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FOREWORD

Activities concerning establishment and utilisation of nuclear facilities and use of radioactive
sources are to be carried out in India in accordance with the provisions of the Atomic Energy
Act, 1962. In pursuance of ensuring safety of members of the public and occupational workers
as well as protection of the environment, the Atomic Energy Regulatory Board (AERB) has
been entrusted with the responsibility of laying down safety standards and enforcing rules and
regulations for such activities. The Board has, therefore, undertaken a programme of
developing safety standards, safety codes, and related guides and manuals. While some of these
documents cover aspects such as siting, design, construction, operation, quality assurance and
decommissioning of nuclear and radiation facilities, other documents cover regulatory aspects
of these facilities.

Safety codes and safety standards are formulated on the basis of nationally and internationally
accepted safety criteria for design, construction and operation of specific equipment, structures,
systems and components of nuclear and radiation facilities. Safety codes establish the
objectives and set requirements that shall be fulfilled to provide adequate assurance for safety.
Safety guides and guidelines elaborate various requirements and furnish approaches for their
implementation. Safety manuals deal with specific topics and contain detailed scientific and
technical information on the subject. These documents are prepared by experts in the relevant
fields and are extensively reviewed by advisory committees of the Board before they are
published. The documents are revised when necessary, in the light of experience and feedback
from users as well as new developments in the field.

In order to standardize the format and required contents of Safety Analysis Report (SAR) for
various types of nuclear power projects/plants and thereby helping in quick and efficient safety
review of the project/plant, this safety guide is prepared as a technologically neutral document
giving guidelines for preparing and submission of SAR. In drafting this document, the
information available in a number of national and international publications has been made use
of, including those of the International Atomic Energy Agency (IAEA), USNRC and Atomic
Energy Regulatory Board (AERB).

This guide has been prepared by a working group comprising AERB, NPCIL, BARC, IGCAR
and BHAVINI officers. It has been reviewed by experts and the Advisory Committee on Code
and Guides on Governmental Organisation for Nuclear and Radiation Facilities (ACCGORN).

AERB wishes to thank all individuals and organisations who have prepared and reviewed the
document and helped in its finalisation. The list of persons, who have participated in this task,
along with their affiliations, is included for information.

(S. A. Bhardwaj) 5

Chairman, AERB
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DEFINITIONS

Acceptable Limits
Limits acceptable to the regulatory body for accident condition or potential exposure.
Acceptance Criteria

The standard or acceptable value against which the value of a functional or condition indicator
is used to assess the ability of a system, structure or component to perform its design function
or compliance with stipulated requirements.

Accident

An unplanned event resulting in (or having the potential to result in) injury or damage to
equipment which may or may not cause release of unacceptable quantities of radioactive
material or toxic/hazardous chemicals.

Activation
The production of radionuclides by irradiation.
Active Component

A component whose functioning depends on an external input, such as actuation, mechanical
movement, or supply of power, and which, therefore, influences the system process in an active
manner, e.g. pumps, valves, fans, relays and transistors. It is emphasized that this definition is
necessarily general in nature as is the corresponding definition of passive component. Certain
components, such as rupture discs, check valves, injectors and some solid state electronic
devices, have characteristics which require special consideration before designation as an
active or passive component.

Ageing

General process in which characteristics of structures, systems or component gradually change
with time or use (although the term 'ageing' is defined in a neutral sense - the changes involved
in ageing may have no effect on protection or safety, or could even have a beneficial effect - it
is commonly used with a connotation of changes that are (or could be) detrimental to protection
or safety, i.e. as a synonym of 'ageing degradation').

ALARA

An acronym for ‘As Low As Reasonably Achievable’. A concept meaning that the design and
use of sources, and the practices associated therewith, should be such as to ensure that
exposures are kept as low as reasonably practicable, with economic and social factors taken
into account.

Analysis

A process of mathematical or other logical reasoning or deduction that leads from stated
premises to the conclusion/response/outcome/adequacy of a system or any other item of
interest.

Anticipated Operational Occurrences (AOO)

An operational process deviating from normal operation, which is expected to occur during the
operating lifetime of a facility but which, in view of appropriate design provisions, does not
cause any significant damage to items important to safety, nor lead to accident conditions.
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Assessment

Systematic evaluation of the arrangements, processes, activities and related results for their
adequacy and effectiveness in comparison with set criteria.

Atomic Energy Regulatory Board (AERB)

A national authority designated by the Government of India having the legal authority for
issuing regulatory consent for various activities related to the nuclear and radiation facility and
to perform safety and regulatory functions, including their enforcement for the protection of
site personnel, the public and the environment against undue radiation hazards.

Authorisation

A type of regulatory consent issued by the regulatory body for all sources, practices and uses
involving radioactive materials and radiation-generating equipment (see also ‘Consent’).

Channel (Coolant)

The primary heat-transport coolant tube and accessories through which the reactor coolant
flows in a reactor.

Channel (Instrumentation)
An arrangement of interconnected components within a system that initiates output(s).
Cladding

An external sheath of material over nuclear fuel or other material that provides protection from
a chemically reactive environment and containment of radioactive products produced during
the irradiation of the composite. It may provide a structural support.

