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FOREWORD

The IAEA carries out several programmes to evaluate and encourage improvements in the
operational safety performance of nuclear power plants. These programmes include overall safety
assessment programmes such as the Operational Safety Review Teams (OSART), the Assessment of
Safety Significant Events Teams (ASSET), the Assessment of Safety Culture in Organization Teams
(ASCOT) and other more specialized programmes such as the International Regulatory Review Teams
(IRRT). In addition to the above mentioned programmes the IAEA initiated recently the Engineering
Safety Advisory Services programme that provides advice and assistance to Member States in order
to enhance safety in the selected areas. Fire protection is one of the areas that has been covered by
this programme, owing to its importance for nuclear safety.

The importance of fire safety in the safe and productive operation of nuclear power plants is
recognized worldwide. Lessons learned from experience in nuclear power plants indicate that fire poses
a real threat to nuclear safety and that its significance extends far beyond the scope of a conventional
fire hazard. With a growing understanding of the close correlation between the fire hazard in nuclear
power plants and nuclear safety, backfitting for fire safety has become necessary for a number of
operating plants.

However, it has been recognized that the expertise necessary for a systematic independent
assessment of fire safety of a NPP may not always be available to a number of Member States. In
order to assist in enhancing fire safety, the IAEA has already started to offer various services to
Member States in the area of fire safety. At the request of a Member State, the IAEA may provide a
team of experts to conduct fire safety reviews of varying scope to evaluate the adequacy of fire safety
at a specific nuclear power plant during various phases such as construction, operation and
decommissioning.

The IAEA nuclear safety publications related to fire protection and fire safety form a common
basis for these reviews. This report provides guidance for the experts involved in the organization and
conduct of fire safety review services to ensure consistency and comprehensiveness of the reviews.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscript(s). The views expressed do not necessarily reflect those of the IAEA, the
governments of the nominating Member States or the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

1.1. BACKGROUND

Substantial efforts have been undertaken in many Member States to assess fire safety of nuclear
power plants, especially those built to earlier standards, in order to identify deficiencies and to
implement appropriate safety improvement measures. The IAEA assists in these efforts by development
of standards and guidelines related to fire safety and fire protection, the promotion of advanced fire
safety assessment techniques, the exchange of information between practitioners, and by the provision
of safety review services and training in the implementation of internationally accepted practices.

A number of guideline documents related to fire safety assessment have been published or are
being prepared for publication under the NUSS Programme. These guidelines include Safety Guide
"Fire Protection in Nuclear Power Plants" 50-SG-D2 (Rev. 1) [1] which provides the overall concept
and design practice. Several other guidelines that address the fire safety during operation of nuclear
power plants and various relevant elements of fire safety inspection including hardware, organization
and management and fire hazard analysis have been developed within the framework of the IAEA
project on fire safety. A list of these publications is provided in Section 2.2.4. This report is intended
to provide overall guidance for the expert team in organizing and conducting a fire safety review and
in the use of various guideline documents published by the IAEA under the NUSS and TECDOC
series.

1.2. OBJECTIVES

This publication provides guidance on how to plan, conduct and document fire safety reviews
at nuclear power plants. Reference is made to the use of methods and checklists contained in other
IAEA publications on fire safety.

This publication is primarily intended for use by Member States, IAEA staff and external experts
involved in IAEA fire safety reviews. It can also be used by Member States in conducting an internal
review of their own nuclear power plants.

1.3. SCOPE

The advice provided in this report concentrates on organizational matters related to the
preparation and conduct of the missions. The technical aspects of fire safety review that are covered
by other IAEA publications are addressed very briefly with reference to the original document.

1.4. STRUCTURE

Section 2 describes the scope and objectives of fire safety reviews and the various technical
areas that can be selected in defining the scope of a mission. The types of documents that the
operating organization should make available for review before and during the mission are identified.

Section 3 addresses the organization, planning, scheduling and agreements needed prior to
conducting a mission.

Section 4 describes the process of conducting a mission. The technical bases of the evaluation
and detailed checklists to be used are referenced. The contents and styles of the final report
documenting the results of the mission are also discussed.

The annex gives the suggested format and contents of the final report.



2. OVERVIEW OF TYPICAL FIRE SAFETY REVIEW SERVICES

2.1. INTRODUCTION

The IAEA provides a wide range of services to its Member States. In the area of fire safety, the
IAEA's principal services include training missions and fire safety review missions.

Training missions can be of the regional or interregional type or may be in direct response to
a specific request from a Member State. Regional training missions are initiated by the IAEA taking
into consideration the needs of participating Member States of the region. Individual training missions
initiated at the request of a Member State are usually tailored to the specific needs of the State.

Fire safety review missions can be comprehensive, covering virtually all aspects of plant fire
safety or they may be more narrow in scope, focused on one or more specific elements of fire safety
of particular interest to the Member State. The scope of the fire safety review mission as well as the
level of detail to be considered will dictate the number of team members required, the technical
qualifications of the team members, and the duration of the mission.

2.2. TYPICAL FIRE SAFETY REVIEWS

For purposes of this report, it is assumed that an IAEA-sponsored fire safety review will consist
either of a comprehensive evaluation of the overall plant fire safety programme or a detailed
assessment of one of the three major elements of the fire safety programme as defined in Sections
2.2.1, 2.2.2 and 2.2.3, corresponding to previously established divisions described in the related Safety
Series documents developed by the IAEA.

