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Abstract

India has achieved competency in design, construction,
commissioning and operation of Pressurized Heavy Water Reactor
based Nuclear Power Plants and has completed more than 120
reactor operating years with an extremely satisfactory safety
record. In this paper, the safety management in NPCIL and
operational safety aspects are discussed, licensing & regulatory
approach is described and some of the main safety issues for
Indian PHWRs are brought out.

1.0 INTRODUCTION

The Indian Pressurized Heavy Water Reactor (PHWR) programme
is the first stage of the three phase programme (envisaged almost
four decades ago) ultimately aimed at exploiting India's vast
Thorium resources to meet long term energy needs. The design,
construction, commissioning and operation of Nuclear Power Plants
is the responsibility of Nuclear Power Corporation (NPC), a
Government of India enterprise under the Department of Atomic
Energy (DAE). The Bhabha Atomic Research Centre (BARC) is
responsible for research and development of thermal reactors. All
phases of nuclear activity are regulated by an independent body,
the Atomic Energy Regulatory Board (AERB).

With concerted and dedicated efforts in the past four & half
decades, India has been successful in establishing a self reliant
nuclear power industry, the related nuclear fuel cycle facilities
and has also mastered the technology of nuclear waste handling.

With eight PHWRs and two Boiling Water Reactors (BWRs) now
in operation, India has completed more than 120 reactor operating
years with an extremely satisfactory safety record and plants
have operated with a capacity factor of about 65%. Four PHWRs are
presently under construction and 12 more are planned. NPC has
evolved a standardized design of 220 MWe PHWRs and the design for
larger size units of 500 MWe capacity is at an advanced stage.
The basic design of 220/500 MWe units is similar, however, a
number of significant state-of-the-art design changes have been
made progressively from RAPS-1&2 to MAPS-1&2 to NAPS-1&2 to
Kaiga-1&2 and finally to the 500 MWe Units. These changes have
been made from the consideration of currently prevailing safety
criteria, seismicity, improved availability, requirement of in-
service inspection, ease of maintenance, etc. as appropriate to
Indian conditions.
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The radioactive effluent releases through air and water
routes from all Nuclear Power Stations are fractions of the
respective permissible technical specification limits. The
calculated and measured radiation doses in the public domain are
fractions of permissible exposure as per AERB and ICRP limits.
India is one among the first few countries who have adopted the
new ICRP 60 individual dose limits. NPC is pro-active on safety-
management and has at its own initiative taken up review and
implementation of various corrective actions in consultation with
AERB. A Business Plan is under implementation for strengthening
Safety Culture in an attempt to move towards excellence in the
area of safety.

In this paper, safety management in NPC and operational
safety aspects are discussed, licensing & regulatory approach is
described and some of the main safety issues for Indian PHWRs are
brought out.

2.0 SAFETY MANAGEMENT IN NPC

Safety is given utmost importance in the Nuclear Power
Corporation. It occupies a predominant position in the mission
statement and safety policy document. In order to achieve
overall safety (be it nuclear, conventional or environmental),
comprehensive efforts are required at all stages of a Nuclear
Power Plant (NPP) starting from site selection, design,
manufacture, construction, commissioning, operation and
decommissioning.

The safety management of NPC strives to fulfill the overall
safety objectives (general nuclear safety, radiation protection
and technical safety) at each stage of a NPP. The safety policy
of NPC has been defined and being implemented. This shall be
periodically reviewed to make it responsive to changes in
statutory regulations, technological advances and the reaction of
the public to safety and environmental issues.

Safety organization structure at headquarters and stations
clearly identifying the corporate and individual responsibilities
has been established. Also, the accountability for safety at
various levels in the organization been defined.

Corporate Business Plan for strengthening Safety Culture and
Safety Culture Indicators has been issued. This shall be further
developed and propagated at all the units of NPC.

