consistsof 6 horizontal perforated poisoninjection
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tubesthrough which gadolinium nitrate solution isinjected into the moderator. The primary heat
trangport system employstwo separate | oops having common pressuriser and feed & bleed system.
The PHT systemis split into two halvesto limit the reactivity excursion due to voiding during
postulated |oss of coolant accident. The reactors a so have the double containment.

Thelarger physical dimenson of thereactor core hasmadeit susceptibleto the phenomenon
of spatial Xenon oscillations. In order to take care of this, a more elaborate reactor control
system has been adopted. Thisinvolvesin-core neutron monitors and zone wisereactivity controls.

AERB granted theinitial authorisation for operation of these unitsafter an extensivereview
of the commissioning results. TAPS-4 commenced itscommercial operation in September 2005

and TAPS-3 in August 2006. The performance of the units since commissioning has been
satisfactory.

TAPS-3&4 Generation
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TAPS-3&4 Availability factor and Capacity factor

B TAPS-3.AF
B TAPS-3.CF
B TAPS-4.AF

B TAPS-4.CF

6.3 SAFETYASSESSMENTSPERFORMED FOLLOWINGMAJOREVENTS

Aspart of operation safety experiencefeedback programme established, eventsoccurring
within the country and abroad are reviewed regularly. Comprehensive safety reviews are also
carried out both by the utility and AERB in response to major events. Through these reviews
important lessonsarelearnt and wherever applicableimprovementsin design, procedures, training,
safety culture, etc are effected.

Some of the magjor safety assessments carried out, their results and details of corrective
actions taken thereafter are described below.

6.3.1 Reviewfollowing the TMI-2 Accident

At the time of TMI-2 accident in March 1979, one 220 MWe PHWR (RAPS-1) & two
200 MW BWR units (TAPS-1, 2) were in operation and five PHWR units were under various
stages of construction. Detailed reviews of the systems of these NPPs were carried out in the
light of TMI-2 accident. The review resulted in a number of recommended actions requiring
modificationintheareaof design, operating practices, emergency preparedness, quality assurance
and training & qualification of operation personnel. Some of these are listed below.

*  Enhancement in the reliability of Auxiliary Boiler Feed Water Supply by installing an
additional standby auxiliary boiler feed pump; routing a new line for auxiliary feed,
independent of the main feed line to the steam generators.

*  Augmentation inthefeed capacity for inventory control of primary coolant system under
off-site power failure conditions. Thiswasachieved by utilizing extracapacity of Fuelling
Machine supply pumps, which are fed from emergency power supplies.

*  capability for remote isolation of moderator heat exchangers to check spread of
radioactivity to cooling water system in the event of leaksin heat exchanger tubes.
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* A high-pressure emergency core cooling system was incorporated in the units under
construction (NAPS). Back fitting of such system for operating units was also worked
out for subsequent implementation. 1n the mean time, reliability of Emergency Core
Cooling System in these operating unitswas enhanced by provision of local air receivers
for each air-operated valve.

*  Emergency operating procedures were developed for a large number of postulated
initiating events to handle emergency/accident conditions.

6.3.2 Reviews following the Pickering-2 pressure tube failure incident

Following the Pickering-2 pressure tube failure incident in 1983, a mgjor program was
launched for Indian PHWRsfor ensuring integrity of the pressuretubesby enhancementindesign
aswell asin-serviceinspection and rehabilitation technologies. BARC provided strong research
and development support for life management of coolant channels, which included the study of
material propertiesof irradiated coolant channel componentsthrough post irradiation examination
in its well-equipped laboratories and development of automated tools for measurement of
irradiation-induced deformation. Thetool for slivering was devel oped for collection of samples
for measurement of deuterium pick up by the pressure tubesin the reactor environment. Severa
computer codeswere a so devel oped to predict theirradiation enhanced deformations, assessment
of deuterium pick up, prediction of timefor contact of hot pressure tube with the cold calandria
tube, formation of hydride blisters and blister size and evaluation of delayed hydride cracking.
The above tools and the prediction models form the backbone of the life management activities
for the coolant channelsin the country. BARC continuesto providethecritical technical support
inthisarea.

The earlier PHWRs employed Zr-2 pressure tubes with loose fitting spacers, called as
garter springs, located to provide separation between the pressure tube and the surrounding
caandriatube. At RAPS-1& 2 and MAPS-1& 2, there were two loosefit garter springs while at
NAPS-1& 2 and KAPS-1, four loosefit garter springsare provided. Current Indian PHWRsfrom
KAPS-2 onwards employ pressure tubes of Zr-2.5% Nb with 4 tight fitting garter springs.

Zr-2 isknown to have relatively high hydrogen pick-up rate during operation. Theloose
spacers can shift from their design location during commissioning/operation, with possibility of
pressure tube touching the cold calandria tube. This touching is considered deleterious since
hydrogen can migrate to the cold spot and lead to formation of undesirable hydride blister.

For the earlier Indian PHWRS, in which Zr-2 pressure tubes are used along with 2 or 4
loose spacers, awell-structured assessment and life management program was put in placewhich
included in-serviceinspections, post-irradiation examination aswell asreplacement of channels
asrequired.

Annex 6-2 summarizes the life management strategies for Zr-2 pressure tubes of Indian
PHWRs.
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A high-priority element of thisprogramisprevention of formation of unacceptable hydride
blisters. Monitoring and repositioning of displaced spacersistherefore an important part of the

program.

En-masse replacement of coolant channels with Zr-2.5%Nb pressure tubes has been
completedinRAPS-2, MAPS-1& 2 and NAPS-1and plannedinNAPS-2 and KAPS-1. Thisactivity
istaken up at an appropriate stage for each unit (after about 8.5-12 Full-Power-Years (FPY) of
operation) based on

1) Predictedtimefor Pressure Tube/CdandriaTube (PT/CT) contact, and consequent blister growth
1) Axia elongation exceeding allowancesavail ablein the channel bearings, and

1ii) Deterioration in fracture toughness due to Hydrogen/Deuterium pickup, which reduces
the margins on meeting the leak-before-break (LBB) criteria

Theoperating procedurefor start up and shutdown of the plantsavoids cold pressurization
of the pressuretubes. Thisreducesthe probability of delayed hydride cracking (DHC), and also
increases the probability of LBB.

For detection of leaks in pressure tubes, from NAPS onwards, an annulus gas system
(AGS) isused. Inreactorsprior to NAPS(i.e. RAPS& MAPS), wherethe PT/CT annulusisopen
to the Calandriavault atmosphere, theleak detection system isbased on detection of moisturein
the Calandria vault atmosphere. The sensitivity of thisleak detection method is assessed to be
adequate to satisfy the LBB criteria

For reactors employing pressure tubes of Zr2.5%Nb material, an elaborate in service
ingpection programme comprising of dimensional measurement, volumetric examination and
material surveillance has been put in placein all the PHWR based NPPs.

The pressure tube life management program ensures that the margins available for safe
operation of the pressure tubes continue to be adequate at al times.

6.3.3 Review following the Chernobyl accident

Thedetailed reviewsfollowing the Chernobyl Accident (1986) re-emphasized the necessity
for adhering to the aready established principles of reactor safety design and operation. The
feedback from the accident did point to the need for well coordinated plans and organization for
on-site & off-site emergenciesthat may arise from nuclear accidents. It also re-emphasized the
need for maintaining ‘safety culture’ in the conduct of operations at the station, and having
disciplined ingtitutionalised procedures. Actionsweretaken to reinforcethese aspectsin operating
principles and practices. The plans and organization for on-site and off-site emergencies were
also strengthened for all the power stations.
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6.3.4 Reviewfollowingthefireincidentin NAPS-1

Thefirein TG hall of NAPS Unit-1 (220 MWe PHWR) in March 1993 wasiinitiated by
sudden failure of two turbine blades, with the resulting vibrations|eading to rupturing of hydrogen
sealsand lube ail lines, culminating in afire. Thefire spread to several cabletrays, relay panels
etc. inashort duration. The control room operators responded by tripping the reactor by manual
actuation of primary shutdown system within 39 secondsfrom theincident and alsoinitiated the
fast cool down of the reactor by opening Atmospheric Steam Discharge Valves (ASDV's) with
2x10% capacity, on the main steam line.

Asthefirehad spread through the generator busduct in the Turbine Building (TB) into the
Control Equipment Room (CER) wherefire barriers had given way, the power cablesaswell as
control cables from the source were damaged. Hence, even though the power sources were
available, neither the power supply from Grid nor from the Diesel Generatorsor from the batteries
wasavailable. Therefore, acompletelossof power supply inthe Unit occurredin about 7 minutes
of theincident, which resulted in an extended Station Blackout lasting for a period of 17 hours.
During the blackout, the core cooling was maintained by thermo-siphoning in the primary side
with steam generators on secondary sidefed by firewater asheat sink. Therewasno radiological
impact of theincident either on the plant workersor in the public domain. Themajor firewas put
out in about 90 minutes. Due to the degradation of defence-in-depth of the engineered safety
features during the incident, Atomic Energy Regulatory Board (AERB) classified thisevent as
Level-3 event onthenternational Nuclear Event Scale (INES).

Thedetailed investigation and reviewsfollowing thisincident, both by the regul atory body
and by the utility, resulted in several modifications and improvementsin various areas covering
design, operation and administrative & surveillance practices. One study waswith regard to the
susceptibility of the existing design and layout of NAPSto common causefailure (CCF), mainly
duetofireasaninitiating event. Consideration was given to formulate preventive measuresfor
avoiding CCFs, aswell asto the need for additional mitigating measuresfor assured core cooling
etc. in Situations such as station blackout.

Thereview, initialy carried out for NAPS, was subsequently extended to cover all other
operating stations. The design provisions of Nuclear Power Plants under construction at that
time (RAPP-3, 4 and Kaiga-1, 2) were also checked against the recommendation of this study,
and remedia actionsweretaken, wherever required.

Some of theimprovements, which wereimplemented, are highlighted below.

*  CableRe-routing

» Asan obviousand immediate measure, the control & power cablesin Turbine Building
for station power supply system covering Class|, Class|l & ClassllI supplieswerere-
routed through diverse routesfor redundant trains.
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* Thecableroutesinthe Turbine Building & between Turbine Building and Reactor Building
for safety equipment were also reviewed and re-laid where necessary to ensure diverse
routes for redundant trains.

Fire Zones Localization

A detailed review onfire barriers and other protection meansfor cables etc. was carried out
and following remedia actionswere identified: -

* Provision of awall onthe mezzaninefloor (106M EI) of Turbine Building between the
fire prone areas of main turbine hall and the corridor adjoining control equipment room,
S0 as to protect the mgjor cable tray routes aong the corridor.

» Strengthening of fire barriers at cable penetrations in floors and walls in the Turbine
Building aswell as at their entry into the control equipment room.

»  Enhancement of routine surveillance on fire barriers and fire dampers.
Systemwisereview to avoid CCF vulnerabilities

A detailed system wise review identified several areas of improvement including the need
for relocating and better separation of some of the triplicated instrumentation sensors, viz.
containment building high pressure sensors, reactor outlet header pressure transmitters;
provision of fire barriers between redundant equi pment |ocated side-by-sideviz. aux. boiler
feed pumpsand firewater pumps; provision of double miniature circuit breaker (MCB) with
diverse power sources for actuation of valves for backup of firewater injection to process
water system.

Improvement in Control Room Ventilation

Provisiontoimprove control room habitability intheevent of afireintheturbinehall including
modifications to the control room ventilation system with provision of relocated/diverse
intakes.

Turbine generator (TG) system related improvements

* Restrictions on operation of TG at grid frequencies beyond specified range.

* Permissiblerange of TG bearing vibration levels established, for strict adherence.
* Periodic in-service requirements on turbine blades

» Close monitoring of Hydrogen makeup rate to generator; provision of Hydrogen leak
detection system around generator.

Emergency Operating Procedure/Guidelines and provisionsfor handling Station Black Out
(SBO):

Theexisting guidelinesand procedureswere reviewed and revised in thelight of theincident.
Manual valvesrequired for feeding firewater to steam generator during SBO wererelocated
to amore convenient/accessible location. Thereliability and capability of firewater system
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toinject to Steam Generators, aswell asfight fire ssmultaneously, was established by actual
tests. Facility for injecting firewater to end-shields has been incorporated asapart of design.

6.3.5 Review following Tsunami incident at Kalpakkam

On December 26, 2004, tsunami had struck the eastern coastline of Indiacausing severe
loss of life and property. MAPS, which islocated on the coastline at Kalpakkam near Chennai
was affected by this event. Prior to the event, MAPS unit-2 was operating at full power and
MAPS unit-1 was under shutdown for EM CCR. Following the event, thefore bay water level had
risen causing tripping of Condenser Cooling Water (CCW) pumpsin MAPS unit-2. The control
room operator initiated safe shutdown of the reactor after identifying the loss of cooling water
and brought the reactor to cold shutdown state. Though the offsite power remained available,
emergency diesel generators DG-1 and DG-5 were started and kept running as a precautionary
measure. An emergency alert was declared at 1025 hrs on December 26, 2004, which waslifted
at 2143 hrson December 27, 2004 after the situation became normal. After rehabilitation of the
process water pumps that were submerged during the event, the unit was restarted on January 2,
2005 after obtaining regulatory clearance.

Theevent wasreviewed in detail with respect to operator response, emergency preparedness
and AERB requirement for siting and design of the nuclear facilities. Thefollowing issueswere
identified as an outcome of this review.

*  Requirement for Augmentation of communication facilities.
» Revisonof emergency operating proceduresfor handling floodingincidentsat dl coastd Sites.
* Needfor relocation of some of the process equipment above the maximum flood levels.

* Needfor installation of atsunami warning system.

6.3.6 Review of KAPS-1 Incident of Regulating System Failure

Anincident involving failure of reactor regul ating system during preventive maintenance
on Power UPS-1, leading to areactor trip on *SG delta T high’ took placein KAPS-1on March
10, 2004. Prior to the event, reactor was operating at 73%FP. During the event, the power supply
to all the adjustersfailed while preventive maintenance on power UPS-1 was being carried out.
Consequently, the reactor power started increasing and the reactor tripped on ‘ Steam Generator
ddtaT high. AERB rated thisincident at level-2 asper INES. Theevent wasa so reported to lAEA
incident reporting system.

A detailed review of the incident revealed deficiencies in areas of human performance
and configuration of power supplies to reactor regulating system. Based on these reviews,
following major corrective measureswere taken.

» Formal and elaborate retraining and re-licensing of all the frontline operating staff and
the station management personnel. The training covered the safety aspects related to



operation of the reactor in the peaked flux configuration, the reactor regulating system
and safety culture. Similar training was conducted at all the other PHWRs al so.

» Establishment of acomputerised operating experience feedback sharing system.

* Maodificationintheautomatic liquid poison addition system to prevent manual blocking.
Thismodification wasimplemented in other standardized PHWRsin India.

* Modification in the configuration of power suppliesto reactor regulating system
6.4 GENERICISSUES

6.4.1 PHT Feeder Thinning

Thethinning of elbowsinthefeeder pipesin primary heat transport system of PHWR has
been observed in severa of the Units. The assessment indicates that the rate of thinning in some
of the feeders is higher than the initially anticipated rates. Such observations have also been
reported from similar reactors abroad. Dueto this concern, the scope and coverage of in-service
ingpection of feedershave been enhanced significantly intherecent yearsin al the Indian plants.
The results of these inspections are utilized for assessment of the fitness for service. These
inspections a so indicated that the higher than normal thinning islimited only to asmall number
of feeders.

The reason for the thinning appears to be flow induced erosion-corrosion of the feeder
pipe. Asapolicy decision of NPCIL, it hasbeen decided to changein al new reactors, thematerial
of the feederswith material having higher resistanceto FAC. It has also been decided to replace
the feeders in the reactors under operation at the time of coolant channels replacement. In line
withthis, feedershave already beenreplacedin MAPS-1 and NAPS-1.

6.4.2 FlowAssisted Corrosion in High Energy Secondary Cycle Piping

A surveillance programmefor monitoring the health of high-energy secondary cyclepiping
was in place in al-operating reactors. The programme envisaged thickness measurement at
vulnerablelocations on asample basis. The inspection coverage was progressively enhanced in
view of the failures experienced at some locations.

Periodic inspection program for all the stations for monitoring the health of high-
temperature high-pressure secondary system pipeline was revised after the Mihama incident.
Componentsfrom all high-energy secondary systemsi.e. main steam system, boiler blow down
system, feed water system, condensate system, auxiliary feed water system, extraction system,
drain system etc were included in this program. The components were selected based on the
following criterion.

» Areaswherevelocity ishigh

» Areaswherelocal flow disturbances are expected



* Areaswherewetnessishigh

*  Wheretwo phase flow is expected

» Locationsbased on piping configuration

» Industry experience based on failures available from literature

It is also planned to replace the components of the secondary cycle prone to FAC with
aloy steel inaphased manner.

6.5 ISSUESARISINGOUT OFPSR

6.5.1 Seismic Re-evaluation of old generation PHWRs

For seismic re-evaluation of RAPS-1& 2, the design basis ground motion (DBGM) of
RAPS-3& 4 was used as Evaluation Basis ground motion (EBGM). Similarly, DGBM of PFBR
being built at the same site of MAPSwas used asEBGM for MAPS. The DBGM based artificia
time history was used for time history analysis of Reactor Building, Service Building, Turbine
Building pump house and stack, to generate the floor response spectra. Seismic re-evaluation of
structures, systems and equipment were based on these floor response spectra. The approach for
selection for various plant structures, systems and equipment and the methodol ogy followed for
seismic evaluation were as per the IAEA safety report no. 28 on Seismic Evaluation of Existing
NPPs. Thesafety systemsselected for re-evaluation of MAPSand RAPS 1& 2 included thefollowing

(a) Reactor shutdown system

(b) Onechain of decay heat removal systemincluding PHT system, steam discharge
line, shutdown cooling system, process water system and seawater system.

(c) Containment
(d) Spent fuel storage bay

The safety support systems selected for re-eval uation included emergency power supplies
Diesel Generators, Class Il motor generators, Class | system (Batteries) and the related
Instrumentation/controls.

Theeva uationindicated that in the case of reactor system piping and equipment, the present
supporting arrangements are adequate and there woul d not be any further requirement for seismic
upgrades. However, some seismic upgrades are needed for the secondary side piping & equipment
andfor eectrical & instrumentation systems. The necessary seismic upgradesrelated to electrical
and instrumentation systems have already been implemented in MAPS unit-1. Similar
modificationsare a so planned in MAPS unit-2 and RAPS-2.

6.5.2 Revision of Safety Analysis

The Safety analysisof the NAPS and KAPSwasreviewed during PSR. A number of design
modifications have been carried out during last severa years of operation. Also, over the years
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safety analysismethodol ogy has been refined and new computational toolshave becomeavailable.
The safety analysisin the current reactors such asK GS and RAPS-3& 4 cover alarger number of
Postul ated I nitiating Events (PIEs) ascompared to NAPS and KAPS. Inthe PSR, it was brought
out that the safety analysis of NAPS & KAPS coversal the bounding cases and the computer
codes used were conservative in comparison to the code used for recent NPPs. Though this
approach was considered adequate to permit continued operation, it was decided that the Safety
analysisreportsfor the NPPs at NAPS and KAPS should be revised to include the following

I. Anaysiswith additional PIEsasidentified.
Il. Re-evauation of the analysiswith state- of- the- art computer codes.

iii. Changes in the text to reflect plant modifications and applicability of analysis of
similar plants.

iv. Editorial changes and presentation of the report in aspecified format.
Therevision of the safety report will be completed by end of the year 2007.

6.5.3 Ageing Management Programme for SSCsimportant to safety

During PSR, extensivework was carried out to identify various Systems, Structures and
Components (SSCs) requiring Ageing Management. During review it was observed that the
NPPs have operated with adequate programmes established for maintenance, in-service
inspection and chemistry control, since the beginning. With these programmesin place, there
isno concern of any lifelimiting ageing rel ated degradation of non-replaceable components at
this point of time.

For certain non-replaceable components such as Calandria and End Shields, it was
observed that they are designed with adequate safety margins. The operational parameters
with respect to these components were mai ntained within the specified limits so asto provide
an environment compatible with the material of construction. Also the records of stress
cycles seen by these components are maintained to ensure that the number of operational
cycles do not exceed the number of permitted stress cycles. Thisinformation will be useful
for assessment of residual lifein future. For the safety related civil structures, the modes of
degradation, the monitoring/inspection required and ageing management actions have been
identified. From thereviews carried out, there does not appear to be any concern in the short
term, with respect to ageing.

During PSR review, the utility has drawn up a comprehensive programme for Ageing
Management. Sincethisisto befollowed at other NPPs also for along period in future, it needs
to bereviewed for adequacy of scope aswell as specific action plans. The detailed review of the
ageing management programmeiscurrently in progressat AERB.
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6.5.4 Reduction of Collective Dose

Initially, the collective doses in NPPs were relatively higher compared to prevailing
industry standards. Many of theissuesaffecting collectivedosein the older PHWRswere addressed
in the new generation reactors. This was either by design improvements and/or improving the
working conditions. These improvements have contributed to reduction in collective dose from
4.0 P-Sv/reactor in RAPS/MAPS to around 2.0 P-Sv/reactor in KAPS and lessin KGSRAPS
3&4.

Presently, around 50% of the collective dose is consumed during planned long-duration
outage of thereactor for 1Sl and major maintenance activities. About 20% of the collective dose
isconsumed during unplanned short shutdowns.

With regard to older units, AERB and NPCIL had a formal dialogue on the issue in
December 2003 and aholistic approach covering design changes, improvement in quality assurance
procedures, optimisation of deployment of manpower, use of remote tools etc was devised to
effectively reduce collective dose in NPP. The changes brought in by this strategy have shown
good result.

6.5.5 Revision of Technical Specifications based on the operating experience

During PSR review AERB directed the utility to revise the Technical Specifications for
operation of the NPPs based on the operating experience. In the past, some requests for
postponement of surveillance requirements pertaining to NPPswerereceived dueto the continued
operation of theunit. Inthisconnection AERB asked NPCIL to appropriately revisethe Technical
Specification for operation of all the stationsand if required, incorporate design modifications/
procedural changes, so that there are no deviations of Technical Specifications. Presently, the
revised technical specificationsare under review at AERB.

6.5.6 Optimisation of In-service | nspection Programme

The shortfalls in the compliance of the in-service inspection were brought out during
reviews for renewal of authorisation of NAPS. A comprehensive review attributed the reasons
for these shortfallsto overtly conservative requirement initially included to gain experience,

Subsequently, NPCIL had initiated revision of 1SI manual with the objective of optimising
the 1Sl requirementsin the light of operating experience and the current international practices.
The revised manual aso enhanced the coverage of inspection in certain areas like primary heat
transport feeders, based on operating experience. AERB reviewed the revised manual and accepted
it and continues to monitor the coverage of ISl during long shutdowns. Based on NAPS, IS
programme of other units were also revised.

Inaddition, NPCIL hasdevel oped private contractorsfor carrying out inspection to augment
the present infrastructure. NPCIL has also obtained adequate numbers of remotely operated
automated tools for inspection of steam generators and heat exchangers.
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6.6 COMPLIANCEWITHOBLIGATIONSOFTHE CONVENTION

Since the inception of the atomic energy programme in the country, priority has been
given to the adoption and maintenance of high safety standards. Safety status of the NPPs is
regularly monitored by an established system. Every event ispromptly reviewed and lessonsare
learnt. Analysisof internationa events& their applicability ischecked and accordingly the systems,
procedures, aspectsrelated to training and safety culture arefurther improved. A comprehensive
Safety review for TAPS-1& 2 units was performed and several design modifications were
implemented in line with the current safety standards. Such exercises were aso performed for
old generation PHWR unitsat RAPS-1& 2 and MAPS and large number of safety upgradeswere
implemented. All the reactors operating in the country have shown improvement in their
performance and their safety records have been excellent. Therefore, the country complieswith
the obligations of Article 6 of the Convention on Nuclear Safety.
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Annex 6-1: Existing Nuclear Power Plants

SL.No. Unit Location Type Gross Date of Date of
Name Capacity First Commercial
MWe Criticality operation
K, TAPS-1 Tarapur BWR 160 1-02-1969 28-10-1969
2, TAPS-2 Tarapur BWR 160 27-02-1969 | 28-10-1969
3. TAPS-3 Tarapur PHWR 540 21-05-2006 18-08-2006
4. TAPS-4 Tarapur PHWR 540 6-03-2005 12-09-2005
5. RAPS-1 Rawatbhata PHWR 100 11-08-1972 16-12-1973
6. RAPS-2 Rawatbhata PHWR 200 8-10-1980 1-04-1981
7. RAPS-3 Rawatbhata PHWR 220 24-12-1999 1-6-2000
8. RAPS-4 Rawatbhata PHWR 220 3-11-2000 23-12-2000
9. MAPS-1 Kalpakkam PHWR 220 2-07-1983 27-01-1984
10. MAPS-2 Kalpakkam PHWR 220 12-08-1985 | 21-03-1986
11. NAPS-1 Narora PHWR 220 12-03-1989 1-01-1991
474 NAPS-2 Narora PHWR 220 24-10-1991 1-07-1992
13. KAPS-1 Kakrapar PHWR 220 3-09-1992 6-05-1993
14. KAPS-2 Kakrapar PHWR 220 8-01-1995 1-09-1995
1.5 KGS-1 Kaiga PHWR 220 26-09-2000 16-11-2000
16. KGS-2 Kaiga PHWR 220 24-09-1999 16-03-2000
KGS-3 Kaiga PHWR 220 26-02-2007 6-05-2007
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ARTICLE 7
LEGISLATIVEAND REGULATORY FRAMEWORK

1. Each Contracting Party shall establish and maintain a legidative and regulatory
framework to govern thesafety of nuclear installations.

2. Thelegidativeand regulatory framework shall providefor:
i. theestablishment of applicablenational safety requirementsand regulations,

ii. asystem of licensingwith regard tonuclear installationsand the prohibition of the
operation of anuclear installation without alicense:

iii. asystem of regulatory inspection and assessment of nuclear ingallationstoascertain
compliancewith applicableregulationsand thetermsof licences,

iv. the enfor cement of applicableregulationsand of the terms of licences, including
suspension, modification or revocation.

7.1 GENERAL

IndiaisaUnion of States. ItisaSovereign Socialist Secular Democratic Republicwitha
parliamentary system of government. The Republicisgoverned in terms of the Constitution of
India, which cameinto force on 26" January 1950. The Congtitution providesfor aparliamentary
form of government, whichisfederal in structure. The Constitution distributes|egidative powers
between the Parliament and State L egislatures as per thelists of entriesin the Seventh Schedule
of the Constitution. The subject ‘atomic energy and the mineral resources necessary for its
production’ are placed intheunionlistinthis. The laws pertaining to atomic energy are enacted
by the Parliament and enforced by the Central Government.

7.2 LEGISLATIVEAND REGULATORY FRAMEWORK

Atomic Energy Act 1962 and rules framed thereunder provide the main legidlative and
regulatory framework pertaining to atomic energy in the country. It was enacted to provide for
the development, control and use of atomic energy for the welfare of the people of Indiaand for
other peaceful purposes and for matters connected therewith. The Act also provides Central
Government with the powersto frame rules or issue notificationsto implement the provisions of
theAct. Therulesframed under theAct arelaid on thefloor of both the houses of the Parliament.
However, for locating and operating Nuclear Power Plants (NPPs), in addition to the provisions
of the Atomic Energy Act, the provisions of several other legislations related environment, land
use, etc have also to be met. The provisions of these acts are enforced either by Central or State
(Provincial) Government, as the case may be. Some of these important legidations that have a
bearing on the establishment of NPPs are summarised below.

7.2.1 Atomic Energy Act 1962

The legidative and regulatory framework for the atomic energy in the country wasfirst
formulated by the constituent assembly in the year 1948 and was called as Atomic Energy Act
1948. In the same year, the Government of India constituted a high powered Atomic Energy
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Commissionto implement the Government policy to harnessthe benefit of atomic energy. Inthe
year 1954, Government of Indiacreated Department of Atomic Energy (DAE) for implementing
the government policies pertaining to atomic energy. With the creation of DAE, AEC was
recongtituted in accordance with the Government resolution dated March 1, 1958, to frame
policies and advise the Central Government on matters pertaining to Atomic Energy.

TheAtomic Energy Act of 1948 was repealed by the Parliament in the thirteenth year of
therepublic and Atomic Energy Act 1962 was enacted. TheAtomic energy Act 1962 wasamended
in the year 1986 by the Parliament through the Atomic Energy (amendment) Act, 1986 (No. 59
of 1986). Thisamendment primarily addressed section 6 of the act, which dealswith the disposal
of uraniumin minerals, concentrates and other materials containing uranium in its natural state.
The amendment was brought in to enhance the exercise of monitoring and control of the nuclear
material. Intheyear 1987, the Act wasfurther amended (No. 29 of 1987) to give impetusto the
activitiesrelated to design, construction and operation of NPP. Thefollowing paragraphs briefly
describe the salient Provisions of this act.

a Powers of the Central Government in the domain of atomic energy

Section 3 of the Act describes the powers of Central Government in the domain of
atomic energy including the powers (i) to produce, devel op, use and dispose of atomic
energy; (ii) to provide for the production and supply of electricity from atomic energy
and for taking measures conducive to such production and supply and for all matters
incidental thereto; (iii) to provide for control over radioactive substances or radiation
generating plant in order to (a) prevent radiation hazards; (b) secure public safety and
safety of persons handling radioactive substances or radiation generating plant; and (c)
ensure safedisposal of radioactivewastes, etc. The Central Government isa so empowered
to fulfil the responsibilities assigned by the Act either by itself or through any authority
or Corporation established by it or a Government company.

b. Control over Mining or Concentration of Prescribed Substances

Section 4 to section 13 of the act gives wide-ranging authority to the Central
Government for harnessing and securing the prescribed substances useful for atomic
energy. TheAct iscomprehensive about the discovery of uranium or thorium (section 4),
control over mining or concentration of substances containing uranium (section 5),
disposal of uranium (section 6), power to obtain information regarding materias, plant
or processes (section 7), power of entry and inspection (section 8), power to do work
for discovering minerals (section 9), compul sory acquisition of rightsto work minerals
(section 10), compulsory acquisition of prescribed substances, minerals and plants
(section 11), compulsory acquisition not sale (section 11-A), compensation in case of
compulsory acquisition of amine (section 12), and novation (contract law or business
law) of certain contracts (section 13).



Control over production and use of atomic energy

Section 14 of the Act gives the Central Government control over production and
use of atomic energy and prohibits these activities except under alicense granted by it.
Thisincludes control for the acquisition, production, possession, use, disposal, export
or import of any of the prescribed substances; or of any minerals or other substances
specified in the rules; or of any plant designed or adopted or manufactured for the
production, development and use of atomic energy or for research into matters connected
therewith; or of any prescribed equipment. Subsection 2 of this section givesthe Central
Government powers to refuse license or put conditions as it deems fit or revoke the
license. Sub section 3 of thissection of theAct also givesthe Central Government powers
to frame rules to specify the licensees the provisions in the areas of control on
information, access, measures necessary for protection against radiation and safe disposal
of harmful by-products or wastes, the extent of thelicensee’sliability and the provisions
by licenseeto meet obligationsof theliability either by insurance or by such other means
asthe Central Government may approve of.

Control over radioactive substances

Section 16 of theAct givesthe Central Government power to prohibit the manufacture,
possession, use, transfer by sale or otherwise, export and import and in an emergency,
transport and disposal, of any radioactive substances without its written consent.

Specia Provisions asto safety

Section 17 of the Act empowersthe Central Government to framerulesto befollowed
in placesor premisesinwhich radioactive substances are manufactured, produced, mined,
treated, stored or used or any radiation generating plant, equipment or appliance is used.
Thissection givesthe Central Government authority to make rulesto prevent injury being
caused to the health of the persons engaged or other persons, caused by the transport of
radioactive or prescribed substances and to impose requirements, prohibitions and
restrictionson employers, employeeand other persons. It also givesthe Central Government
authority to inspect any premises, or any vehicle, vessel or aircraft and take enforcement
action for any contravention of the rules made under this section.

Special provisions asto electricity

Section 22 of theAct givesthe Central Government the authority to devel op national
policy for atomic power and coordinate with national & state authorities concerned with
control and utilization of other power resourcesfor electricity generation to implement
the policy. It authorizes the Central Government to fulfil the mandate either by itself or
through any authority or corporation established by it or aGovernment Company.

Administering FactoriesAct, 1948

Section 23 gives the Centra Government authority to administer the Factories
Act, 1948 to enforce its provisions including the appointment of inspection staff in
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relationsto any factory owned by the Central Government or any Government Company
engaged in carrying out the purposes of the Act.

Offences and Penalties

Section 24 of theAct givesprovision for imposing penalties. Whoever contravenes
any order or any provision of theAct shall be punishabl e prosecution with imprisonment,
or with fine, or both.

Delegation of powers

Section 27 of the Act givesthe provision for the Central Government to delegate
any power conferred or any duty imposed on it by this Act to any officer or authority
subordinateto the Central Government, or state government, as specified inthedirection.

Power to make rules

Section 30 of the Act gives the provisions for the Central Government to frame
rules for carrying out the purposes of the Act. Exercising these powers, the Centra
Government has framed following rules to implement the following provisions of the
Act.

Atomic Energy (Radiation Protection) Rules 2004: The Atomic Energy (Radiation
Protection) Rules, 1971 were framed to establish the requirement of consent for carrying
out any activitiesfor nuclear fuel cyclefacilitiesand use of radiationsfor the purpose of
industry, research, medicine, etc. This rule was revised in the year 2004 with Atomic
energy (Radiation Protection) Rules 2004.

. Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987: The Atomic Energy

(Safe Disposal of Radioactive Wastes) Rules, 1987 establishes the requirementsfor the
disposal of radioactive waste in the country.

Atomic Energy (Control of Irradiation of Food) Rules, 1996: TheAtomic Energy (Control
of irradiation of Food) Rules, 1990 were framed to regulate the irradiation of foods in
the country. Theseruleswererevised asAtomic Energy (Control of Irradiation of Food)
Rules, 1996.

Atomic Energy (Working of the Mines, Mineralsand Handling of Prescribed Substances)
Rules, 1984: These rulesregulate the activities pertaining to mining, milling, processing
and/or handling of prescribed substance.

Atomic Energy (Factories) Rules, 1996:The Central Government exercising the powers
conferred by sections 41, 49, 50, 76, 83, 112 and all other enabling sections of the
Factories Act, 1948, (63 of 1948), read with sections 23 and 30 of the Atomic Energy
Act, 1962, (33 of 1962) had framed the Atomic Energy (Factories) Rules, 1984 to
administer the requirement of FactoriesAct in the nuclear establishment of the country
to ensure industrial safety. These rules were revised by Atomic Energy (Factories)
Rules, 1996.
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vi. Atomic Energy (Arbitration Procedure) Rules, 1983: In exercise of the powers conferred
by Section 21 of the Atomic Energy Act, 1962, Central Government framed Atomic
energy (Arbitration Procedure) Rules, 1983 to regulate arbitration procedure for
determining compensation.

7.2.2 Indian Electricity Act 2003

The Indian Electricity Act, 1910, the Electricity (Supply) Act, 1948 and the Electricity
Regulatory Commissions Act, 1998 was replaced in the year 2003 with Indian Electricity Act
2003. The new act consolidatesthe lawsrelating to generation, transmission, distribution, trading
and use of electricity and generally for taking measures conducive to development of electricity
industry, promoting competition therein, protecting interest of consumersand supply of e ectricity
toal areas, rationalisation of e ectricity tariff, ensuring transparent policiesregarding subsidies,
promotion of efficient and environmentally benign policies, constitution of Central Electricity
Authority, Regulatory Commissions and establishment of Appellate Tribunal and for matters
connected therewith or incidental thereto. The act prohibits any person from transmission or
distribution or trading in electricity unless he is authorised to do so by alicence issued under
section 14, or is exempt under section 13 of the Act.

7.2.3 Environment (Protection) Act 1986

The Environment Protection Act, 1986 and Environment (Protection) Rules, 1986 provide
for the protection and improvement of environment and matter connected therewith. The Act
empowersthe Central Government to take all such measuresasit deems necessary or expedient
for the purpose of protecting and improving the quality of the environment and preventing,
controlling and abating environmental pollution.

All projects or activities, including expansion and modernization of existing projects or
activities, require prior environmental clearance from the Central Government in the Ministry of
Environment and Forests (M oEF) on therecommendationsof an Expert Appraisal Committee (EAC).
7.2.4 Other Applicable Legidation

There are some other applicabl e |legislation whose provisions have to be met for locating
and operating NPPsin the country. Theselegidationsinclude

» TheWater (Prevention & Control of Pollution) Act, 1974

* TheAir (Prevention & Control of Pollution) Act, 1981
 TheWater (Prevention & Control of Pollution) CessAct, 1977
* TheHazardousWaste (Management & Handling), Rules 1989

* Indian ExplosiveAct 1884 and Indian Explosive Rule 1983

* Disaster Management Act 2005
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7.3 NATIONAL SAFETY REQUIREMENTSAND REGULATION

7.3.1 Safety Requirementsunder the Atomic Energy Act 1962

TheNationa Safety Requirement & Regulationfor all activitiesrelated to atomic energy
program and the use of ionising radiation in Indiais provided by Sections 3 (e) (i), (ii) and (iii),
16, 17 and 23 of the Atomic Energy Act, 1962 and the rules issued there under. For NPP, the
applicablerulesare Atomic Energy (Radiation Protection) Rules 2004 and Atomic Energy (Safe
Disposal of Radioactive Wastes) Rules, 1987.

Intheyear 1983, the Central Government using the provision of Section 27 of theAct on
delegation of power, congtituted an independent regul atory body, Atomic Energy Regulatory Board
(AERB), through agazette notification, to carry out the regulatory functionsenvisaged in sections
16, 17 and 23 (refer chapter on article 8: * Regulatory Body’ for further details). Chairman, Atomic
Energy Regulatory Board (AERB) isthe " Competent Authority” to exercisethe powers conferred
on it as per the rules framed under the Act for safety provisions.

One of themandates of AERB isto formul ate safety requirementsfor nuclear and radiation
facilities. For NPPs, AERB hasissued safety Codesfor regulation, siting, design, operation and
quality assurance and also several safety guides and manuals under these Codes. These safety
documents lay down requirement for safety in siting, design, construction, commissioning and
operation of theNPPsin India. During the preparation of these documents, the saf ety requirements
recommended by |AEA and the regulatory agencies of other countries are a'so considered. The
safety documents are reviewed and updated periodically based on experience and scientific
devel opments and to harmoni ze these with the recommended current safety standards of |AEA.
For NPPs designed abroad, AERB takes in to account the differences in safety standards and
requirements between the two countries for locating these in India. After satisfying itself with
the provisions of the safety standards & requirements, AERB through appropriate notification/
directives may accept them applicablefor this country.

AERB issues safety directives to implement the recommendation of the International
Commission on Radiological Protection (ICRP) ondoselimitsfor radiation workersand members
of public.

7.3.2 Safety Requirements and Regulations arising from Other Legidations

In addition to above, the safety requirement of other applicable legidations aso need to
be met for establishing and operating NPPs in India. The central or state agencies, as the case
may be, have been identified to regulate the safety provisionsof these actsand the applicantsare
required to obtain necessary clearances from these agencies. Some of the important applicable
legidlations are mentioned here.

Environment Protection Act, 1986 and Environment (Protection) Rules, 1986 provides
safety requirement and regulation for the protection of environment. Nuclear Power Plants is
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included in the Category ‘A’ in the schedule and hence requires prior environmental clearance
from Central Ministry of Environment and Forest (MoEF). The applicant is also required to
conduct apublic hearing to explain the safety, environmental, social and economic impactsof the
nuclear power stationsand allow the publicto expressitsviewsand receive answerstoitsquestions.

The Centra or State Pollution Control Board (PCB), asthe case may be, depending onthe
location of NPP site, acts as the regulatory authority for conventional pollutants from NPP and
regulate the safety provisions of the following legislations related to the protection of the
environment in the country.

» TheWater (Prevention & Control of Pollution) Act, 1974

* TheAir (Prevention & Control of Pollution) Act, 1981

* TheWater (Prevention & Control of Pollution) CessAct, 1977
* TheHazardous Waste (Management & Handling), Rules 1989.

Thelndian Electricity Act, 2003 and I ndian Electricity Rules, 2005 covering various aspects
of electrical safety also applies to NPPs. The Electricity Inspector of Electricity Board of the
concerned state is designated as the authority to implement the provisions of these acts & rules.

Thelndian BoilersAct, 1923 a so appliesto the boilers employed at NPPs and the authority
to implement the provision of this acts vests with the Boiler Inspector of the state under which
the plant islocated.

Indian ExplosiveAct 1884 and Indian Explosive Rule 1983 providesthe Central government
power to prohibit manufacture, possess, use, sell, transport of explosives except under alicense
granted by it. The Directorate of Explosives regulates the provision of the Act and rulesfor use
and storage of materials such as Diesel, Chlorine, compressed air, fuel oil etc.

Annex 7-1 gives safety requirements arising from some of the important legidation and
the agencies identified to regulate them.

74 REQUIREMENT OFLICENSINGUNDER THEATOMIC ENERGY ACT

Section 14 of the Act specifies the requirement of obtaining license from the Central
government for production and use of atomic energy. Section 16 of Act prohibitsthe manufacture,
possession, use, transfer by sale or otherwise, export and import and in an emergency, transport
and disposdl, of any radi oactive substances without obtai ning the consent of the Central government.
Further, Section 17 of the Act givesthe Central Government power to prescribe the requirement
of safety and waste management. The Atomic Energy (Radiation Protection) Rules 2004 and
Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 issued under the Act further
elaborate the requirement of obtaining license, the responsibility of license holder, the power of
the Central government for licensing, inspection and enforcement. Atomic Energy (Factories)
Rules, 1996 issued under section 23 of the Act sets requirement for the industrial safety in the
facilities owned by the Central government and puts the requirement of license, monitoring,
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ingpection and enforcement. AERB issuesthelicense to an NPPand carries out safety monitoring,
ingpection and enforcement activitiesunder the provisions of aboverules. AERB Code of practice
in Safety on Regulation of nuclear and radiation facilities (AERB/SC/G) specifiesthe minimum
safety related requirements/obligations to be met by anuclear or radiation facility to qualify for
theissue of regulatory consent at every stage leading to eventual operation.

Theselicensesareissued by AERB on the basis of itsreview and assessment. Compliance
totheregulatory requirementsisverified by conducting periodic regulatory inspections. In general
AERB adopts a multi-tier review process for new projects and operating NPPs. The code also
elaborates on regulatory inspection and enforcement to be carried out by the Regulatory body in
suchfacilities. For NPPs, the authorisations areissued for the mg or stages of Siting, Construction,
Commissioning, Operation and Decommissioning. After theissuance of initial authorisation for
operation, AERB establishesthe system of regulatory review and assessment by way of reporting
obligations, regulatory inspections and enforcements. Annex 7-2 typically indicates various
requirementsfor locating and operating NPPsin India.

The detailed licensing process in India is described in Article 14 on Assessment and
Verification of Safety.

7.5 REGULATORY INSPECTIONAND ENFORCEMENTS

Section 8 (powersto entry and inspection) of theAct givesthe Central Government powers
for enter and inspect any mine, premises and land for the purpose of the Act. For the purpose of
safety, subsections 4 and 5 of Section 17 (Specia provisions as to safety) of the Act gives the
Central Government powers to inspect any premises, vehicle, vessel or aircraft and take
enforcement actionsto prevent any contravention of therulesframed under the provision of this
section. Atomic Energy (Radiation Protection) Rules 2004 and Atomic Energy (Safe Disposal
of Radioactive Wastes) Rules, 1987, framed under the Act, are applicable for safety of NPPs.
AERB enforcesthe safety provisions of these rules and has established the system of regulatory
inspection and enforcement. AERB &l so enforces the provisions of Atomic Energy (Factories)
Rules, 1996 for industrial safety of the plant. The powersto inspect and take enforcement actions
for industrial safety are drawn from the provisions of section 8 & 9 of the Factories Act 1948.
AERB Codeof practicein Safety on Regulation of nuclear and radiation facilities (AERB/SC/G)
and Safety guides and manuals issued under it provides the details regarding the system of
regul atory inspection and enforcement.

Other regulators like PCB, MoEF aso carry out inspection from time to time for
enforcement of the requirements relating to conventional pollutants, environmental aspects etc.

7.6 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

Sincetheinception of the atomic energy programmein the country, an elaboratelegidative
and regulatory framework was established. The national safety requirements pertaining to atomic
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energy emanatefrom the Atomic Energy Act 1962 & rulesissued there under. ThisActsand rules
explicitly bring out the requirement of licensing, inspection & enforcement for the purposes of
the Act. Based on these requirements, the system of licensing, inspection and enforcement has
been established. AERB code of practice on regulation of Nuclear and Radiation Facilitiesand
several guidesissued under the Code givesthe process of regulation of safety inthe country. The
L egidative and Regulatory framework in the country iscomprehensive to harnessthe benefit of
Atomic energy in asafeand secured manner. Hence, | ndiacomplieswith the obligationsof Article
7 of the Convention on Nuclear Safety.
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Annex 7-1: National Safety Requirements and Regulation

Legislative & Regulatory Frame Work: Atomic Energy Act 1962, Indian
Electricity Act 2003, Environment (Protection) Act, 1986, Factories Act,
1948 etc

National Safety Requirements & Regulation

REGULATORY ATHORITY

Atomic Energy Act, 1962

Atomic Energy (Radiation Protection) Rules 2004;

Atomic Energy (Safe Disposal of Radicactive Wastes) Rules, 1987,
Atomic Energy (Control of Irradiation of Food) Rules, 1986;
Atomic Energy (Working of the Mines, Minerals and Handling of
Prescribed Substances) Rules, 1984; and

Atomic Energy (Factories) Rules, 1986,

« Regulatory Standards & Codes

Environment Protection Act, 1986
Environmantal Protection (Amendment) Rules, 1887

The Water (Prevention & Control of Pollution) Act, 1874

The Alr (Prevention & Control of Pollution) Act, 1981

The Water (Prevention & Control of Pollution) Cess Act, 1977
The Hazardous Waste (Management & Handling), Rules 1989

Indian Electricity Act 2003
Indian Electricity Rules 1956

Indian Boilers Act 1923
Legend
AERB: Atomic Energy
p Regulatory Board
Indian Explosive Act 1884 MoEF: Ministry of Environment
Indian Explosive Rule 1983 and Forest

PCB: Pollution Control Board
SEB: State Electricity Board
DoE: Directorate of Explosive

S5BI: State Boiler Inspeclorate
Disaster Management Act 2005 MHA: Ministry of Home Affairs
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ARTICLE 8 REGULATORY BODY

1. Each Contracting Party shall establish or designatearegulatory body entrusted with
theimplementation of thelegidativeand regulatory framework referred toin Article
7,and provided with adequateauthority, competenceand financial and human resour ces
tofulfil itsassigned responsibilities.

2. Each Contracting Party shall take the appropriate steps to ensure an effective
separ ation between thefunctionsof theregulatory body and those of any other body
or organization concer ned with the promotion or utilization of nuclear ener gy.

81 GENERAL

The Government of India, exercising the powers conferred by Section 27 of the Atomic
Energy Act 1962 established the Atomic Energy Regulatory Board (AERB) in 1983, to carry out
regulatory and safety functions with regards to nuclear power generation and use of ionising
radiations in the country. The authority of AERB is derived from the presidential notification
(gazette notification) for establishment of AERB and rules promul gated under the Atomic Energy
Act, 1962. The mission of AERB isto ensure that the presence of ionising radiation and the use
of nuclear energy in Indiado not cause unacceptabl e impact on the health of workers, members
of the public and the environment.

AERB isentrusted with theresponsibility for regulating activitiesrel ated to nuclear power
generation, nuclear fuel cycle facilities, research, industrial and medical uses of radiation. For
the plants and facilities managed by the constituents of Department of Atomic Energy (DAE),
AERB also regulatesindustrial safety as per the provision of FactoriesAct 1948 and the Atomic
Energy (Factories) Rules 1996.

8.2 MANDATEANDDUTIESOFREGULATORY BODY

Thebasicregulatory framework for safety for al activitiesrelated to atomic energy program
and the use of ionising radiation in Indiais derived from Sections 16, 17 and 23 of the Atomic
Energy Act, 1962. Article 7 of this report describes provisions of these sections of the Act in
detail. AERB carriesout certain regulatory and safety functions of these sectionsof theAct. The
mandate for AERB brought out in the presidential (gazette) notification issued by the Central
Government in the year 1983 inter-aliaincludes:

a Powersto lay down safety standard and frame rules and regulations in regard to the
regulatory and safety requirements envisaged under the Atomic Energy Act 1962.

b. Powers of the Competent Authority to enforce rules and regulations framed under the
Atomic Energy Act, 1962 for radiation safety in the country.

c. Authority to administer the provisions of the FactoriesAct, 1948 for theindustrial safety
of the units of DAE as per Section 23 of the Atomic Energy Act 1962.



Deriving powers and functions specified in the gazette notification, AERB Safety Code,
AERB/SC/G on “Regulation of Nuclear and Radiation Facilities’ establishes the regulatory
practicesin the country. List of AERB guidesissues under this codeis given in annex 8-1. The
functions & responsibilities of AERB are summarized bel ow.

a) Develop safety policiesin nuclear, radiological and industrial safety areas.

b) Develop Safety Codes, Guidesand Standardsfor siting, design, construction, commissioning,
operation and decommissioning of different types of nuclear and radiation facilities.

c) Grant consents for siting, construction commissioning, operation and decommissioning,
after an appropriate safety review and assessment, for establishment of nuclear and radiation
facilities.

d) Ensurecompliance of the regulatory requirements prescribed by AERB during all stages of
consenting through asystem of review and assessment, regul atory ingpection and enforcement.

e) Prescribethe acceptance limitsof radiation exposure to occupationa workers and members
of the public and approve acceptable limits of environmental releases of radioactive
substances.

f) Review the emergency preparedness plans for nuclear and radiation facilities and during
transport of large radioactive sources, irradiated fuel and fissile material.

g) Review thetraining program, qualifications and licensing policiesfor personnel of nuclear
and radiation facilities and prescribe the syllabi for training of personnel in safety aspects at
all levels.

h) Take such steps as necessary to keep the public informed on major issues of radiological
safety significance.

i) Promote research and development effortsin the areas of safety.

J) Maintainliaisonwith statutory bodiesin the country aswell asabroad regarding safety matters.
8.3 STRUCTURE OFREGULATORY BODY
8.3.1 TheBoard

The governing Board of AERB consists of a Chairman, four Members and a Secretary.
While the chairman, vice-chairman and secretary are employees of AERB, the other members
arepart time members. The Board formul atesthe regulatory policiesand decideson all-important
matters related to Consent, renewal of consents, enforcement actions, major incidents, etc.
Chairman AERB, functions asthe executive head of the AERB secretariat. The Board reportsto
Atomic Energy Commission (AEC), the apex body of the Central Government for atomic energy.
Theofficiasin the AEC include among others, some of the senior most officialsfrom the office
of the Prime Minister, the government machinery as well as eminent scientists and technocrats.
The AEC in turn reports to the Prime Minister. AERB sends periodic reportsto AEC on safety
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status including observance of safety regulations and standards and implementation of the
recommendationsin al DAE and non-DAE units. Theorganisation of AERB isgivenin Annex 8-
2 and the position of AERB in the government set up isgivenin Annex 8-3.

8.3.2 Advisory Committees

The Board issupported by severa advisory committeesin itsregulatory functions.

Theadvisory committees, Safety Review Committeefor Operating Plants (SARCOP) and
Safety Review Committee for Application of Radiation (SARCAR) are the two apex level
committees for ensuring safety. SARCOP monitors and enforces safety regulations in NPPs &
other Radliation Facilitiesidentified by the Central Government. SARCAR isthe safety monitoring
and advisory committee of AERB that reviews saf ety aspectsrel ated to the application of radiation
sources and equipment in industry, medicine, agriculture and research for non-DAE unitsaswell
asduring transportation of radioactive materialsin public domain.

The Advisory Committee for Nuclear Safety (ACNS) advises AERB on generic safety
issues affecting the safety of nuclear installations. It isalso mandated to conduct thefinal review
of draft safety documents like safety codes, guides and manuals pertaining to siting, design,
construction, operation, quality assurance and decommissioning of Nuclear Facilities.

TheAdvisory Committee on Occupational Health (ACOH) advisesAERB onthe matters
of occupational hedthinthe DAE industrial units. The Committee a so recommendsrequirements
ineach unit with respect to infrastructure for the occupational health activitiesincluding medical
officers as well as appropriate facilities.

TheAdvisory Committeefor Industrial and Fire Safety (ACIFS) advisessAERB ongeneric
industrial and fire safety issues and recommends measures on industrial safety aspects for
prevention of accidentsat all DAE installationsincluding projects under construction.

Advisory Committee on Radiological Safety (ACRS) advises on generic safety issues
concerning radiological safety in application of radiation sourcesin medicine, industry, education
and research.

8.3.3 AERB Saff

AERB hasitsofficelocated in Mumbai to assist it initsregulatory functions. It comprises
of seventechnica divisons. Theseare: Operating Plants Safety Division (OPSD), Nuclear Projects
Safety Divison (NPSD), Safety Analysis and Documentation Division (SADD), Radiological
Safety Division (RSD), Civil & Structural Engineering Division (C& SED), Information and
Technical ServicesDivision, (I& TSD) and Industrial Plants Safety Division (IPSD).

The functions of the technical divisions of the secretariat are briefly summarised below: -
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Operating Plants Safety Division
% Enforcement of Atomic Energy (Radiation Protection) Rules, 2004 in operating NPPs

« Enforcement of Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 in
operating NPPs

% Safety Review of Nuclear Power Plants and Research Reactors.

% Issuance of Technica Specificationsfor operation of Plants and Facilities.
% Licensing of Operating and M anagement Personnel

% Regulatory Inspection of operating NPP

% Review of Emergency Preparednessat NPP

% Renewal of Authorisation for operation of NPP

% Authorisation for Radwaste Disposal

Nuclear Projects Safety Division
+ Enforcement of Atomic Energy (Radiation Protection) Rules, 2004 in NPP projects

% Enforcement of Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 in NPP
projects

% Design Safety Review of Nuclear Power Projects.

% Regulatory Inspection and Safety Audit of Nuclear Power Projects

Safety Analysis and Documentation Division

< Development of safety documents.

% Safety analysisand assessment including Probabilistic Saf ety A ssessment
Radiological Safety Division

% Enforcement of Atomic Energy (Radiation Protection) Rules, 2004 in radiation installations
other than Nuclear Fuel Cycle Facilities

% Safety Review of Acceleratorsand Irradiators
% Transportation of Radioactive Material

% Enforcement of Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 inradiation
installation other than Nuclear Fuel Cycle Facilities

Civil Engineering and Sructural Safety Division
% Civil &Structural Engineering | ssues Related to Operating Plants and New Projects.

% Inspection and Enforcement of Civil & Structural Engineering safety
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« Earth Science and Earthquake Engineering A spects.

% Review of Siting application

Industrial Plants Safety Division

% Industria andfire Safety Review

% Regulatory Inspection related to Industrial Safety

% Licensing of Personnd.

% Occupational Health of Workers.

% Inspection and Enforcement of radiological safety in Fuel cycle facilities other than NPPs

Information and Technical Services Division

% PublicInformation.

% Technical Services.

% Organisations of Governing Board meetings and follow up of decisions.
% Training of AERB staff

The Directors of the above divisions are members of the AERB Executive Committee,
which meets periodically with Chairman, AERB and takes decisions on important policy matters
related to the management of the Secretariat of the Board.

8.3.4 Technical Support

AERB congtitutes advisory committeefor project safety review for review and assessment
of safety of the NPPfor siting, construction and commissioning of the NPP projects. At present,
thefollowing Advisory Committees are functioning.

* Advisory Committeefor Project Safety Review for Heavy Water Reactors/Prototype
Fast Breeder Reactor (ACPSR-PHWR/PFBR)
» Advisory committeefor Project Safety Review for Light Water Reactors(ACPSR-LWR),

e Advisory Committee for Project Safety Review for Fuel Cycle Facility (ACPSR-
FCF), and

» Advisory Committeefor Project Safety Review of Fast Reactor Fuel Cycle Facility
and Demonstration Fuel Reprocessing Plant, IGCAR, Kalpakkam (ACPSR-FRFCF),

AERB has several other committeesto adviseit for developments of safety documents.

* Advisory Committee for preparation of Code & Guides on Governmental
Organization for the Regulation of Nuclear & Radiation facilities (ACCGORN),

* Advisory Committeeon Code, Guides& Associated Manualsfor Safety in Design of
NPPs(ACCGD),
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* Advisory Committeefor Codes, Guides & Associated Manuasfor Safety in Operation

of NPPs(ACCGO),

* Advisory Committeefor Codes & Guidesfor Quality Assurancefor Nuclear Power
Plants Safety (ACCGQA),

* Advisory Committees for Regulatory Documents on Nuclear Power Plant Siting
(ACRDYS),

» Advisory Committee on Safety Documents relating to Fuel Cycle Facilities other
than Nuclear Reactors (ACSDFCF),

o Advisory Committeefor Regulatory Documentson Civil and Structural Engineering
(ACRDCSE),

These Advisory Committees consist of experts from AERB, BARC, IGCAR, nationa
laboratories, and industrial and academic institutionsin the country. The Advisory Committees,
as appropriate, are supported by various other committeesin their activities. The administrative
and regul atory mechanisms, which arein place, ensure multi-tier review by the expertsdrawn at
national level.

Thetechnical support to AERB comes mainly from the BhabhaAtomic Research Centre
(BARC). BARC providesstrong technical support inthe areasof devel opment of safety documents,
radiological and environmental safety, review and assessment of safety cases and inspection and
verificationfunctions. Some of the other important areaswhere BARC providesextensivetechnical
support to AERB are Reactor Physics, Reactor Chemistry, Post-irradiation Examination, Remote
Handling and Robotics, Control and Instrumentation, Shielding, Thermal Hydraulics, Probabilistic
Safety Assessments, Selsmic Evaluation, Quality Assurance and In-service Inspection. AERB also
utilizesthe expertise available with other research & academicinstitutionslikethe IndiraGandhi
Centrefor Atomic Research (IGCAR), Council for Scientific & Industrial Research (CSIR) and
variousIndian Institutes of Technology (11Ts) initsreview and assessment functions. AERB also
appoints consultants having long experiencein the national nuclear programmein various capeacities
for supporting it intheregulatory activities. Another important resourcefor AERB’ ssafety review
and safety documents devel opment work isthe large cadre of retired senior experts.

84 HUMANRESOURCES

The staffs of AERB mainly consist of technical & scientific expertsin different aspects
of nuclear and radiation technology. The fresh recruitments for technical & scientific staff are
taken from Homi BhabhaNationa Ingtitute (HBNI) aswell asfrom Indian Institutes of Technology.
Direct recruitment of experienced professionalsis also done through open advertisement. The
recruited staffsare given orientation trainingin AERB activitiesat Mumbai and onthejobtraining
in various nuclear training centres. AERB also conducts several retraining programme for its
staff on aregular basis. AERB staffs participate in various courses, workshops and seminars
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conducted by Indian Nuclear Society and other renowned institutions for development of their
expertise in their professional fields.

8.5 FINANCIAL RESOURCES

AERB hasfull powersto operateits budget, which it prepares and submitsto the Central
Government for approval. The central Government all ocates the budget in the separate account
heads of AERB. The budget of AERB in the year 2006/07 is about 130 million rupees. This
budget does not include the cost of Technical Support provided by different organizations.

8.6 SAFETY RESEARCH

A large number of safety research important to regulatory activities are carried out by
BARC, themain technical support organisation. AERB also promotes and funds radiation safety
research and industrial safety research as part of its programme and providesfinancial assistance
to Universities, research ingtitutions and professional associations for holding symposia and
conferences on the subjects of interest to AERB. AERB Committee for Safety Research
Programmes (CSRP) framesguidelinesfor the same and al so eval uates and monitorstheresearch
projects.

AERB aso has its own Safety Research Ingtitute (SRI) at Kalpakkam near the city of
Chennai, which conductsresearch inthe areas of nuclear, radiation, environmental, industrial and
fire safety. It also organizes workshops and seminars on specific safety topics.

8.7 QUALITY MANAGEMENT INREGULATORY BODY

AERB activities are conducted as per the Safety Code, AERB/SC/G, on “Regulation of
Nuclear and Radiation Facilities” and various guidesissued under it. These documentsgivein
detail the consenting process, obligations of the consentee, conduct of regulatory review &
assessment, inspection regime & enforcement provisionsfor the Nuclear Power Plants, Research
reactors, other nuclear fuel cyclefacilitiesand radiation facilities. AERB hasdevel oped aQuality
Assurance programme through which activities of each division are assessed for conformanceto
the prescribed procedures. In recognition of thisprogramme, AERB has obtained | SO 9001:2000
certificationsfor itsactivities pertaining to consenting, inspection and devel opment of regul atory
documents.

8.8 CO-OPERATIONWITHINTERNATIONAL BODIES

8.8.1 International Atomic Energy Agency (IAEA)

TheAtomic Energy Regulatory Board (AERB) of Indiahasbeen actively participatingin
theactivitiesof IAEA. Thesaffsof AERB participatein various Technical and consultants meetings
organised by IAEA onarangeof topicsfor fuel cycleactivities, radiation facilities, transportation
of radioactivematerialsandillicit trafficking of radioactive materials. Chairman AERB a so attends
meetings of Commission on Safety Standards (CSS). AERB has been participating in IAEA
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Coordinated Research Programme (IAEA-CRP) on topics such as Methodologies for Event
Anaysisand Safety Significance of Near field earthquakes.

AERB isthenationa coordinator for |AEA -International Nuclear Event Scale (INES) and
IAEA - Incident Reporting System (IRS). AERB participates in al activities related to the
functioning and further devel opment of INESand IRS. AERB participatesin the biennial meeting
of the INES national coordinators, annual meeting of IRS coordinators and |AEA-IRS advisory
committee meetings.

Theseinteractionshel p AERB in keeping abreast of the developmentsintherelated fields,
safety issues and the evolving safety standards. These are taken into account while developing
national standardsand guidelinesfor their implementation.

8.8.2 CANDU Senior RegulatorsForum

AERB is a member of the forum for the CANDU Senior Regulators for exchange of
information on issues specifically related to safety of PHWRs. Besides India, the other countries
participating in this forum are Argentina, Canada, China, Pakistan, Romania and South Korea.
AERB's participation in this forum helps in understanding events and generic safety issuesin
CANDU reactors world over, based on which corrective actions as may be necessary are
implemented in Indian NPPs.

8.8.3 United States Nuclear Regulatory Commission (USNRC)

Cooperationin nuclear safety between AERB and USNRC wasresumed in February 2003.
Sincethen eight meetings have been held between AERB and USNRC bothinIndiaand USA. The
objective of these meetings continues to be furthering the dialogue regarding Nuclear Safety
between USand Indian Governments.

Thesafety related topics pertaining to Nuclear Power Plants discussed during the meetings
were Fire Safety, Ageing Management and License Renewal, Emergency Operating Procedures,
Risk Informed Regulation and Design Modifications, Passive Systems Reliability Evaluations,
Long Term Performance of Concrete Structures, Thermal Hydraulics and Severe Accidents.

The USNRC teamshavevisited some of the NPPsin India. TheIndian delegation, which
visited USA, aso had the opportunity to visit some of the NPPs. Two officers of AERB have
undergone familiarisation on risk informed decision making at USNRC.

8.8.4 Directorate General for Nuclear Safety and Radiation Protection, France

A formal cooperation between AERB and Directorate General of Nuclear Safety and
Radiation Protection (DGSNR), France (erstwhile Nuclear Installation Safety Directorate
(DSIN)), for exchange of information and cooperation entered in force on July 29, 1999 for a
period of five years. This arrangement has been extended for further period of five years from
July 29, 2004. The new arrangement also covers the cooperation in the fields of radiation
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protection and safety of transport of radioactive sourcesand materialsin additionto the previousy
covered areas.

8.8.5 Radiation Safety Authority, Russia

AERB and the Federa Nuclear and Radiation Safety Authority of Russiaentered into an
agreement for cooperationinthefield of safety regulation inthe process of use of nuclear energy
for peaceful purposes. This agreement came into force on February 15, 2003 and is vaid till
Kudankulam NPP beginsregular operation.

89 COMPLIANCEWITHOBLIGATIONSOFTHE CONVENTION

Asatomic energy programmein Indiais expanding, the regulatory body also hasto keep
pace with this progress. Since its constitution in 1983, AERB has built up its technical and
managerial capabilitiesto meet these requirements. The position of AERB inthe government set
up ensures administrative and financial independenceinitsfunctioning. Technical supportisdrawn
from various national laboratories as well as from other national academic and research
institutions. The Central Government provides the financial resource to AERB according to its
proposed budget. There has never been shortage of finance towards fulfilling its mandate and
responsibilities. From the description above, it can be seen that statutory and legal provision of
theAct & various rules framed thereunder and the powers conferred by the gazette notification
provides AERB with the authority for its independent and effective functioning. Hence, India
complieswith the intent and spirit of article 8 of the Convention.
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Annex 8-1: AERB Safety Guidesunder the Code On Regulation

Safety SeriesNo.
AERB/SC/G
AERB/SG/G-1

AERB/SG/G-2

AERB/SG/G-3

AERB/SG/G-4
AERB/SG/G-5

AERB/SG/G-6

AERB/SG/G-7

AERB/SG/G-8

Title
Code of Practice on Regulation of nuclear and radiation facilities.

Consenting Process for Nuclear Power Plants and Research Reactors:
Documents Submission, Regulatory Review and Assessment of Consent
Applications.

Consenting Process for Nuclear Fuel Cycle and Related Industrial
Facilities: Documents Submission, Regulatory Review and Assessment
of Consent Applications.

Consenting Process for Radiation Facilities: Documents Submission,
Regulatory Review and A ssessment Of Consent A pplications.

Regulatory Inspection and Enforcement in Nuclear and Radiation Facilities.

Role of Regulatory Body with respect to Emergency Response and
Preparedness at Nuclear and Radiation Facilities.

Codes, Standards and Guides to be Prepared by the Regulatory Body for
Nuclear and Radiation Facilities.

Regulatory Consents for Nuclear and Radiation Facilities. Contents &
Format

Criteria for Regulation of Health and Safety of Nuclear Power Plant
Personnel, the Public and the Environment
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Annex 8-2: Organisation Structure of AERB

Atomic Energy
Regulatory Board
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Annex 8-3: Position of Regulatory Body in Government Set up

Central Government

Atomic Energy regulatory Board Department of Atomic Energy
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ARTICLE-9
RESPONSIBILITY OF THELICENSEHOLDER

Each Contracting Party shall ensurethat primeresponsibility for the safety of anuclear
installation restswith the holder of the relevant license and shall take the appropriate
stepsto ensurethat each such license holder meetsitsresponsibility.