It is understood that actual missions will be tailored to the specific needs of the Member States
and, therefore, may focus on a combination of specific issues from one or more of the major elements
described herein. Allowing flexibility in the definition of mission scope is essential. The primary
concern is that the scope of the mission be clearly defined in the early stages so that it is understood
by all affected parties.

The following guidance is provided to give a summary of the subject matter covered by each
of the IAEA publications on fire safety at nuclear power plants. For more detailed information, it is
suggested that the reader obtain a copy of each of the "Additional sources of information" cited.

2.2.1. Fire safety analyses

2.2.1.1. Fire hazard analysis (deterministic)

Additional sources of information

[2] Preparation of Fire Hazard Analyses for Nuclear Power Plants (IAEA report in preparation).
[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Evaluation of Fire Hazard Analysis for

Nuclear Power Plants, Safety Series No. 50-P-9, IAEA, Vienna (1995).

A fire safety review organized to evaluate the adequacy of the plant's fire hazard analysis
(deterministic) would address the following aspects of the analysis:

(a) Identification of fire hazards and safety systems
(1) inventory of plant safety systems
(2) fire compartment layout and physical characteristics
(3) inventory of combustibles
(4) inventory of ignition sources
(5) design and arrangement of passive fire protection measures



(6) fire detection and alarm systems
(7) fixed fire extinguishing systems
(8) manual fire fighting arrangements;

(b) Analysis of fire growth
(1) relevant data
(2) approach used to analyse fire growth;

(c) Assessment of the adequacy of fire protection
(1) consequence analysis
(2) direct, indirect, and secondary effects of fire
(3) effects outside the fire compartment
(4) final assessment and recommendations.

2.2.1.2. Fire risk assessment (probabilistic)

Additional sources of information

[4] Treatment of Internal Fires in Probabilistic Safety Assessment for Nuclear Power Plants (IAEA
report in preparation).

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Procedures for Conducting Probabilistic
Safety Assessment of Nuclear Power Plants (Level 1), Safety Series No. 50-P-4, IAEA, Vienna
(1992).

[6] INTERNATIONAL ATOMIC ENERGY AGENCY, Procedures for Conducting Independent
Peer Reviews of Probabilistic Safety Assessment, IAEA-TECDOC-543, IAEA, Vienna (1990).

A fire safety review organized to evaluate the adequacy of the plant's fire risk assessment
(probabilistic) would address the following aspects of the assessment:

(a) Data collection and assessment
(1) physical characteristics of fire compartments and their inventory, including

- fire compartments layout and physical characteristics
- inventory of combustibles
- inventory of ignition sources
- design and arrangement of passive fire protection measures
- fire detection and alarm systems
- fixed fire extinguishing systems
- manual fire fighting arrangements

(2) fire occurrence data
(3) reliability estimates of fire detection and suppression systems
(4) human actions and human error probabilities
(5) fire induced failure modes and damage criteria;

(b) Internal events probabilistic safety assessment
(1) adequacy of internal events models and their adaptation for fire risk assessment
(2) initiating events
(3) identification of relevant equipment and cables
(4) treatment of human errors;

(c) Definition of fire compartments and cells;

(d) Cables and equipment inventory;

(e) Screening method and criteria;



(0 Detailed modelling of fire scenarios
(1) modelling of fire propagation and fire effects on safety equipment and cables
(2) modelling of fire protection measures
(3) human contribution;

(g) Quantification of fire risk;

(h) Uncertainty and sensitivity analysis;

(i) Adequacy of documentation.

2.2.2. Fire protection measures and fire fighting capability

Additional sources of information

[7] INTERNATIONAL ATOMIC ENERGY AGENCY, Inspection of Fire Protection Measures and
Fire Fighting Capability at Nuclear Power Plants, Safety Series No. 50-P-6, IAEA, Vienna
(1994).

A fire safety review organized to evaluate the adequacy of fixed fire protection systems and
manual fire fighting capability would include an assessment of the following aspects:

(a) Fire confinement measures:
(1) fixed fire-rated barriers
(2) fire barrier closures (fire doors, fire dampers)
(3) electrical and mechanical penetration seals
(4) locally applied separating elements (fire retardant coatings);

(b) Fire detection and alarm systems:
(1) detector types and locations
(2) system annunciation (local and remote)
(3) manual fire alarm call points
(4) overall system design;

(c) Fixed fire extinguishing systems:
(1) water-based systems (wet pipe, dry pipe, pre-action, and deluge)
(2) gaseous systems (CO2, halon, other)
(3) foam-water systems
(4) dry powder systems;

(d) Fire water supply:
(1) supply source/reserves
(2) pumps
(3) ring mains
(4) hydrants
(5) rising mains;

(e) Manual fire fighting capability:
(1) organization
(2) manpower (on-site and off-site)
(3) training (classroom and live-fire)
(4) fire drill practice sessions
(5) pre-fire fighting strategies
(6) equipment and resources
(7) unannounced fire drill.



2.2.3. Procedural controls and operational aspects of fire safety

Additional sources of information

[8] INTERNATIONAL ATOMIC ENERGY AGENCY, Assessment of the Overall Fire Safety
Arrangements of Nuclear Power Plants, Safety Series No. 50-P-l 1, IAEA, Vienna (1996).

[9] INTERNATIONAL ATOMIC ENERGY AGENCY, ASSET Guidelines, Revised 1991 Edition,
IAEA-TECDOC-632, IAEA, Vienna (1991).

