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FOREWORD

In the IAEA’s special Nuclear Safety Standards (NUSS) programme, a number 
of Codes and Safety Guides have been produced in the areas of governmental organi
zation, siting, design, operation and quality assurance. The NUSS Codes and Guides 
are a collection of basic and derived requirements for the safety of nuclear power 
plants with thermal neutron reactors. They have been developed in a complex 
process which ensures the best possible international consensus.

In order to present further details on the application and interpretation and on 
the limitations of individual concepts in the NUSS Codes and Safety Guides, a series 
of Safety Practice publications have been initiated. It is hoped that many Member 
States will benefit from the experience presented in these books.

The present publication has been developed with the help of experts from 
regulatory, operating and engineering organizations, all with practical experience in 
the field of fire safety of nuclear power plants. The publication supplements the 
broad concepts of Safety Series No. 50-SG-D2 (Rev. 1), Fire Protection in Nuclear 
Power Plants, by providing a detailed list of the issues, and some of the limitations, 
to be considered when evaluating the adequacy and effectiveness of the fire hazard 
analysis of a nuclear power plant. The publication is intended for assessors of fire 
hazard analyses, including regulators, independent assessors or plant assessors, and 
gives a broad description of the methodology to be used by operators in preparing 
a fire hazard analysis for their own plant.

This book addresses a specialized topic outlined in Safety Guide 50-SG-D2 
(Rev. 1) and it is recommended that it be used in conjunction with this Guide.

The IAEA is grateful to all the experts who helped in the drafting and review
ing of this publication.
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1. INTRODUCTION

In 1992, the Safety Guide on Fire Protection in Nuclear Power Plants was 
revised and issued as Safety Series No. 50-SG-D2 (Rev. 1). This document was 
developed as part of the IAEA Nuclear Safety Standards (NUSS) programme. The 
objective of the Safety Guide was “ to advise designers, safety assessors and regula
tors on the concept of fire protection in the design of nuclear power plants” and to 
recommend practical ways of implementing the concept in some detail.

It is recognized that effective fire protection includes a number of distinct 
elements that must be integrated into the overall fire safety policy of the plant. As 
a minimum, these elements cover organization; a fire prevention programme, includ
ing the administrative control procedures; a comprehensive fire hazard analysis; pro
vision for passive fire protection measures; installation of reliable and effective fire 
detection and extinguishing systems and equipment; periodic inspection, main
tenance and testing of all the installed fire protection measures (both passive and 
active); a quality assurance programme; and the manual fire fighting capability. To 
determine the adequacy of the fire protection essential for safety at a nuclear power 
plant, all these elements must be assessed.

Although comprehensive evaluation of the overall fire safety arrangements 
requires a thorough review of all the elements listed above, there is value in applying 
selected elements separately for specific situations. A fire hazard analysis determines 
the adequacy of the fire protection design to fulfil the requirements of para. 202 of 
Safety Series No. 50-SG-D2 (Rev. 1). This Safety Practice supplements Safety 
Guide No. 50-SG-D2 (Rev. 1) by providing detailed information on the evaluation 
of fire hazard analyses at nuclear power plants. The Guide should be used as a 
primary reference in the application of this Safety Practice.

1.1. BACKGROUND

1.2. OBJECTIVE

The purpose of this Safety Practice is to provide an objective structure for 
assessing one element of the overall fire safety arrangements at the nuclear power 
plant — the fire hazard analysis. This publication has been prepared for use by tech
nical specialists during evaluation of the fire hazard analysis of a nuclear power 
plant. It can also be used by regulatory bodies or specialized third-party organiza
tions to assess such analyses and by a nuclear power plant when preparing or updat
ing a fire hazard analysis.
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1.3. SCOPE

This Safety Practice applies to land based nuclear power plants with thermal 
neutron reactors of general use such as light water, heavy water or gas cooled types. 
It provides a methodology for evaluating the existing fire hazard analysis of a nuclear 
power plant, and includes an objective structure for assessing three elements of the 
analysis: identification of fire hazards and safety systems; analysis of fire growth; 
and adequacy of fire protection.

The primary concern of this document is to ensure the adequacy of fire protec
tion for those systems, equipment and components that are defined as being essential 
to the nuclear safety of the plant (including protection of site personnel, the public 
and the environment from undue radiation hazards).1 Those aspects of fire protec
tion that are not directly related to nuclear power plant safety and those that are solely 
related to the protection of plant personnel should be determined on the basis of 
national practices and regulations.

1.4. STRUCTURE

Section 2 discusses the requirements of a fire hazard analysis, first by outlining 
its purpose and scope, then by summarizing the concept of defence in depth, and 
finally by discussing the initial development and need for revision.

Section 3 describes the methodology to be used when evaluating an existing 
fire hazard analysis. Specifically, Section 3.2 covers identification of all the fire haz
ards and safety systems within the nuclear power plant. Section 3.3 is concerned with 
verifying that analysis of the growth of the postulated fire in each fire compartment 
is soundly based. Section 3.4 discusses how the adequacy of fire protection is judged 
from both a fire containment approach and a fire influence approach.

Section 4 summarizes the conclusions that the fire hazard analysis must reach 
in order to achieve its stated purpose.

The Annex provides an example of the impact of a fire on the normal operation 
(selectivity) of electrical circuit protection.

1 Where design features have been specifically provided to ensure nuclear safety in a 
post-design basis accident situation (e.g. post-accident core cooling, containment of radioac
tive release and hydrogen recombination), the first protection measures for these features 
should also be detailed in the analysis.
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2. FIRE HAZARD ANALYSIS

The purpose of the fire hazard analysis, as stated in para. 307 of Safety Series 
No. 50-SG-D2 (Rev. 1), is:

(1) To identify items important to safety.
(2) To analyse the anticipated fire growth and the consequences of the fire with

respect to items important to safety.
(3) To determine the required fire resistance of fire barriers.
(4) To determine the type of fire detection and protection means to be provided.
(5) To identify cases where additional fire separation or fire protection is required, 

especially for common mode failures, in order to ensure that items important 
to safety will remain functional during and following a credible fire.

(6) To verify that the intent of para. 216 of Safety Guide 50-SG-D2 (Rev. 1) has 
been met. Paragraph 216 states that: “ The safety systems required to shut the 
reactor down, remove residual heat and contain radioactive material shall be 
protected against the consequences of fires so that the safety systems are still 
capable of performing the above safety functions, taking into account the 
effects of a single failure as required in the Code on Design for these 
functions” .

This evaluation should verify that the fire hazard analysis fulfils all the above 
functions.

2.1. PURPOSE

2.2. SCOPE

To secure effective nuclear safety for the plant, the fire hazard analysis must 
cover all areas of the site, including the non-nuclear facilities. Assessment of all the 
site areas is necessary to ensure that all the fire hazards which potentially threaten 
nuclear safety have been addressed.