9.1 GENERAL

One of the important functions of the Atomic Energy Regulatory Board (AERB) isto
devel op safety policiesin nuclear, radiation and industrial safety areas. Towardsthis, AERB has
issued the Safety Code, AERB/SC/G, on “ Regulation of Nuclear and Radiation Facilities’, which
establishes the obligations of the licensee towards safety.

Nuclear Power Corporation of India Limited (NPCIL) is aPublic Limited Government
company under the Companiesact 1956, fully owned by the Central Government which undertakes
design, construction, operation & maintenance and decommissioning of NPPs in the country.
Themission of NPCIL isto develop Nuclear Power Technology and to produce Nuclear Power,
asasafe, environmentally benign and an economically viable source of electrical energy to meet
the increasing e ectricity needs of the country.

NPCIL, astheresponsi ble organisation for design, construction, operation and maintenance
of NPPs, has the primary responsibility of safety. It is the responsibility of NPCIL and its
congtituent unitsto perform the assigned task as per the regul atory requirements and demonstrate
to the regulatory body that the NPP operations meet all the established safety norms throughout
thedesignlife.

The Central Government established another company BharatiyaNabhikiyaVidyut Nigam
Limited (BHAVINI) in 2003, fully owned by it, with the objective of constructing and
commissioning the first 500 MWe Prototype Fast Breeder Reactor (PFBR) at Kalpakkam in
Tamilnadu and also to pursue construction, commissioning, operation and maintenance of
subsequent Fast Breeder Reactors for the generation of electricity.

9.2 MAINRESPONSBILITIESOF THELICENSEHOLDER

As mentioned above, the AERB/SC/G, Safety Code, on “Regulation of Nuclear and
Radiation Facilities” and Safety Guides and Manuals issued under it, spell out in detail the
obligations of the licensee towards safety. The major obligations and responsibilities of the
license holder are summarised below.

9.2.1 Thelicenseeissolely responsiblefor ensuring the safety in siting, design, construction,
commissioning, operation and decommissioning of a Nuclear Power Plant (NPP)/
Research Reactor (RR) and shal demonstrateto the Regulatory body that safety isensured
at all times. For this purpose, the licensee shall establish necessary systems, procedures
and organizational arrangements.
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9.2.2

Theapplicant seeking alicense shall submit al the necessary information to theregulatory
body aslaid down in the requisite regul ation in support of the application for consent. It
shall be the responsibility of the licensee to make proper arrangements with vendor(s)
and/or contractor(s) to ensureavailability of all required information. It shall also bethe
responsibility of the applicant to keep the regulatory body constantly informed of all
relevant additional information or changes in the information submitted earlier. The
licenseeisresponsiblefor any material false statement in the application for consent or
in the supplemental or other statement of facts required of the applicant.

The licensee has the responsibility for compliance with the stipulated requirements,
regulations and conditions referred or contained in the license or otherwise applicable.
The licensee is responsible for carrying out the activities in accordance with approved
Quality Assurance program and to ensurethat every stepiscarried out with dueregardto
safety. The responsibility of the licensee includes:

i) Thelicensee shall make sure that the operation of NPP is carried out according to
relevant laws, regulations and condition of the license granted.

i) Thelicenseeshall develop, preserve, update and maintain acomplete set of records
related to the safety of the plant, including those referred to in the applications, and
those required by applicable acts and rules framed thereunder and the license, and
shall not dispose of them except as authorised by the regulatory body.

1ii) Thelicensee shall providethe authorized representatives of the regulatory body with
full accessto personnel, facilities and records that are under the control of licensee.

iv) Thelicenseeshall keep theregulatory body fully and currently informed with respect
to any significant or potentially significant events or changes in the considerations,
information, assumptions, or expectations based on which the authorisation was
issued.

V) The licensee shall take such corrective actions or measures as required by the
Regulatory body in the interest of safety.

vi) Thelicensee shall not undertake any activity beyond those authorised in thelicense,
without the prior approval of the Regulatory Body.

vii) Thelicensee shall report al accidents, incidents and events related to safety as may
berequired by the Regulatory Body.

viii) Thelicensee shall keep the Regulatory Body informed of the personnel changes
inimportant station management positions.

iX) Thelicensee shall ensure that an adequate level of safety will be maintained during
operation through proper operational and maintenance proceduresand administrative
control where required.
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X) Thelicensee shall establish policiesto achieve high standards of safety and promote
safety culture in the organisation.

xi) The licensee shall make sure that the organizational structures and training &
gualification of the operating personnel are adequate to achieve required level of
safety and meet the regul atory requirement.

xii) The licensee shall make sure that the stated procedures for surveillance, operation,
mai ntenance and emergency planning are up to date and properly followed.

xiii) Thelicensee shall make sure that radiation protection of the public and the plant
personnel is according to the radiation protection regulation. Radioactive doses to
the public & plant personnel and radioactive dischargesfrom the NPPs are consi stent
with the principle of AsLow AsReasonably Achievable (ALARA).

xiv) Thelicensee shall make surethat after astoppage mandated by the Regulatory Body,
the cause of stoppage has been resolved to the satisfaction of the Regulatory Body.

xv) The licensee shall make sure that the conditions for renewal of authorisation as
prescribed by the Regulatory Body are met.

9.2.3 The NPCIL has enunciated its commitments in the safety policy to fulfil the above
responsi bilities. The Quality Management System elaborated in the document “ Corporate
Quality Management System Requirements’ provide the necessary directives for
implementation, maintai ning, assessment, measurement and continual improvement of
the management system for compliance with the regul atory requirements and intentsin
all phases of the NPPs. The chapter on article-13 on Quality Assurance describes the
Safety Management System of NPCIL. A typical organisation put in placeat an operating
NPPto dischargeits responsibilitiesis given in Chapter on Article-19 on Operation.

9.3 MECHANISM OF REGULATORY BODY FORIMPLEMENTATION

Asmentioned above, the primary responsibility for safety of NPPsrestswith thelicensee.
The regulatory control for assurance of safety during all stages of NPPs is exercised through a
system of licensing, which permits the specified activity and prescribes requirements and
conditions. The AERB prescribes the safety requirements for al stages of NPPs through its
regulatory documents, directives and licensing conditions and ensures their compliance. For
NPPs under construction as well as during operation, the AERB monitors safety and ensures
complianceto theregulatory requirements by establishing mechanisms of review and assessment,
regul atory inspection and enforcement. The licensing process for the NPP is described in detail
in Chapter 14 on * Assessment and Verification of Safety’ of thisreport. A typical mechanism for
regul atory control of an operating NPP is described.

AERB follows amulti tier review system of safety committees to carry out review and
assessment for different stages of licensing. For operating NPPs, the Unit Safety Committee
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(USC), the Safety Review Committee for Operating Plants (SARCOP) and the Board of AERB
constitute the multi tier review organs for regulatory control. The USC constituted for every
station or agroup of stationshaving NPPsbuilt to the same safety standards, assists SARCOPIn
the review and assessment function to ensure comprehensive safety review on aregular basis.
SARCOPisan executive committee for monitoring the safety status and enforcing the regul atory
normsapplicableto the Nuclear Power Plantsin operation and other associated facilities. SARCOP
has also established various Standing Committees and Expert Groups to review and submit its
observations and recommendations to USC and SARCOP on the subjectsreferred to them. The
Operating Plants Safety Division (OPSD) isthe nodal agency within AERB for coordinating the
functioning of various safety committees and synthesising their decisions. This system of safety
committees function on the principle of “regulation by exception” following agraded approach
and are based on safety goals, principlesand requirementslaid down by AERB. The safety issues
of greater significance are considered in the higher-level safety committeesfor resolution. The
decisionsof these committees concerning major policy issuesand important authorisationsrequire
endorsement of the governing Board of AERB. The multi-tier review mechanism followed for an
operating NPPisshown.

The membership of above committeesisdrawn from AERB, various national |aboratories
and academic ingtitutions. Inaddition to above, all the committees have the representation from
the licensee.

TheUSC and SARCORP periodically review the safety performance of therespective units
to derive assurance that the NPPs are being operated within the conditions specified inthelicense
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for operation and that the priority to safety is the corner stone of the policy of operating
organisation. OPSD carries out the periodic regulatory inspection, both announced and
unannounced, to verify the compliance of regulatory requirementsat NPPs. The areas of review
and assessment and regulatory inspections and enforcements are described in Section 14.3.3 of
Chapter on Article 14. Similar mechanism is also established for NPP projects for exercising
regulatory control.

94 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

At present, theresponsibility of design, construction, operation and maintenance of NPP
for producing electrical energy inasafe manner hasbeen assigned only to Government Companies.
The Safety Code, AERB/SC/G, on* Regulation of Nuclear and Radliation Facilities’ clearly assigns
the primary responsibility of safety to the license holder and spells out the obligations of the
licensee towards safety. AERB through its multi-tier system of review and assessment ensures
that thelicensee meetsitsresponsbility towards safety. Hence, Indiacomplieswith the obligations
of the article 9 of the Convention on Nuclear Safety.
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ARTICLE 10
PRIORITY TOSAFETY

Each Contracting Party shall taketheappropriatestepsto ensurethat all organizations
engaged in activitiesdirectly related to nuclear installationsshall establish policiesthat
giveduepriority tonuclear safety.

10.1 GENERAL

TheAtomic Energy Regulatory Board (AERB), theregulatory body and the utility, Nuclear
Power Corporation of IndiaLtd (NPCIL) have astated formal policy, which emphasises priority
to safety inal their activities. Adherenceto this policy nurtures and maintains the safety culture
devel oped over years of experience.

10.2 PRINCIPLESEMPHASZING THE OVERRIDINGPRIORITY

AERB, thelicensing authority for all NPPsin India, carriesout amulti-tier review for the
new and operating NPPsthrough safety committees. Theactivitiesof siting, design, construction,
commissioning and related regulatory authorisationsfollow proceduresand policiesprioritising
safety. In addition, the operation of all NPPsis subjected to periodic regulatory inspections by
AERB.

Nuclear Power Corporation of India Limited, the utility responsible for design,
procurement of manufactured equipment and components, construction, commissioning and
operation of NPPsin India, carries out its function with acommitment to safety and regul atory
requirements. Well-established safety principles and procedures are adhered to by NPCIL to
give priority to safety in all itsactivities. Priority to safety isembedded in the corporate mission
statement of NPCIL and each NPP site carries out its prime function as per the declared safety
policy, covering both nuclear and conventional safety aspects. The consultants and contractors
that carry out assignmentsand activitiesfor NPCIL toofollow the safety and QA normsof NPCIL.
NPCIL hasmanagement systemsin placeto ensurethat safety isaccorded priority initsactivities.

10.3 SAFETY POLICIES

TheNPPsinIndiaare designed, constructed, operated and maintained by Nuclear Power
Corporation of India Limited (NPCIL). It has issued its safety policy in October 1996 as
Headquarter Instruction HQI-7003. The management of NPCIL accords utmost importance to
Nuclear, Radiological, Industrial and Environmental Safety, overriding the demands of production
or project schedules. Its objectives are —

e Tomaintain high standardsfor safety within plant aswell asin the surrounding areas.
» Toensurethat health, safety and environmental factorsare properly assessed for al NPPs.

» Toensurethat al employees, contractors, transportersworking for NPPsadhereto safety
requirements while carrying out their responsibilities.
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» Tokeepthepublic at large informed about the safety standards and regulatory practices
that are being adopted at NPPs.

The management of each NPP has also issued their safety policy in conformity with
corporate safety policy, HQI-7003. Each NPP ensures that their work place is safe and their
employees (departmental and contractors) adopt safe working procedures. Individual unit also
ensures that they have effective on-site and off-site emergency plans, which are implemented
and rehearsed so that in the unlikely event of any accident, theimpact on the public and environment
isminimized. Some of the important activities of implementation of safety policies are —

e Setting up of targets of safety performance parameters and their periodic monitoring.

e Carrying out of different levels of safety audits and reviews viz. Internal, corporate,
regulatory and international like WANO Peer review.

* Assessment and enhancement of safety culture.

All Indian NPPs have been awarded with | SO-14001 and | SO18001 for their Environment
Management System. Similarly, the Quality Assurance (QA) Directorate and Engineering
Directorate of NPCIL have been awarded with 1SO-9001 for Quality Assurance and Design
respectively. Asapart of thisInternational Standardisation, both these Directorates have issued
policies, which have a strong bearing on safety of NPPs.

10.4 PRINCIPLESDIRECTLY RELATEDTO SAFETY

10.4.1 General Safety Principles

Nuclear installationsare designed and operated by keeping the safety objectivesasapriority
goa. The Codes, Guidesand Standardsissued by the Regulatory Body arereferred asthe primary
basesfor NPCIL to derivethedetailsof principles, practicesand policiesfor design and operation
of Nuclear Power Plants. These Codes, Guides and Standards have evolved over years based on
similar documentsissued by IAEA, other regulatory body and Indian experience.

The broad concepts of

o Defence-in-Depthin design and operation and
* ALARA withrespect to Radiation exposure during normal plant operation

arethemain guiding principlesfollowed in design and operation of plants.

The prevailing management systems/ Quality Assurance practicesin NPCIL asdetailedin
Article 13 assure that the safety requirements are implemented and adhered to during design,
construction, operation and maintenance.

10.4.2 Design Safety Principles
In genera the following safety principles are adhered to:
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(i) Defencein Depth Principle

» Thedefencein depth isimplemented to provide agraded protection against alarge
variety of transents, incidentsand accidents, including equipment failuresand human
error within the plant and eventsinitiated outside the plant.

» AERB Guides are used for the detailed design. Various National and International
codes and guides are also referred. The emphasis throughout isto produce arobust
design having sufficient safety margins so as to perform safely under all normal
operating conditions throughout the design life. Strict control is exercised during
the manufacturing and commissioning processes to assure the reproduction of
intended design.

» Systemse.g. the control, setback and step back and proceduresarein placeto detect
abnormal conditions and controlling them so asto minimize deviation from normal
operation.

o Safety systems and Engineered Safety Features are provided to mitigate the
consequences of accidents within design basis e.g. Shutdown systems, ECCS,
Containment and associated engineered safety features etc.

*  Proceduresto implement counter measuresin public domainin case of offsiterelease
of radioactivity are available, refer Article 16 for details.

(ii) Safety systemsare designed with adequate redundancy and diversity to achieve specified
reliability target. The equipment which is required to operate during the accidents is
environmentally qualified.

(ii))Fail-safe design is adopted for system important to safety. These systems are routinely
tested and safety systems have provisionsto test them on power.

(iv) Physical and functional separation isprovided to avoid failure due to common cause.
(v) Systemsare seismically designed in accordance with their safety requirements.
(vi) The system design incorporates feedback from the operating stations

(vii) Safety Systems are subjected to a number of commissioning teststo check and confirm
design robustness.

Safety Anaysis

A comprehensive safety analysis by rigorous deterministic and complementary
probabilistic methodsis carried out. The objectiveisto identify and evaluate all possible sources
of radiation exposure for workers and the public through

* Normal operational modes of plant

» During anticipated operational occurrences
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* During design bases accidents
»  During combination of eventsleading to beyond design base scenarios

Theanaysiswhile establishing adequacy of thedesign of safety systems, also providesan
independent means of checking that all features mentioned above are provided asrequired. The
safety analysisalso, at times, providesinput toiterate the design and make further improvements.

10.4.3 Design Procedure

All through the process of design, manufacturing, construction and commissioning the
QA systems (refer Article 13 for details) are implemented effectively to assure that
implementation of safety principles has been given due priority.

(i) Engineering and Quality Assurance divisions of NPCIL are 1SO 9001 certified. A
thorough systematic approach and culture is followed in the design, review and
approva.

(ii) Design criteriadefined in the different design documents are reviewed and approved
by AERB. The design criteria also take into account feedback from the operating
experience. Thedesignisbased on National and International Codesand Guides.

(i) The detail design is presented through design notes, design manuals and drawings.
QA procedures are followed for preparation, review and approval of all design
documents.

(iv) Proper control isexercised for implementing design changesand ‘ As-built’ drawings
aremaintained.

(v) For each system Commissioning Procedures are prepared to verify design through
individual equipment and integrated tests. During commissioning base line datais
collected for future reference.

(vi) For computer based systems, independent verification and validation is carried out
as per approved procedures practice.

A Safety Review Committee within NPCIL regularly reviews the safety related design
documents to ensure that safety principles are adhered to in design. This committee reviews
featuresrelating to safety in new designs, design changesin already approved safety and safety
related systems, the Technical Specifications for Operation which translates the design
requirementsto safe operating policies, feedback from any safety related event at operating units
etc. Thereview aso assuresthat the outcome of regulatory reviewshasbeen effectively considered.

10.4.5 Operational Safety Principles

Therequirementsfor safety in operation of the Nuclear power plantsare coveredinArticle
19. They ensurethat the safety marginsare not exceeded during any disturbanceintheplant. The
safety policies, the safety culture and the operating good practices followed include:
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(i) Intheoperationsregime, ALARA isthegoverning principle. Doselimitsfor normal
plant operation are specified in line with |CRP recommendations.

(i) Plant operation is carried out within the limits specified in the Technical
Specifications approved by AERB. Adequate margins between safety limits and
operating parameters are maintained by appropriateinterlocksand administrative
measures. Proper protectionsare provided against the operating parametersreaching
the safety limits.

(iii) Plantisoperated by only the qualified and licensed staff.

(iv) Coallective dose budgetsare prepared and approved by AERB for normal operation
and specia maintenance campaigns.

(v)  Equipments, Instruments are subjected to regular surveillance.

(vi) In-serviceinspectioniscarried out according to the approved | SI document at all
NPPs.

(vii) NPPs are periodically subjected to corporate safety audit, regulatory inspection
and peer reviews.

(viii) Plant operation and incidents are reviewed by Safety Committee at NPP level.
(ix) For al significant events, Root Cause Analysisiscarried out.

(x)  For non-standard jobsinvolving safety, specia proceduresare made and regulatory
approval isobtained.

The Station Health Physics Unit maintainsaclose watch on radiol ogical statusand events
at plant. They aso provide independent periodic report to AERB. (refer Article 15 for details).

The Station Operation Safety Committees (SORC) constituted by NPCIL at each of the
NPPregularly reviewstheimportant safety i ssues. The station management keepsAERB informed
of the outcome of these reviews. The station authorities shut down the plant if any specified
condition in Technical Specification isnot met.

The QA groupsat station and the Audit Engineer aretwo independent channelsavailableto
the station management to obtain feedback on mai ntenance and operation of plant. NPCIL’scorporate
QA group aso conducts periodic audits. Each station i s subjected to a peer review conducted by a
group drawn from other stationsowned by NPCIL. Thesearein addition to the WANO Peer reviews.

10.4.6 Operation Safety Procedures

Variouswell-defined proceduresthat exist within NPCIL and which address issuesrelated
to operation are detailed bel ow:

(i)  Thenormal plant operationisgoverned by Technical Specificationsfor operation,
which is approved by AERB. In addition, protection system actuation set points
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(if)

(iii)

(iv)

are defined through Limiting Safety System Settings (LSSS). The set pointsfor
protection system actuation are tested as per frequency defined in Technical
Specification of Operation. The safety limits, Limiting Condition of Operation
(LCOs) for various systems and their surveillance frequency are also part of the
Technical Specification. Further, fall back actions and countermeasures are also
defined in case normal configuration of certain redundant equipment is not met
for apredefined limited period. Plant is shutdown and brought to the defined safe
statusin case the conditions specified in the Technical Specification are not met.

For routine operations, NPPs maintain Operating Procedures cum Check Lists
(OPCC), Maintenance Procedures, Operating Instructions, QA Procedures, |S|
Procedures etc..

Event based Emergency Operating Procedures (EOPs) are prepared for NPPs
covering internal and external events. These EOPsare part of licensing and to the
extent possible are implemented on simulators for training purposes. Symptom
based EOPs are under advance stage of development for PHWRs.

The Emergency Preparedness Plansfor both on-site and offsite emergencies have
been drawn up at al NPPs. These plans are subject to periodic drills as part of
preparedness and also include provisions for implementing counter measuresin
public domain.

10.5 SAFETY PRINCIPLESOFTHE REGULATORY BODY

AERB is entrusted with the responsibility for regulating activities related to safety in
nuclear power generation, nuclear fuel cyclefacilitiesand industrial & medical usesof radiation
according to theAtomic Energy Act 1962 and rules promul gated under it to ensure that the presence
of ionising radiation and the use of nuclear energy in Indiado not cause unacceptableimpact on
the health of workers, members of the public and the environment.. For the plantsand facilities
managed by the constituents of Department of Atomic Energy (DAE), AERB also regulates
industrial safety as per the provision of Factories Act 1948 and the Atomic Energy (Factories)

Rules 2000.

The safety principlesfollowed by the Regulatory Body are asfollows:

AERB permits activities according to the mandate given to it, through a system of
licensing and stipulates and enforces the conditions of license.

i. WhileAERB consders standards and recommendations of international organisations
and the best practices of other countries, it takes into account the Indian conditions
for developing safety standards and requirementsfor the country.

AERB encourages complianceto saf ety guides but accepts other approachesif safety
objectives and requirements can be met.
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Iv. AERB adoptsthe principleof “management by exception” following agraded approach
through a system of safety committees where issues of greater safety significance
are given consideration in higher-level safety committees for resolution.

V. AERB encourages self-regulation by the licensee.

vi. AERB considerslicensee asapartner in safety and extends all necessary assistance
intheinterest of safety, where appropriate, through concurrent regulation.

vii. AERB encourages participation of licensee in the regulatory process.

viii.AERB conducts periodic inspections and channels its resources according to the
safety performance of the licensee.

iX. AERB encourageslicenseeto achieve high level of safety culture.

X. AERB learns from the experience feedback and adapts to improve its functioning
and effectiveness.

xi. AERB conductsitsactivitiesin atransparent manner.

10.6 SAFETY CULTUREANDITSDEVELOPMENT

Based on guidelines of IAEA, a considerable amount of work has been carried out at
Indian NPPs on assessment and enhancement of safety culture. The programmes included
organisation of ASCOT (Assessment of Safety Culture Organisation Team) seminar in 1994 and
an Executive Workshop on* QA Implementation & Safety Culture’ in 1996, withthe help of IAEA.
Many such smilar programmeswere subsequently organi sed by the participants of theseworkshops
from safety culture point of view using guidelines provided during IAEA’SASCOT seminar.

In order to devel op astrong safety culturein asystematic way aninternal document called
Head Quarter Instruction (HQI-7006) entitled * Guidelinesfor devel oping strong safety culture
was issued by NPCIL in 1997. This HQI requires periodic assessment of safety culture and
introduction of suitable programmesfor strengthening the areaswhere weaknessin safety culture
isidentified. The assessment of safety cultureis primarily based on collecting information on
perception of staff of NPPs on various attributes of safety culture through a questionnaire.

Voluntary Activities and Good Practices: Various methodologies are being used for
enhancement of safety culture and these include—

» Brainstorming sessionsfor identifying areasrequiring attention to enhance safety culture.
*  Conducting training programmes on Human Resource Development (HRD) like—

- Team Building Workshops

- Leadership Development

- Improving Inter Personnel Relationship
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- Arranging programmesfor incul cating Indian yogic and meditation approacheslike
Vipasang, Siddha-Samadhi-Yoga

- Introducing system on Behaviour Based Safety M anagement

*  WANO peer reviews have already been conducted at all Indian plants. Participation in
many training courses and meetings conducted by WANO help incul cate good practices.

10.7 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

Safety isgiven overriding priority by all organisationsengaged in activitiesdirectly related
to nuclear installation. The Regulatory body and the Utility have stated safety policiesthat give
utmost priority to nuclear safety. Therefore, Indiacomplieswith the obligations of the convention.
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ARTICLE 11
FINANCIAL AND HUMAN RESOURCES

1. Each Contracting Party shall take the appropriate steps to ensure that adequate
financial resources are available to support the safety of each nuclear installation
throughout itslife.

2. Each Contracting Party shall take the appropriate steps to ensure that sufficient
number s of qualified staff with appropriate education, training and retraining are
availablefor all safety-related activitiesin or for each nuclear ingtallation, throughout
itslife.

11.1 GENERAL

11.1.1 The Nuclear Power Corporation of India Limited (NPCIL) is a Public Sector
Enterprise under the administrative control of the Department of Atomic Energy (DAE) of
Government of India. NPCIL wasincorporated in September 1987 by converting the erstwhile
Nuclear Power Board, a Central Government department, which was responsible for setting up
Nuclear Power Plants (NPPs) within Indiain accordance with the provisions of Atomic Energy
Act-1962. At thetime of formation of NPCIL, all the assets (except the first unit of Rgjasthan
Atomic Power Station RAPS-1) were taken over by NPCIL. RAPS-1 has been retained as a
Governmental unit, being operated by NPCIL on behalf of the Government. Themain objective
of the company has been to produce electricity using nuclear fuel resources.

Prior totheformation of NPCIL, NPPsunder construction and operation werefully funded
by Government of India. The formation of NPCIL was necessitated by the need to ensure
operational flexibility and the ability to borrow capital from the market so that the financial
resource base can be increased to step up the nuclear power programme.

NPCIL isawholly owned company of Government of Indiaand isregistered under Indian
Companies Act-1956. The company has a fully subscribed and paid up share capital of US $
2254 Million ( Rs. 101450 Million). The company has reserves in excess of about US $ 2222
Million (Rs.100000 Million). The grossblock of the Company at itsinception [comprising TAPS
1&2, RAPS — 2 and MAPS 1& 2, totalling 960 MWe] was only US $ 99. 6 Million (Rs. 4480
Million) which has now grown to [3360 MWe] about US$ 2814 Million (Rs. 126620 Million) as
on end March 2006. NPCIL is a profit making company and has been paying dividends of the
order of 20% to 30% to the Government of India.

The financial resources of NPCIL are budgetary support from Government of India,
borrowingsfrom capital market and internal surpluses. NPCIL raisesfinancesfor the construction
of new projectsthrough acombination of government budgetary support, market borrowings(in
the form of short term and long term debt instruments) and internally generated resources by
saleof eectricity. Adequate financial discipline and prudence are exercised in borrowing money
from the market apart from implementing stepsto reduce the gestation periods of the projects so
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asto keep financing cost including interest during construction, at areasonablelevel. Duediligence
Is exercised about debt obligations and there is no default in repayment of any principal and/or
interest. Thecredit rating of NPCIL by agencieslike CRISIL, CARE, isAAA denoting the highest
safety, which hel psthe company to borrow money from the capital market at the most competitive
rates.

11.1.2 IntheIndian context, availability of qualified and trained manpower for the nuclear
power programme has been one of the greatest strengths. Realizing the importance of qualified
and trained manpower, DAE started Human Resource Devel opment programmein early 50s, well
before the launching of nuclear power programme in the country. A training school at Bhabha
Atomic Research Centre (BARC) wasestablished in August 1957. University qualified engineers
and science graduateswere recruited on an annua basisand they weretrainedintheBARC Training
school, apremier ingtitutefor training in nuclear science and technology through one-year rigorous
training course including theoretical and practical aspects of nuclear engineering and sciences.
Subsequently when the training needsfor the operating nuclear power stationsarose, the Nuclear
Training Centres (NTC) were set up at the NPP sites. The core of the manpower for the nuclear
power programme came through these training centres. These personnel had also the benefit of
experience in the construction and operation of the research reactors. In addition, experienced
manpower from conventional power and industry wereinducted. This combination provided the
base from which subsequent devel opmentstook place. The country’s Universities, Engineering
Diplomalnstitutesand Industrial Training Institutes formed the basic educational infrastructure
from which engineering/science graduate, technicians and skilled tradesmen were recruited and
subsequently trained to suit the job needs. When erstwhile Nuclear Power Board was converted
to NPCIL, it had the advantage of having the qualified, trained and experienced manpower inits
different unitsand a so autonomy for subsequent augmentation of manpower/ traininginfrastructure
and reorientation of the training and qualification programmes. The number of Nuclear Training
centresincreased to Six and started working asaffiliatesto the BARC Training School. Networking
with the Indian Institutes of technology was strengthened and post-graduate courses in nuclear
engineering started at |1 T-Kanpur and Mumbai. Sponsored post-graduate programscalled ‘ DAE
Graduate Fellowship Scheme’ was started at al the [1Ts. A deemed university ‘Homi Bhabha
Nationd Ingtitute’ hasbeen established under DAE for pursuing post-graduation and Ph.D programs
in areas of nuclear science and technol ogy.

Dedicated Knowledge Management groups have been set up in all organisations of the
DAEto pool and disseminate the avail able knowledge base and further augment knowledge base
to meet the challenges of thefuture. Engineersof NPCIL haveparticipated in several international
training programmes conducted by the International Atomic Energy Agency (IAEA) and other
organisation to further enrich their capabilities.
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11.2 FINANCIAL RESOURCES

11.2.1 Operation and Maintenance

NPCIL, asthe owner of nuclear power plants hasthe absol ute obligation to provide adequate
financesfor running the nuclear power plantsin asafe manner as per the requirements of Atomic
Energy Regulatory Board (AERB) throughout the life of plant. As already mentioned, it also
ensures the financial closure of the projects under construction

NPCIL generatesitsrevenue primarily by sale of electricity. Itspresent annual revenueis
typicaly US$800 Million (Rs 36000 Million). Inlinewith the provisions of the Atomic Energy
Act 1962, thetariff for el ectricity from each station of NPCIL isnotified by DAE in consultation
with Central Electricity Authority. The parameters such asthe capital cost, the market borrowings,
input costs are factored into arriving at the various components of tariff, given below:

1) Returnon Equity

i) Interest on debt capital

iii) Depreciation

Iv) Fuel consumption charges

V) Heavy Water lease charge

vi) Provision for decommissioning
vii) Operation and mai ntenance cost

NPCIL sdllsitselectricity to 21 State Electricity Boards/ distribution companiesprimarily
located in Northern, Western, Southern regions of the country. The monthly bills based on the
approved tariff along with the fuel price variation adjustment are raised on State Electricity
Companies at the end of the month based on the metering done by the System Operator and
accounted for by the Regiond Power Committee. The State Electricity Companieshold arevolving
Letter of Credit in favour of NPCIL for their monthly power bills and 97% of the payments are
received during the subsequent billing month.

The Operation and Maintenance (O& M) expenditure for each station is budgeted every
year and is being funded by internal resources generated by the NPCIL every year. In addition,
whenever it is necessary to finance any major works in the NPPs in operation, the resources
through borrowings or budgetary support as appropriate aredeployed. Sincethetariff issmilar
to the principle of cost plus basis, O& M expenditures are covered through tariff in addition to
giving a return on equity capital and providing depreciation subject to the units operating at
normative capacity factors. The internal surpluses are deployed for the nuclear power plantsin
operation as may be required and nuclear power projects under construction. The financia
resources are budgeted on ayearly basisand infive-year plans. Adequate financia planning and
forecasting isdonefor the completelife of the plant to ensure availability of financial resources
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throughout thelife of the plant. Thusthereisno constraint, either existing or foreseen, on financia
resources for the safe operation and maintenance of the NPPs.

11.2.2 Renovation and Modernization (R & M)

These activities about NPPs in operation are of two types. The first is involving routine
replacement of operation and safety related components and equipment based on their performance
requirementsin which expenditureisreatively small. Expenditureonthistypeismet throughthe
revenue budget of therespective stations. Thisiscovered by thetariff aspart of O& M expenditure.
The second typeis of amgor nature. Thisinvolves funding for major safety up-gradationsinline
with the regulatory requirements generally based on a PSR for continued operation of the unit or
refurbishment of the maor components of the plant because of operation requirements or
technological obsolescence. The details in this regard are described in Article-6. Such activities
involve shut down of reactor for extended periods of time and involve major expenditure.

Recogni zing that renovation and moderni zation activitieswoul d entail major expenditure,
arenovation and modernization levy of about US 1 cent (5 paise) per unit was started in the year
1996 primarily with theintent of carrying out the renovation and modernization of older generation
reactors. The money collected through R&M levy was kept in the committed reserve account
with the objective that this would be used for undertaking the R&M activitiesonly. Thisin
combination with other financial resourceswas deployed for carrying out these activities. R& M
levy was started in 1996 and after accumul ating adequate reserves, the same was stopped from 1%
December 2003. Situation will bereviewed from timeto time, taking into account the adequacy
of resources available with the corporation.

Since anumber of NPPs are being operated and owned by NPCIL, apart from financial
control exercised by individual NPP Management, aholistic analysison expenditure and resource
mobilization inregard to al the unitsin operation takes place at the NPCIL Corporate Office by
proper financial planning, monitoring and resource mobilization.

11.2.3 Decommissioning and Waste Management

The commercial life of NPP has been taken at 25 years. With improvements in design
methodol ogiesand better understanding of safety margins, retrofitting, assessment and regul atory
review, better materials and equipment, the reactors can now operate safely for much longer
periods of 40 to 60 years.

Out of the 17 operating nuclear power reactors, the two boiling water reactors at Tarapur
are the oldest. They were commissioned in the year 1969. As aready explained in Article-6,
these reactors have been progressively retrofitted with the evolving international safety
requirements and have recently been authorized, after suitablelife extension measuresby AERB
to operatefor another five years. After futureregulatory reviews, further extensionsareforeseen
for extended periods considering the performance and health of this station.
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Similarly, the older generation Pressurised Heavy Water Reactors have been undergoing
renovation and modernization programmes. In this connection, En-masse Coolant Channel
Replacement (EM CCR) and necessary safety up-gradations of RAPS-2, MAPS-1& 2 have been
completed. With the reactors now employing pressure tubes made of zirconium niobium aloy, it
Is expected that these reactors would give afurther servicelife of about 25 years.