Classification (Radioactive Waste)

Determination of the physical, chemical and radiological properties of the waste to establish
the need for further adjustment, treatment, conditioning, or its suitability for further handling,
processing, storage or disposal.

Clearance Levels

A set of values established by the regulatory body and expressed in terms of activity
concentrations and/or total activity, at or below which sources of radiation may be released
from regulatory control.

Collective Dose

An expression for the total radiation dose incurred by a population and defined as the product
of the number of individuals exposed to a source and their average radiation dose.

Commencement of Operation of Nuclear Power Plant

The specific activity/activities in the commissioning phase of a nuclear power plant towards
first approach to criticality, starting from fuel loading.

Commissioning

The process during which structures, systems and components of a nuclear or radiation facility,
on being constructed, are made functional and verified in accordance with design specifications
and found to have met the performance criteria.

Component

The smallest part of a system necessary and sufficient to consider for system analysis.
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Conditioning of Waste

The processes that transform waste into a form suitable for transport and/or storage and/or
disposal. These may include converting the waste to another form, enclosing the waste in
containers and providing additional packaging.

Confinement

Barrier, which surrounds the main parts of a nuclear facility, carrying radioactive materials and
designed to prevent or to mitigate uncontrolled release of radioactivity into the environment
during commissioning, operational states, design basis accidents or in decommissioning phase.
( see “'Containment” also)

Consent

A written permission issued to the “Consentee” by the regulatory body to perform specified
activities related to nuclear and radiation facilities. The types of consents are 'Licence',
'Authorisation', 'Registration' and 'Approval', and will apply according to the category of the
facility, the particular activity and radiation source involved.

Construction

The process of manufacturing, testing and assembling the components of a nuclear or radiation
facility, the erection of civil works and structures, the installation of components and equipment
and the performance of associated tests.

Containment
(See “’Primary Containment’’/’’Secondary Containment’’/”’Confinement’’).
Containment Isolation

The process of isolating containment or boxing up the containment so that there is no direct
path from the system available for the radioactivity to reach the environment.

Containment Penetrations

Openings in the containment envelope for passage of personnel, materials, process piping and
cables.

Contamination

The presence of radioactive substances in or on a material/the human body or other places in
excess of quantities specified by the competent authority.

Controlled Area

A delineated area to which access is controlled and in which specific protection measures and
safety provisions are, or could be, required for

e controlling normal exposures or preventing the spread of contamination during normal
working conditions; and

e preventing potential exposures or limiting their extent should they occur.

Control System

A system performing actions needed for maintaining plant variables within prescribed limits.
Core Components

All items other than fuel, which reside in the core of a nuclear power plant and have a bearing
on fuel integrity and/or utilisation (e.g. calandria, coolant channels, in-core detectors and
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reactivity devices).
Core Damage

Reactor state brought about by the accident conditions with loss of core geometry or resulting
in crossing of design basis limits or acceptance criteria limits for one or more parameters. (The
parameters to be considered include fuel clad strain, fuel clad temperature, pressure for primary
and secondary systems, fuel enthalpy, clad oxidation, % of fuel failure, H> generation from
metal-water reaction, radiation dose, time required for operator to take emergency mitigatory
action).

Core Management

All activities associated with the use of fuel and core components in a nuclear power plant with
the ultimate aim of ensuring integrity and efficient use of the same.

Countermeasures

An action aimed at alleviating or mitigating the consequences of accidental release of
radioactive material into the environment.

Criteria

Principles or standards on which a decision or judgement can be based. They may be
quantitative or qualitative.

Critical Component
Component, whose failure, in a given operating state of the system, results in the system failure.
Criticality

The 'stage’ or 'state' of a fissile material system where a self-sustained nuclear chain reaction is
just maintained.

Cyclone

A low-pressure belt generated in the upper atmosphere, which has circular isobaric pattern and
associated wind speed greater than 60 km/h.

Decontamination
The removal or reduction of contamination by physical or chemical means.
Defence-in-Depth

Provision of multiple levels of protection for ensuring safety of workers, the public or the
environment.

Derived Limits

Values of quantities related to the primary or secondary limits by a defined model such that if
the derived limits are not exceeded, it is most unlikely that the primary limits will be exceeded.

Design

The process and results of developing the concept, detailed plans, supporting calculations and
specifications for a nuclear or radiation facility.

Design Basis Accidents (DBAS)

A set of postulated accidents which are analysed to arrive at conservative limits on pressure,
temperature and other parameters which are then used to set specifications to be met by plant
structures, systems and components, and fission product barriers.
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Design Basis Events (DBES)

The set of events, that serve as part of the basis for the establishment of design requirements
for systems, structures and components within a facility. Design basis events (DBEs) include
operational transients and certain accident conditions under postulated initiating events (PIEs)
considered in the design of the facility (see also “’Design Basis Accidents’’).

Design Basis Fire

A hypothetical fire, which is assumed for the purpose of fire protection design or analysis. Fire
is assumed to be one that would lead to the most severe damage in the area under consideration
in the absence of fire protection systems.

Design Basis External Events (DBEES)

The parameter values associated with, and characterising, an external event (e.g. missile
impact, chemical explosion in the vicinity, etc.) or combinations of external events selected for
design of all or any part of a nuclear facility.