2.1 Internal Safety Review/Verification

Within NPC, the Directorate of Health, Safety, Environment &
Quality Assurance (HSE&QA) is responsible for the independent
verification of design safety as well as independent evaluation
of operational safety. In order to focus the safety significance
of the issues involved and to ensure quality and relevance of
submissions, a system of formal, independent inter-disciplinary
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safety review has been established for review of station
proposals and documents prior to their submission to AERB. To
facilitate the detailed review at design stage as also for final
vetting of applications from operation/commissioning units to
Regulatory body, exhaustive checklists have been prepared.
Headquarters Instructions (HQIs) have been issued to all projects
and stations specifying the guidelines for submission of
reports/documents to AERB (or any of its constituent committees)
as also for review and further processing of reports/documents
received from AERB (or its committees).

A system has been instituted for ensuring operational safety
in a pro-active manner (through systematic peer reviews, Internal
Safety Review of Operating Station 'ISROS', Assessment of Safety
Significan Event Team 'ASSET' reviews, Assessment of Safety
Culture in Operating Team 'ASCOT', etc.), far exceeding the
expectations of the regulatory body. The aspects of a) Human
factor engineering; b) Environmental qualifications; c) ALARA; d)
Ageing, back-fitting and life extension; e) Assessment &
trending of system performance and events; etc. are being given
due importance.

2.2 Safety Assessment Criteria

The proof of compliance with the safety objective requires
in-depth safety assessment as described above. These assessments
check with the compliance with a set of criteria including the
technical/safety codes, guides, standards and several other
documents as indicated below:

a) Design Manuals, Design Basis Reports, Safety Reports
(Vol-1: Technical Description, Vol-2: Accident Analysis)

b) Operating documents like Operating Manuals, Flow Sheets,
Station Instructions

c) Technical Specifications

d) Operating Policies

e) SARCOP/unit SRC Recommendations

f) AERB Manuals, Codes and Guides for Safety of NPPs for -

- Safety Manual Governing the Authorization Procedure
for NPPs

- Siting (SC/S, SG/S-1 to 12)
- Quality Assurance (SC/QA, SG/QA-1 to 5)
- Design (SC/D, SG/D-1 to 25)
- Civil Engineering Design (SC/CSE, SG/CSE-1 to 8)
- Operation (SC/O, SG/O-1 to 11)
- Radiation Related Aspects (SG/HS-1, SG/Decom., RPM,

RPR, M/NISD-1 to 2)
- Governmental Organisation (SG/G-1 to 8)

(While some of the above have already been published,
others are under preparation/publication)
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g) IAEA Safety Series -
- INSAG Reports 75
- Code of Practice 50-C

- Safety Guides 50-SG

h) I SI (Indian Standards Institution) Standards

i) IEEE standards, etc.
Safety assessments also include the analysis of accident

scenarios representative of the whole range of events and
processes which have potential radiological consequences.

2.3 Application of New Safety Significant Information

The importance of keeping abreast with the latest trends in
safety is given due emphasis in India. Several experts are
members of INSAG, OSART & IAEA safety series working groups. We
also get benefit from NRC, WANO, COG and IRS reports. A system
has been established for assimilation of state-of-the-art
developments and experiences elsewhere and to make swift
corrections, as relevant, to enhance safety & performance of our
plants. Subsequent to the accidents at TMI-2 and Chernobyl,
exhaustive reviews of Indian PHWRs were taken up and
several upgradations (i.e., 39 after TMI and 47 after Chernobyl),
were carried out.