Fire protection measures (both passive and active) should also be considered 
for any plant area containing concentrations of combustibles, even though the area 
may not contain or expose nuclear safety systems. This additional protection may be 
provided in order to minimize both property damage (independent of plant nuclear 
safety) and plant down time that could occur as a result of fire; however, such 
protection is outside the scope of this publication.

3
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2.3. DEFENCE IN DEPTH

A level of fire protection acceptable to the regulatory authority must be 
provided in all nuclear power plants. This should be achieved by a defence in depth 
concept in the design that incorporates three primary objectives: to prevent fires from 
starting; to detect and extinguish quickly those fires that do start; and to prevent the 
spread of those fires that are not extinguished.

Evaluation of fire hazard analysis is essential to the effective implementation 
of the defence in depth concept. Assessment of the overall fire safety arrangements 
of the plant is addressed in a separate document currently in preparation at the IAEA: 
Assessment of Implementation and Effectiveness of the Overall Fire Safety Arrange
ments of Nuclear Power Plants.

2.4. INITIAL DEVELOPMENT AND NEED FOR REVISION

Fire hazard analysis is an iterative process, therefore it should be developed 
early in the design of the plant, updated before initial loading of the reactor fuel and 
again after any changes or modifications have been made that could affect plant 
safety. Updating should be continued throughout the lifetime of the plant (including 
during decommissioning). Previous fire hazard analyses should be retained.

Individual regulatory bodies may require periodic updates of the fire hazard 
analysis on a specified schedule. In such cases, these should be performed at a 
frequency that conforms with the required schedule of the regulatory body, in 
addition to the updates that are needed to reflect plant changes.

3. METHODOLOGY

3.1. GENERAL

The fire hazard analysis documents the adequacy of fire protection for the 
nuclear safety of the plant. This requires use of a systematic method to identify all 
the fire compartments in the plant (see Section 3.2). For each fire compartment, the 
fire hazards are analysed (see Section 3.3) and their consequences for nuclear safety 
evaluated (see Section 3.4).

This section provides a list of those issues that should be included in a compre
hensive fire hazard analysis. It is intended that professional fire safety specialists use 
this list as a guide in evaluating an existing fire hazard analysis. Where it is deter
mined that specific issues have not been adequately addressed in the analysis, these 
are documented and specific recommendations developed.
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This publication is intended for a team of individuals specifically qualified by 
education and practical experience to evaluate the adequacy and effectiveness of a 
fire hazard analysis for a nuclear power plant. The combined experience of the team 
of technical specialists should include knowledge of fire protection, prior experience 
in performing fire hazard analyses, knowledge of the methods used to analyse 
fire growth (including computational methods for predicting the consequences of 
fire), and knowledge of nuclear power plant operation and reactor safety 
systems. The document provides a detailed list of the issues to be considered; 
however, these should not be used by non-specialists in fire protection. The list is 
not all-inclusive and should not limit the investigations of specialists; rather, it should 
be considered as a minimum list of those items that should be included in assessment 
and evaluation.

3.2. IDENTIFICATION OF FIRE HAZARDS AND SAFETY SYSTEMS

3.2.1. Overview

Before a fire hazard analysis can begin, it is important to establish the location 
of all the systems, equipment and components that are essential to ensuring nuclear 
safety for the plant as well as the associated fire protection measures. Design docu
ments, including drawings, are the basis for a preliminary analysis. For a detailed 
fire hazard analysis it is necessary to conduct a visual inspection of the entire site 
and each fire compartment. For the purpose of this document, the information that 
must be obtained has been separated into seven categories: fire compartment inven
tory; combustibles inventory; ignition sources; passive fire protection measures; 
active fire protection systems; items outside the fire compartment; and field 
verification.

3.2.2. Fire compartment inventory

A description of the physical dimensions, layout and construction of each fire 
compartment, together with all the safety related systems, is required, as well as 
verification that the following items have been recorded:

(1) The type, location and degree of redundancy for any safety system or parts of 
a safety system;

(2) The length, breadth and height of each fire compartment, together with any 
unusual room configurations;

(3) The construction materials of the walls, floors and ceilings;
(4) Details of the heating, ventilation and air conditioning systems;

5
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(5) Details of any drainage systems, including inlets and outlets, and any system 
for containing liquid leaks;

(6) Details of any radioactive materials present;
(7) Access to and egress from each fire compartment.

3.2.3. Combustibles inventory

The fire hazard analysis should include a detailed list of all the combustible 
materials that are present in each fire compartment, and verification is required that 
the following items have been recorded:

(1) All the machinery and equipment containing combustibles;
(2) All the quantities of flammable/combustible liquids and gases, including their 

configurations and types of container;
(3) All other combustible materials (e.g. wood and hydraulic fluids), together with 

their configurations;
(4) The position of cables, together with other relevant details (e.g. the tray type

and fill density, the fire resistant standard used, insulation and orientation);
(5) Details of the electrical and electronic equipment, including lighting, together

with any fire protection standards to which they comply;
(6) All the facings of the walls, floors and ceilings.

There are a number of transient (non-permanent) activities that should not be 
ignored when identifying fire scenarios, e.g. intermediate storage of combustible 
materials, accumulations of rubbish and maintenance work. Verification is required 
that such activities, and the related combustibles, have been taken into consideration.

3.2.4. Ignition sources

Fixed ignition sources should be identified. In areas where they are not 
present, transient ignition sources should be assumed to be possible. Verification is 
required that the following items have been recorded:

(1) All the fixed equipment and processes that have, or are capable of generating, 
an ignition source, including open flames, sparks and hot surfaces;

(2) Ignition sources resulting from equipment failures, including a sudden release 
of energy, frictional heat, electric arcs and spontaneous combustion;

(3) Ignition sources caused by operation or construction activities, including weld
ing, cutting, grinding and unsafe use of heat and flame sources;

(4) All possible types of transient ignition source.
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3.2.5. Passive fire protection measures

Passive fire protection measures are designed to mitigate the consequences of
a fire and to allow personnel to escape from a fire. There is, however, the possibility
that such passive measures may have been degraded. The following tasks should be 
carried out in order to verify that:

(1) The fire resistance rating of the fire barrier of each compartment has been 
established;

(2) The fire resistance test standards to which the fire barrier complies have been 
identified;

(3) The openings in each fire barrier are protected by elements and materials
designed and tested to provide a fire resistance rating that is suitable for use
in the fire barrier (e.g. fire rated doors and fire rated dampers);

(4) Fire rated seals have been installed around all the electrical and mechanical 
penetrations of each fire barrier.

The listing of these items assumes that a fire containment approach has been 
used. However, if the fire influence approach has been used, additional information 
must be recorded:

(a) The separation distances between the fire cells within each fire compartment;
(b) Details of the locally applied separating elements.

