
IAEA-SM-345/28

Invited Paper

OVERVIEW OF IAEA GUIDELINES FOR XA9847502
FIRE SAFETY INSPECTION AND OPERATION IN
NUCLEAR POWER PLANTS

D.S. MOWRER
HSB Professional Loss Control,
Kingston, Tennessee,
United States of America

Abstract

In 1992, the International Atomic Energy Agency began an ambitious project on fire safety
in nuclear power plants. The purpose of this ongoing project is to provide specific guidance on
compliance with the requirements set forth through the IAEA Nuclear Safety Standards program
established in 1974. The scope of the Fire Safety project encompasses several tasks, including
the development of new standards and guidelines to assist Member States in assessing the level
of fire safety in existing plants. Five new Safety Practices, one new Safety Guide and a Technical
Document have been developed for use by the fire safety community. The primary intent of these
new documents is to provide detailed guidance and a consistent format for the assessment of the
overall level of fire safety being provided in existing nuclear power plants around the world and
especially in developing countries. Sufficient detail is provided in the Safety Guide and Safety
Practices to allow technically knowledgeable plant personnel, outside consultants or other
technical experts to assess the adequacy of fire safety within the plant facilities. This paper
describes topics addressed by each of the IAEA Fire Safety documents and discusses the
relationship of each document to others in the series.

1. INTRODUCTION

In 1992, the International Atomic Energy Agency (IAEA or the Agency) began an
ambitious project on fire safety in nuclear power plants. The purpose of this ongoing project is to
provide specific guidance on compliance with the requirements set forth through the IAEA
Nuclear Safety Standards (NUSS) program established in 1974. Previous safety review
documents and services offered as part of this program were not sufficiently detailed to address
the full range of fire safety issues in existing nuclear power plants to a level which could provide
significant assistance to the Member States in improving their fire safety programs. The scope of
this new project encompasses such issues as developing new standards and guidelines to assist
Member States in assessing the level of fire safety in existing plants; conducting fire safety
review missions for specific facilities; presenting interregional fire safety training courses; and
designing a program to initiate the collection of fire related statistical data of value to existing
nuclear power plants, both from an equipment reliability standpoint and for fire safety lessons
learned.

Over the course of the last five years the Agency has made significant progress towards the
goals of its Fire Safety project. Five new Safety Practices, one new Safety Guide and a Technical
Document have been developed for use by the fire safety community. Six fire safety review
missions have been conducted at nuclear power plants, and two fire safety training courses have
been organized and implemented by the Agency. This discussion focuses on the publications
developed as a result of the IAEA Fire Safety project.
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Beginning in the spring of 1992 and continuing through the fall of 1996, initial draft
documents for the seven new publications were created. Formal review and comments on each
document were solicited from the technical representatives of the Member States. Technical
enhancements were incorporated during the review process through a series of technical
meetings held at the Agency's offices in Vienna. The result of this project is a formal series of
guidelines for fire safety inspection and operation of existing nuclear power plants which have
been published by IAEA (or are currently in process) and which are available for use by the
Member States.

The primary intent of these new documents is to provide detailed guidance and a consistent
format for the assessment of the overall level of fire safety being provided in existing nuclear
power plants around the world and especially in developing countries. Sufficient detail is
provided in the Safety Guide and Safety Practices to allow technically knowledgeable plant
personnel to assess the adequacy of fire safety within their own facilities. The documents also
can be used by outside consultants or other technical experts to assist the plant staff, when
appropriate. The titles, document numbers and publication dates of the seven new IAEA fire
safety documents are as follows:

(a) Fire Safety During Operation of Nuclear Power Plants—Safety Guide 50-SG-xx (in
review process) [1]

(b) Inspection of Fire Protection Measures and Fire Fighting Capability at Nuclear Power
Plants—Safety Practice 50-P-6 (1994) [2]

(c) Assessment of the Overall Fire Safety Arrangements at Nuclear Power Plants—Safety
Practice 50-P-11 (1996) [3]

(d) Evaluation of Fire Hazard Analyses for Nuclear Power Plants—Safety Practice 50-P-9
(1995) [4]

(e) Preparation of Fire Hazard Analyses for Nuclear Power Plants—Safety Practice 50-P-xx
(in publication process) [5]

(f) Treatment of Internal Fires in Probabilistic Safety Assessment for Nuclear Power Plants—
Safety Practice 50-P-xx (in review process) [6]

(g) Guidelines for IAEA Fire Safety Review Services at Nuclear Power Plants—TECDOC-xxx
(in publication process) [7]

2. FIRE SAFETY GUIDES

IAEA Safety Guides have been developed to assist Member States in the implementation
of the requirements set forth in the NUSS Codes, which are intended to offer a basis for nuclear
power regulation within the Member States. The Safety Guides suggest methods of
implementation for parts of each Code, and these methods are further elaborated within the
Safety Practices. The NUSS Codes, Safety Guides, Safety Practices and other Technical
Documents are intended to be used in conjunction with one another and contain considerable
cross-referencing to one another, along with a list of all NUSS titles.