2.4 Probabilistic Safety/Risk Assessment (PSA/PRA)

This is one area where only a beginning has been made.
System reliability analysis has been performed for all operating
PHWRs (RAPS, MAPS, NAPS and KAPS), with the studies getting more
elaborate and comprehensive for successive plants. At present,
attention is focused on performing level 1 PSA (for internal
events) for all our plants, since the major benefits and insights
are expected from level 1 PSA. Level 1 PSA has been completed for
NAPS. Plant specific failure rate data from operating plants is
being collected. Treatment of external events will be taken up
next. PSA level 2 and 3 work will be taken up subsequently. In
general, strengthening would be required in almost all areas
i.e., fast running computer modeling, uncertainty analysis,
efficient sampling technique, accident analysis techniques,
accident frequency, progression and source term analysis, risk
integration and finally consequence analysis.

2.5 Emergency Preparedness

More than 100 emergency conditions have been postulated and
procedures called "OPEC" (i.e., Operating Procedures Under
Emergency Conditions) have been prepared for the same. These are
to be used by plant operators for mitigating the effects in the
unlikely chance of any of those abnormal incidents. Efforts are
being made to evolve symptom based Emergency Operating Procedures
(EOPs) to facilitate ready identification of the evolving
scenario and appropriate action(s) based on safety function
maintenance approach. Introduction of intelligent computer based
systems for assisting the operator in decision making is also
being envisaged. The OPEC procedure for Station Black Out (SBO)
was satisfactorily followed during the NAPS fire incident.
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The emergency preparedness procedures are extremely
satisfactory and it is a practice to conduct quarterly station
emergency drills and yearly off-site full scale exercises. Feed
back sessions are held after each drill/exercise with all
including responsible Government authorities and deficiencies are
corrected.

2.6 Quality Assurance

Quality Assurance in all phases, is an essential ingredient
for overall safety management. The safety requirements & design
commitments made in system Design Basis Reports and stipulations
by safety bodies i.e., Project Design Safety Committee (PDSC),
Civil Engineering Safety Committee (CESC) and Advisory Committee
for Project Safety Review (ACPSR), etc. shall be systematically
incorporated into subsequent documents (specifications,
procedures, Design Manuals and Operating Manuals) for ensuring
comprehensive compliance/ implementation and traceability. The
verification of the same is an important component of QA in
design. QA practices during construction and operation involve a
detailed analysis of tasks to be performed such as, the
identification of desired skills, the selection and training of
personnel, the use of appropriate equipment and procedures,
document control and record systems, clarification and
recognition of individual responsibilities, etc. A topical QA
Document has been issued for implementation. HSE&QA Directorate
of NPC is entrusted to act as nodal agency to ensure the above.

3.0 OPERATIONAL SAFETY OF PLANTs

Operational safety and reliability are given the top most
consideration. Continuous efforts are being put to reduce the
Safety Related Unusual Occurrences (SRUORs) and Technical
Specification Violations (TSVs). Due to these efforts, the
numbers per unit, of both SRUORs & TSVs have come down (refer
Figs. 1 and 2 ) .

It is the combination of sound design and operating practices
that go to make a safe reactor. Recognizing this, the operation
of nuclear power stations in India is characterized by:

a) Strict adherence to technical specifications for station
operation, which set safety limit on various parameters,
and lay down requirements regarding operability,
surveillance and testing of key equipment.

b) very careful selection, training, qualification and re-
qualification of operations personnel. (This has paid
rich dividends in the form of prompt operator response,
acclaimed internationally, during NAPS fire incident and
KAPS flood incident.)

c) a well planned in-service inspection programme.

d) regular preventive maintenance.
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e) rigorous and multi-tiered review of operations as part of
station procedures, as well as part of the regulatory
process during operations.

f) Continuous review of all SRUORs, near miss events (for
ASSET type review) and corrective actions at all
stations- Continuously reducing trend is the objective.

g) Similar approach (as above) for technical and operational
policy violations, on-power entries, over exposures, use
of jumpers, non-conformance to stipulations, HQIs, etc.,
is followed.

h) Reduction of the station man-rem, effluent releases,
active waste disposal, etc., to ALARA.

i) Standardization of all mandatory procedures (through
HQIs) like containment tests, emergency exercises &
drills, fire drills, testing of ESFs (diesels, emergency
transfer batteries, etc.).

j) Mid-term technical reviews of various systems (such as
D20 to H20 leak detection system, chromotograph,
programmable digital comparator system, control room
computer system, regulating system, etc.) in their
present status to meet the original design & safety
intent. Such reviews may be part of root cause
analysis/ASSET reviews.

h) Development of standard procedures on the basis of
operational experience for use in all stations.

