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Abstract
A pre-requisite for a nuclear power program in any country is well established national safety

and regulatory requirements. These have evolved for nuclear power plants in India with participation
of the regulatory body, utility, research and development (R&D) organizations and educational
institutions. Prevailing international practices provided a useful base to develop those applicable to
specific system designs for nuclear power plants in India. Their effectiveness has been demonstrated
in planned activities of building up the nuclear power program as well as with unplanned activities,
like those due to safety related incidents etc.

1. INTRODUCTION

The Indian nuclear power program was launched with twin unit 210 megawatt electric
(MW(e)) boiling water reactors (BWR) at Tarapur, with criticality of unit-1 reached in 1969.
Subsequently the program has been based on pressurized heavy water reactors (PHWR). Eight
PHWR units of 220 MWe each are operating at four stations, namely, Rajasthan Atomic
Power Station (RAPS), Madras Atomic Power Station (MAPS), Narora Atomic Power Station
(NAPS) and Kakrapara Atomic Station (KAPS). Four more units of this capacity are in the
final stages of construction at Kaiga and Rajasthan and work on two units of 500 MWe is
being initiated this year.

The primary responsibility for safety of the nuclear power stations in India lies with
the Nuclear Power Corporation of India Limited (NPCIL). As the regulatory body, the Atomic
Energy Regulatory Board (AERB) sets safety objectives and audits their application in various
stages of site selection, design, commissioning and operation. The evolution of safety
practices and regulatory functions in India is briefly described in this paper.

2. SAFETY IN THE NUCLEAR POWER PROGRAM

The two units of 210 MWe BWRs at Tarapur and the first two units of 220 MWe
PHWR at Rajasthan were introduced into the nuclear program on a turnkey basis with limited
Indian participation in design. The safety related requirements for these units were set at
prevailing international standards.

Design and development for the next two units of PHWR (Madras Atomic Power
Station [MAPS]) involved safety related modifications apart from other changes due to site
specific conditions. The major safety related developments in MAPS included double
containment over the cylindrical portion, and introduction of a vapor suppression system. All
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heavy water heat exchangers were cooled in a closed loop system to avoid discharges of
radioactivity to the external heat sink in case of heat exchanger leaks.

Based on the successful design and development for the MAPS reactors, the
Department of Atomic Energy took up design for standardized 220 MWe units. The following
were the design objectives:

- Introduction of additional safety requirements emanating from licensing reviews of
previous units

- Incorporation of changes from international developments including the lessons learnt
from the Three Mile Island (TMI)-2 accident (USA)

- Designs development by R&D Groups of DAE
- Synergistic interfacing with the country's industry.

During this time, international and domestic safety requirements were in a state of
flux. IAEA began issuing codes of practices arid guides for nuclear power plants (NPP) and
the Department of Atomic Energy-Safety Review Committee began work in parallel on codes
of practices for siting, design, QA and identified guides required for PHWR to be built in
India. Based on these evolving safety requirements, the following broad safety features were
provided in the standardized 220 MWe reactor units:

- Double containment, with vapor suppression pool.
- Two independent and diverse, fast acting shut down systems- supplemented by

Automatic Liquid Poison Addition System (ALPAS); an automatic boron addition
system to guarantee prolonged shutdown for xenon decay and cool down loads.
ALP AS is backed by gravity addition of Boron - a defense in depth approach for
station blackout conditions.

- An emergency core-cooling system with high pressure and intermediate pressure
injection provided prior to low pressure, long term cooling.
A small-leak handling system using a heavy water (D2O) inventory.

- A closed loop process water system for all heavy water heat exchangers, to ensure
containing the radioactivity in case of a tube leak.

- The process water supply to all safety-related heat exchangers required for decay heat
removal backed up by diesel driven water pumps as a defense in depth approach for
station blackout.
Filling up of the calandria vault with water, replacing air as used in earlier reactors, to
eliminate generation of Argon 41 activity and to act as heat sink for severe accident
scenarios.

- The annulus CO2 gas monitoring system to monitor leakage on line, in the pressure
bearing zirconium alloy coolant channel. (Coolant channels are the pressure bearing
components in a PHWR core, concentrically placed in calandria tubes, with CO2 in the
annulus to thermally insulate the moderator from hot coolant in coolant channels.)

- Coolant channel material modified to Zr 2.5% Nb for better corrosion and hydriding
resistance. Four tight fit garter spring spacers to ensure a continued positive gap
between the coolant channel and calandria tube and avoid formation of a local cold
spot (undesirable in Zr Alloys as it promotes local hydriding).