2.1. Fire Protection in Nuclear Power Plants

Just prior to the initiation of the current IAEA Fire Safety project, IAEA published a major
revision to its first Safety Guide on fire protection. Safety Guide 50-SG-D2 (Rev. 1), entitled,
Fire Protection in Nuclear Power Plants [8], provides detailed fire safety requirements for use
by designers, regulators and safety assessors. Although this Guide does contain some
information pertaining to fire safety during the operation of nuclear power plants, its primary
focus is on incorporating fire safety measures into the design and construction of new plants.
Both this Safety Guide and the other documents discussed in this paper are intended to apply to
"land based nuclear power plants with thermal neutron reactors of general use such as light
water, heavy water or gas cooled types" [8].
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This design Safety Guide laid the foundation upon which the other Fire Safety documents
have been built, particularly regarding definitions for such terms as design basis accidents,
nuclear safety, safety systems, fire, fire compartment, fire cell, redundant equipment, and single
failure criteria. Subsequent documents also incorporate this Guide's definition of the overall fire
safety objectives needed to ensure plant nuclear safety (e.g., prevention,
detection/extinguishment, and containment), the degree of redundancy required for safety
systems, and the defense-in-depth concept as applied to nuclear power plants.

2.2. Fire Safety During Operation of Nuclear Power Plants

The draft Safety Guide 50-SG-xx, entitled, Fire Safety During Operation of Nuclear
Power Plants, applies the principles set forth in the design Safety Guide to the management and
operation of a nuclear power plant. The new Safety Guide is intended for use by plant managers
and operators, as well as regulators and safety assessors. It elaborates upon operational topics
introduced in the design Safety Guide, such as fire prevention, control of combustibles and
ignition sources, safety culture, manual fire fighting, training, and quality assurance. The new
Guide differs from its predecessor by discussing additional operational topics, such as
organization and responsibilities; periodic updating of the fire hazard analysis; design changes
and plant modifications; inspection, maintenance, and testing of fire protection measures; and
records and documentation. The Guide even includes an appendix which contains a sample list
of those features, systems, equipment, and components that should be included in a fire safety
inspection, routine maintenance, and testing program. The objectives of this publication are to
ensure that the original fire protection design intent is maintained, to ensure that design changes
and plant modifications are addressed in a timely manner, to ensure that effective fire prevention
measures are implemented throughout the operating life of the plant, and to develop and
maintain a consistent fire safety culture throughout all levels of plant management and operation.

This operational Safety Guide further establishes the defence-in-depth concept as the
underlying principle for nuclear fire safety:

This concept incorporates multiple levels of protection which are subject to various
layers of overlapping provisions. These levels of protection are intended to
compensate for human error or plant failures, and encompass accident prevention,
mitigation and radiation protection [1].

The importance of manual fire fighting capability as a back-up method exemplifies the
defence-in-depth emphasis on levels of protection and overlapping provisions. The Guide's
requirements that personnel be qualified by education and experience to perform their duties and
that all staff be trained in fire safety issues also reflect the defence-in-depth intentions. This
philosophy underlies the requirement for a plantwide safety culture, which encourages a
"rigorous approach to . . . activities and responsibilities, and . . . a questioning attitude in the
performance of . . . tasks to encourage continual improvement" [1].

The defence-in-depth concept also is evident throughout the Guide's discussions of plant
management and operational elements, particularly in its emphasis on the importance of formal
procedures covering all aspects affecting nuclear safety to provide personnel with a common
understanding of fire safety related issues and procedures. The Guide underscores the importance
of developing a formal plant policy on fire safety and of identifying specific responsibilities and
authority for all staff members involved in fire safety activities, including a formal, documented
chain of command clearly communicated to all affected staff. Quality assurance and
records/document management systems are required to track fire safety activities and plant
modifications, and field walkdowns are recommended to verify documents and drawings.
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3. FIRE SAFETY PRACTICES

The five Safety Practices developed under the IAEA Fire Safety project provide detailed
instruction on implementing the requirements and recommendations of the design and the
operational Safety Guides. The five Safety Practices are intended for use by trained fire safety
experts to ensure an acceptable level of fire safety for systems and equipment which could
potentially affect nuclear safety. Three of these documents have been published by the Agency
for the purpose of conducting periodic fire safety assessments at existing nuclear power plants.
The other two have been developed to assist in the development and preparation of fire hazard
analyses for either new or existing nuclear power plants.