Design Basis Flood (DBF)
The flood selected for deriving a design basis for a nuclear facility.
Design Life

The period of time for which the item will perform satisfactorily meeting the criteria set forth
in the design specification.

Design Limits

Limits on the design parameters within which the design of the structures, systems and
components of a nuclear facility have been shown to be safe.

Deterministic Effects

A radiation effect for which generally a threshold level of dose exists, above which the severity
of the effect is greater for a higher dose.

Discharge (Radioactive)
Planned and controlled release of (gaseous or liquid) radioactive material into the environment.
Discharge Limits

The limits prescribed by the regulatory body for effluent discharges into atmosphere/aquatic
environment from nuclear/radiation facilities.

Dispersion Coefficient (Atmospheric)

The standard deviation in a specified direction of the Gaussian distribution model used for
dispersion of material in atmosphere.

Disposal (Radioactive Waste)

The emplacement of waste in a repository without the intention of retrieval or the approved
direct discharge of waste into the environment with subsequent dispersion.

Disposition
An act to determine how a departure from a specified requirement is to be handled or settled.
District Authority

A person notified by the appropriate government(s), with jurisdiction over the area outside the



exclusion zone of the nuclear/radiation facility and who is having responsibility for
coordinating the activities of various government agencies for protecting the public and the
environment in case of an off-site emergency.

Diversity

The presence of two or more different components or systems to perform an identified function,
where the different components or systems have different attributes, so as to reduce the
possibility of common cause failure.

Document

Recorded or pictorial information describing, defining, specifying, reporting or certifying
activities, requirements, procedures or results.

Domain (Radiological Emergency)

Region bound by time-space considerations is categorised on the basis of radiological
characteristics.

Dose

A measure of the radiation received or absorbed by a target. The quantities termed absorbed
dose, organ dose, equivalent dose, effective dose, committed equivalent dose, or committed
effective dose are used, depending on the context. The modifying terms are used when they are
not necessary for defining the quantity of interest.

Dose Limit

The value of the effective dose or the equivalent dose to individuals from controlled practices
that shall not be exceeded.

Earthquake

Vibration of earth caused by the passage of seismic waves radiating from the source of elastic
energy.

Effluent
Any waste discharged into the environment from a facility, either in the form of liquid or gas.
Electrical Protection System

A part of electrical system which protects an equipment or system. This encompasses all the
electrical, electronic, mechanical, thermal, pneumatic devices and circuitry, including the
sensors which generate the input signal for protection logic.

Electrical Separation

Means of preventing one electric circuit from influencing another through electrical
phenomena.

Emergency

A situation which endangers or is likely to endanger safety of the site personnel, the
nuclear/radiation facility or the public and the environment.

Emergency Electric Power System

The portion of the electrical power system, which is provided for the purpose of supplying
electric power to safety related and safety systems during operational states, as well as during
and following accident conditions.
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Emergency Exercise

A test of an emergency plan with particular emphasis on coordination of the many inter-phasing
components of the emergency response, procedures and emergency personnel/agencies. An
exercise starts with a simulated/postulated event or series of events in the plant in which an
unplanned release of radioactive material is postulated.

Emergency Plan
A set of procedures to be implemented in the event of an accident.
Emergency Planning Zone (EPZ)

The zone defined around the plant upto 16 km radius providing a basic geographic framework
for decision making on implementing measures as part of a graded response in the event of an
off-site emergency.

Engineered Safety Features (ESF)

The system or features specifically engineered, installed and commissioned in a nuclear power
plant to mitigate the consequences of accident condition and help to restore normalcy, e.g.
containment atmosphere clean-up system, containment depressurisation system, etc.

Environment

Everything outside the premises of a facility, including the air, terrain, surface and underground
water, flora and fauna.

Environmental Conditions

Parameters such as pressure, temperature, humidity, chemical spray, flooding, and radiological
conditions associated with operational states and accident conditions.

Environmental Monitoring

The measurement of external dose rates due to sources in the environment or of radionuclide
concentrations in environmental media.

Equilibrium Core

The condition of the core of an operating reactor in which the rate of charging and discharging
of the fuel in the core, averaged over a sufficiently long period of time, reaches and remains
close to design value.

Evacuation

The temporary removal of persons from locations where dose rates or projected doses arising
in an emergency situation are unacceptably high, or where the avertable dose exceeds the
relevant intervention level.

Event

Occurrence of an unplanned activity or deviations from normalcy. It may be an occurrence or
a sequence of related occurrences. Depending on the severity in deviations and consequences,
the event may be classified as an anomaly, incident or accident in ascending order.

Exclusion Zone

An area extending upto a specified distance around the plant, where no public habitation is
permitted. This zone is physically isolated from outside areas by plant fencing and is under the
control of the plant management.
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Exemption Level

A value, established by regulatory body and expressed in terms of activity concentration and/or
total activity, at or below which a source of radiation may be granted exemption from
regulatory control without further consideration.

Explosion

An abrupt oxidation or decomposition reaction producing an increase in temperature, or in
pressure, or in both simultaneously.

Exposure

The act or condition of being subject to irradiation. Exposure can be either external (irradiation
by sources outside the body) or internal (irradiation by sources inside the body). Exposure can
be classified as either normal exposure or potential exposure; either occupational, medical or
public exposure; and in intervention situations, either emergency exposure or chronic exposure.
The term ‘exposure’ is also used in radiation dosimetry to express the amount of ions produced
in air by ionising radiation.