Redlizing the quantum of financial resources that will be required in future for de-
commissioning of reactors, ade-commissioning levy at therate of US Cents0.044 (2 paise) per
unitisbeing collected aspart of tariff. The present de-commissioning fund appearsto be adequate
to take care of de-commissioning expenses. The provisions in this regard will be reviewed in
future based on experience and technological development.

Routine radioactive waste management during the operation of the NPPs isincluded as
part of the O& M expenses Since I ndian energy security policy necessitates adoption of the closed
nuclear fuel cycle, thefuel isconsidered asthe property of the Government. The spent fuel from
thefirst stageistaken by the Government from NPCIL either for reprocessing or for storage as
necessary for the subsequent stages of the programme. The re-processing of spent fuel and the
associ ated waste management are carried out by the Central Government.

11.3 HUMANRESOURCES

11.3.1 Sourcesand I nduction

NPCIL has gqualified and trained manpower meeting the job requirements at all levels,
be it technicians, supervisors or engineers and scientists. The strength of NPCIL as on 31st
December 2006 was 11987 out of which 8911 belong to technical and scientific cadre. NPCIL
recruitstechnical manpower through BhabhaAtomic Research Centre, apremier institutefor
training in nuclear science and technology. NPCIL’stechnical manpower includesengineering
graduates from various Indian Institutes of Technology and other prestigious engineering
colleges/universitiesin the country. Freshly recruited engineers go through oneyear of training
in DAE/BARC Training School or in Nuclear Training Centres of NPCIL. After such training,
they are placed at NPCIL Corporate Officefor functionslike design, QA, procurement etc, or
construction sites or operating units based on the needs and suitability for the job. While
persons appointed at NPCIL Corporate Office are encouraged to do M.Tech/MBA coursein
their areas of specialization, those at plant sitesare regularly/periodically trained for taking up
higher responsibilities. They have to undergo licensing/ qualification examination before
they are actually assigned the higher responsibility. The licensing scheme of the operating
staff isas per AERB requirement. NPCIL also carry out recruitment for specialized vacancies
through open market. Engineering Diploma Holders with 3-4 years of Diploma Course in
Engineering (after High School ,10+2) conducted by the Polytechnic Institutions and Tradesmen
with 2 year Industrial Training after High School conducted by Industrial Trade Institutes are
other levels of recruitment.
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NPCIL hassix Nuclear Training Centresand two Station Training Centres, whereengineers
and workmen are trained. NPCIL has also full-scope training simulators at RAPS, Kaiga and
Tarapur. Soft panel based Fuel Handling Training simulatorsare under development at NTC-RAPS
and NTC-TAPS-3&4. Thesetraining s mulators provideva uabletraining to the operating personnel
at different typesandlevels. NPCIL hasregular training at threelevelsi.e. Induction training, re-
trainingand refresher training. Thedetailsinthisregard areexplainedingreater detail in subsequent
section “Qualification, training and re-training of personnel” of thisArticle.

DAE/NPCIL follows merit promotion policy for its technical personnel that provide
excellent career growth opportunitiesto the deserving candidates. NPCIL provides challenging
work environment and excellent quality of lifeat itsresidential colonies. Infrastructurefacilities
like health, education and transportation are adequately taken care of and recreational facilities
are also provided to motivate personnel to continue their career with NPCIL. Off-site support
from the NPCIL Corporate Officeis provided to the independent NPP based on requirement.

Key personnel for O& M areidentified and located prior to commencing commissioning
operation and the full staff strength is progressively built up. O&M personnel gain valuable
experience during commissioning of the Unit. Recruitment, Training and Qualification processes
proceed in a planned manner so that the required complement of trained and qualified staff
stipulated by AERB isin position prior to start-up of the unit.

AERB Safety manual on decommissioning of Nuclear Facilities(AERB/SM/DECOM-1)
has specified requirements of safety provisions during the entire sequence of de-commissioning.
Depending upon the sequence of activities, the manpower requirement for the de-commissioning
activitieswould befinalized. Whilethe core human resource for decommissioning would come
from the experienced manpower availableat the plant itsalf, thiswoul d be supplemented by human
resources generated through fresh recruitment of experienced personsaswell asby out sourcing
through experienced contracting companies. NPCIL hasafull-fledged Research & Development
Directorate, which isworking on these aspects and is expected to provide, with the help of Indian
industry, the necessary technol ogies and tools needed for de-commissioning.

11.3.2 Qualification, training and re-training of personnel

(A) Regulatory Code/Guide

AERB safety Code, AERB/SC/O, on‘ Safety in Nuclear Power Plant in Operation’ and AERB
Safety Guide, AERB/SG/O-1 on‘ Staffing Recruitment, Training, Qudification & Certification
of Operating Personnel of NPPs’ bring out the necessary regulatory requirements.

(B) Licensing and qualification
B.1 Leves

The operating station organization of a typical Indian PHWR NPP has six levels
(Management Level and Level | to Leve V) infivemajor functionsviz. Operation, Maintenance,
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Quality Assurance, Technical Servicesand Training functionsasshownin Figure 11.2. Positions
requiring certification for licensing are control room operations personnel (levelsl, I, I11) and
those operations personnel normally working infield (levels1V, V). Thesearedepictedin Figure
11.2 asapplicablefor main plant operation aswell asfuel handling operation.

B.2 Cetification for licensing / qualification

Itinvolvesverification of knowledgein two stages, i.e. entry-level stageand certification
/ licensing stage

B.2.1 Entry Level Stage

Thisinvolves verification of completion of entry-level competency requirement to enter
certification stage of licensing / qualification. The following entry-level requirements areto be
fulfilled by the candidates for acquiring license/qualification at appropriate levels:

(i) Academic Qualification and Experience:-

The personnel occupying positionsat level |, 11 and 111 need to be graduate engineers
with relevant work experience of 8, 6 and 3 yearsrespectively. Those who are Diplomain
Engineering can occupy positionsat level 1V and V after having relevant work experience
of 9 and 4 yearsrespectively. Similarly, requirements have been established for personnel
occupying level IV & V from other streams of education.

(i) Traning: -
Successful completion of* appropriate Orientation Training programsof 1, 1%2and 2
yearsduration isan essential entry Level pre-requisitefor those entering directly at Level -
1, 1V & V respectively. Training mainly focuses on providing sound foundation on PHWR
fundamentalss, a typical station specific equipment and system knowledge, and training

towards ‘nuclear and industrial’ safety, radiation protection, radiation emergency
preparedness and work controls.

(iii)  Authorisation based Training:-
A candidatefor acquiringlicenseat level 111 and qualification at level 1V isrequired to
compl ete the authorisation based training programs such as Radiation Protection Training

-Green Dot qualification, Standard Protection Code (SPC) and Electrical Authorisation
(asapplicable) before taking up final certification examinations.

(iv) Management Training:-

Thisisanessentia entry Level pre-requisitefor Level-I candidatesonly and acandidate
for Level-1 hasto successfully completethe‘ Management Training' programs such as Codes
and Guidesrelated to regulatory body, Quality Assurance Aspectsof NPP Operation, Safety
culture, Operation Management, Personnel Management, Procedural knowledgerelatedto
administration and finance, vigilance and security aspects.
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(v) OnJobTraining (OJT):-

Experience and Checklist Programmes are structured and guided with the help of
task-based checklists. Task based checklistsare developed for Level —111, 1V and V. If atask
could not be performed on plant systems/ equipment due to lack of opportunity, alternate
methods like performance on ssmulator or on mock-up or through technical discussions
including enactment of the procedure (virtual conduct of thetask) isto be deployed. Those
dueto acquirefirst timelicenseat level-111 should have acquired minimum of three months
of Control Room Experience under supervision after completion of eighteen month OJT
and participated in at least one Start Up / Shut Down activity at the plant.

(vi) Simulator Training: -

Simulator training mainly provide experiential learning of Control Room Operation
knowledge, skills and attitude in a structured way as per the lesson plans based on the
approved guidelinesfor training on frequent, important and difficult tasks covering normal
operationsi.e. start-ups/ shutdowns and handling of “ Anticipated Operationa Occurrences’
(AOOQs) including Emergency Operating Procedures (EOPs) related to Main Plant. In
respect of Fuel Handling System operations, it provides necessary practice of safe FH
operation and handling of AOQOs In the absence of plant ssmulator for the plant under
consideration, the requirement of simulator training is met by providing training at a
simulator (referred as ‘non plant reference’ (NPR) simulator), located at aplant having
similar design.

B.2.2 Licensing/ Certification Stage

This callsfor verification through conduct of centralized licensing examinations under
NPCIL Corporate Office control for Level-111 and 11 for Main plant/ Fuel Handling (FH) operation
personnel and walkthrough under plant control. Thelast stage of verification isfinal assessment
interview for medically fit candidates, conducted under AERB control for Level-I11, 11 and | for
main plant, Level-111, and Il for FH operation personnel. Qualification process (Written
Examination, Walkthrough and final assessment interviews) for Level IV &V isdoneunder plant
control. The details of certification requirements are as given under:

(i) First License/Qualification applicable for a position
» Written Examination Procedure: -

A candidate has to satisfy all the entry-level requirements as detailed above The
Directorate of Operation, in the NPCIL Corporate Office conducts the written
examination for levelslil & 11.

» Walkthrough:-

The walkthrough test is to be conducted when a candidate has qualified in all the
applicablewritten examinationsandisapplicablefor Leve-I1, 11,1V and V only. Through
thistest, the practical knowledge of the candidate is evaluated by a minimum of three
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(i)

(iii)

(iv)

field examiners. The eval uation process coversvarious phases of plant/systems operation
coveredinthe‘walk through’ checklist to provide assessment for the candidate’ sphysical,
practical and procedural knowledge of Systems, Structure and Components of NPPs.
The passing marksfor the walkthrough test are minimum of 70%.

* Medica Fitness; -

Medical fitness tests as per approved guidelines are conducted for al candidates
appearing for licensing, as apre-requisite for the final assessment interview.

e Final Assessment Interview:-

A candidate after successfully completing the pre-requisites of licensing procedure
appears before the Final Assessment Committee. Final Assessment for level—l, 11 & 111
position is conducted by an AERB committee constituted for the purpose and based on
their performance the candidate is licensed for the given position. For Level IV & V
position, thistask is performed by a Committee constituted by NPCIL.

Re-Qualification Process

A license/ qualification isvalid for three years. A candidate needs to be re-licensed/
re-qualified before the last date of validity of the license/ qualification. A person licensed
for aparticular position can bere-licensed to the same position provided he meetsthe pre-
requisites such as medical fitness, Electrical Authorisation and mandatory re-training
programs as applicable and isfound fit by the final assessment committee.

Re-authorisation Process

Persons absent from the licensed position duty continuously for morethan onemonth
arere-authorized after aformal assessment to ensurethat they are updated with plant specific
changes introduced during the absence with respect to plant modifications, procedural
changesand incidents/events, etc.

Re-training Process

Thisis applicable for al licensed positions as a pre-Requisite for Re-licensing. The
retraining duration for licensed positionsisat least four weeks per year during thevaidity of
license. During re-training, efforts are made to train the entire crew together as ateam on
simulator exercises. The course content coversrefresher of fundamentalsand safety practices,
modifications madein the plants and procedures, RCA, Safety Analysis, good practices and
EOPs and simulator retraining/ alternate retraining in lieu of simulator retraining.

B.2.3. Senior Management Certification

Senior Management Certification iscovered under specificinstructionsissued by NPCIL

for meeting the regulatory requirements.

The aim of this certification is to assess candidates through written examinations and

interviewsfor their technical knowledge and overview of safety management. AERB certifiesthe
successful candidate after afinal assessment interview conducted by its committee.
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B.2.4. Quality Management:

The procedure incorporates various good practices and is subjected to audit by NPCIL
Corporate Office aswell asby AERB appointed licensing committeefor verification of adherence
tothe procedures. For eachtraining & qualificationrelated activity, NPCIL hasdevel oped standards
/ guidelines so as to enable evaluation of the achievements against the required standards. The
Corporate Training group focuses on development of trainers and training systems using SAT
(Systematic Approach to Training) methodol ogy. Various NTCsimplement orientation-training
programmesfor each category i.e. Engineers, Supervisors, and Tradesmen, recruited astrainees
based on approved recruitment and selection procedure. The course contents and other
administrative guidelines for initial and retraining have been established for each category of
employee. NTC are equipped with necessary infrastructuresfor implementing the courses as per
approved syllabi. Based on Job-Task-Analysis, tasks for each position have been defined and a
performance-focused checklist against each task devel oped for effective assessment of On-Job-
training. Plant managersa so haveto acquire Management Certification based on AERB approved
guidelines. Thelicensing procedure which is governing documents provides various standards
including the methodology to deal with the exceptions, assumptions etc. The checklists are
alwayskept current through periodic revision.

The Corporate Training group isresponsiblefor ensuring uniform standards of training
at each training centre by devel oping guidelinesfor orientation training programme. It also
develops authorisation-based documents such as SPC and Electrical Authorisation. For
ensuring uniform standards of assessment, licensing examinations are coordinated by
Corporate Training group.

C. Training Infrastructure

Each Nuclear Power Station has a training centre. The training centre can be either a
Station Training Centre (STC), which isfor captive use of the station for plant specific training,
or aNuclear Training Centre (NTC), which hasaSTC plusacentralized nuclear orientation school
for induction training as well as advanced training facility such as Simulator. These training
centres conduct approved training programmes under supervision of corporate training group of
NPCIL. At present, there are four full-scope simulators. Two are located at RAPS, one each at
KAIGA and Tarapur. Onesimulator at RAPS catersto imparting training for personnel workingin
old plantsi.e. RAPS-1& 2 and MAPS, while the other simulatorsat RAPS-3 & 4 and Kaigasite
are based on the design of standardized 220 MWe reactors and cater to the requirements of all
the other 220 MWe PHWRs. The fourth located at Tarapur, is based on the design of 540 MWe
PHWR TAPP-3& 4. With these four smulators, NPCIL is able to provide smulator training to
all the operating personnel working in PHWR NPPs. In addition, there are three soft panel based
Fuel Handling System (FHS) simulatorsat KAIGA, RAPS and TAPP-3& 4 for imparting training
in Fuel handling operations.
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D. Useof Training Infrastructuresfor qualification, training & re-training

Tofacilitate effectivetraining of licensed engineers, availability of 6-crew at each station
isensured. Thisprovidesuninterrupted opportunity for one crew to undergo training at respective
training centres. Updated E-training manual sensurethat licensed personnel have easy and assured
access of these manuals any time they desire. The training centres are equipped with various
mock ups and training aids such as cut-away-view of complex mechanismse.g. Fuelling machine
ram assemblies, separator assemblies, breakers of various types, Control valves etc. Computer
based training packages (mostly in-house) are utilized to promote understanding of difficult
dynamic devices.

E Simulator based training

To ensure effective smulator training, dedicated trainers who are required to maintain
their supervisory license (level-11) are deployed to ensure maintenance and effective utilization
of the ssmulator for achieving optimum training.

F Other standard and special training programme

NPCIL have hosted special training programme for experienced operation engineers
conducted by international organizationslike WANO on avariety of topics such as“Operations
Decision Making”, “Advanced Simulator Instructor Training”, etc and also provided them
opportunity tointeract with their peersworking in NPPsabroad. Within the organization, workshops
are organized to share operating experiencese.g. “ Just-In-Time" type operating experiences etc.

G Human resourcesfor training deployed through experienced hands

Only qualified and licensed trainers along with line managers and experienced operation
engineers are maximally utilised to impart training to fresh and experienced operations persons

H. Policy of rotation

By ensuring the maintenance of license and qualification of personnel deployed in
Technical Services, Training and Quality Assurance sectionstheir rotations have becomefeasible.

11.4 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

From the foregoing sections presented in thisArticle, it isevident that adequate financial
resourcesare availableto support the safety of each nuclear installation throughout itslife. There
is awell-developed system to assess the needs, generate and provide financial resources. The
performance of the NPPs, operating base, centralized management, tariff mechanism, credit
worthiness of the utility, etc are factors strongly in favour of meeting the obligations of this
Article. With regard to human resources, an early start well ahead of the launching of the nuclear
power programme has enabled a sound framework to be in place. This apart, systematic
development has also been carried out over the yearsthrough experience and the evol ving needs.
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The requirements stipulated by AERB through its Codes are quite exhaustive. This has been
followed up by the Utility through its own systems and procedures. The necessary training
infrastructure has been built to meet the needs. Thustheintent and obligations of thisarticle has
been fully met.
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ARTICLE 122 HUMANFACTORS

Each Contracting Party shall takethe appropriate stepsto ensurethat the capabilities
and limitations of human performance ar e taken into account throughout thelife of a
nuclear ingtallation.

12.1 GENERAL

AERB Code of Practice on Design for Safety in PHWR based NPPs, AERB/SC/D
establishes the requirement for design for optimised operator performance. This includes the
need for designing working areas and environment according to ergonomic principles and a
systematic consideration of human factorsand the man-machineinterface. Severa Safety Guides
issued under the Code namely AERB /SG/D-20 on Safety Related Instrumentation and Control
for Pressurised Heavy Water Reactor Based Nuclear Power Plants, AERB/SG/D-12 on Radiation
Protection in Design and AERB/SG/D-17 on Design for In-Service I nspection, provide guidance
for designing for optimum human performance.

Principlesof defence-in-depth, redundancy, diversity arethe underlying considerationsfor
design of nuclear power plants. Itiswell recognized that organizationa factors haveamajor impact
on the behaviour of individuals and therefore are an indicator of performance in safety issues.
Overal Human error free performance is an indicator of the prevailing safety culture of an
organization. Globally the nuclear industry has made continued effortsin minimizing eventsdueto
human factors to ensure safe and reliable operation of its Nuclear Power Plants (NPPs). It has
formulated various methodsto detect, correct and prevent human errorsinal stagesof NPPactivities.

12.2 METHODSTOPREVENT,DETECT AND CORRECT HUMAN ERRORS
Design

Thedesign of systems, structuresand components and the plant layout is carried out with
applicable codesand guides as stipul ated by regulatory body and prevalent international practices
and isaimed at limiting the effects of human errorsduring normal operating conditions, transients
and during maintenance. The man-machine interface is designed to provide the operators with
comprehensveand easily manageableinformation. Interlocksand automatic actionsare so designed
that only those actions are required to be taken by the operator where adequate timeisavailable
for taking necessary action. The control panels are ergonomically designed and the working

areas and working environment of the site are designed with due consideration being given
providing personnel comfort.

Actionsrequiring early responsefollowing an event are automated. PSA insightsare used
to identify situations where human error could have significant contribution to CDF.

Role of Full Scope Simulators and Training

Training of staff for normal and abnormal operating conditionson full scopesimulator is
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a mandatory regulatory requirement for their licensing. The simulator training focuses on
reinforcement of expected behaviours like adherence to procedures and use of tools to prevent
human errors like window alarm response sheets, pre-job briefing, three way communication,
peer checking, self check-STAR principles, control room team building, to minimize probable
errors due to human factors. In house test facilities are set up to test equipment off line prior to
their use in live systems. Additionally, performance based training, need based training,
manufacturers training etc are imparted to reinforce error free maintenance. Training sessions
relevant to human performance are also organized at different plants in coordination with
international organisationslike WANO.

Operation

Theunitsare operated within thelimits specified in the technical specifications. To ensure
a high degree of quality in operation of an NPP, al operation persons are qualified graduate
engineers who are trained and licensed as per the licensing procedures approved by AERB. All
activities including surveillance testing are performed with approved procedures to minimize
errors due to human factors. All operationsin the control room aswell asinthefield are carried
out only after adequate pre-job briefing and planning. The utility establishes plant configuration
control procedures to prevent human errors during outage management, maintenance and
implementation of engineering changes.

Event Analysis

An Event reporting system isadopted and mai ntained to report eventsof varied significance
to bring out underlying weaknesses in the system arising out of latent contributing factors. All
the eventsincluding low-level eventsare reported and analysed at variouslevelsin NPCIL. The
Significant Event Reportsarealso reviewed in AERB. All thesereviewsinvolve analysisof human
performance during the event. The lessons|earnt and corrective actions taken are disseminated
through an operating experiencefeedback system. Thelow level events, whicharelargein numbers,
are monitored and trended at corporate level for identifying latent weaknesses. The remedial
measures areimplemented by way of design modifications, procedural changesor through specific
training modulesto avoid the recurrence of such events.

M aintenance Perfor mance

Performance monitoring of maintenance activities with respect to the human factors
are carried out on a regular basis. Maintenance activities are carried out adhering to the
approved procedures with appropriate stop points to ensure trouble free operation. On the
job observation and post mai ntenance review with supporting documentation are carried out
for human performance analysis. Easy maintainability, ambient conditions and accessto the
equipment for carrying out the maintenance are considered during design stage for better
human performance.

102



12.3 MANAGERIAL AND ORGANISATIONAL ISSUES

NPPsinIndiaaregeneraly located in theremote areas, away from big population centres.
NPCIL has developed infrastructure facilities at all NPP sites, which include residential
accommodation, educational institutions, hospitals and recreation centres for its employees.

A system of six crews operating personnel has been established. Out of these, four crews
rotate in eight hours shift, one crew remains under training and re-qualification and remaining
one crew supports the shift operation for relieving purposes.

Theabove measures provide the operating personned astressfreework environment leading
toimproved human performance.

12.4 ROLEOFREGULATORS

AERB has specified the requirement for address ng aspectsrel ating to human performance
in the design of NPPs. During the consenting stage of construction and commissioning, these
topicsform one of theimportant areas of regulatory review and assessment.

During operation phase, AERB establishes amulti-tier system for regular monitoring of
safety at NPPs. Review of events, design modificationsfor systemsimportant to safety, operational
performance, radiological performance, waste discharges and impact on environment are some
of the important areas of safety monitoring. The regulatory body considers human factor
contribution in these areas as one of the indicators for safety culture at the NPPs.

125 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

Human factors are given adequate consideration during design and operation of NPPs.
Training and retraining of operating personnel, use of ssimulators, lessonslearnt from the events,
maintaining a stress free working and living environment, operational feedback and regulatory
control have been adequately established. Hence, | ndiacomplieswith the obligationsunder article
12 of the Convention.
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ARTICLE 13
QUALITY ASSURANCE

Each Contracting Party shall taketheappr opriate stepsto ensurethat quality assurance
programmesar eestablished and implemented with aview to providing confidencethat
specified requirementsfor all activitiesimportant tonuclear safety ar e satisfied thr oughout
thelifeof anuclear installation.

13.1 GENERAL

Quality Assurance Programme in India has evolved following National, International
Standards and Codes of practicesfollowed in the Nuclear industry. The AERB Code of Practice
on ‘Quality Assurance for Safety in Nuclear Power Plants (NPPs)’ establishes the requirements
for the management principles and objectives to be met during the implementation of activities
inall the stages of NPPsfor assuring safety. Several safety guidesissued under this Code provides
guidanceto achievethe objectives envisaged in the Code. Thereview and assessment carried out
by theAERB during these stages of licensingincludesthe consideration of applicant’smanagement
system, which has been described in Chapter on Article-14 on Assessment and Verification of

Safety.

A formalised system of Quality Assurancewas established and implemented in the Nuclear
Power Corporation of IndiaLimited (NPCIL), the utility organisation, with the formulation and
issueof the* Topica Quality Assurance Document” at the corporatelevel in 1993 inlinewiththe
requirements specified in the AERB documents. This document detailed the quality assurance
measuresto beimplemented at NPPs covering areas of quality, safety and reliability during design,
construction, commissioning and operation of NPPs.

In the year 2006, the NPCIL in consultation of the AERB, revised the Topical Quality
Assurancedocument inlinewith |AEA Safety Standard GS-G-3.1 on “ Application of Management
Systemfor Facilitiesand Activities’. Therevised document on “ Corporate Management System
- Quality Management System Requirements’ has emphasis on integrated approach for the
management system for Safety, Health, Environment, Security, Quality and Economic
requirements.

The following paragraphs provide the summary of the corpoarte management system as
established and maintainedin NPCIL.

13.2 QUALITYASSURANCEPOLICIES

13.2.1 Organisational Policies

The Head of the Utility has defined the “ Statement of Policy and Authority” for the
Organisation. In the said statement, it has directed that a management system for Quality in the
various phases of the NPPs viz. Design and Development, Procurement, Manufacture,
Construction, Commissioning and Operation be adopted so that the safety of the NPPs, plant
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personnel and publicisfully assured. Inthesaid statement sufficient authority hasbeen delegated
to the Heads of functional wings for ensuring implementation, maintenance and continual
improvement of the Management System at all time.

13.2.2 Quality Management System

The Quality Management System elaborated in the “ Corporate Management System
Document-Quality Management System Requirements’ of the Utility ensures implementation
of the applicable AERB and | AEA Codesof Practices, Standards and guidelineson QA for safety
in NPPs. These documents provide the necessary directives for implementation, maintaining,
assessment, measurement and continual improvement of the management system for compliance
with the regulatory requirements and intentsin all phases of the NPPs.

13.2.3 Documentation

The policies, management system requirements, authority, responsibilities, procedures,
work instructions, reports, processes, activities, data and records and other relevant supporting
information describing management of the work, performance and assessment are duly
documented and controlled. These documents reflect with clarity the characteristics of the
processes and activities, their complexity and interactions.

The documentation is categorised into three levels based on priorities and sequenced
networking of processes.

a) First Tier Document.

Thisisthe*“Corporate Management System” document of the Utility describing policy
statement, management system, organisation structure and functional responsibilities,
accountabilities, levels of authority and processes. This document further defines
theinterfacing and integration of the various processesinvolved in various phases of
NPPs, activities of those managing, performing and assessing the work with the
processes, individual s, technol ogy and the organisation aiming at successful product
and realisation of the objective.

b) Second Tier Document

This document derives directives from the 1% tier Corporate Management System
Document and consists of Management System Manuals and all other related
documents trandating the Corporate Policies and commitments to practices and
details.

c) Third Tier Documents.

Quality Management/Assurance System Manuals, Procedures, Instructions and
Practices, to the extent, they arerelevant in meeting the Utility Corporate Management
System Programme.
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13.2.4 Process Management

The processes needed to achievethe mission and objectivesof the Utility areduly identified.
These processes are planned, developed, implemented, assessed and continually improved for
delivering the products, in accordance with the requirements of the Management Systems. The
management processes are assessed for integrating the effect of technical, safety, economic,
health, environment, security, quality and financial performances, monitoring achievement of the
obj ectives and effectiveness, and taking corrective measureswhererequired. A structured approach
is implemented in decision making for meeting the needs of business strategy for product
realisation.

Processes and activities involved in design, procurement, construction, operations, and
all other supporting processes are duly documented and integrated in achieving the milestones
and time schedulesin project execution and all related activities. Process regquirements, sequence
and interaction of processes and activities, criteriaand methods needed for implementation and
control, processinputs, and process outputs are specified and established and their effectiveness
ensured, process flow described and measurement criteria established. Interfaces and activities
of variousfunctional directorates are planned, managed, effectively communicated to groupsand
individual concerned for the specific processes, responsibilities assigned and implemented.

13.2.5 Graded Approach

It isrecognised that Systems, Structures and Components (SSCs), processes and services
arerequired to be of specified quality consistent with their importanceto safety and usetowhich
they are to be put, and accordingly classified and graded. Management System Programme has
provision for such graded approach for different processes, items and services.

13.2.6 Document Control

Personnel preparing, revising, reviewing and approving the documents are specifically
authorised for the work and provided with all the relevant information and resources, enabling
them to base their inputs and decisions. All relevant documents and records generated in the
various phases of NPPsare duly controlled and maintained.

13.3 QUALITY ASSURANCE PROGRAMME

13.3.1 Organisation and responsibilities
a) Organisation

The Utility ismanaged by aBoard of Directors, headed by the Chairman and Managing
Director (CMD). The CMD is responsible for all technical, financial and
administrative functions and is assisted by the designated Technical, Financia and
Administrative and other Functional Heads.

The Functional Heads are duly assisted by suitable qualified personnel to perform
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b)

the assigned functions, activities and applicable processes, for establishing,
implementing and maintaining the Quality Management System elements in their
respective areas of responsibilities.

Responsibilities

“ Statement of Policy and Responsibility” asdefined by the Head of the Utility promotes
acultureof conformancewith the statutory and regul atory requirements, stakeholder’s
satisfaction, continual improvement and other requirements as elaborated in the
Corporate level document. The Functional and Unit Heads are responsible for
managing, performing and controlling activities and processes to ensure that the
products supplied and the services rendered meet the specified requirements.
Functional Heads are also responsible for ensuring that the authorised personnel
performing thefunctionsarewell aware of the organisational objectives, and provide
requisite support to the degree necessary in achieving these objectives.

Interface Arrangements

Functiona interfacing and cross-functional integration of core processesi.e. Design,
Procurement, Manufacture, Construction, Commissioning and Operations and also
the supporting processes areimplemented in acoherent manner to meet the necessary
agreed arrangements and responsibilities.

Resource management

Resources viz. personnel, infrastructure, work environment, information,
communication, suppliers and partners, materials and finance essentia for the
implementation and strategy of the Utility mission and objectives are identified,
provided, maintained and improved for ensuring efficient and effective performance.

Requisite human and financia resourcesare provided for devel oping, implementing
and mai ntai ning the stated competenciesin achieving the stated mission of the Utility.
For thispurpose suitably skilled, qualified and authorised task performersare deployed,
skills continuously upgraded by suitable training processes, thus enhancing their
competence levels.

13.3.2 Quality Assurancein Design

Engineering Directorateisresponsiblefor design, development and engineering activities
undertaken in the Utility. Designsfrom concept to completion isundertaken, reviewed, eval uated,
analysed and validated. Design and devel opment processes and activitiesare performed following
the Quality Management System Manual of Engineering Directorate of the Utility developed in
linewith the‘ Corporate M anagement System Document’,

13.3.3 Quality Assurancein Procurement

Procurement Directorate is responsible for procurement of SSCs for NPPs. The
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Directorate establishes and implements procurement management processes, consistent with
the requirements stated “Corporate Management System Document”. The objective of
implementing Management Systems in procurement is to ensure that procurement of SSCsis
made from duly qualified and approved Suppliers; and that they meet the applicabl e regulatory,
statutory and other stated requirements specified in the Procurement Document(s),

13.3.4 Quality Assurancein manufacturing

Management System in manufacturing is to assure that stated requirements for
manufacturing for SSCs are complied with. It is the responsibility of each organisation
participating inthe manufacture and supply of SSCsto establish and implement Quality M anagement
System Programme so that the product meetsthe design intended requirements. The Manufacturers
shall have the Quality Management System duly implemented and maintained. Manufacturers
supplying SSCs for the Utility are responsible for the Quality Management processes at thelir
supplier’s premises also. The Utility monitors the supplier’s Quality Management System
Programme by the established verification processes. The Utility or their authorised
representative(s), have accessto al areaswherework involving the concerned contract/purchase
order isin progressfor carrying out quality surveillance. Thisincludesaccessnecessary to verify
implementation of all aspectsof the Qual ity Management System/ Quality Assurance Programme,
products and to their supplier’s premises also.

13.3.5 Quality Assurance during Construction

Quality Management Systems are elaborated in the respective project level document
derived from the 1% tier Corporate level document for Construction of the NPP, to ensure that
civil works, erection, install ation and associated testing of Reactor, Piping, Mechanical, Electrica
and Control and Instrumentation systems, and SSCsare carried out safely and meeting the specified
requirements.

The NPP Construction site Head is responsible for establishing and implementing the
Management systems during project construction. He is duly supported by independent groups
headed by competent personnel for the civil, mechanical, reactor, electrical, piping, control and
instrumentationworksand auxiliary systems. Independent Field Engineering and Quality Assurance
Groups are aso set up for overseeing design and quality aspects respectively during the
construction phase.

13.3.6 Quality Assurancein Commissioning

Commissioning activities commence only after completion of respective construction
activities. The transfer of responsibility from construction to commissioning is documented
through Construction Completion Certificate (CCC) and System Transfer Documents (STDs).
All commissioning work issystematically planned, accomplished and documented. M anagement
system implemented during commissioning is to assure that commissioning is performed
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following stipulated requirements and to demonstrate the functional adequacy of plant, systems,
structures, and components. The verification confirms that the acceptance criteria specified in
the applicable documentsare met and deficiencies, if any, are corrected. For thispurposeingpection
and conformity checking is done to verify compliance. All specific or general deficiencies are
identified, documented, investigated and closed. All corrective and preventive actionsasrequired
areimplemented on due analysis of non-conformances/ potential non-conformances.

A system of planned and documented audit to verify theimplementation and effectiveness
of QA programme during commissioning phaseisprovided. Commissioning records are prepared
and maintained to provide objective evidence that the Quality Management System program is
effective and the stated requirements complied with.

13.3.7 Quality Assurance during Operation

Management Systemsimplemented during operation assure that the NPPs together with
its components and systems are operated safely, in accordance with the design intent and within
the specified operational limitsand conditions as stipul ated in the technical specifications. Head
of the Directorate of Operations at the corporate level is responsible for the operating plants.
Plant Management at each NPP Station is headed by a Station Director (SD) reporting to the
Head of Operations at Corporate level. The SD has the overall responsibility for safe operation
of the plant, inimplementing all relevant requirements, instructionsand procedureslaid down by
the Utility, Regulatory and Statutory Bodies. Responsibilitiesand authoritiesof plant management
and functional positions have been stated inthe Station Policiesfor each station. SD isresponsible
for establishing, implementing and effectiveness of the Management system Programme for
safe operation of the station. The QA group at NPP station isresponsible for inspection, testing,
quality control, surveillance, verification, auditing, carrying out of ISl, monitoring and assessing
effectiveness of QM Sand itsimprovement, for all activitiesof station operation, following NPP
Station QM S Document.