- A supplementary control room for shutdown and decay heat removal in case the main
control room becomes unavailable.
Improvements in layout, shielding design and ventilation to reduce man-rem.
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Design improvements in the standardized version of the 220 MWe units continue from
unit to unit. The underlying principle in strengthening designs lies in emphasizing accident
prevention by adherence to Safety Standards as well as on accident mitigation to cover
postulated accident scenarios.

3. EVOLUTION OF REGULATORY PRACTICES

During early development, Divisions in the Bhabha Atomic Research Centre (BARC)
engaged in safety and regulatory aspects, increased their cadre of trained manpower through
basic and advanced training programs. This increased expertise to conduct regulatory
functions. The safety-related ad-hoc committees conducted reviews earlier. As the number of
operating installations in the DAE increased, a Safety Review Committee (DAE SRC) was
formed in 1972 to review safety of the installations; it was vested with powers of the
competent authority. This formally began the regulatory process in India.

In 1983, a significant expansion of the nuclear program was announced along with
institutionalizing regulatory and safety functions. For this purpose, an independent regulatory
body, the Atomic Energy Regulatory Board (AERB) was formed in November 1983 under the
Atomic Energy Act, 1962. The mission of the Board is to ensure that use of ionizing radiation
and nuclear energy in India does not cause undue risk to health, safety and environment. The
three broad responsibilities of AERB are:

i) Preparation of safety codes, guides, standards and technical regulations relating to
nuclear and radiation safety,

ii) Opening operational channels for the approval of specifications for nuclear facilities to
grant authorization at different stages, viz., site evaluation, construction, operation,
final shutdown and decommissioning,

iii) Maintain surveillance of facilities under construction and in operation.

4. ORGANIZATIONAL STRUCTURE OF AERB

AERB has a full time Chairman, Vice Chairman and a Secretary with three part-time
members from outside the DAE. It has two major review committees: the Safety Review
Committee for Operating Plants (SARCOP) and the Advisory Committee on Project Safety
Review (ACPSR), which oversees plants under project/pre-operational stages.

The AERB conducts regulatory functions through technical divisions. These are
divisions in the areas of nuclear safety, radiation safety, operational plant safety and industrial
safety. A Directorate of Regulatory Inspection and Enforcement (DRI&E) within AERB
carries out inspection and implementation, assisted by a Reactor Installations Division (RID)
and Industrial and Radiation Safety Division (ISRD). The organizational structure is shown in
Figure 1.

AERB gets technical support from research organizations, technical and academic
institutions such as Bhabha Atomic Research Centre (BARC), the CSIR Laboratories and the
Indian Institutes of Technology (IIT) etc. to accomplish reviews and assessments for granting
authorizations. In addition, AERB is aided by academic and research institutes and consultant
organizations for technical evaluation of systems and independent inspections in critical areas.
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FIG. 1. Organizational structure of AERB.

5. SAFETY CODES, GUIDES AND STANDARDS

Our experience so far shows that safety requirements are being spelt out in appropriate
safety codes, guides and standards for siting, design, construction, commissioning, operation
and decommissioning of NPP. This also keeps in view international recommendations in
corresponding IAEA documents and local conditions. AERB has formed committees to
prepare such essential codes and guides for issue and implementation as intended. The process
of upgrading is ongoing. The regulatory body also issues policies in both radiation and
industrial safety areas. By now all codes of practices and a few guides have been issued.
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6. AUTHORIZATION PROCESS FORNPPS UNDER CONSTRUCTION

Control over safety in siting, construction, commissioning, operation and
decommissioning is maintained primarily through formal clearances authorizing actions and
stipulating specific conditions for the applicant (NPCIL). Following are major steps for
authorization of a NPP:

(1) Site approval;
(2) Review and approval of safety systems design;
(3) Authorization for commissioning;
(4) Authorization for operation; and
(5) Authorization for decommissioning.

A list of stages at which supporting documents are required to be submitted for
authorization of commissioning and operation of PHWR follows:

(1) Hot commissioning/conditioning of primary heat transport system;
(2) Fuel loading in the core and heavy water addition to storage and cooling systems

(except core);
(3) Initial approach to criticality, including heavy water addition to the core;
(4) Low power physics calibration experiments;
(5) Phased power generation tests at 25, 50, 75 and 100 per cent of rated power; and
(6) Operations at rated power.

The Advisory Committee on Project Safety Review (ACPSR), which consists of a
Chairman and members from different disciplines and expertise, conducts the review. Some
members are from organizations other than Department of Atomic Energy.