A fire safety review organized to evaluate the adequacy of operational aspects, procedural
controls, and related fire safety arrangements would include an assessment of:

(a) Safety culture;

(b) Fire safety organization and management:
(1) general fire safety training for all plant personnel
(2) specialized training for fire watch personnel
(3) specialized training for personnel involved in hot work permits
(4) personnel responsibilities and qualifications;

(c) Engineering review of design changes and modifications for impact on fire safety;

(d) Fire prevention programme:
(1) control of combustibles (solids, liquids, gas)
(2) plant housekeeping
(3) total fire load consistent with fire hazard analysis
(4) control of ignition sources
(5) permit-to-work system
(6) hot work permit system;

(e) Inspection, maintenance, and testing of fire protection measures (passive and active);

(f) Availability of fire protection measures;

(g) Compensatory measures taken when fire protection measures are not available;

(h) Records and documentation:
(1) training
(2) permit-to-work system
(3) hot work permit system
(4) equipment maintenance
(5) fire incident reporting, analysis and follow-up
(6) spurious operation of fire protection systems
(7) results of emergency exercises;

(i) Quality assurance for fire safety issues:
(1) engineering design and procurement control
(2) document control
(3) control of changes
(4) control of purchased material, equipment, and services
(5) inspection, maintenance, and tests
(6) audits and corrective action programme.



It is advisable to apply root cause analysis to identify root causes and corrective actions for
significant fire events or for deficiencies involving fire safety. Reference [9] describes the methods for
such an analysis. The major steps involve:

(1) investigation of the event,
(2) creation of a logic tree of occurrences,
(3) analysis of root cause,
(4) identification of corrective action.

2.2.4. Overall fire safety programme

Additional sources of information

[2] Preparation of Fire Hazard Analyses for Nuclear Power Plants (IAEA report in preparation).
[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Evaluation of Fire Hazard Analysis for

Nuclear Power Plants, Safety Series No. 50-P-9, IAEA, Vienna (1995).
[4] Treatment of Internal Fires in Probabilistic Safety Assessment for Nuclear Power Plants (IAEA

report in preparation).
[7] INTERNATIONAL ATOMIC ENERGY AGENCY, Inspection of Fire Protection Measures and

Fire Fighting Capability at Nuclear Power Plants, Safety Series No. 50-P-6, IAEA, Vienna
(1994).

[8] INTERNATIONAL ATOMIC ENERGY AGENCY, Assessment of the Overall Fire Safety
Arrangements of Nuclear Power Plants, Safety Series No. 50-P-ll, IAEA, Vienna (1996).

A comprehensive evaluation of all elements of fire safety at a nuclear power plant is a major
undertaking. The evaluation should include an assessment of all of the fire safety aspects identified
in Sections 2.2.1, 2.2.2, and 2.2.3. As a minimum, this evaluation would include a review of the
following major topics, as applicable:

(a) safety culture;
(b) the operational fire safety organization and management;
(c) training;
(d) the fire prevention programme including administrative control procedures;
(e) fire safety analyses (both deterministic and probabilistic);
(f) passive measures for fire confinement;
(g) fire detection and alarm systems;
(h) fixed fire extinguishing systems and equipment;
(i) periodic inspection, maintenance, and testing of fire safety measures (passive and active

measures);
(j) quality assurance programme for fire safety issues;
(k) manual fire fighting capability (both on-site and off-site); and
(]) fire incident records including operational feedback experience.

2.2.5. Licensing process and regulatory requirements

Additional sources of information

[10] INTERNATIONAL ATOMIC ENERGY AGENCY, Qualification and Training of Staff of the
Regulatory Body for Nuclear Power Plants, Safety Series No. 50-SG-G1, IAEA, Vienna (1988).

[11] INTERNATIONAL ATOMIC ENERGY AGENCY, Information to be Submitted in Support of
Licensing Applications for Nuclear Power Plants, Safety Series No. 50-SG-G2, IAEA, Vienna
(1979).

[12] INTERNATIONAL ATOMIC ENERGY AGENCY, Conduct of Regulatory Review and
Assessment during the Licensing Process for Nuclear Power Plants, Safety Series No. 5O-SG-G3,
IAEA, Vienna (1980).



[13] INTERNATIONAL ATOMIC ENERGY AGENCY, Inspection and Enforcement by the
Regulatory Body for Nuclear Power Plants, Safety Series No. 50-SG-G4, IAEA, Vienna (1980).

[14] INTERNATIONAL ATOMIC ENERGY AGENCY, Guidelines for IAEA International
Regulatory Review Teams (IRRTs), IAEA-TECDOC-703, Vienna (1993).

[15] INTERNATIONAL ATOMIC ENERGY AGENCY, Policy for Setting and Assessing Regulatory
Safety Goals, IAEA-TECDOC-831, Vienna (1995).

[16] INTERNATIONAL ATOMIC ENERGY AGENCY, Development of Measures to Assess the
Safety of Existing NPPs and the Effectiveness of Regulations and Regulatory Actions (Including
'Prescriptive' and 'Performance Based' Approaches), Peer discussions on regulatory practices,
PDRP-1, IAEA, Vienna (1996).

Reviews of the nuclear regulatory process and requirements are normally conducted under the
IAEA IRRT missions. However, Member States may choose to have the fire safety review include
a review of the adequacy of their regulatory process and requirements with respect to fire safety.

A fire safety review organized to evaluate the licensing process and regulatory requirements of
the Member State would include an assessment of the following as relevant to fire safety:

(a) structure and qualification of staff, external consultants and agencies;
(b) requirements covering design and operation of nuclear power plants;
(c) codes and standards used in design and operation;
(d) reviews and audit requirements by the regulatory body;
(e) review of the documents submitted for regulatory review.