13.4 IMPLEMENTINGANDASSESS NG QAPROGRAMMES

The Management System of the Utility hasthe requisite processes and systemsto monitor
and measure levels of performance achieved in effective implementation of the QMS (QA
programme). The levels of performance are based on use of performance indicators, measuring
with reference to the objectives set by the management and delivered product. Measures for
continual improvement areinitiated in the management system accordingly.

The Senior Management i dentifies, preventsand corrects management problemsthat hinder
achievement of the Utility objectives. By due assessment process at all levels effective
implementation of the company programmeisrealised. Self-assessment at all levelsisconsidered
to be an effective tool to achieve these objectives. All the Managers and Task Performers
periodically perform self-evaluation in their areas of work to compare current performance to
management expectations in respect of worldwide industry standards of excellence (bench

109



marking), meeting stakeholder requirements and expectations, regulatory and statutory
requirements, and to identify areas needing improvement.

A system of planned and documented audit within the Utility organisation likefunctional
directorates, units under construction and operating stations is established and carried out to
verify compliance, determine effectiveness of implementation of all aspects of the Management
System Programme, for continual improvement of the programme. Similar auditsarea so carried
out in the organizations of suppliersand sub-suppliers.

The Utility has also obtained 1SO-14001, | SO-18000 certification for some operating
stations and 1SO 9001 certification for its various wings.

13.5 REGULATORY CONTROLACTIVITIES

As mentioned above, the review and assessment by the AERB includes consideration of
the applicant’s organi sation, management, procedures and safety culture, which have abearing on
the safety the plant. It isrequired that the applicant should demonstrate that thereis an effective
management systemin placethat givesthe highest priority to nuclear safety and security matters.
Specific aspects, which are subject to review and assessment, include:

»  Whether the applicant’s saf ety policy emanatesfrom senior management and shows
commitment at ahigh level to safety requirements and the meansto achieve them.

*  Whether the applicant’s organisation issuch that it can implement the commitments
made in the safety policy, through existence of adequate procedures, practices and
organisational structure.

»  Whether the applicant has procedures to ensure that there is adequate planning of
work, with suitable performance standards, so that staff and managersknow what is
required of them to meet the aims and objectives of safety policy.

» Whether the applicant has a system in place to periodically audit its safety
performance.

*  Whether the applicant has proceduresin placeto review periodicaly all theevidence
on its safety performance in order to determine whether it is adequately meeting its
aims and objectives and to consider whereimprovements may be necessary.

»  Whether the gpplicant has culture, commitment, organi sation, systemsand procedures,
to meet the nuclear security requirements.

Thereview and assessment by AERB coversall aspects of the applicant’smanagerial and
organisationa procedures and systemswhich have abearing on nuclear safety such as, operationa
feedback, compliance with operating limits and conditions, planning and monitoring of
maintenance, inspection and testing, production of safety documentation, and control of
contractors.
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13.6 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

The comprehensive Quality Management System (QMS) inthe NPCIL organizationshas
been devel oped in accordance with the national and international standardsand the sameisbeing
maintained and further improved through programme of monitoring and assessment of its
effectiveness. The regulatory review and assessment activities ensure that there is an effective
safety management system in place that gives nuclear safety and security matters the highest
priority. Therefore, India complies with the obligations of the Article 13 of the Convention on
Nuclear Safety.
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ARTICLE 14
ASSESSMENT AND VERIFICATION OF SAFETY

Each Contracting Party shall taketheappropriatestepsto ensurethat:

i. comprehensive and systematic safety assessments are carried out before the
construction and commissioning of anuclear installation and throughout itslife. Such
assessmentsshall bewell documented, subsequently updated in thelight of operating
experienceand significant new safety infor mation, and reviewed under theauthority
of theregulatory body;

ii. verification by analysis, surveillance, testing and inspection iscarried out to ensure
that the physical state and the operation of a nuclear installation continue to bein
accor dancewith itsdesign, applicablenational safety requirements, and oper ational
limitsand conditions.

14.1 GENERAL

Theassessment and verification of safety isanintegral part of theregulatory review system.
AERB Safety Code, AERB/SC/G, on “Regulation of Nuclear and Radiation Facilities’ spellsout
in detail the obligations of the licensee and the responsibilities of the Regulatory body. In India,
amulti tier review by system of safety committeesisfollowed for carrying out regulatory review
and assessment during all the stages of consenting.

The prime responsibility for safety rests with the licensee, NPCIL, which as the utility
organi sation givesthe utmost importanceto itsown assessment and verification functions. NPCIL
carriesout the assessment and verification functions during design, manufacturing, construction,
commissioning and operation with several of its agencies such as Directorates of Engineering,
Safety, Projects and Operation. A separate corporate level safety review committee reviews all
issuesincluding theresults of assessment and verification of safety. All theinformation generated
during the entire design, construction and commissioning phases are documented and handed
over to the Plant management before the commencement of reactor operation.

During reactor operations, AERB establishesits programme of regular safety monitoring
and periodic assessment to ensure that NPP continues to be capable of safe operation at the
power levels authorised for the plant within the operational limits and conditions and that the
utility programmes are adequate for the verification of the same.

14.2 NPPPROJECTS

14.2.1 Licensing process

AERB Safety GuideAERB/SG/G-1 on “ Consenting Processfor Nuclear Power Plant and
Research Reactor: Document Submissions, Regulatory Review and Assessment of Consent
Applications’ explainsthe entirelicensing processfollowed in India. Assurance of safety during
various stages of NPPisderived primarily through regulatory actions, which include granting of
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licensefor agiven activity. Thelicenseisan official document issued in responseto an application
submitted by the utility in a prescribed format, which (a) permits a specified activity or set of
activities dealing with the siting, construction, commissioning, operation or decommissioning
of anuclear power plant and (b) prescribesrequirementsand conditionsgoverning the performance
of these activities.

Theselicensesareissued by AERB on the basis of itsreview and assessment. Compliance
to the regulatory requirementsis monitored by conducting periodic regulatory inspections. The
regulatory inspections of NPPs are carried out as necessary during all stages of licensing to
verify and ensure compliance to the regulatory requirements. Typically, these inspections are
carried out at afrequency of four inspectionsin ayear during construction and commissioning
stages.

Major stages identified for authorisation for an NPP are Siting, Construction,
Commissioning and Operation. Thefollowing sectionsbriefly describe the safety review process
and review and assessment, during different stages of licensing.

14.2.2 Safety Review Mechanism

Asmentioned earlier, the AERB adoptsamulti-tier review processfor safety review and
assessment of NPP. Thefirst level of review and assessment is performed by Site evaluation
Committee (SEC), Project Design Safety Committee (PDSC)/Specialist Groups OR Civil
Engineering Safety Committee (CESC), asappropriate. These Committeesasabody are comprised
of experts in various aspects of NPP safety. The next level of review is conducted through an
Advisory Committeeon Project Safety Review (ACPSR). Thiscommitteeisahigh-level committee
with membersdrawn from AERB, reputed national |aboratoriesand academic institutions. It also
has representation from other governmental organisations like Ministry of Environment and
Forests, Central Electricity Authority. This advisory committee reviews the application for
authorisation together with the recommendations of first level committees on the related
authorisation and offers its own recommendations to the AERB. After considering the
recommendations of ACPSR and the first level committee, the Board of AERB decides on the
authorisation. Annexes 14-1 to 14-4 explain the review process followed during siting,
construction, commissioning and operation stages.

14.2.3 Safety Review for Siting

Theauthorisation at thefirst major stage namely Siting, involvesthereview of thevarious
siterelated saf ety aspects considering the conceptual design and i ssuance of an authorisation for
the site for locating the project. This requires on the part of the applicant, submission of a Site
Evaluation Report (SER), which should include the salient features of the proposed site, site
characteristics affecting safety and Basic Design Information of the proposed NPP. The SER
should contain information as per requirements specified in the AERB Code of practice for
siting of NPP, AERB/SC/S and various other relevant AERB siting guides.
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The objective of thereview for thisstageisto ensure that the proposed siteissuitablefor
the construction and operation of an NPPin asafe manner. In evaluating the suitability of asite
for locating a NPP, the following major site-specific aspects are considered.

1) Effect of external events (natural and man induced) on the plant
Ii) Effect of the plant on the environment and popul ation, and
11i) Implementation of emergency proceduresin the public domain.

Other aspects such as foundation, cooling water requirements, thermal and chemical
pollution, power evacuation, transportation of over dimensioned consignments, etc, are also
considered.

14.2.4 Safety Review for Construction

The authorisation at the second major stage namely Construction, involvesthereview of
the design safety aspects and issuance of a construction authorisation. This requires on the part
of the applicant, submission of Preliminary Safety Analysis Report (PSAR) in the prescribed
format, the applicant’s site construction Quality Assurance manual, the construction schedule
and the construction methodol ogy document for the proposed NPP. As a supplement to PSAR,
separate design basisreports (DBR) and design reports (DR) of itemsimportant to safety, having
relevanceto construction authorisation, should be progressively made availablefor review before
authorisationfor constructionisissued. AERB aso reviewsvariousdocumentsrelated to industrial
safety such as Job Hazard Analysis Report, Construction Safety Management Manual, etc and
monitors their compliance.

Depending on the request from the applicant, AERB may issue the authorisation for
construction asan onetime authorisation for total construction activitiesor asclearancein three
stagesviz. clearancefor excavation, clearancefor first pour of concrete and clearancefor erection
of maor equipment. If authorisation for construction isissued in these clearance stages, PSAR
reviews are organized according to the specified requirement for these clearance stages.

For construction authorisation, the plant design is reviewed to assess whether the plant
can be built to operate safely. This includes assessment of compatibility of the design with the
site. TheQuality Assurance (QA) program and QA organization of the utility arereviewed againgt
the requirements of AERB Code of Practice for Quality Assurance.

14.2.5 Safety Review for Commissioning

Commissioning activities in NPP are initiated in parallel to during the later period of
construction. Various equipment and systems are individually commissioned as and when the
prerequisites for their commissioning are met. The first regulatory clearance within the
commissioning authorisation is required when the applicant desires to initiate the integrated
commissioning activity e.g. hot conditioning (integral testing and passivation of primary heat
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transport system) in the case of PHWR based NPPs. Following this, there are a number of
intermediate commi ssioning stages at which also regulatory clearancesarerequired. These stages
act as checkpoints where the results of previous activities and prerequisitesfor further activities
arereviewed till the plant isbrought to operational state. The authorisation for Commissioningis
giveninsevera interim stages as deemed necessary by the Regulatory body. Some of these
interim stages e.g. containment test, fuel loading, approachtofirst criticality, low power physics
experiments, etc, are witnessed by the representatives of regulatory body, as per the conditions
of license.

For commissioning authorisation, AERB reviewsthefina or ‘ asbuilt design of the nuclear
power plant asawhole. AERB satisfiesitself that (a) the plant has been built in accordance with
the accepted design and meets al the regulatory requirements, (b) the required level of quality
has been achieved and (c) the safety review and assessment of all relevant systemsincluding the
required tests have been satisfactorily completed.

Thereview and assessment by the Regulatory body also coversall aspectsof theapplicant’s
manageria and organizationa proceduresand systems, including theavailability of required trained
and qualified personnel for operation, which have abearing on safety.

AERB requiresthat at this stage, the utility should establish following programs:

(&) Surveillance, maintenance and in-serviceinspection programs.

(b) Performancereview and operationa experience feed back programmes
(c) Programmesfor Ageing Management and Equipment Qualification

(d) Re-training program for operating personnel

14.2.6 Review for initial authorisation for operation

Theauthorisation for thefourth mgjor stage, “ Authorisation for Operation”, isneeded for
regular operationsat power levelsup to rated power. Theauthorisation isgranted after review of
NPP performance at rated power within the commissioning authorisation. The period for power
operation within the commissioning authorisation is normally limited to 100 days. During this
period, specified tests are conducted to confirm behaviour of the plant as per design. To obtain,
the authorisation for regular power operations, the applicant hasto submit aFina Safety Analysis
Report (FSAR) reflecting the ‘as built’” design of the NPP approved by AERB and detailed
performance reports, in support of the application.

Before granting authorisation for routine operation, theregulatory body reviewstheresults
of commissioning tests and performance data at various power levelsfor their consistency with
design information and with the prescribed operational limitsand conditions. Inconsistencies,
if any, haveto beresolved to the satisfaction of AERB
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After completion of the reviews, AERB issues authorisation for operation of NPP for a
specified period.

14.3 OPERATING NPPs

“Code of practice on safety in nuclear power plant operation”, AERB/SC/O establishes
requirements related to operation of NPPs and severa safety guides issued under this Code,
describe and make avail able methods to implement specific requirements of the Code. According
to theserequirements, an elaborate verification programmeisestablished at NPPs and the adequacy
of the programmeisperiodically monitored. AERB exercisesregulatory control over the nuclear
power plantsfollowing asystem of safety monitoring, inspection and enforcement and periodic
assessment for renewal of authorisation. The following sections briefly describe the review
process, verification programme at NPPs, regul atory control during operation and periodic renewal
of authorisation for operation.

14.3.1 Review Process

In general, amulti-tier approach involving review at threelevels Unit Safety Committee
(USC), Safety Review Committeefor Operating Plants (SARCOP) and Board of AERB isadopted.
The system of safety committees function on the principle of “management by exception”
following a graded approach. Safety issues of greater significance are given consideration in
higher-level safety committees for resolution. The decisions of these committees are accepted
by AERB after ensuring that, they arein line with the safety goals, principles and requirements
laid down by AERB.

Thefirst tier of safety review iscarried out by the‘ Unit Safety Committee’ consisting of
representatives from AERB & NPP under review and the experts in various aspects of nuclear
technology drawn from different institutions. The second-tier of safety review of Indian NPPsis
by SARCOR, which is the apex body to decide on the matters of nuclear safety pertaining to
NPPs. Thethird-tier isthe Board of AERB, which based on the recommendations of SARCOPR,
considers the mgjor safety issues pertaining to NPPs. Chairman, SARCOP is aso the ex-offcio
member of the Board of AERB. Annex 14-5 gives the aspects of safety review during operation
of NPP.

14.3.2 Safety Verification Programmes

As per the regulatory requirements, the operating organisation isrequired to put in place
several programmes with respect to plant life management, before authorisation isissued to a
Nuclear Power Plant. Theseinclude:

a) Maintenance Programme - The maintenance programme is put in place to ensure
that (i) Safety Status of the Plant isnot adversely affected dueto aging, deterioration,
degradation or defects of plant structures, systems or components since
commencement of operation and (ii) their functional reliability is maintained in
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b)

f)

accordance with the design assumptions and intent over the operational life span of
the plant. The NPP prepares apreventive maintenance schedulefor systems, structures
and components. Thisscheduleismodified based on operating experience. In addition,
a computer based system for trend monitoring the important parameters of rotary
equipment isused for predictive maintenance. The preventive maintenanceincludes
daily surveillance and verification, periodic preventive maintenance and predictive
mai ntenance.

Surveillance Programme - The surveillance programme for safety systems and
systems important to safety are included as part of the Technical Specifications for
Operation. Throughthis, itisverified and ensured that the safety of the plant does not
depend upon untested or unmonitored components, systems or structures. The
programme includes tests like functional tests/calibration checks for Protection
Systems, Emergency Core Cooling System, Containment Systems, Emergency Power
Systems and various other important Systems, Structures and Components (SSC).

In-service Inspection Programme - As per this programme, plant components and
systems are inspected for possible deterioration in safety margins and their
acceptability for continued operation of the plant and to take corrective measures as
necessary. Systems, Structures and Components (SSC) important to safety of the
plant areidentified in the In-service Inspection manual, which givesthe requirements
with respect to (a) areas and scope of inspection (b) frequency of inspection (c)
method of inspection and (d) the acceptance criteria

Performance Review Programme - Thebasi ¢ purpose of thisprogrammeisto identify
and rectify gradual degradation, chronic deficiencies, potential problem areas or
causes. Thisincludesreview of safety-related incidencesand failures of SSC of the
plant, determination of their root causes, trends, pattern and eval uation of their safety
significance, lessons learnt and corrective measures taken.

Establishment of programme related to life management - This programmeis used
to obtain information on behaviour of the components, as identified for ageing
management purpose, under reactor environment and to undertake necessary studies/
experiments with respect to their residual life assessment. The utility has to
demonstrate that the required resources and infrastructure for this activity is being
provided.

Programmeto update Probabilistic Safety Assessment- The programmefor collection

of plant specific failure data at NPPs is established for evaluation of reliability of
safety systems. These dataarejudiciously used to update the results of PSA studies.
The proposals for design modifications or revision in technical specification
requirements are required to be supported by the results of PSA studies.
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14.3.3 Regulatory Control

14.3.3.1 Review and Assessment

Authorisationfor operation isissued by AERB for aspecified period. During thisperiod,
the operational NPPsundergo routineand specia safety reviews. Ingenerd, thefollowing elements
are covered for reviews and assessment for appraisal of safety in NPPs, within the authorisation
period.

a Review of periodic reports submitted by the plant as per reporting criteria specified
in the authorisation for operation.

Review of off-normal occurrences of safety significance
Training and qualification of operating staff
Radiological safety status

Management of radioactivewaste

O 2 =

Review of proposalsfor modification in hardware, control logics, plant configuration
and procedures

0. Report of planned long outages for carrying out surveillance, in-service inspection
and magjor mai ntenance.

h. Reports of Specia Investigation Committees and/or special regulatory inspections
following an event of major safety significance

In addition to the above, special reviews are aso undertaken following an event or
observations of major safety significance occurring abroad, for their applicability in the Indian
NPPs and need for any corrective measures.

Radiation and environment safety

TheHeath PhysicsUnit (HPU) and Environmental Survey Laboratory (ESL) stationed at
the site are independent of the plant management. In addition to providing services related
radiological monitoring, the HPU at the NPP also advises the plant management on the matter
relating to radiological safety. The ESL, which is established at the site before the start of the
operation of thereactor, carries out extensive monitoring of air, water, soil, floraand faunawithin
the plant area, exclusion zone and emergency planning zone. AERB gets periodic reports from
the HPU and the ESL on the radiation and environment safety of the NPP. AERB committees
review these reports along with the response of NPP management on the same.

Management of radioactive waste

The performance of radioactive waste management system established at NPPsisreviewed to
ensurethat appropriate methodsand management practi ces continueto bein placeand thegeneration
of radioactive wasteiskept to as minimum as practicableintermsof activity and volume.
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Emergency Preparedness

TheNPPscarry out periodic exercisesfor plant, site and off site emergency according to
the prescribed frequency. The reports of theses exercises are reviewed in AERB. Various state
and central agencies participate in the off site emergency exercises. AERB aso deputes its
representative as an observer to oversee the conduct of the off-site exercise.

Reports to AERB

The technical specification for operation identifies various types of events, which are
reportableto AERB as Significant Event Report (SER). Such eventsarereported to AERB within
the 24 hours of occurrence and adetailed report in the prescribed format is submitted within 20
daystime. AERB also obtains various reports from the Nuclear Power Stations such as Station
Monthly Performance Report, Station Annual Report, | Sl report, etc.

Design modification

Any design modification in the safety and safety related systems of the plant has to pass
anin depth regulatory review and approval procedure. For such modifications, the utility submits
the plant modification proposal in the prescribed format, which must be accompanied by asafety
assessment report both by the station staff and designersat the corporatelevel. The modification
proposals are then reviewed in USC and SARCOP. AERB may seek the opinion of experts or
refer the matter to any of the national |aboratoriesor academicinstitutionsfor independent analysis
for verification of the claims of the utility.

Licensing of operating personnel

The Technical Specification identifiesthe qualification levelsfor operating staff and the
management. The curriculaof different licensing staff are prepared by the utility and vetted by
theregulatory body. The operating staffsundergo system of classroom training, onthejob training,
checklist, walk through and simulator training and are interviewed by the AERB Committee on
Qudlification of Operating Personnel. Smilarly, AERB eva uatesthe personnd inthe management
positionsthrough an AERB Committee on Licensing of the Station Management Personnel. The
licenseisgeneraly validfor threeyearsafter which the candidate undergoesaretraining exercise
and again appears before the appropriate AERB Committees.

14.3.3.2 Regulatory Inspection and Enforcement

Depending upon the requirements, AERB staffs carry out periodic regulatory inspections
aswell as specia unannounced inspection. These inspections are carried out periodically by a
group of expertsfromwithin AERB and/or through consultants.

Generally, these inspections are carried out twice ayear. During regulatory inspection,
documented evidences for compliance to the regulatory requirements are inspected. Besides
routine regulatory inspections, AERB al so organizes special regulatory inspectionswith specific
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obj ectives as deemed necessary. Such inspectionsare carried out subsequent to an event, depending
on the safety significance or after magjor modifications in the plant and forms the basis for
considering clearance for restart of the unit. In addition to these, unannounced inspections are
also carried out at the discretion of AERB for assessing the prevalent safety status at the NPPon
any normal day.

In general, the following areas are covered during atypical regulatory inspection of an
operating NPP.

*  Operation, maintenance and Quality Assurance Programme.

» Adherenceto the technical specification.

» Complianceto variousregulatory recommendations.

* Adequacy of licensed staff at NPPs

» Performance of safety related systems.

* Radiation safety and ALARA practices.

e Emergency Preparedness

e Industrial Safety

Based on the above inspection, a detailed inspection report is prepared and the utility is
briefed about the findings in an exit meeting. The utility is required to submit an action taken
report within aspecified time frame on the deficiencies pointed out during theinspection. These
submissions are reviewed in AERB for disposition and need for any enforcement action.
Enforcement

If, in the opinion of the Regulatory Body, the licensee has violated the conditions of the
license wilfully or otherwise or misinformed or did not divulge the information having bearing
on safety, the Regulatory Body can initiate enforcement actions after specifying the reasonsfor
such actions. The enforcement actions may include one or more of the following.

1) A writtendirectivefor satisfactory rectification of the deficiency or deviation detected
during inspection;

1) Written directive to applicant/licensee for improvement within a reasonable time
frame;

ii1) Ordersto curtail or stop activity;
Iv) Modification, suspension or revocation of license; and

V) Initiatelegal proceedings under provisions of the Act.
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14.3.3.3 Renewal of Authorisation for Operating Plants

Under the exigting legd framework, AERB issues authorisation for operation of NPPs for a
period of fiveyears. Therenewa of authorisationisissued by AERB based on safety reviewsasspecified.
Theseare(a) limited safety review of Applicationfor Renewa of Authorisation (ARA) submitted inthe
prescribed format prior to completion of fiveyearsof operationand (b) Comprehensvereview of Report
on Periodic Safety Review (PSR) submitted prior to completion of ten years of operation.

Based onreview of ARA, AERB decideson renewal of authorisation for further period of
fiveyearsafter it is satisfied that the NPP as awhole continuesto be capabl e of safe operation at
the power level sauthorised for the plant within the operational limitsand conditions specifiedin
“Technical Specifications for Operation” and that the continued operation of NPPtill the next
renewal would not pose unduerisk to the plant, plant personnel, public and the environment.

AERB safety guide AERB/SG/O-12 on* Renewal of Authorisation for operation of NPPs’
provides guidelines for carrying out a comprehensive Periodic Safety Review (PSR). Safety
assessment performed during PSR takes into account improvements in safety standards and
operating practices, cumulative effects of plant ageing, modifications, feed back of operating
experience and devel opment in science and technology. Through thisprocessof PSR, the strengths
and shortcomings of the NPP against the requirements of current standards are identified. The
report on the PSR is subjected to regulatory review inthe multi-tier review processfor satisfactory
resolution of the shortcomings.

Various recommendations emerge from these e aborate reviews, which form the condition
for authorisation to be implemented by the utility in a mutually agreed time frame. These
recommendations are categorized as follows:-

I.  Recommendationsthat need to be implemented immediately:

Theseare generally based on review of anomaliesin operation, deviation from specified
values of parameters and incidents having safety significance. |mplementation of these
recommendations, in most cases, is directly linked to permission for continuation of
plant operation or restrictions on specific activitiesin the plant.

li. Recommendations, whichwill bring about safety improvements:

These recommendations arise from review of operating experience of Indian NPPs as
well asother NPPselsewhereintheworld. Many of these recommendationswould take
considerabletimefor implementation asthey involve activitieslike working out detail ed
designs, civil construction, procurement of components and integrating them with the
existing plant. Further, some of these recommendations require theoretical analysis or
design reviews to be carried out for better understanding. In certain cases time would
also be required due to the need for developing necessary tools for analysis, their
validation, etc.
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Iii. Recommendations that require considerable Research & Development Work:

These recommendations are generally based on acquisition of new knowledge from
experienceor research or both. Theserequire extensive support by way of R& D and are
aso of along-term nature.

Based on the in-depth regulatory review of PSR, AERB decides on the renewal of
authorisation.

14.4 Summary of Continued Monitoring and Periodic Safety Assessments

Continued monitoring and periodic safety assessment of Indian nuclear power stations
areperformed by utility organisation aswell asby the Regulatory body. A variety of safety reviews
and assessmentsare carried out as per the established requirement, which include thefollowing:

a) Routinereviewsinclusiveof review of Significant Event Reports

b) Reviewsof proposed modificationsin design/ operating proceduresto assesstheir impact
on plant safety

c) Safety assessmentsfor renewal of authorisation

d) Safety assessmentsinresponseto magjor incidentsand operating experience both nationally
and internationally

e) Safety assessment related to maor refurbishment
f) Safety assessment for Plant life extension

Some of the mgjor safety assessments carried out, their results and details of corrective
actions taken thereafter are summarised in article 6 of this report.

145 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

As per the licensing process establish in the country, the license is issued for various
stagesof siting, construction, commissioning and operation, asdescribed above. During all stages,
a comprehensive and systematic safety assessments are carried out. All the changes that have
taken place in the design during construction and commissioning are reflected in the FSAR,
which formsone of licensing documents. All the relevant documents are formally transferred to
the operating organi sation by the construction and commissioning groups by way of systemtransfer
documents and construction completion certificate. Design modificationsinthe safety and safety
related systems are carried out only after regulatory review and approval. During the operation
stage, theAERB ensuresthrough its system of regulatory control that the verification programmes
established at NPPs are adequate and it is possible to demonstrate that the physical state and the
operation of anuclear installation continues to be in accordance with its design and applicable
national safety requirements. Therefore, the country complieswith the obligations of Article 14
of the Convention on Nuclear Safety.
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Annex 14-1: Scheme for Licensing for Siting
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Annex 14-2: Scheme for License for Construction
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Annex 14-3: Scheme for License for Commissioning
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Annex 14-4: Scheme for License for Operation
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ARTICLE 15
RADIATION PROTECTION

Each Contracting Party shall taketheappropriatestepstoensurethat in all operational
statestheradiation exposur etothewor ker sand thepublic caused by anuclear installation
shall bekept aslow asreasonably achievableand that noindividual shall beexposed to
radiation doseswhich exceed prescribed national doselimits.

15.1 NATIONAL LAWS REGULATIONSAND REQUIREMENTS

15.1.1 General

Theregulatory authority of Atomic Energy Regulatory Board (AERB) isderived from the
rules and notifications promulgated under the Atomic Energy Act, 1962 and the Environment
(Protection) Act, 1986. Atomic Energy (Radiation Protection) Rules 2004 inter alia cover the
requirements of licensing or authorisations, power to revoke/ modify/ withdraw the licences,
radiation surveillance, the duties and responsibilities of Radiologica Safety Officers, radiation
surveillance procedures, powers of inspection of radiation installation, sealing and seizure of
radioactive materias. In addition, the Atomic Energy (Safe Disposal of Radioactive Wastes) Rules
1987 specify therequirementsfor safedisposal of radioactivewastes. AERB ensures compliance
of the requirements under the above rules by all the nuclear and radiation facilities. Chairman,
AERB isdesignated asthe Competent Authority under these Rules.

15.1.2 Requirements Related to Radiation Protection

AERB haslaid down therequirementsfor radiation protection for NPPsin various Codes
and Guides asdetailed below.

i) The Code of Practice on Design for Safety in Nuclear Power Plants (AERB/SC/D,
1989) lays down the minimum requirements for ensuring adequate safety in plant
design including radiation protection for NPPs.

1) The guidelines for the implementation of radiation protection in the design of the
nuclear power plants consistent with the requirements of the Code of Practice on
Design are provided in the Safety Guide on Radiation Protection Aspectsin Design
for Nuclear Power Plants (AERB/SG/D-12, 2005). It covers the design measures
and provisionsfor radiological protection of plant personnel, members of the public
and the environment.

1i1) Theminimum requirementsincluding radiation protectionto bemet in order to achieve
safe operation of a nuclear power plant are specified in the Code of Practice on
Safety in Nuclear Power Plant Operation (AERB Code No. SC/O, 1989). It defines
the functions and responsibilities of the regulatory body, the operating organisation
and the plant management, for assurance of safety in operation.
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iv) The guidelines for establishing Radiation Protection Programme to be carried out
efficiently and effectively to achieve protection of the occupationa workers, members
of the public and the environment from adverse effects of radiation are provided in
the Safety Guide on Radiation Protection during Operation of NPPs (AERB/SG/O-
5, 1999). It focuses on the need for a high degree of commitment on the part of all
levels of the management of the Operating Organisation and the plant personnel, to
follow the exposure control measures during all operational states and accident
conditions at the plant site.

V) Thetechnical and organizational aspectsof occupational radiation exposure controls
under situations of both normal and potential exposure conditionshave beengivenin
the Safety Manual on Radiation Protection for Nuclear Facilities (AERB/SM/O-2
Rev.4, 2005). ThisManual on Radiation Protection for Nuclear Facilitiesof DAE is
an updated document which takesinto consideration the current radiation protection
philosophy, | CRPrecommendations, |AEA guidelines, AERB Safety Directivesand
also the operational experience in radiation exposure management at DAE
installations. On the basis of this Manual, each plant prepares its own “Radiation
Protection Procedures’ relevant to its design and functioning.

15.2 RADIOLOGICAL PROTECTION OF WORKERS

Radiological protection of the workersis ensured by the following measures.

15.2.1 Design Aspects

The design considerations that have bearing on radiation protection in NPPsinclude:

* Proper design, plant lay out and adequate shielding

Design values are prescribed for radiation level at a specified distance from equipment/
componentsaswell asfor thegenerd radiationfieldsin different areasof the plant. Theplant
layout should be such that the areas are segregated according to their radiation levels and
contamination potential. The design, layout of areas and equipment, mai ntenance approach
and shielding, etc., aremade such that the col lective dose to the stati on personnd would beas
low as reasonably achievable and meet the specified regulation on collective dose.

* Limitsof air contamination levelsin different zones of the plant.

Provision of ventilation is made such that in full time occupancy areas of the plant, the
airborne contamination be maintained below 1/10 DAC.

» Source control by proper selection of materials/ components.

Materid susedin plant sysemsare sd ected in such away thet theactivation productsarisng from
the basematerid or theimpurity content doesnot sgnificantly contribute to radiation exposures.

» Design limit for collective dose
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A limit on collective dose is specified at the design stage of each NPP so that adequate
provisionsfor radiation protection are made in the design of the plant to keep radiation
levelsin different areas below design levels.

15.2.2 Dose Limits

AERB has prescribed the following dose limits for exposures to ionising radiations for
occupational workers.

a) Effectivedose! (whole body)

i) 20mSv averaged over five consecutive years, calculated on asliding scale of five
years?; (The cumulative effective dose in the samefive year period shall not
exceed 100 mSv)

i) amaximum of 30 mSv inany year.

b) Equivalent dose(Individual Organs)

i) Eyelens 150 mSv per year and

i) Skin? 500 mSv per year

iii) Extremities 500 mSv per year
(handsand feet)

c) Pregnantwoman

i) Equivalent dose limit to the surface of the 2mSv
woman'slower abdomen
(for the remaining period of pregnancy)

i) Annual Limit on Intake (ALI) for radionuclides 0.05ALI
(for the remaining period of pregnancy)

d) Apprenticesand students (above the age of 16 years)

Effective dose ((whole body): 6 mSv per year
Equivalent dose (Individual Organs)
i) Eyelens 15 mSv per year
i) Skin 50 mSv per year
i) Extremities 50 mSv per year
(handsand feet)

In addition, investigation limits are also prescribed by AERB at which investigation of
exposure cases exceeding these limits are carried out by an AERB committee.

1 Effective dose means summation of the tissue equivalent doses, each multiplied by the appropriate tissue- weighting factor.
2Sliding scale of five years means current year and previous four years.
3 Average dose over 1cm? of the most highly irradiated area of the skin.
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For temporary workers, separate control limits on dose and investigations are prescribed
which arelower than that for regular workers.

The external and internal exposures of all the plant personnel are assessed on a monthly
basis. For assessing internal dose in PHWRS, bioassay programme on weekly basis and dose
estimation software are used. A computerised dose datamanagement system isused which helps
in updating the data for effective dose control.

15.2.3 Organisation in Radiation Protection

Each NPP has a Health Physics Unit (HPU), comprising of a group of trained and
experienced radiation protection professionals, who in co-ordination with plant management
implement the radiation protection programmeinthe plant. The HPUsin al NPPsinthe country
are entrusted with the responsibility for providing radiological surveillance and safety support
functions. These include monitoring of areas, personnel, systems, effluents, exposure control
and exposureinvestigations. The HPUs are part of BARC and areindependent of NPP organisation
and havedirect channdls of communication with thetop plant management in enforcing theradiation
protection programme.