These five Safety Practices reflect the overlap which is integral to the defence-in-depth
concept, particularly regarding data collection. The methodology of each Practice begins with
data collection, which can be divided into three phases. The first phase is the review of written
material and documentation supplied by the plant, including plant drawings, procedures, design
basis documentation, and records. The second phase involves the discussion of specific issues
with plant management, engineers, operators, maintenance staff, and fire brigade members. The
third phase entails a physical inspection of all accessible plant areas to obtain a visual impression
of the site and to verify information obtained in the first two phases.

In addition to the consistency which exists in the Safety Practices' common approach to
data collection, some overlap exists among the types of data examined for each Practice, with
varying levels of detail. Although more than one Practice may recommend the examination of a
specific sprinkler system, for example, one Practice may address simple verification that the
installed system is maintained and functional; and another may evaluate more detailed
information, such as the system design criteria, reliability of system components, spacing of
individual sprinkler heads, and the measures present to verify that there is no water flow
blockage within the piping.

Each of the three Safety Practices pertaining to periodic plant assessments addresses
separate aspects of fire safety. To evaluate the overall level of fire safety at a nuclear plant, all
three documents must be used. These documents should be used by qualified plant personnel or
by outside consultants, regulators, or safety assessors to perform inspections or audits, or they
may be used by appropriate plant personnel (managers, operators) to ensure that items which
may be examined during an audit are acceptable.

The key to effective employment of these Safety Practices in an assessment is to consider
the assessment an opportunity for a free and open exchange of state-of-the-art fire safety issues
between the inspectors) and the plant staff. This is particularly true when the assessment is
conducted by an outside consultant or fire safety expert. Open communication is essential
throughout the process. It is important to remember that the objective of such an assessment is
not to find fault or assign blame for identified deficiencies. Rather, the objective should always
be to identify means of improving fire safety or to identify good practices which can be shared
with other sites to improve their fire safety programs.

3.1. Inspection of Fire Protection Measures and Fire Fighting Capability at Nuclear Power
Plants

Safety Practice 50-P-6, Inspection of Fire Protection Measures and Fire Fighting
Capability at Nuclear Power Plants [2], provides detailed instruction on evaluating the design
and the installation of fire protection measures within existing nuclear plants. Specifically, this
Safety Practice focuses on the effectiveness of passive fire protection measures, active fire
protection systems and equipment, and the manual fire fighting capability of the plant (fire
brigade) to extinguish or contain fires which could adversely affect systems, equipment and
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components essential to safe shutdown. The passive, active and manual fire protection measures
introduced in the design and operational Safety Guides are provided a more thorough discussion
in this Safety Practice. For example, while the design Safety Guide requires that the "detection
and alarm system shall be energized at all times" [8], the Safety Practice suggests practical ways
to ensure this reliability, such as providing electrical supervision to indicate circuit faults and
loss of power supply; and checking electrical interlocks associated with fixed extinguishing
systems which may be used as a means of system actuation, ventilation fan shutdown, or fire
damper closure.

This Safety Practice includes a detailed checklist which is intended to provide a suggested
list of fire safety elements to be assessed. It is understood that some elements may be added and
others deleted depending on the unique design, arrangement, construction, and operation of each
specific plant. The Fire Safety Inspection Checklist is intended for use by trained experts in fire
safety. The qualifications of these experts should include knowledge of fire safety design, fire
protection systems and equipment, manual fire fighting methods, and nuclear safe shutdown
considerations.

The inspection Safety Practice relies heavily on the requirements of the design Safety
Guide. For example, when conducting an evaluation of the fire protection measures installed in a
nuclear plant, it is first necessary to evaluate whether or not fire protection measures are installed
in required locations and whether or not the protection provided is appropriate to the fire hazard.
The design Safety Guide provides general requirements pertaining to appropriate types and
locations of various types of passive and active fire protection measures. The inspection Safety
Practice assesses details pertaining to specific fire safety measures, such as the temperature
rating of the sprinkler heads or the obstruction of the water distribution pattern by ventilation
ducts or steam piping. The documentation contained in a comprehensive fire hazard analysis of
the plant and the Member State-specific regulatory requirements affecting the plant design also
should be referenced to make this initial determination of appropriateness. Additional factors to
consider include the overall fire safety design philosophy, plant arrangement and design features,
location of critical plant equipment and essential electrical cables, and identification of plant-
specific safe shutdown paths. All of this essential information should be guided by the design
Safety Guide and should be documented in the plant fire hazard analysis or other similar design
basis documents.