The role of the nuclear regulatory body within each Member State may be different. It may be
based upon a prescriptive regime (i.e. defining standards, operational, testing and maintenance
practices, etc.) or be based on a goal-setting, non-prescriptive regime or based on combinations of
these. Whichever regime is applied, the objectives of the regulatory review should be agreed before
the fire safety review takes place. The review objectives should be developed during the preparatory
meeting, recognizing the requirements and expectations of the requesting organization. It is therefore
critical to the success of the regulatory review that the members of the IAEA fire safety review should
understand the nature of the regulatory regime operating in the Member State before the mission takes
place.

2.3. DOCUMENTATION NEEDED TO CONDUCT A FIRE SAFETY REVIEW

The team members participating in a fire safety review will need direct access to specific plant
documentation. Some documentation will be required prior to beginning the field portion of the
mission to allow team members time to review the material before reaching the plant. Other
documentation will need to be made available at the plant for review during the actual mission.

English will be the working language of fire safety reviews. The title and contents pages of all
relevant fire safety documents should be translated in advance of the initial preparatory meeting. In
some cases entire documents will require full translation into English prior to beginning the review.
In other cases, it will be sufficient for the plant to provide the services of a technically qualified
translator throughout the duration of the review to translate specific passages of material at the request
of a team member. A sincere effort will be made to ensure that requests for translated material are
reasonable and not excessive. Determination of the extent of translation required should be agreed
prior to the review during the initial preparatory meeting between the IAEA and the Member State,
at which time the scope of the review is also defined.

Specific documents to be provided will vary depending on the review and special circumstances
unique to each plant. The following is intended to provide general guidance on the type of
documentation that will be requested in each case.



2.3.1. Fire safety analyses

2.3.1.1. Fire hazard analysis (deterministic)

Documents to be provided by the plant for missions evaluating a fire hazard analysis
(deterministic) include:

(a) Plant arrangement drawings of appropriate size showing:
(1) overall plant arrangement,
(2) location of fire barriers,
(3) location of fire detection systems,
(4) location of fire extinguishing systems,
(5) fire water supply arrangement;

(b) Description of design of all safe shutdown systems and important process systems, including
drawings where applicable;

(c) Fire hazard analysis document (deterministic);

(d) Fire protection regulatory requirements and license conditions;

(e) Regulator's evaluation report for fire safety, where applicable.

2.3.1.2. Fire risk assessment (probabilistic)

Documents to be provided by the plant for missions evaluating a fire risk assessment
(probabilistic) include:

(a) All documents listed in items (a), (b), (d) and (e) above for the fire hazard analysis, and item
(c), if available;

(b) Fire risk assessment document;

(c) Internal event probabilistic safety analysis.

2.3.2. Fire protection measures and fire fighting capability

Documentation to be provided by the plant for missions evaluating fixed fire protection systems
and manual fire fighting capability includes:

(a) Drawings, as specified in 2.3.1.1 (a) above;

(b) Documentation describing fire safety design objectives defined for each fire compartment;

(c) Verification of the design and installation standard used for fire detection and fire extinguishing
systems;

(d) Documentation of design criteria (design density/concentration) and calculation methods used
for fixed extinguishing systems;

(e) Technical specifications and limiting conditions of operation for fire protection systems and
equipment, where applicable;

(f) Organization and composition of manual fire fighting teams (on-site and off-site), and
emergency arrangements;



(g) Fire brigade training programme and individual training and qualification records for each fire
brigade team member, including:
(1) classroom lectures,
(2) live-fire exercises,
(3) fire drill practice sessions inside plant areas;

(h) Copies of the pre-fire fighting strategies for each fire compartment in the plant;

(i) Procedures for fire incident reporting, analysis and follow-up.

2.3.3. Procedural controls and operational aspects of fire safety

Documentation to be provided by the plant for missions conducting an evaluation of procedural
controls and operational aspects of fire safety includes:

(a) Functional organization chart of personnel involved in fire safety activities;

(b) Training records for individual personnel, including:
(1) general fire safety training for all employees,
(2) specialized training for personnel involved in hot-work permit system and fire watch

activities,
(3) specialized training for personnel involved in permit-to-work system;

(c) Records of fire safety engineering reviews of all plant design changes and modifications;

(d) Procedures for periodic housekeeping inspections (checklists, frequencies, reporting and action
responsibilities);

(e) Documentation of the maximum allowable fire load in each fire compartment;

(f) Administrative control procedures for fire prevention programme, including:
(1) control of combustibles (fixed and transient)
(2) control of ignition sources
(3) safe storage, handling, and use of flammable liquids

(4) safe storage, handling, and use of flammable gases;

(g) Permit-to-work procedure;

(h) Procedure for the hot work permit system;

(i) Records of hot work permit system;

(j) Complete set of procedures for inspection, maintenance, and testing of fire protection measures
(passive and active);

(k) Documentation of completed inspections and tests for fire protection measures (both passive
measures and active systems);

(1) Records of maintenance work orders for fire protection systems and equipment;

(m) Quality assurance manual applied to fire safety issues;

(n) Certificates of compliance for fire protection equipment components;



(o) Documentation of fire protection material and equipment qualification (independent testing
laboratory approval or third party certification);

(p) Plant arrangement drawings showing overall plant arrangement and system description;

(q) Records of fire safety audits and corrective actions.

2.3.4. Overall fire safety programme

Documents to be provided by the plant for missions that will conduct a comprehensive
evaluation of all elements of fire safety should include all of the documentation identified in Sections
2.3.1-2.3.3.