3.2.6. Active fire protection systems

Where active fire protection systems are installed, their reliability is critical; 
this topic is addressed in Section 3.3. This section is concerned with documentation 
of the existing active systems. Verification is required that the following items have 
been recorded for each active system:

(1) Details of the specific design standards that have been used for the active 
systems;

(2) The type and location of the fire alarm systems, and whether they are manual 
or automatic;

(3) The type and location of the fire detection systems, and their method of 
operation;

(4) Details of the fixed water extinguishing systems (e.g. type of system, area of 
coverage and manual/automatic), including the maximum expected water 
volume resulting from system discharge and a comparison with the available 
provisions for drainage and/or containment;

(5) Details of other fixed extinguishing systems (i.e. gas, foam and dry powder);
(6) The type and location of the portable fire extinguishers;
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(7) Details of the smoke control systems;
(8) Details of the explosion control systems;
(9) The type and position of emergency lighting.

3.2.7. Items outside the fire compartment

The previous sections used the fire compartment as the basis for all information 
and only took into account those items that are located in or are a part of the fire 
compartment under consideration. However, additional information should be 
recorded, some of which is specific to each fire compartment, while other is of a 
generic nature. Specific information that should be recorded includes:

(1) The fire resistance rating of the barriers separating the adjacent fire 
compartments;

(2) Where a fire compartment has an outside wall, the potential fire and explosion 
hazards from outside;

(3) Where the escape routes from the fire compartment involve corridors, stair
ways, etc., details of their fire resistance rating.

Generic information may relate to all the fire compartments or to a group of 
them. Provided that it is clear to which fire compartment the information relates, it 
is not necessary to repeat the information for each fire compartment. Information 
requiring verification includes:

(a) The number, location and type of fire hydrants and rising mains;
(b) The location of the emergency telephones;
(c) The pressure, flow and source of the fire protection water supply;
(d) Details of the manual fire fighting capability, and whether it is on-site or

off-site.

3.2.8. Field verification

It is necessary to confirm that the data collected in the fire hazard analysis 
accurately represents the actual conditions in the plant. Visual inspections of specific 
fire compartments should be conducted throughout the site in order to verify the 
accuracy and completeness of the inventory of data recorded in the analysis.

3.3. ANALYSIS OF FIRE GROWTH

3.3.1. General

Analysis of the growth of the postulated fire for each identified fire compart
ment is essential for evaluating the fire hazards. In this connection, not only fires
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in safety related areas but also those in adjacent areas that could influence the safety 
related systems must be taken into consideration.

3.3.2. Relevant data

The physical properties for combustion and heat transfer calculations are 
essential in order to estimate the size and growth rate of the postulated fire and its 
consequences.

3.3.2.1. Physical properties o f  combustibles

Verification is required that the following values are identified in the fire 
hazard analysis for all the combustibles identified in Section 3.2.3:

(1) The combustion heat (calorific value);
(2) The ignition point and/or flashpoint of the combustible;
(3) The mass burning rate of cables in a horizontal/vertical position, of oil in open 

areas or in closed rooms, and of other combustibles in open areas or in closed 
rooms;

(4) The heat release rate;
(5) The percentage oxygen that supports combustion;
(6) The explosion limits of flammable liquids and gases;
(7) The dependency of the mass burning rate on the oxygen content;
(8) Whether flame spread is assumed to be possible if redundant cable trays have 

only a minimum horizontal separating distance, or only a minimum vertical 
separating distance;

(9) Whether ignition of combustibles is always assumed to be possible, or if excep
tions are stated (e.g. in connection with external events);

(10) The flame propagation data for vertical/horizontal cables as single cables or 
in cable bundles, for combustible liquid surfaces and for other conditions.

Depending on the type of approach used to analyse fire growth, it may be suffi
cient to identify only some of the above properties.

If adequate empirical data are not available, confirmation should be given by 
experimentation, or using analogue or plausibility considerations, or using computa
tional methods. Regardless of the type of approach used to analyse fire growth, 
verification is required that consideration has been given to various types of location, 
including open areas, closed rooms without ventilation, rooms with ventilation 
(closed doors) and rooms with ventilation by open door(s).
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3.3.2.2. Walls, ceilings or other heat sinks

Confirmation is required that the values used for properties such as the heat 
capacity, absorptivity and heat transfer of fire barriers and heat sinks (e.g. concrete 
or brick walls, light structures, doors, pipes and grating) are identified in the fire 
hazard analysis.

3.3.2.3. Other aspects

The fire hazard analysis should:

(1) State whether the fixed fire extinguishing systems are assumed to work or fail 
during a fire (areas of application);

(2) Specify the temperature and other relevant thresholds at which safety
systems/components such as electronics, cables and mechanical components 
are assumed to fail;

(3) Consider the possibility of oil spray fires;
(4) Consider the potential for explosion risks;
(5) Consider the effects of ventilation.

3.3.3. Approach used to analyse fire growth

3.3.3.1. General

Depending on the expected fire hazard in the fire compartment, one of three 
methods should be applied to analyse the expected fire growth: conservative subjec
tive evaluation, manual calculations or computer calculations. These can be used 
alone or in combination, depending on the complexity of the compartment being 
analysed. It is therefore necessary:

(1) To establish which method has been used to analyse fire growth for each fire 
compartment or cell on the site;

(2) To identify those fire hazards that have been investigated in detail so that these 
can be used as ‘reference’ cases for similar fire risks for the different metho
dologies mentioned above;

(3) To confirm that the postulated fire has been defined for each fire compartment 
or cell;

(4) To verify that the expected consequences of the fire on safety systems have 
been documented for each fire compartment or cell, along with the method of 
analysis used to determine the consequences.
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3.3.3.2. Conservative subjective evaluation

By taking account of all the factors established in Sections 3.2 and 3.3.2, it 
is possible to carry out an evaluation on the basis of only practical experience and 
engineering judgement in order to determine whether the existing fire protection 
measures (both passive and active) are sufficient to ensure nuclear safety. However, 
such an evaluation can only be justified if it uses very conservative judgements. If 
this method of analysis is used, then:

(1) Identify which comparable experimental verifications are used;
(2) Verify that lists are provided for the fire compartments or cells, including the 

likely damage to equipment and the quality of the physical separation, where 
applicable;

(3) Confirm that the assessment includes a discussion on how the relative 
parameters are to be evaluated in judging the adequacy of the fire protection;

(4) Establish which specific distance (spatial separation) has been determined to 
be sufficient for separation of the redundant safety systems within a fire com
partment or cell.