One topic addressed by the inspection Safety Practice that is not covered in the design
Safety Guide is the use of qualified equipment and components. A design requirement common
to all fire protection measures and systems is the need for a method of equipment qualification.
For example, specific fire safety components should be tested and approved specifically for fire
service use by an independent testing laboratory, or third party certification should be provided
to document equipment reliability. This issue applies to passive fire protection measures such as
fire doors and fire rated dampers, to fire detection and alarm systems, and to extinguishing
system components and equipment.

3.2. Assessment of the Overall Fire Safety Arrangements at Nuclear Power Plants

Safety Practice 50-P-ll, Assessment of the Overall Fire Safety Arrangements at Nuclear
Power Plants [3], provides instruction and a detailed checklist for assessing all the fire safety
arrangements of a nuclear plant except for the design and installation of passive and active fire
protection measures, manual fire fighting, and the fire hazard analysis. The document defines
overall fire safety arrangements to mean "an integrated system of organization, management,
procedural controls, [routine maintenance of] passive and active fire protection measures, quality
assurance and records management systems related to plant fire safety" [3]. Given this scope,
this Safety Practice essentially is designed to assess the plant's safety culture. Safety culture, as
described in the operational Safety Guide, promotes "a continuing awareness of the importance
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of preventing fires in nuclear power plants" and is influenced mainly by "the organizational
framework set down by the plant management, and the attitude of staff operating within that
framework" [1].

This Safety Practice provides a means of assessing the organizational framework
developed by plant management to foster an awareness of the importance of fire safety within
the plant and the specific measures established to ensure effective implementation of fire safety.
It is written for operators, regulators and safety assessors; and it extends its scope beyond
concern solely with safe shutdown to include "the protection of site personnel, the public and the
environment from undue radiation hazards" [3]. The document contains details to aid in the
assessment of programmatic aspects of nuclear power plant fire safety pertaining to fire
prevention; administrative and procedural controls; and the periodic inspection, maintenance and
testing of installed fire protection features. This organizational Safety Practice echoes the
operational Safety Guide's emphasis on formal fire safety policies and procedures, clearly
defined responsibilities and authority for staff involved in fire safety activities, quality assurance
and records/document management.

The detailed Fire Safety Inspection Checklist included in this Safety Practice addresses
topics discussed in the operational Safety Guide to ensure that policies and procedures are in
place which address fire safety organization and management; engineering review of design
changes and modifications; control of combustible materials; control of ignition sources;
inspection, maintenance and testing of the fire protection measures (both passive and active);
records and documentation; and quality assurance. The first part of the checklist (sections A
through G) applies to a procedural review of these areas; and the second part (section H) applies
to a field walkdown to verify that actual conditions are consistent with the written documents
and to gain an impression of overall effectiveness of the program implementation.

This Fire Safety Inspection Checklist overlaps fire safety elements discussed in the other
two assessment Safety Practices. In addition to verifying the adequacy of the routine inspection,
maintenance and testing programs for fire detection and extinguishment systems, the checklist
includes direct observation of these systems as installed in the plant. The difference between this
checklist and the one contained in the inspection Safety Practice is that this checklist assesses the
ongoing maintenance, operability and effectiveness of these systems, and the other addresses
issues such as the specific standards to which systems were initially designed and installed. An
efficient method of using the organizational Safety Practice checklist would be to examine the
inspection Safety Practice checklist along with the other documents reviewed in the initial phase
of the assessment, before conducting the walkdown.

During the field walkdown portion of the assessment of the overall fire safety
arrangements of the plant, particular emphasis should be placed on those areas containing
equipment important to plant nuclear safety. This equipment should be documented in the fire
hazard analysis. During the physical walkdown of the plant, the inspector also should determine
compliance with information contained in the fire hazard analysis, particularly with respect to
fire loads in specific plant areas. Again, the defence-in-depth concept is evidenced by some
overlap between fire safety elements assessed using the organizational Safety Practice and those
addressed in the fire hazard analysis.