2.3.5. Licensing process and regulatory requirements

Documents to be provided by the Member State for missions that will conduct an evaluation of
the regulatory process for fire safety include:

(a) Organization of the regulatory body including the division(s) responsible for fire safety;

(b) Roles and responsibilities of consultants and outside agencies (e.g. public fire departments) in
regulation of fire safet in nuclear power plants;

(c) Regulatory criteria;

(d) Regulatory guides, national standards, and codes of practice applicable to fire protection in
nuclear power plants;

(e) Stages of regulatory review for fire safety during the licensing process and the documents
required to be submitted;

(f) Regulatory review process during plant operation.

3. MISSION ORGANIZATION, PLANNING AND SCHEDULING

3.1. PROTOCOL

The review will be organized according to a written agreement between the relevant authorities
of the Member State concerned and the IAEA. This agreement will specify the nature of the review
and the related legal and financial conditions.

The report of the review will be confidential and initially will be made available solely to the
Member State visited. However, unless the Member State explicitly request otherwise, this restriction
will be lifted following a period of 60 days following acceptance of the final report by the Member
State. The decision to implement any recommendations contained in the report will lie entirely with
the relevant authorities of the Member State concerned. No legal responsibility is born by the IAEA
nor by the individual team member with regard to the advice provided by the review.

3.2. PREPARATORY MEETING

Once agreement has been reached between the Member State and the IAEA on the broad nature
of the review, an early preparatory meeting is essential to achieving a well co-ordinated programme
of preparations. Good preparation is an essential prerequisite for an efficiently conducted, successful
review and this cannot be too strongly emphasized. The meeting should take place about six months
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before the review. The venue could be IAEA Headquarters in Vienna, to have IAEA staff and
management easily available.

However, a preferable location is usually the plant site of the requesting organization. This
location is desirable for a number of reasons. The IAEA representative would then have the
opportunity, at first hand, to see plant conditions, documentation, and involved personnel. A frank
and open discussion between the involved parties can then provide a basis for determining not only
the specific elements of fire safety to be included in the scope of the review but also the level of detail
to provide within each of those elements. By taking some time to determine the extent of
documentation available and to learn of the specific concerns of the plant, the IAEA representative
may be able to suggest some elements of the fire safety inspection which could be eliminated or
emphasized (as the case may be) to increase the effectiveness of the review.

Participants in the meeting should include:

IAEA: • The IAEA team leader assigned for the mission;
• The fire safety expert assisting the IAEA, as appropriate;
• The IAEA officer responsible for the Fire Safety Review Programme (if available).

Plant: • The plant representative assigned to co-ordinate and to organize all technical, practical and
administrative arrangements before and during the review;

• The plant manager or his deputy (if available);
• The plant fire safety co-ordinator or manager (line organization).

The plant fire safety co-ordinator should be experienced in the field of fire safety in nuclear
power plants and should be familiar with the organizational and technical aspects of the specific plant
to be reviewed. It is strongly advised that the plant fire safety co-ordinator should be able to
communicate in English. If not, a technical translator must be available.

The objectives of the preparatory meeting are as follows:

(1) to define the specific elements of fire safety to be included in the scope of the review;

(2) to define the level of detail to which each element will be reviewed;

(3) to determine the number of team members needed and their respective technical qualifications;

(4) to establish the duration of the mission;

(5) to determine the technical preparations required to be made by the plant including the records
and documentation to be provided by the plant;

(6) to make arrangements for the co-ordination of the planning and preparatory activities of the plant
and the IAEA;

(7) to agree to the administrative and domestic arrangements necessary for the mission.

3.3. DEFINITION OF THE SCOPE OF THE FIRE SAFETY REVIEW

As described in Section 2.2, the scope of a fire safety review should be tailored to meet the
particular requirements of the requesting organization. It is important that the host organization give
considerable thought to its own objectives and expectations for the review. Based on these expectations
the IAEA will assist, at the preparatory meeting, in defining the scope for the proposed review, using
the elements described in Section 2.2 as a basis for the determination.
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It is understood that the scope of a fire safety review may be different for each plant. The
problems, conditions, and needs of each nuclear power plant are unique. Some plants are still under
construction, some are operating under relatively new and modern standards, while others were
designed and built many years ago. Plants which rely heavily on passive separation to achieve plant
fire safety will obviously want to emphasize mission elements quite different from those which rely
on extensive installation of fire extinguishing systems. Other plants may choose to request a mission
specifically emphasizing the elements of operational aspects and procedural controls related to fire
safety in order to strengthen their fire prevention programme.

After the individual elements for the fire safety review have been defined, it is necessary to
establish the level of detail to which the experts will investigate each element. For example, if fire
extinguishing systems (deluge type) are an element to be reviewed, will the mission evaluate each
deluge system in the plant in detail or merely spot-check a few issues for one or two systems? Will
the review of inspection and testing records for deluge systems cover all records for the past three
years or only those from the most recent six months? Consideration of questions such as this will
greatly assist in the planning of the mission and will help to focus the mission on those issues of most
benefit to the individual Member State.

3.4. REVIEW PLANNING AND SCHEDULING

Once the scope for the review has been defined, the number of required experts must be
determined and the duration of the review will be agreed. Factors affecting these issues include the
need to translate documentation, the finances available for the review, and the availability of fire safety
specialists to serve as experts for the review.