External Events

Events unconnected with the operation of a facility which could have an effect on the safety of
the facility.

Fail Safe Design

A concept in which, if a system or a component fails, then the plant/component/ system will
pass into a safe state without the requirement to initiate any operator action.

Fresh Core

The condition of the core after initial loading, which contains all fresh bundles with zero
burnup.

Fuel Failure (Failed Fuel)

A fuel bundle having failure of clad or end-plug in one or more fuel elements, leading to release
of radioactive material.

Fuel Handling

All activities relating to receipt, inspection, storage and loading of unirradiated fuel into the
core and unloading of irradiated fuel from the core, its transfer, inspection, storage and dispatch

Full Power

The rated thermal power of the reactor, i.e. the gross fission power as established by the station
heat balance, using approved methodology from the nuclear power plant.

Grading (QA)

Category or rank given to entities having the same functional use but different requirements
for quality.

High Level Waste (HLW)
A type of waste, which contains any of the following:

e The radioactive liquid containing most of the fission products and actinides present in
spent fuel, which forms the residue from the first solvent extraction cycle in
reprocessing, and some of the associated waste streams;
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e Solidified high level waste from above and spent reactor fuel (if it is declared as waste);
e Any other waste with similar radiological characteristics.

Incident

Events that are distinguished from accidents in terms of being less severe. The incident,
although not directly or immediately affecting plant safety, has the potential of leading to
accident conditions with further failure of safety system(s).

Independence

The ability of equipment, channel or system to perform its function irrespective of the normal
or abnormal functioning of any other equipment, channel or system. Independence is achieved
by functional isolation and physical separation.

In-service Inspection (I1SI)

Inspection of structures, systems and components carried out at stipulated intervals during the
service life of the plant.

Integrated Leakage Rate Test (Containment)

The leakage test performed on the containment by pressurising the same to particular leakage
rate test pressure, and determining the overall integrated leakage rate.

Leakage

The quantity of fluid escaping from a leak.

Leak Tightness

The ability of a component to maintain leakage rate within a prescribed value.
Licence

A type of regulatory consent, granted by the regulatory body for all sources, practices and uses
for nuclear facilities involving the nuclear fuel cycle and also certain categories of radiation
facilities. It also means authority given by the regulatory body to a person to operate the above
said facilities (see “Licenced Person” and “Licenced Position”).

Licenced Person

A person who has been licenced to hold certain licensed position of a nuclear power plant after
due compliance with authorised procedure of certification by the regulatory body.

Licenced Position

A position, which can be held only by person certified by the regulatory body or a body,
designated by it.

Limiting Conditions for Operation (LCO)

Conditions that are imposed on operation which are intended to ensure safety during startup,
normal operation and shutdown. They also help to avoid reaching the limiting safety system
settings and ensure readiness for performing necessary functions in the event of an accident.
LCO include limits of operating parameters, requirements of minimum operable equipment of
various systems, minimum specified staffing as well as prescribed actions to be taken by
operating staff.

Limiting Safety System Settings (LSSS)

Settings on instrumentation, which initiate the automatic protection action at a level such that
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the safety limits are not exceeded.
Liquefaction (of Soil)

Sudden loss of shear strength and rigidity of saturated and cohesionless soils due to vibratory
ground motion.

Loss of Coolant Accident (LOCA)

An accident resulting from the loss of coolant to the fuel in a reactor due to a break in pressure
retaining boundary of the primary coolant system.

Main Control Room (MCR)

Room all the time supervised by the licensed personnel for operation of the facility and
performing intended functions for all the operational states of the facility.

Maintenance

Organised activities covering all preventive and remedial measures, both administrative and
technical, to ensure that all structures, systems and components are capable of performing as
intended for safe operation of the plant.

Main Steam Line Break
A break in steam pipeline which leads to discharge of high enthalpy steam.
Mean Sea Level (MSL)

The average height of the surface of the sea for all stages of the tide determined from hourly
height readings over a long period.

Member of the Public

Any individual in the population except for one who is subject to occupational or medical
exposure. For the purpose of verifying compliance with the annual dose limit for public
exposure, the member of the public is the representative individual in the relevant critical

group.

Missile

A mass that has kinetic energy and has left its design location.

Mitigation

Process of minimising the severity of a consequence following an incident/accident.
Monitoring

The continuous or periodic measurement of parameters for reasons related to the determination,
assessment in respect of structure, system or component in a facility or control of radiation.

Near Surface Disposal

Disposal of waste with/without engineered barriers, or below the ground surface with adequate
final protection covering to bring the surface dose rate within prescribed limits.

Normal Exposure

An exposure which is expected to be received under normal operating conditions of an
installation or a source, including possible minor mishaps that can be kept under control.

Normal Operation (NO)

Operation of a plant or equipment within specified operational limits and conditions. In case
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of a nuclear power plant, this includes, start-up, power operation, shutting down, shutdown
state, maintenance, testing and refuelling.

Normal Power Supply

Power supply derived from the grid via transmission lines or the plant generator or a
combination of these for supply of electrical power to equipment in nuclear power plant.