33. Evaluation of Fire Hazard Analyses for Nuclear Power Plants

Another aspect of nuclear plant fire safety that should be evaluated is the existing fire
hazard analysis. Safety Series 50-P-9, Evaluation of Fire Hazard Analyses for Nuclear Power
Plants [4], provides a methodology to be used for such an evaluation. Preparation of a new fire
hazard analysis is covered by another Safety Practice (discussed in Section 3.4 of this paper).
This Safety Practice can be used by regulators or independent safety assessors to evaluate the
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adequacy of the existing fire hazard analysis, or it may be used by plant personnel for guidance
in performing an in-house assessment of the plant's fire hazard analysis. Guidelines described in
this publication should be used by trained fire safety experts who have a working knowledge of
fire safety design in nuclear plants; thorough familiarity with fire protection systems and
equipment available for use; knowledgeability in nuclear plant operation, including safe
shutdown considerations; and proficiency in the methods used to quantify fire hazards.

This Safety Practice is designed to assess the adequacy of the fire hazard analysis in terms
of the objectives outlined for such an analysis in the design Safety Guide. Essentially, these
objectives entail the assessment of how well the fire hazard analysis addresses the "identification
of fire hazards and safety systems; analysis of fire growth; and adequacy of fire protection" [4].
The scope of the fire hazard analysis is to assess all areas of the plant to ensure that adequate fire
protection is provided for systems and equipment essential for safe shutdown and for those
which could, in the event of a fire, cause a radiation hazard to site personnel, the public or the
environment. The fire hazard analysis is basically comprised of three parts: identifying all fire
hazards and safety systems, analyzing fire growth, and assessing the adequacy of the fire
protection measures. Common elements within all fire hazard analyses should include at least the
following steps:

(a) Identify the location of and describe important safety systems.
(b) Document the specific combustible fire load in each fire compartment.
(c) Document all installed fire protection measures (both active and passive measures).
(d) Identify the design basis fire scenario for each fire compartment.
(e) Identify the approach used to quantify fire growth in each fire compartment, including the

consequences for nuclear safety systems.
(f) Verify the adequacy of fire protection measures to ensure plant nuclear safety.
(g) Update the fire hazard analysis periodically to reflect plant changes.

The Safety Practice recommends field walkdowns to check the accuracy of the fire hazard
analysis in reflecting actual conditions. It also recommends that the fire hazard analysis take into
consideration the differences in design, construction, and fire safety philosophy among nuclear
power plants. All of these factors play a part in determining the level of fire safety needed for the
specific plant being analyzed. The fire hazard analysis evaluation must include a determination
of whether the analysis is using the fire containment approach or the fire influence approach.
These different approaches are defined in the Agency's design Safety Guide as follows:

As a result of the integrity of the fire barrier around each fire compartment, the
spread of a fire from one compartment to another is prevented and thus the concept
of segregation of items important to safety can be achieved for the periods specified
for the fire barriers. This configuration is called the fire containment approach.
However, in certain fire compartments, the spread of fire within the compartment
may also have to be prevented in order to limit the impact of fires on items important
to safety. In such cases active fire detection, extinguishing or passive means, in
conjunction with the provision of appropriate distances between components is used
to prevent the spread of fire from one fire cell to another within the fire
compartment. Such a configuration is called the fire influence approach [8].

The approach used is dependent largely on plant design and will determine the types of
information that should be included in the fire hazard analysis. When the fire containment
approach has been used, for example, it is necessary to determine that the analysis has
appropriately addressed the need for adequate separation of redundant safety systems and the
possibility of fire exposures from adjacent fire compartments. If the analysis has used the fire
influence approach, the evaluation of the analysis must determine if it has considered other
issues, such as the effects of heat and smoke within a fire compartment, the potential for
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flammable liquid or gas spread within a fire compartment, and the spurious activation of fire
extinguishing systems.

Analyzing fire hazards at nuclear power plants is an iterative process. The ultimate
objective of evaluating the fire hazard analysis is to ensure that fire hazards have not been
overlooked and to verify that fire protection measures are appropriate to ensure plant nuclear
safety. If the evaluation of the fire hazard analysis identifies problem areas, recommendations
should be generated and the fire hazard analysis process repeated to address the identified
problems. A successful fire hazard analysis will ensure adequate fire protection levels for nuclear
safety systems, develop recommendations for any problem areas, repeat the fire hazard analysis
process to address these areas, and verify that the fire hazard analysis is updated periodically to
reflect design changes and modifications.