Periodic testing, maintenance and observed deficiencies
provide a large amount of information about the effective
behaviour and reliability of components, system and staff.
Structured collection of this information allows comparison with
design assumptions, correction of weaknesses and possible
improvements. Performance indicators are being developed and
implemented to be able to monitor, in a more systematic way, the
quality of operation and maintenance, and the overall safety
performance of both technical system, staff and management. With
this in view, continuous review of performance of Engineered-
Safety-Features (ESFs) is being done. Table-1 lists the documents
and reporting system which constitute a built-in mechanism for
safety audit.

3.1 Operational Safety Review

The operational regime has a some what overlapping nine-tier
safety control organisation to continuously monitor, review and
ensure maintenance/improvement in the safety performance of
various operating units. These include design built (engineered)
safety features, operating organization's internal safety
practices, internal safety audits, adherence to technical
specifications and operating policies, SORC, unit SRC, SARCOP and
AERB. Elaborate reporting and administrative system ensure timely
and exhaustive reviews by experts at appropriate stage. Personnel
involved in the reviews have sufficient independence from cost,
schedule and other production considerations.
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TABLE-1

DOCUMENTS AUTOMATICALLY RESULT IN SAFETY AUDIT

1. Safety System Test Forms

2. SRUORs - 24 Hour Report
- 20 Days' Report

3. a) Technical Specification Violation - Report
- Condonation

b) Operational policy Violation - Report

- Condonation

4. Routine Safety System Setting Checks

5. Applications to Safety Organisation

6. Technical Audit Reports
7. AERB/SARCOP (Safety Review Committee for Operating Plants)

Audit Proforma

8. Jumper Forms

9. Industrial Safety Forms

10. Technical Specifications Checks Compliance Forms

11. WANO Performance Indicators

12. SARCOP/SRC (unit Safety Review Committee)/SORC (Station
Operation & Review Committee) recommendation status

13. Quarterly Reports of SARCOP

14. Monthly Reports Giving Effluent Discharge, Manrem, Active
Waste Disposal Details, etc.

15. Safety Assessment Report for Renewal of Authorisation
(SARRA)

Continuous emphasis is being placed for strengthening the
overall safety culture. Considerable efforts have already been
put to improve safety by devising a system/organisation which
allows in-depth safety assessment/verification and internal
audits to achieve the necessary safety standards. However, in
order to get the desired results, the system of safety
verification must cover the whole range of activities and
procedures such as independent assessment of safety in design,
quality assurance at all stages including site selection,
construction, commissioning, etc. These are to be followed during
the operational phase by in-depth periodic safety reviews of
operating units throughout the operating life until safely
decommissioned. In addition to paying attention to specific
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safety issues at plant level, the operating organisation carries
out periodic reviews to confirm the continued validity of the
design intent and safety features of the installation. Such
reviews include consideration of the cumulative effects of
modifications and changes of procedures, of the ageing of those
components that have not been recently replaced or revalidated,
of operating experiences and of technical developments. In
addition to using established methods of safety analysis, the
quality of safety management, operation and maintenance are
subjected to special peer reviews. The AERB and Directorate of
Health & Safety of NPC ensure that such systematic programmes
exist, provide adequate coverage of the issues and assess the
quality of the results.