7. REGULATORY ACTIVITIES DURING OPERATION OF NPP

7.1. Organizational structure

A Safety Review Committee for Operating Plants (SARCOP) evaluates performance
and enforces radiological and industrial safety in operating units, including public sector
undertakings of DAE. SARCOP involvement is comprehensive, covering safety of operating
personnel, members of the public and the environment.

7.2. Functions of SARCOP

SARCOP enforces safety standards stipulated by AERB for operating units of DAE. It
also undertakes safety surveillance in these units, and reviews proposed, safety-related
changes in design and safety-related incidents.

SARCOP appoints Unit Safety Committees for individual operating stations. These
committees continuously monitor safety status of their respective operating units and submit
reports/recommendations to SARCOP. To carry out its functions, SARCOP seeks support
from advisory committees or working groups from time-to-time. Non-compliance with
SARCOP directives by operating units of DAE is reviewed and, if necessary, restrictions or
suspension of operations of the facility are imposed.
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8. REGULATORY/UTILITY INTERACTION

The experience of safety and regulatory review has been instrumental in formalizing
safety criteria and procedures in NPP as well as in other nuclear installations. Technological
innovations continue the evolution of safety criteria. Examples of technological updates are:

- Advances in use of computers in plant control;
- In-service inspection techniques; and
- Life extension assessment of operating units.

AERB keeps pace with these requirements and has conducted safety related
engineering studies with the help of experts outside DAE and in educational institutions.

The regulatory review of projects and operating plants has been streamlined.
Interaction between the regulatory body and the utility is important to maintain a high level of
safety assurance. This is necessary with both planned and unplanned activity. Two typical
cases illustrating this are described below.

8.1. Narora fire incident

A major fire incident occurred in Unit-1 of Narora Atomic Power Station on 31.3.93,
resulting in a complete station blackout - unavailability of all power off and on-site. Operators
left the control room due to smoke. Core cooling was maintained by thermosyphoning on the
primary side and providing a heat sink to the secondary side of the steam generator by water
addition using diesel driven fire pumps. Manual addition of boron poison to the moderator
was used to assure the reactor was in a safe shutdown state. These actions followed station
black out emergency procedures. There was no loss of life or injury to personnel and no
radiological impact, either in the plant or in the public domain. On the International Nuclear
Event Scale (INES) the incident was rated at level 3. An incident of such magnitude was
unprecedented in the history of the utility as well as the regulatory body.

Power station authorities communicated with headquarters and with the regulatory
body while the incident was still unfolding. The Regulatory Board acted promptly and formed
an investigating committee consisting of experts from the regulatory body and the utility,
some of whom had participated in the design review of the station. Pending detailed
investigation, the AERB also placed a hold on start-up of the Unit-2. The Committee's
investigation indicated that root causes for the incident were as follows:

A turbine blade in the last stage of the LP rotor failed due to fatigue. This was
identified as a generic problem with that particular turbine blade design. Vibrations
during the turbine blade failure led to generator failure and the consequent burning of
escaping hydrogen and oil caused large scale burning of cables in the area.

- The complete black-out occurred due to the cable fire which escalated due to
ineffective fire barriers, together with inadequate physical separation in redundant
safety related cables leading to station power supplies.

On recommendation of the investigation committee, AERB took the following major
actions:

- Unit-2 of NAPS was permitted to restart in October 1993, after implementing the
Investigation Committee's recommendations. Important among them were
modification of turbine blades, refixing of qualified fire barriers, segregation of safety
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related cables, improved habitability of control rooms and improved fire detection and
suppression.

- Unit-1 was permitted to restart in January 95, after restoration of the affected systems
and implementing the recommendations of the Investigation Committee. In view of the
very long shutdown, and several important modifications to the plant, a detailed
procedure for re-commissioning and start-up of Unit 1 was prepared and approved by
AERB. AERB also carried out a special inspection to ensure that all the modifications
were executed before clearance for operation.

- NPCIL was required to shutdown each operating PHWR Station (having turbine
generator [TG] sets supplied by the same manufacturer) for thorough inspection of
turbine generators and associated components.

- NPCIL was required to implement other recommendations under schedule, particularly
regarding fire fighting and cable separation which were equally applicable to other
PHWR stations.

S.2. En-masse coolant channel replacement at RAPS Unit-2

The coolant channel pressure tubes are made of Zircaloy-2 in some reactors. Zircaloy-
2 is a material whose corrosion rate and associated hydrogen pick up rate increases after about
nine years of irradiation, resulting in degradation of the mechanical properties. Dislocation of
spacers separating the pressure tube and the calandria tube, can result in contact between them
aggravating the situation at local points of contact. This imposes a limit on the useful life of
reactor pressure tubes.