3.4. Preparation of Fire Hazard Analyses for Nuclear Power Plants

The draft Safety Practice entitled, Preparation of Fire Hazard Analyses for Nuclear Power
Plants [5], provides a framework for the preparation of a fire hazard analysis for a new or an
existing nuclear power plant. This publication should be useful to plant designers or operators for
the preparation or updating of a fire hazard analysis; but it is intended primarily for use by
trained fire safety experts who have knowledge and experience in fire safety systems and
equipment, fire growth quantification and analysis, computational methods for predicting fire
consequences, and nuclear power plant operations and safety systems. Due to the wide variety of
knowledge and experience needed to perform this comprehensive analysis and the length of time
required to accomplish the task, it usually is recommended that a team approach be used in
preparing a new fire hazard analysis.

This Safety Practice includes much more detail about the contents and methodology of a
fire hazard analysis than the Practice which covers evaluating such an analysis. For example, this
Safety Practice provides instruction on applying the quality assurance program to the fire hazard
analysis, subdividing buildings into fire compartments and fire cells, determining whether to use
the fire containment or fire influence approach, collecting data, analyzing fire growth and
potential consequences, and determining when to update the fire hazard analysis. The discussions
in both documents concerning the use of appropriate personnel and the scope and purpose of a
fire hazard analysis are very similar.

For existing nuclear power plants, the purpose of the fire hazard analysis is to document
that existing fire protection measures are adequate to ensure plant nuclear safety (as defined in
item 6 below). For the design of new plants, the fire hazard analysis has several purposes,
which this Safety Practice excerpts from the design Safety Guide:

1) To identify items important to safety and their location.
2) To analyse 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 paragraph 216 of the Safety Guide 50-SG-D2 (Rev. 1)
has been met. Paragraph 216 states "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 ". [8]
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For either existing or new plants, in situations where deficiencies are identified during the
analysis, the process requires recommendations to be formulated which, when implemented, will
ensure that plant nuclear safety is achieved.

This type of fire hazard analysis (also known as a deterministic fire hazard analysis) is a
systematic process which should include the following six steps:

(a) data collection
(b) analysis of fire growth
(c) consequence analysis
(d) evaluation of adequacy of fire protection (as defined by the purpose stated above)
(e) recommendations for improvement
(f) repetition of analysis, as needed

The data collection step is a lengthy and time-consuming process, but it is essential to the
accuracy of the final analysis. This Safety Practice provides detailed instruction on conducting
the inventory of all nuclear safety systems in the plant, including safety equipment components
and electrical cabling (control, instrumentation, and power cabling) and interactions between
safety systems and cabling to various safety system components. The document also provides
details to assist in the inventory of the combustible fire load, potential sources of ignition,
passive fire protection measures, equipment available for manual fire fighting, and the extent to
which the overall fire safety design philosophy for the plant relies on manual fire fighting as a
primary means of fire protection.

The section of this Safety Practice which describes the analysis of fire growth includes
guidance on determining the mechanism of fire ignition and fire growth rate and identifying
potential fire scenarios for each fire compartment. The section which follows offers guidance on
performing a consequence analysis to determine the impact of the fire on the safety systems in
the area. The objective of this analysis is to determine, for each fire compartment, whether or not
the fire will threaten the ability to achieve safe shutdown, including residual heat removal, by
simultaneously disabling redundant equipment which is part of a safety system. Figure 1, which
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outlines the principal stages of the consequence analysis process, is included in this Safety
Practice.

In addition to such step-by-step instruction, the consequence analysis section of the
Practice provides guidance on the three distinct methods which may be used to determine the
effect of fire on safety systems:

(a) Subjective evaluation—which relies on the application of practical experience and
engineering judgment to assess the adequacy of the fire safety systems and which
generally is used only as a screening tool or to gain a conservative assessment

(b) Hand calculations—which may be used where a relatively simple fire compartment is
being evaluated to quantify fire growth rate, fire duration, smoke layer depth, radiant
heating, etc., by using formulae, graphs, tables, or empirical correlations published in the
generally accepted literature

(c) Computer fire modeling—which may be useful for determining peak temperatures,
maximum rates of temperature rise, and actuation times for fire detection and
extinguishing systems

These methods may be used either alone or in combination, depending on the circumstances and
the complexity of the fire compartment. The analysis should include detailed evaluation of
direct, indirect, and secondary effects of fire, which often are not obvious. Specific examples of
secondary and indirect fire effects are provided in the appendix to the publication.

The judgment of a fire safety system's adequacy should be technically justified and
documented and should allow sufficient detail such that independent assessors of the work can
understand how the judgment was reached and can recognize that a systematic approach was
used throughout the analysis. The Safety Practice contains advice about recommendations for
improving fire safety systems, including considerations of other plant systems capable of
achieving the desired safety functions, as well as the installation of a new, independent safety
system to accomplish the needed function. This Practice reiterates the recommendation found in
the Safety Practice for evaluating fire hazard analyses which concerns the need for repeating the
fire hazard analysis to ensure that fire safety objectives can be met after inclusion of the new
enhancements.