Apart form one time reviews as above, a system of routine
Internal Safety Review of Operating Station (ISROS) has been set
up in 1991 to conduct yearly in-depth review of each operating
station. These are generally based on OSART (Operational Safety
Review Team) & SALP (Systematic Assessment of Licensee
Performance of NRC) reviews with relevant additions necessary in
the Indian context. The combination of routine and annual
surveillance and periodic safety re-assessments together with
peer reviews ensure that the operation of the installation always
remains safe.

4.0 LICENSING AND REGULATORY PROCESS

AERB, which functions independently, is the apex body with
regard to safety of NPPs. It maintains control over nuclear
safety in siting, design, construction, operation and
decommissioning of NPPs through regulatory actions that authorize
activities, establishes requirements and conditions governing the
performance of these activities and, where appropriate, places
time limits on the validity of the authorizations. One of the
primary means by which the regulatory body achieves this
objective is the review and assessment of the applications for
authorizations including the information submitted by the plants
in their support. The authorization procedure adopted by AERB
for PHWRs is laid out in AERB's Safety Manual Governing the
Authorization Procedure for NPPs

4.1 Regulatory Safety Review

The safety reviews are carried out at various levels by
committees composed of experienced engineers/scientists and
experts (from both inside and outside DAE) who as a body,
comprise expertise in nearly all aspects of NPP safety. In
general, for each of the major authorization stages, a three-tier
review process is followed by AERB before any activity is
authorized in a NPP. The first level of regulatory review is by
the Site Evaluation Committee (SEC), Project Design Safety
Committee (PDSC), Civil Engineering Safety Committee (CESC) or
unit level Safety Review Committee (SRC), as appropriate. These
committees review the submissions, starting from Site Evaluation
report (SER) upto the final test and commissioning reports. They
also visit the project sites to review quality surveillance
results and other site test results. The next level of review is
conducted through Advisory Committee for Project Safety Review
(ACPSR) or Safety review Committee for Operating Plants (SARCOP),
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which discuss the recommendations of SEC/PDSC/CESC/SRC on the
related authorizations. Finally, the board of AERB is the
statutory authorizing agency. It considers the recommendations of
ACPSR/SARCOP and decides on the authorization under
consideration. Table - 2 summarizes the levels of regulatory
review at various stages.

TABLE-2

LEVELS OF REGULATORY REVIEW AT VARIOUS STAGES

Siting

SEC

ACPSR

AERB

Design/Commissioning

PDSC/CESC

ACPSR

AERB

Operation

Unit Safety
Review Committee

SARCOP

AERB

4.2 Site Acceptance

The basic objectives at the site acceptance stage are to
establish the conceptual design of the facility and to determine
whether it is feasible to design, construct and operate the
facility on the proposed site while meeting the safety objectives
and requirements established by the AERB through various codes
and guides for siting. The primary documentation required is the
SER providing a summary description of the proposed station and
information on land use, present and predicted population,
principle sources and movement of water, water usage,
meteorological conditions, seismology and local geology. The
AERB, itself, is primarily concerned with the inter-relationship
of the site and plant and evaluation of environmental impact is
entrusted to associated environmental agencies.

4. 3 Construction Authorization

Prior to granting the second formal authorization for site
construction, the AERB must be assured that the design is such
that the AERB safety principles and requirements will be met and
that the plant will be built to appropriate quality standards. In
order to do this, it in necessary that the design be sufficiently
advanced to enable the safety analyses to be performed and their
results assessed. The primary documentation required includes a
Preliminary Safety Analysis Report (PSAR) (which is essentially a
commitment document that combines the essential information of
the SER, a description of the reference design, and the
preliminary safety analysis), an overall Quality Assurance
program for the project together with a specific program for
construction quality assurance and preliminary plans for
operation.

4. 4 Commissioning Authorization

The third major authorization stage is prior to
commissioning. For Indian NPPs, the authorization for
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commissioning is given in several interim stages. For PHWRs,
these interim stages, in general, are:

a) hot conditioning of the primary system.

b) fuel loading of the reactor core and heavy water addition
to storage and cooling systems (except core).

c) initial approach to criticality.

d) low power physics calibration experiments (Phase B).

e) low power engineering tests (Phase C) and tests at 25%,
50% and 75% of rated power.

f) tests at rated power.