3.3.3.3. Manual calculations

There may be some fire compartments for which a conservative subjective 
evaluation alone may not be able to confirm that the level of fire protection is suffi
cient to ensure nuclear safety. In such cases, the manual calculation method can be 
applied. This involves use of empirical formulas, graphs or tables to determine 
whether the existing fire protection measures are sufficient to ensure nuclear safety 
for the plant in the event of a fire. If this method of analysis is used, then:

(1) Identify which calculation methods are used to confirm the fire rating of the 
boundaries of each fire compartment;

(2) Verify that these calculation methods have been used;
(3) Establish which fire load/fire resistance graphs/tables are used to determine the 

necessary fire resistance of the fire compartment boundaries;
(4) Identify whether the fire resistance graphs/tables distinguish between different 

types of combustible (e.g. oil and cables), and whether these graphs/tables also 
differ according to the air exchange/ventilation rate of the fire compartment.

3.3.3.4. Computer calculations

Computer fire modelling has reached the stage where it can be regarded as a 
fire protection engineering design tool. Practical experience has shown that relatively 
simple zone models can play a significant role in fire safety design and assessment, 
particularly for determining the peak temperatures, maximum rates of temperature
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rise, and actuation times for fire detection and extinguishing systems. Models can 
also be useful in situations where, for instance, the design of the reactor building 
containment necessitates having to rely on engineering judgement or having to refer 
to traditional practices. However, use of sophisticated field type computational 
models to predict the growth rate and spread of fire should generally be treated with 
caution because of the many uncertainties inherent in the input data required for use 
of the models.

Computer calculations used to support fire hazard analysis in nuclear power 
plants should determine all the possible physical parameters that influence the 
development of a fire and the distribution of fire products. Calculations should 
describe the effects of fire on both the nearby surroundings and the safety systems 
in areas that are distant from the fire.

If computer calculations are applied, then:

(1) Verify that a description of the computer code used is available which includes 
the main input data, output data, model assumptions and relevant data as 
required by the databases;

(2) Ensure that discussions of validation studies or comparisons with experimental 
data are available;

(3) Confirm that computer calculations include detailed parameter studies of the 
mass burning rate, which is the most important and the most difficult value to 
calculate.

Regardless of the method used to analyse fire growth, the results of the analysis 
should compare the established fire loading with the available fire protection 
measures (both passive and active).

3.3.4. Secondary effects of fires and extinguishing systems

Despite all the measures taken to prevent fire from jeopardizing a safety func
tion, the direct or indirect effects of fires and extinguishing systems can lead to 
secondary effects that are not seen immediately. These may involve the redundant 
safety system and, therefore, could result in loss of a safety function. Thus, analysis 
is required of the secondary effects of fires and extinguishing systems.

3.3.4.1. Secondary effects caused by the direct action o f  fires and/or 
extinguishing systems

In a fire compartment or cell containing safety equipment of one train, together 
with the non-functionally redundant equipment of another train, it may appear on 
first review that a fire would not adversely affect a safety function. However, a 
secondary effect may result in loss of the redundant equipment. Some examples are:
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(1) Loss of the pressurized air, hydraulic power or electrical relay, etc. necessary 
to actuate the redundant safety device.

(2) Loss of the redundant safety device located in a compartment not directly 
affected by the fire, because of switchgear operation caused by the short cir
cuiting of cabling that is directly involved in the fire; a typical example is given 
in the Annex.

(3) Closing of the fire dampers or ventilation fan shutdown in an area involved in 
the fire that could result in excessive heat buildup in a separate area, resulting 
in loss of the redundant safety functions.

(4) Actuation of a fire extinguishing system (e.g. deluge water spray) in an area 
using the fire influence approach that could involve the redundant safety sys
tems located in the same compartment. The safety systems could be separated 
by distance and protected by a deluge water spray system. Under these circum
stances, actuation of a water spray system over one safety system during a fire 
could result in failure of the redundant safety system because of the effect of 
water on the electrical control cabinets.

3.3.4.2. Secondary effects caused by the indirect action o f  fires

In addition to the consequences of heat from a fire, damage may also result
from smoke and other decomposition products when they spread to compartments
outside the fire area. Some examples are:

(1) Fire detectors in an area outside the fire compartment that may be actuated by 
smoke, resulting in spurious signals which affect the redundant safety devices;

(2) Dedicated CO and C 02 gas detectors that may be actuated as a result of extin
guishing system discharge, causing inadvertent safety system shutdown;

(3) Decomposition products that may damage sensitive electrical components, 
resulting in spurious signals which affect the redundant safety devices.

3.4. ADEQUACY OF FIRE PROTECTION

3.4.1. General

It is suggested that a fire hazard analysis be performed in two steps. Initial 
screening, using conservative subjective evaluation (Section 3.3.3.2), can be carried 
out to eliminate those specific fire compartments in which the consequences of a 
postulated fire will not compromise nuclear safety. Additional analysis is then 
performed for each fire compartment or cell not eliminated in the first step.

Evaluation of the adequacy of fire protection is based on the data collected and 
analysed (Sections 3.2 and 3.3) on an area by area basis. Such evaluation is essen
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tially supported by the postulated fire in each area whose growth, duration and conse
quences are analysed from the fire load of the fixed and transient combustible 
materials in the area.

For this evaluation it is assumed that a fire, once started, will spread through
out the entire fire compartment and that all the combustible materials will burn unless 
extinguished (either manually or automatically). For instance, it should be accepted 
that a motor will burn entirely, or that all the cable trays of a tunnel will burn, not 
only from one ‘fire stop’ to the other but also from one fire barrier to the other. This 
premise should be assumed unless technical documentation (calculations) indicates 
that only a portion of the fire compartment will be affected by the postulated fire.

The possibility of flammable or combustible liquids spreading from one fire 
compartment or cell to other fire compartments or cells should be considered, unless 
a means of containment has been provided (bunds, drains, etc.). It should be assumed 
that the spreading liquid is burning.

It should be assumed that occasionally a fire hazard may exist because of com
bustible materials of a transient (non-permanent) nature, even when no fixed com
bustibles are located in the fire compartment (e.g. dumped wastes, paint cans, used
oil and health physics clothing).

Verification is required that the fire hazard analysis includes a list of:

(1) Those fire compartments in which the consequences of the postulated fire will 
not compromise nuclear safety, together with the technical justification for this 
determination for each fire compartment;

(2) Those fire compartments for which additional analysis has been performed, 
together with corresponding evaluation of the adequacy of fire protection for 
each fire compartment.