Nuclear Facility (NF)

All nuclear fuel cycle and associated installations encompassing the activities from the front
end to the back end of nuclear fuel cycle processes and also the associated industrial facilities
such as heavy water plants, beryllium extraction plants, zirconium plants, etc.

Nuclear Power Plant (NPP)

A nuclear reactor or a group of reactors together with all the associated structures, systems,
equipment and components necessary for safe generation of electricity.

Nuclear Safety

The achievement of proper operating conditions, prevention of accidents or mitigation of
accident consequences, resulting in protection of site personnel, the public and the environment
from undue radiation hazards.

Nuclear Security

All preventive measures taken to minimize the residual risk of unauthorised transfer of nuclear
material and/or sabotage, which could lead to release of radioactivity and/or adverse impact on
the safety of the plant, plant personnel, public and environment.

Objective Evidence (Quality Assurance)

Qualitative or quantitative information, record or statement of fact pertaining to quality of an
item or service which is based on observation, measurement or test and which can be verified.

Off-site
Area in public domain beyond the site boundary.
Off-site Emergency

Accident condition/emergency situation involving excessive release of radioactive
materials/hazardous chemicals from the plant to the public domain calling for intervention.

Operating Basis Earthquake (OBE)

An earthquake which, considering the regional and local geology and seismology and specific
characteristics of local sub-surface material, could reasonably be expected to affect the plant
site during the operating life of the plant. The features of a nuclear power plant necessary for
continued safe operation are designed to remain functional, during and after the vibratory
ground motion caused by the earthquake.

Operating Organisation

The organisation so designated by responsible organisation and authorised by the regulatory
body to operate the facility.

Operation

All activities following and prior to commissioning performed to achieve, in a safe manner, the
purpose for which a nuclear/radiation facility is constructed, including maintenance.
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Operational Limits and Conditions (OLCs)

Limits on plant parameters and a set of rules on the functional capability and the performance
level of equipment and personnel, approved by the regulatory body, for safe operation of the
nuclear/radiation facility (see also ‘’Technical Specifications for Operation’”).

Operational Records

Documents such as instrument charts, certificates, log books, computer printouts and magnetic
tapes, made to keep objective history of the operation of nuclear/radiation facility.

Operational States
The states defined under “normal operation” and “anticipated operational occurrences”.
Personnel Emergency

Emergency resulting in serious injury and/or excessive contamination of personnel involving
radioactive/toxic chemicals.

Physical Barrier

A fence or wall or a similar impediment, which provides penetration delay and complements
access control.

Physical Protection

Measures for the protection of nuclear/radiation facility designed to prevent unauthorised
access or removal of radioactive material, or sabotage.

Physical Separation

A means of ensuring independence of equipment through separation by geometry (distance,
orientation, etc.), appropriate barriers or a combination of both.

Planned Exposure

Exposure of a radiation worker beyond the normally permitted exposures with prior
authorisation.

Plant Emergency

Declared emergency conditions in which the radiological/other consequences, confined to the
plant or a section of the plant, requiring immediate operator action.

Plant Management (PM)

Members of the site personnel who have been delegated responsibility and authority by the
operating organisation for directing the operation of the plant.

Poison (Neutron Poison)

A substance used to reduce reactivity in a reactor core, by virtue of its high neutron absorption
cross-section.

Postulated Initiating Events (PIE)

Identified events during design that lead to anticipated operational occurrences or accident
conditions, and their consequential failure effects.

Power Operation

Operation at a power level exceeding the conditional trip values as stipulated by the regulatory
body for plant operation.
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Preliminary Safety Analysis Report (PSAR)

Safety analysis report submitted to regulatory body for obtaining consent for construction.
Prescribed Limits

Limits established or accepted by the regulatory body.

Pre-Service Inspection (PSI)

The inspection performed prior to or during commissioning of the plant to provide data on
initial conditions supplementing manufacturing and construction data as a basis for comparison
with subsequent examinations during service.

Preventive Action

Action to eliminate the cause of a potential nonconformity (non-fulfillment of requirements)
or other undesirable situation.

Primary Containment

The principal structure of a reactor unit that acts as a pressure retaining barrier, after the fuel
cladding and reactor coolant pressure boundary, for controlling the release of radioactive
material into the environment. It includes containment structure, its access openings,
penetrations and other associated components used to effect isolation of the containment
atmosphere.

Probable Maximum Flood (PMF)

The postulated flood (characterised by peak flow, volume and hydrograph shape) that is
considered to be most severe but reasonably possible, corresponding to the probable maximum
precipitation.

Probable Maximum Precipitation (PMP)

The estimated depth of precipitation for a given duration, drainage area and time of year of
which there is virtually no risk of exceeding. The probable maximum precipitation for a given
duration and drainage area approaches and approximates to that maximum which is thought to
be physically possible within the limits of contemporary hydro-meteorological knowledge and
techniques.

Probable Maximum Water Level

A hypothetical water level (exclusive of wave run-up from normal wind-generated waves) that
might result from a most severe combination of hydrological, meteorological, geo-seismic and
other geophysical factors that is considered reasonably possible in the region involved, with
each of these factors considered as affecting the locality in a maximum manner.

Process Systems
Nuclear and conventional systems required for operation as per the design intent.
Protection System

A part of the safety critical system which encompasses all those electrical, mechanical devices
and circuitry, from and (including the sensors) upto the input terminals of the safety actuation
system and the safety support features, involved in generating the signals associated with the
safety tasks.