It is difficult to establish the required duration of a 'typical' fire safety review with any
precision. Many variables affect the number of days needed to conduct an effective review. However,
general bounding conditions may be suggested which, by necessity, are affected by the specific scope
of the review, the fire safety elements to be reviewed, the level of detail of the review of each element,
and the number and expertise of the mission team members.

It should be recognized that a fire safety review may take a considerable time. A very limited
mission reviewing only a few fire safety elements would probably require only one or two experts for
a one week period. A more ambitious scope of work covering a plant's fire protection measures
(passive and active) and manual fire fighting capability could require as many as two or three experts
for a two week period. A comprehensive fire safety review covering all elements of the plant's fire
safety programme could require several experts for a period of several weeks. The overall duration
of the review will be affected by many plant specific factors such as availability and accessibility of
plant records and documentation, the extent of documents that are translated, the ease of access by
team members to specific plant areas for the purpose of direct observation of site conditions, etc. Of
course, not all work of the experts would need to be performed on-site. Where appropriate documents
are available, they can be sent to the experts for detailed review prior to reaching the field (i.e. at least
four weeks in advance). This process would greatly improve the effectiveness of time spent at the site
during the mission.

The dates of the mission should be determined at the preparatory meeting. A period of at least
six months is recommended between the preparatory meeting and the review to allow for the timely
completion of the preparatory work.

3.5. RESPONSIBILITIES OF THE IAEA

3.5.1. Preparation of the working schedule

Based on the agreed scope of the mission and the resources available, the IAEA team leader will
prepare a working schedule for the mission. The working schedule will indicate all the activities
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necessary for the successful completion of the review, broken down to individual task areas allocated
to selected experts. The activities covered will include entrance and exit meetings, site inspection
visits and demonstrations, review of documentation, personnel interviews, team daily progress reviews,
and the drafting of the field notes.

The IAEA will submit the working schedule to the requesting organization for agreement.

3.5.2. Request for technical documentation

Based on the agreed scope of the review, the IAEA team leader will determine, after discussion
with the plant representative, the documentation which the plant should make available to the mission.
The documentation will fall into three classes:

(1) documents required to be circulated to the experts prior to the missin as briefing and
familiarization material — this documentation must be in English and may be specifically
prepared for the mission;

(2) documents which are required to be reviewed as part of the scope of the mission —
arrangements should be made for English translations to be available;

(3) documents which need to be available for reference during the course of the review — these
need not be translated in full, but translation services must be available during the mission to
enable effective reference to be made.

3.5.3. Team composition

Based on the agreed scope for the mission, the IAEA team leader will suggest a tentative team
composition. Functional qualifications will be determined, although it is unlikely that specific
individuals can be named at the preparatory meeting. The IAEA team leader is responsible for
recruiting the experts who will form the team carrying out the review. Experts will be sought whose
knowledge and experience matches the defined scope of the mission (the IAEA will consider any
constraints or preferences the requesting organization expresses in respect of team composition).

For example, if the mission scope is to evaluate the plant's fire hazard analysis, team members
should be 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. On the other hand, if the mission scope includes an evaluation of manual fire
fighting capability, then an additional team member may be required. This member would need
significant practical experience in manual fire fighting techniques. IAEA Safety Practice documents
provide a detailed list of fire safety issues to be considered; however, these should not be used by non-
specialists in fire protection.

3.5.4. Request for facility support

The IAEA team leader should present a list of support facilities required to be provided by the
plant in order to ensure the successful completion of the mission. He should discuss each item to
ensure that the mission needs are understood and to seek assurance from the plant that they can be
provided. Among other things, the list will include the need for accommodation for meetings and
conferences and for working space both at the plant and at the hotel (hostel), overhead projector
equipment, international fax and telephone facilities, word processing and copying facilities, and
interpretation and translation services.
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3.6. RESPONSIBILITIES OF THE PLANT OPERATING ORGANIZATION

3.6.1. Technical documentation

After agreeing on the specific documentation required, it is the responsibility of the plant
operating organization to ensure that the required documents are made available in the form requested
in a timely fashion. The plant representative should liaise with the IAEA team leader to keep him
informed of the progress made in document preparation and to give early warning of any difficulties
encountered. They must jointly decide if the difficulty is such as to necessitate delay of the mission.

3.6.2. Selection of counterparts

It is the responsibility of the plant to select technically qualified persons to act as counterparts
to the experts carrying out the mission. Counterparts must be knowledgeable in the topics to be
reviewed. They should be capable of speaking authoritatively on behalf of the plant. Arrangements
should be made for the counterparts to be available throughout the period that the subject of his/her
speciality is reviewed and to be able to call upon other specialists for support, as needed, during the
course of the mission.

3.63. Facility support

The plant is responsible for providing the mission with the facilities required by the IAEA to
ensure the successful completion of the mission. The plant should give careful consideration to the
list of facilities presented by the IAEA at the preparatory meeting and indicate any problems that they
might foresee.

3.6.4. Administrative requirements

The plant should inform the IAEA of the information required of each of the team members to
allow admission to the plant general areas, as well as to radiologically controlled areas. Visa
requirements should also be made known well ahead of schedule.

3.7. MEETINGS

The working schedule should incorporate the following meetings that will take place during the
review.

3.7.1. Entrance meeting

This meeting, normally chaired by the plant management, allows the plant manager to state his
expectations of the mission, to briefly outline the situation of the plant, to welcome the IAEA team
and to introduce the plant counterparts. The IAEA team leader will usually respond by introducing
the experts and briefly outlining the method and logistics of working.

3.7.2. Daily meetings

Meetings should be held daily between all team members to review progress, raise issues and
revise the work programme to overcome any difficulties encountered. It may prove useful to admit
the counterparts as observers to these meetings.