Individual and collective dose consumed in the plant isreviewed in detail and measures
for reduction are devised at plant level. These measuresinclude engineering and administrative
solutions such as shielding, ventilation, use of protective equipment, procedure adherence, work
permit system, access control, display of placards, job planning, mock-up, training, supervision,
etc. In addition, a three-tier arrangement is in place to review, and monitor implementation of
recommendations pertaining to radiological safety. Thefirst level review isdoneat plant and the
regulatory body does second and third levelsreviews.

The average effective dose to plant personnel has been well below the prescribed annual
doselimit and there has been no case of annual exposure exceeding 20 mSv during thelast three
yearsin al the NPPs.

15.2.4 Sepsfor ALARA Exposures

In order to meet the objectivesof ALARA, working procedures and methods are examined
with regard to the possibility of reducing dosesresulting from radiation jobs. During the operational
stage of the NPP, the exposures are kept ALARA by implementation of thefollowing operational

aspects.
* Implementation of radiation protection and contamination control procedures
» Useof proper protective equipment
* Adherenceto approved operating and mai ntenance procedures

* Implementation of radiation protection training and qualification programmesand conduct
of refresher coursesto impart ALARA concept and awareness
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Proper work planning and its practical implementation through theissuance of Radiation
Work Permit and dose budgeting for each operation

Constitution of ALARA Committeeat Plant Level

Planning and preparednessfor unusual events

15.2.5 Radiation Protection Review by AERB

TheAtomic Energy (Radiation protection) Rules, 2004 form the basis of regulatory control

activities related to radiation protection. These rules are implemented by the utilities through
various procedures. In addition, AERB practices other measures to have control on radiation
protection aspects for NPPs, which among others, include the following:

8)

b)

15.3

Collective Dose Budget

AERB approvestheannual collective dose budget for each NPP. The stationsarerequired
to propose the budget along with planned activities. AERB committees review the
collective dose expenditure and the proposed budget, and based on the review, formally
approvethe annual budget within which all the operation and maintenance activitieshave
to be managed.

Review of Excess Exposure Cases

Exposure cases exceeding the investigation limits are investigated and reported by
Exposure Investigation Committee set up at each NPP. Such reports are reviewed by
AERB Safety Committeesand SARCOR. Theroot causes of such exposuresare established
and corrective measures are recommended.

Regulatory Inspection

The adequacy of radiation protection programme and itsimplementation in the operating
NPP are inspected twice a year. The deficiencies are reported and corrective measures
are recommended and followed up through enforcement procedures.

Review of Radiological Safety Aspects

Regulatory Body reviews the report on radiological safety aspects of the plant on a
quarterly and annual basis.

RADIOLOGICAL PROTECTIONOFPUBLIC

Thefollowing measures ensure the radiol ogical protection of the public dueto operation

of aNPP.

15.3.1 Design Aspects

Dose limits for members of the public

The sources contributing to generation of radioactive solid, liquid and gaseous wastes
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and their release to the environment are examined with respect to minimisation of waste
at the source at the design stage itself. The dose to public resulting from these releases
are assessed and if necessary, appropriate design measures to reduce these releases are
introduced.

Exposure criteriafor accident analysis

The design analysis should demonstrate that the cal culated doses to the members of the
public at the site boundary under design basi s accident condition should not exceed the
reference doses prescribed by AERB.

15.3.2 Dose Limit

AERB has prescribed the following limits to a member of public at exclusion distance

due to releases of radioactive effluents from nuclear facilities at a site.

Effective dose (whole body): 1 mSv per year
Equivaent dose (Individual Organs):

i) Eyelens 15mSv per year; and
i) Skin 50 mSv per year

15.3.3 Radioactive Waste Management

Method of Disposal and Monitoring

Gaseous wastes from reactor building arefiltered using pre-filtersand HEPA filtersand
released after monitoring through astack of 100 m height. Therel easerate and integrated
releases of different radionuclides are monitored and accounted for, to demonstrate that
the releases are within the prescribed limits.

Theradioactiveliquid wastes generated in aNPP are segregated, filtered and conditioned
as per procedure and after adequate dilution to comply with the limits of discharges
disposed to the environment water body. The activity discharged ismonitored at the point
of dischargeand accounted on adaily basis. AERB has prescribed limitson annual volume
and activity of discharge, daily discharges and activity concentration from each NPP,
which are site specific.

Theradioactive solid wastes are disposed of f in brick lined earthen trenches, RCC vaults
or tile holes, depending on radioactivity content and radiation levels.

. Authorised Limits of Discharge

Thedischarge of radioactive waste from aNPPisgoverned by the Atomic Energy (Safe
Disposal of Radioactive Wastes) Rules 1987 which isissued under the Atomic Energy
Act, 1962. It ismandatory for a NPP to obtain authorisation under the above rulesfrom
Competent Authority for disposal of radioactive wastes.
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The regulatory limits (authorised limits) of radioactive effluents are based on the
apportionment of effective dose limit of 1 mSv per year to public arising from nuclear
facilities at a site considering all the routes of discharges and significant radionuclides
in each route of discharge. Derived limits corresponding to the dose apportioned for
different radionuclides are established taking into account the site specific parameters.
Authorised limits are set at a much lower value than derived limits to achieve effluent
releases ALARA. The releases from NPPs have been only afraction of release limits
specified.

15.3.4 Environmental Radiological Surveillance

Asmentioned earlier, the el aborate environmenta survey programme around each NPPsite
iscarried out by the Health Physics Units (HPUs) and Environmental Survey Laboratories (ESLS)
of BARC. Thebas c objective of environmenta monitoring and survelllance programmeisto assess
theradiological impact under all states of the NPP and demonstrate compliance with theradiation
exposure limits set for the members of the public by the AERB. Thisis achieved by carrying out
radiological surveillance of the environment by professionalsof ESLs. TheHPUsand ESLsarepart
of BARC and areindependent of theuutilities. They providetheregulatory body with periodic reports
on radiological conditions of the NPPs and the results of environmental surveillance,

The Environmental Survey Laboratory (ESL) isestablished severa yearsprior to operation
of aNPP. Extensive surveysare carried out around each nuclear power station to collect dataon
thedietary intake. During the pre-operational phase, annual intake of cereals, pulses, vegetables,
fish, meat, eggsand milk are established by direct survey. Elaborate studiesof the topography of
the site, land use pattern and popul ation distributions are carried out systematically during the
pre-operational phase. Along with thetopographical and dietary studies, the ESL also carriesout
the work of establishing the pre-operational background radiation levels. Extensive micro-
meteorological datasuch aswind speed and wind direction, temperatureand rainfall are collected
for afew yearsto identify the worst sector and critical population.

TheESL continuesits monitoring and surveillance programme during the operation phase
of theNPP. The samplesfor analysisare sel ected on the basisof potential pathways of exposure.
The programme undergoes modification based on experience. Generally, more samples are
collected near the vicinity of the plant and from locationswhere popul ation clustersexist and the
sampling frequency reduces with the distance. Areas up to a distance of 30 km distance are
covered under the environmental survey programme. Although the main emphasisison samples
that arerelevant directly to the estimation of the dose such as drinking water, edible food items,
air etc., anumber of other samplesare al so assayed for radioactivity and used astrend indicators.

From the radioactivity level in the environmental matrices, intake parameters and dose
conversion factors, the population dose is estimated. The annua effective dose to members of
the publicinthevicinity of the NPPs have been estimated by ESL sand found to beonly afew pSv.
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ESL sareaccredited |aboratories and they take part in inter comparison studies conducted
by IAEA.

154 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

Appropriatelaws, regulationsand requirementsregarding radiation protection asapplicable
to NPPs are in place and are being implemented by the utility. Adequate regulatory control is
exercised by AERB, through their respective systems, and organisations, dose limits, limits on
release of radioactive effluents, minimising radiation exposure to ALARA and environmental
surveillance. Significant experience and expertise have been gained over theyearsfor systematic
implementation of radiation protection programmein NPPs. Therefore, Indiacomplieswith the
obligations of Article 15 of the Convention on Nuclear Safety.
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ARTICLE 16
EMERGENCY PREPAREDNESS

1. Each Contracting Party shall taketheappropriate stepsto ensurethat thereareon-
site and off-site emergency plansthat are routinely tested for nuclear installations
and cover theactivitiesto be carried out in the event of an emergency.

For any new nuclear installation, such plans shall be prepared and tested before it
commences oper ation above alow power level agreed by theregulatory body.

2. Each Contracting Party shall take the appropriate steps to ensure that, insofar as
they arelikely to beaffected by aradiological emergency, itsown population and the
competent authoritiesof the Satesin thevicinity of thenuclear installation areprovided
with appropriateinformation for emer gency planning and response.

3. Contracting Partieswhich donot haveanuclear installation on their territory, insofar
asthey arelikely to be affected in the event of aradiological emergency at a nuclear
installation in the vicinity, shall take the appropriate stepsfor the preparation and
testing of emer gency plansfor their territory that cover theactivitiestobecarried out
in the event of such an emer gency.

16.1 GENERAL

Nuclear power plants (NPPs) are designed, constructed, commissioned and operated in
conformity with existing stringent nuclear safety standards. These standards ensure an adequate
margin of safety so that NPPs can be operated without undue radiological risks to the plant
personnel and members of the public. Notwithstanding these safety standards, it is necessary to
deve op, asameasure of abundant caution and in conformity with internationa practices, emergency
response plans so that under any eventuality with apotential to result in undueradiological risk to
plant personnel and public, ishandled effectively.

The preparedness and response to emergencies are important responsibilities of the
Operating Organisation. It hasto establish and maintain the necessary emergency procedures by
having an on-site emergency preparedness plan. Similarly, the District Authority hasaplan with
respect to off-site emergency. The role, responsibilities and action plans for various agencies
required to act during an emergency are detailed in these plans.

16.2 NATIONAL LAWS REGULATIONSAND REQUIREMENTS

The Government of Indiahasenacted “ The Disaster Management Act, 2005” which provides
for the effective management of disasters including accidents involving nuclear power plants
(NPP). Asper the provisionsof thisAct, the National Disaster Management Authority (NDMA)
has been established at the national level whose Chairperson isthe Prime Minister. The NDMA
hastheresponsibility for laying down policies, plansand guidelinesfor disaster management for
ensuring timely and effective response to any disaster. In line with the above, a National Plan,
State Plansand Digtrict Plansare drawn up by the respective authorities congtituted for the purpose.
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These respective plansinclude measures to be taken by the concerned responsible agencies for
prevention of disasters, or for the mitigation of their effects.

The AERB enforces safety and regulatory functions under the Atomic Energy Act 1962.
Oneof theimportant functions of AERB isto review the emergency preparedness plans prepared
by nuclear and radiation facilities.

Specific requirements with respect to emergency preparedness in NPPs have been
formulated by AERB inthefollowing regulations.

)

i)

Safety Code“ Regulation of Nuclear and Radiation Facilities” (AERB/SC/G, 2000)

This Safety Code stipulates the minimum safety related requirementsincluding
that for emergency preparednessto be met by anuclear or radiation facility to qualify
for theissue of regulatory consent at every stage leading to eventual operation. The
Code also elaborates on the regul atory inspection and enforcement to be carried out
by the Regulatory Body on such facilities. Prior to issuance of consent for operation
of aNPP, AERB ensuresthat the approved emergency preparedness plansarein place.

Safety Guide “Role of the Regulatory Body with Respect to Emergency Response
and Preparedness at Nuclear and Radiation Facilities” (AERB/SG/G-5, 2000)

This Safety Guide providesguidancefor the Regulatory Body onitsroleduring
emergencies at nuclear and radiation facilities. It provides necessary information
intended to assist the facilities, and other participating/ collaborating agencies, to
fulfil the requirements stipulated in the Code. It also elaborates on the Regulatory
Body’s review and approval process of the emergency response and preparedness
plansformulated by the nuclear and radiation facilities and the review of the reports
of the emergency exercises carried out to assess the adequacy of the response plans
and the associated preparedness.

Safety Code*“ Code of Practice on Safety in Nuclear Power Plant Operation” (AERB/
SC/O, 1989)

The Safety Code set forth the minimum requirementsincluding the devel opment
of an emergency preparedness plan, which shall be met in order to achieve safe
operation of aNPP. It also defines the requirementsto be met for maintaining ahigh
degree of emergency preparedness on the part of the Operating Organisation.

Safety Guide “Intervention Levels and Derived Intervention levels for Off-Site
Radiation Emergency” (AERB/SG/HS-1, 1993)

Thissafety guide presentstheintervention levels (ILs) and derived intervention
levels(DILs) for initiating countermeasuresin the public domain following anuclear
accident or radiological emergency. The ILs are formulated such that exposure to
individualsfrom all pathwaysiswell below the thresholds for deterministic effects,
the risk of stochastic effects to individuals is limited and the overall incidence of
stochastic effects in the exposed population is also limited.
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v)  Safety Guide*“ Preparedness of the Operating Organisation for Handling Emergencies
at NPPs’ (AERB/SG/O-6, 2000)

This Safety Guide supplementsthe Code of Practice on Safety in NPP Operation.
It providestheimportant cons derationsrelevant to the preparation and implementation
of emergency response plans by Operating Organisation.

vi) Safety Guidelines “Preparation of Site Emergency Plans for Nuclear Installation”
(AERB/SG/EP-1, 1999)

Thisdocument laysdown the requirements of theregul atory body to the Operating
Organisation for preparing and maintaining an emergency response plan for the site
emergency.

vii) Safety Guidelines* Preparation of Off-Site Emergency Plansfor Nuclear Installation”
(AERB/SG/EP-2, 1999)

Thisdocument laysdown therequirementsof theregulatory body to the Operating
Organisation and public authoritiesfor preparing an emergency response planfor an
off-site emergency. These safety guidelines cover al aspects of off-site emergency
response plans, which the Operating Organisation and public authorities shall prepare
and maintain for implementation in the event of an off-site emergency.

viii) Safety Manual “ Radiation Protection for Nuclear Facilities’ (AERB/NF/SM/O-2, Rev.
4, 2005)

Thissafety manua on‘ Radiation Protectionin Nuclear Facilities (Rev. 4), issued
under the Code of Practice on Safety in Nuclear Power Plant Operation, providesthe
necessary information intended to assist the facilities to fulfil the requirements
stipulated in the Code including the requirementsfor emergency preparedness. This
manual is an updated document, which takes into consideration the current ICRP
recommendations, international developmentsinthefield of radiation protection and
AERB safety directives. Reference dose levelsfor workers undertaking intervention
under severe accident conditions and the situations envisaged for such intervention
aregiven in the above document.

16.3 IMPLEMENTATION OF EMERGENCY PREPAREDNESSMEASURES

The emergency response plans of the Operating Organisation include the action plans,
which would be invoked in the event of an emergency. Before the commencement of operation
of an NPP, the Operating Organisation ensures that the following requirements are met:

(i) Theemergency preparedness and response plansfor NPP are drawn up and approval
from the AERB is obtai ned.

(i) Necessary training isimparted to the personnel to be deployed inimplementing the
action plans.

(iif) Theimplementability of the plansis confirmed by conducting exercises.
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The Operating Organisation has the responsibility to ensure that an updated emergency
response plan existsand that the emergency preparednessismaintained. The emergency response
plan provides guidance to ensure that the NPP and off-site authorities develop and maintain
compatible emergency plans. AERB approves Site Emergency Plans and the concerned State
Government (Province) approvesand issuesthe Off-site Emergency Plan after review by AERB.

The handling of emergency situations calls for co-ordination amongst various response
organisations including different service groups of the NPP and, in the event of an emergency
with potentia radiological consequencesin the public domain, the public functionaries such as
District and Central Government Authorities. The responsibility for the overall co-ordinationin
the case of site emergenciesrestswith the Operating Organisation (licensee) whereasin the case
of off-site emergencies it rests with the public functionaries. The responsibilities of various
response agencies, their sub-units and also the concerned officials are clearly indicated in the
emergency response plans.

The nature and magnitude of the preparedness and response measures would depend on
the specific category or extent of the emergency. Though the safety evaluation of an NPPrelates
to design basis events, the emergency response plans are based not only on the design basis
events but also on accident conditions due to more severe events, even if they have avery low
probability of occurrence. An analysisof such eventsand the projected radiological consequences
specific to the NPP, form the basis of the response plans, so that appropriate response actions
could bedrawn up.

In accordance with the Crisis Management Plan evolved by the government, DAE has
been identified as the nodal authority in respect of nuclear/radiological emergenciesin public
domain. For this purpose, a Crisis Management Group (CMG) has been set up. Thisgroup is
chaired by Additional Secretary, DAE and has membersfrom various arms of DAE and AERB.
The CMG has accessto resource agenciesto provide advice and assistancein theareas of radiation
measurement, protection and medica management. The system takes into consideration the
statutory requirement, the executive decisions as well asinternational obligations. The overall
planisthat, inthe event of any nuclear/radiol ogical emergency inthe public domain, theCMGis
immediately activated and will coordinate the additional technical resources required by the
affected NPP to handle the emergency.

16.4 EMERGENCY PREPAREDNESSPLAN

Asamandatory requirement, each NPP prepares an emergency preparedness and response
plan. Some of the important considerations which go into the preparation of this plan are:

(i) Counter measures, intervention levelsand derived intervention levels
(if) Identification of response persons and specific action plansfor each response person

(iif) Communication channelsto be activated in an emergency
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16.5 ZONINGCONCEPT AND EMERGENCY PLANNING

InIndia, aNPPisgenerally sted in ardatively low population zonewith the basic objective
of limiting the dose received members of the public and popul ation asawhole under normal and
accident conditionstoALARA levels. In order to achieve the above objective, theareaaround the
NPPisdivided into the following zones:

)

iii)

Exclusion Zone

An exclusion zone of 1.5 km radius around the plant is established which is
under the exclusive control of the Operating Organisation and no public habitation
is permitted in the area. The dose limitsto a member of the public under normal
operating conditions and under Design Basis Accident conditions specified are
applied at the boundary of thisexclusion zone.

Sterilised Zone

With the help of administrative measures, effortsaremadeto establish asterilised
zone upto 5 km radius around the plant. Thisis the annulus around the exclusion
zone which has the potential for extensive contamination in case of a severe
accident. Development activitieswithin this area are controlled so asto check on
uncontrolled increase in the population. In this area, only natural growth of
population is permitted.

Emergency Planning Zone (EPZ)

Thisisthe zone defined around the plant upto 16 km radiusand providesfor the
basic geographic framework for decision making on implementing measures as
part of agraded responseinthe event of an off-siteemergency. The EPZ isexamined
in great detail whiledrawing up an offsite emergency plan and arranging logistics
for the same.

Theentire EPZ isdivided into 16 equal sectors. The objectiveisto optimisethe

emergency response mechanism and to provide the maximum attention and relief
to the regions most affected during an offsite emergency.

16.6 CLASSIFICATIONOFEMERGENCIES

The Emergency Preparedness and Response Manual describes classifications of
emergencies based on severity and magnitude of the condition in the affected zones. Each category
isassociated with an intervention level for which appropriate countermeasures are specified. In
accordancewith different degreesof severity of the potential consequences, emergency situations

aregraded as:

(i) Siteemergency; and

(ii) Off-site emergency.
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The Operating Organisationisresponsiblefor carrying out remedial measuresduring site

emergency whilethe District Authority isresponsiblefor taking actionsto respondsto an offsite
emergency.

)

Site Emergency

An accidental release of radioactivity confined to the exclusion zone constitutes a
site emergency. An assessment of such a situation would imply that protective measures
are limited to the exclusion zone only.

The emergency response manual specifiesaction plansfor activating the emergency
personnel, declaring the emergency and aerting the Off-Site Emergency Director (OED)
and protecting the potentially affected site personnel. The protective measuresalso include
evacuation from the affected parts of the site and radiological monitoring of the environment
in the emergency planning zone (EPZ). After being alerted, the OED takes the necessary
stepsto cater to a potential off-site emergency.

Off-Site Emergency

An off-site emergency occurs when the radiological consequences of an emergency
situation originating from NPP are likely to extend beyond the site boundary (exclusion
zone) and into the public domain. For the purpose of planning off-site emergency, an
emergency-planning zone (EPZ) upto 16 kmradiusis specified. The emergency response
manual specifies the criteriato determine an off-site emergency.

The protective measures in public domain are also specified in the Emergency
Response Manual. These measureswould have to beimplemented by the District Officias
under the direction of the District Authority, who is designated asthe Off- Site Emergency
Director (OED).

16.7 ORGANISATION FOR EMERGENCY RESPONSE

16.7.1 Site Emergency Organisation

i)

Declaration of Site Emergency

The declaration and termination of asite emergency are made by the Site Emergency
Director (SED). Theformat of message of the declaration of asite emergency are specified
inthe emergency response manual and adhered to by SED while declaring the emergency.

Site Emergency Director (SED)

SED, as the Chairman of the Site Emergency Committee (SEC) is responsible for
convening the SEC when thefirst report of theinitiation of an emergency isreceived. SEC
obtains technical inputs, such as particulars of the accident, radiological monitoring data,
wind direction, wind speed etc. The decisionsfor declaration/ termination of an emergency
are based on inputs so obtained. The Station Director (SD) of the NPPisusually identified
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as SED. Thechain of command drawn up in the emergency response manual also indicates
who would take over as SED in the absence of the Station Director.

16.7.2 Off-Site Emergency Organisation

)

iii)

Declaration of Off-Site Emergency

The declaration/ termination of an off-site emergency is recognised as the
responsibility of the Off-Site Emergency Director (OED) in consultation with SED. The
SED assessesthe effect of any abnormal release of radioactive material extending beyond
the site boundary and will instruct actuation of warning systems (sirensetc.). Thiswill be
simultaneoudly intimated to OED who will then declare off-site emergency and moveto
the offsite emergency control centre.

Off-Site Emergency Director (OED)

The OED is the chairman of the Off-Site Emergency Committee (OEC) and is
responsible for convening the OEC when the report of the initiation of an emergency is
received. The OEC isanimportant and elaborately planned unit in an emergency management
organisation. It is directly responsible for all off-site emergency actions. It is headed by
the District authority, who is also designated as the Off-Site Emergency Director (OED).
Its membership includesthe Chiefs of all Public Servicesrelevant to management of any
emergency inthe public domain.

Co-ordination with Regulatory Body

The Regulatory Body prescribes the intervention levels to be incorporated in the
Emergency Manua sfor determining when aspecified countermeasure such asadministration
of prophylacticsor evacuation hasto beinitiated and the duration in which such actionsare
to be completed. As stipulated by the Regulatory Body, the NPP shall have an approved
Off-Site Emergency Preparedness and Response Manual issued by the concerned State
Government. Exerciseswill aso be conducted by the Operating Organisation as prescribed
in the manual in association with Public Authorities. For monitoring the exercises, the
Regulatory Body nominates its representatives.

The Emergency Preparedness and Response Plans are updated, reviewed and after approval
of Competent Authority isduly obtained by the Operating Organi sation.

16.8

INFRASTRUCTURE FOR EMERGENCY RESPONSE
Theexigenceof infrastructurefor conducting variousemergency responseactionsinasysematic,

coordinated, organized, effective and efficient manner isensured through thefollowing features:

i) Plant Control Room

Intheinitial stages of an emergency, the plant control room isused by the Site
Emergency Committee (SEC) to get first hand information about the emergency
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i)

Situation and to direct actions, as may be necessary. If for the same reason, the
main control room is not available, the status of plant can be monitored from the
supplementary control room.

Emergency Control Centre

An Emergency Control Centre (ECC) for site emergency is suitably located at
the site for use by the SEC for directing emergency handling operations and co-
ordination with off-site emergency response, so that control room staff is not
distracted from performing control room operations. It is established with due
consideration of shielding requirements, so that it is habitable throughout the
emergency period. Thisbuilding housesemergency equipment centre, treatment area,
personnel decontamination area and have sufficient space to accommodate SED,
SEC members, rescueteams, health physics staff, emergency maintenance unit staff,
storesand industria safety group. It isequipped with communication system, public
address (PA) system, emergency equipment/instruments, stationery, standard
operating and emergency procedures, design basis reports. P& | diagrams, maps of
emergency power supplies, potassium iodate (K10,) tablets, isodose curves etc.

An emergency control centre for the off-site emergency is located outside the
exclusion zone. Thiscontrol centreisused by OED for directing off-site emergency
response operation. It isequipped with the required facilitiesfor handling off-site
emergency response operation.

Communication System

NPPs have efficient communication systems such as subscriber’strunk dialling
(STD), hot line, satellite, telex, radio, voice-mail, e-mail and fax communication
facilities besides power line carrier communications. These are utilized to
communicate with Headquarters, DAE Emergency Control Room and other
concerned authorities/agencies. These systems are available for use at all times.
Appropriate channels are also established to ensure communication to the
Regulatory Body.

Assessment Facilities

The Operating Organi sation has suitablefacilitiesto assessthe nature and severity
of aradiation incident and itsimpact on the environment. Theseinclude environment
survey vehicles, plant control roominstruments, field survey meters, contamination
monitors, meteorological data, isodose curves, air samplers, counters, maps etc.

Protective Facilities

The Operating Organi sation provides suitablefacilitiesto protect plant personne,
site personnel and members of public at large. These include assembly areas,
temporary shelters, treatment areas, decontamination centres, first-aid centres,
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respirators, prophylactics, thermoluminiscence dosimeters (TLDs), direct reading
dosimeters (DRDs) and protective clothing.

16.9 EMERGENCY MEASURES

The emergency measures consist of emergency actionsin respect of notification, alerting
personnel, assessment of situation, corrective actions, mitigation, protection and control of
contamination. These are detailed in the emergency response manual.

)

i)

Notification

Any emergency Situation will be promptly notified to the concerned personnel
as per the notification plan. The message conveyed in the notification isrequired
to be clear and concise.

Assessment Action During Emergency

I ndli cating, recording and annunciating instruments provided in the main control
room, radiation surveys, environmental surveys, meteorol ogical dataand status of
plant are utilized to assess the situation and for predicting projected doses. These
assessment actions enabl e planning timely corrective and protective actions.

Corrective Actions

These actions are taken to correct plant abnormal situations and to bring the
plant under control. The types of corrective actions are decided by the situations
prevailing at that point of time.

Protective Measures (countermeasures)

These actions are taken to mitigate the consequences of a radiological event
and to protect, site personnel, members of public and livestock from radiation.
Theseinclude sheltering, administration of prophylactics, control on consumption
of contaminated foodstuff and finally evacuation. It is essential to ensure that the
response measureswould reducethe overall impact to publicto alevel significantly
lower than what they would be in the absence of such measures. The emergency
response manual givesdetailsof the protective measuresand theintervention levels
approved by AERB for initiating protective measuresto limit radiation exposures.

Evacuation isavery effective countermeasure but isvery carefully considered
before a decision to implement is taken. The benefits and risks of this
countermeasure are carefully assessed in termsof averted dose. If radiation levels
inthe affected zone continue to exist beyond acceptable levels, then relocating the
affected population is resorted to.

Contamination Control Measures

Contamination control measures are meant to check the spread of radioactive
contamination. These actions include segregation of highly contaminated persons
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and decontaminating them, decontamination of vehicles, regulating thetraffic, access
control to prevent unauthorized entry to keep traffic routes open solely from the
emergency response point of view, confiscation of contaminated food stuff and
substituting fresh uncontaminated food in its place, banning fishing in contaminated
sealriver water, banning the consumption of contaminated water and itsreplacement
with contamination-free water, identification of contaminated areas requiring
excavation and disposal of contaminated soil, decontamination of contaminated
dwellingsor their disposal, and destroying the contaminated crops and grass.

16.10 ASSISTANCE TOAFFECTED PERSONNEL

Inthe event of anuclear emergency, the plant management isresponsiblefor the affected
personnel with all necessary assistancein respect of their rehabilitation and treatment, sheltering
and evacuation as necessary. Thesimilar responsibility for providing assistance to personsin the
public domain isthat of the District Authority and State Government.

)

i)

First-aid
Each NPP site has at |east onefully equipped first aid centre manned round the

clock by trained personnel for providing first aid to the injured/affected persons.
Thisislocated as close as possible to the personnel decontamination centre.

Decontamination

Monitoring the contamination and carrying out decontamination of personnel,
equipment, facilities and areas within plant and site is the responsibility of the
Operating Organisation. It is also responsible for setting up fixed and mobile
facilitiesfor carrying out decontamination with adequate supply of water. While
setting up and maintaining such facilitiesin the public domain arethe responsibility
of the District Authorities, the actual operationsare carried out under the guidance
of operating Organisation.

Transportation

All necessary resourcesfor transport are mobilized within the plant in the shortest
possibletimein case of asite emergency to undertake evacuation of non-essential
staff. Thisisdoneunder the supervision and control of acommon authority. Adequate
stock of diesdl oil and petrol ismaintained at all timesto face such an eventuality.
Arranging transport of evacueesin the affected sectorsin the public domainisthe
responsibility of OED. The District Authorities are empowered to mobilize even
private vehicles, if found necessary.

Medica Treatment

Theinjured and affected site personnel will betreated asnecessary inradiation
emergency treatment wards in the hospitals managed by NPPs. These wards are
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fully equipped with necessary instruments, medicines, operating theatres, beds,
decontamination centres etc. These are operational at all times.

The responsibility for treatment of affected persons in the public domain rests
with the District Health Authority. However, any guidance needed in the treatment
of radiation injuries will be provided by experts of the Medical Division of the
NPP and the Department of Atomic Energy.

16.11 MAINTAINING EMERGENCY PREPAREDNESS

A viable mechanism has been put in place to assess the overall emergency preparedness
of an NPP. The required emergency preparedness is maintained by organizing various training
courses for site and off-site personnel at regular intervals. This includes conducting periodic
rehearsals/mock exercises involving all concerned personnel, updating plant emergency
procedures and site and off-site emergency action plansat aspecified frequency, making suitable
changesinthe planinthelight of periodic reviewsbased on emergency exercisesand keeping al
emergency equipment and accessoriesin operational condition.

)

i)

Traning

Appropriate training is imparted at regular intervals to all employees of the
NPP, to familiarize them with actions that should be taken during an emergency.
Similar training courses are also organized round the year for various Public
Authorities.

Exercises

Exercisesare conducted at regular intervalsand inwhich all concerned agencies
take part. Exercisesare used for thetwin purposes of emergency preparedness and
gauging the success of emergency preparedness programme. It isensured that each
Shift Charge Engineer takes part in these exercises at |east once ayear. The site
emergency exercises and off-site exercises are conducted in accordance with the
frequency prescribed by AERB. The observations of each exercise are discussed
immediately in the Station Operation Review Committee (SORC) meeting and
deficiencies are promptly corrected.

Review and Updating of Plansand Procedures

All plans and procedures are reviewed in their totality at regular intervals and
the necessary corrections/ changes are carried out to keep them up to date.
Emergency Equipment and Supplies

Various facilities and equipment such as - the emergency equipment centre,
personnel decontamination centre, emergency survey vehicle, radio equipment,
contaminated casualty Kits, respirators, emergency treatment area, first aid centre,
stretchers, ambulance, emergency shelters, emergency equipment kits, assembly
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areas, plant emergency control centre, radiation survey and contamination
monitors, protective clothing, DRDs, TLDs, communication equipment,
standard operating procedures, design basis reports, process &
instrumentation diagrams, emergency power supplies, radiation emergency
ward etc.- are kept up to date and readily accessible. At regular specified
intervals an inventory of various items are taken and verified by the Health
Physics Unitsor other identified agencies. Deficiencies, if any, are promptly
corrected by replacement and replenishment as the case may be. Instruments
are checked for calibration and the batteries are replaced periodically.

V)  Interna and External Auditing

A system of internal auditing by the Quality Assurance Group of the NPP and
externa auditing by the appropriate agency at headquartersisin placefor the purpose
of checks and counterchecks and used in gauging the effectiveness of emergency
preparedness and ensuring compliance with regul atory requirements.

16.12 PUBLICAWARENESSABOUT EMERGENCY PREPAREDNESS

Regular training courses are arranged by each NPP for the genera public in that area by
inviting themin batchesto the plant. The course contentsinclude an introduction to atomic energy,
safety in nuclear industry and about emergency organization in that nuclear power plant. Asapart
of this public awareness programme, visits to the Emergency Control Centre and the
Environmenta Survey Laboratory area so arranged. Asameansof creating better public awareness
on this subject, ashort list of ‘do’s and don’ts’ during a nuclear emergency is distributed to the
general public.

16.13 TRANSBOUNDARY IMPLICATIONS

As per the Indian regul ation, the planning for emergency preparednessis carried out for
the Emergency Planning Zone (EPZ), which isdesignated up to aradial distance of 16 km from
the NPP. The population in this zone are kept informed on emergency planning and response. The
neighbouring states are at very large distances from the location of operating NPPs and those
under construction. Hence there are no transboundary implications.

16.14 INTERNATIONALARRANGEMENTS

India is a signatory for convention on early notification and convention on mutual
assistance. The CrisisManagement Group (CMG) has been identified asthe nodal agency under
both these conventions for keeping in contact with the IAEA during any off-site emergency
scenario. Joint International Nuclear Emergency Exercises are conducted jointly by IAEA and
severad international organizations. Asthe nodal agency, the CM G recelves and acknowledgesthe
messages in connection with these exercises.
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16.15 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

Appropriate laws, regulations and requirements regarding emergency preparedness as
applicable to NPPs are in place and are being implemented by the utility. Adequate regulatory
control isexercised by AERB, through regulations, approval of emergency response plansof the
utilities and taking part in the emergency exercises. In view of the details described above,
obligations of the convention have been complied with.
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ARTICLE 17
STING

Each Contracting Party shall take the appropriate steps to ensure that appropriate
procedur esar eestablished and implemented:

i. for evaluating all relevant site-related factorslikely to affect the safety of a nuclear
installation for itsprojected lifetime;

ii. for evaluatingthelikely safety impact of a proposed nuclear ingtallation onindividuals,
society and theenvironment;

iii. for re-evaluating as necessary all relevant factorsreferred to in sub-paragraphs (i)
and (ii) so asto ensurethe continued safety acceptability of the nuclear installation;

iv. for consulting Contracting Partiesin thevicinity of a proposed nuclear installation,
insofar asthey arelikely to beaffected by that installation and, upon request providing
the necessary information to such Contracting Parties, in order to enable them to
evaluateand maketheir own assessment of thelikely safety impact ontheir territory
of thenuclear installation.