Protective Barrier or Shielding (Radiation)

A barrier of appropriate thickness used to reduce radiation levels to specified values.
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Public Exposure

Exposure incurred by members of the public from radiation sources, excluding any
occupational or medical exposure and the normal local natural background radiation, but,
including exposure from authorised sources and practices and from intervention situations.

Quialified Person

An individual who, by virtue of certification by appropriate authorities and through experience,
is duly recognised as having expertise in a relevant field of specialisation like quality assurance,
radiation protection, plant operation, fire safety or any relevant engineering or safety speciality.

Quality Assurance (QA)

Planned and systematic actions necessary to provide the confidence that an item or service will
satisfy given requirements for quality.

Quality Control (QC)

Quality assurance actions, which provide means to control and measure the characteristics of
an item, process or facility in accordance with the established requirements.

Radioactive Waste

Material, whatever its physical form, left over from practices or interventions for which no
further use is foreseen: (a) that contains or is contaminated with radioactive substances and has
an activity or activity concentration higher than the level for clearance from regulatory
requirements, and (b) exposure to which is not excluded from regulatory control.

Radioactive Waste Management Facility

Facility specifically designed to handle, treat, condition, temporarily store or permanently
dispose of radioactive waste.

Radiological Protection

The protection of people from the effects of exposure to ionising radiation or radioactive
materials and the safety of radiation sources, including the means for achieving this, and the
means for preventing accidents and for mitigating the consequences of accidents should they
occur.

Reactivity

A measure of the deviation from the criticality (defined as ‘p’) of a nuclear chain reacting
medium. Reactivity ‘p’, is related with effective multiplication factor ‘kefr ‘by the relation

p =(Kefr-1)/keft

Reactivity is expressed in terms of mk (107 k). Other units used are dollar, cent, in hour and
pem.

Reactor Building

The concrete containment structure that contains and supports the reactor and other related
systems, such as the heat transport system, the moderator system.

Reactor Startup State

A subcritical state of reactor in which reactor protection system is poised, reactor regulating
system is in specified state and positive reactivity addition is permitted to achieve reactor
criticality.
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Reactor Trip
Actuation of a shutdown system to bring the reactor to shutdown state.
Redundancy

Provision of alternative structures, systems, components of identical attributes, so that anyone
can perform the required function, regardless of the state of operation or failure of the other.

Responsible Organisation (RO)

An organisation having overall responsibility for siting, design, construction, commissioning,
operation and decommissioning of a facility.

Review

Documented, comprehensive and systematic evaluation of the fulfillment of requirements,
identification of issues, if any.

Safe Shutdown Earthquake (SSE)

The earthquake which is based upon an evaluation of the maximum earthquake potential
considering the regional and local geology, seismology and specific characteristics of the local
sub-surface material. It is that earthquake which produces the maximum vibratory ground
motion for which certain structures, systems and components are designed to remain
functional. These structures, systems and components are those which are necessary to assure

e the integrity of the reactor coolant pressure boundary; or

e the capability to shutdown the reactor and maintain it in a safe shutdown condition; or

e the capability to prevent the accident or to mitigate the consequences of accidents which
could result in potential off-site exposures higher than the limits specified by the regulatory
body; or

e the capacity to remove residual heat.

Safety Analysis

Evaluation of the potential hazards (risks) associated with the implementation of a proposed
activity.

Safety Analysis Report (SAR)

A document, provided by the applicant/consentee to the regulatory body, containing
information concerning the nuclear or radiation facility, its design, accident analysis and
provisions to minimise the risk to the public, the site personnel and the environment.

Safety Classification
Classification of structures, systems and components based on their nuclear safety functions.
Safety Code

A document stating the basic requirements, which must be fulfilled for particular practices or
applications. This is issued under the authority of the regulatory body and mandatory to be
followed by the respective utilities.

Safety Guide

A document containing detailed guidelines and various procedures/ methodologies to
implement the specific parts of a safety code, that are acceptable to the regulatory body, for
regulatory review. This is issued under the authority of regulatory body and is of non-
mandatory nature.
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Secondary Containment

The structure surrounding the primary containment that acts as a further barrier to limit the
release of radioactive materials and also protects the primary containment from external effects.
It includes secondary containment structure and its access openings, penetrations and those
systems or portions thereof, which are connected to the containment structure.

Segregation (Radioactive Waste)

An activity where waste or materials (radioactive and exempt) are separated or are kept separate
according to radiological, chemical and/or physical properties to facilitate waste handling
and/or processing. It may be possible to segregate radioactive material from exempt material
and thus reduce the waste volume.

Seiche

An oscillation of an enclosed water body in response to a disturbing force (seismic or
atmospheric) having the same frequency as the natural frequency of the water body.

Seismic Hazard

Any physical phenomenon (e.g. ground vibration, ground failure) associated with an
earthquake that may produce adverse effects.

Setback

Controlled gradual reduction in reactor power effected by the reactor regulating system in
response to an identified abnormality in one or more plant process variables, until the
conditions causing the setback are cleared or the preset limit for power rundown is reached.