AERB may alter, if necessary, the order of above-mentioned
interim stages, to add new stages or to combine some stages, in
specific cases, if safety considerations so require. The
documentary submissions for each of the commissioning stages are
therefore, related to the safety systems and safety features
which are relevant to the commissioning stage concerned.

4.5 Operating License

Before issuing an operating license, the AERB must be
assured, primarily, that the plant, "as-built", conforms to the
design submitted and approved, and that the plans for operation
are satisfactory. The requirements include submission of a Final
Safety Analysis Report (FSAR) (documenting the "as-built" of the
station and up-to-date analysis of possible accidents and the
capability of safety systems to cope with them and limit their
consequences), completion of previously approved commissioning
program, examination and authorization of senior personnel,
approval of operating policies and principles, preparation of
plans and procedures for dealing with emergencies and a specific
program for quality assurance during operation. Preparation of
emergency preparedness manual (which is a document approved by
respective State Government) and conducting a successful full-
scale emergency exercise have now been made mandatory
requirements by AERB before giving operating license.

Provided all has proceeded to the satisfaction of AERB, a
full operating license is issued for a term not exceeding five
years. Among the terms of an operating license is the requirement
that the station inform the AERB promptly of any occurrence or
situation which could affect the safety of the plant. AERB
continuously updates and monitors safety requirements of NPPs and
retains the right to impose additional conditions at any time.
Stations seeking renewal of the operating license from AERB have
to submit Safety Assessment Report for Renewal of Authorization
(SARRA) once in five years.

Although the primary responsibility for the safe operation
of the plant remains with NPC, there is continued surveillance by
the AERB committees, annual reviews of operation and major
reviews at times of renewal of operating license. Formal approval
of the board will be required for decommissioning, although the
situation has not yet arisen.
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4.6 Authorization of Operators

The practice to date has been that those members of the
operational staff who serve as Shift Charge Engineers, Assistant
Shift Charge Engineers and Control Engineers must be specifically
authorized by the AERB. Subsequently, they are required to be
re-qualified once in three years. In the operating plants, these
positions bear the primary responsibility for the day-to-day
operation. AERB also monitors various health physics activities
at plants.

5.0 SAFETY ISSUES

Some of the main safety issues concerning Indian PHWRs are
discussed in the subsequent sections.

5.1 Radiation Embrittlement of End Shields of RAPS-1&2 & MAPS-1

During the time when RAPS-1&2 and MAPS-1 were built, not
much information was available regarding the irradiation
behaviour of the material used for end-shields. In these
reactors, the Calandria side tube sheets, lattice tubes and main
shell of end shields are made of 3.5% nickel steel material. Due
to irradiation embrittlement, the Nil-Ductility-Transition-
Temperature (NDTT) of end-shields' material has crossed the
operating temperature within a short period of operation. The
end-shields of these units are under operation with embrittled
material. Only in case of RAPS-1 the cracking of the tube sheet
ligament at lattice-tube to tube-sheet weld joints was observed.
This has been attributed to the local stress relief treatment
done during initial manufacturing stages before installation. No
such stress relief treatment was done in case of RAPS-2 and
MAPS-1 end-shields. Under the normal operating conditions, being
a low stress component, the catastrophic failure is not envisaged
based on the analysis carried out at BARC.

After detailed review of the subject by the experts,
adequate precaution been incorporated in the operating
instructions of RAPS/MAPS end-shields to avoid thermal
shocks. Condition monitoring using acoustic emission technique
has been planned during en-masse coolant channel replacement
activities and fracture analysis work is being done.