A daily meeting between the IAEA team leader and plant management should be held to discuss
any findings or problem issues identified during the day's work. These meetings are primarily
intended to report progress but can be used to seek assistance in overcoming problems experienced
by the experts in their work.
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3.7.3. Exit meeting

The exit meeting is a formal meeting at which the experts present a brief verbal account of their
work and the findings of the mission. The closing remarks from the plant manager mark the formal
end of the on-site phase of the review.

4. CONDUCT OF THE REVIEW

4.1. THE FIRE SAFETY REVIEW

The evaluation of fire safety at a nuclear power plant should be based on a combination of
document review, personnel interviews, and direct observation of site conditions. The integration of
these sources of information should be arranged in such a way as to allow the team to first gain a
general understanding of the overall plant design, followed by the fire safety philosophy, and finally
the detailed design features and operational practice.

All team members should be involved in the general aspects. The detailed evaluation may be
divided among the members by the team leader so as to reduce duplication of effort. In such
delegation of work, the special expertise of each team member should be considered.

The use of check lists provided in the specific Safety Practice documents that address a
particular area of fire safety inspection is recommended to guide the review and evaluation process.
Suitable references are given in Section 2.2.

4.1.1. Review of documentation

The list of documents to be reviewed should be agreed during the pre-mission preparatory
meeting.

The documentation needed for the fire safety mission will vary depending on the specific scope
of the mission and the level of detail to be provided. For additional guidance, refer to Section 2.3 of
this document.

4.1.2. Personnel interviews

Discussions and presentations will provide a useful source of information not readily available
from a review of the documentation or from observation of plant conditions. Interviews also provide
an opportunity for an exchange of information between technical specialists and plant personnel.
These interviews should be seen as part of a constructive dialogue with plant personnel and not as an
interrogation.

The persons to be consulted should be identified in the pre-mission preparatory meeting. These
include the fire protection manager or fire safety co-ordinator at the plant, the engineers responsible
for designing or maintaining the fire protection measures, analysts (including external consultants, if
necessary) who performed the fire safety analysis, leader of the site fire brigade, and a shift supervisor
or control room operator.

4.1.3. Direct observation of site conditions

A plant tour should be conducted of the areas covered in the scope of the mission, to allow the
team members to gain a better understanding of the plant layout and fire protection design features
of the plant. The entire team should participate in the general tour while one or two members may
take part in specific area inspections. Notes of observations should be taken and discussed among the
team.
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Site inspection of actual plant conditions is a significant aspect of the review process.
Depending on the scope of the review mission, this could take half of the total time spent on site.
Emphasis should be placed on those areas important to nuclear safety and on adjacent areas which may
form potential fire hazards to those important areas. Other areas such as the turbine building should
not be readily be ruled out from inspection by arguments that items important to nuclear safety are
not present. Damage caused by fire propagation or consequential failures may have potential effects
on plant safety.

If the scope of the mission includes assessment of the effectiveness of the fire extinguishing
systems, a detailed inspection of all types of systems should be performed (systems that are duplicates
of others may be omitted). The inspection will allow an accurate assessment of the design, installation
and maintenance of installed fire protection measures based on direct observation. In those areas where
access cannot be gained (e.g. due to high radiation hazard or operation restrictions), the review will
have to be based on a review of documents and discussions. Such exceptions are not desirable and
should be clearly stated in the mission report.

To assess the effectiveness of a plant's manual fire response procedures and overall readiness
of the fire brigade, the mission should include a fire drill. The nature of the drill should be discussed
with the plant representative at the pre-mission preparatory meeting. The details of the drill should
not be divulged to the team members of the fire brigade involved.

4.2. REPORTING

4.2.1. General description

A suggested table of contents for the final report is given in the Annex. The main body of the
report is located in the Evaluation Sections 3-11. In these sections, the report should discuss each
element of fire safety that has been included in the scope of the mission. For each of the elements
reviewed, there should be a general description of the design features, administrative programme or
specific practice. This description should be brief as detailed information could be referenced or
described in an appendix. The purpose of a general description is primarily for the benefit of readers
who are not familiar with the plant under review (e.g. when the report has been removed from
restriction, personnel at other nuclear power plants may wish to read the report for lessons applicable
to their plants).

4.2.2. Recommendations, suggestions and good practice

For each element of fire safety reviewed, the report should state the results of the evaluation.
This may be in the form of a statement of acceptability, a specific safety concern, or mention of good
practice. A statement of acceptability is given if the element under review meets the intent of relevant
IAEA guidelines and accepted international practice. A safety concern is raised if the design or
practice does not comply with the intent of IAEA guidelines or is otherwise deemed inadequate in the
opinion of the team. The specific concern should be clearly stated and accompanied by a
recommendation for improvements. Recommendations should be specific, realistic and designed to
result in tangible improvements to fire safety. In the case where a deficiency is not significant, or
where an acceptable practice could be made better, then the team could choose to label their advice
as a suggestion. Suggestions are intended to indicate useful expansion of existing programmes and to
point out superior alternatives to current arrangements. Good practices are those areas where the plant
performs better than average and can be shown as an example for other nuclear power plants.