Shutdown Margin

The minimum specified sub-criticality of a reactor under shutdown condition at any time during
the operation from the most reactive state of the core or under postulated failure of a specified
number of shutdown devices of the highest reactivity worth(s) for the given shutdown system.

Shutdown State

State of a reactor when it is maintained subcritical with specified negative sub-criticality
margin.

Significant Events (Nuclear Facility)
Unusual occurrences exceeding the limits and conditions stipulated by the regulatory body.
Single Failure

A random failure, which results in the loss of capability of a component to perform its intended
safety function. Consequential failures resulting from a single random occurrence are
considered to be part of the single failure.

Site

The area containing the facility defined by a boundary and under effective control of the facility
management.

Site Emergency

Accidental condition/emergency situation in the plant involving radioactivity transgressing the
plant boundary but confined to the site, or involving release of hazardous chemicals or
explosion, whose effects are confined to the site, with off-site consequences being negligible.
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Siting

The process of selecting a suitable site for a facility including appropriate assessment and
definition of the related design bases.

Source

Anything that causes radiation exposure, either by emitting ionising radiation or releasing
radioactive substances or materials.

Spent Fuel

Irradiated fuel not intended for further use in reactors in its present form.
Station Blackout (SBO)

The complete loss of both off-site and on-site AC power supplies.
Storage (Radioactive Waste)

The placement of radioactive waste in an appropriate facility with the intention of retrieving it
at some future time. Hence, waste storage is by definition an interim measure and the term
interim storage should not be used.

Storm

Violent disturbance of the atmosphere marked by wind and usually by rain, snow, hail, sleet or
thunder and lightning.

Storm Surge

A rise above normal water level on the open coast due to the action of wind stress on the water
surface together with the atmospheric pressure reduction caused by a cyclone.

Structural integrity
The ability of a structure to withstand prescribed loads.
Supervised Area

Any area not designated as a controlled area but for which occupational exposure conditions
are kept under review even though specific protective measures and safety provisions are not
normally needed.

Supplementary Control Room (SCR)

Separate room provided in the nuclear power plant so that in case of non-availability of main
control room in emergency situations viz. fire, the main safety functions of reactor i.e. shutting
down the reactor, maintain it in safe shutdown state, decay heat removal, containment isolation
and monitoring of essential reactor parameters, are performed from another room having
independent sensors, power supplies, ventilation and access.

Surveillance

All planned activities, viz. monitoring, verifying, checking including in-service inspection,
functional testing, calibration and performance testing carried out to ensure compliance with
specifications established in a facility.

Technical Specifications for Operation

A document approved by the regulatory body, covering the operational limits and conditions,
surveillance and administrative control requirements for safe operation of the nuclear or
radiation facility. It is also called as “operational limits and conditions”.
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Test

An experiment carried out in order to measure, quantify or classify a characteristic or a property
of an entity.

Topography

The configuration of a terrain giving general description of physical features like hills, valleys,
slopes, water bodies and other man-made structures.

Tropical Storm

An intense tropical cyclone in which winds tend to spiral inward towards a core of low pressure,
with maximum surface wind velocities that are less than 120 km/h for several minutes or longer
at some points.

Tsunami

A wave train produced by impulsive disturbances in a body of water caused by displacements
associated with submarine earthquakes, volcanic eruptions, submarine slumps or shoreline
slides.

Ultimate Heat Sink

The atmosphere or a body of water or the ground water to which a part or all of the residual
heat is transferred during normal operation, anticipated operational occurrences or accident
conditions.

Unavailability

The inability of an entity to be in a state to perform a required function under given conditions
at a given point of time. It is measured as the probability (relative frequency) that the entity is
in an unavailable state at a point of time.

Validation (Computer Code)

The evaluation of software at the end of the software development process to ensure
compliance with the user requirements. Validation is therefore ‘end-to-end verification’.

Verification (Computer Code)

The process of determining that the controlling physical and logical equations have been
correctly translated into computer code.

Waste Management

All administrative and operational activities involved in the handling, pre-treatment, treatment,
conditioning, transportation, storage and disposal of radioactive waste.

Waste Treatment

Operations intended to benefit safety and/or economy by changing the characteristics of the
wastes by employing methods such as

(a) volume reduction;
(b) removal of radionuclides;
(c) change of composition.

After treatment, the waste may or may not be immobilised to achieve an appropriate waste
form.
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SPECIAL DEFINITION

Additional Safety Systems/Features

Item designed to perform a safety function or which has a safety function, in design extension
conditions without core melt.

Beyond Design Basis Accident (BDBA)

This term is superseded by design extension conditions.
Complementary Safety Features

A design feature outside of the design basis envelope that is introduced to cope with design
extension conditions with core melt/severe accidents.

Design Authority

The defined function of a licensee’s organisation with requisite knowledge and with
responsibility for maintaining the design integrity and the overall basis for safety of its nuclear
facilities throughout the full lifecycle of those facilities. Design authority relates to the
attributes of an organisation rather than the capabilities of individual post holders.

Design Extension Conditions (DEC)

Accident conditions that are not considered for design basis accidents, but that are considered
in the design process of the facility in accordance with best estimate methodology, and for
which releases of radioactive material are kept within acceptable limits. Design extension
conditions could include severe accident conditions.