3.5. Treatment of Internal Fires in Probabilistic Safety Assessments for Nuclear Power
Plants

The draft document entitled, Treatment of Internal Fires in Probabilistic Safety
Assessments for Nuclear Power Plants [6], is a guide for preparing a fire probabilistic safety
assessment (PSA) for a nuclear plant. Its intended users are "professional staff managing or
performing PSAs" [6]; and it advises that a fire PSA will require a multidisciplinary team of
plant personnel knowledgeable about the plant design and operation, PSA techniques, fire
science, and fire protection systems as well as the interaction of such systems with nuclear safety
systems. The document refers to two other NUSS publications which address probabilistic safety
assessments for nuclear power plants: one for external events and the other for internal events.
This Safety Practice is intended to supplement the latter publication.

The fire PSA is similar to the deterministic fire hazard analysis in that both employ a
systematic assessment of all areas of the plant which entails data collection and the definition of
fire compartments and cells. Usually, the fire PSA builds upon and supplements information
found in the deterministic fire hazard analysis. As such, it provides a greater level of detail and
applies different acceptance criteria for the assessment of fire safety. Specifically, the fire PSA
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introduces the concept of the likelihood of fire to occur in a given location in the plant and the
probability that the fire will grow to an extent that it can damage plant safety systems. This
Safety Practice differs from the others discussed in this paper in that its emphasis is on
"assessing the potential risk of core damage states initiated by fires" [6] using a probabilistic
approach. The Safety Practice recommends screening out fire scenarios which do not pose a
probable risk of core damage.

This screening process begins after data collection and fire compartment definition with an
examination of the existing internal events PSA. The fire PSA relies on the plant response model
developed for internal initiating events; therefore, one objective of this examination is to
determine which of the logic models (e.g., event trees, fault trees) used for the internal events
PSA are applicable to the fire PSA. Another objective is to identify PSA related equipment and
cables in each fire compartment, information which must be verified by a plant walkdown.
Screening of fire scenarios is performed according to potential impact and probable frequency.
For the remaining fire scenarios which have not been screened out by impact or by frequency, a
quantitative PSA model is used for further analysis.

The Safety Practice provides detailed discussion about screening techniques, as well as the
type of information to consider during data collection, fire compartment definition and internal
events PSA examination. It also provides guidance on the actual detailed analysis, which often
involves quantitative fire modeling and which is performed with the objective of reducing
excessive conservatism which may remain for fire scenarios not screened out. This section of the
Safety Practice provides guidance on integrating other factors into the analysis, such as the effect
of thermal fire barriers and other fire protection measures and the specific location of equipment
within fire compartments. The document contains references to realistic models which can be
applied for the assessment of human actions, fire propagation, and the effects of fire on
equipment and cables to determine equipment damage thresholds. This detailed analysis is
intended as an extension of the screening process in order to determine the most realistic (i.e.,
probable) fire scenarios and plant responses.

To aid in this determination of the most realistic scenarios, the Safety Practice includes
brief discussions of issues which have proven specifically pertinent to PSAs. These include the
control room, cable spreading room and other sensitive plant locations, environmental survival
of equipment, fire induced explosions, control systems interaction, containment integrity and
guidance on performing PSAs with incomplete information. This discussion of the
incompleteness of information used for the assessment is expanded in the following section,
which addresses the degree of uncertainty inherent in the fire PSA results. For those fire
scenarios which remain after the screening process and detailed analysis, the Safety Practice
recommends additional analysis to evaluate sources of uncertainty and to determine how
sensitive the fire PSA results are to the input data, models and assumptions. The PSA model
introduces elements involving statistical data; therefore, additional contributors to uncertainty
are inherent in the final evaluation of fire safety. Because of this aspect, uncertainty and
sensitivity analysis is necessary for the correct interpretation of results.