3.4.2. Fire containment approach

As a minimum, the fire hazard analysis should document and verify that:

(1) The redundant safety systems and their components (e.g. electric cables and 
pumps) are located in separate fire compartments and that the consequences of 
the postulated fire in these fire compartments will not breach the fire barriers 
within the applicable fire resistant rating; use of a fully fire rated envelope sys
tem equivalent to the fire rating of the barrier can also be considered in the 
fire containment approach;

(2) The postulated fire in any adjacent fire compartment does not require fire bar
rier ratings of a longer duration than those of the fire barriers of the initial fire 
compartment under consideration;

(3) Analysis of the postulated fire in each fire compartment shows that the conse
quences will not compromise nuclear safety systems, or prevent the normal 
operation (selectivity) of electrical circuit protection (refer to the Annex).
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3.4.3. Fire influence approach

If  evaluation according to Section 3.4.1 determ ines that the existing level o f 
fire protection is inadequate, additional features, and their availability, must be 
evaluated. The team  o f fire safety specialists should note that the fire influence 
approach has a higher degree o f  com plexity than the fire containm ent approach and, 

hence, is m ore difficult to evaluate. As a m inim um , the fire hazard analysis should 
docum ent and verify that:

(1) The com plem entary effects o f  separation distance and fire extinguishing 
systems provide sufficient protection; this protection m ust ensure that the 
safety function o f  the safety systems subject to dam age from  the postulated fire 
is m aintained by redundant safety systems which will not be dam aged by the 
fire;

(2) Redundant equipm ent will not be dam aged by radiative or convective fire 
effects (including ceiling height considerations), smoke o r other decomposition 
products o f  com bustion, o r by the spreading o f  flam m able/com bustible liquids 
or gases;

(3) Smoke will have no adverse corrosive effect on the adjacent fire com partm ents 
or cells by preventing actuation o f  a m anual device (dam per, smoke trap, fire 
fighting, etc.), o r by spurious actuation o f  a fire extinguishing system;

(4) F ire extinguishing system actuation (even in the event o f spurious release) will 
not adversely affect the safety systems in the fire com partm ent o r cell and/or 
in the adjacent fire com partm ents or cells (especially w ater spread); also, that 
the quantity o f  the released extinguishing agent is calculated for the maximum 
duration and flow rate, and com pared with the containm ent means provided 
(bunds, drains, etc.).

4. FINAL ASSESSMENT AND RECOMMENDATIONS

The results o f  Section 3 .4  determ ine w hether the existing fire protection m ea
sures (both passive and active) are sufficient to ensure nuclear safety for the plant 
in the event o f  a  fire. I f  adequate fire protection is provided for the safety system s, 
no additional m odifications are required. H ow ever, evaluation o f  the fire hazard 
analysis may determ ine that inadequate levels o f  fire protection exist in specific plant 
areas. In this event, the problem  areas are identified and specific recom m endations
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developed. The fire hazard analysis process is then repeated to review  and evaluate 
these specific issues. A ssessm ent should verify that the fire hazard analysis:

(1) Ensures adequate levels o f  fire protection for plant safety systems under all 
possible states o f  plant operation;

(2) Develops specific recom m endations for the problem  areas identified, and 
repeats the analysis process for these issues;

(3) Is updated periodically to reflect changes and modifications, as needed, such 
as physical changes to the plant arrangem ent; increases in the com bustible fire 
loading; changes in the location and arrangem ent o f  safety system s, com po
nents and equipment; m odifications to the fire detection or fire extinguishing 
systems; modifications to the passive fire protection m easures; and changes in 
the ventilation systems.
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Annex

NORMAL OPERATION (SELECTIVITY) OF 
ELECTRICAL CIRCUIT PROTECTION

F or the purpose o f this docum ent, the phrase ‘norm al operation (selectivity) 
o f  electrical circuit protection’ refers to the situation described in Fig. 1. This may 
also be referred to as a high impedance fault condition. It is possible for a  single fire 
com partm ent to contain electric cabling that is related to two different safety systems 
which are not functionally redundant, for exam ple, train A cabling for the ventilation 
fans and train B cabling for the residual heat removal (RHR) pumps.

A prelim inary review  suggests that a fire in this area would dam age the cabling 
for the RHR pum p (train B) and the ventilation fans (train A). Since the equipm ent 
served by these cables is not functionally redundant, nuclear plant safety appears to 
be maintained. How ever, if  the cabling is traced back to the safety pow er supply 
source, additional safety systems and/or components can be supplied through com 
mon switchgear.

FIG. 1. Normal operation (selectivity) of electrical circuit protection.
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A fire in this com partm ent may result in loss o f  operation o f the RHR pum p 
(train B); also, a fire must be assumed to cause some dam age to the cabling for the 
ventilation fans (train A). In addition, a short circuit may result in an increase in cu r
rent that is sufficient to trip  the circuit breakers for the ventilation fans (switches S4, 
S5 and S6). H ow ever, it is possible that the increase in short circuit current for each 
separate cable is not sufficient to trip the individual breakers for the ventilation fans. 
Instead, the com bined effect o f  the increased short circuit currents may cause the 
main switch for safety pow er supply A to trip. The result is that all the systems and 
com ponents supplied by this pow er supply, including the RHR pum p (train A), 
would be affected.

It is im portant that the fire hazard analysis considers not only the direct effect 
o f  a fire within each fire com partm ent, with respect to the impact on functionally 
redundant safety system s, but also the indirect im pact o f a fire as a result o f the short 
circuit overcurrent protection designed into the electrical system pow er supplies.
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DEFINITIONS

The following definitions are extracted from Safety Guide 50-SG-D2 (Rev. 1), 
Fire Protection in Nuclear Power Plants, and may not necessarily conform to 
definitions adopted elsewhere fo r international use. The definitions are consistent 
with the Guide, which should be used as a primary reference in the application o f  
this Safety Practice.

com bustion . Exotherm ic reaction o f  a substance with an oxidizer, generally 
accom panied by flam es, glowing o r emission o f  smoke, o r a com bination 
thereof.

design basis acciden ts. Accident conditions against which the nuclear pow er plant 
is designed according to established design criteria.

explosion. An abrupt oxidation or decomposition reaction producing an increase 
in tem perature or in pressure, o r in both simultaneously.

fire . (1) A process o f  com bustion characterized by the emission o f heat accom panied 
by smoke o r flame, or both. (2) Rapid com bustion spreading in an uncontrolled 
m anner in tim e and space.

f ire  b a r r ie r .  W alls, floors and ceilings, o r devices for closing passages such as 
doors, hatches and penetrations, and ventilation systems, e tc ., used to lim it the 
consequences o f  a fire. A fire barrier is characterized by a fire resistance 
rating.

f ire  cell. A subdivision o f  a fire com partm ent in which fire separation between 
items im portant to safety is provided by fire protection features (such as lim ita
tion o f  com bustible m aterials, spatial separation, fixed fire extinguishing sys
tem s, fireproof coatings or other features) so that consequential dam age to the 
other separated systems is not expected.