17.1 GENERAL

The present statutory provisions permit the Central Government or acompany established
by the Central Government to set up anuclear power plant in India. To enablethe selection of a
suitable site, the Centra Government has constituted a Site Selection Committee (SSC). The
SSC evaluates the suitability of the various sites proposed by concerned states governments,
taking into account Site rel ated factors such as socio economic scenario, availableinfrastructure,
population distribution, land use, etc. Based on the recommendation of the SSC, the Central
Government takes the decision on the selection of sites. The utility then approaches various
central and state level regulatory authoritiesfor obtaining the necessary clearancesfor setting up
aNPP at that Site.

Safety isanimportant factor considered in the engineering of al nuclear power plants. It
includes radiological safety of the personnel, public and the environment both during normal
operation of the plant aswell asduring and following accident conditions. Thiscallsfor detailed
analysisof all sterelated parameters, which have adirect or indirect bearing on the safety of the
plant and environment.

17.2 NATIONAL LAWS REGULATIONSAND REQUIREMENTS

The Atomic Energy Act 1962 and rules framed there under provide the main legidative
and regulatory framework for locating an NPP in India. There are other applicable legidation
such as the Environment (Protection) Act 1986, the Water (Prevention & Control of Pollution)
Act, 1974, the Air (Prevention & Control of Pollution) Act 1981, etc which aso establish
requirements of necessary clearances. National laws and regulation pertaining to location of an
NPPin Indiaissummarised in Chapter onArticle 7: Legidative and Regulatory Framework.
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All Nuclear Power Projects, prior to submission of the Detailed Project Report to the
Government for approval, need clearance mainly from the Atomic Energy Regulatory Board
(AERB) from nuclear safety considerationsand the Ministry of Environment and Forests (M oEF)
of the Central Government from the environmental considerations.

In addition, clearances also need to be obtained from other central and state level agencies,
as per applicablerequirements, from National Airport Authority, State Maritime Boards, Ministry
of defence and Ministry of external affairs, as appropriate.

AERB Safety Code on Regulation of NPPs and Radiation Facilities, AERB/SC/G
establishes the requirements for obtaining license from AERB at all stages such as Siting,
Construction, Commissioning, Operation and Decommissioning. The licensing process is
described indetail in AERB/SG/G-1, including the requirementsfor documents, areas of review
and assessment, etc. Thelicensefor siting involvesreview of the various site/plant rel ated safety
aspects. The mechanism of review is brought out in chapter on Article-14 on Assessment and
Verification of Safety.

AERB Code of practiceon safety in NPPsiting, AERB/SC/S, establishesthe requirements
for evaluation of asitefrom safety considerations. Several safety guidesissued under thiscode
provide guidance for meeting theserequirements. Thelist of guidesisgiveninannex 17-1. A site
isconsidered acceptable, when all the siterel ated i ssues have been addressed, thusgiving assurance
that the proposed NPP can be built and operated such that the risk to the population and the
environment iswithin acceptable limits.

The prior environmental clearance for aNPP is obtained from Ministry of Environment
& Forests (MOEF), as per the requirement of Environmental Protection Act 1986. For this, the
utility prepares an Environmental |mpact Assessment (EIA) Report in a prescribed format in
respect of the project or activity for which the clearance is being sought.

17.3 CRITERIAFOREVALUATINGFACTORSAFFECTINGSAFETY

17.3.1 Licensefor Siting from AERB

Based on the requirements specified in AERB/SC/S, utility prepares a Site Evaluation
Report (SER). The contentsof the SER should cover variousitemsunder following broad category:

a Salient features of the proposed site
b. Site characteristics affecting safety
c. Interactionsof NPPwith its environment

In addition, the SER should contain brief design information on the proposed project. It
should provide concise information giving an overview of the proposed power plant. The
information should assist in evaluating the given sitein relation to the type, capacity, number of
unitsetc. It should include following information.
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*

*

*

proposed type of plant including capacity of plant, number of units etc.
overall safety approach
dose limits, bases for emergency preparedness

offsite power supplies

The regulatory review and assessment of SER is carried out to determine the potential
consequences of interaction between the plant and the site and the suitability of the site for the
proposed plant from the point of view of safety.

The significant areas of review and assessment under thisinclude:

(&) Thoserelatedto environmental conditions and aspectswhichwill influencethedesign basis
of the plant, namely:

(YA
V.

Vi.

Vil.

Geology and soil mechanics

Topography

Hydrology and hydro-geology

M eteorology

Natural phenomenasuch as earthquakes, floods and tornadoes

Potential external man-induced events such as plane crashes, fires and explosions

Failure of man-made structures such asdams and seawalls

viii.Availability of water for plant cooling and requirement of ultimate heat sink

iX.

Reliability of off-site electrical power

The effect of various site parameters on engineerability of the sitein the context of external
and man induced events is assessed. For an external event (or combination of events) the
choice of values of the parameters upon which the plant design is based should ensure that
structures, systems and components important to safety in relation to that event (or
combination of events) will maintaintheir integrity and will not suffer loss of function during
or after the design basisevent. If, after thorough eval uation, no engineering solution can be
found to provide adequate protection against design basis external events, the site shall be
deemed unsuitablefor thelocation of the nuclear power plant of the type and size proposed.

(b) Thoserelated to the effectsof the plant on the environment that could warrant specific design
or operational requirements, namely:

Dispersion of radioactive liquid effluents
Dispersion of radioactive gaseous effluents

Radiation exposure of the public arising from liquid and gaseousradi oactive effluents
released during normal operation, anticipated operational occurrencesand accident
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conditions, taking into account dispersion patterns, present and prospective
population distribution, public water supply, milk and food consumption, and
radioecol ogy.

For each proposed site the potential radiological impact on people in the region during
operational statesand accident conditionsisassessed. Baseline datarequired for assessment
of radiological impact is collected for various environmental components, viz., air, water,
land, biological and socio-economic environment, etc. These include physio-chemical,
biological characteristics & activity of ground water and surface water, soil characteristics,
composition of vegetation cover, meteorol ogical parametersetc. The Environmental Survey
Laboratory is established for conducting the pre-operational studies and continued
meteorological surveillance.

Itismandatory that an exclusion zoneof at least 1.5 kminradiusaround the plant isestablished
and this areais kept under the exclusive control of the authority of power station, wherein
public habitationisprohibited. Further, asterilized areaaround the exclusion zone covering
up to Skm radius around the siteis established. While only the natural growth of population
isalowedinthisarea, the planned expansion of activitiesare regulated by the administrative
or legidlative measures.

The site is required to have good atmospheric dispersion characteristics. An emergency
planning zone areais established within 16km radius of site. Information on the population
distribution, land and water use, dietary habits, critical exposure pathwaysiscollected and an
appropriate radiological model is established for assessment of dose to members of public.

(c) Availability of roads and access features for emergency response purposes.

(d) Aspects on security measures with reference to site characteristics.

17.3.2 Environmental clearance from Ministry of Environment and Forests

Environmental clearance from MoEF is a precondition for issue of siting clearance by
AERB. For the prior environmental clearancefor aNPPfrom Ministry of Environment & Forests
(MoEF), Environment Impact Assessment (EIA) Report in aprescribed format isprepared. The
Expert Appraisal Committee (EAC) constituted by MoEF carriesout apreliminary review of the
EIA report and determines the Terms of Reference on the basis of the information furnished in
the prescribed application form, sitevisit if needed and other information that may be available
withit. Based ontheevolved termsof reference, the utility hasto revisethereport addressing all
the concernsraised by the EAC.

Public Consultation is an essential pre-requisite for obtaining MoEF clearance in the
formulation of aproject. Thisprocesshastwo components(i) apublic hearing at thesiteor inits
close proximity to be carried out in the prescribed manner and (ii) obtaining responsein writing
from other concerned persons having aplausible stake in the environmental aspectsof the project.
The State Pollution Control Committee, in pre specified manner, conducts the public hearing.
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After completion of the Public Consultation, the project proponent addresses the material
environmental concerns expressed during this process and make appropriate changesin the draft
Environment Impact Assessment and Environment Management Plans.

The EAC carriesout the detailed scrutiny of the application and other documentslikethe
Final EIA report, outcome of the public consultations including public hearing proceedings,
submitted by the applicant to MoEF for grant of environmental clearance. Thisappraisal ismade
by the EAC in atransparent manner at a proceeding to which the applicant hasto be invited for
furnishing necessary clarifications. On conclusion of this proceeding, the EAC makes
recommendations to MoEF for grant of prior environmental clearance on stipulated terms and
conditions, or regjection of the application, together with reasons for the same.

17.4 CONTINUED SAFETY ACCEPTABILITY OF NPP

During the operating period of the plant, an environmental monitoring programme is
established and implemented in accordance with the AERB requirements specified in Code of
practicein operation and safety guide AERB/SG/O-5, “ Radiation protection during operation of
nuclear power plants’. At each site, the Environmental Survey Laboratory (ESL) continue to
implement the programme. This programme includes comprehensive monitoring of radionuclide
contents from various environments to obtain the activity distribution pattern. The samples are
collected routinely from specified locations and analysed. Based on the diet survey and
radioactivity data, the public exposureto radionuclide through different routesisestimated. AERB
formally reviewsthe report of ESL with specified periodicity as part of its safety supervision.

Asmentioned above, the planned expansion of activitiesinthe sterilised areaareregul ated
by legidative measures or administrative measures by the state government/local authoritiesetc.

At the time of renewa of authorisation for operation based on Periodic Safety Review
(PSR), following elements are comprehensively reviewed to determine the continued safety
acceptability of the nuclear installation, taking account of changes, if any, in site-related factors
given below.

Changesin use of land areas around the site
L ocal population distribution,
Off-site population distribution.

e o o o

Site characteristics, particularly flood and seismic, which may pose ahazard, and
e. Loca meteorological conditions.
17.5 INTERNATIONALARRANGEMENTS

As per the Indian regulation, the planning for emergency preparednessis carried out for
the Emergency Planning Zone (EPZ), which isdesignated up to aradial distance of 16 km from
the NPP. The population inthiszone are kept informed on emergency planning and response. The
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neighbouring states are at very large distances from the location of operating NPPs and those
under construction. Hence there are no transboundary implications. Indiais party to Convention
on Early Notification of a Nuclear Accident (1986), and the Convention on Assistance in the
Case of a Nuclear Accident or Radiological Emergency (1986) and complies with their
obligations.

17.6 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

The Site Selection for locating an NPP is carried out by the Central Government in
consultation with concerned state governments. The utility carriesout detailed siteinvestigations
and prepares Site Eval uation Report and Environmental | mpact A ssessment Report for independent
evaluation by AERB and M oEF respectively. The comprehensive review and assessment of site
related factors ensure that setting up of the NPP will not cause undue risk to the public and the
environment. The periodic safety review for renewal of authorisation for operation ensures that
important site related factors are periodically reviewed to determine the continued safety
acceptability of the nuclear installation. As all the NPPs operating and under construction are
located sufficiently away from the national border, formal agreement with the neighbouring
countries for sharing of information has not been considered necessary. Hence, the country
complieswith the obligations of Article 17 of the Convention on Nuclear Safety.
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Annex 17-1: AERB Safety Guides under Code of Practice on Siting

Safety Series
AERB/SG/S-1
AERB/SG/S-2

AERB/SG/S-3
AERB/SG/S-4
AERB/SG/S5
AERB/SG/S-6A
AERB/SG/S-6B
AERB/SG/S7
AERB/SG/S-8
AERB/SG/S-9
AERB/SG/S-10
AERB/SG/S-11

Title
Meteorological Dispersion Modelling

Hydrological dispersion of Radioactive Materiasin relation to Nuclear Power
Plant Siting

Extreme vaue Analysisfor Meteorological Parameters
Hydrogeological Aspectsrelated to NPP Siting
Calculational Models for Dose from Concentrations
Design BasisFlood for Inland Sites

Design Basis Flood for Coastal Sites

Man induced events and establishment of DBs

Influence of Site Parameters on Emergency Preparedness
Population Distribution and itsAnalysis

Quality Assurancein Siting

Design Basis Ground Motion for Nuclear Power Plant Sites
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ARTICLE 18
DESIGNAND CONSTRUCTION

Each Contracting Party shall taketheappropriatestepsto ensurethat:

i. thedesign and construction of anuclear installation providesfor several reliablelevels
and methods of protection (defence in depth) against the release of radioactive
materials, with a view to preventing the occurrence of accidents and to mitigating
their radiological consequencesshould they occur;

ii. thetechnologiesincorporated in thedesign and constr uction of anuclear installation
areproven by experienceor qualified by testing or analyss,

iii. thedesign of anuclear installation allowsfor reliable, stable and easily manageable
oper ation, with specific consder ation of human factor sand theman-machineinter face.

18.1 NATIONAL LAWS REGULATIONSAND REQUIREMENTS

National laws, regulationsand requirementsfor setting up aNPP are summarised in chapter
onArticle7: Legidativeand Regulatory Framework. AERB code onregulation AERB/C/G and
Safety Guide AERB/SG/G-1 on Consenting Process for Nuclear Power Plant and Research
Reactor, identifies various authorisation stages, which includes requirements of license for
construction and areas of review and assessment for safety in design and construction. The
licensing processfor locating and operating NPPin Indiais summarised in the chapter onArticle
14: Assessment and Verification of Safety. The AERB Code of practice on Design for safety,
AERB/SC/D describesthe design approaches and minimum requirementsto be met during design
of structures, systemsand components (SSC) of PHWR based NPPsin Indiafor assuring safety.
Various safety guidesissued under the Code provide guidancefor achieving these requirements.
Annex 18-1 givesthelist of AERB Guideson Safety in Design. In Situationswhere such regulations
are not specifically evolved dueto novelty or otherwise of the design, the Regul atory Body may
prescribe theinternationally available regul ation/document acceptableto it for the purposeor in
certain circumstances evol ve and prescribe case specific requirements. For NPPs designed abroad,
AERB takesin to account the differencesin safety standards and requirements between the two
countries and may accept them as the applicable safety standards & requirements.

AERB Code of practice on quality assurance for safety in NPP, AERB/SC/QA provides
the principles and objectives for ensuring safety of public and site personnel when establishing
an overal quality assurance programme for constituent phases, viz. design, manufacturing,
construction, commissioning and decommissioning of NPPsin the country. Various safety guides
issued under these Codes of practice provide guidance for achieving the requirements specified
inthem. Annex 18-2 givesthelist of AERB Guides on Quality Assurance.

18.2 REVIEW OF DESIGNAND CONSTRUCTION

The prerequisitefor issue of licensefor construction isthe review of the design safety of
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the proposed NPP. For this, the utility isrequired to submit Preliminary Safety Analysis Report
[PSAR] inaprescribed format. Throughthe PSAR, the utility

1) providessafety evaluation of the proposed facility and demonstratesthat thefacility
can be built and operated at the proposed site without undue risk to the health and
safety of the general public. The evaluation should take into account experience
feedback from similar NPPs and experimental results.

I1) provides information such as design bases, site and plant characteristics, safety
analyses and conduct of operations, in such away that the Regulatory Body may
evaluate the safety of the plant.

Consideration of postulated initiating events (PIES) strongly influencesthe design limits
for the safety systems and for most structures, systems and components (SSCs) needed for
operation of the plant. The potentia radiological consequences for workers, the public and the
environment for design basis accidents may be much more severe than those during routine
operation. For this reason, a large part of the review and assessment effort is directed to the
safety analysis of such low frequency PIEs.

Thereview and assessment of the safety analysisby the Regulatory Body iscarried out to
ensure that

(@) the list of PIEs and their frequency is acceptable as the basis for the safety analysis
(AERB/SG/D-5 providesthelist of PIEsto be considered for PHWR of current design),

(b) the overal plant design is capable of meeting the prescribed and acceptable limits for
radiation doses and releases set by AERB,

(c) the design provisions made on structures, systems components (SSC) are consistent
with safety requirements derived from the safety analysis.

Theregulatory review and assessment includesacheck that any data, modelling or computer
codes used inthe analysis are based on sufficiently well founded knowledge and understanding,
and that an adequate degree of conservatism has been built in. The computer codesare validated
against experience or experiment. It isensured that the coding has been done accurately, theinput
data have been correctly assigned, and that the checks have a so been made to ensure that the code
has not been corrupted by modifications and isbeing used in an appropriate manner.

To supplement the PSAR, the utility isalso required to provide among other submissions,
the following documents to AERB in the prescribed format in a progressive manner for review
and approval for the purpose of license for construction.

1) Quality assurance program for design and fabrication
i) Applicant’ssite construction Quality Assurance manual

ii1) Construction schedule (major milestones including regulatory clearances)
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Iv) Construction methodology document for the proposed NPP

v) Design Basis Reports (DBR) and Design Reports' (DR) of items important to
safety

vi) Documentson Industrial Safety during Construction
vii) Qualification and organisation of the applicant and hisvendors

viii) Emergency preparedness plan covering the project construction personnel
and their colony (for existing sites)

IX) Security aspects relevant to the construction phase

18.3 DESGN

topics

Thereview and assessment areas of particular significancefor designincludethefollowing

Safety approach of the applicant (objectives and principles) especidly the
importance given to such topics as accident prevention, surveillance and means of
intervention and mitigation, defence in depth, redundancy, physical  separation,
diversity

Safety classification of systems, structures and components

Compatibility of the design with the site

Design basis, ground motion, geo-technical investigations and foundation parameter,
meteorol ogical parameter (Hydrology and Hydro-geol ogy)

Layout of the nuclear power plant buildings and equipment, in particular, physical
Separation, easy accessibility to equipment for maintenance and routine surveillance,
shielding and protection against explosions, missiles, plane crashes, fireand other
natural and man-induced events.

Nuclear Security giving emphasis on Physical Protection System Design.

In carrying out its review and assessment of design prior to issue of license for
construction, the Regulatory Body determinesthat the proposed design of NPP meetsthefollowing
safety objectives and requirements.

* Implementation of defencein depth principle

» Emphasison prevention of DBESrather than on mitigation of their consequences

» Technologiesincorporated in the design and construction of anuclear installation have been
proven by experience or qualified by testing or analysis

» Implementation of criteriarelated to human factors and human machine interface
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Thefallowing paragrgphsdescribehow these safety objectivesand requirementsareimplemented
in the design of NPP. The enclosed Annex 18-4 describes briefly how these principles are trandated
typicdly inthedesign of 2 X 540 MWe PHWRs, which wererecently congtructed at Targpur.

18.3.1 Implementation of defence in depth principle

Thesafety indesignisprimarily based on the concept of defence-in-depth. The* defence-
in-depth’ concept isimplemented in the reactor design by means of aseries of layersof physical
barriers and levels of protection. Each layer is designed to act as an independent barrier against
breach of safety. Safety systems are also provided with redundancy so asto meet single failure
criteria. Diversity and physical separation of redundant systemsis provided to avoid common
mode failures. The concept of defence-in-depth isimplemented for each system, which have a
rolein the three fundamental safety functions of Safe Shut-down, Heat removal from core and
Confinement of radioactivity-to limit their release to the environment.

The confinement of radioactivity infuel isachieved by aseriesof fiveindependent barriers,
namely, Ceramic fuel pellet of UO2, Fuel cladding of Zircaloy-2, Primary system pressure
boundary, Primary containment and Secondary containment. Each of these barriersis designed
for theenvironmental conditionsand serviceloading to which it issubjected to, while performing
the respective function. The exclusion zone of 1.6 Km and a sterilised zone of 5 km from the
plant are further layers of defence-in-depth. The area in exclusion zone is fully acquired and
cordoned off from public. In sterilised zone, no new organized habitation/industry is permitted
through administrative or legislative measures.

During normal operation, safety related process systems maintain the relevant plant
parameterswithin set limits. The design of equipment takescare of al normal operating conditions
and postulated abnormal transients. The design of these process systemsincorporates appropriate
detection and control measures to ensure these objectives. Measures such as setback (reactor
power rundown), step-back (power drop down) and trips on safety parameters are provided
whenever deviationsfrom normal operating conditionsare detected. Control and instrumentation
systems incorporate appropriate redundancy measures so that single failure criterionis met.

It is ensured that the systems, structures and components having a bearing on reactor
safety are designed to meet stringent performance and reliability requirements. These
requirements are met by adopting the following design principles:

» Thequdity requirementsfor design, fabrication, construction and inspection for these system
isof high order, commensurate with their importance to safety, meaning that they are designed
to conformto codes and standards which demand highest quality in material and workmanship.

» The safety related equipment inside the containment building are designed to perform the
desired function even under the elevated pressure and temperature and steam environment
condition expected in the event of postulated |oss of coolant accident.
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» Physical and functional separation is ensured between process systems and safety systems.
Asfar as practicable this separation is aso provided between different safety systems, as
well as between redundant components within a safety system. Thesefeaturesensurethat a
singlelocal event viz. fire, missile, pipefailure, will not result in multiple component/system
failures and the functionsrequired for safety of the reactor are not impaired due to common
cause failures.

* Adequateredundancy isprovided in the system such that the minimum safety function can be
performed even in the event of failure of single active component in the system. In addition
to ‘single failure criterion’ requirement, safety systems are also required to meet specified
unavailability targets, evaluation of which takes into account permissible down time of the
equipment specified in the ‘ Technical Specification for the Plant Operation’. The reactor
control and protection systems havetriplicated instrument channel s operating on two out of
three coincidence principle. Each channel isindependent of other channels, with separate
detectors, power supplies, amplifiersandrelays. Thisarrangement ensuresthat safety function
will be performed reliably by allowing testing and maintenance of a control or protection
channel without affecting reactor operation.

« To minimise the probability of unsafe failures, wherever possible, the logics and
instrumentation circuits are designed to fail in the safe direction.

* Provisionsareincorporated in the design to ensurethat active componentsin safety systems
are periodically testable.

o All support systemsviz. electrical power supply, pneumatic power supply & cooling water
supply, necessary for the satisfactory functioning of the safety systems are from reliable
sources such that single component failure does not jeopardize the minimum supply
requirements.

Thedesign of the plant al so takesinto consideration external events specifictoasite. The
external eventsaregrouped into natural eventsand man-induced events. Natura eventsconsidered
inthe design are possible seismic events at the site and extreme meteorol ogical phenomenasuch
asfloods, highwinds & cyclones, heavy precipitation etc. Man-induced eventsinclude aircraft
crashes, hazards from toxic and explosive materials, blasting etc, are a'so considered. For each
of theeventswhose potentia at the given siteisknownto exist, adesign basisevent isestablished.

The seismic design of the plant considers two different intensities of earthquakes viz.
operation bas s earthquake (OBE) and saf e shutdown earthquake (SSE). The OBE representsthe
intensity of earthquake for which the plant is designed to remain functional during and after the
event. The SSE considers the maximum earthquakes potential of the site and its intensity is
decided on the basis of geological and seismo-tectonic data.

Flooding ininland sites could be caused by heavy precipitation or by thereleaseof large
volumes of water dueto failure of upstream dams under seismic disturbance or any other cause.
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The plant is designed for adesign basis flood resulting from probable maximum precipitation
with a mean recurrence interval of 1000 years. Flooding due to failuresis also considered for
the dam(s) located upstream. Failuresof damslocated downstream also have safety implications,
inthat it may affect availability of ultimate heat sink and istherefore considered in the design.

For coastal sites, flooding dueto cyclones, tsunami and wind wavesare considered inthe
design.

It is the combination of sound design and operating practices that makes a safe reactor.
Recognising this, the operation of nuclear power plants are characterised by:

» Strict adherence to technical specification for plant operation, which sets safety limits on
various parametersand lay down requirementsregarding operability, surveillance and testing
of key equipment.

» Content selection training, qualification & re-qualification of operation personnel.
* A wadl plannedin-serviceinspection programme.
* Regular preventive maintenance.

* Rigorous and multi-tier review of operation asa part of plant procedures, aswell as part of
the regulatory process during operation.

18.3.2 Prevention of accident and their mitigation

Emphasison accident preventionisrequired to be the objective rather than on mitigation
of their consequences. This is achieved by a conservative design and manufacturing, proper
commissioning and operation within the specified limiting conditions.

The accident prevention measuresinclude:

Conservative design and maintaining high quality in construction and operation
in linewith thefirst level of defence-in-depth

- Redundancy being provided in safety and process sytems. Safety systems are
targetted to achieve an unavailability target of 107,

- Diversity being provided in design for protection against common modefailures.
The design envisagesindependent and diverse meansto achieve core cooling.

A complete separation between safety and process system being ensured.
Separation aswell asdiversity among componentsis provided within the system.

Following an accident, the focus shifts to mitigate the consequences, which is achieved

- Having safety systemsto ensure basic safety functionsof reactivity control, core
cooling and containment of radioactivity
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- Operating engineered safety featuresto reduce/minimizerelease of radioactivity

- Following emergency operating proceduresto handle the event and to bring the
plant to safe state.

18.3.3 Adopting Proven or Qualified Technology

It isensured that the quality standardsfollowed for design, fabrication, construction and
inspection of SSCsiscommensurate with their importance to safety asrequired in AERB safety
guide AERB/SG/D-1 on Safety classification and Selsmic Categorization of componentsin PHWR
based NPPs. All the regulatory requirements specified in the different AERB Codes and other
regulatory documents are strictly complied with. If the design, construction, manufacture,
Ingpection and maintenance of civil structures, mechanical, electrical, Instrumentation & control
equipment and systemsisdone by using theinternational codes& standards, it should be acceptable
to the regulatory body. A typical list of design standards and codes generaly followed for civil
structures, mechanical equipment, electrical equipment and instrumentation is given in annex
18-3.

Only proven equipment/components are used in the plant. As per the requirements of
codes and standards, all safety related equipment are analysed with state of the art computer
codes and are tested for their performance to demonstrate (i) their pressure boundary integrity
for pressure bearing components, (ii) the structural integrity for structural support components
and (ii1) thefunctional operability for all mechanical, electrical, & C equipment having moving
components.

The equipment which be exposed to radiation and which could experience LOCA
environmental conditionsaretested after thermal and radiation exposure under LOCA environment
for their normal performance. All mechanical, electrical and instrumentation equipment which
arerequired to perform during earthquake loading are qualified by analysisto demonstrate their
pressure boundary integrity or structural integrity for two levels of earthquakei.e. OBE (SL1)/ &
SSE (SL2) depending on the seismic categorisation of the equipment. Equipment, which have
moving componentsviz., relays, vaves, actuators, starters, push buttonsetc. aretested on ashake-
table for their functional performance for the two levels of earthquake.

For structural analysis, state of theart codesare used, which arevalidated at regular intervals
during their usage with both benchmark classical problems and experimental testsand results.

Codeswhich deal with safety analysissuch asthosefor cal cul ating pressure, temperature
in the containment under loss of coolant accident, hydrogen concentration in air in containment
under accident conditioninvolving LOCA pluslossof ECCS, codesfor calculating thetemperature
of fuel and cladding and temperature and pressure of coolant and fission gasesinthefuel element,
are developed in house and are benchmarked with results of experiments conducted at national
and international laboratoriesand by participating in blind problem exercisesof IAEA. Similarly,
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the codes ssmulating the loss of coolant accident (LOCA) have been devel oped in houseand are
benchmarked with the results from international experiments.

The primary containment istested for pressure under MSLB and L OCA conditions.

18.3.4 | mplementation of Criteria Related to Human Factors

AERB Codeof Practiceon Designfor Safety in PHWR based NPPs, AERB/SC/D establishes
the requirement for design for optimised operator performance. The detail on requirement for
human factorsand human machineinterfaceisgivenin chapter on article 12: Human Factors. These
include

* Redundancy, diversity and fail safe approach for safety critical systems

* Man-machineinterfaceisdesigned to providethe operatorswith comprehensive
& easily manageableinformation

» Providing interlocks & automatic actions. Operator actions are permitted only
where adequate timeisavailablefor taking the necessary action.

* Ergonomically designed control panels
» Layout tofacilitate operability and maintainability

» Working areas and working environment are given due consideration to personnel
comfort.

18.4 CONSTRUCTION

Even agood design plant may not achievetherequired level of safety if itisnot constructed
well. Thereforethereview and assessment by the Regulatory Body includes consideration of the
applicant’s organi zation and management to ensure that the proposed construction will meet the
quality requirements envisaged in the design. The applicant isrequired to demonstrate that the
safety management system put in place is comprehensive and it would ensure that the relevant
activities are carried out in a planned and systematic manner and that the quality of work isin
accordance with the approved procedures and nuclear industry practices. For this, AERB reviews
the QA manualsof the utility for design, procurement, fabrication, construction, commissioning
and operation. It isthe responsibility of the utility to ensure that the vendors employed by it for
carrying out different activities, follow a QA programme commensurate with the safety
requirements. The details on the utility’s safety management system are brought out in chapter
onArticle 13: Quality Assurance.

Any change in the approved design of systems, structures and componentsimportant to
safety dueto Site related constraints or otherwise requires regulatory approval.

In order to ensure industrial safety during construction, AERB requires that the utility
should establish a construction safety management system. For this, AERB reviews various
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documents related to industrial safety such as Job Hazard Analysis Report, Construction Safety
Management Manual, etc and monitorstheir compliance.

The regulatory inspections of NPPs are normally carried out a a frequency of four
inspectionsin ayear during construction. In addition to normal regulatory inspection, AERB also
identifies certain critical activities during construction as hold points for which the licensee is
required to inform regulatory body in advancefor deputing its representative to witnessor carry
out inspection or tests, as may be necessary.

The availability of system completion certificates and system transfer documents form
one of the prerequisite for considering license for commissioning.

18.5 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

As per the licensing system, the safety in design is comprehensively reviewed prior to
issuance of license for construction. The regulatory review and assessment determines that in
the design of NPP, emphasis has been given to prevention of accident rather than its mitigation.
The defence in depth principles are as per the intent elaborated in the regulatory documents.
Technologies used in the design and construction of the NPPs, are either proven by experience
or otherwise qualified by testing or anaysis. Human factors and man machine interface have
been given important considerations among othersin the design of NPPs. The objective of design
has been to ensure reliable, stable, safe and easily manageabl e operation of the plant. Therefore
India complies with the obligations the article 18 of this convention.
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Annex 18-1: AERB Safety Guidesunder Code of Practice on Design

AERB/SC/D
AERB/CSE-1
AERB/CSE-2

AERB/SC/D-1
AERB/SC/D-2
AERB/SC/D-3

AERB/SC/D-4
AERB/SC/D-5
AERB/SC/D-6
AERB/SC/D-7
AERB/SC/D-8
AERB/SC/D-9
AERB/SC/D-10
AERB/SC/D-11
AERB/SC/D-12
AERB/SC/D-13
AERB/SC/D-14
AERB/SC/D-15
AERB/SC/D-16
AERB/SC/D-17
AERB/SC/D-18
AERB/SC/D-19
AERB/SC/D-20
AERB/SC/D-21
AERB/SC/D-22
AERB/SC/D-23
AERB/SC/D-24
AERB/SC/D-25
AERB/SM/D-1
AERB/SM/D-2

Code of Practiceon Design for Safety in PHWR Based Nuclear Power Plant

Design of Concrete Structures important to safety of Nuclear facilities

Design, Fabrication and Erection of Steel Structures important to safety of

Nuclear facilities
Safety classification and Seismic Categorization
Single Failure Criteria

Protection against Internally Generated Missiles and Associated

Environmental Effects

Fire Protection

Design BasisEvents

Fuel Design

Core Reactivity Control

Primary Heat Transport System

Process Design

Safety Critical Systems

Emergency Electrical Power Supply Systems
Radiation Protection in Design

Liquid and Solid Radwaste M anagement
Control of Air-borne Radioactive Materials
Ultimate Heat Sink & Associated Systems
Materials Selection and Properties

Design for In-Service Inspection
LOCAAnNdyss

Hydrogen Release and Mitigation Measures under Accident Condition
Safety Related Instrumentation and Control
Containment SystemsDesign

Vapour Suppression System

Seismic Qualification

Design of Fuel Handling and Storage Systems
Computer Based Safety Systems

Decay Heat Load Calculation

Hydrogen rel ease and Nitrogen measures under accident condition
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Annex 18-2: AERB Safety Guidesunder Code of Practice on QA

AERB/SC/QA
AERB/SG/QA-1
AERB/SG/QA-2

AERB/SG/QA-3
AERB/SG/QA-4
AERB/SG/QA-6
AERB/SG/QA-7
AERB/SG/QA-8
AERB/SG/QA-9

Code of Practice on QA for Safety in NPPs
Quality assurancein the design of nuclear power plants

Quality assurance in procurement of items and services for nuclear power
plants

Quality assurance in the manufacture of itemsfor nuclear power plants
Quality assurance during site construction of nuclear power plants
Establishing and implementing aquality assurance programmefor NPPs
Assessment of implementation of quality assurancein NPPs
Non-conformance control, CorrectiveActionsand preventive action for NPPs
Document control and Records for quality assurance in NPPs
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Annex 18-3: Typical List of Sandardsand Codesused in Design
Typicd list of standardsand codes used indesign of civil structures, mechanical equipment

& system, electrical equipment and instrumentation

Civil Sructures

a)

b)

c)

The design of civil containment structuresis carried out based on philosophy developed in
Indiaby utility in collaboration with AERB based on RCC-G asareference document since
it was considered that RCC-G is the most appropriate for unlined double containment
structure, whichisbeing adopted in Indian PHWR. For LWR, ingenera provision of ASME
Section |11 Division 2 are adopted.