For the benefit of the plant, recommendations, suggestions, and good practices should be
summarized in a separate section at the end of the report.
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4.2.3. Field notes and checklists

To provide information for team discussion, exit meetings and report writing, each team member
should prepare field notes on any general remarks, deficiencies or good practices identified during the
mission. These field notes should be prepared at the end of each day from relevant information
gathered. The team leader should establish a format for these notes; guidance is given in IAEA-
TECDOC-703, "Guidelines for IAEA International Regulatory Teams (IRRTs)" [14]. The number of
notes a team member uses to cover a fire protection element is up to the member. For, example, a field
note could cover an entire fire protection system or it may only cover one specific feature of the
system. Field notes should be exchanged among team members each day during the mission. They
should be discussed and agreed on prior to the exit meeting. Highlights of the plant inspection can
then be presented in the exit meeting. Field notes will be used as the basis for writing the final report.

Checklists contained in the Safety Practice documents in the IAEA Safety Series should be used
when applicable. If the time is limited, the inspection may be done only on a sample basis. Use of the
checklists will ensure a comprehensive inspection and will provide documentation of what has been
inspected. Where these checklists have been used, field notes should only be used to describe general
remarks, deficiencies and good practice identified in the course of inspection.

4.2.4. Final report

The team leader is responsible for the production of the final report based on notes of verbal
discussions among the team and from the field notes. This responsibility may be delegated to other
team member(s). A draft report should first be sent for review among all team members. The draft
report accepted by the team should be submitted to the IAEA within six weeks after the mission.
Following IAEA review, the report will be sent to the government body of the Member State for their
initial review. Any comments from the Member State should be addressed in writing by the team
leader. A final revision will be sent to the Member State for approval. Unless requested by the
Member State, the report will be lifted from restriction 60 days following acceptance of the report by
the Member State.
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Annex

SUGGESTED TABLE OF CONTENTS FOR
FIRE SAFETY REVIEW MISSION REPORT

The following is a suggested table of contents for a comprehensive fire safety review mission.
Depending on the scope of the mission, some of the sections may not apply, or some sections may
have to be augmented to accommodate the information from a more focussed review.

SUMMARY

1. INTRODUCTION

1.1. The fire safety review
1.2. Scope of the review
1.3 Methodology
1.4. The structure of this report

2. OVERVIEW OF FIRE SAFETY AT THE NUCLEAR POWER PLANT

2.1. Brief information about the plant
2.2. History of fires in the nuclear power plant
2.2. The regulatory process
2.3. The design process
2.4. Operation management

3. EVALUATION OF THE REGULATORY PROCESS

3.1. The regulatory process to ensure fire safety
3.2. The roles of other authorities
3.3. Definition of minimum fire safety level
3.3. Regulatory criteria on reporting fires
3.4. Periodic audits and upgrading

4. EVALUATION OF THE DESIGN PROCESS

4.1. General
4.2. Design codes and standards
4.3. The design review process
4.4. Co-ordination during design and construction

5. EVALUATION OF THE PROCEDURAL CONTROLS AND OPERATIONAL ASPECTS FOR
FIRE SAFETY

5.1. General
5.2. Safety culture
5.3. Fire safety management
5.4. Control of design changes and modifications
5.5. Control of combustible materials
5.6. Control of ignition sources
5.7. Inspection, maintenance and testing of fire safety measures
5.8. Fire incident reporting, feedback and follow-up
5.9. Records and documentation
5.10. Quality assurance
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6. EVALUATION OF THE FIRE SAFETY ANALYSES

6.1. General
6.2. Deterministic fire hazard analysis

6.2.1. Documentation of the analysis
6.2.2. Identification of equipment important to nuclear safety and its location
6.2.3. Identification of fire hazards
6.2.4. Analysis of fire growth
6.2.5. Adequacy of fire protection
6.2.6. Safety consequences and recommendations

6.3. Probabilistic fire risk assessment
6.3.1. Documentation of the analysis
6.3.2. Collection of plant specific information
6.3.3. Screening of areas to be assessed
6.3.4. Initiating events
6.3.5. Adequacy of fire safety
6.3.6. Quantification of risk

7. EVALUATION OF THE FIRE CONFINEMENT MEASURES

7.1. Fire containment approach
7.2. Determination of fire rating
7.3. Fixed fire barriers
7.4. Fire barrier closures
7.5. Fire confinement by distance
7.6. Locally applied separating elements

8. EVALUATION OF THE FIRE DETECTION AND ALARM SYSTEM

8.1. Fire detector location
8.2. Fire detection equipment
8.3. Fire detection systems
8.4. Fire alarm systems

9. EVALUATION OF FIXED FIRE EXTINGUISHING SYSTEMS

9.1. System location and selection
9.2. Water based fire extinguishing systems
9.3. Gaseous fire extinguishing systems
9.4. Foam and dry powder fire extinguishing systems
9.5. Quality of installation

10. EVALUATION OF THE FIRE PROTECTION WATER SUPPLY SYSTEM

10.1. Water source
10.2. Supply and distribution piping
10.3. Ring main
10.4. Fire pumps
10.5. Pressure maintenance pumps
10.6. Pressure tanks
10.7. Outdoor hydrants
10.8. Indoor water supply installations
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11. EVALUATION OF MANUAL FIRE HGHTING CAPABILITY

11.1. Organization
11.2. Manpower
11.3. Training programme
11.4. Fire drill practice sessions
11.5. Pre-fire fighting strategies
11.6. Fire fighting equipment and resources
11.7. Fire extinguishers
11.8. Access to fire fighting equipment
11.9. Fire drill conducted during inspection

12. ADDITIONAL TOPICS

13. CONCLUSIONS AND RECOMMENDATIONS

13.1. General remarks

13.2. Recommendations
13.3. Suggestions
13.4. Good practices
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