This definition is significant when using the fire influence approach, 
wherein ' ‘redundant divisions o f  safety systems or other items important to 
safety are not necessarily separated by fire barriers, but the effect o f  a fire is 
limited by a combination o f  distance to other items important to safety, protec
tion features such as an active extinguishing system (e.g. water sprinkler), or 
passive features such as structural elements (e.g. fire stops and fireproof coat
ings). This combination shall be so designed that the fire will not spread and 
the items to be protected will not be affected by the fire. It should be demon
strated by the fire hazard analysis or by tests that the influence approach pro
vides the intended protection. ’ ’ (This text is taken from para. 312 o f  Safety 
Guide 50-SG-D2 (Rev. 1).)
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f ire  co m p artm e n t. A building or part o f  a building com prising one or m ore rooms 
or spaces, constructed to prevent the spread o f  fire to or from  the rem ainder 
o f the building for a given period o f  tim e. A fire com partm ent is completely 
surrounded by a fire barrier.

This definition is significant when using the fire containment approach, 
which “assumes that all combustibles within a fire  compartment can be con
sumed during a fire. After such a fire, the undamaged portions o f the plant 
shall meet the requirements o f para. 216 o f Safety Guide 50-SG-D2 (Rev. 1). 
To ensure that these requirements are met, thorough safety analyses and fire  
hazard analyses shall be performed. Great care shall be taken to identify within 
each fire compartment all equipment that performs required safety functions. 
In addition, potentially unacceptable interactions between safety related equip
ment in different fire compartments shall be prevented. ” (This text is taken 
from para. 310 o f Safety Guide 50-SG-D2 (Rev. 1).)

fire  d a m p e r . A device which is designed, by automatic operation, to prevent the 
passage o f  fire through a duct, under given conditions.

fire  load . The sum  o f the calorific energies which could be released by the complete 
com bustion o f  all the com bustible m aterials in a space, including the facings 
o f the w alls, partitions, floors and ceilings.

fire  resis tance. The ability o f an elem ent o f building construction, com ponent or 
structure to fulfil, for a stated period o f  tim e, the required load bearing func
tion, integrity and/or therm al insulation, and/or other expected duties specified 
in a standard fire resistance test.

f ire  re ta rd a n t.  The quality o f a substance for suppressing, reducing o r delaying 
m arkedly the com bustion o f  certain materials.

fire  s top . Physical barrier designed to restrict the spread o f fire in cavities within 
and between building construction elements.

non-com bustib le  m a te ria l. A m aterial that, in the form  in which it is used and 
under the conditions anticipated, will not ignite, support com bustion, and bum  
or release flam mable vapour when subject to fire o r heat.

no rm al o p era tio n . O peration o f  a nuclear pow er plant within specified operational 
lim its and conditions, including shutdown, pow er operation, shutting down, 
starting, m aintenance, testing and refuelling.

The relationship between the specific terms defined on the following page is
shown in the diagram on the interrelationship between safety system elements.
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nuclear safety (or simply safety). The achievement o f  proper operating conditions, 
prevention o f accidents or mitigation o f accident consequences, resulting in 
protection o f site personnel, the public and the environm ent from  undue radia
tion hazards.

protection system.1 A system which encompasses all electrical and mechanical 
devices and circuitry, from  sensors to actuation device input term inals, 
involved in generating those signals associated with the protective function, 

safety actuation systems.1 The collection o f equipment required to accom plish the 
necessary safety actions when initiated by the protection system, 

safety systems.1 Systems im portant to safety, provided to assure the safe shutdown 
o f  the reactor o r the residual heat removal from  the core, o r to lim it the conse
quences o f  anticipated operational occurrences or accident conditions, 

safety system support features.1 The collection o f  equipment that provides 
services such as cooling, lubrication and energy supply required by the protec
tion system and the safety actuation systems.

Plant equipment

Items important to safety Items not important to safety

Protection Safety Safety system
system actuation systems support features

Interrelationship between safety system elements

(This diagram, taken from Design Code No. 50-C-D (Rev. 1), is included to illustrate the 
approach towards identifying those fire compartments or cells that contain items important to 
safety. The reference to protection system applies specifically to reactor protection and 
does not imply that the fire protection system forms part o f  the reactor safety system.)

1 Safety systems consist of the protection system, the safety actuation systems and the 
safety system support features. Components of safety systems may be provided solely to per
form safety functions or may perform safety functions in some plant operational states and 
non-safety functions in other plant operational states (see diagram on the interrelationship 
between safety system elements).
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physical se p a ra tio n . (1) Separation by geom etry (distance, orientation, etc.), o r
(2) separation by appropriate barriers, o r (3) separation by a com bination 
thereof.

re d u n d a n t (equ ipm ent). Equipm ent accomplishing the same essential function as 
other equipm ent to the extent that either may perform  the required function. 
The provision o f  redundancy enables the failure or unavailability o f  equipm ent 
to be tolerated without loss o f the function to be perform ed. Redundancy may 
be o f  varying degrees; for example, tw o, three or four pum ps might be 
provided for a particular function when any one is capable o f  accom plishing 
it. Redundancy may be achieved by using identical o r diverse com ponents.

res id u a l h ea t. The sum o f heat originating from  radioactive decay and shutdown 
fission and the heat stored in reactor related structures and in heat transport 
media.

safe ty . See nuclear safety.
single fa ilu re . A random  failure which results in the loss o f  capability o f  a 

com ponent to perform  its intended safety functions. Consequential failures 
resulting from  a single random  occurrence are considered to be part o f  the 
single failure.
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with respect to population distribution
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50-SG-S6

50-SG-S7

50-SG-S8

50-SG-S9

50-SG-S10A

50-SG-S10B

50-SG-S11A

50-SG-S11B

3. DESIGN

50-C-D (Rev. 1)

50-SG-D1

50-SG-D2 (Rev. 1) 

50-SG-D3

50-SG-D4

50-SG-D5

50-SG-D6

50-SG-D7 (Rev. 1) 

50-SG-D8

50-SG-S5

50-SG-D9

28

External man-induced events in relation to nuclear power 
plant siting

Hydrological dispersion of radioactive material in relation 
to nuclear power plant siting

Nuclear power plant siting: Hydrogeological aspects

Safety aspects of the foundations of nuclear power plants

Site survey for nuclear power plants

Design basis flood for nuclear power plants on river sites

Design basis flood for nuclear power plants on coastal 
sites

Extreme meteorological events in nuclear power plant 
siting, excluding tropical cyclones

Design basis tropical cyclone for nuclear power plants

Code on the safety of nuclear power plants: Design 

Safety Guides

Safety functions and component classification for 
BWR, PWR and PTR

Fire protection in nuclear power plants

Protection system and related features in nuclear 
power plants

Protection against internally generated missiles and 
their secondary effects in nuclear power plants

External man-induced events in relation to nuclear 
power plant design

Ultimate heat sink and directly associated heat transport 
systems for nuclear power plants

Emergency power systems at nuclear power plants

Safety-related instrumentation and control systems for 
nuclear power plants

Design aspects of radiation protection for nuclear 
power plants
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50-SG-D10

50-SG-D11

50-SG-D12

50-SG-D13

50-SG-D14

50-SG-D15

4. OPERATION

50-C-0 (Rev. 1)