First-Of-A-Kind (FOAK) system

A system being implemented for the first time for the reactor type which may have a new,
unique design feature, and is yet to demonstrate its in-plant functionality.

Plant States

Operational States Accident Conditions Practically Eliminated
Normal Anticipated Design | Design Extension Conditions | Large release of radioactivity
Operations | Operational Basis from containment
Occurrences | Accidents
Accidents Accidents
without ~Core | with Core
melt melt

Safety Support System
A system designed to support the operation of one or more safety systems.
Safety System

A system provided to ensure the safe shutdown of the reactor or the residual heat removal from
the core, or to limit the consequences of anticipated operational occurrences and design basis
accidents.
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1.1

1.2

1.3

1. INTRODUCTION

General

The safety analysis report (SAR) of a nuclear power plant (NPP) is the main safety
document for design, construction, commissioning, operation and decommissioning
that contains all relevant information to demonstrate the overall safety of the NPP.
SAR is prepared by the applicant for submission to the regulatory body to enable it to
assess the suitability of the plant for consenting.

The SAR should provide information, such as design bases, site and plant
characteristics, safety analyses and conduct of operations, in such a way that facilitates
AERB to assess and review the safety of the plant. It should provide adequate
justification that a nuclear power plant (NPP) meets all applicable safety requirements,
and that the plant has been designed, built and commissioned as intended, and that all
design, construction and commissioning changes have been properly addressed.

In general, the SAR contains information on general description of the plant, site
characteristics, description of individual systems, structures and components (SSCs)
including criteria for mechanical components, civil structures, electrical systems,
instrumentation and control systems. In addition to providing a documented
justification that the plant has been designed to appropriate safety standards, the SAR
also demonstrates that the plant will be operated safely and provides references for the
safe operation. The justification of safe operation is given by safety analysis
(deterministic and probabilistic), operational and administrative measures brought out
in the SAR.

Objective

The objective of this Guide is to provide guidance for development of the SAR by the
applicant by bringing out the possible content and structure of a SAR. Use of this
format will help ensure the completeness of the information provided. The Guide is
intended to indicate a standard format of SAR and assist in checking completeness and
adequacy of the SAR by regulatory body.

Scope

This guide is applicable for preparation of SAR (Preliminary and Final) of all types of
NPPs design. This Guide aims to be a technology neutral document so as to cater for
different types of reactor design. However, in case, some sections and sub-sections are
not directly applicable for a reactor type, technically applicable equivalent systems
should be described or the non-applicability of the same should be brought out in SAR.

Although this guide is intended mainly for preparation of SAR for new plants, the
guidance presented here may also be considered for existing NPPs when the
responsible organizations periodically review their existing SARs.



2. GENERAL CONSIDERATIONS

2.1 Aspects of the Safety Analysis Report (SAR) and its Format

a)

b)

d)

2

h)

)

k)

The SAR (Preliminary and Final) should document the safety of an NPP in sufficient
scope and detail to support the conclusions reached and to provide an adequate input
to enable regulatory review including independent verification.

Preliminary Safety Analysis Report (PSAR) chapters are submitted for review and
assessment of adequacy of safety during various stages of consenting process as
elaborated in AERB Safety Guide ‘Consenting Process for Nuclear Power Plants
and Research Reactors’ [AERB/NPP&RR/SG/G-1; 2007] [1].

Final Safety Analysis Report (FSAR) is submitted for consent of operation. This
should be the updated version of the PSAR incorporating the changes/feedback
during construction and commissioning stages reflecting as-built plant with
appropriate reference.

The information presented in the SAR should be clear, concise and complete in
itself. Each subject should be treated in sufficient depth and should be documented
to permit a reviewer to evaluate the safety level independently. Tables, drawings,
sketches, plots and figures should be used wherever they contribute to the clarity and
conciseness of the report. All information presented in drawings, maps, diagrams,
sketches and charts should be legible. The symbols should be defined.

Contents of some section of SAR may be of confidential/proprietary nature. Their
uses will be governed by the confidentiality agreement between the applicant and
AERB.

The cover page should indicate the name of the reactor type, organisation submitting
the report, approved by and submitted for etc. The subsequent pages should contain
appropriate information for traceability of the page.

A table of contents should be provided. When a report consists of several volumes,
at least an abridged table of contents should be included in each volume.

Abbreviations used should be consistent with the general usage and those not in
general usage should be defined in each volume where they are used.

Removal and reinsertion of a page(s) and insertion of a modified page(s) should be
easy with due reference to the amended version.

Reports or other documents that are referenced in the text of the SAR should be
listed at the end of the Chapter in which they are referenced. In cases where
proprietary documents are referenced, a non-proprietary summary of the document
should also be referenced.

In the electronic form of SAR, internal reference links (detailed design documents,
references to standards, detailed analysis reports, code validation reports, source
material for PSA, etc.) should be provided.



2.2 Chapters of Safety Analysis Report (SAR)
SAR should contain the following 20 chapters,

2.3

Chapter 1 Introduction and General Description of Plant
Chapter 2 Site Characteristics

Chapter 3 Design of Structures, Systems and Components
Chapter 4  Reactor

Chapter 5 Reactor Coolant and Reactor Auxiliary Systems
Chapter 6  Engineered Safety Features

Chapter 7 Instrumentation and Control

Chapter 8 Electrical Power S