Like the Safety Practice pertaining to preparing a deterministic fire hazard analysis, this
Safety Practice contains guidance on documenting and applying quality assurance to all the
phases of the analysis and on determining the format, content, and level of detail of the final
report. This Safety Practice also includes a number of appendices which provide clear examples
of essential equipment malfunctions which can be caused due to fire induced damage in
nonessential circuits such as low impedance faults, high impedance faults, and secondary
ignitions in non-essential cables. Additional appendices provide examples of physical
propagation of fire between nonessential and essential equipment and secondary ignition of fire
due to short-circuit overcurrent in nonessential equipment. Appendices describing examples of
detailed analytical methods and fire propagation event trees provide further guidance on
performing these elements of a fire PSA.
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4. TECHNICAL DOCUMENT—Guidelines for IAEA Fire Safety Review Services

The final document to date in the Agency's Fire Safety project, entitled, Guidelines for
IAEA Fire Safety Review Services [7], provides guidelines for the organization and conduct of
fire safety review missions under the IAEA Engineering Safety Review Services program. This
TECDOC contains guidance for defining the overall scope of an IAEA-sponsored fire safety
review mission, be it a comprehensive review of all elements of fire safety at a nuclear power
plant, a focused review of a specific topic such as manual fire fighting capability, or a
combination of elements chosen to best suit the specific needs of the Member State. This
document is intended primarily for IAEA staff and other experts involved in IAEA-sponsored
fire safety review missions and for Member States interested in such a review or in conducting
internal plant reviews.

IAEA-sponsored fire safety reviews are conducted according to the requirements and
recommendations contained within the Safety Guides and Safety Practices discussed in this
paper. The section of this TECDOC which indicates the IAEA documents appropriate to each
type of review provides a concise summary of the fire safety elements which are addressed in
each of the Safety Practices. In addition, this Technical Document provides a list of the
documentation needed from each plant for each type of review. Because English is the working
language of all fire safety review missions, some guidance is provided on the extent of
translation which may be required of some plant documents.

This document provides detailed guidance on how to organize and plan a fire safety review
mission, including scope, level of detail, schedule and number of fire safety experts needed to
perform the work. It outlines what should be accomplished at the preparatory meeting, such as a
clearly defined scope of work; and it addresses contextual issues such as tailoring the scope to fit
the needs of the Member State and understanding the regulatory regime of the Member State.
This publication also discusses the responsibilities of the IAEA and Member State
representatives during the conduct of the mission. Daily meetings between IAEA reviewers and
plant personnel are encouraged, in addition to entrance and exit meetings.

The fire safety review methodology recalls the basic data collection methodology outlined
in the Safety Guides and Practices discussed in this paper: document review, personnel
interview, and direct observation of site conditions. This TECDOC provides a discussion of what
information should be contained in the final report. A suggested report format is also provided in
the appendix.

5. SUMMARY AND CONCLUSION

The series of IAEA fire safety documents discussed in this paper is intended to provide
guidance to Member States for the enhancement of fire safety within their nuclear power plants.
The draft operational Safety Guide expands upon the design Safety Guide by providing further
guidance for managers and operators of existing nuclear power plants in achieving improved
levels of fire safety during the day-to-day operations at the plant. The Safety Practices provide a
detailed framework for evaluation—and implementation—of all fire safety measures in an
existing nuclear power plant, including deterministic and probabilistic assessment tools (i.e., fire
hazard analysis and fire PSA). The Technical Document discusses IAEA-sponsored fire safety
reviews which are conducted in accordance with the Safety Guides and Practices. The levels of
overlap evident among these documents are intentional, intended to reinforce the defence-in-
depth approach to nuclear safety. The common objective of all of them is the prevention,
detection and extinguishment, and containment of fires which may affect safe shutdown or effect
radioactive releases.
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Even though several documents in the IAEA fire safety series are still in the final stages of
review or publication, the material is available and has been used by a number of Member States
and by existing nuclear power plants in many different countries. The results of a recent informal
survey indicate that all IAEA fire safety documents have been used to some degree (even those
not yet officially published). Some groups are using the publications primarily as a reference
guide while a few others have used them in their periodic assessment activities. Almost half the
respondents to the survey have used the Safety Practice 50-P-9 entitled, Evaluation of Fire
Hazard Analyses for Nuclear Power Plants. This is the most frequently used document in the
series at the present time. Another third of those responding have translated at least a portion of
the documents into their native languages. Virtually all respondents indicated that they planned
to use the Agency publications for future fire safety assessment activities.

Such wide use of these IAEA fire safety documents, even in draft form, seems to indicate a
recognition of the importance of fire safety within nuclear power plants, as well as the
importance of appropriate guidance on the implementation of fire safety measures within these
plants. As the availability of these publications becomes more widely known, it is hoped that the
information contained in these documents will be used in the industry to effect significant
improvement in the overall level of fire safety at existing nuclear power plants throughout the
world. At the very least, it is hoped that the levels of overlap and the vigilance urged within these
documents serve as a constant reminder of the phrase found in the design Safety Guide [8] which
summarizes the Agency's overall fire safety philosophy—Safety is not a static concept.
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