50-SG-01 (Rev. 1)

50-SG-02

50-SG-03

50-SG-04

50-SG-05

50-SG-06

50-SG-07 (Rev. 1) 

50-SG-08 (Rev. 1)

50-SG-09

50-SG-010

50-SG-011

50-SG-012

Fuel handling and storage systems in nuclear power plants

General design safety principles for nuclear power plants

Design of the reactor containment systems in nuclear 
power plants

Reactor coolant and associated systems in nuclear power 
plants

Design for reactor core safety in nuclear power plants 

Seismic design and qualification for nuclear power plants

Code on the safety of nuclear power plants: Operation 

Safety Guides

Staffing of nuclear power plants and the recruitment, 
training and authorization of operating personnel

In-service inspection for nuclear power plants

Operational limits and conditions for nuclear power plants

Commissioning procedures for nuclear power plants

Radiation protection during operation of nuclear 
power plants

Preparedness of the operating organization (licensee) 
for emergencies at nuclear power plants

Maintenance of nuclear power plants

Surveillance of items important to safety in nuclear 
power plants

Management of nuclear power plants for safe operation

Core management and fuel handling for nuclear 
power plants

Operational management of radioactive effluents and 
wastes arising in nuclear power plants

Periodic safety review of operational nuclear 
power plants
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5. QUALITY ASSURANCE

50-C-QA (Rev. 1) Code on the safety of nuclear power plants: 
Quality assurance

Safety Guides

50-SG-QA1 Establishing of the quality assurance programme for a 
nuclear power plant project

50-SG-QA2 Quality assurance records system for nuclear 
power plants

50-SG-QA3 Quality assurance in the procurement of items and 
services for nuclear power plants

50-SG-QA4 Quality assurance during site construction of nuclear 
power plants

50-SG-QA5 (Rev. 1) Quality assurance during commissioning and operation 
of nuclear power plants

50-SG-QA6 Quality assurance in the design of nuclear power plants

50-SG-QA7 Quality assurance organization for nuclear power plants

50-SG-QA8 Quality assurance in the manufacture of items for 
nuclear power plants

50-SG-QA10 Quality assurance auditing for nuclear power plants

50-SG-QA11 Quality assurance in the procurement, design and 
manufacture of nuclear fuel assemblies

SAFETY PRACTICES

50-P-l Application of the single failure criterion

50-P-2 In-service inspection of nuclear power plants: 
A manual

50-P-3 Data collection and record keeping for the 
management of nuclear power plant ageing

50-P-4 Procedures for conducting probabilistic safety 
assessments of nuclear power plants (Level 1)

50-P-5 Safety assessment of emergency power systems for 
nuclear power plants

50-P-6 Inspection of fire protection measures and fire fighting 
capability at nuclear power plants

50-P-7 Treatment of external hazards in probabilistic safety 
assessment for nuclear power plants
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SELECTION OF IAEA PUBLICATIONS RELATING 
TO THE SAFETY OF 

NUCLEAR POWER PLANTS

SAFETY SERIES

SS 115-1

67

69

72

73

75-INSAG-1

75-INSAG-2

75-INSAG-3 

75-INSAG-4 

75-INSAG-5 

75-INSAG-6 

75-INS AG-7 

77

79

81

International basic safety standards for protection against 
ionizing radiation and for the safety of radiation sources: 
Interim edition

Assigning a value to transboundary radiation exposure

Management of radioactive wastes from nuclear 
power plants

Principles for establishing intervention levels for the 
protection of the public in the event of a nuclear accident 
or radiological emergency

Emergency preparedness exercises for nuclear 
facilities: Preparation, conduct and evaluation

Summary report on the post-accident review meeting 
on the Chernobyl accident

Radionuclide source terms from severe accidents to 
nuclear power plants with light water reactors

Basic safety principles for nuclear power plants

Safety culture

The safety of nuclear power: INSAG-5

Probabilistic safety assessment

The Chernobyl accident: Updating of INSAG-1

Principles for limiting releases of radioactive 
effluents into the environment

Design of radioactive waste management systems 
at nuclear power plants

Derived intervention levels for application in 
controlling radiation doses to the public in the event of a 
nuclear accident or radiological emergency: Principles, 
procedures and data

84 Basic principles for occupational radiation monitoring
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1985

1985

1986

1987

1988

1991

1992

1992

1993 

1986

1986

1986

1995

1987
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86 Techniques and decision making in the assessment
of off-site consequences of an accident in a nuclear facility

93 Systems for reporting unusual events in 
nuclear power plants

94 Response to a radioactive materials release 
having a transboundary impact

97 Principles and techniques for post-accident 
assessment and recovery in a contaminated 
environment of a nuclear facility

98 On-site habitability in the event of an 
accident at a nuclear facility:
Guidance for assessment and improvement

101 Operational radiation protection: A guide to optimization

103 Provision of operational radiation protection 
services at nuclear power plants

104 Extension of the principles of radiation protection 
to sources of potential exposure

105 The regulatory process for the decommissioning 
of nuclear facilities

106 The role of probabilistic safety assessment
and probabilistic safety criteria in nuclear power 
plant safety

TECHNICAL REPORTS SERIES

249 Decontamination of nuclear facilities to permit
operation, inspection, maintenance, modification or plant 
decommissioning

262 Manual on training, qualification and certification
of quality assurance personnel

267 Methodology and technology of decommissioning 
nuclear facilities

268 Manual on maintenance of systems and components 
important to safety

271 Introducing nuclear power plants into electrical power
systems of limited capacity: Problems and remedial 
measures

1989

1989

1989

1989

1990 

1990

1990

1990

1992

1985

1986 

1986

1986

1987

1987
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282

292

294

296

299

300

301

306

307

327

328 

330

334

338

354

367

368

274 Design of off-gas and air cleaning systems at nuclear 
power plants

Manual on quality assurance for computer software 
related to the safety of nuclear power plants

Design and operation of off-gas cleaning and 
ventilation systems in facilities handling low and 
intermediate level radioactive material

Options for the treatment and solidification 
of organic radioactive wastes

Regulatory inspection of the implementation 
of quality assurance programmes: A manual

Review of fuel element developments for water cooled 
nuclear power reactors

Cleanup of large areas contaminated as a result 
of a nuclear accident

Manual on quality assurance for installation and 
commissioning of instrumentation, control and 
electrical equipment in nuclear power plants

Guidebook on the education and training of technicians 
for nuclear power

Management of abnormal radioactive wastes 
at nuclear power plants

Planning for cleanup of large areas contaminated as a 
result of a nuclear accident

Grading of quality assurance requirements: A manual

Disposal of waste from the cleanup of large areas 
contaminated as a result of a nuclear accident

Monitoring programmes for unrestricted release 
related to decommissioning of nuclear facilities

Methodology for the management of ageing of 
nuclear power plant components important to safety