5.2 Pressure Tube to Calandria Tube (PT/CT) Contact

The potential for PT/CT contact exists in RAPS-1&2,
MAPS-1&2, NAPS-1&2 and KAPS-1 where zircaloy-2 has been used as
the pressure tube material, due to creep characteristics of the
material combined with possibility of shifting of garter springs.
Though PT/CT contact in itself does not constitute any failure,
it is known to encourage hydrogen pick-up and blister formation
over a period of time and consequent weakening of pressure tubes.
KAPS-2 onwards this problem is not there as zirc-niobium
(Zr-2.5%Nb) pressure tubes with tight fitted garter springs have
been used. Zr-2.5%Nb has much better creep characteristics. This
problem is known to NPC after the incident in 1984, at
Pickering-2 station in Canada. Some movement of garter springs
has been observed in RAPS-2 and MAPS-2. There has been no
movement observed in Narora from the results based on in-service-
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inspection. It is felt that the feature of moderator dumping may
also be contributing to shifting of the loose garter springs,
apart from the construction activities and high coolant flows
during hot-conditioning.

At present, RAPS-1&2 are already under capital maintenance
outage for en-masse coolant channel replacement and other
retrofitting. Efforts are being made to assess the residual life
of the contacting/non-contacting pressure tubes for other units
and at appropriate stage, en-masse coolant channel replacement of
these units will be taken up.

5.3 Tritium Removal From Heavy Water

There is a need to provide detritiation units at our PHWRs,
particularly at RAPS and MAPS where system tritium levels are
quite high. This, if feasible, will reduce the tritium exposures
at out plants. R&D efforts towards the above are progressing
satisfactorily at BARC.

5.4 Protection Against Fire & Flood

NAPS fire incident, which resulted in total station blackout
for about 17 hours, did highlight certain strengths of design and
operation as well as focussed on several weaknesses. The incident
was reviewed in detail by two independent expert committees,
common cause failure study was carried out and necessary
modifications were incorporated. AERB has issued a fire
protection code which embodies broadly the provisions of review
practices followed internationally. Fire hazard analysis task
forces have been constituted at all stations to carry out fire
hazard analysis and to ensure compliance with the AERB fire
protection code.

The design basis flood level of an NPP is always chosen to
have a very low probability of exceedance per annum based on
several site related factors. Based on the experience of flooding
incident of KAPS (June 16, 1992), which was analysed using ASSET
methodology, various protective measures have been implemented at
all stations. The combination of parameters which lead to a
flooding situation are dynamic in nature due to natural and man
influenced activities and hence, protective measures need review
on a continuing basis.

5.5 Station Blackout (SBO)

The present design of Indian PHWRs is capable to cater to a
SBO of upto the duration of 8 hours (eventhough NAPS withstood a
SBO of 17 hours satisfactorily). Detailed review of the subject
was carried out by an expert committee and its recommendations
will be implemented at all stations after getting necessary
clearance from AERB.

5.6 Severe Accident Management

Since safety is never absolute in any venture, continuous
efforts are required to improve upon the safety (by minimizing
the risks) and performance of existing designs. In line with the
international trends, consideration is being given to beyond
design basis events also. As part of the above, preliminary
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identification and analysis has also been done for beyond-design-
basis-accidents and severe accidents management guidelines for
the plant operators are also being prepared.

6.0 CONCLUSION

In conclusion, it is summarized that safety of Indian
Nuclear Power Plants is being given overriding importance right
from the stage of site selection, followed by design,
construction, commissioning, operation and decommissioning
stages. Well structured quality assurance are being followed. A
nine tier system for control of safety through internal and
external organisation, development of safety culture, etc. are
ensuring strict adherence to safety standards that can be
compared to any international levels. The above have resulted in
extremely safe operation of more than 120 reactor operating years
without any major safety significant event. Experience with the
operating stations in the country has demonstrated that these
reactors are capable of operation with high reliability while
ensuring safety of plant personnel and the surrounding
population, and with minimal impact on the environment.
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