After operating for 8.5 Effective Full Power Years, the Rajasthan Atomic Power
Station, Unit-2 (RAPS-2) was shut down in July 1994 for pressure tube inspection.
Subsequently, a decision was taken for en-masse coolant channel replacement in this reactor.

This was the first-ever replacement in India and coupled with the fact that the other six
reactors with Zircaloy-2 pressure tubes would require en-masse replacement in due course of
time, the regulatory approach has been cautious and based on the following concerns:

- Radiation exposure to personnel should be based on ALARA principles.
- Damage to calandria tubes, bearing sleeves and other reactor components, which will

remain in service, should be avoided.
Radioactive waste generated from this activity must reach safe disposal.

- Adequate records should be created for QA and future reference.

In light of these concerns, the regulatory body decided that after completion of each of
the following stages, a detailed review should be conducted and subsequent work resumed
only after obtaining clearance. A committee of selected experts was specifically formed for
this purpose. These stages are:

- Cutting, removal and disposal of the first five channels from the reactor, after
qualification of tools, procedures and personnel on mock-up.

- After cutting and removal of all pressure tubes, inspection of calandria tubes and
reactor internals and assessment of their health based on the inspection data. All
inspection tools and methods qualified on mock-up.

- Installation of first five pressure-tubes after qualification of tools, procedures and
personnel on mock-up.

- Completion of work for reinstallation of coolant channels.
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It was also decided that significant upgrading of the units should be undertaken during
these long outages. In this connection, separate clearance from AERB was required for all
modifications to safety systems. AERB also stipulated that upon completion, regular licensing
procedures be followed for a new reactor.

The regulatory requirements were successfully met by the utility. The unit has since
been re-commissioned with all planned safety upgrades well within stipulated man rem
projections. Both these cases demonstrated the effectiveness of the safety and regulatory
potential and the satisfactory interface between regulator and utility.

9. CHALLENGES AHEAD

The PHWR program is being extended to include 500 MWe unit size of PHWR and
construction of two such units is being initiated this year. The basic principles of safety design
of 500 MWe are identical to 220 MWe. The safety upgrading involves design changes for a
larger core size and larger coolant inventory. This in addition to use of current regulatory
practices and state-of-art technologies such as control and instrumentation, seismic design,
safety analysis and defense in depth. The next stage of the Indian Nuclear Power Program is
based on fast breeder reactors. A fast breeder test reactor (FBTR) of 40 MW thermal capacity
is already in operation. The design of the first 500 MWe prototype fast breeder reactor (PFBR)
is under review by the regulatory body. Codes and practices for design and QA for this type of
reactor have been issued.

Regulatory review of 500 MWe PHWR and 500 MWe PFBR designs further increased
responsibilities of the AERB. AERB review teams by now well trained and experienced and
with a wide up-to date knowledge base from national and international feed back will be able
to carry out these assignments.

Induction of PWR of 1000 MWe capacity of Russian VVER type in the Indian nuclear
power program is also planned. Even though the safety fundamentals remain the same in all
NPP, the review team must gear up to understand application of safety requirements to
systems, components and structures of a different type. A committee has been formed by
AERB to see through the process of regulatory review of this type of reactor.

10. CONCLUSIONS

Evolution of safety and regulatory requirements in India has been possible through
close cooperation amongst designers, R&D groups and regulators. The NUSS Codes and
Guides published by the IAEA have been helpful in developing the national requirements for
safety and regulation.

Development of the nuclear power program in India has successfully demonstrated the
institutionalization and standardization of regulatory processes however, this is a continuously
evolving field. As regulatory review is multi-disciplinary, utilization of resources from the
utility, R&D and educational institutions along with the regulatory body was necessary. This
also contributed to effective manpower training. The benefit has been that manpower in all
sectors of nuclear power development and implementation was exposed to the intent of
regulatory requirements. An evident safety culture has emerged from this experience.
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Meeting safety and regulatory requirements is technology intensive. The role of
research and development and industry is essential to execute safety and regulatory
requirements. The founders of nuclear power in this country ensured development of all
required technologies.

Organizations like the IAEA do a commendable job of channeling international
cooperation for development of nuclear power by providing the knowledge for safety
objectives and principles. Similar support on technology, manpower training, safety analysis
tools and hardware will enhance safe nuclear power generation in developing countries.
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