Reactivity accidents

Software important to safety in nuclear power plants

Accident management programmes in nuclear power 
plants: A guidebook

1987

1988

1988

1989 

1989 

1989 

1989 

1989

1989

1989

1991

1991

1992

1992

1992

1993

1994 

1994
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IAEA-TECDOC SERIES

332 Safety aspects of station blackout at nuclear power plants 1985

341 Developments in the preparation of operating procedures 1985
for emergency conditions of nuclear power plants

348 Earthquake resistant design of nuclear facilities with 1985
limited radioactive inventory

355 Comparison of high efficiency particulate filter testing 1985
methods

377 Safety aspects of unplanned shutdowns and trips 1986

379 Atmospheric dispersion models for application in 1986
relation to radionuclide releases

387 Combining risk analysis and operating experience 1986

390 Safety assessment of emergency electric power systems 1986
for nuclear power plants

416 Manual on quality assurance for the survey, evaluation and 1987
confirmation of nuclear power plant sites

424 Identification of failure sequences sensitive to 1987
human error

425 Simulation of a loss of coolant accident 1987

443 Experience with simulator training for emergency 1987
conditions

444 Improving nuclear power plant safety through 1987
operator aids

450 Dose assessments in nuclear power plant siting 1988

451 Some practical implications of source term reassessment 1988

458 OSART results 1988

497 OSART results II 1989

498 Good practices for improved nuclear power plant 1989
performance

499 Models and data requirements for human reliability analysis 1989

508 Survey of ranges of component reliability data 1989
for use in probabilistic safety assessment
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522

523 

525

529

540

542

543

547

550

553

561

570

581

586

590

591

592

510 Status of advanced technology and design for 
water cooled reactors: Heavy water reactors

A probabilistic safety assessment peer review:
Case study on the use of probabilistic safety assessment 
for safety decisions

Probabilistic safety criteria at the 
safety function/system level

Guidebook on training to establish and maintain
the qualification and competence of nuclear power plant
operations personnel

User requirements for decision support systems 
used for nuclear power plant accident prevention 
and mitigation

Safety aspects of nuclear power plant ageing

Use of expert systems in nuclear safety

Procedures for conducting independent peer reviews of 
probabilistic safety assessment

The use of probabilistic safety assessment in the 
relicensing of nuclear power plants for extended lifetimes

Safety of nuclear installations: Future direction

Computer codes for Level 1 probabilistic safety 
assessment

Reviewing computer capabilities in nuclear power plants

OSART mission highlights 1988-1989

Safety implications of computerized process control 
in nuclear power plants

Simulation of a loss of coolant accident with rupture 
in the steam generator hot collector

Case study on the use of PSA methods:
Determining safety importance of systems and components 
at nuclear power plants

Case study on the use of PSA methods:
Backfitting decisions

Case study on the use of PSA methods:
Human reliability analysis

1989

1989

1989

1989

1990 

1990 

1990

1990

1990

1990

1990

1990

1991

1991

1991

1991

1989

1991
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599

600

605

611

618

631

632 

635 

640

648

658

659

660

669

670

672

681

694

710

593

36

Case study on the use of PSA methods:
Station blackout risk at Millstone Unit 3

Use of probabilistic safety assessment to evaluate nuclear 
power plant technical specifications

Numerical indicators of nuclear power plant safety 
performance

OSART good practices: 1986-1989

Use of plant specific PSA to evaluate incidents at 
nuclear power plants

Human reliability data collection and modelling

Reviewing reactor engineering and fuel handling: 
Supplementary guidance and reference material for 
IAEA OSARTs

ASSET guidelines: Revised 1991 edition

OSART guidelines: 1992 edition

Ranking of safety issues for WWER-440 model 230 
nuclear power plants

Procedures for conducting common cause failure analysis 
in probabilistic safety assessment

Safety related maintenance in the framework of the 
reliability centered maintenance concept

Reactor pressure vessel embrittlement

Expert systems in nuclear industry

Case study on the use of PSA methods: Assessment 
of technical specifications for the reactor protection 
system instrumentation

Pilot studies on management of ageing of nuclear 
power plant components: Results of Phase I

Safety aspects of nuclear power plant automation 
and robotics

OSART mission highlights 1989-1990

Safety assessment of proposed improvements of RBMK 
nuclear power plants

Applicability of the leak before break concept

1991

1991

1991

1991

1991

1992

1991

1992 

1992

1992

1992

1992

1992

1992

1992

1992

1993 

1993

1993

1991
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711 Use of probabilistic safety assessment for nuclear 
installations with large inventory of radioactive material

712 Safety aspects of designs for future light water reactors 
(evolutionary reactors)

719 Defining initiating events for purposes of probabilistic
safety assessment

722 Safety assessment of design solutions and proposed
improvements to Smolensk Unit 3 RBMK nuclear power 
plant

724 Probabilistic safety assessment for seismic events

737 Advances in reliability analysis and probabilistic safety
assessment for nuclear power reactors

740 Modelling and data prerequisites for specific applications of
PSA in the management of nuclear plant safety

743 ASCOT guidelines

744 OSART guidelines — 1994 edition

749 Generic initiating events for PSA for WWER reactors

751 PSA for shutdown mode for nuclear power plants

763 Pre-OS ART mission highlights (1988-1990)

773 The safety of WWER and RBMK nuclear power plants

774 Guidance for the application of the leak before break 
concept

778 Fire hazard analysis for WWER nuclear power plants

780 Safety assessment of computerized control and
protection systems

790 Reliability of computerized safety systems at
nuclear power plants

PROCEEDINGS SERIES

STI/PUB/673 IAEA safety codes and guides (NUSS) in the light of
current safety issues

STI/PUB/700 Source term evaluation for accident conditions

1993

1993

1993

1993

1994

1994

1994

1994

1994

1994

1994

1994

1994

1994

1995

1995

1993

1985

1986
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STI/PUB/701 Emergency planning and preparedness for nuclear 1986
facilities

STI/PUB/716 Optimization of radiation protection 1986

STI/PUB/759 Safety aspects of the ageing and maintenance of 1988
nuclear power plants

STI/PUB/761 Nuclear power performance and safety 1988

STI/PUB/782 Severe accidents in nuclear power plants 1988

STI/PUB/783 Radiation protection in nuclear energy 1988

STI/PUB/785 Feedback of operational safety experience 1989
from nuclear power plants

STI/PUB/803 Regulatory practices and safety standards 1989
for nuclear power plants

STI/PUB/824 Fire protection and fire fighting in nuclear installations 1989

STI/PUB/825 Environmental contamination following a 1990
major nuclear accident

STI/PUB/826 Recovery operations in the event of a nuclear accident or 1990
radiological emergency

STI/PUB/843 Balancing automation and human action in nuclear 1991
power plants

STI/PUB/880 The safety of nuclear power: Strategy for the future 1992
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