For the design of other safety related nuclear structures, India has been following ACI 349,
however thishasnow been replaced by AERB standard AERB/SS/CSE-1 applicableto concrete
structures.

The design of safety class stedl structuresis being done by ANSI code, however these are
being replaced by AERB/SS/CSE-2.

M echanical equipment and system

d)

f)

9)

h)

ASME section 11, Division 1, Subsection NB, NC & ND codes are used for design,
fabrication, construction and inspection of piping, pressurevessels, valves, & other pressure
bearing components of safety class 1,2 & 3 respectively.

ASME section VI, Divison 1 & 2 codesare used for design, fabrication, construction and
ingpection of non safety related piping, pressure vessels, valves, & other pressure bearing
components.

ASME sectionll, Division 1, Subsection NF codeisused for design, fabrication, construction
and inspection of component supports of safety related equipment & systems.

ASME section |11, Division 1, Subsection NE codeisused for design, fabrication, construction
and inspection of core components.

ASME section X1 codeisused for in serviceinspection of safety related equipment & systems.
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Electrical equipment & systems

SI. No. | IEEE Standard Bescription

1. IEEE 308-2001 | Standard Criteria for Class 1E Power Systems for Nuclear
Power Generating Stations

2. IEEE 323-2003 | Standard for Qualifying Class 1E Equipment for Nuclear
Power Generating Stations

3. [EEE 383-2003 | Standard for Qualifying Class 1E Electric Cables and Field
Splices for Nuclear Power Generating Station

4. IEEE 384-1992 | Standard Criteria for Independence of Class 1E Equipment
and Circuits

5 IEEE 387-1995 | Standard Criteria for Diesel-Generator Units Applied as
Standby Power Supplies for Nuclear Power Generating
Stations

6. IEEE 484-2002 | Recommended Practice for Installation Design and
Installation of Vented Lead -Acid Batteries for Stationary
Applications

T IEEE-323 Standard for Quality Class 1E Equipment for Nuclear
Power Generating Station

8 IEEE-344 IEEE Recommendation Practice for Seismic Qualification
of Class 1E Equipment of Nuclear Power Generating
Station

9. IEEE 485-1997 | Recommended Practice for Sizing Lead-Acid Batteries for
Stationary Applications

10. IEEE 944-1986 | Recommended Practice for the Application and Testing of

Uninterruptible Power Supplies for Power Generating
Stations
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Instrumentation & control systems & equipment

Sr. Standard/Guide Number Title

No.

1. AERB/SG/D-10 AERB Safety Guide on *Safety Critical Systems’

2. AERB/SG/D-20 AERB Safety Guide on ‘Safety-Related Instrumentation
and Control for Pressurised Heavy Water Reactor Based
Nuclear Power Plants’

3. AERB/SG/D-25 AERB Safety Guide on “Computer-based Systems’

4, IS 2147/13947 Degrees of Protection Provided by Enclosure for Low
Voltage Switchgear and Control Gear

5. IS 9000 Basic Environmental Testing Procedures for Electronic
and Electrical Items

6. ASME PTC-19.2 ASME Performance Test Code - Pressure Measurement

1. ASME PTC- 19.3 ASME Performance Test Code-Temperature
Measurement

8. ASME PTC-19.5 ASME Performance Test Code-Flow Measurement

9. IEC-1226 Nuclear Power Plants-Instrumentation and Control
Systems Important to Safety Classification

10. IEEE-323 Standard for Quality Class 1E Equipment for Nuclear
Power Generating Station

11. IEEE-344 IEEE Recommendation Practice for Seismic
Qualification of Class 1E Equipment of Nuclear Power
Generating Station

12. IEEE-384 Criterion for Independence of Class 1E Equipment and
Circuits.

13. IEEE-420 IEEE Standard for the Design and Qualification of Class
1E Control Boards, Panels and Racks Used in Nuclear
Power Generating Stations.

14, IEEE-946 IEEE Recommended Practice for the Design of Safety
Related DC Auxiliary Power System for Nuclear Power
Generating Stations.

15. ISARB 3.2 Instrument Society of America-Recommended Practice

for Flange Mounted Sharp Edged Orifice Plate
Assemblies for Flow Measurement
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Annex 18-4: Design Provisionsin Typical 540 MWe PHWRsin India

Provisionsin the design of 540 MWe PHWR based NPPs to meet the safety objectives
and requirements:

Operation of the plant is controlled from the centralised control room. Control panels
provide full information to the engineer regarding the status of the plant so asto enable them to
operate the plant safely and efficiently. In addition to the Main Control Room, a Supplementary
Control Room located away from the Main Control Room, is provided to monitor and ensure
safe shutdown of the reactor in case of inaccessibility / uninhabitability of the Main Control
Room for any reason. Reactor control systems are provided to take care of reactivity changesin
the reactor core and to control the reactor power at the desired power level. These devices are
also used for reactor set-back and step-back. Dueto the large size of the reactor core, capability
for zone control has been provided to take care of xenon-induced flux tilts. A new system viz.
Liquid Zone Control System has been designed and engineered for thisfunction.

Safety Systems

Shutdown System

InTAPS-3&4 (2 X 540 MWe PHWRY), the reactor has been provided with two diverse,
fast-acting and independent shutdown systems. These features provide ahigh degree of assurance
that plant trans ents, requiring prompt shutdown of the reactor will beterminated safely. Shutdown
System # 1 consists of 28 Shutoff Rods of cadmium sandwiched in stainless steel, which fall in
to thereactor in about 2.5 secondsto shutdown thereactor. Fail-safefeatureslike gravity fall and
spring assistance have been incorporated in the design of shutoff rods. Shut Down System # 2,
which is a new system, injects gadolinium nitrate poison solution directly into the moderator
through six perforated injection tubes horizontally oriented inside the calandria.

Containment

The Reactor Building consists of Primary and Secondary containment building. Primary
containment is a pre-stressed concrete structure designed to withstand internal pressure of 1.44
kg/cm2g. Itisdesigned to withstand over-pressure and high temperature caused by release of hot
fluid from Primary Heat Transport System under Loss of Coolant Accident (LOCA). Secondary
containment isareinforced concrete structure, completely surrounding the primary containment
and having adesign pressure of 0.13 kg/cm2g. Ducting for ventilation systems, penetrating the
containment, are provided with isolation dampers, which will close on accident signal to box-up
the containment. A pressure suppression system, incorporating suppression pool, is used for
limiting peak pressure in the containment following a L oss of Coolant Accident.

Emergency Core Cooling System
Emergency Core Cooling System (ECCYS), incorporated in TAPS-3& 4, isprovided asan
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important safety system to cool the core and thereby limit the core damage in the event of
postulated L oss of Coolant Accident (Refer Figure-3). ECCS involvesthe following stages:

* High pressurelight water injection
* Low pressure long term re-circulation through suppression pool

All themotorised valvesin the system are duplicated to satisfy the singlefailure criterion.
For low pressurelong termre-circulation, 4 X 50% pumps are provided for redundancy. They are
powered from Class-111 electrical power supply (supply backed up by diesal generators). The
systemisseismically qualified for Safe Shutdown Earthquake conditions.

Multiple Barriers

Safety has been of paramount importance in the design, construction and operation of
nuclear power stations. To ensure safety of the reactor, defence in depth philosophy isfollowed,
which providesfor multiple barriersto rel ease of radioactivity. A series of five successivebarriers
are provided to prevent the release of radioactivity to the atmosphere. These safety barriers are
depictedin Figure-1.

Redundancy & Diversity

Important reactor systems are designed with redundancy so that if one component fails,
another isavailableto take over. For example, two or three pumpsare provided whereonly oneis
required with other asastandby and to cater for maintenance requirements. Diversity isprovided
by use of morethan oneway on different principlesfor doing ajob. For example, separate systems,
having different concepts of operation, are provided to shutdown thereactor. Failure of acomponent
or system, automatically causes that component or system to move to a safe condition. For
example, power isrequired to hold the Shutoff Rods outside the reactor core. If power fails, the
rods drop into the core by gravitational force, thereby shutting it down.

Mitigation of Accidents

To mitigate the consequences of Design Basis Accident, containment is provided with
Engineered Safety Features like Primary containment clean-up (PCC) system, primary
containment controlled discharge (PCCD) system, secondary containment clean-up and purge
(SCCP) system and RB cooling system (Refer Figure-2). Primary containment clean-up system
hel psin cleaning up the containment by removing radioactive lodine. PCCD system helpsin de-
pressurising the containment in a controlled manner following accident. SCCP system helpsin
mai ntai ning negative pressurein the annular space between the two containments, so asto prevent
ground level release of radioactivity during post-accident condition.
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ARTICLE 19
OPERATION

Each Contracting Party shall taketheappropriatestepsto ensurethat:

i. theinitial authorisationto operateanuclear installation isbased upon an appropriate
safety analysisand a commissioning programmedemonstr ating that theinstallation,
asconstructed, isconsistent with design and safety requirements;

ii. operational limitsand conditionsderived from thesafety analyss, testsand oper ational
experience are defined and revised as necessary for identifying safe boundariesfor
operation;

iii. oper ation, maintenance, inspection and testing of anuclear installation ar econducted
in accordancewith approved procedur es;

iv. proceduresareestablished for respondingto anticipated oper ational occurrencesand
to accidents;

V. necessary engineering and technical support in all safety-related fieldsis available
throughout thelifetimeof anuclear installation;

vi.incidents significant to safety arereported in atimely manner by the holder of the
relevant licencetotheregulatory body;

vii.programmesto collect and analyse oper ating experience ar e established, theresults

obtained and theconclusionsdrawn areacted upon and that existing mechanismsare
used to shareimportant experiencewith inter national bodiesand with other operating
organizationsand regulatory bodies;

viii.thegener ation of radioactivewaster esulting from theoper ation of anuclear ingallation
iskept totheminimum practicablefor the processconcer ned, both in activity andin
volume, and any necessary treatment and storage of spent fuel and waste directly
related to the operation and on the same site asthat of the nuclear installation take
into consider ation conditioning and disposal.

19.1 SUMMARY OFNATIONAL LAWS REGULATIONSAND REQUIREMENTS

The requirements for licensing of NPPs for operation emanate from the Atomic Energy
Act 1962 and rules framed there under. Nationa laws pertaining to NPP is given in detail in
Chapter onArticle 7: Legidative and Regulatory Framework). Based on these requirements, the
system of licensing, inspection and enforcement has been established. AERB code of practice
on regulation of Nuclear and Radiation Facilities, AERB/C/G and AERB Safety Guide AERB/SG/
G-1 on “Consenting Process for Nuclear Power Plant and Research Reactor: Document
Submissions, Regulatory Review and Assessment of Consent Applications’ establishestheentire
licensing process for NPPs. The licensing process is summarised in Chapter on Article 14:
Assessment and Verification of Safety. Further, “Code of practice on safety in nuclear power
plant operation”, AERB/SC/O establishes requirementsrel ated to operation of NPPsand several
safety guidesissued under this Code describe and make available methods to implement specific
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requirements of the Code. The list of safety guides issued under the Code of practice in NPP
operation isgiven asAnnexure 19-1.

19.2 INITIALAUTHORISATION TO OPERATEANUCLEARPOWERPLANT

Prior to issuance of authorisation for construction, AERB completes the review of
Preliminary Safety AnalysisReport (PSAR). At thisstage, alarge part of thereview and assessment
effort isdirected to the safety anaysis of design basis events (DBES) provided by the applicant.
Thereview and assessment process considerswhether the applicant’slist of Postulated Initiating
Events (PIES) isacceptable asthe basisfor the safety analysis. AERB determinesthat the type of
analytica consderationsand assumptionsarein conformancewith applicable safety guides. AERB
ensures that the input and assumptions made in the safety analysis are in line with the actua
design and operating practices. Further, theengineering systemsare qualified to meet thefunctiona
requirement for which they were designed, under all situations considering environmental
conditions, ageing etc. Aspects of review of safety analysisare given in detail in the Chapter on
article 18: Design and Construction.

Regulatory clearance for commissioning of NPP is needed at various identified stages.
For atypica PHWR such stages are indicated in the table bel ow.

Phase Stages of Commissioning

No Activity

A [ Hot conditioning or passivation of the primary system and light water

commissioning

I Fuel loading of thereactor core, and part borated heavy water addition to
storage, cooling and moderator systems for flushing in specified limited
guantity during which criticality isnot possible.

i Addition of heavy water to primary heat transport system: and

v Bulk addition of heavy water to moderator system with minimum specified
boron level in heavy water to prevent criticality

B [ Initial approach to criticality
I L ow power reactor physicstests and experiments.

C [ Initial system performance tests at low, medium and rated power levels
as determined by the stable operation of the turbine; and

i System performance at rated power.

Before start of commissioning activities, NPCIL prepares a comprehensive programme
for the commissioning of plant components and submits the same for review and acceptance of
AERB.
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The commencement of operation of an NPP begins with approach to thefirst criticality.
Thisis amagor step in the licensing process. At this stage NPCIL demonstrates to AERB its
preparedness to commence operation of the NPP. This requires completion of all activities
pertaining to thefollowing.

() Preparation of final as built design of the plant components and systems.
(b) Evaluation of safety analysesin view of changesindesign, if any.

(c) Quality records (such as construction completion certificate, history dockets etc.)
after construction of the plant components and systems, and the program for their
operation.

(d) Report on pre-service examination.

(e) Establishment of operating organization and training, qualification and licensing of
the operating personnel, as per AERB requirement.

(f) Preparation of Technical Specification specifying operational limitsand conditions.

(g) Preparation of operating instructions and procedures for commissioning and
operation of the plant.

(h) Establishment of personal protection system.
(i) Radiation protection program.

(J)) Emergency Response Plans.

(k) Waste management.

(I Security Aspects.

AERB carries out review and assessment of preparedness of NPPs to satisfy itself that
the plant has been built in accordance with the accepted design, and meets al the regulatory
requirements.

Before consenting for regular operation, AERB carries out review and assessment of the
results of commissioning tests for their consistency with design information and with the
prescribed operational limits and conditions. Any inconsistency at this stage has to be resolved
tothe satisfaction of AERB. At thisstage, the utility revisesthe PSAR taking into account all the
changesthat have been carried out and submits Final Safety AnalysisReport (FSAR), whichforms
one of the licensing documents for operation of the unit.

The review and assessment by AERB also includes consideration of the applicant’s
organi zation, management, procedures and safety and security culture, which have abearing on
the safety of the operation of the plant. The applicant should demonstrate with the necessary
documentation that there is an effective safety management system in place, which gives the
highest priority to nuclear safety and security. The typical operating organisation established at
anIndian NPPisgivenin Annexure 19-2.
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Some of the important aspects pertaining to the above are described in the following
paragraphs.

19.3 OPERATIONAL LIMITSAND CONDITIONS

The licensee prepares the Technical specification for operation before approach to first
criticality, based on the inputs from the design and safety analysis. AERB safety Guide AERB/
SG/O-3: Operationa Limits and Conditions for Nuclear Power Plants provide guidelines for
preparation of thisdocument, which issubmitted to AERB for review and approval. Subsequent
to operation of the NPPin the commissioning stage, thisdocument isagain reviewed and revised
as necessary based on the commissioning results

The Technical Specification document isissuedintwo parts. Part A containsthetechnical
specifications, bringing out the mandatory requirementsto be adhered to during operation. Part-
B isexplanatory in nature and outlinesthe basesfor arriving at different conditions/requirements
in technical specifications for operation.

Technical Specification (Part-A) consists of following sections:
a) Safety Limits
b) Limiting Safety System Settings (L SSS)
¢) Limiting Conditionsfor Operation (LCO)
d) Surveillance Requirements
e) Administrative Requirements
The Technical specification document isreviewed at aperiodicity of fiveyearsand based
on the operating experience, the proposal for modifications are submitted to AERB for approval.
19.4 PROCEDURES

The Code of practice on safety in nuclear power plant operation”, AERB/SC/O requires
that al the activitiesin the NPP be carried out as per the well laid down operating procedures.
The procedures should be prepared, tested and approved as per the standard guidelines devel oped
for the same. Based on these guidelines, the plant management prepares various procedures for
commissioning and operation of all systems, maintenance, testing, and surveillance requirements.
The proceduresa so include conditions dealing with plant under normal operation and anticipated
operational occurrences aswell as appropriate actions for accident conditions including design
basisaccidents. Thesedocumentsare normally prepared in co-operation with the designersand
plant suppliers. The Plant Management ensures that the aspects of Quality assurance are duly
considered in the preparation, review and approval of these procedures.

For dealing with anticipated operational occurrencesand for the management of accident
conditions, development of symptom-based procedure has been recommended by AERB. At
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present, all NPPs have emergency operating procedures for various anticipated operation
transients and accident conditions. These proceduresare primarily event based and are al so used
extensively for training of the operating personnel.

NPCIL has also undertaken development of symptom-based procedures for accident
management. These are undergoing validation on ssmulators.

In additionto the above, severa plant specific administrative proceduresare a so prepared,
which include shift change over procedure, station work permit procedure, radiation protection
procedure, engineering change procedure, jumper control procedure, etc.

All the above procedures are periodically reviewed and revised, as necessary.

19.5 ENGINEERINGAND TECHNICAL SUPPORT

All the NPPs presently operating in Indiaare owned and operated by NPCIL, whichisa
fully owned company of the Central Government. NPCIL manages all NPPs through the
Directorate of Operation set up at its Head Quarters at Mumbai. This Directorate monitors the
operational and safety performance of NPPsand providesthe necessary engineering and technical
support. The Directorate d o actsasinterface between plant management and AERB. For achieving
these objectives, the Directorate of Operation also derives support from other technical groups
at Headquarters, which include Directorates of Engineering, Safety, Quality Assurance and
Procurement. NPCIL has aso entered into memoranda of understanding with several Research
and Development and academic institutions so asto avail additional engineering and technical
support asand when required.

A Corporate Level Safety Review Committeereviewsall theissuespertaining to safety in
NPPs. This committee reviews all the safety related proposals emanating from stations before
being forwarded to AERB.

At the plant level, the Technical Services Section, which provides support in monitoring
and review of operational and safety performance, is aso equipped to provide the necessary
engineering and technical support.

19.6 EVENT REPORTING

AERB code of Practice on Regulation of Nuclear and Radiation Facilities, AERB/C/G
specifies the reporting obligations of the Plant Management. This Code required that the event
reports and significant event reports are prepared for events that have to be reported to the
regulatory body. The detailed reporting criteriafor these two categories form part of Technical
Specifications for Operation. AERB/SG/O-13 on Operationa Safety Experience Feedback on
Nuclear Power Plantsissued under the Code of Operation providesguidancefor reporting events
to regulatory bodly.
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Eventsof relatively lower safety significance (limited consequencesfrom safety point of
view) arereported as* Event Report’ to AERB in aprescribed format as part of the minutes of the
Station Operation Review Committee (SORC). However, Eventswith relatively higher significance
for safety are required to be reported as Significant Event Reports (SER) as per the reporting
criteriaspecified in Technical Specification for Operations. These events are reported to AERB
in three stages.

a Prompt Notification

Prompt Notification in the prescribed format is sent within 24 hours of the occurrence
of the event.

b. Significant Event Report

A detailed significant event report (SER) in a prescribed format for SER is submitted
within aperiod of 20 days from the date of occurrence of the event.

c. Event Closing Notification Report

‘Event Closing Notification Report’ (ECNR) in a prescribed format indicating that all
theinvestigationsasrequired by AERB have been completed.

In addition, the plant management isa so required to submit routine reports such asperiodic
performance reports, inspection & testing reports, health physics reports, environmental
surveillance reports, waste management reports, reliability reports, minutes of Station Operation
Review Committee (SORC) and other miscellaneous reportsto AERB.

19.7 OPERATING SAFETY EXPERIENCE FEEDBACK (OSEF) SYSTEM

“Code of Practice on Safety in Nuclear Power Plant Operation”, AERB/SC/O, specifies
the requirement for establishing operation experience feed back system at NPPs. AERB/SG/O-
13 on Operational Safety Experience Feedback on Nuclear Power Plantsissued under the Code
provides guidance and procedurefor establishing an OSEF system based on national/international
experience on management of safety related operational experiencein NPPs.

The OSEF system at NPPsand at NPCIL complieswith the guidelinesgiveninthe safety
guide.

NPCIL obtainsreports of international eventsthrough IAEA-IRS, WANO and COG and
sends the event reports (both national and international) to the expertsin the relevant fieldslike
operation, design and safety and also to all the NPPs. The expert comments are reviewed by the
Corporate Level Safety Committee. NPCIL through its safety management system ensures the
dissemination of relevant OSEF information amongst all senior management personsin NPPs
and projects under construction.

The organisational structure at Plant Management level ensures that both national and
international eventsare systematically analysed and appropriate actions are taken to prevent the
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occurrence of smilar eventsin Indian NPPs. A committee comprising of membersfrom Technical
Services, Operation, Maintenance, Health Physics and other relevant sectionsisresponsiblefor
the review of these events. The observations of this Committee are further reviewed in Station
Operation Review Committee (SORC) for finalisation of recommendations.

The system ensuresthat eventstaking place at one NPP are communi cated to other NPPs
in India. The system also ensures that the information on events and corrective actions at one
NPP is disseminated to other NPPs. Further, management of various NPPs interact with each
other at different levels. At these meetingstheinformation on various modificationsto equipment
and proceduresisexchanged. Theseexchange meetingsareingtitutionalised and held periodically.

AERB isthenationa coordinator for al IAEA-IRS activities. AERB receivesIRSreports
from |AEA and disseminatesthesereportsto al the NPPs, NPCIL, technical support organisations
and research establishmentsas applicable. AERB receivesfeedback onthe applicability of lessons
learnt from the events. The effectiveness of the operating experience feedback systemisformally
reviewed at the time of reauthorisation of the operating NPPs. As part of the reauthorisation
process, the NPP is required to submit review of the safety concerns arising from the events at
NPPsinIndiaand other countries. Theremedial measurestaken or proposed to betaken arealso
brought out.

19.8 SPENT FUEL STORAGE

Spent fuel isstoredinawater filled storage bay provided at each NPP. These storage bays
are designed to accommodate spent fuel accumulated during 10 reactor years of operation. In
addition, space is also reserved for storing one full core inventory of fuel in case of exigencies.
For storage of spent fuel beyond this capacity, additional facilities in the form of Away From
Reactor-Spent Fuel Storage Bay and Dry Storage Facilitiesare created. All such additional storage
facilities are subject to regulatory review and clearance.

19.9 RADIOACTIVEWASTEMANAGEMENT

Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987 specifies the
requirement for obtaining authorisation for safe disposal of radioactive waste arising out of
operation of NPP. Further, AERB Safety Code on Management Of Radioactive Waste, AERB/
NRF/SC establishes the requirements, which need to be fulfilled for safe management of solid,
liquid and gaseous radioactive waste disposal. This safety code deals with the requirementsfor
radliation protection aspectsin design, construction and operation of waste management facilities
and the responsibilities of different agencies involved. In addition, AERB/SG/O-11 on
Management of Radioactive Wastes Arising during Operation of NPPs gives guidelines for
radli oactive waste management.

Based on therequirementsas specified, NPCIL hasto establish at each NPP site, afacility
for storage and disposal of radioactive solid, liquid and gaseous wastes, which is approved by
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AERB prior to the commencement of operation. NPCIL should demonstrate that thefacility has
necessary engineered systems and administrative procedures to exercise control on release of
activity into the environment, as per the regulatory requirements.

The limits on environmental releases of different radionuclides through various routes
are specified in the Technical Specification for Operation, based on the apportionment of dose
limit to public due to the operation of the NPP. AERB also specifies authorized limits for such
discharges, which arelower than Technical Specification limits.

19.10 COMPLIANCEWITH OBLIGATIONSOFTHE CONVENTION

Thelicensing processin Indiaensuresthat the initial authorisation for operationisgiven
after acomprehensivereview of the safety analysis and saf ety management system to ensurethat
the commissioning and operation of NPPis carried out in a safe and reliable manner. Operation
of NPP is carried out within the operating limits and conditions specified in the Technical
Specifications for Operations. Therefore, India complies with the obligations of the Article 19
of the Convention.
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Annex 19-1: AERB Safety Guidesunder Code of Practice On Operation

SC/O
SG/O-1
SG/O-2
SG/O-3
SG/O-4
SG/O-5
SG/O-6
SG/O-7
SG/O-8
SG/O-9
SG/O-10A
SG/O-10B
SG/O-11
SG/O-12
SG/O-13
SG/O-14
SG/0O-15

Code of Practice on Safety in NPP Operation

Training & Qualification of Operating Personnel of NPPs

|SI of NPPs

Operational Limitsand Conditionsfor NPPs

Commissioning of NPPs

Radiation Protection during Operation of NPP

Preparedness of the Operating Organization for Emergencies at NPPs
Maintenance and Modifications of NPPs

Surveillance of Items Important to Safety in NPPs

Management of NPPsfor Safe Operation

Core Management and Fuel Handling for Heavy Water Reactor Based NPPs
Core Management and Fuel Handling for Boiling Water Reactor Based NPPs
Operational Management of Radioactive Effluentsand WastesArising in NPPs
Renewal Of Authorisation for Operation of NPPs

Operational Experience Feedback for NPPs

Life Cycle Management of NPPs

Proof and L eakage Rate Testing of Reactor Containments
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Annexure 19-2: Typical Operating Organisation at NPP

NPCIL has established awell-defined functional organization for each station. A typical
organization chart is annexed for reference. The functional responsibilities of various wings of
the organi zation to conduct safe, orderly and efficient operation of the Station isdescribed bel ow.

STATION DIRECTOR (SD) isthe Head of station management at Site. He hasthe overall
responsibility for the safe operation of the plant and implementation of all relevant policies,
statutory requirements and radiation protection rules and other instructions and procedureslaid
down by the operating organization for plant management. He is also responsible for ensuring
that the requirements of Regulatory Body are complied with. Heisalso responsiblefor training,
qualification and licensing of operating personnel, in accordance with the approved laid down
procedures.

The Station Director ensures strict compliance with that the techni cal specifications, which
detail the operational limitsand conditions. In addition to the overall responsibility for ensuring
the safety of the Station and the public, his responsibilities also include:

» Prompt notification of deviations from established technical specification limits and
conditionsin accordance with procedures.

* Maintenance of quality assurance in al activities at the Station including in maintenance,
testing, examination and inspection of structures, system and components.

» For ensuring that modificationsto plant configuration are carried out only after due approval
by AERB as per thelaid down procedures.

» Assumestherole of site emergency director in case of an emergency.
e LiaisonwithHQ, AERB and other statutory bodies.

In discharge of his responsibilities, Station Director is assisted by ateam of operations
personnel, responsibilities of whom are described in detail in the Technical Specification and
Station Policy documents for station operation. Some of these are summarized below:

CHIEF SUPERINTENDENT (CS) isresponsiblefor coordinating the safeand orderly operation
and maintenance of the station / systems in accordance with approved procedures. Operation,
Maintenance, Technical Servicesand Quality Assurance Superintendentsassist himinthisregard.

TECHNICAL SERVICESSUPERINTENDENT (TSS) isresponsiblefor:

() Engineering assistance required to efficiently operate the station/systems at optimum
performance level.

(b) Performing engineering/technical studiesand reviews.

(c) Issuing of work plansfor specific jobs during operation and shutdowns.

(d) Reactor Physicsand fuel management.
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(e) Chemistry control of the systems.
() Upkespandaranging updating of dl technica documentsincluding al design manuasand drawings.
OPERATION SUPERINTENDENT (OS) isresponsiblefor:

(a) Safe operation of station / systems as per approved objectives, procedures, policies and
within thelimitsand conditionslaid down in the Technical Specifications.

(b) Bringing to notice of Station Operation Review Committee (SORC) members deviations/
deficiencies in the operation of the systems.

(c) Ensuring that shifts are manned efficiently by providing adequate trained and licensed
manpower.

(d) Bringing to the notice of SD/ CS TSS, promptly all deviations of Technical Specifications
and all unusual occurrences with full information along with his comments and
recommendations.

(e) Arrangeto convene SORC meeting at least oncein amonth and also asand when necessary.
(f) Upkeep and updating of operating manuals.
MAINTENANCE SUPERINTENDENT (MYS) isresponsiblefor:

() Planned preventive / breakdown maintenance in respect of mechanical, electrical, control
and fuel handling equipment / systems.

(b) Maintenance of adequate sparesand consumables.

(c) Modificationsto systems after approval by concerned authorities.

(d) Civil and Service maintenance.

TRAINING SUPERINTENDENT (TYS) isresponsiblefor coordinating arrangementsfor:

(&) Trainingof station staff in radiation protection, first aid and emergency procedures, industrial
safety & fire protection.

(b) Training/ Qualification/ Re-qualification of operation staff.

(c) Training/ Qualification / Re-qualification of maintenance staff.

(d) Training/ Qualification/ Re-qualification of fuel handling staff.
SUPERINTENDENT (QA) Headsthe Quality Assurance group andisresponsiblefor:
(a) Station Quality Assurance.

(b) Technical Audit.

(c) QA documentation.

(d) Monitoring the implementation status of recommendations of the Regulatory Body.

(e) Pre-Service & In-service inspections.
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STATIONHEALTH PHY SICI ST isresponsible for advising station management and staff on
radiation protection. Thisincludesadviceon personnel exposure, radiation monitoring and surveys
andfor liaison with Waste Management Plant regarding discharges and management of radioactive
wastes, equipment for radiation protection and emergency arrangements and environmental
surveys within the boundary of the unit. He is responsible for making measurements and
observations during normal operations as well as during abnormal occurrences in the area of
radiation safety.

SHIFT CHARGE ENGINEER (SCE)

Shift Charge Engineer (SCE) isresponsiblefor authorizing al operation and maintenance activities
of the station on shift basis. Heis delegated all powers given to the SD / CSto maintain reactor
systemsunder safe condition during operation and shutdown of the reactor. Heisresponsiblefor
safe start up, operation and shutdown of the reactor, turbo generator and auxiliaries. Inthe absence
of SCE, Assistance Shift Charge Engineer (ASCE) discharges these responsibilities. Both SCE
and ASCE hold license granted by AERB for plant operation, including authorization for control
panel operations.

REVIEW MECHANISM

TECHNICAL SERVICESSECTION at each gationisentrusted with theresponsbility of review
of operational and safety performance of all the systems on a routine basis, identify areas for
improvement and suggest necessary correctiveactions. TSS, the head of theunit maintainsliaison
with unit safety committee and SARCOP. He al so submitsall safety related proposalsfor multi-
tier review to SORC, NPC-SRC, unit safety committee and SARCOP for obtaining necessary
approvals.

STATION OPERATION REVIEW COMMITTEE (SORC), headed by Station Director / Chief
Superintended and having TSS, MS, OS, Superintendent QA and Station Health Physicist as
membersisformed at each station. The committee,

- Reviewsthe station operations at regular intervalsto detect potential safety issuesat the
station and recommends corrective actions.

- Reviews all proposed special / emergency operation, maintenance and test procedures
and recommends revisions thereto as necessary.

- Reviewsreactor shut downsinitiated by safety system and recommends action to prevent
recurrence of unwarranted shutdowns, where applicable.

- Reviewsall proposed changes, Engineering Change Noticesincluding modificationsto
approved proceduresfor plant systems/ equipments and recommendsaction. Thereview
includes an evaluation of the effect of the proposed change on the relevant technical
specifications.

- Reviews al proposed changes to technical specifications/ Station Policies and gives
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recommendation.

- Investigates prompitly, all significant evetsand instancesinvolving deviationsof technical
specifications, station policies (as applicable).

- Investigates | oss, misplacement or unauthorized use of radiation sources.

- Investigates incidents involving radioactive material during transportation within the
controlled area of the station.

- Investigatesincidentsinvolving disabling injury preventing the person from working for
aperiod of 24 hoursor more. (Injuries of lesser significance are reviewed by Head. Fire
& Industrial Safety ).

TECHNICAL AUDIT ENGINEER isresponsiblefor auditing and monitoring the compliance
with the operating procedures, administrative procedures, surveillance test schedules, SORC
recommendations, in-service inspection and Engineering Change Notices of all safety related
systems. He also monitorsdeviations of the technical specifications & station policy, and follows
up implementation of the decisions given by SORC / Unit Safety Committee/ SARCOP from
time to time.

OVER EXPOSURE INVESTIGATION COMMITTEE iscondtituted at each station to review
all casesof radiation exposure abovetheinvestigation level, identify root causes and recommend
remedial measures to prevent re-occurrence. The functions of the committee are:

- Toinvestigate genuineness of thereported valuein case of externa exposure and measured
valuein case of internal exposure.

- Toinvestigate fully, the causes of the over exposure and to prepare afactual report.
- Tosuggest remedial measures to prevent recurrence of such overexposures.
- Tosuggest further action in respect of work to be all ocated to such over exposed persons.

I nvestigation by the committee are carried out within specified tiM oEFrame and the report
isforwarded to Unit Safety Committee/ SARCOP.

NPC-SRC isthecorporatelevel safety committee, with representation from design, safety,
operation and quality assurance groups at NPCIL head quarter. All safety related proposals,
including engineering changes, which require review and concurrence by regulatory body are
first reviewed in NPC-SRC. The recommendations made by this committee are incorporated
before the proposal isforwarded to unit safety committee/ SARCOP,
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